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Dear Director Kornze:

On June 3, 2016, the Bureau of Land Management (BLM) requested the Forest Service (FS)
provide a decision on whether it consents to renewal of two leases currently held by Twin Metals
Minnesota (TMM) for lands within the Superior National Forest (SNF) in northern Minnesota.
These two Preference Right leases, MNES-01352 and MNES-01353. lie directly adjacent to and
within three miles of the Boundary Waters Canoe Arca Wilderness (BWCAW), respectively.
The FS has considered the environmental conditions, nature and uses of the BWCAW by the
public and tribes, ecconomic benefits of mineral development and wilderness recreation. potential
environmental consequences of mineral development on the leases, public opinion, rarity of
copper-nickel sulfide ore mining in this region, and current laws and policy to inform the
agency’s decision.

Based on this analysis, [ find unacceptable the inherent potential risk that development of a
regionally-untested copper-nickel sulfide ore mine within the same watershed as the BWCAW
might cause serious and irreplaceable harm to this unique, iconic, and irreplaceable wilderness
area. Therefore, the FS does not consent to renewal of Preference Right leases MNES-01352 and
MNES-01353. A summary of the basis for my decision follows.

The BWCAW Is an Irreplaceable Resource

The 1.1 million acre the BWCAW is located in the northern third of the SNF in Minnesota,
extending nearly 200 miles along the international boundary with Canada. It is the only large-
scale protected sub-boreal forest in the lower 48 United States. The SNF holds 20 percent of the
National Forest System’s fresh water supply. These healthy forests with extremely high water
quality also provide a host of watershed benefits. such as purifying water, sustaining surface
water and ground water flow, maintaining fish habitats, controlling erosion, and stabilizing
streambanks.

In addition to the existing high quality of the waters, the dramatic hydrogeology and
interconnectedness of BWCAW's forests, lakes, streams, and wetlands make the region unique
and susceptible to degradation. The BWCAW includes nearly 2,000 pristine lakes ranging in size
from 10 acres to 10,000 acres, and more than 1,200 miles of canoe routes.

With Voyageurs National Park and Quetico Provincial Park, BWCAW is part of an international
network of conserved land and wilderness. Quetico Provincial Park, located in Ontario, Canada,
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lies within the same Rainy River watershed as the BWCAW. Quetico Provincial Park is an
iconic wilderness class park, world renowned as a destination for backcountry canoeing with
over 2,000 lakes and over one million acres of remote water-based wilderness. Together, Quetico
and BWCAW form a core wilderness area of over two million acres.

Located northwest of the BWCAW, Voyageurs National Park was established by Congress in
1971 to preserve and interpret fur trade history and the importance of canoe travel routes in
northern Minnesota. The park is at the southern edge of the boreal forest, and lics within the
same Rainy River watershed as the BWCAW. It features spectacular canoeing and boating routes
along with hiking trails exploring portage routes used by American Indians, early fur traders. and
gold miners. Approximatcly 240,000 people visit Voyageurs National Park every ycar.

Just south of the BWCAW the Laurentian Divide separates three river systems: one flowing
north to Hudson Bay; the Laurentian system flowing eastward towards the Atlantic through the
Great Lakes, and the Mississippi system, flowing south to the Gulf of Mexico. TMM’s two
leases subject to FS decision are located in the Rainy River Watershed. which drains into the
BWCAW., Quetico Provincial Park and Voyageurs National Park. There are four HUC
(Hydrologic Unit Code) -10 sub-watersheds in the area of the leases and potential project site—
Birch Lake, Stony River, Isabella River and Kawishiwi River. Surface water flows north and
west from Birch Lake and the Kawishiwi River watershed through Kawishiwi River and several
lakes into BWCAW. Water from the Stony River and the Isabella River watersheds flows into
the Birch Lake watershed.

The BWCAW s Natural Environment

The SNF provides abundant and diverse habitat for thousands of breeding, wintering, and
migratory species of terrestrial and aquatic wildlife, including over 100 species of migratory
breeding birds in a zone with North America’s greatest diversity of songbirds and forest-
dependent warblers. The SNF also has one of the largest populations of gray wolves outside of
Alaska, common loons, and moose. It has popular game species such as walleye, trout, deer,
rutfed grouse, fisher, and beaver; and numerous rare species such as great gray owl, black-
backed woodpecker, ram’s-head ladyslipper and other orchids, and lake sturgeon. The SNF also
has a great diversity and abundance of species common to the boreal forest biome, including
three-toed woodpecker. boreal owl, boreal chickadee, lynx, moose, and grizzled skipper
butterfly. All these species provide a wide array of crucial ecological, social and economic
benetits and uses - from big game hunting and fishing to wildlife watching and research.

The BWCAW is also home to three threatened or endangered species: Canada lynx, northern
long-eared bat, and gray wolf. Over the decades the BWCAW has been protected, it has provided
refugia for species under stress or with declining populations, such as moose. In the face of
climate change, the BWCAW may be critical to the continued existence of these species within
Minnesota.

Cultural Resources and Treaty Rights Associated with the BWCAW

The BWCAW region has been home to Native Americans for millennia. The Minnesota
Chippewa Tribe and three associated Bands — the Grand Portage Band, the Fond du Lac Band,
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and the Bois Forte Band -- retain hunting, fishing. and other usufructuary rights throughout the
entire northeast portion of the State of Minnesota under the 1854 Treaty of LaPointe. In the
Ceded Territory all Bands have a legal interest in protecting natural resources, and the FS shares
in federal trust responsibility to maintain treaty resources. Many resident Ojibwe, who ceded
lands that became the BWCAW, continue to visit ancestral sites and traditional gathering and
fishing locations within the wilderness. Tribes rely on natural resources like fish, wildlife and
wild plants such as wild rice for subsistence and to support them spiritually, culturally,
medicinally, and economically.

The northern border of the BWCAW is situated along a winding, 120-mile canoe route known
locally as the Border Route, or Voyageurs Highway. This historic canoe route, bordered on the
north by Ontario’s Quetico Provincial Park, on the east by Grand Portage National Monument,
and on the west by Voyageurs National Park, was utilized extensively by pre-contact Native
Americans, European fur traders, and tribal groups such as the Dakota, Cree, and Ojibwe.

There are approximately 1,500 cultural resource sites identified on National Forest System
(NFS) lands within the BWCAW. Many more cultural resources are believed to exist within the
wilderness; as of 2015 only about 3 percent of the landscape has been intensively surveyed.
Cultural resource sites include historic Ojibwe village sites, French and British period fur trade
sites dating from 1730-1830, Woodland period village sites (2,000-500 years old) situated on
wild rice lakes, Native American pictograph panel sites. Archaic period (8,000-3,000 years old)
sites with copper tools, and large Paleoindian quarry sites such as those recently discovered on
Knife Lake where Native Americans shaped stone tools up to 10,000 ycars ago.

Wilderness Designation

The irreplaccable natural qualities of the BWCAW were recognized nearly a century ago in 1926
when the Department of Agriculture first set aside the area to preserve its primitive character.
The Wilderness Act of 1964 officially designated land inside today’s BWCAW as part of the
National Wilderness Preservation System. The Boundary Waters Canoe Area Wilderness Act of
1978 expanded the wilderness area to 1,090,000 acres. The 1978 Act also established a separate
Boundary Waters Canoec Areca Mining Protection Area (MPA) to protect existing natural values
and high standards of environmental quality from the adverse impacts associated with mineral
development. Sec. 9, Pub. L. 95-495, 92 Stat. 1649, 1655 (1978). Congress provided very clear
direction regarding the purposes of the BWCAW and MPA:

(1) provide for the protection and management of the fish and wildlife of the wilderness so as
to enhance public enjoyment and appreciation of the unique biotic resources of the region,

(2) protect and enhance the natural values and environmental quality of the lakes, streams,
shorelines and associated forest areas of the wilderness,

(3) maintain high water quality in such areas,

4 minimize to the maximum extent possible, the environmental impacts associated with
mineral development affecting such areas.... Sec. 2, Pub. L. 95-495, 92 Stat. 1649 (1978).
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The BWCAW Act bans authorization of federal mineral development within the BWCAW and
MPA. However, the BWCAW Act does not govern federal mineral development on other NFS
lands. Instead, the authorities governing federal mineral development on SNI' lands outside the
BWCAW and MPA arc 16 U.S.C. § 508b and Section 402 of Reorganization Plan No. 3 of 1946,
60 Stat. 1097, 1099-1100. A decision withholding IS consent to the lcase rencwals is fully
consistent with this statutory framework.

World Renowned Research Laboratory

Because of its unique quality and character, the BWCAW is a living laboratory supporting
dozens of research projects each year. Scientists of all disciplines rely on scarce areas like the
BWCAW to support scientific inquiry and serve as control areas in the study of water quality,
climate change effects, and natural ecological processes. The BWCAW is internationally known
as a laboratory for ground-breaking research on forest fires, landscape patterns, biodiversity,
wildlife, soils, nutrient cycles, other ecosystem processes, lakes, climate change, and recreational
use of wilderness. This body of work is widely cited by scientists around the world. As an
example, Miron Hinselman’s work on forest fires in BWCAW, published during the 1970s-
1990s, has been cited in more than 1,700 published studies. More recent BWCAW-related
studies by Frelich and Reich have already been cited in 1,300 studies in 70 peer-reviewed
science journals published in 20 countries on 4 continents. New results from BWCAW research
are regularly presented at prestigious international meetings on scientific study.

Recreation Values of the BWCAW

The BWCAW is one of the most visited areas in the entire National Wilderness Preservation
System, and the System’s only large lake-land wilderness. It provides an experience unique
within the continental United States. The BWCAW?’s thousands of lakes and hundreds of miles
of streams comprise about 190,000 acres (20 percent) of the BWCAW?s surface area and provide
for long distance travel by watercraft. The opportunity to pursue and experience expansive
solitude, challenge and personal immersion in nature are integral to the BWCAW experience.
Winter BWCAW visitors enjoy opportunities for skiing, dog-sledding, camping and ice fishing.
Fishing is one of the most popular BWCAW activities throughout the year due to the range of
species found in its waters, including smallmouth bass, northern pike, walleye, and lake trout.

Social and Economic Environment

TMM’s leases are located near Ely. in St. Louis and Lake Counties. The population of St. Louis
County is concentrated in and around the City of Duluth. approximately 100 miles south of the
lease area. The Iron Range communities of Ely, Hibbing, and Virginia are smaller secondary
population centers. The 2010 U.S. Census shows area population has declined by nearly 10
percent since 1980, while Minnesota’s population as a whole has increased by more than 30
percent. At least some of this population decline may be attributable to a loss of iron industry
jobs. The Fond du Lac. Grand Portage, and Bois Forte reservations are exceptions to the regional
trend - populations there have increased since 1990.

The median income of area communities is significantly lower than that of the State as a whole.
It is also the case that the median income of the area’s secondary population centers is generally
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lower than that of St. Louis County as a whole. In some of these communities, such as Ely and
Tower, the median houschold income is slightly more than half of the state median. In many
individual communities, poverty rates are as high as or higher than statewide (with the
exceptions of the secondary population centers of Hoyt Lakes, Soudan. and Tower).

Mining employment in St. Louis County declined from more than 12,000 jobs in 1980 to
approximately 3,000 jobs in 2009. However. since mining employment can vary greatly from
one year to the next, this decline does not represent a steady reduction. Mining-related
employment is volatile and fluctuates due to changes in the market price of commoditics being
extracted. During the same time period, service-related employment (which includes the North
American Industry Classification System categorics for professional services, management,
health care, education, arts/entertainment, and accommodation/food) in the study arca has
increased substantially, mirroring broader state and national trends.

Tourism is rooted in the region’s unique recreation opportunities such as the BWCAW, and is
broadly dependent on hunting, fishing, boating, sightseeing. and wilderness experiences provided
by the region’s high-quality natural environment. Industries associated with tourism (arts,
entertainment, recreation, accommodation, and food services) account for nearly 13 percent of
all employment in St. Louis County. The landscape and recreational opportunities attracts
retirees and new residents.

Fishing in Minnesota lakes and rivers generates $2.8 billion in direct annual expenditures and
contributes more than $640 million a year in tax revenues to the treasuries of the state and
federal governments. The BWCAW itself has provided millions of visitors with a unique water-
based recreation experience and provided an economic driver to local communities and the state
of Minnesota. Leases MNES-01352 and MNES-01353 are surrounded by 29 resorts, outfitters.
campgrounds and hundreds of homes and cabins. Similarly, Voyageurs National Park and
Quetico Provincial Park both support vibrant tourism industries.

In 2015, 150,000 people visited the BWCAW. Economic benefits generated from recreation in
the BWCAW average approximately $44.5 million annually. Continued economic returns rely
on sustaining BWCAW?’s natural resource quality and wilderness character.

The FS’s Role with Respect to Hardrock Mineral Leases

TMM'’s two leases include a mixture of NFS lands reserved from the public domain and acquired
NFS lands, with the vast majority being reserved lands. 16 U.S.C. § 508b applies to reserved
NFS lands and provides in pertinent part:

“the Secretary of the Interior is authorized ... to permit the prospecting for and the development
and utilization of [hard rock] mineral resources: provided, that the development and utilization of
such mineral deposits shall not be permitted by the Secretary of the Interior except with the
consent of the Secretary of Agriculture.”

Section 402 of Reorganization Plan No. 3 of 1946, 60 Stat. 1097, 1099, applies to acquired NFS
lands and provides in pertinent part:
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“The functions of the Secretary of Agriculture and the Department of Agriculture with respect to
the uses of mineral deposits in certain lands pursuant to ... 16 U.S.C. § 520 ... arc hereby
transferred to the Secretary of the Interior and shall be performed by him or ... by such officers
and agencies of the Department of the Interior as he may designate: Provided, That mineral
development on [lands acquired pursuant to the Weeks Act] shall be authorized by the Secretary
of the Interior only when he is advised by the Secretary of Agriculture that such development
will not interfere with the primary purposes for which the land was acquired and only in
accordance with such conditions as may be specified by the Secretary of Agriculture in order to
protect such purposes.”

In pertinent part, 16 U.S.C. § 520 provides:

The Secretary of Agriculture is authorized, under general regulations to be prescribed by him, to
permit the prospecting. development, and utilization of the mineral resources of the lands
acquired under the Act of March first, nineteen hundred and eleven, known as the Weeks law,
upon such terms and for specified periods or otherwise. as he may deem to be for the best
interests of the United States. ...

Under the Weeks Act, 16 U.S.C. § 515. the Secrectary of Agriculture is authorized to purchase
lands for the purposes of "the regulation of the flow of navigable streams or ... the production of
timber."

The Department of the Interior adopted regulations providing for disposal of mineral resources
pursuant to 16 U.S.C. § 508b and Scction 402 of Reorganization Plan No. 3 of 1946, 60 Stat.
1097, 1099, by means of a leasing system governed by 43 C.F.R. part 3500. 43 C.F.R. §
3501.1(b)(1) & (3). The Department of the Interior’s regulations provide that BLM’s issuance of
leases for hard rock minerals, including deposits of copper, nickel and associated minerals, on
lands administered by another surface managing agency is “[s]ubject to the consent of the
surface managing agency,” 43 C.F.R. § 3503.13(a) & (c), which in the case of NFS lands is the
United States Department of Agriculture, Forest Service. 16 U.S.C. § 1609(a). Specifically, 43
C.F.R. § 3503.13(a) relates to lands acquired under the Weeks Act while 43 C.I*.R. § 3503.13(c)
relates to the reserved lands.

On March 8, 2016, Department of Interior Solicitor Hilary Tompkins issued memorandum M-
37036 (M-Opinion) in response to a BLM request asking "whether it has the discretion to grant
or deny Twin Metals Minnesota's pending application for renewal of two hardrock preference
right leases in northern Minnesota." The M-Opinion advises the BLM determining that, “Neither
of the statutory authorities under which [MNES-01352 and MNES-01353] are issued—section
402 of Reorganization Plan No. 3 of 1946, 60 Stat. 1097, 1099-1100, and 16 U.S.C. § 508b—
creates an entitlement to a lease or otherwise mandates the issuance of leases™ and “[t]o the
contrary, both authorities expressly condition leasing on surface owner consent (in this instance
the Forest Service) and thus are discretionary.” Therefore, on June 3. 2016, the BLM advised the
Forest Service:

"[i]n light of the legal determination that the government has discretion in granting or denying

the TMM lease renewal application, in accordance with 43 CFR 3503.20, 16 U.S.C. 508b,
Section 402 of Reorganization Plan No. 3 of 1946, 60 Stat. 1097, 1099, and 16 USC 520, the
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BLM requests that the USDA Forest Service provide, in writing, a decision on whether it
consents or does not consent to the renewal of the leases.”

[rrespective of the M-Opinion, the FS's consent to any hardrock lease renewal is mandated by 16
U.S.C. § 508b and Section 402 of Reorganization Plan No. 3 of 1946, 60 Stat. 1097, 1099.
Pursuant to 16 U.S.C. § 508b. the Secretary of Agriculture's right to consent to "the development
and utilization of [hardrock] mineral resources" is coextensive with the Secretary of the Interior's
authority to permit "the development and utilization of [hardrock] mineral resources." The fact
that the Secretary of the Interior has implemented the authority 16 U.S.C. § 508b confers to
permit "the development and utilization of [hardrock] mineral resources” by means of a
regulatory scheme containing a number of decision points simply means that the Secretary of
Agriculture's statutory consent authority with respect to hardrock mineral development and
utilization — authority expressed in terms identical to the Department of Interior's authority —
similarly extends to the same universe of decision points providing those decisions have the
potential to affect NFS surface resources.

Whereas pursuant to Section 402 of Reorganization Plan No. 3 of 1946, 60 Stat. 1097, 1099, the
Secretary of the Interior's authority per 16 U.S.C. § 520 "to permit the ... development ... of the
[hardrock] mineral resources of the lands acquired under ... the Weeks law..." is contingent
upon the Secretary of Agriculture's determination that "such development will not interfere with
the primary purposes for which the land was acquired...." It is well established that mineral
"development" is authorized by a lease, whether it is one issued in the first instance or a
subsequent renewal. Indeed, the M-Opinion explicitly recognizes that "the entire purpose"” of a
mineral lease is "for the lessee to develop the minerals...." Another M-Opinion finds that since
the 1970s hardrock prospecting permits for NFS lands, which are the precursor for the issuance
of hardrock mineral leases including MNES-01352 and MNES-01353, have uniformly included
the condition that "no mineral development of any type is authorized hereby." M-36993, Options
Regarding Applications for Hardrock Mineral Prospecting Permits on Acquired Lands Near a
Unit of the National Park System (1998 WL 35152797 (April 16, 1998)). Missouri Coalition for
the Environment, 124 IBLA 211, 217 (1992) ("mineral development ... may only be authorized
upon issuance of a [hardrock] lease); John A. Nejedly Contra Costa Youth Association, 80 IBLA
14, 26 (1984) (concurring opinion) (development under a hardrock lease "is a logically foreseen
result of successful prospecting"). So again, the fact that the Secretary of the Interior has
implemented the authority Section 402 of Reorganization Plan No. 3 of 1946, 60 Stat. 1097,
1099, confers to permit the development of hardrock mineral resources on lands acquired
pursuant to the Weeks Act by means of a regulatory scheme containing a number of decision
points simply means that the Secretary of Agriculture’s consent authority with respect to
hardrock mineral development — authority expressed in terms identical to Interior's authority —
similarly extends to the same universe of decision points providing those decisions have the
potential to affect NFS surface resources.

Of course. under Section 402 of Reorganization Plan No. 3 of 1946, 60 Stat. 1097, 1099, the
Secretary of Agriculture cannot block mineral development absent a finding that "such
development will ... interfere with the primary purposes for which the land was acquired...."
Here, since the small percentage of acquired lands subject to TMM's two leases were purchased
in accordance with the Weeks Act, those primary purposes were "the regulation of the flow of
navigable streams or ... the production of timber." As discussed below, TMM hopes to construct
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and operate an underground mine on its two leases — not a strip mine. At this juncture the FS
consequently cannot definitively say that the mineral development which TMM hopes to conduct
on its leases will interfere with those purposes. Uncertainty about this question is of little import,
however, since the lands subject to TMM's leases are an admixture of lands reserved from the
public domain and acquired lands with the reserved lands being in excess of 90% of the acreage
included in both leases. Further, there is no reason to believe that TMM's mineral development
exclusively could be confined to the acquired lands. The FS's conclusion that the agency should
excrcise the absolute discretion that 16 U.S.C. § 508b confers upon it to withhold consent to the
renewal of TMM's leases insofar as the reserved lands are concerned accordingly has preclusive
effect with respect to the lands acquired pursuant to the Weeks Act.

The Role of Forest Plans

The IS develops land and resource management plans to provide a framework that protects
renewable surface resources. This framework balances both economic and environmental
considerations to provide for multiple uses and sustained yield of NFS renewable surface
resources.

The 2004 SNF Plan at D-MN-1 states: “Exploration and development of mineral and mineral
material resources is allowed on NFS land, except for federally owned minerals in designated
wilderness and the Mining Protection Area.” The Plan also provides that the FS will manage the
BWCAW in a manner that perpetuates and protects its unique natural ecosystems, provides an
enduring wilderness resource for future generations, and provides opportunities for a primitive
and unconfined recreation experience.

Although forest plans provide a framework, they do “not authorize projects or activities or
commit the Forest Service to take action™ (36 C.F.R. § 219.2(b)(2)). Instead, forest plans provide
broad management guidance and ensure all program elements and legal requirements are
considered prior to critical project level decisions, such as a decision to authorize timber
harvesting, grazing or mining operations. As the Supreme Court has determined., forest plans:

*...do not command anyone to do anything or to refrain from doing anything; they do not grant,
withhold. or modify any formal legal license, power, or authority: they do not subject anyone to
any civil or criminal liability; they create no legal rights or obligations. Thus. for example. the
Plan does not give anyone a legal right to cut trees, nor does it abolish anyone’s legal authority to
object to trees being cut. Ohio Forestry Ass'n. v. Sierra Club, 523 U.S. 726, 733 (1998).”

Following Forest Plan approval, proposals are evaluated on a casc-by-case basis. Proposals
inconsistent with Plan direction may not be authorized (16 U.S.C. §1604(1)). However, a
proposal might reveal the need to amend plan direction that would otherwise stand as an
impediment to a proposal. Yet a proposal’s consistency with applicable Plan standards and
guidelines is not an assurance that the proposal will be authorized. The FS retains discretionary
judgment concerning overall multiple use, sustained yield management of NI'S lands. Further,
denial of a proposal consistent with applicable Plan standards and guidelines does not require
alteration of the applicable direction.
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The SNF Plan does not prohibit mineral development within the management area where
TMM's leases are located. But the FS is not bound to approve TMM's application for renewal of
its leases either. Neither the statute nor regulations governing forest plans mandate the approval
of proposals consistent with a Forest plan. Morcover, as discussed above, pursuant to the express
terms of 16 U.S.C. § 508b and Section 402 of Reorganization Plan No. 3 of 1946, 60 Stat. 1097,
1099, the FS retains discretion to withhold consent to TMM's lease renewals given the leases’
purpose is mineral development, as recognized by the M-Opinion. Specifically. the FS denial of
consent to TMM's lease renewals is warranted for the reasons set out in the M-Opinion and also
because the bar in both 16 U.S.C. § 508b and Section 402 of Reorganization Plan No. 3 of 1946,
60 Stat. 1097, 1099, against mineral development absent the consent of the Secretary of
Agriculture applies with equal force to the initial issuance of the lease and any renewal of that
lease. Accordingly, the FS may consider any potential negative environmental impacts that might
flow from mineral development on those leases and their effect on future national forest
conditions.

National Environmental Policy Act (NEPA) Applicability

NEPA ensures federal agencies take into account significant environmental matters in their
decision making. and that they disclose to the public that the agency has considered
environmental concerns. An environmental impact statement (EIS) must be prepared when an
agency proposes to undertake a major federal action that may significantly affect the quality of
the human environment. In summary., NEPA tasks agencies to assess changes in the physical
environment caused by the action it proposes to authorize.

Council on Environmental Quality (CEQ) regulations implementing NEPA are clear that a
proposal “exists at that stage in the development of an action when an agency subject to the Act
has a goal and is actively preparing to make a decision on one or more alternative means of
accomplishing that goal and the effects can be meaningfully evaluated.” 40 C.F.R. § 1508.23.
This provision is reinforced by CEQ’s instruction that major federal actions “includes actions
with effects....” 40 C.F.R. § 1508.18. FS NEPA regulations establish a four part test for
determining when NEPA obligations arise, including whether “[t]he Forest Service has a goal
and is actively preparing to make a decision on one or more alternative means of accomplishing
that goal and the effects can be meaningfully evaluated....” 36 C.I'.R. § 220.4(a)(1). Thus, when
the FS declines to authorize a private application, the mere contemplation of that application
does not constitute a federal proposal and the FS is not required to conduct an environmental
analysis under NEPA.

As it is my determination not to consent to issuance of lease renewals based on the application
before the agency at this time, preparation of an environmental analysis is not required. As
further explained below, no significant environmental effects will occur as a result of the
agency’s no-consent determination.

This outcome is entirely in keeping with NEPA and its implementing regulations. Situations like
this pose the unusual question of whether NEPA requires consideration of environmental effects
of federal actions that foreclose development or use of natural resources. NEPA does not require
a federal agency to consider effects arising from an action it has declined to allow third partics to
undertake when that does not represent change in the physical environment caused by the federal
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action itself. In other words, only federal actions with significant environmental effects trigger
NEPA’s detailed statement requirement. Actions which do nothing to alter the natural physical
environment and maintain the environmental status quo are not subject to NEPA.

The FS routinely prescreens non-mineral, special use authorization applications and agency
regulations direct that non-conforming uses do not need to receive further evaluation and
processing. See 36 C.F.R. § 251.54(¢) (2). The FS does not have regulations governing
consideration of discretionary mineral leasing applications, but agency practice is consistent.

As recently as 2014, Regional Forester Atkinson rejected a request for consent to a prospecting
permit on the Hiawatha National Forest without preparing a NEPA document. Diverting scarce
budgetary resources to prepare NEPA documents for proposals that will not move forward
trivializes NEPA and diminishes its utility in providing uscful environmental analysis for actions
that the agency accepts and actively evaluates for approval.

In these circumstances, the Court of Appeals’ Eighth Circuit holding that a F'S decision to refrain
from using herbicides as a method of vegetation control is not a "proposal or action to which
NEPA can apply" pertains. Minnesota Pesticide Information and Educ., Inc. v. Espy, 29 F.3d
442,443 (8th Cir. 1994).

NFS Land Management Perspectives

Half of a century has passed since TMM’s leases were issued in 1966. The original leases were
issued prior to statutes such as the National Historic Preservation Act of 1966, National
Environmental Policy Act of 1969, Clean Water Act of 1972, Endangered Species Act of 1973,
National Forest Management Act of 1976, and Boundary Waters Canoe Area Wilderness Act of
1978. Without these laws in place the environmental consequences of potential “commercial
development [of the nickel and copper deposit] by a large-scale mining operation™ originally
envisioned by BLM in 1956 on what are now TMM’s leases reccived markedly less
consideration in comparison with current requirements. Given changes in policy and information
availability, it is not unreasonable to anticipate a higher level of interest and concern regarding
these consequences than when TMM s leases were originally issued, as demonstrated in the
examples to follow.

In 1991 the Minnesota Department of Natural Resources recognized the value of the BWCAW
for its scenic beauty and solitude by establishing a State Mineral Management Corridor. In light
of surface water flow and recreational uses. no surface disturbance or state leases may be offered
in the Corridor. The State Mineral Management Corridor overlaps with federal lease MNES-
1353.

The federal relationship with Native American tribes has also evolved significantly over the 50
years since the TMM leases were issued. The FS has a legal obligation to acknowledge rights of
Tribes and tribal members, including off-reservation rights to hunt, fish, gather and continue
cultural and spiritual practices. Such recognition did not occur until the late 1970s when Indians
began to assert their rights to off-reservation resources in federal court, including those rights to
fish and gather wild rice. (E.g.: Lac Courte Oreilles Band of Lake Superior Chippewa Indians v.
State of Wis., 653 F. Supp. 1420 (W.D. Wis. 1987) (LCO 11I), Lac Courte Orelles Band of Lake
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Superior Chippewa Indians v. State of Wis., 668 F. Supp. 1233 (W.D. Wis. 1987) (LCO 1V)). No
documentation suggests that consultation occurred or treaty rights were considered in the 1966
decision to grant the two lcases.

Finally, since the last renewal of TMM’s leases in 2004, we have gained experience with copper
sulfide ore mining in different parts of the country. It is clear that these types of mines pose '
substantial risk of failure and environmental mitigation and remediation technologies are limited,
and often incffective. as discussed later in this letter. Awareness of the environmental effects of
mining. specifically those from copper-nickel mining, has increased since 2004. While economic
values are important to area communities and the nation, preserving Wilderness Areas and their
associated qualities also have national and local support and precedent.

Evaluation of the Present Lease Application

In light of the M-Opinion’s legal conclusion that TMM does not have the right to automatic
renewal of its leases MNES-01352 and MNES-01353, on March 8, 2016 the BLM notified TMM
that the agency would review the company’s lease renewal application using the same criteria
that are employed in deciding whether to grant initial hardrock mineral leases. The BLM’s letter
also specified that as part of its consideration of TMM’s lease renewal application, the BLM
would ask the FS whether it consents to the leases' renewal. In response to the BLM's June 3,
2016 letter making that request of the I'S, the agency began considering whether to consent to
the renewal of TMM’s leases based upon the agency's recognition that it has full discretion to
consent or withhold consent to the renewal of TMM’s two leases.

As noted above, CEQ and FS NEPA regulations make clear that an application must be accepted
by the agency as a proposal before NEPA obligations are triggered. At this time, the FS will not
consent to lease renewal based on the submitted application and therefore does not have a goal
that it is actively pursuing to authorize such activities. IFor this reason, no NEPA analysis is
required.

Acid Mine Drainage

Bedrock geochemistry in northeastern Minnesota plays a large role in the low buftering capacity
of the lakes and streams in the region. Both the Minnesota Pollution Control Agency and the
Environmental Protection Agency (EPA) have identified the surface waters of northeastern
Minnesota as sensitive to changes in pH, acid deposition, and acid runoff. Unlike surface waters
bounded by carbonate bedrock, or relatively thick carbonate rich glacial till where neutralization
of acid runoff occurs through dissolution of limestone and exsolution of carbon dioxide from
water, the waters of northeastern Minnesota are largely underlain by igneous and metamorphic
bedrock with thin overlying soils and surficial deposits with little acid neutralization capacity.

A risk of mining development is acid mine drainage (AMD). AMD generally occurs when
sulfide minerals present in ore bodies and rock overburden are exposed to air and water. The
exposure to air (oxidation) and water (hydrolysis) creates sulfuric acid, which subsequently
increases water pH and leaches harmful metals such as copper, zinc. lead, cadmium, iron and
nickel. FS data indicates between 20,000 and 50,000 mines currently generate acid on lands
managed by the agency. Negative impacts from these mines affect 8,000 to 16,000 km of
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streams. While AMD can originate naturally from the ore body itself, its likelihood is
dramatically increased by the generation of any mining product (stockpiles, overburden. and
tailings) exposed to air and water, and can continue for decades.

Hardrock mines in sulfide bearing mineralization are known worldwide for producing AMD that
requires continuous management and perpetual water treatment. Production of AMD is prevalent
in all mining operation elements: construction, waste rock, tailings, and mine structures such as
pits and underground workings. Acid drainage is one of the most significant potential
environmental impacts at hardrock mine sites.

Water from a mine site could potentially enter streams and lakes through wastewater treatment
plant discharges, uncollected runoff and leakage, concentrate spills, pipeline spills, truck
accidents, spillway releases, tailings dam failures, water collection and treatment operation
failures, and post-closure failures. All carry some risk to the environment. The magnitude and
setting of a failure would drive the significance of the environmental risk and its potential
impact.

The AMD increascs lake and stream acidity, with potential risks to aquatic life including sport
fisheries. A decline in water quality and aquatic species would have a negative effect on
recreational visitors to the BWCAW. For example, the USGS estimated that in 2010
approximately 3,000 miles of Pennsylvania streams degraded by acid mine drainage led to
approximately $67 million in lost sport fishing revenue each year.

Mining accidents are inherently unpredictable and can result from geotechnical failures or human
error. Other circumstances that can affect the likelihood of mining failures or discharges include
changing metals markets, financial crises, political events, and climate change. In addition,
climatic trends affecting the frequency and magnitude of storm events and seasonal temperatures
could lead to unpredicted environmental changes in vegetative composition, water quality and
quantity, and wildlife habitat making the environment more susceptible to damage resulting from
mining operations.

There is a direct flow of water from the lands subject to TMM's lcases to the BWCAW.
Specifically, the leases are located within the South Kawishiwi River Watershed and the Birch
Lake Watershed which both are catchments of the Rainy River Watershed. Water flows from the
lands embraced by the northern lease into the South Kawishiwi River which in turn flows into
Birch Lake. Water from the lands embraced by the southern lease also flows into Birch Lake and
Birch Lake empties into the main Kawishiwi River and then into the BWCAW.

TMM'’s leases overlay the Duluth Complex known for nickel-copper-platinum group element ore
deposits. Due to the inherent sulfide chemistry of this ore type, mining facilities and byproducts
can produce significant amounts of acid. Consistent with the footprint and infrastructure of
similar mines. as well as publically available preliminary information from TMM about this
specific site, TMM’s potential project area could include underground mine(s) producing mainly
copper and nickel, plus smaller amounts of other metals. TMM’s project would require a
concentrator facility (potentially 1-2 miles west of the mine(s)), a tailing storage facility
(potentially 13 miles southwest of concentrator), and connecting utility corridors. The utility
corridors would include roads, rail lines, power transmission lines, natural gas pipelines, tailing
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and concentrate pipelines, and water pipelines. TMM’s Pre-Ieasibility Study also reveals that its
project would involve four delineated ore bodies — Maturi, Maturi Southwest, Birch Lake, and
Spruce Road — all of which are north and east of the Laurentian Divide and thus in the watershed
draining towards BWCAW.

TMM'’s mining operations are expected to dispose of some waste rock and tailings underground.
Other waste rock and tailings would be disposed of using surface facilities. All of the waste rock
and tailings derived from the sulfide ore bodies on the leases would have a high likelihood of
oxidizing and becoming sources of AMD. TMM'’s Technical Report on Pre-Feasibility Study
shows that TMM s subsurface mining operations would occur north of the Divide and present
BWCAW contamination risks. That is also true of TMM’s ore processing concentrator facilities.
But TMM’s Technical Report on Pre-Feasibility Study shows that TMM s tailings disposal
facilities potentially would be south of Laurentian Divide in the Superior Watershed. which
drains away from the BWCAW.

There are limitations in understanding the full contours of the mineral operations that ultimately
might occur on TMM’s leases, including the location of important features such as its tailings
disposal facilities. The pre-feasibility study is an economic feasibility analysis, not TMM’s final
proposal to mine the hardrock mineral deposits. But pursuant to the terms of both 16 U.S.C. §
508b and Section 402 of Reorganization Plan No. 3 of 1946, 60 Stat. 1097, 1099-1100, the FS's
consent is required for hardrock mineral development and the purpose of any lease. whether it is
one issued in the first instance or a subsequent renewal. is mineral development. Indeed, the M-
Opinion explicitly recognizes that "the entire purpose” of a mineral lease is "for the lessee to
develop the minerals...." Another M-Opinion reports that since the 1970s hardrock prospecting
permits for NFS lands, which are the precursor for the issuance of Preference Right hardrock
mineral leases including MNES-01352 and MNES-01353, have been issued subject to the
condition that "no mineral development of any type is authorized hereby." M-36993, Options
Regarding Applications for Hardrock Mineral Prospecting Permits on Acquired Lands Near A
Unit Of The National Park System (1998 WL 35152797 (April 16, 1998)). See also John A.
Nejedly Contra Costa Youth Association, 80 IBLA 14, 26 (1984) (concurring opinion)
(development under a preference right lease "is a logically foreseen result of successful
prospecting").

Another factor relevant to assessing the likelihood of AMD if TMM develops a mine on the
lands subject to the two leases it seeks to renew is that the waters in the Rainy River watershed
flow largely through bedrock fractures with limited carbonate rock surface area. Therefore the
watershed has low capacity to buffer AMD.

In sum, given the hydrology and hydrogeology of this arca, the likelihood of these ore bodics
being exposed to water is very high, and given these particular ore bodies’ composition, resulting
drainage from the mine workings and mining wastes are likely to be highly acidic.

Lessons from Similar Copper Sulfide Mines

Contamination from mining operations can also occur instantaneously via catastrophic failure of
the type that occurred in 2014 at the Mount Polley Mine in British Columbia, Canada and at
other copper mines. A review of water quality impacts from 14 operating U.S. copper sulfide
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mines found: 100% of the mines experienced pipeline spills or accidental releases: 13 of 14
mines” water collection and treatment systems failed to control contaminated mine seepage
resulting in significant water quality impacts; tailings spills occurred at 9 operations; and a
partial failure of tailing impoundments occurred at 4 mines. The inherent risks of mining
hardrock mineral deposits on the lands leased to TMM set a high bar for potential mineral
development within this watershed due to potentially severe consequences for the BWCAW
resulting from such failures. Because of the hydrology and hydrogeology of this particular area.
should contamination occur, it could cover a very broad region.

Recent reviews of similar mining proposals in Minnesota and Alaska highlight inherent risks of
metal mining to natural resources, and provide examples of risks associated with long term
effectiveness of planned containment strategies. In Minnesota, the Final Environmental Impact
Statement for nearby NorthMet Mining Project and Land Exchange recognizes that no matter the
depth of analysis and planned containment strategies there remain uncertaintics associated with
mine development, operation and long-term water and waste rock treatment.

Similarly. the EPA, in a Proposal Determination Pursuant to Section 404(c) of the Clean Water
Act for the Pebble Mine in Alaska, warns that, “There is also real uncertainty as to whether
severe accidents or failures, such as a complete wastewater treatment plant failure or a tailings
dam failure, could be adequately prevented over a management horizon of centuries, or even in
perpetuity, particularly in such a geographically remote area subject to climate extremes. If such
events were to occur, they would have profound ecological ramifications.” While the
ramifications of these risks are possibly greater in the case of the Pebble Mine, duc to its
location, the BWCAW shares many similarities in terms of hydrogeology. extreme weather and
remoteness.

Unique Attributes of Copper Sulfide Ore Mining in the BWCAW Region

Many operating copper mines in the United States are situated in the arid southwest or other drier
areas of the Nation. Northern Minnesota has an established history of taconite mining - indeed.
the region to the west of the lease sites is known as the “Iron Range.” However, taconite is an
iron-bearing oxide ore. Mining of the copper-nickel sulfide ore found on TMM’s leases is
untested in Northern Minnesota. This lack of experience with copper-nickel sulfide ore mines in
environments with the complex hydrogeology of northern Minnesota complicates assessment of
the consequences of mining operations on TMM’s leases, which could occur if those leases are
renewed.

Another variable in assessing the consequences of these operations is climate change. In
Minnesota, mean annual temperatures are expected to continue rising and precipitation is
expected to increase, along with the size and magnitude of weather events. An increase in
precipitation and water supply in association with significant events could exacerbate the
likelihood of AMD and water resource contamination. The projected changes in climate and
associated impacts and vulnerabilities would have important implications for economically
important timber species, forest dependent wildlife and plants, recreation, and long-range
planning. The combined impacts of contaminants from mineral development and climate change
could impact the ecosystem resilience of the BWCAW and the Superior National Forest outside
of the wilderness.
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The NorthMet Mining Project and Land Exchange, the first copper-nickel mine proposed in
Minnesota, has similar concerns regarding AMD, climate change. and water quality. These
concerns were addressed in NorthMet’s final EIS through engineering, permitting, and
monitoring requirements. Significantly, the NorthMet project is located in an area cither
previously disturbed and/or surrounded by brown-field taconite open pit mines and waste piles in
the Laurentian Watershed. which drains away from the BWCAW. In contrast, TMM’s leases are
in close proximity to the BWCAW and within its high quality watershed resource of outstanding
value. The inherent and legislated wilderness values and untrammeled qualities of the BWCAW
contrast with the extensively disturbed surroundings of NorthMet’s location. Additionally, if
there is any potential for NorthMet’s copper-nickel mining project to affect the BWCAW and
MPA, this potential would be far less than that associated with any copper-nickel mining
operations TMM might ultimately conduct.

If TMM ultimately conducts mining operations on lands subject to its two leases and they result
in AMD, metal leaching, and water contamination, very few of the available containment and
remediation strategies would be compatible with maintaining the BWCAW’s quality and
character. Available containment and remediation strategies such as sediment basins, water
diversions, or construction and long-term operation of water treatment plants have the potential
to deleteriously affect the BWCAW. Of particular concern, given the location of TMM s leases,
is the effectiveness of available methods to counteract AMD in the case of seepage, spills. or
facility failures. Water is the basic transport medium for contaminants. Consequently, all
measures aimed at controlling AMD generation and migration involve controlling water flow. To
reduce the generation and release of AMD, the infiltration of meteoric water (rain and snow) can
be retarded through the use of sealing layers and the installation of under-drains, respectively.
Diversion of contaminated water most commonly requires installation of ditches or
sedimentation ponds. But even with the use of these measures successful long-term isolation of
intercepted contaminated groundwater is, at best, very difficult to achieve.

Moreover, even if available remediation techniques to handle contaminated water, such as
flushing, containment and evaporation, discharge through wetlands, neutralization and
precipitation, desalination, water treatment plant construction and operation, utilization of
ditches or sedimentation ponds, and installation of cut-off walls, trenches or wells, are effective,
very few, if any, of them are compatible with maintaining the quality and character of BWCAW
and MPA, as required by the Boundary Water Canoe Area Wilderness Act. Given the TMM's
leases” proximity to the BWCAWs boundary (adjacent to in one case and less than 3 miles
distant in the other) and the direct transport route of surface water from Birch Lake and the
Kawishiwi River, it is reasonable to expect direct effects of any mining operations on those
leases to the BWCAW and MPA.

Potential Impacts to Water, Fish, and Wildlife

As noted above, the potential for environmental harm is inherent to copper-nickel and other
sulfide-bearing ore mining operations. This potential exists during all phases of mine
development. mineral extraction and processing, and long-term mine closure and remediation.
Expected environmental harm could encompass damage to both surface and ground water
resources, including changes in water quantity, quality, and flow direction, contamination with
acid and leached metals resulting from AMD and tailings disposal facility failures, and more. It
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is also well established that this environmental damage can adversely affect fish populations and
aquatic ecosystems directly and by indirect effects on food supplies and habitat. Recognizing this
potential harm, the second edition Rainy-Lake of the Woods State of the Basin Report (2014)
recommends scientifically examining the effect of new mining proposals on water quality in the
Rainy River Watershed.

TMM s leaseholds lie within the Rainy River’s Birch Lake Sub-Watershed (HUC 10) which the
SNF has identified as a priority watershed per the I'S’s Watershed Condition Framework. The
Framework is a comprehensive approach for: 1) evaluating the condition of watersheds, 2)
strategically implementing integrated restoration, and 3) tracking and monitoring outcome based
program accomplishments. According to the Watershed Restoration Action Plan for Birch Lake
the watershed is currently functioning at risk, based on fair ratings for aquatic biotic condition,
water quality condition, aquatic habitat condition, soil condition, and fire effects/fire regime
condition. The Action Plan recognizes that further development in the watershed has the
potential to move the watershed from its suboptimal level of functioning at risk to the worst level
of impaired functioning.

As noted previously, the BWCAW and SNF are home to dozens of sensitive species. Three
species, the Canada Lynx, gray wolf and northern long-eared bat, are listed as threatened.
Crucially, the BWCAW and SNF are considered critical habitat for the threatened Canada Lynx,
which requires spruce-fir boreal forest with dense understory. Canada Lynx cover large areas,
traveling extensively throughout the year, meaning that development and habitat fragmentation
can affect the viability of lynx populations.

The threatened northern long-eared bat lives in both Lake and St. Louis County, where TMM’s
leases are located. The northern long-cared bat spends its winter hibernating in caves. In summer
it roosts in both live and dead trees, as well as caves. Northern long-cared bat populations are
under significant stress from White-nose Syndrome, which has caused drastic declines in bat
populations across the country. Increased impacts to their habitat could exacerbate population
decline.

The gray wolf population in the western Great Lakes, including the BWCAW, was re-listed as
threatened in 2014 by the Fish and Wildlife Service. Gray wolves also cover large areas to hunt,
so wolf populations can be impacted by development and habitat fragmentation. Other animals
benefit from wolves living in northern Minnesota as carcasses wolves leave behind feed many
other animals.

Northern Minnesota is one of the few places in the continental U.S. where visitors can see
moose. However, the state’s iconic moose population continues to decline — decreasing by
approximately 60 percent in the last decade, according to Minnesota’s State Department of
Natural Resources. Given this population decline, the U.S. Fish and Wildlife Service (FWS)
initiated a status review for the U.S. population of northwestern moose (i.e., those in Michigan
and Minnesota). The status review was initiated as a result of a positive 90-day finding on a
petition to list moose under the Endangered Species Act. FWS determined information in the
petition provided substantial scientific or commercial information indicating that species listing
may be warranted.
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Moose often gather around ponds, lake shores, bogs and streams where they feed on aquatic
vegetation. They are under stress from climatic change, likely due to a greatly increased number
of ticks brought about by warmer summers. Therefore they are ever more dependent on the
extensive, high quality habitat available in the BWCAW. Additional development, such as
mining activity and associated road building, in the vicinity of the BWCAW could lead to habitat
fragmentation that may further stress the moose population. While contamination of BWCAW
waters by acid and leached metals could lead to habitat degradation that would also add to the
moose population’s stress.

The potential impacts of mining activities also could affect other species dependent upon
forested arcas through habitat fragmentation, increased dispersal of invasive plant and animal
species, and alterations to wildlife migration and residence patterns.

Social and Economic Considerations

The State of Minnesota has primary responsibility under the Clean Water Act of 1972 to protect
the water quality of the BWCAW and identifies the wilderness area as an “outstanding resource
value water” under Minnesota Rules (Minn. R. 7050.0180). That section also provides that “[n]o
person may cause or allow a new or expanded discharge of any sewage. industrial waste, or other
waste to waters within the Boundary Waters Canoe Area Wilderness.”

On March 6, 2016, Minnesota Governor Mark Dayton sent, and publicly released. a letter to
TMM stating that he had directed the State’s Department of Natural Resources “not to authorize
or enter into any new state access or lcase agreements for mining operations on those state lands™
near the BWCAW. The Governor stated he has grave concerns about the use of state surface
lands for mining near the BWCAW:

“[M]y concern is for the inherent risks associated with any mining operation in close proximity
to the BWCAW and ... about the State of Minnesota's actively promoting advancement of such
operations by permitting access to state lands.”

“As you know the BWCAW is a crown jewel in Minnesota and a national treasure. It is the most
visited wilderness in the eastern US, and a magnificently unique assemblage of forest and
waterbodies, an extraordinary legacy of wilderness adventure, and the home to iconic species
like moose and wolves. I have an obligation to ensure it is not diminished in any way. Its
uniqueness and fragility require that we exercise special care when we evaluate significant land
use changes in the area, and I am unwilling to take risks with that Minnesota environmental
icon.’

As a partner in managing and conserving natural resources within the State of Minnesota, the FS
takes Governor Dayton’s statements seriously. The FS shares many of the Governor’s concerns.
These shared concerns also support the decision to withhold consent to renewal of leases MNES-
01352 and MNES-0153.

The FS was aware of negative public sentiment regarding other mineral related projects on
nearby SNF lands and many people’s concern about the possible renewal of leases MNES-01352
and MNES-01353. Consequently, on June 13, 2016 the FS announced it would provide a 30-day
public input period commencing June 20, 2016 and including a listening session on July 13,
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2016 to better understand public views about renewal of TMM’s two leases. A second listening
session on July 19, 2016 was subscquently announced.

Individuals and organizations expressed passionate views both in support of and opposition to
renewing the leases during the input period and listening sessions. In addition, TMM submitted
comments for the record during the public input period. Overall the FS received over 30.000
separate communications is response to the listening sessions. In total, this input provided FS
decision makers the fullest possible understanding of public views and concerns regarding the
proposed lease renewals.

Local sentiment is similarly mixed regarding the desirability of TMM developing a mine on the
lands subject to its two leases. Northeastern Minnesota has a long history of mining, and much of
the local economy along the Iron Range remains dependent on iron mining. Ely, Virginia, and
other local communities, have a long-standing social identity associated with mining. During the
two listening sessions, elected officials, union representatives, and miners expressed their
concerns regarding the future of these communities, mining-associated tax revenues that support
schools and local services, and high-paying jobs for future generations. These mining proponents
often cited the potential cconomic benefits of mining, should TMM develop a mine on its leases.
They also stated that young people and families are leaving the area due to a depressed local
economy. Mining proponents also referred to the need for strategic metals for American
industry and national defense, including their use in sustainable technologies such as wind
turbines and hybrid cars.

Those who oppose TMM’s development of a mine on the lands subject to its two leases
emphasize the copper-nickel mining industry’s history of causing serious environmental harm,
the potential mine’s proximity to the BWCAW, the interconnected hydrology of the leased lands
and the BWCAW, and the probable negative impacts to water quality, quantity and aquatic
ecosystems downstream from any mine TMM establishes. These mining opponents often stated
that mining has created a boom-bust economy that only now has stabilized with the creation of
sustainable recreation-based jobs reliant on an unspoiled environment. They also raised concerns
about the probable negative impacts any TMM mine would have on the quality of individuals’®
future recreational experiences in the BWCAW, maintenance of the BWCAW’s wilderness
character, and preservation of the BWCAW for future generations.

In its Technical Report on Pre-Feasibility Study, TMM estimates the company’s initial capital
investment for mine construction will be $2.77 billion while over the projected 30-year life of the
mine its total capital investment will be $5.41 billion. TMM also estimates the potential
economic contributions of mining the copper-nickel deposits underlying its two leases could
include the need for close to 12 million labor hours during the estimated three-year mine
construction period and approximately 850 full-time jobs when the mine becomes operational.

Based on accepted multipliers of direct and indirect economic contribution, TMM’s mining
operations predicated upon its two leases might generate approximately 1,700-1,900 additional

indirect jobs in the region’s economy.

Conversely, across the country, counties with designated wilderness areas are associated with
rapid population growth, greater employment, and enhanced personal income growth, relative to
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counties lacking wilderness areas. This is attributable to the increasing mobility of service jobs,
and many entrepreneurs’ preference to locate their businesses in arcas offering a high quality of
life. Specifically. up to 150,000 visitors visit the BWCAW annually. Economic benefits
generated by BWCAW-related recreation have been estimated at approximately $44.5 million
annually. The wilderness recreation-based tourism and any derivative economic return is
dependent upon preserving the BWCAW’s natural quality and wilderness character.

With passage of the Boundary Waters Canoe Area Wilderness Act in 1978, the business model
of industries and communities associated with the BWCAW shifted. Timber production was
halted. Many resorts located within the wilderness were bought out by the federal government
and others received financial assistance to shift to a wilderness based business model. Gateway
communities such as Ely, Tofte and Grand Marais have also shifted to wilderness based
economies. While the transition has been long and often difficult these communities are now
highly dependent on revenue generated by the BWCAW for economic sustainability. Potential
unforeseen impacts to natural resources and water quality within the BWCAW would likely
result in substantial economic impacts to established local businesses and communities now
dependent upon a wilderness based business model.

On April 15, 2015, Congresswoman Betty McCollum (D-MN) introduced the National Park and
Wilderness Waters Protection Act (H.R. 1796). The Act would withdraw all federal lands in the
Rainy River Watershed from the mining laws, the mineral leasing laws, and the laws governing
the disposal of mineral materials, subject to valid existing rights. The Act also would impose
additional restrictions on the issuance of any lease or permit for mineral related activities. In a
February 2, 2016, letter to the Secretaries of Agriculture and the Interior and the Director of
CEQ, Congresswoman McCollum urged them “to immediately take action to protect two of
America’s natural treasures — the BWCAW and Voyageurs National Park.” Specifically,
Congresswoman McCollum requested the denial of TMM’s requested lease renewals and
administrative withdrawal of the Rainy River watershed.

Former Vice President—and former Minnesota Senator—Walter Mondale also has advocated
that the Department of the Interior deny the renewal of TMM'’s leases and withdraw all federal
minerals in the BWCAW’s watershed. On April 1, 2016, he wrote that ““Arizona has its Grand
Canyon, Wyoming its Yellowstone, California, its Yosemite. These wonders come to mind
unbidden as images of a place when those states are named. The Boundary Waters is such an
image for Minnesota.” Viee President Mondale goes on to say:

“Vice President Hubert Humphrey and I were deeply committed to protection of the Boundary
Waters and its precious waters. Although we were mindful of the need for jobs, we knew that it
was important to protect the magnificence of the Boundary Waters. The Twin Metals mining
proposal lacks this balance. That means that today I join Minnesota’s Gov. Mark Dayton and
urge the federal land management agencies to continue the work of nearly 100 years and to
ensure that the Boundary Waters wilderness remains the place it is today.”

Then in a July 1, 2016 letter characterizing the BWCWA as pristine and irreplaceable
wilderness, Vice President Mondale warned that the kind of heavy-metal mining that TMM
proposes:
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*...1s in a destructive class all its own. Enormous amounts of unusable waste rock containing
sulfides arc left behind on the surface. A byproduct of this kind of mining is sulfuric acid, which
often finds its way into nearby waterways. Similar mines around the country have already
poisoned lakes and thousands of miles of streams. The consequence of acid mine drainage
polluting the pristine Boundary Waters would be catastrophic. It is a risk we simply can’t take.”

Conclusion

The FS understands the important economic and national security benefits provided by mineral
extraction and supports mining as a legitimate activity on NFS lands. However, mining is not
appropriate on all places within the NFS or on every acre of NFS lands. When evaluating
whether to consent to issuance of an initial lease or the lease's renewal, the FS may consider the
unique ecological and cultural attributes of all NFS lands that might be adversely affected by
mineral development on the leasehold along with the social and economic consequences that
could flow from both a decision to consent and to withhold consent. The I'S also has an
affirmative responsibility to protect and maintain the character and quality of the BWCAW and
MPA for present and future generations. Scc. 2, Pub. L. 95-495, 92 Stat. 1649 (1978). Thus the
agency may weigh the possible benefits of TMM s potential mineral development against the
possible harm TMM’s potential mineral development might do to the BWCAW’s uniquely
valuable landscape.

TMM'’s potential mineral development on its two leaseholds might contribute markedly to
employment and economic growth in St. Louis County, Lake County, and nearby areas. Copper-
nickel mining conducted by TMM also would furnish metals important to U.S. industries and
modern technology. Deposits of copper are relatively abundant in the United States and many
operating copper mines in the United States are situated in arid or drier arcas of the Nation where
their potential for environmental harm may be reduced. The United States Geological Survey
reported that as of 2015 there was only one operating nickel mine in the United States but
nonetheless nickel was in oversupply and three other U.S. mining projects that would supply
nickel were in development.

The BWCAW contributes to the cultural and economic sustainability of communities within the
State of Minnesota, the Nation and beyond and to the ecological sustainability of unique
landscapes and rare species dependent upon those landscapes that are valued within the State of
Minnesota, the Nation and beyond. The BWCAW is irreplaceable, but likely irreparable in the
event of its significant degradation.

Based on information provided by TMM to date (e.g., its Technical Pre-Feasibility Report),
existing science, and examination of similar proposals, there is no reason to doubt that the
mining operations TMM hopes to eventually conduct could result in AMD and concomitant
metal leaching both during and after mineral development given the sought after copper-nickel
ore is sulfidic. This fact is very significant given TMM’s two leases are adjacent or proximate to
the BWCAW and within the same watershed as the wilderness. It might be possible for TMM to
develop a mine which employs mitigation and containment strategies that reduce the mine’s
potential to cause AMD and leached metals that could harm the wilderness. However, at the very
least it is equally possible that available water treatment technologies would be unable to prevent
the spread of any AMD and leached metals in the watershed. Further, there appears to be even

MCEA Comments Ex. 01



Neil Kornze 21

less likelihood that any contamination of the BWCAW resulting from TMM’s mining operations
could later be remediated, especially not in a manner compatible with the BWCAW’s wilderness
character. Morecover, any degree of contamination of the BWCAW by AMD and leached metals
has the potential to seriously degrade the wilderness area’s character and quality. Thus, even if
the probability that TMM’s mining operations might generate and release of AMD and leached
metals was very low, which the FS does not believe to be the case, the environmental harm to the
BWCAW that could result from any contamination of the area with AMD and leached metals
might be extreme. Failing to prevent such damage also is contrary to Congress’ determination
that it is necessary to “protect the special qualities of the [BWCAW] as a natural forest-lakeland
wilderness ecosystem of major esthetic, cultural, scientific, recreational and educational value to
the Nation.” Sec. 1, Pub. L. 95-495, 92 Stat. 1649 (1978).

Balancing what are primarily economic benefits of the mining operations that TMM hopes to
conduct in connection with the renewal of its two leases against even a remote possibility of
damaging the BWCAW-—a unique ecosystem that Minnesota elected officials have fittingly
called irreplaceable and a national treasure—makes it clear that it is incumbent upon the FS to
withhold consent to the renewal of TMM’s leases MNES-01352 and MNES-01353.

This decision withholding consent to the renewal of TMM s leases is subject to discretionary
review by the Under Secretary for Natural Resources and Environment pursuant to 36 C.F.R. §
214.7(b), but not appeal pursuant to 36 C.F.R. part 214 (36 C.F.R. § 214.7(a)(2)). No additional
information may be considered by the Under Secretary for Natural Resources and Environment
in connection with the discretionary review of this decision (36 C.F.R. § 214.19(b) & (e)).

Sincerely,

oo o Sl

THOMAS L. TIDWELL
Chief
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e
James Kuipers, PE PO Box 145

Principal Consulting Engineer Wisdom, MT 59761
jkuipers@kuipersassoc.com ‘ I 406-689-3464
September 30, 2017
To: Kevin Lee, Minnesota Center for Environmental Advocacy

From: Jim Kuipers PE, Kuipers & Associates
Re: Review of Northmet Mining Project Dam Safety Permit

Please find the following comments related to the Northmet Mining Project Dam Safety Permit. The
comments address four specific areas, all of which relate to engineering best practice as currently
recognized by the mining industry for tailings storage facilities (TSFs). The first area of comment is with
respect to Minnesota’s current regulations for dam safety and their adequacy with respect to tailings
storage facilities; with the exception of Montana which has enacted more current regulations in
response to the Mount Polley Independent Expert Review Panel (IERP) recommendations most states in
part or in whole rely on regulations specific to water storage dams which differ significantly from tailings
storage facilities. The second area of comment is with respect to the current criteria which the
Minnesota Department of Natural Resources (DNR) considers in approving a dam safety permit to
address public safety; the requirement for clearly defined and specified design performance criteria is
evident in most regulatory approaches. And the third area is with respect to how DNR considered what
happened at Mount Polley in its review. Finally, the fourth area is with respect to the actual engineering
analysis and reviews that have been performed for the Northmet TSFs.

The comments provided are based on more than 35 years of professional experience which has included
significant levels of involvement in tailings storage facility design, permitting, operations, reclamation
and closure, and long-term monitoring, maintenance and operations, as well as financial assurance for
tailings storage facilities and associated requirements such as supernatant and seepage water capture
and treatment. | was the government appointed Technical Liaison for the Mount Polley IERP and the
tailings dam re-stabilization engineering effort on behalf of the primary affected First Nations, and was
responsible for assisting them in understanding and responding to the reports and recommendations
related to those activities. | was also involved in the development of the 2015 Montana tailings dam
safety regulations and have spent significant time assessing and directly participating at a number of
mine sites in current industry best practice for tailings storage facilities. The overall objective of these
comments is to lend my professional expertise to the determination by the State of Minnesota and its
citizen’s in how best to address public safety and environmental issues with respect to the storage of
tailings from mining activities.

The comments provided are intentionally thorough and include numerous citations and references to
professional and governmental regulations and guidance identifying current best practice for TSFs. In
many cases the references are not available to the public and regulators, in particular the Canadian Dam
Association reports cited herein. In addition, clarifying information is provided as to the views of the
Mount Polley IERP that should be acknowledged if their work is to be cited relative to Dr. van Zyl’s
involvement at a TSF evaluation. The objective of including this level of information is to ensure that
both regulators and the public are informed as to current best practice as well as ongoing controversy as
to in particular the application of Best Available Technology (BAT).
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Review of Northmet Mining Project Dam Safety Permit
J. Kuipers, PE October 16, 2017

1. Dam Safety and Tailings Storage Facilities

In most jurisdictions nationally and internationally, mining TSFs are regulated in terms of stability and
hydrology based on requirements designed and intended for water storage dams. In some cases, those
regulations may include practices applicable to mining TSFs, however only one U.S. state, Montana, has
enacted regulations specific to mine TSFs. Mining TSFs are different from water storage dams in the
following ways (sources, Martin et al 2002, CDA 2014):

e TSFs are constructed, operated and closed by mine owners focused on extraction for a profit
and not necessarily for public benefit or on TSF safety.

e TSFs are designed to retain solids (that may or may not be contaminated) and/or process
solutions (that may or may not be contaminated).

e TSFs can contain large quantities of fluids and solids that if released can cause significant
environmental damage and result in loss of human life.

e TSFs are built during the development and operation of mines and remain as part of the
landscape becoming a permanent feature that must perform as designed after closure of the
mine indefinitely (e.g. in perpetuity).

e TSFs, if they contain contaminated substances (fluids and/or solids), have no minimum size
where the consequences of failure would be generally acceptable.

e Many TSFs are built in stages over the mine life, rather than built in a single stage prior to
decommissioning.

e The condition of TSFs is continually changing so safety must be continually re-evaluated
rendering TSF management more onerous as a steady-state condition is only achieved some
time after the mine operations cease.

e TSF decommissioning cannot be accomplished by breaching and removal but instead typically
requires a transition period and long-term monitoring and maintenance.

e TSFs are not generally viewed as an asset but instead as a liability and thus may warrant a lower
standard of care from their owners.

e TSF owners typically rely on consultants rather than in-house expertise leading to the potential
for poor communication and project continuity.

As discussed further in these comments, Minnesota’s existing dam safety statutes, RSM 6115.0410, are
intended for water storage dams and do not specifically address tailings storage facilities. In fact,
because the requirements rely on “current, prudent engineering practice” and “prudent, current
environmental practice” rather than on current accepted industry engineering standards it is
guestionable as to whether Minnesota’s existing dam safety statutes are consistent with accepted
standards for water storage facilities, much less TSFs.
2. Dam Safety Performance Standards

a. Hazard Classification

Minnesota classifies existing and proposed dams into three hazard classes (RSM 6115.0340):

those dams where failure, misoperation, or other occurrences or conditions would probably result in:
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A. Class I: any loss of life or serious hazard, or damage to health, main highways, high-value
industrial or commercial properties, major public utilities, or serious direct or indirect, economic loss to
the public;

B. Class ll: possible health hazard or probable loss of high-value property, damage to secondary
highways, railroads or other public utilities, or limited direct or indirect economic loss to the public other
than that described in Class Ill; and

C. Class IlI: property losses restricted mainly to rural buildings and local county and township
roads which are an essential part of the rural transportation system serving the area involved.

Minnesota’s classification system is consistent with the recommendations of the Federal Emergency
Management Agency (FEMA), which is responsible for federal dam safety requirements. FEMA (2013a)
notes that significant variations of the dam classification system are in use which is problematic and
therefore suggests the following hazard potential classes for dams in Table 1.

Table 1: Recommended Dam Classification System Based on Hazard Potential (FEMA 2013a)

Hazard Potential . Economic Loss, Environmental Loss,
e . Loss of Human Life . . - s
Classification and/or Disruption of Lifeline Facilities
Yes
High Probable (one or more expected
's ( P ) (but not necessary for this classification)
Significant None expected Yes
Low None expected Low and generally limited to owner

Although the Minnesota regulations do not specifically require it, in practice, dam break and inundation
studies are used to support assessment of the consequences of potential failure of dams in order to use
a dam classification system. However, the Canadian Dam Association (CDA 2014) notes that the science
of predicting tailings dam breaches and flows is relatively new, and techniques therefore limited.
Additionally, the lethality of failures from TSFs may be different than for conventional dam breach
flooding. For example, because the supernatant fluid and/or solids in a TSF are frequently
contaminated, the incremental environmental consequences may be worse for a sunny day failure than
a flood induced failure.

The CDA (2014) recommends a more detailed approach to dam classification for dams and mentions the
following specifically for TSFs:

e Since many mining dams are remote from population centers, the potential for loss of life is
often not as prevalent as it is for conventional dams. There could be occasions where there are
people in the area downstream of the dam temporarily due to seasonal cottages, roads and
highways, rail corridors, and recreational activities.

e Mining dams can also have the special case where the failure could threaten employees of the
mine working downstream of the mining dam, such as in an open pit mine. In this instance, the
training of the mine staff can be considered with respect to evacuation procedures and the
potential for reducing the potential for loss of life.

e Environmental losses are often the most significant aspect of a mining dam failure. Specific
studies may be required to predict the degree of environmental loss.

e The economic losses to a mining company can be substantial and may be much larger than the
direct financial burden associated with a failure. Failures of mining dams can result in lost
production, have a negative impact on the market capitalization of a company, and limit the
ability of the company to engage in other mining projects.
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e Mining dam failures can result in loss of site infrastructure such as roads, pump stations, power
lines, and pipelines.

The CDA recommends a dam classification approach that also can be used to provide guidance on the
standard of care expected of dam owners and designers. As loss of life is difficult to predict, it considers
both population at risk as well as loss of life. It also separately considers environmental and cultural
values from infrastructure and economics. The approach is presented in Table 2.

The CDA notes that:
e Because of the difficulty in predicting the environmental and ecosystem effects from accidental
releases, it is often necessary to be on the conservative side when applying dam classifications.
e The owner must also consider the other consequences, as described above that the dam
presents to their operation when establishing the risk profile and although this may not change
the classification, the risk profile could have a bearing on the surveillance activities and design
criteria

By definition, because the catastrophic failure of TSFs can result in the loss of life and is considered a
serious hazard, TSFs are generally considered to be in the highest hazard category, or Class | in the case
of Minnesota’s classification system. Minnesota should consider revising its requirements to reflect
current practice for TSF by adopting a more detailed and specific hazard classification system such as
that recommended by the CDA, including a requirement for inundation studies using methods
consistent with, and in consideration of further aspects specific to TSFs as provided in CDA (2014)
guidance.

b. Performance Standards
Minnesota addresses dam safety in subpart 8. Performance standards which follows:

Subp. 8. Permit standards. Approval or denial shall be based on the potential hazards to the health,
safety, and welfare of the public and the environment including probable future development of the area
downstream or upstream. The applicant may be required to take measures to reduce risks, and the
commissioner shall furnish information and recommendations to local governments for present and
future land use controls to minimize risks to downstream areas.

The commissioner shall determine if the proposal is adequate with respect to:

A. For Class I, a showing of lack of other suitable feasible and practical alternative sites, and
economic hardship which would have a major adverse effect on population and socioeconomic base of
the area affected.

B. For Class Il, a showing of lack of other suitable feasible and practical alternative sites and that
the dam will benefit the population or socioeconomic base of the area involved.

C. The need in terms of quantifiable benefits.

D. The stability of the dam, foundation, abutments, and impoundment under all conditions of
construction and operation, including consideration of liquefaction, shear, or seepage failure,
overturning, sliding, overstressing and excessive deformation, under all loading conditions including
earthquake. This determination must be based on current, prudent engineering practice, and the degree
of conservatism employed must depend on hazards.

E. Discharge and/or storage capacity capable of handling the design flood based on current,
prudent engineering practice and the hazard classification.

F. Compliance with prudent, current environmental practice throughout its existence.

4
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Table 2: CDA TSF Dam Classification (Source: CDA 2013, 2014)

. Incremental losses
Population
at risk Loss of life Environmental and cultural Infrastructure and
Dam class [note 1] [note 2] values economics
Low None 0 Minimal short-term loss Low economic losses; area
No long-term loss contains limited
infrastructure or services
Significant Temporary | Unspecified | No significant loss or Losses to recreational
only deterioration of fish or wildlife | facilities, seasonal
habitat workplaces, and
Loss of marginal habitat only infrequently used
Restoration or compensation in transportation routes
kind highly possible
High Permanent | 10 or fewer | Significant loss or deterioration | High economic losses
of important fish or wildlife affecting infrastructure,
habitat public transportation, and
Restoration or compensation in commerecial facilities
kind highly possible
Very high Permanent | 100 or fewer | Significant loss or deterioration | Very high economic
of critical fish or wildlife habitat | losses affecting important
Restoration or compensation in | infrastructure or services
kind possible but impractical | (€-g., highway, industrial
facility, storage facilities
for dangerous substances)
Extreme Permanent | More than Major loss of critical fish or Extreme losses affecting
100 wildlife habitat critical infrastructure or
Restoration or compensation in | Services (e.g., hospital,
kind impossible major industrial complex,
major storage facilities for
dangerous substances)

Note 1. Definitions for population at risk:

None—There is no identifiable population at risk, so there is no possibility of loss of life other than through

unforeseeable misadventure.

Temporary —People are only temporarily in the dam-breach inundation zone (e.g., seasonal cottage use, passing
through on transportation routes, participating in recreational activities).

Permanent—The population at risk is ordinarily located in the dam-breach inundation zone (e.g., as permanent

residents); three consequence classes (high, very high, extreme) are proposed to allow for more detailed estimates
of potential loss of life (to assist in decision-making if the appropriate analysis is carried out).

Note 2. Implications for loss of life:

Unspecified —The appropriate level of safety required at a dam where people are temporarily at risk depends on
the number of people, the exposure time, the nature of their activity, and other conditions. A higher class could be
appropriate, depending on the requirements. However, the design flood requirement, for example, might not be
higher if the temporary population is not likely to be present during the flood season.

MCEA Comments Ex. 02




Review of Northmet Mining Project Dam Safety Permit
J. Kuipers, PE October 16, 2017

In our experience the federal agencies and most state agencies use a more prescriptive, standards based
approach to dam safety performance standards. The CDA (2013) describes the traditional standards-
based approach as follows:

“Established practice in safety assessment of dams relies mainly on a standards-based approach
deterministic concept, largely because it is computationally straightforward; provides the
reassurance of a well-known method; and uses numerical measures, such as safety factors. The
deterministic approach requires the determination of stability or stress state for a critical region
the dam or its foundation. These states are typically analyzed for a set of usual, unusual, and
extreme load combinations. The deterministic loads and resulting stresses are then related to the
deterministic ultimate stability and failure criteria. The quantitative definitions of the factors of
safety are determined primarily by empirical evidence, experience, and engineering judgment.

A deterministic design or assessment of unique structures is typically based on either (i) worst case
values for the input variables or (ii) nominal values with a safety factor applied to the results
Thus, the approach accounts for uncertainty by

. Assuming conservative (extreme) values for the loads
. Assuming conservative (safe) values for resistance variables
o Applying conservative safety factors

The usual (normal), unusual, and extreme cases can be considered from the perspective of
exceedance probability. The most critical loads-seismic and hydrotechnical-are to some extent
characterized on the basis of statistics, reliability theory, and probability. In this way, the
deterministic approach has been gradually transformed to a semi-probabilistic concept. The
calibration and numerous simplifications introduced in the final format of a standards-based
procedure are often hidden in the background, and thus the deterministic method may be called
prescriptive.

It should be noted that a particular factor of safety is physically meaningful only with respect to
given design assumptions and equations. Engineering guidelines or regulations may provide
precise instructions for calculation of the factor of safety. This ensures a certain uniformity of
approach on the part of different designers. However, practising engineers must have a full
understanding of the actual reliability assessment methods and meanings of factors used to
express the safety, durability, and serviceability of structural components.”

i. Seismic Criteria

Table 3, from CDA’s Application of CDA Dam Safety Guidelines to Mining Dams provides suggested
target levels that can generally be applied to the Construction, Operation, and Transition Phases of a
TSF. CDA suggests that these are intended for consideration and consultation between the owner and
regulator, and that the owner may adopt, or regulations may require, more stringent criteria. The CDA
also notes that for TSFs, crest deformations could be much larger compared to conventional dams, and
result in release of contents. They suggest that “criteria should be established for suitable deformations
of a mining dam and the appropriate analyses undertaken to demonstrate the effect of an earthquake
on the dam and determine if the deformation criteria is met.”
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Table 3: Target Levels for Earthquake Hazards, Standards-Based Assessments, for
Construction, Operation, and Transition Phases (For Initial Consideration and Consultation
Between Owner and Regulator) (From CDA 2014)

Dam Classification Annual Exceedance Probability —
Earthquakes (note 1)
Low 1/100 AEP
Significant Between 1/100 and 1/1,000
High 1/2,475 (note 2)
Very High 1/2 Between 1/2,475 (note 2) and
1/10,000 or MCE (note 3)
Extreme 1/10,000 or MCE (note 3)

Notes:

Acronyms: MCE, Maximum Credible Earthquake; AEP, annual exceedance probability

1. Mean values of the estimated range in AEP levels for earthquakes should be used. The earthquake(s) with
the AEP as defined above is(are) then input as the contributory earthquake(s) to develop the Earthquake
Design Ground Motion (EDGM) parameters as described in Section 6.5 of the Dam Safety Guidelines (CDA
2013).

2. This level has been selected for consistency with seismic design levels given in the National Building Code
of Canada.

3. MCE has no associated AEP.

ii. Geotechnical

CDA (2014) recommends target levels related to slope stability for static and seismic conditions in Tables
4 and 5.

Table 4: Target Factors of Safety for Slope Stability in Construction, Operation, and
Transition Phases - Static Assessment (From CDA 2014)

Loading Condition Minimum Factor of Safety Slope
During or at end of > 1.3 depending on risk Typically downstream
construction assessment during
construction
Long term (steady state 1.5 Downstream

seepage, normal

reservoir level)

Full or partial rapid 1.2to 1.3 Upstream slope where
drawdown applicable

Table 5: Target Factors of Safety for Slope Stability in Construction, Operation, and
Transition Phases - Seismic Assessment (From CDA 2014)
Loading Condition Minimum Factor of Safety
Pseudo-static 1.0
Post-earthquake 1.2

The CDA (2014) notes that “A factor of safety of 1.3 may be acceptable during construction of a dam
where the consequences could be minor and measures are taken during construction to manage the risk
such as detailed inspection, instrumentation, etc. But, the factor of safety of 1.3 should not simply be
adopted because it is “End of construction.” A factor of safety of 1.5 has typically been adopted for
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tailings dams because of the potential consequences of failure. Therefore, when setting the design
criteria for the dam, these target levels can be considered, but the risks associated with instability of the
dam also need to be considered.”

The CDA (2014) also notes the following unique aspects of TSFs with respect to geotechnical design:

e The design, construction, and operation of tailings dams often use the observational method
due to the long construction period and opportunities to review actual conditions.

e Loading on a dam shell from an upstream tailings beach needs to be accounted for in stability
assessments.

e Liquefaction of tailings upstream of the dam needs to be considered in stability assessments.

e Mine waste is often used in the structural portion of a mining dam and this requires special care
with respect to the design of filters and transition zones to protect the seepage control
elements of the dam.

e Geochemical processes (often acid rock drainage or metal leaching) can clog filters and drains
through precipitate accumulation. While this can also occur with conventional dames, it is more
prevalent in mining dams that contain materials with acid rock drainage generation potential.
The rate of clogging and the time that the drains are required to operate may greatly exceed
those typical of conventional water storage dams. Cementing of soil into a “hard pan” can affect
the seepage conditions in a dam.

e Decant structures and/or pipes embedded in embankments in general are potential pathways
for seepage. The deterioration of pipes through dams is a well-known cause of several mining
dam failures. Development of preferential seepage paths and arching zone(s) are also notable
safety hazards. For decant pipes with intermittent discharge, frost action can also create
seepage pathways around the pipes. Hence, these structures need to either be avoided or
designed and constructed with a high level of care, including redundant protective measures.

e Mining dams are often located near other infrastructure such as open pits and underground
workings. The consequences of failure of such mining dams require careful consideration. Also,
the potential interaction of the mining operations (i.e. blasting or large waste rock dumps) on
the mining dams must be assessed.

e Subsidence of ground beneath a mining dam can occur due to underground workings that may
not have been detected prior to the design and construction of the dam.

e Piping can occur into underground workings with caving occurring upward into the tailings.

e Design for thickened tailings discharge facilities.

e Geosynthetics are often considered for mining dams because of limited construction materials,
but these must be used judiciously when considering structures that will have to last a long
time.

e Design should be flexible to accommodate variability and availability of construction materials
throughout the life of a tailings dam.

e Instrumentation monitoring, recording between raises, damage to instrumentation during
construction or mine operations.

e The use of impervious membranes for lined ponds that also require measures to prevent wildlife
from getting trapped in the ponds and causing damage to the liners.

e Vandalism, particularly recreational vehicles that can cause damage to closed site dams.
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iii. State and Other Approaches

Montana and New Mexico provide two examples of prescriptive state requirements for seismic and

geotechnical performance standards for TSFs, as do requirements for the province of British Columbia.

The requirements for Montana and British Columbia were formulated based in part on the

recommendations of the Mount Polley Independent Engineering Review Panel (IERP). The requirements

are shown in Table 6.

Table 6: Seismic and Geotechnical Requirements — Montana', New Mexico?, British Columbia3®

maximum credible earthquake,
whichever is larger

State Design Criteria
Minimum Seismic Event Factor of Safety — Static
Montana 1-in-10,000-year event, or the During Construction, 1.3

Normal Operating, 1.5
Post-Earthquake, 1.2 (loss of
containment)

Post-Earthquake, 1.0 (no loss of
containment)

New Mexico

Dams classified as high hazard
potential other than flood control
structures shall be designed for the
maximum credible earthquake or
for a 1% probability of exceedance
in 50 years (approximately 5000-
year return frequency).

End of Construction, 1.3
Operational Drawdown, 1.5
Rapid Drawdown, 1.3
Steady-state Long-term, 1.5

British Columbia, CAN

minimum seismic design criteria
shall be a return period of 1 in 2475
years for dam classification of low-
high, 2 between 1/2475 and
1/10,000 or MCE for dam
classification of very high to
extreme.

End of Construction, 1.5
Long-term, 1.5
Full or Partial Drawdown, 1.5

iv. Hydrology

1. Inflow Design Flood

Surface water estimation related to flood flows (e.g. most extreme event) is presently performed using
either deterministic approaches or based on risk analysis. The deterministic, or traditional standards-
based approach is based on historic meteorological data and computational approaches to establish
precipitation estimates, including Probable Maximum Precipitation (PMP) and Probable Maximum Flood
(PMF) estimates, as well as estimates based on various return intervals (5, 10, 25, 100, 500 year). The

! Montana’s Metal Mine Reclamation Act (MMRA) amended 2015. §82-4. Section 5.
http://leg.mt.gov/bills/mca_toc/82 4 3.htm

2 New Mexico Office of State Engineer, Part 12 Dam Design, Construction & Dam Safety (2010). §19.25.12.11
http://www.ose.state.nm.us/DS/Regs/19-25-12-NMAC-2010%202016-05-27.pdf

3 British Columbia Health, Safety and Reclamation Code, Part 10 Revisions (2016). §10.1.8
http://www2.gov.bc.ca/gov/content/industry/mineral-exploration-mining/health-safety/health-safety-and-
reclamation-code-for-mines-in-british-columbia
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risk analysis approach uses either a quantitative or qualitative or risk assessment technique.
Quantitative risk assessment mathematically calculates estimates of risk, but it requires data upon
which to estimate risk, is highly complex, and the current state-of-knowledge is limited (CDA 2013).
Qualitative risk assessment characterizes uncertainty in more general terms and uses methods for
indexing, scoring and ranking risk factors. The most common example used in TSF design is the MAA
process. Robertson (2012) and others have long advocated for the use of various alternatives analysis
assessment methods which has resulted in the development and widespread adoption of the Multiple
Accounts Analysis (MAA) process for TSF sites, and more recently TSF technology and design selection.
Today the process is both well-defined and in common use, particularly in Canada where it is required.
Environment Canada’s Guidelines for the Assessment of Alternatives for Mine Waste Disposal*
summarizes the MAA process as it would apply to TSF selection. The deterministic approach is the most
accepted approach for dam design and assessment, however the use of a risk-based approach is
becoming more widely used and is recommended where appropriate as noted in the following section.

The Inflow Design Flood (IDF) is the most severe inflow flood for which a TSF or associated facilities are
designed and should be considered applicable to the construction, operation, and transition phases
(CDA 2014). In selecting an IDF the risks of hydrologic failure of a TSF should be balanced with the
potential downstream consequences. Current practice is described in FEMA’s Federal Guidelines for
Selecting and Accommodating Inflow Design Floods for Dams which was first published in 1986 and
most recently updated in 2013. FEMA (2013) notes that no single approach to selection of an IDF is
adequate given the unique situations of each site, and therefore recommends the following approaches:

Prescriptive Approach — In this initial phase, a planned dam is designed or an existing dam is evaluated
for a prescribed standard based on the hazard potential classification of the dam. This approach is
intended to be conservative to allow for efficiency of resource utilization while providing reasonable
assurance of the safety of the public. It is not intended to assure that there is an economical marginal
benefit from designing for a conservative IDF.

Site-specific PMP Studies (Refinement of the Prescriptive Approach) — The prescriptive approach relies
upon determination of a PMF for high hazard dams which requires assessment of the PMP. The most
common sources of the PMP information are the regional HMRs published by the NWS. These reports
provide generalized rainfall values that are not basin-specific and tend to represent the largest PMP
values across broad regions. Most of these reports have not been updated to reflect current state-of-
the-art knowledge and technology. A site-specific study of the PMP/PMF using current techniques can
result in a more appropriate estimate of the PMF for consideration as the IDF.

Incremental Consequence Analysis — The volume of many reservoirs may be small in comparison to the
volume of the hydrologic events to which they may be subjected. In these cases, the IDF can be
established by identifying the flood for which the downstream consequences with and without failure
are not significantly different.

Risk-informed Decision Making — This method allows a dam owner or regulator to consider the risk
associated with hydrologic performance of dams relative to other dam safety risks at the same dam,
across a portfolio of dams, or in comparison to societal risks in general. In this method, the IDF is
selected as the design flood which assures that a given level of “tolerable risk” is not exceeded. The
strengths of this method include providing dam owners and regulators the ability to assess the marginal

*https://ec.gc.ca/pollution/default.asp?lang=En&n=125349F7-1&offset=2&toc=show
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value of increasing levels of flood protection, balancing capital investment in risk reduction across a
number of different failure modes, and prioritizing risk reduction actions across a portfolio of dams.

2. Prescriptive Approach

FEMA (2013a) recommends prescriptive IDF criteria corresponding to the hazard potential classification
described in Table 1 in Table 7.

FMEA (2013a) notes that, “When selecting an IDF based on either probabilistic or PMP concepts, it
should be recognized that these values are derived using limited information. Accordingly, such
estimates are not fixed but inherently have a margin of uncertainty. As science evolves and additional
data is collected, precipitation estimates and frequency of floods can change. The occurrence of events
greater in magnitude than had been previously recorded in a specific location or region can cause such
estimates to increase. This uncertainty in the foundation data is combined with the uncertainty inherent
in modeling a postulated, rather than actual, event. Practitioners should be aware of this and, when
possible, select IDFs that consider this reality. In all cases, an appropriate IDF selection should be
performed, or directed and reviewed by a registered professional engineer experienced in hydrology
and hydraulics.”

Table 7: IDF Requirements for Dams Using a Prescriptive Approach (FEMA 2013a)

Hazard Potential

e Definition of Hazard Potential Classification Inflow Design Flood
Classification

Probable loss of life due to dam failure or mis-
operation (economic loss, environmental

High damage, or disruption of lifeline facilities may PMF!
also be probable, but are not necessary for this
classification)

No probable loss of human life but can cause

) ) 0.1% Annual Chance
economic loss, environmental damage, or

Significant ) . e I E d Flood (1,000-
'gniican disruption of lifeline facilities due to dam xceedance Hoo 2(
. . . year Flood)
failure or mis-operation
1% Annual Chance
No probable loss of human life and low Exceedance Flood (100-
Low economic and/or environmental losses due to year Flood) or a smaller
dam failure or mis-operation flood justified by
rationale

(1) Incremental consequence analysis or risk-informed decision making may be used to evaluate the potential for
selecting an IDF lower than the prescribed standard. An IDF less than the 0.2% annual chance exceedance flood
(500-year flood) is not recommended.

(2) Incremental consequence analysis or risk-informed decision-making studies may be used to evaluate the
potential for selecting an IDF lower than the prescribed standard. An IDF less than the 1% annual chance
exceedance flood (100-year flood) is not recommended.

Based on CDA'’s use of five hazard potential classifications as shown in Table 2, the CDA (2014)
recommends target levels for the inflow design of TSFs described in Table 8. CDA also suggests that
“...the dam classification and the associated target levels shown...” in Table 2 “...should be considered
when developing the design criteria. In addition, the mining dam owner will want to factor in other risks
and may choose to adopt more stringent design criteria than suggested by the classification alone.”
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Table 8: Target Levels for Flood Hazards, Standards-Based Assessments,
for Construction, Operation, and Transition Phases (CDA 2014)

(For Initial Consideration and Consultation Between Owner and Regulator)

Dam Classification Annual Exceedance Probability —
Floods (note 1)
Low 1/100
Significant Between 1/100 and 1/1,000 (note 2)
High 1/3 Between 1/1,000 and PMF (note
3)
Very High 2/3 Between 1/1,000 and PMF (note
3)
Extreme PMF (note 3)

Notes:

Acronyms: PMF, Probable Maximum Flood; AEP, annual exceedance probability
1. Simple extrapolation of flood statistics beyond 10 AEP is not acceptable.
Selected on basis of incremental flood analysis, exposure, and consequences of failure.
3.  PMF has no associated AEP.

N

3. Mount Polley Independent Expert Review Panel Findings

In August 2014, the Mount Polley Mine tailings facility breached, resulting in a catastrophic release of
tailings that was previously considered unlikely due to the circumstances of it occurring in what is touted
as one of the more progressively regulated jurisdictions (British Columbia - BC) at a mine operated by a
rising and supposedly highly capable Canadian based mining company (Imperial Metals) and designed
and inspected by leading engineering firms (Knight Piésold and AMEC). The event was considered by the
industry and associated engineering consultants as a highly significant event. The need for conservative
and proactive measures for the design, operation and closure of tailings facilities has since been further
reinforced by the even more catastrophic failure that occurred at the Samarco tailings facility in Brazil in
November 2015.

The Mount Polley Independent Expert Review Panel (IERP), consisting of three leading experts in the
geotechnical stability of mine tailings facilities, was convened by the BC Government to address the
minimization and elimination of the risk of similar failures from tailings facilities. The Panel Report was
issued in January 2015 and included recommendations that can be grouped into the following seven
areas:

1. Implement Best Available Practices (BAP) and Best Available Technologies (BAT) using a phased
approach,

Improve corporate governance,

Expand corporate design commitments,

Enhance validation of safety and regulation of all phases of a TSF,

Strengthen current regulatory operations,

Improve professional practice, and

Improve dam safety guidelines

Noun,swn
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Table 9 summarizes the Panel recommendations and the British Columbia regulatory revisions. For
comparison purposes, Table 1 also includes the revisions made to Montana’s Metal Mine Reclamation
Act (MMRA) in 2015 intended to address the Panel recommendations, and the existing Minnesota
regulations.

a. Implement Best Available Practices (BAP) and Best Available Technologies (BAT) using a
phased approach

The Panel recommended using Best Available Practices (BAP) to address existing TSFs, and
recommended using Best Available Technology (BAT). They further recommended applying BAT
principles to closure of active impoundments to eliminate risk. The Panel identified the three principles
of BAT as: no surface water; unsaturated conditions, and; achieve dilatant conditions by compaction.
The Panel further identified backfilling of mined out pits or underground workings as being the most
direct method, but otherwise identified “filtered tailings” technology as the primary BAT. In doing so,
the Panel suggested that “There are no overriding technical impediments to more widespread

adoption of filtered tailings technology” and “While economic factors cannot be neglected, neither can
they continue to pre-empt best technology.”

The BC Revisions define BAT as “the site-specific combination of technologies and techniques that most
effectively reduce the physical, geochemical, ecological and social risks associated with tailings storage
during all stages of operation and closure.” The BC Revisions incorporate a “combination of
technologies” to “reduce” risk during all stages of the TSF life-cycle. The BC revisions do not include or
identify the BAT principles identified by the Panel, or filtered tailings as the prime BAT with cost as a
secondary factor. The BC Revisions are not consistent with the Panel recommendations. They do not
provide the underlying BAT principles or identify BAT technology to “prevent” or achieve zero risk of TSF
failures, but instead the approach uses site specific technologies and techniques to “reduce” the risk of
TSF failures.

It is important to note that subsequent to the Panel report, BC regulators had engaged in additional
discussions with Dirk van Zyl, one of the three Panel members, whom has issued a letter suggesting he
favors the approach being taken by BC regulators consistent with industry recommendations. In
response, Steve Vick, another Panel member, has provided comments suggesting that the Panel
recommendations were to achieve zero risk by the use of primary BAT and that any compromise will
result in further avoidable TSF failures. Those communications are attached as Appendix A to these
comments in the interest of ensuring that the views of the IERP and Dr. van Zyl are available for
consideration by the public and the regulators that may otherwise depend on them to be representative
of the IERPs views.®

The MT MMRA Revision requires “an evaluation indicating that the proposed tailings storage facility will
be designed, operated, monitored, and closed using the most applicable, appropriate, and current
technologies and techniques practicable given site-specific conditions and concerns” and defines
“practicable” as “available and capable of being implemented after taking into consideration cost,
existing technology, and logistics in light of overall project purposes.” The MMRA revisions do not
include or identify the BAT principles identified by the Panel, or filtered tailings as the prime BAT. The
MT MMRA Revisions do not appear to be consistent with the Panel recommendations in that they do
not provide the underlying BAT principles or identify BAT technology to “prevent” or achieve zero risk of

5 Communications can be provided.
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TSF failures, but instead present the approach favored by industry which is to use site specific
technologies and techniques to “reduce” the risk of TSF failures.

Minnesota’s regulations, typical to most if not all other U.S. State regulations with the exception of
Montana’s recent revisions, do not address either BAP or BAT or the need to evaluate them to either
reduce or prevent risk of catastrophic failures.

b. Improve corporate governance

The Panel recommended that corporations operating TSFs should be required to be a member of the
Mining Association of Canada (MAC) or be obliged to commit to an equivalent program for tailings
management, including the audit function.

The MAC, in response to issues presented by TSFs worldwide owned by Canadian based corporations,
developed guidelines for tailings management that are considered worldwide as best management
practice (BMP). This includes: A Guide to the Management of Tailings Facilities; Developing an
Operation, Maintenance and Surveillance Manual for Tailings and Water Management Facilities, and;

A Guide to the Audit and Assessment of Tailings Facility Management.® The Tailings Management
Protocol was updated in 2015 and an additional update is expected in 2016, in part implementing Panel
recommendations for corporate governance.

The BC Revisions fall short of the Panel recommendations in that while they require the mine manager
to “consider” the HSRC Guidance Document, it does not require they be a member of MAC or be obliged
to commit to an equivalent program.

The MT MMRA Revisions require a description of proposed risk management measures. They fall far
short of the Panel recommendation and require no obligation to a program equivalent to those required
of MAC members. There are no equivalent U.S. based industry or professional groups that have
developed equivalent tailings management guidance or that similarly oblige their members to commit to
an equivalent program.

The Minnesota regulations address “measures to reduce risk” however typical to most if not all other
U.S. State regulations including Montana’s recent revisions, do not address or provide stringent and
current requirements for tailings management similar to those contained in MAC guidance and member
obligations.

c¢. Expand corporate design commitments

The Panel recommended that new TSFs “should be based on a bankable feasibility study and consider all
technical, environmental, social and economic aspects of the project in sufficient detail to support an
investment decision” and should contain a failure modes and effects analysis, cost/benefit analysis of
BAT tailings and closure options with the caveat the cost/benefit should not super-cede safety
considerations, and detailed and declared Quantitative Performance Objectives (QPOs).

The BC Revisions are for the most part consistent with the Panel’s recommendations. They require risk
assessment and management, an alternatives assessment of best available technology, and QPQO’s. The

6 http://mining.ca/towards-sustainable-mining/protocols-frameworks/tailings-management
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primary difference with the Panel recommendations is that the alternatives assessment does not
specifically require that safety considerations must not super-cede cost/benefit considerations.

The MT MMRA revisions are for the most part consistent with the Panel’s recommendations. They
require a failure modes effects analysis, QPO’s and risk management measures. The primary difference
with the Panel recommendations is that the MMRA revisions do not specifically require that safety
considerations must not super-cede cost/benefit considerations.

The Minnesota regulations do not require a failure modes effects analysis, BAT cost-benefit analysis, or
QPOs, similar to most if not all other U.S. State regulations with the exception of Montana’s recent
revisions. Typical to water reservoirs, they do require analysis of a dam break flood as a result of dam
failure.

d. Enhance validation of safety and regulation of all phases of a TSF

The Panel recommended that Independent Tailings Review Boards (ITRBs) be utilized together with
QPOs to improve safety and regulation of all phases of TSFs.

The BC Revisions require an ITRB and the submission of the terms of reference and qualifications for
board members for approval. The BC revisions also requires a report of the activities of the ITRB,
confirmation and incorporation of ITRB recommendations, and assurance that the report is a true and
accurate representation of their reviews. The BC Revisions do not address the use of QPOs to improve
regulator evaluation of TSFs. The BC Revisions do not address the requirements for ITRB members to be
independent of the proponent.

The MT MMRA Revisions require an ITRB and the submission and approval of board members. The MT
MMRA Revisions do not require the submission and approval of the terms of reference for the ITRB.

The MT MMRA revisions require that “The panel shall review the design document, underlying analysis,
and assumptions for consistency with this part. The panel shall assess the practicable application of
current technology in the proposed design. (9) The panel shall submit its review and any recommended
modifications to the operator or permit applicant and the department. The panel's determination is
conclusive. The report must be signed by each panel member.” The MT MMRA Revisions do not address
the use of QPOs to improve regulator evaluation of TSFs.

The Minnesota regulations do not address either ITRBs or use of QPOs in regulator evaluation.

e. Strengthen current regulatory operations
The Panel recommended that inspections be performed at all existing TSFs to ascertain whether they
may be a risk and require appropriate actions due to specific failure modes: filter adequacy; water

balance adequacy; undrained shear failure of silt and clay foundations.

The BC government required inspections to be completed and submitted by June 30, 2015 to comply
with the Panel’s recommendations.

The Montana MMRA Revisions do not require inspections for this purpose although the requirement for

both annual EOR and independent audit inspections can be construed as requiring these failure modes
be addressed. The Minnesota regulations do not require inspections specific to these failure modes.
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f. Improve professional practice

The Panel encouraged the Association of Professional Engineers and Geoscientists of British Columbia
(APEGBC) to develop guidelines that would lead to improved site characterization for tailings dams with
respect to the geological, geomorphological, hydrogeological and possibly seismotectonic
characteristics.

The APEGBC developed and published Site Characterization for Dam Foundations in BC in August 2016,
including a section on seismotectonic conditions.

There are no equivalent U.S. or Minnesota based industry or professional groups that have developed
equivalent site characterization guidance for either dams or TSFs.

g. Improve dam safety guidelines

The Panel, recognizing limitations of current Canadian Dam Association guidelines, recommended that
dam safety guidance be developed specific to the conditions encountered with TSFs in British Columbia
and incorporated as a statutory requirement. The Montana and BC dam safety regulations include
prescriptive and specific design criteria requirements for TSFs. The Minnesota regulations rely on the
consideration of alternative sites and the determination of dam safety by “current, prudent engineering
practice.”

4. Northmet TSF Engineering Analysis and Reviews

The Northmet Dam Safety Permit Application (NDSPA) prepared by Barr and dated May 2017 addresses
the classification of the TSF, dam break analysis, and performance standards.

a. TSF Classification

According to the NDSPA (p. 9), “The FTB dams have been designed to achieve necessary factors of
safety, so a dam break is unlikely.” It goes on to say that “A dam break analysis was completed to
understand the potential extent of flood inundation between the FTB and the Embarrass River in the
unlikely event of a failure at the dam.” Based on these premises, the report concludes “The FTB dams
can be categorized as Class I or Class Il dams.”

We find this approach, particularly as it speaks for the assumptions used by the design engineer, to be
highly concerning as it suggests the design engineer has not taken into account all failure modes that
can cause a catastrophic dam breach, many of which are independent of design factors of safety.
Similarly, the recent Mount Polley and Samarco (Brazil) TSF catastrophic failures were considered to be
“unlikely,” if not impossible, until they occurred. In our experience and professional judgment, a more
accurate portrayal would be to consider all potential failure modes and identify TSF failure as “possible”
and would likely lead to highly significant safety, environmental and economic consequences, and for
that reason the TSF should be classified as Class I.

Potential failure modes related to TSFs can include both structural (geotechnical) failure modes (sliding,

overtopping, internal erosion, etc.) and other modes that are non-structural in nature and are related to
operations and/or environmental protection. UNEP’s, 2001, Tailings Dams Risk of Dangerous
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Occurrences, Bulletin 121 is frequently cited as a reference with respect to TSF failure modes. They
identified (see Figure 1) slope stability as being the primary failure mode of TSFs, followed by
earthquake (seismic) and overtopping. They also identify foundation failures, seepage, structural,
erosion and mine subsidence as failure modes.

Figure 1: TSF Failure Incidents by Failure Mode and Design Type (UNEP 2001)
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LePoudre (XXXX) provides a more comprehensive list of Failure Modes and Contributing Factors for TSFs,
noting they are partial, which includes the following:
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Physical / Structural Failure Modes
Slope Failure

Raising of Dyke

Placement of tailings
Undercutting

Poor construction materials
Over-steepening

Direct loading

Seismic

Foundation Failure

Undrained loading
Sensitivity clays
Seepage forces
Strength loss
Weak layers

Surface Erosion

Overtopping

Runoff

Excessive inflow

Insufficient outflow conveyance
Inadequate rip-rap

Landslide into impoundment

Internal Erosion

Piping

Lack of adequate filter

Zoned dams

Sinkholes

Unprotected conduits

Joints/seepage in foundation/abutments

Contributing Factors for Mode of Failure
Design /Construction

Dam type

Materials
Hydrology/hydrogeology
Construction

Outlet Structures
Freeboard

Foundation/ Abutments
Chemical processes
Biological Processes

Operation /Maintenance

Rate of deposition
Water Management
Inspection / Monitoring
Maintenance
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e Chemical processes

e Biological processes
External Factors

e Human Activity

e Climate/weather

e Seismic activity

e Earth movement

e Unforeseen

The CDA (2014) identifies the following Other Failure Modes for TSFs:

e Unplanned release of contaminated water via an emergency overflow spillway.

e Release of excessive contaminated seepage down gradient of the dam.

e Contamination of groundwater.

e Excessive seepage causing the loss of water cover required over a tailings deposit to inhibit
sulphide oxidation.

e Excessive erosion by wind resulting in dust releases (in the case of mining dams constructed of
tailings).

It appears that the design engineer has not conducted a formal Failure Modes Effects Analysis (FMEA) to
assist in the TSF design and identification of other key aspects such as operational and closure
requirements to ensure TSF safety. FMEA is a form of risk analysis and risk management that has
become widely used for both typical water retaining dams and for TSFs. Figure 2 shows how risk
analysis, risk assessment, and risk management relate to each other.

The U.S. ACOE (2014) notes that it has moved from a solely standards-based approach for its dam safety
program to a dam safety risk management approach for dams within its portfolio. They provide an
extensive example of application of the approach in their policies and procedures document.

Robertson (2012) describes risk assessment and management for TSFs as “The Balance Between
Experience, Judgement and Science” and suggests that an effective risk management program must
include the following elements:

e |dentification of all failure modes and the factors that contribute to the likelihood of occurrence
of that failure mode.

e Arealistic assessment of the probability and consequences — yielding a risk rating.

e A program that mitigates the risks to reduce either probability (likelihood) or consequences to
tolerable levels.

e An Action Plan and Management that implements the Action Plan.

He goes on to suggest the following stages in the performance of the risk management process.

STAGE 1 - PERFORM A FMEA

Identify all significant failure modes

For each: assess likelihood and consequences

Determine Risk - see the following matrix

Identify tolerable risk levels and failure modes with excessive risk — prioritize need for mitigation
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e |dentify mitigation measures that will reduce risks to tolerable limits

STAGE 2 — PERFORM RISK MITIGATION
e Develop an Action Plan, including schedule
e Implement Action Plan — Mitigate

STAGE 3 — PERFORM PERIODIC FMEA REASSESSMENTS
e Determine if Risks remain tolerable, and implement additional mitigation as required

Figure 2: Dam Safety Risk Management Framework (FEMA 2015)

' Risk
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Risk
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Risk Risk Risk
Estimation Evaluation Reduction
Loads Life Safety, Economic, Structural Options
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Structural Response Monitoring
Risk Acceptance,
Consequence Decision Guidelines, Benefits
Estimation Values, & Judgement
Risk Communication
Risk Communication Risk Communication

b. Dam Break Analysis

According to the NDSPA (p. 9), “A dam break analysis was completed to understand the potential extent
of flood inundation between the FTB and the Embarrass River in the unlikely event of a failure at the
dam.” The report refers to the analysis in Appendix H but does not provide further information in
support of the dam classification.
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Appendix H of Attachment A of the NDSPA Flotation Tailings Basin Dam Break Analysis identifies the
methodology. According to Appendix H (p. 4), “The dam break analysis focused on the north side of the
FTB, because this is the section of the dam where a break would result in the shortest warning time for
potentially affected downstream properties. A breach was not considered to the east or south of the
FTB because a large portion of the perimeter ties into natural ground and/or no homes are within the
respective downstream flow path.” The identification of “downstream properties” where a break was
considered and “homes” where a breach was not considered, when it can be assumed that the
downstream properties included residential homes where a breach was considered, appears to
underplay the consequences of loss of life in the analysis. Appendix H (p. 5) goes on to identify piping as
the selected cause of the dam break, suggesting that “Failure resulting from overtopping was not
considered because the dam is designed not to be overtopped even with the volume of the 72-hour
PMP event.” The Appendix (p. 6), while noting “Time to failure is a sensitive parameter for dam failure
analysis,” chose to use a time to failure of three hours, suggesting that FERC’'s recommendation of less
than one hour seemed unrealistic based on the size of the dam and final configuration.” The Appendix
(p. 8) concluded that “a dam break could increase flood elevations approximately 15 feet at the
upstream end of Trimble Creek (near the FTB) and approximately 9 feet at the downstream end of
Trimble Creek (at the Embarrass River)” and “that there are 34 properties along Trimble Creek or the
breakout paths that could potentially be affected by a FTB dam break.” The analysis does not identify
the actual number of homes on those properties or the number of lives that could be lost due to a TSF
breach.

We appreciate the elements that were included in the analysis that were conservative as noted in the
report (p. 7) and agree that for the type of failure analyzed “The actual extent of inundation and risk to
residents and infrastructure can reasonably be anticipated to be lower than suggested by this analysis.”
However, the report (p. 7) also suggests that additional analysis is not warranted “given the objective of
this dam break analysis, which is to serve as an aid in development of the facility Emergency Action
Plan.” An additional objective of the break analysis should be to assist in determination of the dam
classification, as well as consideration of the consequence of failure in a FMEA as suggested in the
preceding section.

For the dam break analysis to be truly conservative, current industry guidance and experience suggests
additional consideration should be given to the analysis. The CDA (2013) recommends the evaluation
address initial hydrologic conditions for the following:

e Sunny day failure — A sudden failure that occur during normal operations such as may be caused
by internal erosion, piping, earthquakes, mis-operation leading to overtopping, or another
event.

e Flood induced failure — A TSF failure resulting from a natural flood of a magnitude that is greater
than what the dam can safely pass.

The incremental environmental consequences are often worse for a sunny day failure than a flood
induced failure because of the large amount of process water and solids that are contained by TSFs (CDA
2014). The CDA (2013) recommends that simple and conservative procedures be applied to obtain a

first approximation and that if necessary more detailed analysis should be conducted. The CDA (2013)
suggests that TSF failure consequences should be evaluated for the following:

e Loss of Life
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e Economic Losses

e Environmental Losses

e Cultural Losses

e Incremental and Total Consequences

As noted by Morgenstern et al (2015) the Mount Polley TSF failure was a blue sky or sunny day failure,
and it occurred in a matter of minutes if not seconds. The failure was also compounded by process
water levels that exceeded freeboard requirements and contributed significantly to the extent of the
failure. And while it did not result in the loss of human life, that was only by coincidence. The Samarco
TSF failure, which was also sudden, did result in significant loss of human life.

The Northmet TSFs breach analysis should include consideration of a sunny day failure that occurs
within a short amount of time (minutes). It should further identify the number of homes and
corresponding population and estimate the potential loss of life in the event of a worst-case TSF failure.
This information should be used not only to inform the ERP, but also to inform the TSF design process,
including a FMEA.

c. Permit Standards

According to the NDSPA (p. 10) the permit standards were previously submitted to DNR and a “Large
Table” is referenced. The Large Table shows that ARM 6115.0410 (8)(D) is addressed in Geotechnical
Data Package Volume 1 (Appendix B) Section 7.3, pages 102-115 and 6115.0410 (8)(E) is addressed in
Flotation Tailings Management Plan (Appendix A) Section 3.3, page 20 and Attachment H.

i. Geotechnical

Geotechnical Data Package Volume 1 (Appendix B) Section 7.3 does not identify the source for the
geotechnical design standards that were used for the Flotation TSF. Appendix B (p. 10) identifies the
seismic design event as using a 2,475-year return period. Also, according to Appendix B (p. 93) “The
proposed FTB dams have been configured to have safety factors equal to or greater than 1.5 for drained
(ESSA) conditions, equal to or greater than 1.3 for undrained (USSAyicid) conditions, and equal to or
greater than 1.1 for liquefied (USSAiiq) conditions.

The seismic design event using a 2,475-year return period does not reflect current best practice. As
previously noted (see Table 6), Montana’s MMRA requires a minimum seismic event for a 1-in-10,000-
year event, or the maximum credible earthquake, whichever is larger and British Columbia requires that
the minimum seismic design criteria shall be a return period of 1 in 2475 years for dam classification of
low-high, ¥ between 1/2475 and 1/10,000 or MCE for dam classification of very high to extreme. Given
the significant potential for loss of human life without additional information we would suggest the TSF
classification and corresponding seismic design event should be considered highly conservatively and
consistent with the practice of those jurisdictions that have considered the recommendations of the
Mount Polley IERP.

Notwithstanding the inadequacy of the seismic design criteria, the analysis does appear to consider
Target FOSs equivalent to those recommended by the CDA and regulatory requirements such as for
Montana and British Columbia. Review of the stability modeling results suggests that with the exception
of the operations modeled FOS of 1.10, application of the recommended MCE is unlikely to result in any
of the other FOS being below the Target FOSs.
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ii. Hydrology

According to the Flotation Tailings Management Plan (Appendix A) (p. 7, 13, 20) the design incorporated
the Probable Maximum Precipitation (PMP), the stability analysis considered the effects of the PMP
event, and the dam break analysis was based on a 72-hour PMP event, which is consistent with current
best practice.

5. EOR Review Team

EOR, Minnesota DNR’s contractor, assembled a Review Team to supplement the review process, which
is described in a memo titled PolyMet Dam Safety Permit Application Review and dated May 15, 2017.
According to the memo (p. 1) “The review approach focused on key elements similar to tailings basin
review panels required by law in Montana and other western states.” The memo identifies Dirk van Zyl
and Steve Gale, both professional engineers (PEs), as members of the review team but does not identify
other participants either from EOR or DNR. The Review Team’s scope consisted of review of documents,
site visit and discussion with Polymet and TSF designers, Review meetings with DNR, and presentation of
a Draft Report and preparation of a Final Report.

The EOR Review Team comments included the following:

e The EOR Team concluded that the permit application lacks the detail and description of
contingencies for the Observational Method to be effective. If monitoring data indicate a
potentially unsafe condition during construction, then the alternate construction methods and
designs (contingencies) must be already in place so that they can be implemented immediately.

e 0OThe former LTV tailings basin was constructed over layers of peat in some areas. Layers of
slimes (very fine-grained taconite tailings) were also included in the construction of the tailings
basin dam. Both peat layers and slimes layers have very low shear strength, which could
potentially contribute to a dam failure. The tailings basin can be designed to safely mitigate for
these conditions, but the areas with peat and slimes must be well-defined and tested. The EOR
Team commented that additional data should be gathered on the peat layers and slime layers,
and that the design may need to be modified in the future in accordance with the Observational
Method.

e As currently designed, a pond of water will be maintained on top of the tailings basin in
perpetuity. The EOR Review Team recommended that a water pocket distance of less than 625
feet (or in direct contact with the tailings dam) be analyzed as an event/condition of the
Observational Method approach.

e To minimize water seepage from the tailings basin, bentonite will be added to the soils at the
top of the basin during the closure and reclamation process. The permit application only lists
alternatives for placing the bentonite that will be pilot tested and field tested later. The EOR
Review Team commented on specific elements that should be included in the field testing that
would impact the permeability of the bentonite amended tailings. Once the preferred bentonite
application method is selected, the EOR Review Team recommended developing material and
installation specifications and a detailed protocol for both a laboratory and a field pilot study.
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e EOR Review Team commented that some of the geotechnical test results (i.e. low coarse tailings
friction angles) were excluded from the statistical analyses. Because of their importance in the
overall stability of the basin, the EOR Review Team recommended that coarse tailings friction
angles be considered as a variable condition in the Observational Method process. This would
also provide a consistent and proper procedure for future analyses.

e Wet closure has ongoing costs like; maintaining water levels to prevent flooding and drying out,
erosion repair, treatment of discharged water and on-going monitoring. Dry closure (no water
ponding) requires a greater initial investment, but has much lower ongoing maintenance costs
and less long-term environmental risk. The EOR Review Team did not proposed dry closure as a
permit requirement at this time. The EOR Review Team recommended that if the wet closure is
permitted, the DNR should require PolyMet to continually review the current state-of-the-
practice for dry closure techniques prior to starting any tailings basin closure activities.

e HydroMet Residue Facility - The soft ground beneath the proposed residue facility consists of
up to 30 feet of slimes, peat and tailings concentrate. This will not be an adequate foundation
for the 80-foot-high basin. Three potential remediation alternatives have been considered:

o Pre-loading the existing material with 50 feet of rock and soil to compress and
consolidate the underlying material. This is the method currently proposed by PolyMet.

o Installing wick drains that will allow water to flow out of the existing material, thereby
increasing its shear strength.

o Removing the existing material and any soft soils before constructing the basin.

o The basin will have a geomembrane or geosynthetic liner. The liner could deform and
fail if the existing underlying material cannot support the material added to the basin.

e The EOR Review Team commented that the proposed pre-load design should be re-evaluated to
determine if it will adequately surcharge and compress the existing material.

The EOR Review Team recommended that the comments and issues be addressed pre-permit, post-
permit and made a condition of the permit, or addressed pre-construction.

The inclusion of Dirk van Zyl as an EOR review team member is notable. He was one of the three Mount
Polley IERP members, but as noted previously in Section 3.a., he has also chosen to distance himself
from the findings of the IERP by advocating for a less conservative approach to TSF’s than the IERP,
particularly with respect to the recommendation for filtered dry stack tailings as BAT for new TSFs. In
this case, he also advocates for a wet closure approach which also contradicts the recommendations of
the Mount Polley IERP which advocated for dry closure - for existing TSFs the Panel identified the three
principles of BAT as: no surface water; unsaturated conditions, and; achieve dilatant conditions by
compaction. While we respect van Zyl’s professional expertise and opinions and work with him in
numerous forums, we find it necessary to note his difference of opinion from that of the IERP. It is our
opinion that in order to ensure a balanced review and for it to be considered valid by the public in
particular, a truly independent review process must be undertaken that includes the participation of
additional TSF expertise including nominees from public stakeholders.

6. Summary of Conclusions and Recommendations

e Minnesota’s existing dam safety statutes, RSM 6115.0410, are intended for water storage dams
and do not specifically address tailings storage facilities. In addition, the requirements rely on
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“current, prudent engineering practice” and “prudent, current environmental practice” rather
than on current accepted industry engineering performance standards as is common to nearly
all other regulatory jurisdictions in the U.S. and internationally. We would encourage
consideration by all parties as to the critical need to revise or modify Minnesota’s approach to
dam safety and to incorporate statutes, rules and guidance specifically for TSFs that are
consistent if not better than those recently enacted and/or developed by Montana and British
Columbia.

e Performance standards for TSFs should be specifically required and should include a hazard
classification system based on TSFs similar to that recommended by the CDA (Table 2), seismic
criteria requiring 1/10,000 year or Maximum Credible Earthquake (MCE), geotechnical minimum
Factors of Safety (FOS) and Inflow Design Flood (IDF) consistent with CDA and other guidance.

e If Minnesota DNR’s intention is to consider the actual recommendations of the Mount Polley
IERP, then at a minimum additional consideration must be given to the IERPs recommendations
for BAT. Our recommendation would be for a Multiple Accounts Analysis (MAA) (see Section
2.b.iv.1.) to evaluate BAT for both operation and closure of the proposed TSF and alternative
approaches to the TSF including filtered dry stack tailings and closure of the TSF to achieve
dilatant conditions.

e Minnesota should also consider the IERPs recommendations and undertake to:

o Require TSF operators to commit to an equivalent program of tailings management,
including the audit function, as are required by member of the Mining Association of
Canada;

o Expand corporate design commitments and require a failure modes effects analysis, BAT
cost-benefit analysis, and QPOs;

o Require the use of formal Independent Review Boards (IRBs) and use QPOs in regulator
evaluations of TSF safety;

o Require that inspections be performed at all existing TSFs to ascertain whether they may
be a risk and require appropriate actions due to specific failure modes: filter adequacy;
water balance adequacy; undrained shear failure of silt and clay foundations; and,

o Develop guidelines that would lead to improved site characterization for tailings dams
with respect to the geological, geomorphological, hydrogeological and possibly
seismotectonic characteristics.

e Northmet should conduct further TSF analysis including a multi-stakeholder FMEA to consider all
potential failure modes and their consequences as well as mitigating measures together with
the development of an AMP to ensure that means to mitigate potential failures are developed
and triggered appropriately.

e Northmet should also appoint a formal IRB for the TSF and involve them in the final design,
construction, operation and reclamation through final closure and during post-closure if
necessary. The IRB should be robust and include at least three representatives. The IRB process
should complement the Engineer of Record’s process but at the same time be transparent and
involve public representatives in a capacity that would allow them to ensure and report on the
outcome of the overall process. We have been involved at several other sites as a technical
representative to IRBs or have served on similar panels and would be glad to advise DNR and the
NGO community on processes to achieve this recommendation.

25

MCEA Comments Ex. 02



Review of Northmet Mining Project Dam Safety Permit
J. Kuipers, PE October 16, 2017

e |tis our professional opinion that the ultimate determination of acceptability of risk, if a wet
tailings approach such as the Northmet TSF is proposed, should lie with the public members
whose lives would be at risk in the event of a catastrophic breach. Northmet’s analysis shows
that the proposed TSF represents significant risk of loss of life in the event, however unlikely, of
a catastrophic failure. For that reason, we recommend that the inundation analysis together
with the proposed emergency response plan be presented to both the responding regulatory
agencies but also to the potentially affected public, through a very intentional process to engage
and take their opinions wholly into account, prior to approval of the dam safety permit. The
DNR otherwise would be making a decision to put those persons at risk without their input or
potentially even their knowledge.

e Our recommendations and opinions should not be seen as exclusive of the possibility that the
proposed wet tailings approach, at least during the operational period, might be considered as a
reasonable risk by the parties most at risk and otherwise involved. For that reason, we also take
the opportunity at this time to recommend in that event, in addition to the involvement of a
formal IRB and transparent technical process, that Northmet, DNR and the EOR undertake to:

o Develop a corporate TSF management strategy similar to that recommended by Mining
Association of Canada (MAC) (2011).

o Develop a TSF operations, maintenance and surveillance (TOMs) manual similar to that
recommended by the MAC (2012).

o Conduct a technology development program together with modifications to the TSF
reclamation and closure design to achieve a final stable landform design.

e Inthe absence of any of our above recommendations and in particular informed public consent,
it is our professional opinion that the Mount Polley IERP recommendations for BAT for new
tailings (e.g. filtered dry stack tailings) should be required for the Northmet TSF and as a
requirement of the dam safety permit. If the decision is to allow for a wet tailings facility during
operations, then at the least the dam safety permit should specify closure to meet dilatant
landform conditions so as to avoid the threat of a catastrophic failure in perpetuity.
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Review of Northmet Mining Project Dam Safety Permit
J. Kuipers, PE October 16, 2017

Appendix A —van Zyl and Vick Letters
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UNIVER|TY OF BRITISH C
NORMANRBS.IKEEVIL Institute of Minin

OLUMBIA

g Engineering

ining.ubc.c
Cc V6T 1Z4 www.m
Y€l 604 822 3540 (ax: 604 822 5599 517, 6350 Stores Road, Vancouver: B

H'T"",Ourable Bill Bennett
Minister of Energy and Mines
PO BOx 9060, STN PROV GOVT

Victoria, BC V8W9E2
August 18, 2015

Dear Minister Bennett,

! have observed with interest the public dialogue around tailings mar]agement opflons
foliowing the Mount Polley tailings storage facility failure and would Ilkg} -to take this
opportunity to provide you with some of my thoughts with respect to tailings
management facility (TMF) design related to best available technology (BAT).

The Independent Expert Engineering Investigation and Review Panel identified three
components to accomplish BAT and listed filtered tailings (“dry stack”), underground
backfill and mined out pits as examples of potential management options.

The geology, topography and climate of British Coltimbia are diverse and varied.
Considerations for selecting a tailings managen«nt option requires site specific
measures to result in a stable and resilient tailings depest: ane size does not fii al.
Structural integrity must be the number are Loty of the design and management of
every TMF.

Following the release of the Panel report, the Parel met in Prince George on March 20,
2015, as part of a discussion on tailings management involving government, First
Nations and industry. There was further discussion about this topic, specifically risk
management practices, including redundancies in design. It was emphasized that, like
most technologies, there are variations for site specific tailings management that c;)uld
satisfy BAT and there are opportunities for industry to explore new innovations with
respect to tailings management.

In my opinion, BAT is not a single technology; its selection is bas i

' : _ ' ed on a site- i
risk management process with the outcome of a stable and resilient tailings dzgﬁ:;{ic
_Thank you for the opportunity to provide you with my thoughts. Should you be .
interested, | would be pleased to discuss these ideas with you further.

Sincerely,
=

Dirk van Zyl, Ph.D., P.Eng.
Professor, Chair of Mining and the Environment
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Steven G. Vick April 22,2016

Geotechnical Engineer
42 Holmes Gulch Way
Bailey, Colorado 80421
USA

(303) 838-1443

MEND Secretariat

555 Booth Street

Ottawa, ON

K1A 0G1

attn: Gilles A. Tremblay

Manager, Mine Closure and Ecosystem Risk Management

Review comments
Draft Report for the State of Practice Assessment of Tailings Management Technologies

Dear Mr. Tremblay:
1.0 INTRODUCTION

This letter forwards the writers’ review comments on the March 4, 2016 Draft Report for
the State of Practice Assessment of Tailings Management Technologies by KCB. These comments
represent exclusively the views of the writer. They have been prepared at your request and without
compensation by or consultation with MEND or any interested party. In the remarks that follow,
report and study refer to the above-referenced KCB document unless otherwise indicated.
Similarly, page numbers, tables, or figures in brackets [ | refer to the KCB report.

The writer has long advocated the need for better integration of dam safety and
geochemical aspects of tailings management, so it is encouraging to see MEND sponsor this work.
Both MEND and the report’s authors should be complimented for undertaking this effort. The end
product will serve as a primary resource for tailings management.

MEND’s Terms of Reference' make it clear that the study is an outgrowth of the failure of
the Mount Polley tailings dam in August, 2014 and consequent recommendations of the Mount
Polley report? for preventing such failures elsewhere. But regrettably, events have overtaken this
incident. November, 2015 saw the failure of the Fundao tailings dam owned by Samarco in Brazil,

1 MEND PROJECT - TERMS OF REFERENCE, Study of tailings management technologies
2 Independent Expert Engineering Investigation and Review Panel, 2015, Report on Mount Polley Tailings Storage
Facility Breach, Province of British Columbia.
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a company with corporate connections to Canada. As of this date, the failure has resulted in more
than $40 billion in direct costs to Samarco and its parent companies, 22 fatalities, destruction of
the town of Bento Rodriguez, and criminal homicide indictments of Samarco executives,
engineers, and consultants. Samarco has changed the complexion of tailings dam failures,
elevating their consequences to an entirely new level in contemporary experience. Both the report
and these comments should be read in this light.

Even more regrettably, the Samarco experience is not unique. Tailings dam failures have
cost more than 1800 lives worldwide since 1960, despite improvements in tailings management
practices over this period®. This too is necessary for proper perspective on the report and the
remarks forwarded here.

The statistical implications of these incidents can be understood from Appendix I of the
Mount Polley report, using the subpopulation of tailings dams in British Columbia as a sample of
tailings dams in Canada more broadly. The failure frequency for BC tailings dams is about
1.7x1073/yr. At the time of the Mount Polley report, there were 120 active tailings impoundments
at 60 mines in BC, or a ratio of 2:1. This same ratio would imply that the 177 mines in Canada
[Table 1.1] have 354 tailings facilities of some kind. Of these, 20 use alternative tailings
technology, leaving 334 conventional impoundments. Applying the BC failure frequency, it is
easily shown that the annual probability of at least one failure of a conventional tailings facility in
Canada is 0.43, or almost a 50/50 chance, and the average failure recurrence interval is about two
years. Thus, absent substantive changes in current tailings management technology, tailings dam
failures are and will continue to be an expected and statistically predictable occurrence in Canada.
Only by appreciating this can informed decisions regarding tailings technology be made.

2.0 BAT

2.1 Definitions

The Mount Polley report defined BAT for physical stability according to the following three
criteria:

1. Eliminate surface water from the impoundment.
2. Promote unsaturated conditions in the tailings with drainage provisions.
3. Achieve dilatant conditions throughout the tailings deposit by compaction.

This definition is cited in the report. Notwithstanding, the report advances its own definition of

BAT, in the process traveling far afield from its Terms of Reference. It proposes that BAT should
be enlarged to encompass not just physical stability, but geochemical stability as well:

3 Vick, S., 2011, The Consequences of Tailings Dam Failures, Cross Canada Lecture, Canadian Geotechnical
Society
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The chief goal of applying BAT is to achieve physical and geochemical stability for operations and
closure [5].

It goes on to expand BAT’s scope still further:

Therefore, BAT should be defined as processes and designs that are most suitable for a project and
climate that enhance (reduce risk of) physical, geochemical, biophysical and social stability [8].

The reader then learns that BAT is even more broad:

Therefore BAT cannot be “one-size-fits-all” as it needs to be specific to the climate, geology,
geomorphology and sensitivity of the downstream receptors of the tailings facility site, the tailings
characteristics, and the social situation of the project [8].

And finally, BAT emerges as an all-encompassing array of technologies, management strategies,
risks, and activities over every stage of the life cycle:

For purposes of this study the definition of Best Available Technology (BAT) means the
combination of technologies and management strategies that most effectively reduce the economic,
physical, geochemical, ecological and social risks associated with tailings during all stages of
operation and closure. BAT includes site selection considerations, technologies and design
features that provide a resilient and robust tailings facility during operations and post-closure.
BAT should be implemented at every stage of the tailings life cycle [8].

Unlike those advanced in the Mount Polley report, these definitions contain no objective criteria
by which they can be judged. As such, BAT is whatever you want it to be. And if everything is
BAT, then nothing is BAT.

It would have been better had the report more faithfully adhered to its Terms of Reference.
2.2 Multiple Objectives, Tradeoffs, And Multiple Accounts Analysis

In its attempts to define BAT, the report becomes entangled in another problem. BAT now
has multiple attributes, objectives it seeks to achieve. These include [iii]:

physical stability
geochemical stability
ecological stability
biophysical stability
social stability

A e

and added to these [vi] is:
6. life cycle costs
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While these are all worthy goals, the report recognizes that they may conflict and allows that risk
tradeoffs among them will be necessary (i.e., geochemical risk for physical risk or vice-versa). But
having raised the issue, it then begs the question of just how these tradeoffs should be made,
leaving this task for government and industry [iii]. Later it allows that Multiple Accounts Analysis
is the right tool for the job [66] but again does not elaborate.

The report frames physical stability as merely one desirable attribute among many. This is
a false premise. No other objective can be achieved without first assuring physical stability.
Restated in terms of the report’s BAT objectives:

there can be no geochemical stability if the dam fails

there can be no ecological stability if the dam fails

there can be no biophysical stability if the dam fails

there can be no social stability if the dam fails

and there can be virtually immeasurable life-cycle costs if the dam fails

Nk W =

Hence, dam safety is not one among many competing objectives, but prerequisite to all of
them. This is contrary to Multiple Accounts Analysis, which is predicated on a zero-sum decision
rule. That is, any nonzero weighting factor assigned to one objective necessarily reduces the
influence of some other objective in the decision outcome. And the more such objectives there are,
the greater the dilution becomes.

But dam safety is a decision constraint, not a decision outcome. If tradeoffs of dam safety
are acceptable, the result is to accept dam failures. It is inconceivable that failures like Mount
Polley or Samarco could be rationalized by having traded off safety for something else.

3.0 DEWATERED TAILINGS VERSUS WATER COVERS
A continuing theme throughout the report is that physical risks are in conflict with
geochemical risks, and the corollary that water covers eliminate ARD while dewatered tailings
promote it [iii, 2, 21, 34, 39]. While this dichotomy exists at some level, the report tends to

oversimplify and overstate it. For example:

... to limit oxidation and prevent Acid Rock Drainage (ARD) the best practice is to keep Potentially
Acid Generating (PAG) tailings submerged with an appropriate water cover.[iii]

Standard practice with conventional PAG tailings is to limit oxidation and reduce the risk of ARD
by maintaining greater than 85% saturation in the tailings with an appropriate pond or water

cover (INAP 2014).[2]

...saturation of sulphidic tailings is the most successful method of controlling ARD...[20]
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...to limit oxidation and prevent ARD, keeping PAG tailings submerged with an appropriate water
cover, often greater than 1 m deep is recommended (INAP 2014) [21]

The writer can find no such references to best practice, standard practice, or recommended practice
in Chapter 6 of INAP (2014)*. What Section 6.6.7 INAP actually says is:

Disposal of acid generating materials below a water cover is one of the most effective methods
for limiting ARD generation. [emphasis added]

In fact, water covers are only one of more than 28 control methods described in INAP
(2014) and one of 14 such methods enumerated in the report itself [Table 1.3]. But as far as the
writer can determine, the report devotes only two sentences to the entire category of dry covers
[41]. And while sulphide flotation does receive some discussion [37], it later falls off the list of
case histories without explanation. Water covers aside, the entire topic of geochemical control
occupies only three pages of the 81 page report.

The above citation from INAP alludes to another overlooked factor. It is not simply
generation, but transport of ARD reaction products that produces ARD consequences and risks.
Water covers produce saturation and flow gradients that enhance transport of anionic constituents
like SO4 and Se that are very difficult and costly to treat, even in the absence of ARD reaction
products. Indeed, the entire matter of contaminant transport that constitutes fully half the ARD
problem receives no discussion at all. For example, the alternating cycles of oxidation and flushing
that occur in cyclone sand dams are well known but receive no mention [49]. Neither is it noted
that dewatered tailings are typically nonsegregated, with reduced conductivity to water and oxygen
that retard both oxidation and transport. Dewatered tailings may also offer opportunities for
sequential “cell” deposition and covering that serve the same ends, but this is not explored.

The Terms of Reference intend that the report promote informed decisionmaking about
tailings technology. If so, the report needs to spend more time explaining how physical and
chemical stability can be reconciled, and less time insisting that they cannot be.

4.0 FEASIBILITY AND COSTS

In a number of instances the report takes note of the limited tonnage for dewatered tailings
applications to date. It is commonly claimed that scaleup difficulties make high-tonnage operations
unfeasible, and the writer had looked forward to learning why. The report hints [Figure 6.4] that,
to the contrary, there may be economies of scale for larger operations, but this important question
remains unanswered.

As the Mount Polley report discussed, the cost of alternative technologies has been the
chief factor in their adoption to date. The cost estimates provided in the report, while crude, are a

first step in illuminating this factor. The more important question, however, concerns not so much

4 The International Network for Acid Prevention, 2014, Global Acid Rock Drainage Guide
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the relative costs of these technologies compared to conventional methods, but their impact on the
overall cost of the mine over the life of the operation. A followup study to evaluate the cost of
alternative tailings technologies at actual operating mines—say a high tonnage open-pit operation,
low-tonnage open pit, and an underground mine—would be a worthwhile undertaking for MEND
to consider.

4.0 OTHER TOPICS

Most readers are likely to find, as did the writer, Section 5 on Case History Review of
Tailings Management Technologies and Practices to be the most useful part of the report. It is
surprising, however, that cyclone sand dams are introduced at this stage as an alternative
technology when they are actually a well-established aspect of conventional technology that do
not seem to warrant separate status.

And lastly, the report included a clarifying comment on the Mount Polley report by
Professor Dirk van Zyl [6]. Having done so, it is obligated to also acknowledge both of the items

in Dr. van Zyl’s subsequent correspondence attached to this letter.

Thank you for the opportunity to share these ideas, and I trust you will find them useful.

Yours very truly,

G & YK
Steven Vick

attachment: letter from Dirk van Zyl to Bill Bennett dated September 14, 2015
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UNIVERSITY OF BRITISH COLUMBIA
NORMAN B. KEEVIL Institute of Mining Engineering

tel: 604 §22 2540 faxi 602 822 5599 517, 6350 5tores Road, Vancouver, BC VBT 124 www.mining.ubc.ca

Honourable Bill Bennett

Minister of Energy and Mines

PO BOX 9060, STN PROV GOVT
Victoria, BC VBWSE2

September 14, 2015
Dear Minister Bennett,
This correspondence is intended to provide two important clarifications with respect to
my letter of August 18, 2015 which presented some of my thoughts with respect to
tailings management facility (TMF) design related to best available technology (BAT).
The August 18, 2015 letter does not suggest that the overall goal of moving to zero TMF
failures, as stated in the Independent Expert Engineering Investigation and Review
Panel Report, can be reconsiderad. It must remain the overall target.

Lastly, the August 18, 2015 letter represents my observations and comments and does
not represent the opinions of the other Panel members.

Sincerely,
-

Dirk van Zyl, Ph.D., P.Eng.
Professor, Chair of Mining and the Environment
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October 16, 2017

To: Kevin Lee
Senior Staff Attorney
Minnesota Center for Environmental Advocacy
klee@mncenter.org

Re: Draft Dam Safety Permit Numbers 2016-1380 and 2016-1383

COMMENTS ON DRAFT DAM SAFETY PERMIT NUMBER 2016-1380, FLOTATION
TAILINGS BASIN

1. The permit allows upstream-type construction to continue.

Safety should be the prime consideration in the design, construction, operation, and closure of a dam,
whether this be a water supply reservoir or a tailings dam. However, unlike water supply reservoir dams,
which are typically of concrete arch-type or downstream-type construction, tailings dams can use
centerline-type and upstream-type construction, each of which is inherently less safe than downstream-
type dam construction.

Types of sequentially raised tailings dams

upstream NN centerline /& downstream

after: Wick 1983

As can be seen from the illustrations, upstream-type dam construction uses the tailings themselves for
support for most of dam construction stages. Centerline and downstream-type construction, even though
it is also done in stages like upstream, depends only on materials that are sized, placed, compacted, and
subsequently tested for support of the sequential stages. When tailings are hydraulically spigotted into the
impoundment, their placement and water content are not uniform. There is no practical way to test the
characteristics of the tailings material to assure that it is subsequently drained of excess water after
hydraulic placement, and that is has the consistency and density assumed by the design modeling.

This lack of control of the underlying tailings introduces a level of uncertainty into upstream-type
construction that does not exist with centerline and downstream-type dam construction. This does not
mean that upstream-type dams cannot be safely designed and constructed, but it does mean there is more
risk inherent in the upstream approach. Moreover, it turns out that upstream-type tailings dam
construction has proven to be the most risky and problematic type of dam construction.

The only reason to use both centerline and upstream construction, over a conventional downstream-type
approach, is to save money. At best, it might be argued that safety and cost carry equal weight in tailings
dam considerations, but today for most design, operation, and closure tailings dam considerations cost
carries more weight than safety. The impoundment proposed by PolyMet is a good example of this
imbalance.
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The Mt Polley Expert Panel,! which was convened by the Province of British Columbia after the Mt
Polley tailings dam failure, was asked to analyze the failure mechanisms at Mt Polley and to make
recommendations on preventing such failures in the future. The Panel noted:

"Mount Polley illustrates that dam safety guidelines intended to be protective of public safety,
environmental and cultural values cannot presume that the designer will act correctly in every case.”
(Expert Panel 2015, p. 133)

In tailings dam accidents we do not see a preponderance of one or two failure causes dominating. What
we see is that the number and distribution of failure type is remarkably similar. That is, overtopping,
seismic failure, foundation issues, internal seepage, slope instability, and structural failure all have similar
number-of-failure profiles for both active and inactive tailings dam failures (Bowker & Chambers 2016).>
This strongly suggests there is something more fundamental than the inability to deal with the causes of
one or two failure types. It suggests we have failed to recognize and address something that is affecting
all of these failure types. I suggest one fundamental problem is that safety is not being given clear priority
over cost in the design, construction, operation, and closure of tailings dams. This affects not only the
design of tailings dams, where cost plays a dominant role, but also operational management of dams,
where there it too much incentive to cut corners when times get tough. Because of these factors, we are
not seeing a decrease in the rate of failures for catastrophic tailings dam failures (Bowker & Chambers
2016).

2. The permits allow water to be permanently impounded.
One of the key recommendations of the Mt Polley Expert Panel is:

“The goal of BAT (Best Available Technology) for tailings management is to assure physical
stability of the tailings deposit. This is achieved by preventing release of impoundment contents,
independent of the integrity of any containment structures. In accomplishing this objective, BAT has
three components that derive from first principles of soil mechanics:

1. Eliminate surface water from the impoundment.
2. Promote unsaturated conditions in the tailings with drainage provisions.

3. Achieve dilatant conditions throughout the tailings deposit by compaction.” (Expert Panel 2015, p.
121)

By building on top of an existing upstream-type impoundment, and/or by allowing water to pond on the
tailings post-closure, the tailings facility proposed by PolyMet violates all of the recommendations listed
above. The danger is leaving water on top of the tailings is 2-fold.

First, water means partial or full saturation of the tailings below. If the tailings are saturated, they have
essentially no weight-bearing capacity under seismic loading. This means that any structure built on top
of saturated tailings, like an upstream-type tailings dam, is susceptible to failure under seismic shaking.
The permit requires further testing of the in-palace tailings to confirm assumptions used in the modeling
upstream dam safety calculations, but at best, these are only interrupted samples, as opposed to an
engineered structure that is required of downstream-type and centerline-type dams. It is too expensive to
sample on a density that would truly provide enough data to prove that the model assumptions are

! Expert Panel 2015. Report on Mount Polley Tailings Storage Facility Breach, Independent Expert Engineering Investigation
and Review Panel, Province of British Columbia, January 30, 2015

2 Root Causes of Tailings Dam Overtopping: The Economics of Risk & Consequence, Lindsay Newland Bowker and David M.
Chambers, International Seminar on Dam Protection Against Overtopping, Protections 2016, Fort Collins, CO, September
2016.
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accurate. In addition, if the sampling shows that the modeling assumptions are incorrect, from a cost and
technical perspective it is probably too late to mitigate these issues with post-deposit drains or rock
buttresses.

Second, water remaining on and in the tailings acts as a deadly mobilizing agent should a catastrophic
failure occur. Dry tailings can be mobilized if support is removed, but the distance they will move is
orders of magnitude less than tailings saturated with water. The Mt Polley Expert Panel recognized this
by remarking:

“Mount Polley failure shows why physical stability must remain foremost and cannot be
compromised. ... No method for achieving chemical stability can succeed without first ensuring
physical stability: chemical stability requires above all else that the tailings stay in one place.”
(Expert Panel 2015, p. 124)

3. Does not specify dam hazard classification.
The permit specifies:

“The Permittee understands the hazard classification of this dam could change ...”

Not only do we not know the hazard classification being assigned to the tailings dam, but the wording
also suggests that the anticipated hazard classification will not be that of the highest risk.

Because of the size of this dam, and environmental and economic destruction it could cause if it failed
catastrophically, it should be classified at the highest hazard category of risk.
4. The permit does not require an Independent Tailings Review Board.

The permit does not require the use of an Independent Tailings Review Board. The use of an Independent
Tailings Review Board oversight board is a recommendation of the Mt Polley Expert Review Panel.

Independent review also the recommendation of virtually every major post-Mt Polley review conducted
by regulatory bodies (e.g. British Columbia, Montana, and the IFC/World Bank) and professional
organizations (e.g. the Mining Association of Canada and the International Council on Mining and
Metals?).

COMMENTS ON DRAFT DAM SAFETY PERMIT NUMBER 2016-1383,
HYDROMETALLURGICAL RESIDUE FACILITY
1. The permit does not require an Independent Tailings Review Board.

As noted for the flotation tailings basin, there is no Independent Tailings Review Board oversight
required. It would be simple to require an ITRB that would review both facilities.

Thank you for the opportunity to comment.

Sincerely;

Vi M QObemkus

David M Chambers, Ph.D., P. Geop.

3 Position Statement on Preventing Catastrophic Failure of Tailings Storage Facilities, International Council on Mining &
Metals, December, 2016
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October 12,2017

Mr. Kevin Lee

Senior Staff Attorney

Minnesota Center for Environmental Advocacy
26 East Exchange Street, Suite 206

Saint Paul, MN 55101

Subject: Comments on Draft Dam Safety Permit 2016-1380 (Flotation Tailings Basin),
Updated Permit Application Documents, and Outstanding Permit Issues

Dear Mr. Lee:

I am writing to provide my comments to the Minnesota Center for Environmental Advocacy
(MCEA) regarding the subject draft permit for the NorthMet project. My comments, presented
below, are based on my review of the draft permit, the NorthMet Dam Safety Permit Application
for the Flotation Tailings Basin (PolyMet, May 2017), and the Template for Pilot/Field Testing
of Bentonite Amendment of Tailings (PolyMet, April 2017). Please note that I also reviewed the
Draft Dam Safety Permit 2016-1383 for the Hydrometallurgical Residue Facility, but I have no
comments on this draft permit.

Comments on Draft Dam Safety Permit 2016-1380

1. Condition 31: Bentonite Testing:

As stated in the Template for Pilot/Field Testing of Bentonite Amendment of Tailings
(PolyMet, April 2017), the objective of bentonite amendment of the dams, beaches, and pond
bottom are to limit oxygen infiltration into the tailings by reducing water infiltration and
maintaining a continuous areal zone of saturation in the bentonite-amended layers.
However, neither the permit application nor the pilot/field testing template specifies a
requirement for the degree of saturation that must be maintained in the bentonite-amended
dams and beaches. Also, the pilot/field testing template does not describe any laboratory QC
testing that will be performed to verify the efficacy of the field mixing or the adequacy of the
proposed 3 % granular bentonite amendment for meeting the design objective. According to
Specification 03100 in Version 7 of the Flotation Tailings Management Plan (PolyMet, May
2017), laboratory test requirements should be part of the pilot testing plan. Finally, although
the pilot/field testing template presents a list of considerations for field testing and describes
various field testing and monitoring methods that “could” be used, the template provides only
a conceptual level of detail for how the field tests may be carried out and does not specify the
performance metrics that will be used to determine success or failure. Thus, the template, in
its current form, falls short of being a field/pilot testing plan.
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NorthMet Project Draft Permit Review October 12, 2017

Based on the above, the DNR should require PolyMet to produce a field/pilot testing plan
prior to initiation of field work. Irecommend the following revision to Permit Condition 31:

“Prior to dam construction, Permittee shall prepare a pilot/field testing plan for the
bentonite amendment that represents an expanded and more detailed version of the
April 2017 Template for Pilot/Field-Testing of Bentonite Amendment of Tailings.
This plan should clarify the design criteria for the layers, specify the laboratory and
field testing methods that will be used to verify adequate mixing, placement, and
performance in accordance with the design, specify how the field tests will be carried
out (including testing/monitoring frequencies, locations, and installation details), and
establish the performance metrics that will be used to determine success or failure of
the pilot tests. Permittee shall obtain written approval from the DNR Dam Safety
Engineer of both the pilot/field testing plan and a subsequent report of the results of
the pilot/field testing. Construction may not commence until such written approval of
both the plan and the report is obtained.”

The EOR Review Team expressed concerns over the adequacy of a 3 % bentonite addition
and the effectiveness of injecting bentonite into the pond bottom for creating a reliable
infiltration barrier. While I share these concerns, a more fundamental problem is the lack of
a design basis to support the feasibility of these layers for meeting the project objective. For
example, the primary objective of the bentonite-amended layers in the dams and beaches is to
provide a barrier to oxygen migration into the tailings by maintaining a “continuous areal
zone of saturation.” However, the permit documents do not specify a required degree of
saturation, no mix design work has been completed to justify the proposed mixture, and no
moisture retention testing or unsaturated flow modeling has been conducted to assess what
level of saturation can be realistically expected to be maintained in the field. It is not
possible to achieve fully saturated conditions in these layers at the time of placement (even
wet of optimum compaction is not likely to yield a degree of saturation greater than about 90
%), and the degree of saturation will be prone to decrease, rather than increase, over time.
While I fully support the use of pilot/field testing to establish means and methods and
demonstrate performance, PolyMet still needs to establish appropriate performance criteria
and design the layers accordingly before conducting field trials.

This introduces another concern: it appears that PolyMet is basing the use of 3 % granular
bentonite on the results of a single laboratory hydraulic conductivity test conducted on a trial
mixture of 3 % bentonite-amended tailings, which are provided in Attachment D of the
Flotation Tailings Basin Dam Safety Permit Application. Replicate tests should be
performed to demonstrate reproducibility. Also, no backup documentation for this test (e.g.,
no table of head measurements versus time, no plot of hydraulic conductivity as a function of
time or pore volumes of flow, no measurements of inflow/outflow balance, etc.) is provided.
As a result, I was not able to examine the test data or check the accuracy of the calculations.
The reported hydraulic conductivity (~1.5x107 cm/s) is much lower than expected based on
comparison with data available for similar mixtures in the geoenvironmental engineering
literature (e.g., see Abichou et al. 2000). I remain concerned that a 3 % granular bentonite
amendment will be too low to create a homogenous layer in the field that is free of zones
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containing no bentonite. Bench-scale tests need to be performed using materials with
gradations representative of those anticipated for the bentonite-amended layers to determine
the percentage of bentonite required to meet the design criteria.

PolyMet proposes to conduct monitoring and mini-experiments during the pilot/field tests to
assess factors that may interfere with or degrade the maintenance of a continuous zone of
areal saturation in the bentonite-amended tailings layers, including desiccation, freeze-thaw
degradation, root penetration, and incompatibility with pond water. Although I support this
approach, the template for the pilot/field testing provides only a conceptual level of detail for
how the mini-experiments may be carried out. Also, most of these factors (desiccation,
freeze-thaw, and pond water incompatibility, in particular) can and should be investigated
first by laboratory testing as part of mix design work conducted prior to field testing.

PolyMet provides no evidence to support the claim that the proposed bentonite-amended
tailings layers, over the long term, will not be susceptible to root penetration, or that placing
these layers beneath a 30-inch vegetated layer will provide adequate protection against wet-
dry or freeze-thaw cycling. These processes can create macropores (i.e., large scale features
such as cracks and fissures) that alter the network of pores controlling retention and
movement of water (and air) in barrier layers. These types of problems are well documented
in a recent, peer-reviewed study by Benson et al. (2011).

Likewise, proof of concept for the bentonite pond bottom remains inadequate. PolyMet has
proposed three possible subaqueous placement methods (i.e., broadcasting of bentonite
granules or pellets, bentonite injection into the existing bottom, or placement of a
geosynthetic clay liner over the existing bottom), none of which are supported by laboratory
studies, field case studies of successful use on other projects, or any other type of feasibility
assessment. What is the contingency plan if none of the three proposed methods prove to be
feasible based on the field test results?

Lastly, there does not appear to be a sound technical basis for the specified maximum
hydraulic conductivity of 10 cm/s for the bentonite-amended tailings layers to be placed on
the FTB dam side slopes and beach areas. According to PolyMet, the bentonite-amended
tailings are meant to act as an oxygen barrier. However, no evidence is provided to
demonstrate that bentonite-amended tailings with a hydraulic conductivity of 10° cm/s will
be effective as an oxygen barrier. Moisture retention testing and unsaturated flow modeling
are needed to assess the performance of these layers.

2. Condition 45: Future Closure Considerations:

Subpart B(2) of Part 6132.2200 of the Minnesota Rules states, in part, that storage of reactive
mine waste, at closure, must "permanently prevent substantially all water from moving
through or over the mine waste." The proposed wet closure for the Flotation Tailings Basin,
is designed to allow 6.5 inches per year of percolation (i.e., approximately one-fourth of the
average annual precipitation rate) to pass through the tailings. In contrast, dry closure
generally achieves much lower percolation rates into the waste, typically less than 5 percent
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of the average annual precipitation rate and often on the order of a few millimeters per year
or less (e.g., see Wilson et al. 1995, Woyshner and Yanful 1995, Ayres et al. 2003, Keller et
al. 2010). Although Permit Condition 45 requires the Permittee to continue exploring future
closure options (including a dry cap), the DNR should consider making dry closure a permit
condition rather than an option for PolyMet to explore at their discretion. Dry closure would
be a much better approach for meeting the intent of Part 6132.2200 Subpart B(2).

References:
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If you have any questions or concerns regarding these comments, please do not hesitate to
contact me at 570-412-2069 or michael.malusis@bucknell.edu.

Sincerely,

Michael A. Malusis, Ph.D., P.E.
Consulting Engineer

MCEA Comments Ex. 04
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SRNaNRTING Vancouver, BC Canada V6C 2T8
File No.:WVA101-1/29-A.01
Cont. No.:VA11-00298 Tel: 604.685.0543
Fax: 604.685.0147
www.knightpiesold.com

February 10, 2011

Mr. Brian Kynoch

Mount Polley Mining Corporation
Suite 200 - 580 Hornby Street
Vancouver, BC V6C 3B6

Dear Brian,
Re: Mount Polley Tailings Storage Facility Engineer of Record

We have completed all assignments and on January 25, 2011 issued to Mount Polley Mining Corporation
(MPMC) the final versions of the ‘Tailings Storage Facility - Report on the 2010 Annual Inspection’ and
‘Tailings Storage Facility — Report on Stage 6B Construction'.

We are currently assuming that MPMC will be retaining the services of a separate individual or
organization to take over as the Engineer of Record for the tailings storage facility, as a result of Knight
Piésold’s decision to opt out of the bidding process implemented by MPMC late last year. We would like
to facilitate a formal handover to the new individual/group, as it is essential that it be recognized that
Knight Piésold will not have any responsibility for any aspects of the on-going operations, or of any
modifications to the facilities that are undertaken from now onwards. To date, the tailings impoundment
has been developed using the observational approach, wherein the design is modified as appropriate
depending on actual performance and conditions. It must be understood that Knight Piésold will no
longer have any responsibility for the performance of the tailings storage facility.

The embankments and the overall tailings impoundment are getting large and it is extremely important
that they be monitored, constructed and operated properly to prevent problems in the future. Knight
Piésold would be happy to assist in the formal handover to the new Engineer of Record.

As we have a long relationship with the Mines Branch and the Ministry of Energy, Mines and Petroleum
Resources, we consider that it is prudent to notify them of the change in status. Therefore, we have
copied them on this correspondence.

We would like to thank you for our long and constructive association at the Mount Polley Mine and look
forward to working together again in the future.

Signed: Approved:
Ken Brouwer, P.Eng. Jeremy Haile, P.Eng.
Managing Director President
Copy To: Don Parsons (IMC), Ron Martel (MPMC), Tim Fisch (MPMC)
Al Hoffman, Chief Inspector of Mines
/kjb
BSIa
150 8001, IS0 1400
OHSAS 18001
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EXECUTIVE SUMMARY

THE EMBANKMENTS

Three contiguous embankments confine the Mount Polley tailings storage facility (TSF). Of these, the Perimeter
Embankment, where the breach occurred, was the northern flank of the TSF.

The embankments are composed of a core with the function of acting as an impervious element. Downstream of
the core, a filter zone restrains material in the core from outward migration. The core and filter are then supported
by a rockfill zone. In the upstream direction, the core is supported by an upstream fill zone composed of rockfill

and/or tailings.

THE BREACH

The breach occurred within the Perimeter Embankment. At the time of the breach, the TSF was permitted under the
Ministry of Energy and Mines, Permit M-200, with approval to raise the crest by 2.5 metres. The breach occurred early
on August 4, 2014 at a crest elevation 1 metre short of its permitted elevation. Loss of containment was sudden, with

no warning. The recorded pond elevation at 6:30 pm on August 3, 2014 was 2.3 metres below the crest.

THE MANDATE

Following the breach of the tailings storage facility at the Mount Polley Mine, the Government of British Columbia,
through the Ministry of Energy and Mines, together with the Williams Lake Indian Band and the Soda Creek Indian
Band, established an independent expert investigation and review panel (the Panel) to investigate and report on that
breach. The Panel was required to submit a final report to the Ministry of Energy and Mines and the Williams Lake
Indian Band and the Soda Creek Indian Band on or before January 31, 2015.

The purpose of the investigation has been as follows:

« Toinvestigate and report on the cause of the failure of the tailings storage facility that occurred on
August 4, 2014 at the Mount Polley Mine (the Mine) in B.C.

« Inaddition, the Panel may make recommendations to government on actions that could be taken to
ensure that a similar failure does not occur at other mine sites in B.C.

«  The Panelis authorized, as part of its investigations and report, to comment on what actions could have
been taken to prevent this failure and to identify practices or successes in other jurisdictions that could

be considered for implementation in B.C.

Independent Expert Engineering Investigation and Review Panel | January 30, 2015
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Further, it was expected that the Panel would:

« ldentify any mechanism(s) of failure of the tailings storage facility.

« Identify any technical, management or other practices that may have enabled or contributed to the
mechanism(s) of failure. This may include an independent review of the design, construction, operation,
maintenance, surveillance and regulation of the tailings storage facility.

« |dentify any changes that could be considered to reduce the potential for future such occurrences.

PANEL ACTIVITIES

The Panel began its inquiry with multiple hypotheses for failure:

e Human intervention
»  QOvertopping
«  Piping and cracking

«  Foundation failure

The Panel found no evidence of failure due to either human intervention or failure due to overtopping,
notwithstanding the fact that an episode of overtopping over portions of the Perimeter Embankment occurred
in May 2014. The question of piping and cracking, which is a common cause of failure of earth dams, received
corresponding attention. Although factors of concern were identified by the Panel, it did not find evidence that

piping and/or cracking caused the breach.

This reduced the focus of the Panel to failure in the foundation of the embankment. Visual evidence of bodily outward
displacement and rotation of the embankment remnants were consistent with foundation failure. A foundation can
be weak and fail in a number of ways. One is the presence of a weak layer that had been undetected during design.
Another is the presence of a brittle stratum that loses strength as it comes under load and becomes too weak to
support the load applied by the embankment and TSF contents, so that failure ensues. Yet another possibility is the
presence of a layer that is compressible under the applied load and, when stressed, develops high pore pressure that
results in weakening of an otherwise much stronger material. This is termed undrained failure. It was the object of the

site studies undertaken by the Panel to determine which of these foundation failure mechanisms prevailed.
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EXECUTIVE SUMMARY

The Panel undertook comprehensive Surface Investigations that provided detailed, observable information on the
sliding mechanism that had occurred. A challenging and complex Subsurface Investigation was also undertaken,
partly in collaboration with the site investigation program initiated by the both the Mines Inspector and Mount

Polley Mining Corporation (MPMC), and in addition, by the Panel alone.

The Subsurface Investigation was particularly valuable in defining the controlling stratigraphy in the breach area
and identifying that the failure occurred in a glaciolacustrine layer, called Upper GLU. No indication of pre-shearing
or the presence of markedly strain-weakening materials was detected, leaving undrained failure in the Upper GLU
as the only viable hypothesis. The type and extent of pre-failure site investigations were not sufficient to detect this
stratum or to identify its critical nature. The Panel’s Subsurface Investigation was structured to obtain undisrupted
samples of the Upper GLU and subsequently determine its properties.

The Upper GLU was found to be preconsolidated prior to embankment construction, but became normally
consolidated under the loads applied by construction of the Perimeter Embankment. That is, it had experienced
prior consolidation and strengthening under loads in its geological past, but not under the loads associated
with the Perimeter Embankment, which created the normally consolidated state. Under these conditions, the
Upper GLU was compressible and susceptible to undrained failure. This condition had not been recognized in
the design of the TSF.

Laboratory tests were performed to determine the undrained strength of the Upper GLU and these parameters
were utilized in computer analyses to calculate whether failure should have occurred under the applied load. The

results were confirmatory.
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iv

EXECUTIVE SUMMARY

CONCLUSIONS

The Panel concluded that the dominant contribution to the failure resides in the design. The design did not take into
account the complexity of the sub-glacial and pre-glacial geological environment associated with the Perimeter
Embankment foundation. As a result, foundation investigations and associated site characterization failed to identify
a continuous GLU layer in the vicinity of the breach and to recognize that it was susceptible to undrained failure

when subject to the stresses associated with the embankment.

The specifics of the failure were triggered by the construction of the downstream rockfill zone at a steep slope of
1.3 horizontal to 1.0 vertical. Had the downstream slope in recent years been flattened to 2.0 horizontal to 1.0 vertical,
as proposed in the original design, failure would have been avoided. The slope was on the way to being flattened

to meet its ultimate design criteria at the time of the incident.
REGULATORY OVERSIGHT

The Panel reviewed the roles and responsibilities of the B.C. Ministry of Energy and Mines (the Regulator) and its
interactions related to the MPMC TSF. The Panel found that inspections of the TSF would not have prevented failure
and that the regulatory staff are well qualified to perform their responsibilities. The Panel found that the performance

of the Regulator was as expected.

THE FUTURE

The Panel has examined the historical risk profile of the current portfolio of tailings dams in B.C. and concluded that
the future requires not only an improved adoption of best applicable practices (BAP), but also a migration to best
available technology (BAT). Examples of BAT are filtered, unsaturated, compacted tailings and reduction in the use of
water covers in a closure setting. Examples of BAP bear on improvements in corporate design responsibilities, and

adoption of Independent Tailings Review Boards. Specific recommendations are made in the body of the report.
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1 | Introduction

Following the breach of the tailings storage facility at the Mount Polley Mine on August 4, 2014, the Government of
British Columbia, through the Minister of Energy and Mines, together with the Williams Lake Indian Band and the
Soda Creek Indian Band, established an independent expert engineering investigation and review panel (the Panel)

to investigate and report on that breach.

1.1 PURPOSE OF THE PANEL

The purpose of the Panel is as follows:

- Toinvestigate into and report on the cause of the failure of the tailings storage facility (TSF) that
occurred on August 4, 2014 at the Mount Polley Mine (the Mine) in B.C.

« In addition, the Panel may make recommendations to government on actions that could be taken to
ensure that a similar failure does not occur at other mine sites in B.C.

«  The Panel is authorized, as part of its investigation and report, to comment on what actions could have
been taken to prevent this failure and to identify practices or successes in other jurisdictions that could
be considered for implementation in B.C.

Under its Terms of Reference, it is expected that the Panel will:

«  |dentify any mechanism(s) of failure of the TSF.

« |dentify any technical, management or other practices that may have enabled or contributed to the
mechanism(s) of failure. This may include an independent review of the design, construction, operation,
maintenance, surveillance and regulation of the TSF.

« Identify any changes that could be considered to reduce the potential for future such occurrences.

1.2 PANEL MEMBERS

The members of the Panel are:

«  Dr.Norbert R. Morgenstern (Chair), CM, AOE, FRSC, FCAE, Ph.D,, PEng.
«  Mr. Steven G. Vick, M.Sc,, PE.
«  Dr Dirk Van zyl, Ph.D, PE, PEng.

The detailed Terms of Reference are included as Appendix A.
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2.1

2.2

2 | What Did the Panel Do?

PANEL ACTIVITIES

In furtherance of its mandate, the Panel undertook the following:

« ltretained Thurber Engineering Ltd. (Thurber) to conduct field investigations, data compilation,
laboratory testing, and analyses. All of this work proceeded under the direction of the Panel.

« [tassembled and inspected related documents in the files of the Mine, its consultants who have acted
as the Engineer of Record (EOR), and the Ministry of Energy and Mines (MEM).

« ltsolicited and collected relevant information from the public at large.

« Itconducted a number of personal interviews to clarify information recorded in documents.

« It convened regular formal meetings with recorded minutes.

« Itinterpreted all of the above to arrive at conclusions and recommendations.

SUPPORTING INFORMATION

As directed by the Terms of Reference, the Panel has provided this final report, along with the appendices, to the
Minister of Energy and Mines, the Williams Lake Indian Band and the Soda Creek Indian Band. The background
reports and information used by the Panel for the preparation of this report were also made available to these
parties through an online data room. The Panel considers the supporting information and substantiating
documentation to be an integral part of its report that is necessary for a proper understanding of its findings.

The B.C. Ministry of Energy and Mines and Ministry of Environment, Conservation Officer Services, have
directed the Panel to withhold some of the documents, and redact portions of other documents, so that
the Panel’'s inquiry does not compromise any other investigations and to ensure it is in compliance with the
privacy protection provisions of Freedom of Information and Protection of Privacy Act (FIPPA) (see Appendix A).
The redaction of personal information was completed by Shared Services BC. As a result, these documents,
which may have been cited in this report are not available at this time.

The background information was provided to the Panel by many different sources. Appendix B contains
further details on background reports and information, and how these were organized and provided to the
Minister of Energy and Mines, the Williams Lake Indian Band and the Soda Creek Indian Band.

Within the text of the report and appendices, specific documents are referenced by an endnote, which contains
the document number as it relates to where it can be found in the data room. See Appendix B for more details.

Additional technical references are also cited by endnote directly within the body of this report. Endnotes can be
found at end of each section of the report. The collected technical references can be found at the end of the report.

The observations of the Panel are supported by referenced documents where possible. The findings of the
Panel are outlined in the sections of the report that follow. Conclusions and recommendations are presented
in detail at the end of the report.
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3 | Tailings Storage Facility (TSF)

3.1 DESCRIPTION OF TSF

Mount Polley Mining Corporation (MPMC) operates the Mine, and the British Columbia Ministry of Energy and
Mines (MEM) is the Regulator. From the first approved and constructed portion of the TSF, in 1995, to early
2011, Knight Piésold (KP) was the Engineer of Record (EOR). Subsequently, AMEC assumed the responsibility
as EOR and had that role at the time of the breach. BGC were to assume that responsibility after the 2014
construction season.

Figure 3.1.1 is a plan of the TSF adapted from the last As-Built Construction Report.” It indicates that the TSF
was composed of three embankments: the Main Embankment, the Perimeter Embankment, and the South
Embankment. The TSF is closed to the west by rising natural ground. The figure also indicates the location
of instrumented control sections utilized by the succession of EORs. The breach occurred in the Perimeter

Embankment near Section G.

FIGURE 3.1.1: TAILINGS STORAGE FACILITY PLAN
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3 | Tailings Storage Facility (TSF)

3.2 CONSTRUCTION OF TSF AND POND ELEVATION

The Main Embankment and the Perimeter Embankment were the first to go into construction, with the Starter Dam
completed in 1996. The South Embankment followed in later years. Figures 3.2.1 and 3.2.2 present the sections
of the Main and Perimeter Embankments at the end of the 2013 construction season. Figure 3.2.1 is for the Main
Embankment at Section A, approximately the highest section. Figure 3.2.2 is for the Perimeter Embankment and

represents the closest instrumented section (Section D) to the breach zone at the time of failure.

FIGURE 3.2.1: MAIN EMBANKMENT AT SECTION A
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FIGURE 3.2.2: PERIMETER EMBANKMENT AT SECTION D
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3 | Tailings Storage Facility (TSF)

The history of the construction of the embankments is summarized in Figure 3.2.3, which indicates each stage
of dam raising up to the occurrence of the breach. The Starter Dam for the embankment was constructed in 1996
to a crest elevation of 927.0 metres (m). The embankments were subsequently raised together in stages as shown.
Construction of the Stage 9 raise from approximately elevation (El) 967.5 m to El. 970.0 m was started at the end
of April 2014. Following completion of Stage 9, Stage 10 was planned to raise the crest to El. 972.5 m, which would
have provided adequate storage to the end of September 2015. Stage 10 was under review for approval at the time
of the breach.

FIGURE 3.2.3: MOUNT POLLEY TSF AND ZONE C (SHELL) TOP ELEVATIONS VERSUS TIME
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3 | Tailings Storage Facility (TSF)

3.3 POND ELEVATION AT TIME OF BREACH

At the time of the breach, the TSF was permitted under MEM Permit .
Loss of containment

M-200 with approval to raise the crest to El. 970 m. The breach occurred . . .
was sudden, with no identified

early on August 4, 2014 at a core elevation of El. 969.1 m. Loss of
precursors.

containment was sudden, with no identified precursors. The recorded

pond elevation at 6:30 pm on August 3, 2014 was El. 966.83 m.

ENDNOTE

1) MP00044
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4 | How Did This Dam Fail?

4.1 CLASSIFICATION OF DAM FAILURE

The following directional conventions are adopted throughout, with the dam as the frame of reference:

e Upstream — toward the impoundment interior

«  Downstream — away from the impoundment interior

«  Right — to the right, looking downstream

«  Left — to the left, looking downstream

Figure 4.1.1 shows a simplified cross-section of the dam. It is constructed of both earth and rockfill and

would be classified as a zoned earth and rockfill dam. The specific zones are:

U Zone
C Zone
S Zone
F Zone
T Zone

Upstream fll
Rockfill

Till core
Filter
Transition

FIGURE 4.1.1: SIMPLIFIED CROSS-SECTION OF THE MOUNT POLLEY DAM
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4 | How Did This Dam Fail?

4.2

The impervious element of the dam is the till core (Zone S), composed of glacial deposits (till) excavated
from selected borrow areas. The duty of the rockfill zone (Zone C) is to support the core, without which
the core would not be stable. When seepage flows through the core or if it became cracked, its relatively
fine-grained material might erode into the rockfill. The duty of the filter (Zone F) and transition (Zone T)
is to collect any seepage coming through the core and to prevent fines from migrating out of it. Zone T
is a transition to Zone C and it is intended to stop migration of filter material into Zone C. While Zone Cis
somewhat compacted to improve its density, this is not sufficient to preclude migration of Zone F into Zone C.

Hence, a transition Zone T is needed.

Zone U is composed either of tailings or rockfill if tailings beach material cannot be delivered in time. It should
be noted that the core of the dam is inclined slightly in an upstream direction. This configuration is known as
modified centreline construction. Zone U provides support on the upstream side of the core. It also has other
functions such as keeping clear water away from the core. Zone U tailings would tend to migrate into and fill

any cracks that might develop in the core, preserving its function.

POTENTIAL FAILURE MODES

Assessing potential failure modes should be consistent with the characteristics of the breach; it was relatively

sudden and with no apparent warning. In addition, by outward comparison, the Perimeter Embankment

appears less vulnerable than the Main Embankment design section

(Figure 3.2.1). The Main Embankment is higher, is designed on the The Panel concluded that, in
same principles as the Perimeter Embankment, and Zone U has a less order to account for such an
developed beach.Moreover, by the time of the breach, small movements abrupt event in the Perimeter
had previously been detected in the Main Embankment foundation, Embankment, local features
and they were being managed by design and construction changes likely prevailed.

in response to observations. The Panel concluded that, in order to
account for such an abrupt event in the Perimeter Embankment, local

features likely prevailed.
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4 | How Did This Dam Fail?

4.3 FOUR CLASSES OF FAILURE MECHANISMS CONSIDERED

Based on the experience of the Panel with both water and tailings dams, the Panel determined that the
following four classes of failure mechanisms required consideration:

e Human intervention
«  Overtopping

«  Piping and cracking
«  Foundation failure

Before considering each in turn, it is necessary to understand the timeline of activities at the site prior to the failure.

The timeline constructed from construction and personal reports is presented in Table 4.3.1. The breach section
extends approximately from survey station (Sta.) 4+200 to 44300. (refer to Figure 3.1.1). Key observations are:

«  Last construction ending at 6:30 pm, August 3, 2014

«  Site observation indicating no issues at 10:30 pm, August 3, 2014

«  Operations at perimeter seepage pond, no issues at 11:45 pm, August 3, 2014

«  Perimeter seepage pond water fluctuation beginning at 12:45 am, August 4, 2014
o Power lost (likely due to breach) at 1:15 am, August 4, 2014

e  Breach identified at 2:05 am, August 4, 2014

TABLE 4.3.1: TIMELINE OF EVENTS AND ACTIVITIES AT BREACH SECTION AND ADJACENT AREAS

DATE | ACTIVITY | PONDEI | SOURCE
7/10 Zone F (filter) trenching from 44300 to 4+750, El. 967.0 966.55 Construction Daily Report (MPMC)
714 Zone S (till) placement from 4+305 to 44925, El. 968.5 966.55 Construction Daily Report'
Zone S (till) placement from 34980 to 4+305, El. 968.5 966.55 Construction Daily Report'*
e Zone S (till) placement from 4+420 to 4+770, El. 968.8
Zone S (till) placement from 34990 to 4+768 @ El. 968.5 966.53 Construction Daily Report ' *
716 (completed to PE pipe)’
Zone S (till) placement from 44395 to 44757 @ El. 968.8
717 Zone S (till) placemgnt from 3+995 to 44395 @ El. 969.1 966.60 Construction Daily Report ' *
(completed to PE pipe)
Zone C (rock) placement from 4+525 to 4+650, El. 968.8 966.68 Construction Daily Report'*
e Extreme rainfall, Perimeter overflowing" TSF Leadhand Report
Zone C (rock) placement from 4+335 to 4+525, EI. 968.8 966.73 Construction Daily Report ™*
7125 Perimeter still in “Red” with all pumps running, only 1.7 metres left in TSF Leadhand Report?

perimeter overflow
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4 | How Did This Dam Fail?

TABLE 4.3.1: TIMELINE OF EVENTS AND ACTIVITIES AT BREACH SECTION AND ADJACENT AREAS continued

DATE | ACTIVITY | POND El. | SOURCE
Perimeter held @ “6" on scale all day but still overflowing TSF Leadhand Report?
7/26 Till pit level went up 20 cm overnight

Retrieved piezo below corner 1

7/28 Zone C (rock) placement from 4+180 to 44335, El. 968.8 966.70 Construction Daily Report ™
Zone C (rock) placement (grading down near Corner 1), El. 969.0 966.80 Construction Daily Report ™

8/01 Raising of PE pipe in the C zone
Last placement of Zone C (rock) in breach area with four 733s (60T) and Panel Interview 10/22/14
one D-8R

8/02 Placing Zone C on the PE pipe after raising it 966.82 Construction Daily Report ™
6:30amto  Placing C zone on the PE pipe after raising it (completed) 966.83 Construction Daily Report ™
6:30 pm

Grading C Zone (rock) from corner 5 to the PE pipe that has
been recently placed by Peterson

10:30 pm | Good berm, good slope, no visible cracks Shifter Dump Logbook (Mine Ops),
B-crew night shift?
11:00 pm | East Perimeter Pond going to alarm in high level within Dam Breach Report*
the hour
8/03
11:30 pm Second pump (perimeter pond) started, nothing Dam Breach Report*
unusual noticed
11:45 pm Drove from perimeter pond across dam crest to PE pipe Panel Interview 10/22/14
and back to Corner 5 (across breach area), nothing
unusual noticed
12:00 Second pump drawing down perimeter pond water level Panel Interview 10/22/14
midnight | (recollection of control instrumentation)
12:15 am Pond water starts to level out (recollection of control Panel Interview 10/22/14
instrumentation)
12:45 am Pond water level starts to slightly increase (recollection of Panel Interview 10/22/14
control instrumentation)
8/04 1:00 am Pond water level rising sharply (recollection of control Panel Interview 10/22/14

instrumentation)

115 am Lights went out in electrical shop, mill shut down, pond water Dam Breach Report*
level spikes sharply (recollection of control instrumentation) Panel Interview 10/22/14
2:05am Dewatering operator discovers that tailings dam had breached Dam Breach Report*

*PHOTO AVAILABLE IN CONSTRUCTION DAILY REPORT.

""PE PIPE" IS THE RETURN-WATER HDPE LINE FROM THE SEEPAGE RECYCLE PUMP THAT CROSSES THE DAM CREST AT THE LOCATION OF
SECTION D, APPROX STA. 3+960 (SEE PHOTO IN CONSTRUCTION DAILY REPORT OF 8/02/14).

TPERIMETER" REFERS TO PERIMETER SEEPAGE POND. “OVERFLOW" REFERS TO OVERFLOW FROM PERIMETER SEEPAGE POND INTO TILL
BORROW PIT (PANEL INTERVIEW, 10/22/14).
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4 | How Did This Dam Fail?

4.3.1 HUMAN INTERVENTION

Human intervention may be accidental, such as discharge from a tailings line eroding the structure in an
uncontrolled manner, or wilful destruction. A tailings pipeline on the Perimeter Embankment crest was not in
service at the time of the breach, and the Panel has found no other evidence of failure due to human intervention.

4.3.2 OVERTOPPING
The Panel has found no

Although water management had been challenging in later years, and evidence of failure due to

an episode of overtopping over portions of the Perimeter Embankment overtopping prior to breach

had occurred in May 2014, freeboard was being carefully monitored
development.

around the time of the breach as a result of prior insistence on the part

of the Ministry of Energy and Mines (MEM). The freeboard with respect
to the core at the time of the failure was 2.3 metres (m).”

The Panel has found no evidence of failure due to overtopping prior to breach development.
4.3.3 PIPING AND CRACKING

Piping and cracking of the core of an earth-rockfill dam can lead to internal erosion and ultimately loss of
containment. This is one of the most common causes of failure of earth dams and has been much studied. The
failure of the Omai Tailings Dam® provides an example of a failure by piping and internal erosion.

The following factors were of concern to the Panel:

1) Modified centreline tailings dams, while within precedent, are disposed to longitudinal cracking.

2) Following Stage 5, the core width was reduced to 5 m, which is thin for the planned hydraulic head; again,
this has precedent but requires careful filter and transition design and construction.

3) The filter and transition were particularly thin and required meticulous care to be constructed as intended.

4)  Details of filter and transition construction in as-built drawings indicated departure from intended design.”’

5)  Much of the as-placed filter material failed to meet applicable filter criteria and requirements for internal
stability of its grading.

6) The core had been overtopped in one location for a brief period in 2014, resulting in softening and
enhanced deformability.

7)  The core was not contained by the steep rockfill shell in as stiff a manner as might have been possible.

8) A cavity was detected in the core remnant of the left abutment of the breach that was the result of internal
erosion, see Appendix C.

9) Observed flow to the seepage collection system exhibited a transient spike on April 22, 2013, of the kind
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4 | How Did This Dam Fail?

sometimes characteristic of internal erosion (see Appendix F for details).

Notwithstanding these concerns, the Panel notes:

1) No abnormal seepage observations were detected except for the spike on April 22, 2013 (see Appendix F).

2) Sonic drillholes were located as close to the abutments of the breach as safely possible. They did not detect
any suspicious piping pathways.

3) Excavation of the right abutment of the breach did not find any piping pathways through the core.

4)  Grading of samples of filter material recovered from the breach area indicate that internal erosion did not

produce large flows or overall loss of core integrity (see Appendix C).

Accordingly, and despite the concerns identified by the Panel, it did not find evidence that the breach was caused
by piping and/or cracking resulting in uncontrolled internal erosion.

4.3.4 FOUNDATION FAILURES Observations from the Surface

. o . Investigations provided clear
Observations from the Surface Investigations (see section 5.1 and . . .
i ) ) . i . evidence for shearing, bodily
Appendix C for details) provided clear evidence for shearing, bodily .
lateral displacement, and
lateral displacement, and rotation of the embankment that resulted in .
rotation of the embankment
the breach. The Panel concluded that the primary cause of the breach .
] ) ) ] ) that resulted in the breach.
was dislocation of the embankment due to foundation failure. This

resulted in loss of containment of both the clear water contained in the

tailings storage facility (TSF), and tailings, which flowed out of the breach. Clearly, the foundation has behaved in
a weaker manner than anticipated in the design. A major focus of this investigation was therefore to determine
the foundation characteristics that account for the observed failure mode and to compare the outcome with the

design basis.
A number of circumstances can contribute to such weak behaviour, and all require careful assessment.

It is well-known that glaciated terrain can be exposed to glacial drag forces and leave in the underlying sediments
and bedrock, if relatively soft, continuous weak surfaces at the residual strength of the material. The residual
strength is the weakest resistance that the material can offer and arises from preferred orientation of platy clay
particles. Valley rebound folding and expansion in soft bedrock can also result in weak residual strength materials,

but these processes have not acted at the TSF. Examples of large tailings facilities on glacially sheared material at
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4 | How Did This Dam Fail?

low strengths are the Mildred Lake Settling Basin at the Syncrude Canada Ltd. site ® and the large TSF at the Zelazny

Most Copper Mine.? In both cases, movements are slow and are managed by adaptive response to observations.

Another source of unanticipated behaviour can be a deposit within the foundation of a dam that exhibits
pronounced strain-weakening behaviour; that is, it loses considerable resistance once its peak resistance is
attained. This type of behaviour was discovered during the forensic investigation into the Aznalcollar (Los Frailes)
Tailings Dam failure in Spain.'® The movements in that case were sudden, without any observable precursors. The

instrumentation at the time was minimal.

A further source of unanticipated behaviour arises when a structure is being built in stages on a soft substrate that
is contractant; that is, it tends to contract, or densify. When such a soil is subjected to shearing due to loading that
occurs slowly, the resulting volume changes strengthen the soil as it densifies. This is known as drained loading.
However, if the contractant soil were to be loaded too quickly for water to be expelled and permit volume change,
pore pressures develop that weaken the soil. This is known as undrained loading, and the resistance is less than its

drained equivalent.

Undrained response can also be initiated if the soil displays a rapid reduction in resistance as yielding is initiated,
even under drained conditions. This has sometimes been called spontaneous liquefaction when flowslides develop.
While the Mount Polley failure was not sufficiently mobile to be regarded as a flow, the concept of spontaneous
undrained response cannot be disregarded in a broadly based inquiry such as this. The implications for stability of
the undrained response of soft, contractant soils to staged construction were presented at length in a classic paper
by Ladd " and are discussed in a widely accepted graduate-level text by Duncan and Wright.'? The Kingston fly ash
slurry spill is an example of a TSF that failed by this undrained mechanism (http://www.tva.gov/kingston/rca/).

All of the above hypotheses regarding the characteristics of the ground conditions in the breach zone were
considered in the Technical Commentary that follows. The Technical Commentary presents the findings arising from
both surface and subsurface investigations, laboratory studies, computational analyses, and design, construction,

and monitoring reviews, in support of the explanation of the cause of failure.
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4 | How Did This Dam Fail?
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5.1.2

5 | Panel Observations

SURFACE INVESTIGATIONS

Surface investigations of the breach and adjacent areas were conducted to gather evidence about the cause of
the failure, to document this evidence, and to provide necessary context for related Panel activities. Appendix C
provides a comprehensive account of the surface investigations from which this summary has been compiled. The
electronic version of Appendix C also contains a virtual three-dimension (3-D) flyover to help orient the reader to

features and interrelationships described here.

DATA COLLECTION

The surface investigations made use of imagery from a variety of sources, field mapping on the ground, and

exploratory excavation of key features. Data sources and collection activities included the following:

«  Review of pre-failure satellite imagery

«  Review of a helicopter video made by the Cariboo Regional District during failure
«  Review of post-failure helicopter photos by the Panel and airphoto stereopairs

«  Review and preprocessing of Panel ground photos

«  Preparation of topographical base maps and cross-sections

«  Field mapping of ground features and exposures

«  Excavation and logging of exploratory works in a remnant section of the dam core
KEY FEATURES

An oblique view of the breach area looking upstream is provided in Figure 5.1.1. This and the following image
were obtained from the Cariboo Regional District’s video. The video was taken on the morning of August 4, 2014,
about 8 hours after breach initiation with breach outflow still in progress. It provides a unique opportunity to

observe how many of the key post-breach features were formed.
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FIGURE 5.1.1: VIEW LOOKING UPSTREAM THROUGH THE BREACH (ARROW SHOWS DIRECTION OF OUTFLOW)

Tailings

R@ht-
Abutment

Left
Abutment

The labelled features in Figure 5.1.1 can be interpreted with reference to the internal zoning of the dam previously
provided as Figure 4.1.1. On the upstream side of the breach, remnant projections of the dam core (S) can be seen
on the left and right abutments. The projection on the right abutment acts like a jetty in directing flow toward the

left abutment.

Zone Crockfill (C) is exposed on the left abutment, where it has been eroded by these redirected breach outflows.
On the right abutment, the surface of the displaced rockfill (D) was subject to erosional overflow during earlier
stages of breach development. It was subsequently protected from erosional undercutting in the main channel by

the projecting core remnant and eddies that developed downstream.

The whaleback feature (W) is a linear, uplifted ridge of foundation till that extends across the entire width of the
breach. Highly erosion-resistant in both native and compacted forms, the upthrusted till here acts as the control

section for breach outflow.
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A reverse-angle perspective looking downstream through the breach is provided in Figure 5.1.2. It shows the

damage to the upstream side of the dam and the processes that caused it.

FIGURE 5.1.2: VIEW LOOKING DOWNSTREAM SHOWING UPSTREAM SIDE OF DAM AND REMAINING TAILINGS

At this point, two major flow channels have developed within the impoundment that converge at the upstream
entry to the breach. In the distance (centre left), one of these can be seen flowing along the left side of the dam.
As is did so, it eroded away the supporting tailings. This caused the upstream side of the dam to collapse, leaving

the prominent near-vertical face. These structural effects are again best appreciated with reference to Figure 4.1.1.

Conditions adjacent to the right side of the dam illustrate how the combined action of fluvial erosion and tailings
flowsliding produced similar effects. The active flowslide (B) has left a semicircular headscarp that is progressing
back and undermining the Zone U tailings supporting the upstream side of the dam core. Arcuate headscarps
of earlier flowslides (A) have captured and concentrated overland flows from surface water remaining in the
impoundment. The resulting cascades readily transport flowslide debris, while at the same time causing backward

erosion of the headscarps by scour within their terraced plunge pools.
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5.1.3 FOUNDATION SLIDING

The surface investigations produced direct evidence for foundation sliding as the initiating mechanism for the
breach. This is most clearly demonstrated by a shear surface observed within the remnant core projection on the

right abutment at the location shown previously in Figure 5.1.1.

Figure 5.1.3 shows an excavated exposure of the shear surface (A) through the Zone S core material (S). The
marker bed (Z) was not present on the upstream footwall side (right in photo), indicating at least 3.3 metres (m) of
downthrow on the downstream hanging wall. Appendix C, section 3.7, contains more detail on the orientation and

configuration of the shear surface.

FIGURE 5.1.3: SHEAR SURFACE THROUGH REMNANT DAM CORE (ARROW INDICATES DIRECTION OF DOWNDROP)

Downstream Upstream

i : ———

The surface trace and 3-D orientation of the shear are shown on the core remnant in Figure 5.1.4, with a dip angle

and direction as indicated.
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FIGURE 5.1.4: PHOTO (a) AND SURFACE MODEL (b) SHOWING SHEAR SURFACE ORIENTATION
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Other artifacts of foundation sliding are evident elsewhere. As indicated in Figure 5.1.5, lift lines in the Zone C rockfill
on the left abutment (C) are tilted at an inclination of 7° to 10°, with corollary inclinations on the right abutment of
5°1to 14°. Also shown in Figure 5.1.5 are the Zone S core (S), with a containment dike (K) under construction in the
background. Scarps higher on the left abutment were produced by post-sliding downdrop of large slump blocks

into the breach due to erosional undercutting at foundation level.

FIGURE 5.1.5: APPARENT BEDDING ROTATION ON LEFT ABUTMENT OF BREACH (SEPT. 4, 2014 PHOTO)
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Figure 5.1.6 shows the right abutment, with the left abutment in the background. Noteworthy features include
open cracks (O) and headscarps (H) at higher elevations. At the downstream toe, upthrust of foundation till (L)

ranging from 2.8 m to 3.5 m has occurred along an alignment collinear with the whaleback (W).

The mass of rockfill (D) from the upper headscarps to the lower upthrusted till was rotated and displaced by
foundation sliding. It was preserved when surface sheet flow was terminated by breach downcutting on the left side.
From displacement of surface lineations, lateral (downstream) translation of 11 m occurred in the vicinity of the

arrows in the figure.

FIGURE 5.1.6: SLIDING-RELATED FEATURES AT RIGHT ABUTMENT (SEPT. 4, 2014 PHOTO)

>
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Surface investigations delineate the limits of foundation sliding given in Figure 5.1.7, with the solid and dashed
yellow lines indicating observed and inferred boundaries, respectively. These are superimposed on the post-
failure orthophoto and contours to show the extent of mass movement in relation to the breach. Arrows indicate

directions of movement from surface observations.

FIGURE 5.1.7: PLAN SHOWING DIRECTION AND EXTENT OF MASS MOVEMENTS
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Movements are summarized in Table 5.1.1 below.

TABLE 5.1.1: MEASURED AND INFERRED SLIDE MOVEMENTS

LOCATION | DISPLACEMENTS AND ORIENTATIONS

DOWNSTREAM TOE Vert.|ca|: 2.8t0 3.5 m upward
Horizontal: 11 m downstream

UPSTREAM SHEAR SURFACE Vemcal: >3.3 m downward
Dip: 47 degrees

RIGHT ABUTMENT Rotation: 5 to 14 degrees

LEFT ABUTMENT Rotation: 7 to 10 degrees
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5.1.4 INTERNAL EROSION

A void shown in Figure 5.1.8 was observed on the upstream side of the left abutment, measuring 0.7 m by 0.3 m and
extending back 1.1 m into the Zone S core. The angular corners and abrupt transitions at the opening are distinct

from the smoother, more rounded surfaces produced by surface erosion at other locations.

FIGURE 5.1.8: VOID ON UPSTREAM SIDE OF LEFT ABUTMENT
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Additionally, Zone F filter material immediately downstream from the core was sampled in the right abutment
excavation. Gradation data show that none of these samples met filter criteria that would have enabled them to
prevent transport of fines from the till. Together, these factors suggest internal erosion as the likely cause of the left

abutment void.

This filter material also has an internally unstable gradation, such that
) o o : These factors suggest that
its finer fraction is free to pass through the voids in the coarser fraction
) ) : o internal erosion was not
under sufficient flow velocity. However, the fact that this finer fraction is he breach
ervasive over the breac

still present means that high discharge through the filter, and therefore P
i ) ) ) area or sufficiently severe
through the core, did not occur. Moreover, painstaking excavation

. . o to have compromised core
and thorough logging found no evidence of other such voids in

) integrity overall.
the excavated core. Nor were continuous cracks or softened zones

indicative of hydraulic fracturing discovered. These factors suggest that
internal erosion was not pervasive over the breach area or sufficiently

severe to have compromised core integrity overall.
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5.2 SUBSURFACE INVESTIGATIONS

5.2.1 INTRODUCTION

Following the breach of the Mount Polley Perimeter Embankment, site investigation programs were initiated
by the Mines Inspector team with Klohn Crippen Berger (KCB) as the geotechnical lead, Mount Polley Mining
Corporation (MPMC) with Golder Associates (Golder) as the geotechnical lead, and the Panel, with the support
of Thurber Engineering Limited (Thurber). This section summarizes the Panel's program, its outcome, and key
findings that affect other aspects of the Panel’s activities. Appendix D provides further details of Thurber’s work,
results and interpretations. Results of the KCB work are available in Appendix B." The Panel relied on factual data
collected by both Thurber and KCB, but made its own interpretations of these data.

5.2.2 JOINT SITE INVESTIGATION

In early September 2014, MPMC invited the Panel to participate in a coordination meeting with KCB and Golder to
review proposed joint site investigation plans consisting of:

«  Geophysics — Direct current resistivity, induced polarity and seismic refraction surveys.

o Drilling and coring — Sonic drilling to allow initial foundation characterization at the dam breach and
adjacent areas, and mud rotary drilling and sampling with focus on clays and silts designated the Upper
Glaciolacustrine Unit (Upper GLU).

« Insitutesting and instrumentation — cone penetration test (CPT) and piezometer and inclinometer installation
at selected locations.

Safe work plans had to be implemented to establish access limits with respect to the remaining breach abutments.
These limits influenced the locations of the final geophysics lines and the drillhole locations.

KCB field engineers took large numbers of samples from the sonic cores for routine or index testing in the KCB
laboratory. Index test results were shared with the Panel. Thurber also collected samples for index testing from a
number of locations during the site mapping and other activities for testing in the Thurber laboratories. All index
test results are presented in Appendix D, Attachment 7.

Daily reports describing fieldwork progress were shared with all parties. Weekly conference calls, in which the
Panel participated, served to further coordinate the fieldwork and provide updates. Adjustments were made to
the detailed locations of the geophysics lines as well as drillholes as the program was implemented. Figure 5.2.1
shows the final locations of the joint site investigation holes in and around the breach area.
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FIGURE 5.2.1: JOINT AND PANEL SITE INVESTIGATION DRILLHOLE LOCATIONS
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Thurber’s field engineer observed the sonic drilling by KCB and logged all the sonic holes in parallel with the
KCB personnel. The Thurber logs of the KCB sonic holes are provided in Appendix D, Attachment 1. Related

seismic and resistivity surveys are also described in Appendix D, Attachment 1.
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5.2.3 PANEL SITE INVESTIGATION

About half of the locations for the KCB investigation were located in the failed section footprint as well as through
the remaining embankment into the underlying foundation. The Panel developed a separate field program that
allowed in situ testing and sampling at a larger number of locations where foundation materials had not been

preloaded by the embankment. The Panel site investigation consisted of:

«  CPTand vane testing to characterize the foundation stratigraphy and to identify sampling locations for
advanced shear and consolidation testing (refer to section 5.3 for further details of the laboratory testing).

«  Mud rotary drilling to obtain disturbed and undisturbed samples of the Upper GLU and other units for
laboratory testing.

«  Pressuremeter testing in the till to obtain shear strength and shear modulus values.

o Drilling and sampling using Large Penetration Testing (LPT) in selected areas of foundation till.

Details of drilling methods, in situ testing and related information are included in Appendix D. Excavation, sampling
and related laboratory testing are described in Appendix C.

5.2.4 PRE-FAILURE SITE INVESTIGATIONS IN BREACH AREA

Appendix D provides a summary of pre-failure site investigations for the Mount Polley tailings storage facility (TSF).
Knight Piésold (KP) performed site investigations in the early to mid-1990s for the design of the facility. Additional
site investigations and laboratory testing were done during operations, notably a sonic drilling and instrumentation
program implemented by AMEC in 2011. Figure 5.2.2 shows all the geotechnical drillhole locations for pre-failure

investigations in the breach area.

While a large number of locations are shown, many were condemnation holes or shallow test pits of limited
usefulness for embankment design purposes. As subsequently discussed, the Panel found the critical soils in the
breach area at depths of about 8 m. There are only four locations where the holes were deeper than 8 m and

where in situ or laboratory testing was done. None of these locations were in the area where the breach occurred.

78  Independent Expert Engineering Investigation and Review Panel | January 30,2015

MCEA Comments Ex. 06



5 | Panel Observations

FIGURE 5.2.2 PRE-FAILURE SITE INVESTIGATION DRILLHOLE LOCATIONS IN BREACH AREA
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Based on the subsurface investigations and related laboratory data, the Panel derived several key findings that

informed its larger efforts. These are discussed in the following sections.
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5.2.5 CONTROLLING STRATIGRAPHY

Soils in the breach area are of three main types, all glacially deposited. These include:

«  Glaciolacustrine soils (designated GLU) deposited in standing water.
«  Glaciofluvial, or streamchannel, deposits.
»  Glacial tills produced by glacial transport and reworking.

Appendix D describes the interpreted depositional environment that results in the generalized sequence shown below.

FIGURE 5.2.3: GENERALIZED SOIL STRATIGRAPHY IN BREACH AREA

MAJOR STRATIGRAPHIC UNIT STRATIGRAPHIC SUB-UNIT

LOWER BASAL TILL

LOWER GLACIOLACUSTRINE
(LOWER GLU)

LOWER TILLS

LOWER BASAL TILL

Of special significance are the two glaciolacustrine units designated Upper and Lower GLU, shown in Figure
5.2.3, in turquoise and blue, respectively. Both consist of thinly laminated, or varved, silts and clays, and both
classify predominantly as low- to high-plasticity clay (CL to CH). They can be distinguished by differences in their
pre-failure water content, CPT tip resistance, and overconsolidation ratio (OCR). Establishing these differences
requires looking to areas outside the embankment footprint, or those covered by slide debris, in order to eliminate
preloading effects. The resulting comparisons therefore reflect initial pre-construction conditions.

30  Independent Expert Engineering Investigation and Review Panel | January 30, 2015

MCEA Comments Ex. 06



5 | Panel Observations

Firstly, the difference in water content is substantial. The average of mean values from individual borings for
the Upper GLU is 32%, compared to 24% for the Lower GLU.

Secondly, CPT tip resistance in the two units is distinctly different. Figure 5.2.4 shows that tip resistance g for
the Upper GLU is less than one-half of that for the Lower GLU across the breach area. Using g as a measure of

clay consistency, the Upper GLU classifies as stiff to very stiff, while the Lower GLU classifies as very stiff to hard.

FIGURE 5.2.4: LONGITUDINAL VARIATION IN CPT TIP RESISTANCE
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During their depositional history, glaciolacustrine deposits can experience episodes of drying, freezing, glacial
overriding, or other factors that consolidate them to varying degrees. The result is to induce an effective
preconsolidation pressure, designated o'p, that has a substantial influence on undrained strength properties. This
effect can also be expressed as the ratio of the preconsolidation pressure to the effective stress in the ground, termed

OCR. In general, higher OCR and higher o'p correlate with higher undrained strength.

But when the applied stress increases, for example, due to placement of overlying dam fill, OCR decreases. If
the higher stress reaches or exceeds o'p, the beneficial effects of preconsolidation no longer pertain, and the
clay is said to be normally consolidated with OCR = 1.0. Together, the preconsolidation of a clay, the stresses it
experiences, and the changes in these stresses are called its stress history, which has a major influence on its
undrained strength.

These factors are reflected in the Upper and Lower GLU, where the initial pre-construction ¢ and OCR are
compiled on a composite plot in Figure 5.2.5 using CPT data from RCPT14-107 and all available oedometer data.
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FIGURE 5.2.5: INITIAL (PRE-CONSTRUCTION) STRESS HISTORY
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The continuous plots of o and OCR adopt published CPT correlations,” while the laboratory-derived data
points are taken from Appendix E. From laboratory data, the average o'p for the Upper and Lower GLU units is
433 kilopascals (kPa) and 748 kPa respectively, with corresponding OCRs of 6.0 and 6.9.
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The differences in properties are summarized in Table 5.2.1. Drawing D18 in Appendix D provides further details of

the properties.

TABLE 5.2.1 PRE-CONSTRUCTION PROPERTIES OF UPPER AND LOWER GLU IN BREACH AREA

STRATIGRAPHIC UNIT WATER CONTENT, CPT TIP RESISTANCE, PRECONSOLIDATION OVERCONSOLIDATION
AVG. AND RANGE gt AVG., RANGE, AND PRESSURE, O'p RATIO, OCR
CONSISTENCY AVG. AND RANGE AVG. AND RANGE
3.4 MP
Upper GLU 32% 01— 4a2) 33 kPe 60
19 —153 : ) 312 — 535 41 —77
( ) (stiff to v. stiff) ( ) ( )
114 MP
Lower GLU 24% (56— 12) 748 kPa 69
19— 29 ) 701 — 794 6.7 — 72
( ) (v. stiff to hard) ( ) ( )

Taken together, these properties show that the Upper GLU is the weaker of the two units.

5.2.6 EXTENT AND CONTINUITY OF UPPER GLU

Having targeted the Upper GLU as the controlling stratum, it is of
Having targeted the Upper
further interest to determine its extent. These results are also highly gtarg PP
GLU as the controllin

significant. Figure 5.2.6 demonstrates that the Upper GLU is not 9
: ' : . . stratum, it is of further
pervasive throughout this entire section of the Perimeter Embankment.
) ! ! interest to determine its
But is present in the area beneath the footprint between Sta. 4+050
extent. These results are also
and Sta. 4+300. Moreover, the greatest thickness directly underlies the
highly significant.

remaining slide debris on the right side of the breach, thinning toward

the left but still extending across the entire width. The maximum

thickness also directly underlies the location of the downstream toe of the embankment at the time of failure.

There are smaller-scale variations even within this area. Figure 5.2.6 shows a localized thickening to the east, just

at the limit of the slide from Figure 5.1.7.
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Stratigraphic variations on a larger scale are also apparent from Figure 5.2.7, which relates the Upper and Lower
GLU units at the breach to glaciolacustrine soils elsewhere at boring locations presented previously in Figure 5.2.2.
The Upper GLU at the breach shows apparent similarities to glaciolacustrine soils at similar elevation in GW96-1A that
would be characterized as soft to medium-stiff according to their standard penetration test (SPT) blow count of 6.
On the other hand, the uppermost GLU layer encountered in VW11-10 has an average water content of 23%, which
corresponds closely to that of the Lower GLU shown in Table 5.2.1. Details are provided in Appendix D.

FIGURE 5.2.7: COMPARISON OF GLU UNITS IN BREACH TO OTHER AREAS
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These illustrations of both small-scale and large-scale variation in
stratigraphy and properties of the GLU materials serve to highlight the
complexity that their depositional environment produced. This degree
of geologic complexity discourages attempts at broader generalization

beyond the immediate areas where subsurface data have been obtained.

Both small-scale and
large-scale variation in
stratigraphy and properties
of the GLU materials serve
to highlight the complexity
that their depositional
environment produced.
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5.2.7 LOCATION AND CHARACTERISTICS OF FAILURE SURFACE

Section 5.1 previously identified the entry of the failure surface through the surviving core remnant and into the
upper foundation till. The subsurface investigations described here reveal the nature and location of the failure

surface at depth.

As will be chronicled in section 54, the presence of a glacially pre-sheared surface in the dam foundation posed
significant uncertainty throughout the design process. This type of pre-shearing, with the residual strength it
produces, was also hypothesized as a potential failure mechanism by the Panel in section 4.34. Commensurate

effort was devoted to detecting the presence of pre-shearing in foundation soils within the breach.

Pre-shearing in stiff, clayey soils manifests as a thin (@ few millimetres to a few centimetres) zone with slickensides—
shiny surfaces polished by shearing—on both sides of the zone or within it. These surfaces are continuous and
traceable between borings, often along bedding. While detailed logging did show some small, discontinuous
slickensided surfaces at random orientations, an expected condition in stiff clays, no continuous surfaces common
to multiple borings were found. In this respect, the Panel’s investigation at the breach corroborated the more

general conclusion of the 2011 site investigation.?

Even so, the Upper GLU exhibited other signs of shearing inside but not outside the breach. For example, Figure 5.2.8
compares the Upper GLU for these two locations.
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FIGURE 5.2.8 UPPER GLU (a) INSIDE THE BREACH, (b) OUTSIDE THE BREACH

The thinly laminated, planar varving outside the breach contrasts sharply with the contorted and folded laminations

within it. This is consistent with shearing of the Upper GLU having occurred within the breach.

Additionally, CPT tip resistance qg; in the Upper GLU varies systematically. Drawings D19 and D20 in Appendix D
show that average g inside the breach is only about one-third to two-thirds of that outside of it (inferred sensitivity
of 1.0 to 3.0), reflecting the effects of remoulding attributable to shearing. Hence, both visual inspection and CPT
data indicate that the failure produced shearing in the Upper GLU. This, together with its less favourable properties
summarized in Table 5.2.1, identifies the Upper GLU as the location of the failure surface in the analyses to be

presented in section 6.
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5.2.8 COMMENTARY

The key findings of the subsurface investigations with regard to the failure mechanism can be summarized

as follows:

«  The Upper GLU can be distinguished as a distinct foundation unit based on its water content and
other properties.

«  The failure occurred within varved silts and clays of the Upper GLU.

«  Thereis no indication of pre-shearing in these or other foundation soils.

«  Stratigraphic variability reflects a complex geologic environment and depositional history.

Beyond these immediate findings lie other insights that concern characterization of the GLU during the design

process. These are summarized below:

«  The discontinuous Upper GLU stratum, the seat of the failure, was infelicitously situated at the worst possible
place in the dam foundation.

«  Thetype and extent of pre-failure site investigations were not sufficient to detect this stratum or identify its
critical nature.

«  The strength behaviour of the GLU was misinterpreted.

The first two of these points are evident from the material presented above. The third requires explanation.

From the outset, the stiffness of GLU materials in the Main Embankment foundation was recognized and attributed
to overconsolidation. In response to a review comment by the Ministry of Energy and Mines (MEM), KP obtained
samples of GLU materials at the Main Embankment in 1995.# Commenting on the characteristics of these soils, KP

made the following observations:

Two additional Shelby samples were recently collected (May 16, 1995) during the soil investigation survey. These samples
were obtained from the glaciolacustrine sediments and have confirmed that the foundation materials consist of dense,
overconsolidated materials. In fact, it was extremely difficult to insert the Shelby tubes in the field and it was not possible
to extract the undisturbed samples from the tubes in the laboratory.. It is unlikely that any significant pore pressure

development will occur in these materials during construction of the embankment.

KP concluded that no significant pore pressures would develop, but did not directly relate this to the effective-stress
strength properties its stability analyses adopted. This connection was made explicit much later in AMEC's 2011
Geotechnical Site Investigation.
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Among other things, the AMEC report compiled all available data for Liquidity Index (LI) at the Main Embankment,
a laboratory parameter that can be correlated to preconsolidation pressure o'p. The report noted that a number
of GLU samples had low LI values near zero, some of them even negative, pointing again to the overconsolidated

condition of the GLU. Elaborating on the strength interpretation this supported, the report went on to say:

Moreover, for heavily overconsolidated soils with high fines contents (such as the GLU) that will shear in an undrained
manner due to low hydraulic conductivity, the undrained shear strength will typically exceed the drained shear strength,

owing to negative shear-induced pore pressure.
Thus, undrained strength could be disregarded for the GLU, with drained (effective-stress) strength applicable instead.

Review of the AMEC data calls into question the premise of this conclusion. While most of the LI values were indeed
low, fully one-third of them were equal to or greater than 0.5. This means that significant portions of the GLU beneath
the Main Embankment were not so heavily overconsolidated. From published correlations,® the Panel estimates that
o'p for these higher LI values ranged from about 250 to 575 kPa, quite similar to the range for the Upper GLU at
the breach from Table 5.2.1. These o’ values correspond to an average OCR of only about 3, given the loading

conditions of the catalogued samples, insufficiently high to warrant neglecting undrained strength.

But more than this, the assessment did not account for stress history—how these loading conditions varied at

different locations beneath the dam or how they would change over time. Stage 7 of the Main Embankment had

just been completed at the time of 2011 site investigation. The Panel The key factor that went
estimates that normally consolidated conditions (OCR=1) had already unrecognized was that

been reached beneath the crest of Stage 2 years before and would undrained strength behaviour
continue to propagate outward beneath the slope as the dam grew would unequivocally

higher. The key factor that went unrecognized was that undrained control for these normally
strength behaviour would unequivocally control for these normally consolidated conditions.
consolidated conditions.

The same effect, equally unrecognized, would occur at the Perimeter Embankment breach section. Normally
consolidated conditions, and the governing undrained strength accompanying them, would first develop beneath

the crest during Stage 5 and continue to spread thereafter. This would set the stage for much that followed.
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ADVANCED LABORATORY STUDIES
INTRODUCTION

A distinction can be made between routine and advanced laboratory studies. Routine laboratory studies are
performed as part of the description and classification of materials encountered in a site characterization studly.
Routine laboratory studies undertaken in this investigation have been reported as part of the description of materials
identified in the site characterization investigation (see Appendix D). Advanced laboratory studies are undertaken to
aid in the explanation of the physical response of a soil to loading. Important responses are the reduction in volume
of a soil when loaded, reflected by consolidation testing, and the ultimate resistance of a soil specimen, as measured

by a variety of shear strength tests.

SAMPLING

The joint site investigation, summarized in section 5.2, concentrated on the ground conditions adjacent to the breach
that would have been affected by the ground movements. The Panel-directed investigation concentrated on the
ground conditions adjacent to the disturbed zone in order to provide the opportunity to inspect soil conditions that
would not have been affected by the ground movements. Obtaining undisturbed samples for both inspection and

advanced laboratory studies was an integral objective of this investigation.

Obtaining undisturbed samples requires pushing a thin-walled sampler into the ground. Given the conditions
encountered, this was not a straightforward exercise. The till contains numerous rocks, and even the fine-grained

glaciolacustrine (GLU) deposits contain gravel-sized pieces, most likely deposited during melt of ice rafts.

The inventory of samples that were potentially useful for undisturbed sample testing is tabulated in Appendix E.
All samples were subject to scanning at FP Innovations at the University of British Columbia (UBC). This facility can
undertake both X-ray and CT scanning on large items. Both digital radiography and CT scans were completed on
all sample tubes. Observation of internal disturbance, voids or natural structure aided in the quality control. The
horizontal CT scans ultimately proved best to determine complex interlayering and to detect voids. Figure 5.3.1
displays a sample of till (MR14-104-SA8) that exhibits significant sample disturbance, together with a sample of the
GLU (MR14-106E-SA3) that shows internal structure with minimal disturbance. Scans performed on the inventory of
samples obtained are included in Appendix E.
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FIGURE 5.3.1: CT SCAN/TILL/GLU

TILL SAMPLE (MR14-104-SA8)
DEPTH: 11.4 TO 12.0 M/ EL. 920.3 TO 919.7 M

UPPER GLU SAMPLE (MR14-106E-SA3)

DEPTH: 8.2 TO 8.8 M/EL.920.5TO 919.9 M
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5.3.3 OEDOMETER TESTS

Oedometer tests are used to study the reduction in void ratio (porosity),

! ) _ . ) i The data reveal that these
with applied load simulating the construction of the embankment in
. ) deposits are not highly
stages. The change in curvature of the settlement response provides a

N L : L overconsolidated and that
base for estimating the preconsolidation pressure of the deposit, which is
: ) L ) the pressure to be applied
the maximum pressure experienced by the deposit in its geological past.

. . - i , by the embankment will
The technique is illustrated in Figure 5.3.2 for both a till specimen and a

) - i exceed the preconsolidation
GLU specimen. Till is fundamentally less compressible than the GLU, and
_ ) _ ) pressure, creating normally
the technique to estimate preconsolidation stress has greater uncertainty.

consolidated conditions.
The data reveal that these deposits are not highly overconsolidated

and that the pressure to be applied by the embankment will exceed
the preconsolidation pressure, creating normally consolidated conditions. Normally consolidated conditions are
conducive for the soil to behave in a contractive manner when subjected to both vertical pressure and shear.

44 Independent Expert Engineering Investigation and Review Panel | January 30,2015

MCEA Comments Ex. 06



5 | Panel Observations

FIGURE 5.3.2: PRECONSOLIDATION STRESS EFFECT FORBOTH TILL AND GLU
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Preconsolidation pressure can also be inferred from the CPT testing
conducted as part of the Panel’s site investigation. Again, only modest
preconsolidation stresses have been determined. A comparison
between the results obtained from the field tests with those obtained
from the oedometer tests is shown in Figure 5.3.3, and the agreement
is acceptable. As the embankment was raised to a stress level beyond
the preconsolidation stresses, the underlying GLU reverted to normally

consolidated behaviour.

FIGURE 5.3.3: PRECONSOLIDATION PRESSURE WITH ELEVATION
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The data from oedometer tests are presented in Appendix E, including information on the coefficient of
consolidation that reflects the rate of pore pressure dissipation on loading. Figure 5.3.4 provides an example
of this response. The significant reduction in this value in the GLU at pressures in excess of the preconsolidation

stress is noteworthy.
FIGURE 5.3.4: VARIATION OF COEFFICIENT OF CONSOLIDATION WITH APPLIED VERTICAL STRESS
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5.3.4 DIRECT SIMPLE SHEAR (DSS) TESTS

The subsurface characterization has inferred a sub-horizontal shear zone at about El. 920 m. The strength along
this zone is best evaluated by DSS tests, which provide the ratio of undrained strength S to effective vertical
consolidation stress o', or simply the undrained strength ratio. Tests on specimens from the GLU unit that reflect
the shear zone at about El. 920-921 m are particularly relevant to the stability analyses that are discussed in section 6.
Accordingly, the test program has been extensive, varying initial confining stress and initial shear stress. Testing with
an initial shear stress (i.e,, stress bias) is intended to explore the influence of a stage-constructed embankment that

induces shear stresses in the ground prior to failure.

Another important feature exhibited by this test program on GLU specimens is a decline in resistance following its
peak. This is called strain weakening. An example of a test exhibiting strain weakening is shown in Figure 5.3.5.
As will be discussed, the presence of strain weakening contributes to understanding of the sudden nature of the
breach mechanism. Table 5.3.1 summarizes test characteristics and results from the DSS test program. Complete

test results, with a brief description of test methodology, are presented in Appendix E.
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TABLE 5.3.1: SUMMARY OF DIRECT SIMPLE SHEAR (DSS) TEST RESULTS

R ELEVATION | INFERRED PANEL | WATER CONTENT PLASTICITY VERTICAL SHEAR PEAK UNDRAINED
(m) SOIL UNIT (%) INDEX STRESS (kPa) BIAS STRENGTH RATIO
14-106A
0,
Sa1C-T1 UPPER GLU 43 31 600 0% 0.22
14-106A
0,
Sal1C-T2 9211 UPPER GLU 37 31 600 10% 0.23
14-106A
0,
Sal1C-T3 921.1 UPPER GLU 38 31 600 20% 0.26
14-106A 0
Sa1C-Ta 921.1 UPPER GLU 33 31 300 20% 0.28
14-106C
0,
Sa1B-T1 921.2 UPPER GLU 44 33 600 30% N/A
14-106C
0,
Sal1B-T2 921.2 UPPER GLU 43 33 600 25% 0.27
14-106C 0
Sa1B-T3 921.2 UPPER GLU 39 33 600 10% 0.21
14-106G
0,
SA2B-T1 9209 UPPER GLU 44 21 600 10% 0.21
14-106G
0,
SaB-T2 920.6 UPPER GLU 38 21 600 20% 0.26
14-107 0
Sa6C-T1 921.5 UPPER GLU 44 23 300 10% 0.27
14-107 0
Sa6C-T2 921.5 UPPER GLU 43 23 300 10% 0.25
14-107A
0,
Sa1A-T1 9209 UPPER GLU 43 34 600 0% 0.21
14-107A
0,
SalA-T2 921.0 UPPER GLU 42 34 600 0% 0.20
14;1;;7“ 916.3 LOWER GLU 26 15 600 0% 0.30
14-109 916.6 LOWER GLU 22 13 300 10% 042
Sa6B
14-110 916.3 LOWER GLU 21 15 300 10% 0.27
Sa6C
14-113 9229 UPPER TILL 13 7 300 10% 043
Sa4B
(no shear bias) 0.21
. L (10% shear bias) 0.23
Average Peak Undrained Strength Ratio in Upper GLU )
(= =20% shear bias) 0.27
overall 0.24
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FIGURE 5.3.5: DSS TEST: GLU WITH STRAIN WEAKENING
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5.3.5 TRIAXIAL COMPRESSION TESTS

Triaxial compression tests with pore pressure measurements have also been conducted, in part for the record,
and in part for use in stability analysis. The triaxial test data on till, together with the results from in situ
pressuremeter tests, were used to inform the judgment of the Panel on an appropriate value to be used in

the stability analyses.

Details of all triaxial tests are tabulated and presented in Appendix E.

5.3.6 DIRECT SHEARTEST

While not used directly on any of its analyses, the Panel undertook a direct shear test on a pre-cut specimen of the
GLU. This was primarily for the record, but afforded an opportunity for comparison with magnitudes adopted in
some phases of the design. The Panel’s measured residual strength of 16 degrees is at the lower end of the range

used by others. The data are found in Appendix E.

5.3.7 DESIGN BASIS TESTING

The design of the Perimeter Embankment did not rely on any deep sampling of its foundation. Hence, no
undisturbed samples were obtained, and no advanced laboratory tests were performed to provide data for purposes

of comparison.

5.3.8 JOINT INVESTIGATION

Advanced laboratory studies were also performed on samples procured during the joint site investigation. The tests
were not performed under the direction of the Panel, but are also included in a separate identifiable section within

Appendix E.
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5.4 DESIGN, CONSTRUCTION AND OPERATION

This section describes the historical and sequential development of the Mount Polley Tailings Dam. The Main
Embankment is included here along with the Perimeter Embankment to explain salient features and milestones
related to design, construction and operation. The dam was developed in stages designated 1 through 9 that are
treated in turn in the following discussion. At each stage, as-built cross-sections for the Main Embankment and for
the Perimeter Embankment at the breach location are used to portray the dam'’s progressive expansion.

5.4.1 STAGE 1: 1997 — 1998
FIGURE 5.4.1: STAGE 1 (a) MAIN EMBANKMENT (b) PERIMETER EMBANKMENT
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Design of the Main Embankment in May 19957 by KP established the direction for subsequent events. The overall
plan incorporated dam raises to El. 960, of which Stage 1 would be the first, as illustrated in Figure 5.4.1. With
planned raising by the “modified centreline” method,® the ultimate dam would rely on deposited tailings to provide
structural support for the core. Fill would consist primarily of glacial till borrow soils, with sand tailings obtained by
cycloning placed upstream of the core. The setting out line (S.O.L) provided the reference for dimensioning the
dam'’s fill zones and for stationing along its length.

Seismic criteria were based on a “low” consequence classification as defined by the Canadian Dam Association (CDA).
The minimum factor of safety (FS) for the downstream dam slope was taken as 1.3 during impoundment operation
and 1.5 at closure, design criteria that remained in effect for all subsequent raises. For the 2H:1V Stage 1 downstream
slope, an effective-stress analysis (ESA) showed FS = 143, thereby satisfying the operational requirement.

Glaciolacustrine (GLU) fine sands, silts and clays were recognized from the outset to be present in the Main
Embankment foundation. They were described as “typically dense to very dense and have been heavily
overconsolidated by glaciers,” with two samples confirming that they consisted of “stiff, overconsolidated materials."?
In a crucial interpretation of their behaviour that would be relied upon throughout, a Ministry of Energy and Mines
(MEM) query prompted KP to respond that “it is unlikely that any significant pore pressure development will occur
in these materials during construction of the embankment.”

Refinement of the Stage 1 design and its component Stages 1A and 1B continued as construction approached.
With encouragement from MEM's regulatory precursor, the Ministry of Employment and Investment, a narrow (1 m
wide) chimney drain was added," and four relief wells were installed in the foundation of the Main Embankment to
reduce uplift pressures acting on GLU layers. "2

In addition, the detailed Stage 1 design included a small dam only a few metres high to close off a topographic
depression west of the Main Embankment. Designated the Perimeter Embankment and shown in Figure 5.4.1(b), it
would grow with subsequent stages to itself become a substantial structure contiguous with the Main Embankment.
[t would also host the site of the breach.

Construction of Stage 1 was completed in March 1997. Glacial till (Zone S and Zone B) was sourced from borrow
excavations within the impoundment interior. The chimney drain materials (Zone F) were obtained by crushing,
as would remain the case for subsequent raises. Both materials were subject to Construction Quality Assurance
(CQA) testing. Vibrating wire piezometers were installed in both the embankment fill and foundation, with four of
the six foundation instruments indicating elevated pressures. In response, a new operational stability criterion was
established—an allowable ESA factor of safety of 1.1 at a trigger (action) level of 6 m of measured pressure head
above the ground surface. ™
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5.4.2 STAGE 2: 1998 — 2000

FIGURE 5.4.2: STAGE 2 (a) MAIN EMBANKMENT (b) PERIMETER EMBANKMENT
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Stage 2 was designed to be the first “modified centreline” raise. In the design, the core (Zone S) and chimney drain
(Zone F) were extended upward, while adding a new zone of what was intended to be mine waste rock (Zone C)
on the downstream slope and outward as a berm along the Main Embankment. > Another new feature for the Main
Embankment was a longitudinal drain, designated the “upstream toe drain,” on the upstream side of the core near the
crest of the raise. Its purpose was to allow drainage of the deposited tailings and reduce the embankment phreatic
surface. An additional seven relief wells ' and a relief trench were also included to reduce elevated foundation pore
pressures. For the design configuration of the Main Embankment, FS = 1.67 was computed for the downstream
slope, exceeding the minimum required value of 1.3."

The as-built configuration of the Stage 2 Main Embankment shown in Figure 5.4.2(a) differed from the design in
several important respects. The intended Zone C mine waste fill was not added to the downstream slope, and the
berm along the toe was not constructed. Rather than adhering to a “centreline” configuration, raise 2 utilized entirely
“upstream” construction. '® The same conditions prevailed for the Perimeter Embankment shown in Figure 5.4.2(b).
These as-built conditions were never reconciled with the Stage 2 stability analyses, which had been predicated on
the original design configuration.

Operational trials and test fills established the feasibility of using cyclone sand underflow upstream of the core
(Zone CS), and Stage 2 was the first to do so. A limited trial zone of cyclone sand would remain in the downstream
shell of the Perimeter Embankment at design Section D, but cycloning would later be abandoned for both
operational and economic reasons. '

In other operational matters, problems with the tailings pipeline system produced difficulties in maintaining the
required tailings beach, with water directly contacting the embankments in some places.”!
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5.4.3 STAGE 3: 2000 — 2001

FIGURE 5.4.3: STAGE 3 (a) MAIN EMBANKMENT (b) PERIMETER EMBANKMENT
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As Stage 2 was being constructed, efforts were underway to select materials for the upcoming Stage 3 and the
remainder of the dam. A series of design studies in 1999 and 2000 developed a variety of configurations and
options using cyclone sand?»? as well as a rockfill alternative.? Various combinations were considered for the
Main Embankment, the Perimeter Embankment, and the newly added South Embankment that would confine the

third side of the impoundment beginning with Stage 3.

In May 2000, MPMC requested approval from MEM for a Stage 3 design using only cyclone sand for the
Perimeter Embankment, with the Main Embankment raised using rockfill and the South Embankment with
glacial till.> This was changed, however, in April 2001, when MPMC requested MEM approval for yet a different
Stage 3 design using rockfill for the downstream Zone C in all three embankments. As shown by the as-
built configuration in Figure 54.3, this plan was ultimately adopted for Stage 3 using rockfill sourced from

aquarry.®

Despite the convoluted nature of the Stage 3 design process, an important milestone was that the Observational
Method was formally invoked as the basis for design.?” Thenceforward, each incremental raise was to be continually
re-evaluated during operations, based on measured data from the piezometers and two inclinometers installed
in July 2001. Putting this into effect, however, would have to wait. Not long thereafter, Mine operations were

suspended for economic reasons on October 13, 2001.%
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5.4.4 STAGE 4: 2005 — 2006

FIGURE 5.4.4: STAGE 4 (a) MAIN EMBANKMENT (b) PERIMETER EMBANKMENT
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After a hiatus of over 3 years, Mine operations resumed in February 2005. Design of the Stage 4 raise called for a
small cap on the Stage 3 crest extending over the tailings in an “upstream” configuration, together with Zone C
rockfill on the downstream slope. Also included in the design was a rockfill buttress on the downstream slope of

the Main Embankment to increase the factor of safety to 1.5 in anticipation of closure requirements.

As illustrated in Figure 5.4.4, only the cap was constructed in Stage 4 without any additional rockfill on the
downstream slope, resulting in another “upstream’-type raise.*® In constructing this raise, trial programs pioneered
the use of hydraulic-cell deposition of tailings for the upstream Zone U, a practice that continued throughout

construction.

Separately, operational problems in maintaining the required tailings beach continued, with water directly against

the embankment in several areas.?'

Renewed operation brought renewed queries from MEM concerning the glaciolacustrine foundation materials.
One concerned the characteristics and effects on dam stability of softer GLU deposits at groundwater well
GW96-1A downstream from the Perimeter Embankment.> In response, KP cited borrow area test pits and auger
borings as confirming that “the glaciolacustrine deposit encountered in GW96-1A is a discontinuous unit and

will not adversely affect the dam stability.”*

The breach subsequently occurred 300 m due west of GW96-1A.
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5.4.5 STAGE 5: 2006 — 2007

FIGURE 5.4.5: STAGE 5 (a) MAIN EMBANKMENT (b) PERIMETER EMBANKMENT
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The Stage 5 design once again incorporated the downstream Zone

It was planned to place
C rockfill that had been deferred in previous stages, and this time it P P

the Zone C outslope to an
was built. But since the material would now be sourced from mine P

) ) ) ) “interim” 1.4H:1V inclination—
waste rather than quarried, mine production and delivery had to be

. ) rather than the design basis
accommodated.** Due to related restrictions, it was planned to place

. N 2.0H:1V—as a temporary
the Zone C outslope to an “interim” 1.4H:1V inclination—rather than
) ) ) o expedient until mine waste
the design basis 2.0H:1V—as a temporary expedient until mine waste

delivery could catch up with
delivery could catch up with construction. The steeper slope would y P

construction.

be expanded and flattened to 2.0H:1V “once the embankments have

reached the Stage 5 design elevation."* An ESA factor of safety of 1.5
was reported for the steeper interim slopes of the Main Embankment and 1.9 for the Perimeter Embankment.

Stage 5 construction proceeded from Stage 4 in a continuous, uninterrupted campaign and was completed in
November 2007. But instead of rectifying the interim steep slopes at this time as had been intended, such measures

were left to future stages of embankment raising.*

Stage 5 saw the first substantial enlargement of the Perimeter Embankment, with widening of the crest and
expansion of the downstream Zone C rockfill as shown in Figure 5.4.5(b). At the same time, an upstream toe

drain was added to complement the companion drain already installed at the Main Embankment.

Operationally, chronic problems with maintaining the tailings beach continued, with procurement of enough

tailings pipe to traverse the entire embankment perimeter now the anticipated solution.®

The year 2006 marked the 10-year interval for the mandatory third-party Dam Safety Review (DSR), which was
prepared by AMEC.*® The most salient aspects of this report concern its assessment of foundation strength and
related dam stability. Shear failure of the dam slope, including failure through the foundation, was first on a list of

potential failure modes applicable to the Mount Polley dam in relation to “excessive loading at or near the crest or

a weakness in the foundation.” Noting the apparent overconsolidation

of the glaciolacustrine materials, the report identified two conditions The Dam Safety Review

of particular interest: the possible presence of pre-sheared planes of contained no mention of

weakness, and the potential for “brittle” response involving strength the behaviour of foundation

loss at small strains. The DSR contained no mention of the behaviour of materials in undrained shear.

foundation materials in undrained shear.
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The DSR also remarked on the lack of a tailings placement strategy that had impeded systematic development
of a tailings beach for so long, calling lack of such a beach a “deficiency” and noting that the dam had not been

designed as a water dam.

Shortly after the DSR was submitted, at MPMC's request, AMEC produced a follow-up report that reviewed several
possible optimization measures for the TSF.3* One measure was to reduce the width of the core to as little as 3 m
to 4 m. Another was to eliminate the uppermost 1T m of the dam core, since this part of the crest “only provides

freeboard.”

The optimization report also questioned the need for the Main Embankment buttress first proposed for Stage 4
and partially constructed for Stage 5. It concluded that foundation strengths used previously would result in
adequate stability without a buttress. The only proviso was the potential for pre-sheared planes of weakness in the

foundation, a question that remained outstanding from the DSR.

With the water balance “fine tuned to an accuracy that is in the range of centimeters” in terms of impoundment
water elevation, the report proposed that the wave runup allowance, and therefore freeboard requirements, could
be reduced. Remarking on beach development, it further stated that unless water was deep enough to affect
stability of the Zone U tailings, there was “no rush” in developing a beach along the Main Embankment to correct
the deficiency identified in the DSR.
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5.4.6 STAGE 6: 2007 — 2011

FIGURE 5.4.6: STAGE 6 (a) MAIN EMBANKMENT (b) PERIMETER EMBANKMENT
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The Stage 6 design for the Main Embankment incorporated two components: an additional 7 m of fill on the crest, and
a Zone C rockfill buttress at the downstream toe. The Zone S core was reduced from its former 8 m width to 5 m on the
basis of the effectiveness of the upstream toe drains in lowering the phreatic surface and gradients within the core.*
Stage 6 also introduced the practice of raising the Zone S core, the thin Zone F filter, and the equally thin Zone T transition

in an intricate zigzag configuration.

The Main Embankment buttress, first included in the Stage 4 design but never fully constructed, was an outgrowth of
two factors. First was the effect on stability of the “interim” 1.4H:1V slopes that had persisted since Stage 5. Second were
the foundation strength interpretations put forward in the DSR. Stage 6 stability analyses adopted an estimated residual
strength of 24° for the GLU foundation materials at the Main Embankment to account for the possible presence of
pre-shearing. The resulting buttress produced an ESA factor of safety of 14, satisfying the FS = 1.3 design requirement
for operation.

The Stage 6 design sought to accommodate the limited mine waste delivery

) . ) But once again, the Stage 6
rates experienced in Stage 5—and the consequent slope oversteepening—

' ' ' buttress was not constructed
by extending construction over a 2-year period. Even so, the calculated

desi d, turni tt
FS = 14 for the Stage 6 Main Embankment indicated that the buttress would as designed, turning outto

. ) N . ) be about 5 m below its design
need to continue being raised in future dam stages, requiring more material.

height and short of its design
To make matters worse, KP noted that only non-reactive mine waste could 9 g

extent.

be used, further constraining available quantities and confirming buttress

construction as a continuing proposition. But once again, the Stage 6 buttress

was not constructed as designed, turning out to be about 5 m below its design height and short of its design extent.*!

None of these buttressing considerations pertained to the Perimeter Embankment. Residual strength parameters
were not applied to its foundation, and the resulting factor of safety of 1.7 required no enhancement according to the
FS = 1.3 criterion.

Elsewhere, beach deposition from the extended tailings discharge line had not been successful in preventing water
accumulation against the Main Embankment. This increased flows in the same upstream toe drain whose effectiveness

had been cited as justification for reducing the width of the Stage 6 core.*
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Meanwhile, follow-up related to the DSR continued. MEM requested that KP
) ) ) ) ) i Not recognizing that this
provide the results of its recommended direct shear testing, which essentially
i _ strength might indeed be the
confirmed the Stage 6 design ESA factor of safety.* # But beyond this was
] ) ) ) ) operational strength under
another item in KP's response that marked a milestone in two fundamental
) ) ) ) static loading conditions, KP
respects. For the first and only time during the design process, an undrained
] , ] concluded that “there is also
strength analysis (USA) was performed. This was also the only instance that fﬁ P g H
sufficient undrained strengt

the foundation clay behaviour would be taken as other than that of stiff J
) ) ] ) i in the lacustrine unit for
and highly overconsolidated material. Using a typical Su/ov/, of 0.25 for soft,
: the embankment to remain
normally consolidated clays, KP found a USA factor of safety of 1.1 for the
) o ) i ) stable.” This conclusion would
Stage 6 configuration. Not recognizing that this strength might indeed be
] ) ) B henceforth never be called
the operational strength under static loading conditions, KP concluded
into question.

that “there is also sufficient undrained strength in the lacustrine unit for the

embankment to remain stable.” This conclusion would henceforth never be

called into question.

Operation of Stage 6 throughout 2009 and 2010 highlighted other matters. In 2009, movements in the GLU recorded
at Inclinometer SI01-02 resulted in expanding the Main Embankment buttress in the immediate area. This proved to be
effective in arresting further displacements.* By 2010, the buttress had been extended along the west side of the Main
Embankment, but still remained to be completed along its entire length.“® In another development, a tension crack
appeared at the downstream edge of Zone C at Sta. 3+400 of the Perimeter Embankment. Although interpreted to be an

artifact of near-surface movement, a follow-up stability assessment was nonetheless recommended.

Inadequate tailings beach development along the Main and South Embankments was flagged yet again, this time in
an MEM inspection. Noting that an above-water beach was a requirement of the design, the inspector considered its
absence at the southeast corner of the Main Embankment to be a “Departure from Approval” and ordered that a beach
be “re-established as soon as possible in this area to meet the design objectives.”"
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5.4.7 STAGE 7: 2011 — 2012

FIGURE 5.4.7: STAGE 7 (a) MAIN EMBANKMENT (b) PERIMETER EMBANKMENT
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In 2011, the Engineer of Record (EOR) responsibilites were transferred from KP to AMEC, and with them the design
of Stage 7 for a height increase of 2.5 m. No new Zone C fill would be added to flatten the downstream slope,
and no buttress expansion would be conducted. Continuing the stability analysis protocols from Stage 6 and
the 2006 DSR, AMEC found that the ESA factor of safety using residual strength for the foundation GLU was
unchanged from the Stage 6 value of 1.4 for the Main Embankment. Similar conclusions applied to the factor

of safety for the Perimeter Embankment.

The same year also saw the completion of the 2011 Geotechnical Site Investigation, the first major foundation
exploration program since Stage 1. It consisted of 11 sonic drillholes, with piezometers installed in each, plus
three new inclinometers.* Emphasis was on definitively evaluating the DSR hypothesis that the glaciolacustrine
foundation soils might contain pre-sheared planes of weakness and the operative residual strengths that would

accompany them.

Careful inspection of recovered core revealed no indications of slickenside features and no evidence of pre-shearing.
Thus, residual strengths need no longer be considered. Neither, it was concluded, did these conditions indicate

that the 2010 crack in the Perimeter Embankment was attributable to weak soil conditions in the area.

With respect to stress history, the 2011 report further concluded that the GLU was overconsolidated, consistent with
previous interpretations. The softer conditions in monitor well GW96-1A adjacent to the Perimeter Embankment
that MEM had questioned in 2005 were said to be “not of significant concern in this instance as the drillhole location
is approximately 140 m further downstream from the current toe of the dam.” In fact, the report said, “based upon
available information, foundation conditions along the Perimeter Embankment appear more favourable than

those along the Main Embankment” in terms of the presence and extent of clay-rich zones within the GLU.

At the Main Embankment, piezometers were installed generally beneath the buttress where measured pore
pressures would be reflective of additional fill. This was not the case at the Perimeter Embankment, where all of the
new piezometers were located 15-20 m from the downstream toe. Similarly, Inclinometer SI11-04 installed during

the program was 15 m away.
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5.4.8 STAGE 8:2012 — 2013

FIGURE 5.4.8: STAGE 8 (a) MAIN EMBANKMENT (b) PERIMETER EMBANKMENT
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Stage 8 was initially designed as a 3.5 m raise, then increased to 5 m with

' . Flattening of the Stage 5
an accelerated construction program. It would change to conventional

/H H ”
) SV S . -, interim” oversteepened
centreline” raising from the previous “modified centreline” that had P

progressively shifted the raises upstream. Stage 8 fill was added only slope to 2H:1V was deferred

to the crest of Stage 7 Main Embankment,*® " while the Perimeter yet again—not until
Embankment was widened as well. But in both cases, flattening of completion of Stage 5 raise
the Stage 5 “interim” oversteepened slope to 2H:1V was deferred yet as first proposed, but this
again—not until completion of Stage 5 raise as first proposed, but this time until completion of
time until completion of the entire dam. the entire dam.

In evaluating the stability of the steepened slope, AMEC returned to
the peak-strength interpretation for the GLU materials based on the findings of its 2011 field program. For a peak
effective-stress friction angle of 28° the ESA factor of safety was found to be a barely adequate 1.31° for the
Main Embankment.

The 2011 investigation showed the GLU materials at Section D of the Perimeter Embankment to be deeper than at
the Main Embankment. In stability analyses at Section D near the breach, the critical failure surface did not reach
the GLU and remained within the overlying foundation till, producing a much higher factor of safety of 1.77.

The larger issue of what minimum factor of safety should be required was addressed in a September 19, 2012
communication from MEM to MPMC that deserves to be quoted at length:

The factor of safety for the main embankment is only marginally above the short-term design criteria of 1.3.. AMEC has
interpreted Table 6-2 from the 2007 Dam Safety Guidelines somewhat differently than | have seen in the past. This table
recommends a minimum factor of safety of 1.3 at the end of construction and ‘before reservoir filling’ and a factor of safety
of 1.5 at the normal reservoir level! AMEC has interpreted the construction period as the entire pre-closure period, and this
is open to debate. However, | consider that sufficient mitigation measures are in place (i.e, piezometer trigger thresholds)
to support this more liberal interpretation in this instance.>

Although questioning AMEC's interpretation of the Dam Safety Guidelines, MEM was prepared to accept FS = 1.3,
but only in conjunction with the Observational Method.

In other matters, the recurring problem of tailings beach development was not directly addressed in the 2012
inspection report, but an airphoto showed no tailings beach over approximately 40% of the impoundment
perimeter.** The report also noted that seepage had been present at the toe of the Perimeter Embankment
near the breach section and that it had moved from previous years. Based on interviews with MPMC personnel,
the Panel believes that the likely source of the apparent seepage was actually a buried outlet of the upstream
toe drain. ¢
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5.4.9 STAGE 9: 2013 — 2014

FIGURE 5.4.9: STAGE 9 (a) MAIN EMBANKMENT (b) PERIMETER EMBANKMENT
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Stage 9, whose construction was being completed when the breach occurred, encompassed a period of intense
activity with a number of seminal events in the months, weeks and days preceding the failure. While AMEC
remained the EOR until the planned completion of Stage 9 to El. 970, BGC would officially become the EOR
beginning with construction of the planned Raise 10. Consequently, 2013 to 2014 was also a period of transition,

with overlap in activities, if not responsibilities.

AMEC's April 11,2013 design for Stage 9 planned a substantial 6.5 m height increase by adding fill to the crest of
Stage 8. Retaining the peak-strength interpretation for the GLU foundation materials, AMEC found that raising
the Main Embankment buttress to El. 925 m would be needed to nominally achieve a minimum ESA factor of
safety of 1.3.%7

Commenting on the implications of this value, MEM's remarks on July 29, 2013, echoed its previous concerns:

The stability analyses indicate that the FOS for the ‘Main Embankment’ only marginally achieves the short term CDA
design criteria of 1.3. ... Previous correspondence from MEM has highlighted the difference in interpretation of the CDA
Guidelines. AMEC has considered the construction period to be the entire ‘pre-closure” period while CDA Guidelines,

Table 6-2 recommends a minimum FOS of 1.3 ‘before reservoir filling,’ and a FOS of 1.5 at the ‘normal reservoir level.

MEM requires a commitment from Mount Polley that they are moving toward increasing these FOS for the main
embankment as part of subsequent dam raises in an effort to move toward achieving a long term FOS equal to 1.5. It is
expected that Mount Polley will continue their transition to centerline construction and provide additional buttressing

with time. 8

This marked a major changein direction. Afactor of safety of 1.5, not 1.3,
) o ) This marked a major change
would become the governing criterion. Moreover, buttressing could

) in direction. A factor of safety
no longer be deferred for either embankment. A factor of safety of c b
of 1.5, not 1.3, would become
1.58 had been calculated for Section D of the Perimeter Embankment, X
the governing criterion.
once more unaffected by the GLU foundation materials. But even this 9 9

value was approaching the new minimum of 1.5 that MEM was now

aiming to enforce, and buttress preparation needed to begin.

By the end of the 2013 construction season, pre-stripping for a buttress around the Perimeter Embankment had
been completed, including the area of the breach section.*® In a Panel interview, the contractor who performed
the work stated that portions of this area remained open at the time of the breach,® an assessment confirmed
by MPMC. 6"
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Meanwhile, attention was turning to longer-term prospects for continued dam raising, and the outlook was not
good. BGC made explicit the connection between the structural limitations of the dam and the ever-growing

volumes of surplus water it was being called upon to contain. In a June 18, 2013 memorandum, it stated:

A continuous beach along the complete upstream length of the dam is the design requirement necessary for dam
stability and needs to be achieved moving forward regardless of the final targeted crest elevation. The current water

pond surplus does not allow for the development/maintenance of above-water beaches. %
It elaborated on this topic a month later, on July 25, 2013:

An above-water tailings beach separating the till core from the reclaim water pond constitutes a fundamental design
element of the dam. Without a wide above-water beach, the MPMC tailings dam is effectively being operated as a
water-retaining dam, with the water pond effectively in direct contact with the till core, separated by only a narrow

zone of tailings or waste rock. %*

During the ensuing months, this chronic water-surplus problem would

- For years, dam raising had
become acute. For years, dam raising had managed to stay one step y 9

ahead of the rising water. But on May 24, 2014, the water caught up. managed to stay one step
ahead of the rising water. But
on May 24, 2014, the water

caught up.

With Stage 9 nearing completion, what was described as “seepage

flow” was observed over the dam core.® Intensive surveillance and

construction activity over the following days and weeks succeeded

in raising low areas around the embankment perimeter, restoring

containment integrity, and saving the dam from overtopping failure.

As the gravity of the water problem was becoming apparent, so was the consequent necessity of dam raising
beyond Stage 9. MPMC required some estimate of future dam footprint so that prerequisite stripping of
additional areas could commence immediately. BGC responded on October 22, 2013, with a memorandum that
outlined an approach to dam raising that resurrected the residual-strength interpretation for GLU, while at the

same time establishing new factor of safety criteria conforming to MEM's 2013 directive.

This approach was formalized in BGC's design report for Stage 10 issued on July 25, 2014, just eight days before
the breach.®” The proposed raise would achieve a minimum FS = 1.5 for the Main Embankment using peak
effective-stress strength for the GLU and full dissipation of load-induced pore pressures. But this new design

philosophy would go one step further.
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Notwithstanding AMEC's 2011 subsurface investigation, a “more conservative” approach would be taken by
allowing for the possibility of brittle behaviour or pre-shearing in the GLU. This would apply an additional
criterion of FS = 1.1 using residual strength in the GLU for what was characterized as a “reasonable worst-case
scenario.” So the residual-strength interpretation was now reintroduced after first being suggested in the 2006

DSR, adopted in design of Stages 6 and 7, then abandoned in design of Stage 8.

The BGC report also commented on the application of the Observational Method to these conditions. Citing its
chief progenitor Ralph Peck, the report recognized that this design strategy requires preplanned actions to deal
with “every unfavourable situation that might be disclosed by the observations.”® But it also acknowledged
that any brittle behaviour detected by the instrumentation would result in strength reduction too rapid to
recognize and respond to. Hence the need, it said, for the minimum FS = 1.1 and its associated residual strength

interpretation as a contingency. As a result, the existing buttress on the Main Embankment would be raised,

and a new buttress about 8 m high would be added to the

Perimeter Embankment. This was to include what would In a final irony, the Stage 10 buttress

become the area of the breach was scheduled for construction on

the Perimeter Embankment in late

In a final irony, the Stage 10 buttress was scheduled for 2014 or early 2015. Had it been in
construction on the Perimeter Embankment in late 2014 or place on August 3, 2014, the dam
early 2015. Had it been in place on August 3, 2014, the dam would have survived.

would have survived.
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FIGURE 5.4.10: DAM CONFIGURATION ON AUGUST 3, 2014. (a) MAIN EMBANKMENT (b) PERIMETER
EMBANKMENT AT BREACH SECTION
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5.410 COMMENTARY

The preceding account is in many ways a story of too little, too

The preceding account is in man
late. From the beginning, dam raising proceeded incrementally, P 9 v

! ) ) ) ways a story of too little, too late.
one year at a time, driven by impoundment storage requirements

From the beginning, dam raisin
for only the next year ahead. More reactive than anticipatory, 9 & 9

B , , proceeded incrementally, one year
there was little in the way of long-term planning or execution.

at a time, driven by impoundment
This was most clearly displayed by the absence of an adequate yimp

) storage requirements for only the
water balance or water treatment strategy, and the overtopping

next year ahead.

failure that nearly resulted. Moreover, the related absence of a

well-developed tailings beach violated the fundamental premise

of the design as a tailings dam, not a water-storage dam.

The same problem was apparent in production and scheduling for mine waste used in dam construction. The
design was caught between the rising water and the Mine plan, between the imperative of raising the dam and
the scarcity of materials for building it. Something had to give, and the result was oversteepened dam slopes,
deferred buttressing, and the seemingly ad hoc nature of dam expansion that so often ended up constructing
something different from what had originally been designed.

Ultimately, the tortuous, incremental nature of this process, and the constraints under which it was conducted,
caused it to lose sight of basic precedent. With a slope steepness ordinarily reserved exclusively for rockfill dams on
sound rock foundations, the Perimeter Embankment at the breach section was allowed to reach a height of almost

40 m with an unbuttressed downstream slope of 1.3H:1V.

Not just the design process but also the design itself had shortcomings. Even if not contributing directly to the
failure, some design details were problematic. Already thin to begin with, reducing the core width from8 mto 5 m
made it even more vulnerable to differential settlement and cracking. Both the filter and transition zones were just
1 'm wide, placing great demands on their performance. Yet in a sampling of as-placed Zone S filter gradations,
the Panel found that 30% were too coarse to meet the D15<0.7 mm filter criterion and 70% had internally unstable

grading,®*7° with only about 25% satisfying both filter and internal stability requirements.
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There were ambiguities in the governing factor of safety, adapted from CDA Guidelines never intended for tailings
dams. An FS = 1.3 design criterion using peak effective-stress strength left little margin for error, and trigger-level
factors of safety for critical piezometric conditions were even lower at 1.1. Such values may have made it easier to
rationalize the departure from slope precedent, but harder to gauge just how closely dam raising was approaching
the edge of the cliff.

There was an oversimplified conception of the complex stratigraphy of the glacial deposits described in section 5.2.
An Upper GLU unit had been encountered in groundwater well GW96-1A and a lower unit in sonic borehole
VW11-10. But only the lower unit was included in stability analysis of the Perimeter Embankment, and it had no
influence on calculated factors of safety. The possibility that the upper unit might be present beneath the Perimeter
Embankment was not accounted for in conceptualization of geologic conditions. More than this, its stress history

was much less favourable.

Yet the overarching problem, and the one the Panel finds most

troubling, is the failure throughout to adopt the appropriate The overarching problem, and

. . . . o the one the Panel finds most
undrained strength interpretation for the glaciolacustrine silts

. . . troubling, is the failure throughout
and clays in the foundation. These materials were assumed 9 9

. ) to adopt the appropriate undrained
everywhere to be stiff, and therefore overconsolidated, P Pprop

) . strength interpretation for the
although there was never any attempt to quantify their degree 9 P

S . ) laciolacustrine silts and clays in
of overconsolidation or stress history. And even if they were 9 4

the foundation.

overconsolidated to begin with, it was not recognized that the

increasing loads imposed by the dam as it grew higher would

eventually cause them to reach a normally consolidated state.

There is a fundamental difference in pore pressure behaviour between these two conditions and the undrained
strengths they produce. Overconsolidated clays are dilatant during undrained shearing. That is, they tend to increase
in volume, producing no positive pore water pressures. By contrast, normally consolidated clays are contractive
and do develop positive pore pressures. This difference in pore pressure response during shearing makes the
undrained strength of a normally consolidated clay lower than the same material in an overconsolidated state. But
the design did not account for the undrained strength that would pertain if the dam were to fail rapidly—which
proved in the end to be the case.
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Rather, the design was based exclusively on ESA in various forms using peak and residual strengths, all of which
neglected pore pressures that would develop in normally consolidated GLU during rapid, undrained shearing.
The design never incorporated an undrained strength analysis (USA), except in one instance. A USA performed for
Stage 6 using an undrained strength typical of normally consolidated clays produced a factor of safety of only 1.1.
But this was not seen to be the operative strength and was not considered further here or in subsequent stages. If
undrained strength behaviour had been properly understood and applied throughout, the outcome could have
been much different.

The Observational Method was invoked early on as the basis for design. This commonly accepted approach
uses observed performance from instrumentation data forimplementing preplanned design features or actions

in response.

But there were a number of problems in applying this strategy to the Mount Polley dam that are treated in the
following section. The first was simple geometry. The Observational Method relies on measuring the right things
in the right places. While this was comparatively easy over the 1,000 m length of the Stage 1 dam, it became
increasingly difficult as the length grew to 5 kilometres (km) by Stage 9. Nor could foundation instrumentation be
installed beneath the dam crest and slopes where piezometric data mattered most. The slopes were too steep to
be accessible, and few instruments installed on the crest could survive the near-constant construction there for
very long. As a result, the few piezometers and inclinometers at the Perimeter Embankment were too far beyond
the dam toe to produce critical data, and too far between to cover the area where the breach occurred.

Even more fundamentally, the piezometers as installed were only capable of measuring static (“water table”)
pore pressures and, if properly located, those induced by applied loads. But piezometers cannot measure pore
pressures induced by undrained shearing because the location of the failure surface on which to measure them

cannot be known in advance.

The remaining problem is that the Observational Method is useless without a way to respond to the observations.
Constructing buttresses and obtaining the necessary mine waste had been hard enough under ordinary
circumstances. Were the instruments to warn somehow of a rapidly developing failure, there would be no way to
respond in time to avert it. Hence, the Observational Method could not be relied on to determine the need for

buttressing, so the buttress would be required regardless.

This fact was belatedly recognized in the Stage 10 design just days before the breach—the final fateful instance of

too little, too late.
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5.5 INSTRUMENTATION AND MONITORING
5.5.1 PRE-BREACH MONITORING OF TSF

Geotechnical instrumentation was installed beginning with Stage 1 of Main Embankment constructionin 1996 and
early 1997. During the initial phase, the focus was on vibrating wire piezometers, survey monuments, drain flow
monitoring, and monitoring wells.”" The first inclinometers on the Main Embankment were installed in July 2001.
During the pre-breach period, instrumentation was installed at a total of 12 sections for the three embankments,
Main, Perimeter and South (see Appendix F, Drawing F1). Further details of the inclinometers, piezometers, and

drain flow monitoring during pre-breach monitoring are presented in Appendix F, Attachment 1.

A total of 10 inclinometers were installed after the start of operations. Of these, nine were still operating when the
failure occurred: six at the toe of the Main Embankment and three along the toe of the Perimeter Embankment.
One of the inclinometers along the Perimeter Embankment (SI11-04) was still being read, but was not reliable due
to “a compression failure”’? and had been replaced by Inclinometer SI12-04. Therefore, the Perimeter Embankment
had two reliable inclinometers.

Vibrating wire piezometers were installed during ongoing construction activities at the 11 sections shown
in Drawing F1. The last two sections (J and K) were added in 2011. As of August 2014, there were a total of 64
operating piezometers and 52 non-operating piezometers, of which 47 in the Main Embankment operated and
34 did not (see Appendix F, Attachment 1). Piezometers can fail not only due to instrumentation defects but also
due to construction damage to piezometer cables. For example, during Stage 4 construction from May 2005 to
October 2006, “22 piezometers were accidentally destroyed,” of which five were repaired.” In contrast, a number

of the piezometers installed in 1996 and 1998 were still operating in 2014.

Piezometers were installed in the dam foundation, in various embankment components, such as the upstream fill,
core, and downstream transition zone, in drains located in the embankment and foundation, and in the tailings

upstream from the embankment.
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The majority of the piezometers maintained steady pore pressures during 2014. Typical observations of piezometer

pore pressure readings during construction were:

«  Pore pressures in foundation piezometers typically increased due to fill placement and dissipated readily
following construction.

«  Pore pressures in piezometers located in embankment components (core and other downstream layers) and
drains were stable.

«  Pore pressures in tailings and upstream fill increased in response to the rising pool level.

«  Piezometers located near the upstream toe drains experienced less pore pressure increases than those near

the pond elevation.”

During the first phase of construction in 1996-1997, artesian pressures were observed in three of the six foundation
piezometers in the Main Embankment. This prompted the development of trigger levels, or action levels, for many
of the piezometers in the foundation and drains.”

As part of theirannual construction manual in 2012, AMEC developed the instrumentation trigger framework shown
in Table F.1.1,”° Appendix F. This framework is for all the inclinometers and the Main Embankment foundation
piezometers. The AMEC construction manual states that “embankment construction will be suspended if the
inclinometers or piezometers fall under the yellow or red condition described in the Table, and/or if embankment
foundation piezometer data indicates a significant increasing trend.” No corresponding trigger levels were
established for the Perimeter Embankment piezometers because “factor of safety values...are sufficiently high that

monitoring of piezometric trends, without defined trigger levels, is deemed sufficient .”””

Drain flow of the foundation drains and chimney drain was measured for the Main Embankment during the first
phase of construction. Flow measurements were also initiated when similar drains were installed in the Perimeter
and South Embankments. Upstream drains were installed in the tailings (also referred to as “upstream toe drains”’®)
at all the dams as they progressed in height, and these flows were also measured starting in 1996. Flows from these
drains report to the seepage collection ponds constructed downstream of each dam. These flows were measured
monthly (weather permitting) in a manifold for the Main Embankment and across ditch profiles close to the ends
of the outlet pipe for the Perimeter and South Embankments.” In Appendix F, drain flow readings are shown in

Figure F.1.2, and these results are further discussed.

Survey monuments were used from Stage 1 construction until about 2010 to measure surface movements of the

embankments. These were installed after completing the raise construction.
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5.5.2 PRE-BREACH MONITORING IN BREACH AREA

Locations of the inclinometers and piezometers in the breach area are shown in Appendix F, Drawing F2. In this
area, one reliable inclinometer was located about 300 m east of the breach. It was about 15 m to 44 m from the
toe of the embankment at the time of the failure. There were nine operating and 13 non-operating piezometers
along this section of the Perimeter Embankment. Locations of all the piezometers are shown in the sections in
Appendix F, Drawings F3 and F4.

The upstream toe drain in the tailings shown in Drawings F3 and F4 was located at El. 946.3 m. Seepage collection
elements for the upstream toe drain are shown in Drawing F4. Flows were conveyed along a drainage ditch to the

Perimeter Embankment seepage collection pond at the time of the breach.

5.5.3 PANEL KEY OBSERVATIONS

Section 5.2 clearly demonstrates that foundation conditions in the area of the breach were complex and that
the Upper GLU layer was not continuous along the full length of the Perimeter Embankment. The foundation
conditions assumed for the initial and ongoing design were based on only four drillholes deeper than 8 m, none
directly in the area of the breach. A sentinel control section was therefore not identified, and instrumentation
could not be installed to monitor this sentinel section.

Foundation piezometers could not be installed after the . .
Foundation piezometers could not

downstream slope was constructed at an angle of repose slope
P 9 P P be installed after the downstream

(1.3H:1V). Access to the slope was impossible, and piezometers
slope was constructed at an angle of

installed from the crest into the foundation would not have
. . repose slope (1.3H:1V).
been at the correct locations to measure increased pore

pressure below the advancing downstream slope. Piezometers

downstream from the dam toe (as at Section D) were too far The complex configuration of the
away from the slope to provide any useful information, as was internal embankment zoning made
also the case for the inclinometer. it very difficult, if not impossible, to

install replacement piezometers in a
The complex configuration of the internal embankment zoning . .

. . . . . . specific fill zone at a specific depth.
made it very difficult, if not impossible, to install replacement

piezometers in a specific fill zone at a specific depth. Most

piezometers were installed during the construction phases, and many were damaged during those stages.
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While some piezometers provided very useful information (e.g., the tailings piezometers provided pore pressure
values that could be applied to slope stability analyses), the Perimeter Embankment instrumentation overall could
not have provided any warning of the looming failure. Nor did it provide any monitoring relevant to the critical

failure mode.

It should be noted that if failure were to occur suddenly, deformation monitoring could not provide timely warning
and a more defensive design would be appropriate. The failure mode encountered here was sudden without any
surface evidence and is an example of this behaviour. In their design for the proposed Stage 10, BGC anticipated

this issue and recognized that a berm would be required for the Perimeter Embankment.
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5.6 WATER BALANCE
5.6.1 INTRODUCTION

A clear distinction can be made between the water balance actions and outcomes during the Phase 1 Active
Mining, the Care and Maintenance period and the Phase 2 Active Mining. Table 5.6.1 provides a summary of the
mining activities, the Mine areas and the water management operating conditions. Appendix G describes in more
detail the design objectives, water balance models and their implementation as well as observations found in the

TSF Annual Inspection Reports. The consequences of the operational conditions are presented in this section.

TABLE 5.6.1: MOUNT POLLEY MINE LIFE

YEAR ACTIVITY MINE PITS WATER MANAGEMENT
OPERATING CONDITIONS

1997 - 2001 Phase 1 Active Mining Cariboo and Bell Deficit

2001 - 2005 Care and Maintenance Neutral

Wight, Springer, Southeast

2005 - 2014 Phase 2 Active Mining Zone. Pond Zone

Surplus
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5.6.2 PHASE 1 ACTIVE MINING

From 1997 to 2001 MPMC mined the Cariboo and Bell pits. The area of disturbance in the mining area was quite
small and the overall TSF water balance was in a deficit. Water from Polley Lake and surface runoff on-site helped

to provide the annual operating requirements.

5.6.3 CARE AND MAINTENANCE

As a result of low copper prices, the Mine suspended operations from October 2001 to February 2005. A small
staff was maintained at the Mine and they managed the TSF water balance carefully, making sure that sufficient
freeboard was maintained. Towards the end of the Care and Maintenance period, mine development in preparation
for start-up was underway and surface water accumulated in the TSF. It was recognized at this time that plans

would have to be developed to discharge water to the environment.
5.6.4 PHASE 2 ACTIVE MINING

During the second phase of Active Mining, the footprint of the Mine was expanded to a total of four additional
pits and associated infrastructure and waste rock piles. MPMC and the designers knew that there was a surplus of
water in the TSF and that strategies had to be developed to discharge water. MPMC also understood the need for
permitted discharge from the TSF.

In 2009 MPMC prepared a report entitled Mount Polley Mine Technical Assessment Report for a Proposed Discharge
of Mine Effluent.® In this report, alternative discharge approaches were evaluated. The approach selected was
to apply for a permit to discharge water to Hazeltine Creek. A permit amendment was granted on November 7,
2012 that allowed the discharge of up to 1.4 million cubic metres (m?) per year of filtered water to Hazeltine Creek.
The maximum discharge is 35% of flow in the Creek and the window is April to October. In April of 2014 it was
estimated that only 170,500 m? total discharge was possible, due to constraints of permit requirements.

Discharging small amounts of extra water to Hazeltine Creek did not have a significant impact on the water
surplus. Permitting of a water treatment plant was pursued in late 2013 and the Terms of Reference for Discharge
was issued by the Ministry of Environment on March 26, 2014. Completion of treatment plant construction was

expected in September 2014 or later. This plant would allow total annual discharge of 3 million m?.
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5.6.5 WATER BALANCE AND TSF CONSTRUCTION

During the life of the Mine, two water balance models were used. The first was compiled by KP and was used from
start-up until about 2005. The second was based on a model modified by MPMC to account for the expanded
footprint of Phase 2 Active Mining. MPMC updated the water balance regularly with site-specific climatic and
operating data as well as bathymetric surveys of the TSF pool. The EOR reviewed the water balances throughout
operations except from 2010 to 2014. The Panel could not find any documentation explaining the reason for this
change in procedures.

The embankment of the TSF was raised on a regular basis, typically on an annual basis. The design engineers
used the outcome of the water balance calculations by MPMC to select the height of the increase. The overall
approach was well summarized by KP in 2005 in their report entitled Design of the Tailings Storage Facility to

Ultimate Elevation: ®

Each embankment raise will provide incremental storage capacity for approximately one-year of production. The
filling schedule incorporates sufficient live storage capacity for containment of runoff from the 24-hour PMP volume of
679,000 m’ at all times, which would result in an incremental raise in the tailings pond level of about 0.39 m, with an
additional allowance of 1 m for freeboard for wave run-up.

The water balance model included the site-specific information to the date of analysis, and future conditions were

based on average climatic conditions. They did not account for specific wet year conditions.

Figure 5.6.1 shows the accumulation of water in the TSF as determined from bathymetric surveys. The figure also
shows approximate volumes reported in the records for three dates (refer to Appendix G).
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FIGURE 5.6.1: WATER ACCUMULATION IN TSF
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5.6.6 OVERTOPPING IN MAY 2014

On Saturday May 24, 2014, a potential “dam breach” event occurred at the TSF as a result of a large rainfall,
approximately 24 mm in 24 hours, followed by ongoing rain. On Monday May 26 the water level was at El. 966.3 m,
which resulted in a freeboard of 0.7 m to the top of the constructed core at El. 967.0 m, as stated in the 2013 Annual
Construction Report (refer to Appendix G). The core was found to have a few low spots at 966.3 m (Corner 3),
966.4 m (Corner 2),965.5 m (Corner 5) and 966.2 m (at the pipe crossing on the Perimeter Embankment). Wet spots
and standing water were observed at Corner 3 and the pipe crossing, but no major erosion due to large flows
or direct seepage. All the low areas were addressed through emergency construction measures by Thursday,
May 29 when the pool water level increased to El. 966.45 m. The top of the Perimeter Embankment was increased
to El. 9673 m. All water collection systems were diverted from the TSF and water was routed for storage in the
Cariboo Pit.

The pond elevation was monitored on a daily basis from the end of May until the time of the breach. During that
time, construction proceeded to increase the embankment height. On August 3, 2014, the day before the breach,

the freeboard was 2.3 m.

5.6.7 COMMENTARY

. i - ) The way in which the water balance
The way in which the water balance was utilized with annual - . )
_ - o _ was utilized with annual raises had
raises had significant limitations. Construction of annual o L
. . significant limitations.
embankment raises was based on water balance evaluations

using average climatic conditions at the site. This does not

provide a reliable approach to establishing adequate capacity for tailings and water storage. Uncertainties in the
water balance input parameters combined with uncertainties in climatic conditions and construction schedules
cannot provide a robust design for water containment. Construction delays due to site climate or availability of
construction materials could impact the targeted capacity. Overtopping of the embankment occurred at selected

locations in May 2014.

As indicated in section 4, the Perimeter Embankment did not fail due to overtopping; however, storing large

volumes of water in the TSF had other implications.
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Throughout most of its term as the EOR, KP emphasized the importance of maintaining a beach width of at least
10 m. The Panel does not consider this to be a beach. Nevertheless, the principle was clear: the Mount Polley TSF
embankments were not designed as water-retaining dams, and a beach would provide some stabilizing function.
It was impossible to maintain beaches against all the embankments throughout the year during the last years of
operation because of the large volumes of water stored in the TSF. Section 54 summarizes the chronic problems
experienced in beach development.

MPMC was aware of the water surplus conditions at the start of

Phase 2 operations. The pond volumes in Figure 5.6.1 show Itis not clear to the Panel why it took

) so long to design and implement a
that the last number of embankment raises were necessary to 9 9 P

' ! - . water treatment strategy that would
store water and not necessarily much higher tailings production. 9y

: . ! rovide for a significant reduction in
It is not clear to the Panel why it took so long to design and P 9

the amount of surplus water stored
on the TSF.

implement a water treatment strategy that would provide for a
significant reduction in the amount of surplus water stored on
the TSF.

The pore pressure in the tailings piezometer at the breach location increased as a result of the higher pool elevation
(refer to section 5.5). This happened despite the presence of the upstream toe drain. The higher pore pressure had

a secondary effect on the overall slope stability.

Finally, the volume of water in the pool at failure, about 10 million m?, resulted in a much larger loss of solids from
the TSF due to erosion than might have occurred if there was a smaller pool (refer to Appendix C). And a wider
beach of unsaturated tailings might have delayed breach development long enough for emergency actions to
have been taken.
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6.1

6 | Analysis of Breach Mechanics

INTRODUCTION

As demonstrated in sections 5.1 and 5.2, the breach of the Mount Polley Tailings Dam (the Dam) arose because
of failure in the foundation of the Perimeter Embankment. According to Ministry of Energy and Mines (MEM)
requirements, design with respect to overall stability must be compliant with CDA Guidelines. The specific

guideline for a dam under construction and before reservoir filling requires a factor of safety (FS) of 1.3 where:

Available Strength

Strength Required for Equilibrium

That is, the design requires a reserve resistance over and above that required to maintain equilibrium, and with
this reserve resistance, it is expected that the structure will perform in a safe manner. This criterion has been
accepted for tailings dams during construction, with a higher FS required if the dam has a long service life after it
has been filled.

Many potential failure modes have to be considered to meet the requirements that FS = 1.3. The CDA Guidelines are
not prescriptive with respect to potential failure modes. It is the obligation of the designer, as EOR, to recognize the
potential failure modes, to characterize the operational strength of the materials associated with these potential
failure modes, to adopt an appropriate method of analysis to calculate the FS, and to ensure that the FS is equal to

or greater than 1.3 during the construction of the dam.

The Perimeter Embankment failed during construction, and hence the FS = 1. It moved sufficiently to lose

containment of the impounded water and tailings that flowed out and eroded most of the displaced embankment.

In the following analyses, calculations will show that shear strengths determined by the Panel to reflect undrained
failure of the Upper GLU beneath the Upper Till of the foundation are consistent with the strength required for

limiting equilibrium, i.e, FS=1.0.

A detailed explanation of the process leading to failure of the Dam will be presented, and comparisons will be

made with the assumptions that underpin the design in order to highlight the deficiencies associated with it.
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6.2 ANALYSES
6.2.1 LIMIT EQUILIBRIUM ANALYSES (2-D)

Analyses for purposes of designs are conventionally performed on two-dimensional (2-D) sections. Cross-section 3
(see section 5.2; Appendix D) was assumed to represent the stratigraphy more or less in the middle of the

displaced mass.

Figure 6.2.1 presents the detailed section. It is based on the last LIiDAR survey of the embankment prior to failure,
a detailed reconstruction of the top of the structure and pond elevation based on construction inspector reports,
and itincludes a shallow excavation at the toe of the embankment as reported to the Panel. More details associated
with the compilation of this and related sections are presented in Appendix H.

FIGURE 6.2.1: DETAILED SECTION USED FOR LIMIT EQUILIBRIUM ANALYSIS (HIGH WATER TABLE,
UNDRAINED STRENGTH RATIO 0.27)

SECTION 3 - AUGUST 2014 AT FAILURE

MATERIAL PROPERTIES:

CORE (ZONE S): MODEL: MOHR-COULOMB, UNIT WEIGHT:20.5 kN/m 3, 35°

ROCK (ZONE C): MODEL: SHEAR/NORMAL FN., UNIT WEIGHT: 22 kN/m *

TAILINGS: MODEL: MOHR-COULOMB, UNIT WEIGHT: 18 kN/m 3, PHI: 30°

UPPER TILL: MODEL: MOHR-COULOMB, UNIT WEIGHT: 21kN/m 3, PHI: 35°

UPPER GLACIOLACUSTRINE: MODEL: S=F(OVERBURDEN), UNIT WEIGHT: 20kN/m *, TAU/SIGMA RATIO: 0.27
LOWER TILLS: MODEL: BEDROCK (IMPENETRABLE)

BEDROCK: MODEL: BEDROCK (IMPENETRABLE)

ANALYSIS METHOD: MORGENSTERN-PRICE

CORE (ZONE S) - El. 969 m #0.991
975~  TAILINGS - El. 967.4 M ROCK (ZONE C) - EI. 969 m

POST-BREACH GROUND
PROFILE (AUGUST 5, 2014)

WHALE BACK

i

ELEVATION (m)

I 1 I | | |
-80 -60 -40 -20 0 20 40 60 80 100 120 140

DISTANCE (m)
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The Morgenstern-Price method of stability analysis and the SLOPE-W computer program were used for the

computations. Both are recognized standard tools and were also used for the design of the structure at various stages.

Strength properties and densities for each stratum must be defined in order to calculate the FS. The values
assumed are also displayed in Figure 6.2.1. Only the upper of the two GLUs defined in section 5.2 is included due
to its high water content, its lower cone penetration testing (CPT) tip resistance, and overconsolidation ratio (OCR).
Except for the strength of the Upper Till unit and the GLU, all strengths and densities are the same as those used in
design studies. Based on pressuremeter testing, experience of the Panel members, and the limited pore pressure
response during undrained triaxial testing, a frictional resistance of 35° was adopted for the Upper Till. Fully drained
conditions are assumed up to failure. The magnitude of the undrained strength ratio in the GLU is then varied
until FS=1is obtained. For the case illustrated in Figure 6.2.1, this ratio is 0.27. In this case, the observed level of
the pond is carried horizontally through the beach, which would, in most circumstances, be the design basis case
(High Water Table case).

However, the installation of drainage at the upstream face of the core creates downward flow that will reduce
the water pressure acting on the core of the Dam. A potential limiting case is shown in Figure 6.2.2, and the
calculated strength ratio is 0.22 (Low Water Table case). The likely case is between these limits, with the Panel

favouring a result above the average, say 0.25.

The calculated value represents the average resistance mobilized by the GLU at the instant of failure. It should be
noted that this value lies sensibly in the middle of the range of the measured undrained strength (see Table 5.3.1),
consistent with the hypothesis that the breach resulted from undrained failure of the GLU at an elevation of

about 920 metres (m).

The actual available shear strength will vary with consolidation history as the Upper GLU responds to the stresses
imposed by the embankment and the lateral loads transmitted by the impounded tailings and water. This will
induce both normal and shear stresses in the Upper GLU. The Panel has not calculated these stresses in any detail.
However, it is evident that the maximum applied stresses will substantially exceed the preconsolidation stress
level associated with the Upper GLU. This response will reduce towards the breakout zone of the calculated slip
surface and beyond, where the influence of applied stresses diminishes. Where the preconsolidation pressure
has been overcome, the available shear strength will be that of a normally consolidated soil. Beneath the toe
of the embankment and beyond, available strength will be higher, depending upon the local stresses and the
preconsolidation stresses. The calculated average resistance reflects this distribution. Appendix E, Attachment 2

shows a comparison between vertical overburden stress and preconsolidation stress.
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FIGURE 6.2.2: DETAILED SECTION USED FOR LIMIT EQUILIBRIUM ANALYSIS (LOW WATER TABLE,
UNDRAINED STRENGTH RATIO 0.22)

SECTION 3 - AUGUST 2014 AT FAILURE

MATERIAL PROPERTIES:

CORE (ZONE S): MODEL: MOHR-COULOMB, UNIT WEIGHT:20.5 kN/m?®, 35°

ROCK (ZONE C): MODEL: SHEAR/NORMAL FN., UNIT WEIGHT: 22 kN/m®

TAILINGS: MODEL: MOHR-COULOMB, UNIT WEIGHT: 18 kN/m?, PHI: 30°

UPPER TILL: MODEL: MOHR-COULOMB, UNIT WEIGHT: 21kN/m®, PHI: 35°

UPPER GLACIOLACUSTRINE: MODEL: S=F(OVERBURDEN), UNIT WEIGHT: 20kN/m 3, TAU/SIGMA RATIO: 0.22
LOWER TILLS: MODEL: BEDROCK (IMPENETRABLE)

BEDROCK: MODEL: BEDROCK (IMPENETRABLE)

ANALYSIS METHOD: MORGENSTERN-PRICE

CORE (ZONE S) - EI. 969 m 1.002
975  TAILINGS - EI. 967.4 M ROCK (ZONE C) - EI. 969 m

POST-BREACH GROUND
PROFILE (AUGUST 5, 2014)

WHALEBACK

»
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6.2.2 DEFORMATION ANALYSES (2-D)

An alternate way of assessing the undrained failure mechanism is to calculate the deformation patterns that
develop at failure. While not a routine design procedure, the means for conducting such analyses are facilitated
by powerful numerical simulation tools. In this case, PLAXIS, a well-recognized computer program developed
specifically to model soil deformations, was adopted.

Figure 6.2.3 portrays the PLAXIS model at collapse. Prior to creating collapse, the model was constructed with
essentially the same input parameters as used in the limit equilibrium analyses, except for the Upper GLU that
is given a high strength to avoid yielding. The strength of the Upper GLU is then reduced until a deformation
mechanism forms and the embankment collapses. This provides not only a measure of the strength of the Upper
GLU at which failure occurs, but also an indication of the deformed shape arising from failure. In the model
presented in Figure 6.2.3, collapse occurred at an undrained strength ratio of 0.29, which is to be compared
with 0.27 calculated from the limit equilibrium analysis that incorporates the same boundary conditions. Lower
undrained strength conditions would indicate significantly larger deformations. The figure also indicates the zones
of localized strain that develop to facilitate motion. Variations of continuity of the Upper GLU with respect to this
case yielded similar results.

FIGURE 6.2.3: PLAXIS MODEL AT COLLAPSE (UNDRAINED STRENGTH RATIO 0.29)

Both the entry and exit of the failure surface in the foundation correspond closely with field observations
summarized in Figure C4.2.2 in Appendix C.
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Figure 6.2.4 is a scaled-up display to illustrate the calculated deformations. The rotational movement with a lesser
lateral displacement are evident. Particularly striking is the thrust feature that occurs very close to the whaleback
feature identified in section 5.1. Also significant is subsidence of the crest that allowed overflow to begin, initiating

the breach process as described in section 5.1 and Appendix C.

The PLAXIS analyses provide compelling support for the hypothesis that the movements of the Perimeter

Embankment arose due to the undrained failure of the Upper GLU.

FIGURE 6.2.4: SCALED-UP FIGURE 6.2.3 TO ILLUSTRATE DEFORMATIONS
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6.2.3 LIMIT EQUILIBRIUM ANALYSES (3-D)

The length of the breach is relatively short compared to the height of the Perimeter Embankment at failure
(~40 m). This is expressed as an Aspect Ratio (length/height) and is calculated to be 2.6. At this Aspect Ratio, three-
dimensional restraints might be a significant factor influencing the analysis of the breach mechanism. At small
Aspect Ratios, the side resistance acting on the potential moving mass increases in significance. This is ignored in
the 2-D analyses described above, which are used routinely in design. Nevertheless, the Panel regarded it of value
to assess three-dimensional considerations in order to fully explore the factors affecting the breach mechanism.

Three-dimensional limit equilibrium analyses have been conducted using the computer program SVSlope 3D,
a widely accepted program for conducting such analyses. The geometry and boundary conditions are a three-
dimensional extension of the case illustrated in Figure 6.2.1. All soil properties used in the 3-D analysis are the

same as those employed in Figure 6.2.1.

Figure 6.2.5 presents the 3-D case. The FS with an undrained strength ratio of 0.27 and an Aspect Ratio of 2.6 is
calculated to be 1.3. This is a significant increase over the 2-D case, and it merits interpretation.
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FIGURE 6.2.5: 3-D LIMIT EQUILIBRIUM ANALYSIS (UNDRAINED STRENGTH RATIO 0.27, ASPECT RATIO 2.6,
FS IS ABOUT 1.3)

CALCULATION METHOD: M-P

SEARCH METHOD: ENTRY AND EXIT

FS:1.288

CENTRE POINT: X: 37.591 Y: 200.000 Z: 981.233
ELLIPSOID ASPECT RATIO: 2.600, RX:70.168

MODEL
970
960,/
Z(m) 1940 -
920 —
460
400
200
0
-60 100 50 0 50 T00 T50
X (m)
MATERIAL MATERIAL PROPERTIES
TAILINGS MOHR COULOMB UNIT WEIGHT = 18 (kN/m®)  PHI=30°
UPPER TILL MOHR COULOMB UNIT WEIGHT =21 (kN/m®)  PHI=35°
UPP GLU VERTICAL STRESS RATIO  UNIT WEIGHT =20 (kN/m®)  RATIO=0.27
LOWERTILLS  BEDROCK
ZONE S MOHR COULOMB UNIT WEIGHT = 20.5 (kN/m%) PHI=35°
ZONE C SHEAR NORMAL FUNCTION UNIT WEIGHT = 22 (kN/m?)
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As shown in Appendix D, Drawing D19, the sensitivities of the Upper GLU
) ) ) ) , As deformations developed in the
in the failure zone is about 1-3, based on CPT-measured tip resistances.
_ ) ) Upper GLU, the available resistance
Hence, as deformations developed in the Upper GLU, the available
) ) i ) ) reduced due to strain weakening
resistance reduced due to strain weakening and soil remoulding. Based
and soil remoulding.

on the observed sensitivity, it could have dropped to an undrained

strength ratio of perhaps 0.13. Repeating 3-D limit analyses with these

values yields an FS of about 1.1, which is close to collapse. Hence, as movements developed, the available resistance of the
Upper GLU was reduced due to strain weakening to a degree that the three-dimensional restraints to movements at an
Aspect Ratio of 2.6 were overcome. The idealizations involved in these 3-D analyses do not permit greater accuracy than
expressed here. Going forward, a review of some of the assumed strength parameters that influenced the 3-D modelling
and a more detailed representation of local geology that influence the 3-D results would be warranted. Figure 6.2.6
displays visual evidence of the remolding processes that have occurred due to shearing of the GLU.
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FIGURE 6.2.6: TYPICAL SHEARING IN THE UPPER GLU

MATCHLINE A

MATCHLINE B

UPPER GLU

MATCHLINE A

— -

MATCHLINE B

i

DEPOSIT, EXHIBITING HEAVILY DEFORMED AND CHAOTIC
BEDDING INCLUDING OVERTURNED FOLDS.

NOTE: GREY SCALE BAR UNITS ARE DECIMAL FEET.

Independent Expert Engineering Investigation and Review Panel | January 30,2015

MCEA Comments Ex. 06

99



6 | Analysis of Breach Mechanics

Additional support for the insight provided by the 3-D interpretation can be found by comparing the footprint of
the 3-D analysis with the Aspect Ratio of 2.6 where it intersects the Upper GLU. The distribution of the thickness
contours of Upper GLU is presented in Figure 5.2.6. This comparison is shown in Figure 6.2.7, which indicates a
striking fit between the extent of the Upper GLU mobilized in the 3-D analysis (shown in cyan) with the extent of
the deepest portion of the Upper GLU.

FIGURE 6.2.7: COMPARISON OF THE 3-D ANALYSIS WITH THE THICKNESS CONTOURS OF THE UPPER GLU
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6.3 TRIGGER ANALYSIS

6.3.1 INTRODUCTION

Both the 2-D and 3-D analyses discussed above reflect a simplified interpretation of how failure began and
subsequently progressed. They indicate that the foundation was brought to failure under fully drained conditions
until the undrained strength was reached and the collapse of the embankment subsequently mobilized the
undrained shear strength. After initial failure, the Upper GLU behaved in a strain-weakening manner, reducing its
resistance as reflected by the observed sensitivity of the deposit. Ultimately, the increased load associated with
the weakening material overcame the residual resistance of the stronger zones, allowing the unconstrained 3-D
mechanism to develop. The calculations presented provide average undrained strength ratios at failure that are
generally consistent with the magnitudes observed in the laboratory.

In order to understand the failure mechanism in more detail, it is of value to address two questions:

1) Was the loading path to failure fully drained?

2) Was the shear strength at failure mobilized uniformly?

6.3.2 PORE PRESSURE HISTORY

To address the first question, it is possible to calculate the pore pressure development and dissipation during
embankment construction. If the pore pressures remain high, the available shear strength is reduced accordingly.
This type of evaluation is an integral part of any stability assessment involving stage construction on soft

constructed soils, such as are present beneath the breach zone.

Calculations involve the estimates of stresses on a structure, the magnitude of pore pressure reaction, and its
subsequent dissipation with time as construction proceeds through the various stages to completion. The data
obtained from consolidation testing (see Appendix E) are used to calculate the rate of pore pressure dissipation.
Pore pressures dissipate as a result of water flow to drainage boundaries, and in the case of Upper GLU, dissipation
will be enhanced by horizontal flow reflecting the laminated structure of the Upper GLU. Details of the pore
pressure predictions for both one-dimensional (vertical only) and two-dimensional (vertical and horizontal) water
flow are presented in Appendix H. In the latter case, some estimates of anisotropy of the flow parameters have also

been made.
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The calculated values at the time of failure suggest that an average excess pore pressure of about 50 kPa might
exist in the potential shear zone. This is a small percentage of the applied load and, if it does exist, is not particularly
consequential. Moreover, in the experience of the Panel, laboratory tests tend to underestimate the coefficients
of consolidation in place due to scale effects, and it is likely that the potential for lateral drainage in the analyses
due to stratigraphic variations has been underestimated. The Panel concludes that the loading path to failure
has been essentially drained with transient episodes of undrained loading. The small peak of pore pressure
development beneath the crest of the embankment in 2014 may have had some impact on the ultimate trigger,

as the embankment was close to failure at this time.

Loading the Upper GLU to failure under predominantly drained
" o ) " Given the high stresses that acted
conditions also implies the imposition of shear stresses as well .
on the Upper GLU prior to the final
as vertical stresses. As shown in Appendix E, Attachment 5, PP P
- . construction campaign in 2014,
consolidating specimens under a shear stress not only has an

, ) it would have taken only a small
effect on available resistance, but also reduces the subsequent

) , ) ) additional load to initiate undrained
tolerable strain to failure. Given the high stresses that acted
, i o failure, and little incremental
on the Upper GLU prior to the final construction campaign in
) . o deformation. This is consistent with
2014, it would have taken only a small additional load to initiate
the collapse of the embankment
undrained failure, and little incremental deformation. This is P
without any apparent warning.
consistent with the collapse of the embankment without any yapp 9

apparent warning.
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6.3.3 PROGRESSIVE FAILURE

The strength at failure will only be mobilized uniformly if it does not vary with deformation. Failure will begin
initially at a position where the local stresses equal the strength. As additional load is applied, yielding spreads
to adjacent locations because resistance is limited at locations that have already yielded. This spreading of the
yield zone migrates until a failure mechanism develops and unrestrained movement occurs with mobilization of a
uniform shear strength.

However, as emphasized in section 5.3, the Upper GLU exhibits strain-weakening behaviour. After yielding has
been initiated, the local resistance reduces with increasing load, requiring stress transfer to accommodate not only
the influence of additional externally applied load, but also the influence of the reduced capacity of already failed
material to resist the applied stresses. The transfer process proceeds to ultimate failure, but the average resistance

at ultimate failure is less than the peak resistance.

This process is known as progressive failure. Once progressive failure has been initiated, the development of
ultimate collapse can be sudden, depending on the shape of the whole stress-strain relation. As noted in
section 6.2.3, the observed sensitivity of the Upper GLU indicates that it might display an ultimate resistance of

one-half to one-third of its peak value.

While the mechanics of progressive failure are generally understood, the ability to calculate it is a complex
undertaking and is generally reserved for research endeavours or other special studies. Progressive failure analyses
have not been undertaken in this study, but Lobbestael et al. (2013) provide a useful overview and example of how
progressive failure calculations might be performed. The Panel is of the view that progressive failure was involved
in the initiation of collapse of the Perimeter Embankment and subsequent motion. Its influence is embedded in
the back-calculated average resistance.
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6.4 FAILURE MECHANISM

The Panel’'s Terms of Reference require it to: “report on the cause of the failure of the tailings storage facility at the
Mount Polley Mine."

The failure of the tailings storage facility (TSF) was caused by deformation of the Perimeter Embankment that
allowed the containment to be breached between survey stations 4+200 and 4+300. The deformation arose
because of inadequate resistance of a continuous layer of glaciolacustrine clays (Upper GLU) that existed at about
El. 920 m, beneath the overlying till. The GLU deposit had properties that became increasingly contractive when
sheared, following consolidation under the applied embankment loads to a normally consolidated state. This

made the Upper GLU disposed to undrained failure. Moreover,

the Upper GLU exhibited strain-weakening properties when The root cause of the breach was

sheared, such that overall resistance of the formation reduced the undrained failure of the Upper

as deformation developed, ultimately overcoming all of the GLU under the imposed load of the
resistance of the stabilizing elements in the section. Hence, the Perimeter Embankment on
root cause of the breach was the undrained failure of the Upper August 4, 2014.

GLU under the imposed load of the Perimeter Embankment on
August 4, 2014.
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6.5 CAUSES OF FAILURE

As outlined in the Terms of Reference, it is expected that the Panel will “identify any technical, management, or
other practices that may have enabled or contributed to the mechanism(s) of failure. This may include design,
construction, maintenance surveillance and regulation of the facility.”

The dominant contribution to the failure resides in its design.

The design did not take into account the complexity of the sub- The design did not take into

glacial and pre-glacial geological environment associated with account the complexity of the sub-
the Perimeter Embankment foundation. As a result, foundation glacial and pre-glacial geological
investigations and associated site characterization failed to environment associated with the
identify a continuous GLU layer in the vicinity of the breach Perimeter Embankment foundation.

and to recognize that it would be disposed to undrained failure
when subjected to the stresses associated with the Dam.

At the time of Stage 4 (2006 — 2007), Knight Piésold (KP) had proposed a design for the Perimeter Embankment
with a 2H:1V downstream slope and raises of the core and filter with a parallel inclined alignment to El. 965 m. This
design has been projected in Figure 6.5.1 to the core elevation at the time of failure (El. 969 m), and adopting an
undrained strength ratio of 0.27 and a high water table, the calculated FS is 1.02. At El. 965 m, the FS is 1.04, much
less than the design target of 1.3. Based on the back-calculated undrained strength ratio, the design was doomed

to fail.

Independent Expert Engineering Investigation and Review Panel | January 30, 2015 105

MCEA Comments Ex. 06



6 | Analysis of Breach Mechanics

FIGURE 6.5.1: 2-D LIMIT EQUILIBRIUM 2H:1V SLOPE TO ELEVATION 969 M (UNDRAINED STRENGTH RATIO
0.27, HIGH WATER TABLE, FS 1.02)

SECTION 3 - AUGUST 2014 AT FAILURE

MATERIAL PROPERTIES:

CORE (ZONE S): MODEL: MOHR-COULOMB, UNIT WEIGHT:20.5 kN/m®, 35°

ROCK (ZONE C): MODEL: SHEAR/NORMAL FN., UNIT WEIGHT: 22 kN/m®

TAILINGS: MODEL: MOHR-COULOMB, UNIT WEIGHT: 18 kN/m®, PHI: 30°

UPPER TILL: MODEL: MOHR-COULOMB, UNIT WEIGHT: 21kN/m®, PHI: 35°

UPPER GLACIOLACUSTRINE: MODEL: S=F(OVERBURDEN), UNIT WEIGHT: 20kN/m®, TAU/SIGMA RATIO: 0.27
LOWER TILLS: MODEL: BEDROCK (IMPENETRABLE)

BEDROCK: MODEL: BEDROCK (IMPENETRABLE)

ANALYSIS METHOD: MORGENSTERN-PRICE

CORE (ZONE S) - El. 969 m 1.016

975  TAILINGS - El. 967.4 M ROCK (ZONE C) - EI. 969 m
970
965 T
960
955
950
945
" 940
935

POST-BREACH GROUND
PROFILE (AUGUST 5, 2014)

WHALEBACK

»

80 -60 -40 -20 0 20 40 60 80 100 120 140
DISTANCE (m)

Hence, the omissions associated with site characterization may
) ) ) ) The omissions associated with site
be likened to creating a loaded gun. Notwithstanding the large
. ) ) i characterization may be likened to
number of experienced geotechnical engineers associated
] , , creating a loaded gun.
with the TSF over the years, the existence of this loaded gun

remained undetected.
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The lack of recognition of a critical potential failure mode resulted in a misapplication of the Observational Method
and, therefore, a false appreciation that the structure was performing as intended during stages of raising. The
Observational Method is a powerful tool to manage uncertainty in geotechnical practice. However, it relies on
recognition of the potential failure modes, an acceptable design to deal with them, and practical contingency
plans to execute in the event observations lead to conditions that require mitigation. The lack of recognition of the
critical undrained failure mode that prevailed reduced the Observational Method to mere trial and error.

Figure 6.5.2 shows the variation of the calculated FS with each stage, from Stage 6 to failure, based on the as-
built section for each stage. El. 965 m corresponds approximately to the height of the structure at the end of the
2013 construction season. At this stage, the FS is calculated to be only about 1.05, which is similar to the FS for the

original design with a 2H:1V slope.

FIGURE 6.5.2: VARIATION IN FS FOR EACH STAGE FROM STAGE 6 TO FAILURE

2-DIMENSIONAL LIMIT EQUILIBRIUM ANALYSIS
SUMMARY COMPARISON OF FS IN DIFFERENT CONSTRUCTION STAGES

1.20

@ su/s'v =0.27 / WT FROM POND ELEVATION

1.15
1.10
1.05
1.00
0.95 l
0.90

STAGE 6 STAGE 7 STAGE8 AUG2013 NOV 2013 JUN20 AT FAILURE
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Prior to 2014, the Zone C fill began to be constructed as an
) If constructing unknowingly on the
angle of repose slope of 1.3H:1V. This appeared to have been an
} ) oo ) Upper GLU...constituted loading the
expedient measure and, as illustrated in Figure 6.5.2, ultimately
o . gun, building with a 1.3H:1V angle
resulted in failure of the Perimeter Embankment on August 4,
) ) of repose slope over this stratum
2014. If constructing unknowingly on the Upper GLU stratum,
pulled the trigger.

and not recognizing the potential undrained failure constituted

loading the gun, building with a 1.3H:1V angle of repose slope

over this stratum pulled the trigger. It appears that the 1.3H:1V

slope began as an expedient temporary measure to facilitate construction during Stage 5. It became more or
less permanent for subsequent phases, although concerns had been raised before the failure. The circumstances
associated with the relative permanency of the 1.3H:1V slope are not well understood by the Panel. The complex
issues that prevailed during construction are summarized in section 54. Figure 6.5.3 indicates that, had the
downstream slope incorporating the widened crest been flattened to 2H:1V, the FS would have been 1.28. This
was close to the required value of 1.3, and the embankment would not have failed. Moreover, the slope of 2H:1V

was required, in any case, to support reclamation and closure criteria.
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FIGURE 6.5.3: PANEL'S STABILITY ANALYSIS FOR 2H:1V SLOPE WITH WIDENED CREST (FS = 1.28)

SECTION 3 - AUGUST 2014 AT FAILURE

MATERIAL PROPERTIES:

CORE (ZONE S): MODEL: MOHR-COULOMB, UNIT WEIGHT:20.5 kN/m®, 35°

ROCK (ZONE C): MODEL: SHEAR/NORMAL FN., UNIT WEIGHT: 22 kN/m®

TAILINGS: MODEL: MOHR-COULOMB, UNIT WEIGHT: 18kN/m?, PHI: 30°

UPPER TILL: MODEL: MOHR-COULOMB, UNIT WEIGHT: 21kNAm®, PHI: 35°

UPPER GLACIOLACUSTRINE: MODEL: S=F(OVERBURDEN), UNIT WEIGHT: 20kN/m*, TAU/SIGMA RATIO: 0.27
LOWER TILLS: MODEL: BEDROCK (IMPENETRABLE)

BEDROCK: MODEL: BEDROCK (IMPENETRABLE)

ANALYSIS METHOD: MORGENSTERN-PRICE

CORE (ZONE S) - EI. 969 m J.278
975  TAILINGS - El. 967.4 M ROCK (ZONE C) - EI. 969 m
970 ,
965 fE
960
955

POST-BREACH GROUND
PROFILE (AUGUST 5, 2014)
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6.6 PREVENTION OF FAILURE

The Terms of Reference (TOR) authorize the Panel to comment on “what actions could have been taken to prevent

this failure.”

Looking specifically at the failure as documented in section 54, it was deemed desirable to increase the target
FS to 1.5 since the TSF was operating more or less continually at full capacity. No significant progress to this end
was made in Stage 9 before failure occurred. BGC's design report for Stage 10, issued on July 25, 2014, indicated
the buttress required to meet the new design objectives that they identified. Had it been in place as shown on

Figure 6.6.1, the FS would have been 1.2 and the failure would have been prevented.

FIGURE 6.6.1: PANEL STABILITY ANALYSIS FORBGCBUTTRESS ON STAGE 9

SECTION 3 - AUGUST 2014 AT FAILURE

MATERIAL PROPERTIES:

CORE (ZONE S): MODEL: MOHR-COULOMB, UNIT WEIGHT:20.5 kN/m®, 35°

ROCK (ZONE C): MODEL: SHEAR/NORMAL FN., UNIT WEIGHT: 22 kN/m®

TAILINGS: MODEL: MOHR-COULOMB, UNIT WEIGHT: 18 kN/m®, PHI: 30°

UPPER TILL: MODEL: MOHR-COULOMB, UNIT WEIGHT: 21kN/m®, PHI: 35°

UPPER GLACIOLACUSTRINE: MODEL: S=F(OVERBURDEN), UNIT WEIGHT: 20kN/m*, TAU/SIGMA RATIO: 0.27
LOWER TILLS: MODEL: BEDROCK (IMPENETRABLE)

BEDROCK: MODEL: BEDROCK (IMPENETRABLE)

ANALYSIS METHOD: MORGENSTERN-PRICE

CORE (ZONE S) - EI. 969 m +1.209
975  TAILINGS - El. 967.4 M ROCK (ZONE C) - EI. 969 m
970 :
960
955

POST-BREACH GROUND
fsom PROFILE (AUGUST 5, 2014)
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The Panel is cognizant that management practices have had a significant influence on the design, construction and
operation of the tailings storage facility (TSF). For example, the Panel has already drawn attention to water balance
protocols and the growth of water inventory in the TSF due to the timing associated with the implementation of water
treatment and discharge. It has pointed out that the recurrent adoption of a 1.3H:1V downstream slope for the Perimeter
Embankment may have been due to limited material availability or other aspects related to mine planning. The details
are not clear. What is clear is that multiple changes were made in the section of the dam in response to the limited time

horizons adopted in mine and water planning.

The Panel has been advised that Mount Polley Mining Corporation (MPMC) were in the midst of becoming Mining
Association of Canada (MAC) compliant and that tailings management issues were reported to the Board of Directors. It
has not identified any flaws in this reporting structure.

However, in conducting its inquiry, the Panel limited itself to relying on interviews and on the documents that it received
from the various stakeholders, which were sufficient to determine root cause of the breach. The Panel did not conduct its
process according to formal legal procedures. To do so would have extended the length of this investigation and would
have entered into an assessment of roles and responsibilities, which is beyond the Panel’s authorization. As a result, the
Panelis not able to offer an adequate assessment of the role of management and oversight in its contribution to the cause
of the failure. In particular, the Panel has not explored the relationship between the designers and owner, contractual or

otherwise. Accordingly, the Panel is unable to ascertain the circumstances that contributed to key decisions.
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8.1 ROLES AND RESPONSIBILITIES

This section describes the regulatory roles and responsibilities for impoundments and diversions at mines in B.C. A
Memorandum of Understanding (MOU) is in place between the Ministry of Energy and Mines (MEM), the Ministry
of Forests, Lands and Natural Resource Operations (MFLNRO) and the Ministry of the Environment (MoE) to clarify
the regulation of these facilities. This MOU and other documents related to Mine Tailings are available on the

Geotechnical page of the MEM website:
http://www.empr.gov.bc.ca/MINING/PERMITTING-RECLAMATION/GEOTECH/Pages/default.aspx

The MOU clearly places the responsibility for the engineering aspects of the Mount Polley tailings storage facility
(TSF), seepage collection ponds and diversions on the shoulders of MEM, while the water quality of any discharges is
the responsibility of MoE. Two permits are in place for the TSF and associated facilities: Permit M-200 from MEM and
Permit 11678 from MokE.

MEM permits are issued by the Chief Inspector of Mines of B.C. The Manager of Geotechnical Engineering and the
Manager Environmental report to the Deputy Chief Inspector of Mines, Permitting. The Manager Geotechnical
Engineering has a staff of two geotechnical engineers and one reclamation specialist, while the Manager
Environmental has a staff of three geoscientists. This staff of eight is responsible for inspection of operating mines
and permitting of new mines in B.C. Apart from TSF-related activities, they also have regulatory responsibility for
open pits, underground workings, and mined rock and overburden piles. The Geotechnical Manager and staff
also participate in secondary activities including the Canadian Dam Association (CDA) Regulatory Committee
and coordination with the Association of Professional Engineers and Geoscientists of British Columbia (APEGBC)
in development of the Professional Practice Guidelines for Dam Safety Reviews for mining dams in B.C.' The latter

publication is available on the above-mentioned website.
The ongoing activities of the geotechnical staff include:

Review of geotechnical aspects of proposed mining projects in the Environmental Assessment process.
Review of geotechnical aspects of Mines Act Permit applications during the approval and permit conditions
development process.

Review of permit amendment applications for dam raises, mine expansions, etc.

Geotechnical site inspections of operating and closed mines.

Review of geotechnical reports submitted under the Code, including annual dam safety inspections for

mining dams and diversions.
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Filling the positions at MEM has been challenging at times. The present Manager of Geotechnical Engineering
joined MEM in October 2011 following a period of over 3 years when the position was open. A senior geotechnical
position was made redundant in 2003, but a new geotechnical inspector position was created in 2007. This
position was also vacant for about 2 years until filled in September 2012. A third position was posted in May 2014
and filled in early October 2014. To attract qualified personnel, MEM has to compete with industry salaries, which
is a challenge, especially during a booming mining cycle. To help accomplish these tasks, MEM has appointed
four consulting professional engineers as Contract Inspectors to inspect tailings dams and other mining facilities.

An annual inspection schedule is developed for all the inspectors. The target is to inspect about 30 mines on an

annual basis. Mount Polley is one of these mines.
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8.2 REGULATORY INTERACTIONS RELATED TO MOUNT POLLEY MINING
CORPORATION (MPMC) TAILINGS STORAGE FACILITY (TSF)

Table 8.2.1 lists the dates of the geotechnical inspections completed at Mount Polley from 1995 to 2014. Annual
inspections were completed during the Phase 1 operations and were resumed after start-up of Phase 2 operations
until 2008. There were no geotechnical inspections during 2009, 2010 and 2011, which is the same period as the

vacancy of the Geotechnical Manager's position.

TABLE 8.2.1: GEOTECHNICAL INSPECTIONS AT MOUNT POLLEY

14

DATE OF INSPECTION | TYPE OF INSPECTION PERFORMED | INSPECTOR
Sept 20, 1995 Geotechnical G. Headley
Oct 19, 1995 Geotechnical G. Headley
Oct 19,1995 Geotechnical C. Brawner
July 9.and 13, 1996 Geotechnical G. Headley
Aug 26, 1996 Geotechnical G. Headley
Sep 27-28, 1996 Geotechnical G. Headley
May 27,1997 Geotechnical G. Headley
Jun 4, 1998 Geotechnical G. Headley
Jun 17,1999 Geotechnical G. Headley
Aug 17,2000 Geotechnical G. Headley
April 25, 2001 Geotechnical C.Carr
Feb 3,2005 Geotechnical C.Carr
Oct 13,2005 Geotechnical N. Rose
Aug 30, 2006 Geotechnical N. Rose
July 31,2007 Geotechnical N. Rose
Jun 7,2008 Geotechnical D. Apel
Apr 12,2012 Geotechnical - site visit G. Warnock
Sept 24,2012 Geotechnical M. Cullen
Sept 13, 2013 Geotechnical M. Cullen
Dec 4, 2014 Geotechnical M. Cullen
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Most of the inspection reports did not identify any concerns with the TSF, except in the following cases. Based on
the inspection of April 25, 2001 the inspector observed: “The Ministry would strongly support the installation of two
slope inclinometers at the downstream toe buttress to monitor potential dam and/or foundation movement. The slope
inclinometers should extend through the underlying glaciolacustrine sediments.”? MPMC responded that this matter

was forwarded to Knight Piésold (KP).? These inclinometers were installed in July 2001 (refer to Appendix F).

On October 13, 2005, narrow beach widths were observed on the southwest side of the pond. On August 30,
2006, wide beach widths were observed and MEM requested a specific specification for beach width. MPMC
responded, quoting KP:® “The tailings embankments have been designed to remain stable for any condition and

therefore there is not a requirement’ for a minimum beach width in terms of embankment performance.”

On July 31, 2007, the inspection found two concerns that were Departures from Approval. First, Zone S material
contained particles as large as 12 inches, which had to be removed to satisfy the specification of 4 inches. In
addition, there was no beach in the vicinity of the southeast corner and MPMC was told that the beach must be

re-established and that more frequent monitoring of the piezometers must be conducted in that area.

While the examples above illustrate the role of the Regulator in matters of construction and performance, the

Regulator also reviewed design. The following design-related issues were brought up by the Regulator:

«  The shear strength associated with the lacustrine materials in the well log GW96-1A.8
«  Testing on residual strength.”
«  Need to migrate factor of safety (FS) from 1.3 to 1.5."

In each case, the Engineer of Record (EOR) responded to the inquiries and these instances illustrate the limited

ability of the Regulator to influence the design issues.
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8.3 PANEL ASSESSMENT

The roles and responsibilities of the Ministry of Energy and Mines (MEM) to regulate impoundments and diversions
at mines are well defined and agreed upon with other Ministries. Within MEM, the roles and responsibilities of
the geotechnical engineering group responsible for regulating the design, construction and operational aspects
of TSFs are also clearly defined. This small group of professionals covers a large portfolio of existing facilities,
permitting of new facilities and environmental assessments for proposed projects.

The Panel finds that the MEM Geotechnical Staff and the Contract Inspectors are well qualified to perform their
responsibilities. The team is well organized and has clear targets and schedules for annual inspections. The Panel
considers the technical qualifications of the MEM Geotechnical Staff as among the best that it has encountered

among agencies with similar duties.

MEM geotechnical engineers addressed significant issues during the reviews and inspections of the Mount Polley
TSF. They had insightful questions for the designers at many instances during their review of the design documents,
as noted above. The EOR responded to these questions based on their observations and understanding of site
conditions. The EOR is responsible for the overall performance of the structure as well as the interpretation of site
conditions. The Regulator has to rely on the expertise and the professionalism of the EOR as the Regulator is not
the designer.

Despite having a strong regulatory process and personnel, the Perimeter Embankment of the Mount Polley TSF still
failed. As indicated in earlier sections, it was a sudden failure without precursors. Additional inspections of the TSF

would not have prevented the failure.

However, the question remains as to the expectations from the Regulator in the future. The relationship between
the Regulator and the EOR can result in different opinions being expressed that are not easy to resolve without
independent input. In such circumstances, independent external advice could be sought as further described
in section 9.0. There is a difference between regulating construction and regulating design after it has been
approved. The Regulator by observation and experience has the capacity to regulate construction but does not
have the capacity to modify the design. Regulators are not normally recruited with specific dam design experience

and are limited by statute in their capacity to take on design responsibilities. This role resides with the EOR.
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It is difficult to review the adequacy of a constructed facility without having limits of measurable indicators that
define its performance. Measurable indicators of safe and orderly design and construction are needed for all
existing and future tailings facilities that can be monitored and interpreted to evaluate this performance. Section 9.0

provides further elaboration of Quantitative Performance Objectives (QPOs) as a means of accomplishing this.

ENDNOTES

1)
2)

Panel Interview, 12/12/14.
MP00170
MP00218
MP00174
MP00175
MP00216
MP00177
MOQ0137
MP00139
MO00222
MP00187

Independent Expert Engineering Investigation and Review Panel | January 30, 2015

MCEA Comments Ex. 06



118

9 | Where Do We Go From Here?

9.1 PERFORMANCE OF B.C. TAILINGS DAMS

Central to the Panel’s Terms of Reference (Appendix A) is to recommend actions for preventing future tailings dam

failures:

"... the Panel may make recommendations to government on actions that could be taken to ensure that a similar failure

does not occur at other mine sites in B.C.”

Fulfilling this mandate starts by considering the tailings dams that currently exist in the province. In particular, this
involves how many there are and how they have performed. Appendix | describes the Panel’s efforts in this respect.
It found that there are currently 123 active tailings dams, those that contain surface water in their impoundments

along with tailings.

Active tailings dams were tracked through the years from Ministry of Energy and Mines (MEM) records. In the 46-
year period since 1969, there was a total of 4,095 years of active operation and 7 failures, where failure is considered
to be breach of the dam resulting in release of tailings and/or water. This corresponds to a failure frequency of
1.7x10% per dam per year. In other words, statistically there is approximately a 1-in-600 chance of a tailings dam

failure in any given year, based on historical performance over the period of record.

While these numbers may seem small, their implications are not. ] )
] ] - ) i ) The Panel firmly rejects any notion
If the inventory of active tailings dams in the province remains
that business as usual can continue.

unchanged, and performance in the future reflects that in the

past, then on average there will be two failures every 10 years
and six every 30. In the face of these prospects, the Panel firmly

rejects any notion that business as usual can continue.
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9.2 GETTING TO ZERO

In risk-based dam safety practice for conventional water dams, some particular level of tolerable risk is often
specified that, in turn, implies some tolerable failure rate. The Panel does not accept the concept of a tolerable
failure rate for tailings dams. To do so, no matter how small, would institutionalize failure. First Nations will not

accept this, the public will not permit it, government will not allow it, and the mining industry will not survive it.

Clearly, improvements to current practice provide an essential starting point on the path to zero failures. But the

Panel's evaluation of portfolio risk shows that incremental changes will not be sufficient to achieve this objective.

Appendix | explains why. Ultimately, the problem stems from
i - , i The path to zero needs an added
how many active tailings dams there are in the province. To
) ) , dimension, and that dimension is
ensure against future failures for all of them would require

technology.
roughly a hundredfold reduction or more in the current failure £

frequency. While advances in practices, procedures and policies
are imperative, the Panel does not expect these measures by themselves to achieve this degree of improvement.
The path to zero needs an added dimension, and that dimension is technology.

Tailings dams are complex systems that have evolved over the years. They are also unforgiving systems, in terms
of the number of things that have to go right. Their reliability is contingent on consistently flawless execution
in planning, in subsurface investigation, in analysis and design, in construction quality, in operational diligence,
in monitoring, in regulatory actions, and in risk management at every level. All of these activities are subject to

human error.

Human error is often, if not always, found to play a key role in

Failures invariably bring about
technological failures. And human error will always be with us, Y J

improvements in technology that
as much as we might wish it to be otherwise. This is why failures P o4

help compensate for human error.

invariably bring about improvements in technology that help

compensate for human error. In perhaps the most notorious

containment failure, double-hulled tankers were mandated after the Exxon Valdez oil spill. Similarly, improvements
to rail tank cars are being adopted in the wake of the Lac-Mégantic tragedy. But tailings dams have no such
redundancies. Without exception, dam breaches produce tailings releases. This is why best practices can only go so

farin improving the safety of tailings technology that has not fundamentally changed in the past hundred years.
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Improving technology to ensure against failures requires eliminating water both on and in the tailings: water on
the surface, and water contained in the interparticle voids. Only this can provide the kind of failsafe redundancy
that prevents releases no matter what. In terms of portfolio risk, Appendix | shows that this works by reducing
the inventory of active tailings dams subject to failure in the first place. Simply put, dam failures are reduced by

reducing the number of dams that can fail.

Thus, the path to zero leads to best practices, then continues on to best technology.
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9.3 BEST AVAILABLE TAILINGS TECHNOLOGY
9.3.1 BAT PRINCIPLES

While best practices focus on the performance of the tailings dam, best available technology (BAT) concerns
the tailings deposit itself. The goal of BAT for tailings management is to assure physical stability of the tailings
deposit. This is achieved by preventing release of impoundment contents, independent of the integrity of any
containment structures. In accomplishing this objective, BAT has three components that derive from first principles

of soil mechanics:

1. Eliminate surface water from the impoundment.
2. Promote unsaturated conditions in the tailings with drainage provisions.

3. Achieve dilatant conditions throughout the tailings deposit by compaction.

The first of these, eliminating surface water, not only precludes release of water itself, but also eliminates fluvial
tailings transport mechanisms like those illustrated in Appendix C during the Mount Polley breach. The second,
promoting unsaturated conditions by drainage, reduces the possibility for, and the quantity of, high-mobility
flowslide release of tailings. And the third, achieving dilatant conditions by compaction, further reduces flowslide
potential by improving the properties of the tailings mass. Thus, underpinning these principles are multiple
redundancies that provide defence in depth.

The Panel recognizes that eliminating water from the tailings deposit will not eliminate the need for storage of mine
and processing water elsewhere. But Mount Polley has shown the intrinsic hazards associated with dual-purpose
impoundments storing both water and tailings. The Panel considers that security can be more readily assured for
conventional water dams that are designed and constructed for their own purpose and that preventing tailings

release is the overriding imperative.
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9.3.2 BAT METHODS

The overarching goal of BAT is to reduce the number of tailings
i i ) i i The overarching goal of BAT is to
dams subject to failure. This can be achieved most directly by

) o N o reduce the number of tailings dams
storing the majority of the tailings below ground—in mined-out
) . ) subject to failure.
pits for surface mining operations or as backfill for underground

mines. Both methods require integrating tailings planning into
mine planning. This has not been common practice in the industry to date, as the Mount Polley case has shown,
and the synergies to be achieved are mostly unexplored. Apart from this, surface storage using filtered tailings

technology is a prime candidate for BAT.

Demonstrated technology for producing and placing filtered tailings (sometimes termed “dry stack” tailings) is
well-known in the industry. Its adoption and design practices are documented in the literature. "2 Using various
kinds of equipment, the water content of the tailings is reduced before they leave the mill. The specified degree
of water removal can vary, but is sufficient to allow transport by truck or conveyor to the tailings facility and
compaction. Compaction is necessary to prevent liquefaction flowslides that can and have occurred in loosely
placed dewatered materials due to infiltration of ponded surface runoff. The Panel recognizes that creating dry

tailings may increase the amount of water requiring treatment or storage.

Filtered tailings technology embodies all three BAT components described in section 9.3.1. Most commonly used
in dry climates where economy in water consumption is important, it has also been adapted to cold regions.>This
method has been used since start-up of the Greens Creek mine in Alaska under conditions not unlike coastal B.C.*

The Greens Creek facility is shown in Figure 9.1.1.

Variations on this technology are easily envisioned, for example separation, dewatering, and gravity drainage of
sand tailings by cycloning to reduce quantities requiring filtration dewatering. The Panel believes that additional

enhancements are ripe for development if there is incentive to do so.

In some cases, clayey ore may pose difficulties in dewatering.
- ) ) There are no overriding technical
And most filtered tailings operations to date have been relatively
) , ) N impediments to more widespread
small. But some new operations will be producing filtered tailings
: adoption of filtered tailings
at a rate of 68,000 tonnes per day—almost three times the
technology.

production of Mount Polley—in facilities that will reach heights

of 150 metres (m). As demonstrated by the Greens Creek case and
others, there are no overriding technical impediments to more widespread adoption of filtered tailings technology.
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FIGURE 9.1.1 FILTERED TAILINGS FACILITY, GREENS CREEK, ALASKA

The chief reason for the limited industry adoption of filtered

- . ) ) , While economic factors cannot be
tailings to date is economic. Comparisons of capital and

) o ) neglected, neither can they continue
operating costs alone invariably favour conventional methods.

) . ) ) . to pre-empt best technology.
But this takes a limited view. Cost estimates for conventional P P 9y

tailings dams do notinclude the risk costs, either direct or indirect,

associated with failure potential. The Mount Polley case underscores the magnitude of direct costs for cleanup,
but indirect losses—notably in market capitalization—can be even larger.”> Nor do standard costing procedures
consider externalities, like added costs that accrue to the industry as a whole, some of them difficult or impossible
to quantify. Full consideration of life cycle costs including closure, environmental liabilities, and other externalities
will provide a more complete economic picture. While economic factors cannot be neglected, neither can they

continue to pre-empt best technology.
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9.3.3 BAT FOR CLOSURE

Closure of tailings deposits is subject to two fundamental considerations: physical stability and chemical stability.
Although the former is the object of the Panel’s investigation, no treatment of tailings technology can ignore
the latter. Matters related to physical and chemical stability reside in different domains and have developed
independently, each with their own goals and methods. These two aspects converge in the context of BAT.

In short, the most serious chemical stability problem concerns tailings that contain sulfide minerals, particularly in
metal and coal mining. In the presence of oxygen, these sulfides react to produce acid that then mobilizes a variety
of metals in solution. There are a number of ways to arrest this reaction, and one is to saturate the tailings so that
water replaces oxygen in the void spaces. This saturation is most conveniently achieved by maintaining water over
the surface of the tailings. Hence, so-called water covers have sometimes been adopted for reactive tailings during
operation and for closure.

It can be quickly recognized that water covers run counter to the BAT principles defined in section 9.3.1. But the
Mount Polley failure shows why physical stability must remain foremost and cannot be compromised. Although
the tailings released at Mount Polley were not highly reactive, it is sobering to contemplate the chemical effects
had they been. No method for achieving chemical stability can succeed without first ensuring physical stability:

chemical stability requires above all else that the tailings stay in one place.

Filtered tailings technology adopts a different approach to chemical stability. Rather than arresting the reaction,
it retards the transport of reaction products. Seepage gradients are greatly diminished by eliminating surface
water. This has a beneficial effect not only on sulfide reaction products; it also equally reduces transport of soluble
constituents such as arsenic, sulfates and selenium, if present in the tailings.

Moreover, the technology for alternative dry covers is well advanced. Using different cover designs for different
climatic conditions, soil covers placed over the tailings deposit further reduce infiltration, retard oxygen entry, or
both. Cover placement and reclamation can proceed concurrently with operation, as shown in the foreground in
Figure 9.1.1 at Greens Creek.

Yet other technologies attack the chemical effects of sulfide minerals by removing them from the tailings. Doing
so using conventional metallurgical processes has been shown to be technically and economically feasible.® These

same techniques can be used, in effect, to manufacture clean tailings cover material free from sulfides.’

This shows that the physical stability objectives of BAT are not incompatible with chemical stability. A variety of
complementary technologies are available for achieving both.
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9.3.4 BAT RECOMMENDATIONS

Implementation of BAT is best carried out using a phased approach that applies differently to tailings

impoundments in various stages of their life cycle.

«  For existing tailings impoundments. Constructing filtered tailings facilities on existing conventional
impoundments poses several technical hurdles. Chief among them is undrained shear failure in the
underlying saturated tailings, similar to what caused the Mount Polley incident. Attempting to retrofit
existing conventional tailings impoundments is therefore not recommended, with reliance instead on best
practices during their remaining active life.

«  For new tailings facilities. BAT should be actively encouraged for new tailings facilities at existing and
proposed mines. Safety attributes should be evaluated separately from economic considerations, and cost
should not be the determining factor.

«  For closure. BAT principles should be applied to closure of active impoundments so that they are
progressively removed from the inventory by attrition. Where applicable, alternatives to water covers should

be aggressively pursued.

As discussed in section 9.2, best technology is only one of the two components necessary for safety improvement.

The complementary aspects of best practices are presented in the following sections.
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BEST APPLICABLE PRACTICES (BAP)

The safety of any dam, water or tailings, relies on multiple levels of defence. The Panel was disconcerted to find
that, while the Mount Polley Tailings Dam failed because of an undetected weakness in the foundation, it could
have failed by overtopping, which it almost did in May 2014. Or it could have failed by internal erosion, for which
some evidence was discovered. Clearly, multiple failure modes were in progress, and they differed mainly in how

far they had progressed down their respective failure pathways.

Accordingly, recommendations for future BAP require considerations that go beyond stability calculations. It is

important that safety be enhanced by providing for robust outcomes in dam design, construction and operations.

As discussed below, this has implications for corporate

responsibility, enhanced regulatory capacity, expanded technical It is important that safety be

review, and improvements in professional practice. enhanced by providing for
robust outcomes in dam design,

CORPORATE GOVERNANCE construction and operations.

In response to several international tailings dam failure

incidents in the 1990s, the Mining Association of Canada (MAC) established a task force in 1996 to promote safe,
environmentally responsible management of tailings and mine waste. The task force concluded that the main
priority should focus on improvement of tailings management, which resulted in the establishment of the MAC
Tailings Working Group. The outcome of this initiative were several guides related to the management of tailings
facilities; the development of operations, maintenance and surveillance manuals; and auditing and assessment of
tailings management facilities.® The guides themselves are available from the MAC.® They are now embraced by
the Towards Sustainable Mining (TSM) initiative launched by MAC in 2004.

Compliance with the TSM initiative is an element of BAP for the mining industry today. Accordingly, mining
operations in B.C. proposing to operate a tailings storage facility (TSF) should either be required to be a member
of MACG—ensuring adherence to the TSM—or be obliged to commit to an equivalent program, including the
audit function. Tailings management is often not a core skill in many mining organizations. Embracing MAC's TSM

initiative will ensure awareness of responsibilities at the highest corporate levels.
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At the same time, many in the industry have reacted to the Mount Polley failure with incredulity, asking how it
could have happened with programs such as MAC's in place. This serves as a reminder that these programs should
not instill a sense of overconfidence and cannot themselves be seen as a substitute for more fundamental changes

in technology.
9.4.2 CORPORATE TSF DESIGN RESPONSIBILITIES

In the experience of the Panel, TSF design studies submitted to Regulators are often lacking in detail regarding
the factors that need to be considered in assuring safety of the facility. This applies equally to appropriate tailings

technology and to performance metrics for confirming orderly construction and operations.

At Mount Polley, the only quantitative performance objectives were those implied in its design criteria. A list of
potential failure modes was compiled in the 2006 Dam Safety Report, but these were generic and not tied to
specific site conditions. One of the lessons learned here is that future permit applications for TSFs must provide a
more comprehensive assessment of potential geotechnical problems associated with the selected site. In addition,

BAT for both tailings storage and closure considerations also needs to be incorporated in such proposals.

The Panel is of the view that the inclusion of these considerations and the declaration of Quantitative Performance
Objectives (QPOs) are best incorporated early in project commitment at the bankable feasibility level. QPOs
are intended to constrain the type of ad hoc design practices that characterized Mount Polley and strengthen

regulatory capacity.

The Panel would require a bankable feasibility study and related permit application to have considered all
technical, environmental, social and economic aspects of the project. Resolution of technical and environmental
considerations would usually be supported by proven methods, although technology development studies would
not be precluded if they have advanced far enough to warrant implementation in practice. The bankable feasibility

study would be of sufficient detail to support an investment decision that might have an accuracy of £10%-15%.
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More explicitly, the bankable feasibility document would be required to contain the following:
1) Adetailed evaluation of all potential failure modes associated with:

«  The geological conditions of the site
«  The uncertainties associated with this evaluation
«  The role of the Observational Method to manage residual risk

«  Mitigation measures in case worse than anticipated conditions are encountered.

This evaluation should be updated and incorporated into MEM requirements for annual inspection and
construction review. This is to ensure that the evaluation would become a living document maintained
throughout the life of the facility. It should be sufficiently well documented to survive changes in mine
personnel, mine ownership or Engineers of Record (EORs), and it should be referenced as part of the
Operations Maintenance and Surveillance (OMS) manual. The Panel anticipates that as-built reports would
provide the basic information recording departures from what had been anticipated. An ongoing compilation

should be maintained by the EOR as a separate document.

2) Detailed cost analyses of BAT tailings and closure options, so that alternative means of achieving BAT can be
understood and accommodated. As discussed in section 9.3.2, this assessment should recognize that indirect
and unquantifiable costs cannot be fully incorporated and hence the results of the cost analyses should not

supersede BAT safety considerations.

3) A detailed declaration of QPOs, beyond those associated with regulatory compliance and ordinary design

criteria. Examples of QPOs are numerical values and limits associated with:

«  Beach widths

«  (alibration of impoundment filling schedule

«  Water balance audits and calibration

«  Construction material availability and scheduling to ultimate height of structure
« Instrumentation adequacy and reliability

«  Trigger levels for response to instrumentation

«  Performance data gathering, interpretation, and reporting intervals
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The Panel recognizes the need for a regulatory process that is
, - o The Panel recognizes the need for a
responsive to changed conditions arising from market forces,
o o _ ) regulatory process that is responsive
reserves, regulatory revisions and technical issues. It is envisaged
to changed conditions arising from
that such changes can be accommodated by staged approval
) market forces, reserves, regulatory
for construction, as occurs at present. However, the stage

o ] revisions and technical issues.
applications should honour the declared QPOs or present a basis

for their modification.

9.4.3 INDEPENDENT TAILINGS REVIEW BOARD (ITRB)

The appointment of ITRBs to provide third-party advice on
] } ) The appointment of ITRBs to provide
the design, construction, operation and closure has become
) ) ) i i third-party advice on the design,
increasingly common and is recognized to provide value.
y construction, operation and closure
The World Bank and other lenders groups are requiring the
) ) ) ) has become increasingly common
formation of an ITRB. International Finance Corporation/World
) ) o and is recognized to provide value.
Bank guidance and operating principles OP4.01 and OPR.37

establish the requirement to review the development of tailings
dam design, construction and initial dam filling. Maintaining an ITRB through operations and closure will depend
upon the scale and complexity of the facility. Some large corporations retain a third-party review board for ongoing

advice on tailings operations to complement their internal technical audit systems.

ITRBs are not unique to the mining industry. They have a long history in water dam design and safety assessments.
In British Columbia, BC Hydro has considerable experience with such Boards for safety assessment of both existing

and new dam projects. In a mining context, an ITRB could be asked to provide opinions on the following:

«  Whether the design, construction and operation of the TSF are consistent with satisfactory
long-term performance.

«  Whether design and construction have been performed in accordance with the Board's expectation of good
practice.

«  Whether safety and operation of the TSF conform to the Board's expectation of good practice.

«  Whether there are weaknesses that would reasonably be expected to have a material adverse effect on the
integrity of the TSF, human health, safety, and successful operation of the facility for its intended purpose.

Independent Expert Engineering Investigation and Review Panel | January 30, 2015 129

MCEA Comments Ex. 06



9 | Where Do We Go From Here?

Experience has shown that the effectiveness of an ITRB in specific circumstances depends on the following:

«  That it not be used exclusively as a means for obtaining regulatory approval.
« Thatit not be used for transfer of corporate liability by requesting indemnification from Board members.
«  That it be free from external influence or conflict of interest.

«  That there be means to assure that its recommendations are acted upon.

No ITRB can function successfully without unqualified support and commitment at the highest corporate levels.
While it is essential that the Board be organized by Mine Operations, it is equally essential that its reports go to

senior corporate management and Regulators. To establish and

strengthen credibility, Board reports should also be open to other No ITRB can function successfully

stakeholders. An important mechanism for accountability in without unqualified support

response to Board recommendations is the creation of an Action and commitment at the highest

) ) corporate levels.
Log that reviews corporate response to Board recommendations P

at each successive meeting.

It is evident that the establishment of Independent Tailings Review Boards is an element of BAP, and the Panel is
of the view that they have a role in improving current practice. But they should not be necessary for all tailings
undertakings and MEM should consider, based on their current portfolio of operating and proposed TSFs, the

conditions related to complexity and failure consequence that warrant an ITRB.
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9.4.4 MINISTRY OF ENERGY AND MINES (MEM)

As noted in section 7, the Panel was favourably impressed by the skill and commitment of MEM's geotechnical
staff in carrying out their responsibilities. Nevertheless, it also considered what measures could be taken to

improve regulatory operations.

With recent inspections of TSFs in the province in hand, the short-term need is to evaluate these facilities with

respect to the following potential failure modes, in order of importance:

1. Undrained shear failure for dams with silt and clay foundation soils.
2. Water balance adequacy, including provisions and contingencies for wet years.

3. Filter adequacy, especially for dams containing broadly graded soils or mine waste.

One issue identified in section 8.0 is the ultimate reliance of the

The Regulator is not the desi .
Regulator on the EOR to confirm that the facility is safe and is € Regulatoris not the designer

operating as intended. The Regulator is not the designer, and

this limits the degree of inquiry that is manageable. If Regulators were provided with more information in an
ongoing manner, they would be better versed to engage the EOR. This is one of the benefits of having declared
QPOs that can be monitored, as discussed in section 9.4.2. To this end, MEM should evaluate how to determine the
QPOs associated with ongoing facilities and begin to apply them in practice.

Additionally, the Panel's compilation of the province’s tailings dam inventory revealed limitations in MEM's capacity
for information retrieval, especially for timely response to unexpected occurrences. Tailings dam data for each mine
and each structure needs to be scanned electronically, compiled separately from permit files, and maintained in a

readily accessible database.
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9.4.5 PROFESSIONAL PRACTICE

The Panel found it disconcerting that, notwithstanding the large number of experienced geotechnical engineers
associated with the Mount Polley TSF, the overall adequacy of the site investigation and characterization of ground
conditions beneath the Perimeter Embankment went unquestioned. This may reflect a regional issue, or possibly
one of wider extent. Regardless, it calls for a concerted effort to improve professional practice in this area. The
situation is reminiscent of the conditions that prevailed in B.C. that resulted in the Association of Professional
Engineers and Geoscientists of British Columbia (APEGBC) Guidelines for Legislated Landslide Assessment for Proposed

Residential Developments in B.C.

In the view of the Panel, the fundamental need is to improve the geological, geomorphological , hydrogeological
and possibly seismotectonic understanding of sites proposed for tailings dams in B.C. This improved understanding
should account for the likely scale associated with variability so that site investigations can be planned with

enhanced reliability.

APEGBC appears to be well-suited for this task.

9.4.6 CANADIAN DAM ASSOCIATION (CDA) GUIDELINES

From its inception in 1995, the Mount Polley TSF adopted a minimum factor of safety (FS) of 1.3 during operations
and 1.5 for closure. As chronicled in section 5.4, these FS criteria drove key decisions throughout the design process,
and so the Panel is of the view that it would be helpful to comment on them.

CDA dam safety guidelines originally developed for water dams were subsequently adapted to tailings dams, with
target factors of safety as indicated in Table 9.4.1.

TABLE 9.4.1 TARGET FACTORS OF SAFETY FOR SLOPE STABILITY IN CONSTRUCTION, OPERATION AND
TRANSITION PHASES - STATIC ASSESSMENT (AFTER CDA, 2014)

LOADING CONDITIONS | MINIMUM FACTOR OF SAFETY | SLOPE

>1.3 depending on risk assessment

During or at end of construction } )
during construction

typically downstream

Long-term (steady state seepage,

- 1.5 downstream
normal reservoir level)
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These 2014 guidelines vest responsibility for establishing appropriate FS criteria solely with the designer, subject to

the designer’s consideration of the following:

«  The consequences of failure
«  The loading conditions

o The strength parameters used

Hence, the CDA Guidelines are premised on proper evaluation of these factors. But in the case of Mount Polley, this
premise was flawed. Few would argue that the failure consequences were anything less than catastrophic to those
affected. The loading conditions did not account for the development of normally consolidated conditions in
the foundation. And the strength parameters neglected undrained shearing. Furthermore, selection of FS criteria
using risk analysis, as specified in Table 9.4.1, could not have succeeded because the operative failure mode

went unrecognized.

Mount Polley illustrates that dam safety guidelines intended to be protective of public safety, environmental and
cultural values cannot presume that the designer will act correctly in every case. To do so defeats the purpose of
FS criteria as a safety net. In this, the CDA Guidelines are unable to achieve their intended purpose. Neither is the
Province well served, to the extent that MEM has incorporated compliance with these guidelines as a statutory

requirement. ®

The Panel considers that tailings dam guidelines and criteria

) . . ) Tailings dam guidelines and criteria
tailored to conditions in B.C. would more effectively meet 9 9

i itions in B.C. I
the needs of the Province in protecting public safety. Those tailored to conditions in B.C. would

developed by the U.S. Army Corps of Engineers for water dams more effectively meet the needs of the

. _ Province in protecting public safety.
provide one example, among others, that might be used as a P 9P 4

starting point.' This does not preclude adopting parts of the

CDA Guidelines where appropriate as well as the CDA technical bulletin Geotechnical Considerations for Dam
Safety." The Panel anticipates that this will result in more prescriptive requirements for site investigation, failure
mode recognition, selection of design properties, and specification of factors of safety.
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Based on the activities described and interpretations advanced in the preceding sections of the report, the Panel has

developed the findings summarized below.
10.1 MECHANISM OF FAILURE

The breach of the Perimeter Embankment on August 4, 2014 was caused by shear failure of dam foundation
materials when the loading imposed by the dam exceeded the capacity of these materials to sustain it. The failure

occurred rapidly and without precursors.

Direct evidence of this failure mechanism is provided by an identified shear surface in surviving remnants of the
dam core and by deformations consistent with shearing in a weaker glacially-deposited layer of silt and clay about
8-10 metres (m) below the original ground surface. This layer, its properties, and its extent received intense scrutiny
during this investigation, and analyses using representative parameters provide indirect evidence that further

supports this failure mechanism.

Deposited in a complex geologic environment, the weaker glaciolacustrine layer was localized to the breach
area. It went undetected, in part because the subsurface investigations were not tailored to the degree of this
complexity. But neither was it ever targeted for investigation because the nature of its strength behaviour was

not appreciated.

Throughout, the design investigations took note of the stiff, dense character of foundation soils and used
corresponding strength properties in stability analyses. But it was not recognized that this character would
change, with a corresponding change in strength behaviour under the increased loading as the dam grew higher.
Specifically, it was never recognized that the glaciolacustrine soils that were initially overconsolidated would
become normally consolidated, requiring undrained shear strengths for stability analyses. This is the process that

affected the weaker glaciolacustrine layer in the breach area that was not accounted for in the design of the dam.

Adding to the antecedent foundation conditions was the unprecedented steepness of the 1.3H:1V Perimeter
Embankment slope. This was justified by design analyses without questioning its reasonableness. The higher Main
Embankment had glaciolacustrine foundation soils with properties broadly comparable to those at the breach
section. But here, the steep slopes were effectively flattened by the addition of a buttress, which explains why the

failure did not occur at the highest part of the dam.
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10.2 CONTRIBUTING FACTORS

10.2.1 LONG-TERM PLANNING

A lack of foresight in planning for dam raising contributed to the failure. Successfully executing the raising plan
required intimate coordination of impoundment water-level projections, production and transport of mine waste
for raising, and seasonal constraints on construction. This made the tailings dam contingent at the same time on
the water balance, the Mine plan, and the weather. But instead of projecting these interactions into the future, they
were evaluated a year at a time, with dam raising often bordering on ad hoc and only responding to events as
they occurred. The effects were twofold: a near overtopping failure in May of 2014, and restrictions on mine waste

availability that produced the oversteepened slopes and deferred buttress expansion.

10.2.2 OBSERVATIONAL METHOD

The Observational Method was adopted as a design philosophy, but misapplied. For reasons not unrelated to
planning shortcomings, instrumentation was relied upon to substitute for definitive input parameters and design
projections. But the Mount Polley dam was ill-suited to this approach, for both practical and strategic reasons.
The steep slopes and constant construction activity on the Perimeter Embankment prevented installation of
instruments at optimal locations. More importantly, the instrumentation program was incapable of detecting
critical conditions because, once again, the critical materials and their critical mode of undrained behaviour were

not recognized.
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10.3 ROLE OF WATER

In light of its importance in planning and the near-overtopping incident, the role of water contained in the tailings
storage facility (TSF) deserves special mention. First of all, overtopping did not cause the breach of August 4, 2014.

However, the high water level acted in other ways that influenced both the failure and its effects.

High impoundment water levels were a major cause of chronic problems in maintaining a tailings beach around
the perimeter of the dam. At the breach section, water was in direct contact with the upstream zone of tailings fill
when failure occurred. This increased the piezometric level in the upstream zone above what it would have been
had a wide tailings beach been present. The Panel’s analyses show that this had some influence on dam stability,

although it was not the dominant factor.

The high water level was the final link in the chain of failure events. Immediately before the failure, the water was
about 2.3 m below the dam core. The Panel’s excavation of the failure surface showed that the crest dropped at
least 3.3 m, which allowed overflow to begin and breaching to initiate. Had the water level been even a metre
lower and the tailings beach commensurately wider, this last link might have held until dawn the next morning,

allowing timely intervention and potentially turning a fatal condition into something survivable.

Finally, the quantity of water had a great deal to do with the quantity of tailings released after the breach developed.
It was water erosion that transported the bulk of the tailings, and these fluvial processes ended when the supply of
water was exhausted. Had there been less water to sustain them, the proportion of the tailings released from the

TSF would have been less than the one-third that was actually lost.
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10.4 REGULATORY FACTORS

The Panel examined regulatory activities by the Ministry of Energy and Mines (MEM) in relation to the failure and
whether different actions on MEM’s part might have prevented it. In particular, the Panel’s attention was drawn to
the period from 2009 to 2011 when no government inspections of the Mount Polley dam were performed. The
Panel concludes that this lack of inspection was immaterial to the failure because there were no precursors that
could have been detected, even on the eve of the breach. By definition, no amount of inspection can discover a
hidden flaw.

The Panel also examined MEM's actions concerning factors that did have a material relationship to the failure.
In this regard, MEM queried the designer about softer conditions in glaciolacustrine soils encountered in a
groundwater well that were similar to those at the breach. Its inspector issued a “Departure from Approval” notice
concerning the absence of an adequate tailings beach. The inspector questioned the designer’s factor of safety
FS = 1.3 criterion, subsequently requiring its increase. The Panel found these actions to be appropriate and within

the expected conduct of regulatory responsibilities.

Itis not unreasonable to ask whether MEM could have acted sooner or more aggressively in these matters or even
intervened in the design process, and perhaps this might have been warranted under the harsh illumination of
hindsight. Yet the Panel considers that a bright line must be maintained between designer and Regulator. It is
axiomatic that a Regulator cannot regulate its own activities. Were it to usurp the role of the designer, it would also

usurp its own role.
10.5 POSSIBLE FAILURE PREVENTION

In fulfilling its Terms of Reference, the Panel considered what actions could have been taken to prevent the failure.
From a purely technical perspective, apart from rectifying the deficiencies reviewed here, there is one that stands out.

The design for the next raise of the dam had been submitted only days before the failure. In it was a buttress that
would have extended along the Perimeter Embankment, including the breach section. Although this buttress was
still not designed using the appropriate stratigraphy or undrained strengths, the Panel determined that had it been

in place, the failure would have been averted. The solution would have been correct, even if for the wrong reasons.

In keeping with its Terms of Reference, the Panel has developed these conclusions on the basis of technical factors
specific to the Mount Polley failure. It must be left to others to determine how they might translate more broadly

to legislative, administrative process, and policy areas.
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Recognizing that the path to zero failures involves a combination of best available technology (BAT) and best applicable

practices (BAP), the Panel recommends the following:

1)

2)

3)

To implement BAT using a phased approach:

a. For existing tailings impoundments. Rely on best practices for the remaining active life.

b. For new tailings facilities. BAT should be actively encouraged for new tailings facilities at existing and
proposed mines.

¢. Forclosure. BAT principles should be applied to closure of active impoundments so that they are progressively

removed from the inventory by attrition.

See section 9.3.

To improve corporate governance:
Corporations proposing to operate a tailings storage facility (TSF) should be required to be a member of the
Mining Association of Canada (MAC) or be obliged to commit to an equivalent program for tailings management,

including the audit function.

See section 94.1.

To expand corporate design commitments:
Future permit applications for a new TSF should be based on a bankable feasibility that would have considered
all technical, environmental, social and economic aspects of the project in sufficient detail to support an

investment decision, which might have an accuracy of £10%-15%. More explicitly, it should contain the following:

a. Adetailed evaluation of all potential failure modes and a management scheme for all residual risk.
Detailed cost/benefit analyses of BAT tailings and closure options so that economic effects can be understood,
recognizing that the results of the cost/benefit analyses should not supersede BAT safety considerations.

¢.  Adetailed declaration of Quantitative Performance Objectives (QPOs).

See section 94.2.
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4)  To enhance validation of safety and regulation of all phases of a TSF:

Increase utilization of Independent Tailings Review Boards.

See section 94.3.

5)  To strengthen current regulatory operations:

a. Utilize the recent inspections of TSFs in the province to ascertain whether they may be at risk due to the
following potential failure modes and take appropriate actions:
i Undrained shear failure of silt and clay foundations
ii. Water balance adequacy
iii. Filter adequacy

b. Utilize the concept of QPOs to improve Regulator evaluation of ongoing facilities.

See section 944.

6)  Toimprove professional practice:
Encourage the APEGBC to develop guidelines that would lead to improved site characterization for tailings dams

with respect to the geological, geomorphological, hydrogeological and possibly seismotectonic characteristics.

See section 94.5.

7)  Toimprove dam safety guidelines:
Recognizing the limitations of the current Canadian Dam Association (CDA) Guidelines incorporated as a
statutory requirement, develop improved guidelines that are tailored to the conditions encountered with TSFs in

British Columbia and that emphasize protecting public safety.

See section 94.6.
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12 | Postscript and Acknowledgements

The Panel has been acutely aware of its responsibilities in conducting this investigation. It set out to be thorough,
focusing on the technical issues, and to report its findings in an independent, open, transparent and timely manner. It is
content that it has fulfilled its mandate. To do so required the digestion of thousands of pages of technical documents;
field investigations involving mapping, drilling and sampling; complex laboratory tests; various theoretical 