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Bucket-line dredges represent the peak of early industrial placer mining engineering,
capable of extraordinary production rates and low unit costs under ideal geological
conditions. However, their rigidity, environmental impact, and capital intensity rendered
them obsolete as placer mining shifted toward selective, lower-impact operations.
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6. Comparative Assessment

Aspect

Excavation

Processing

Capital Cost

Selectivity

Fine Gold Recovery

Environmental Footprint

Best Use Case

Bucket Dredge

Continuous mechanical

bucket line

Onboard, continuous

Very high

Low

Moderate

Extensive

Large uniform deposits

Modern Stationary Wash Plant

Excavator or loader

Separate plant

Moderate to low

High

High

Controllable

Variable and smaller placers

Bucket dredaes excelled in larae. low-arade. laterallv continuous placer svstems where
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economies of scale dominated. Modern wash plants outperform dredges in nearly all
contemporary scenarios due to flexibility, recovery efficiency, and regulatory

compatibility.
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Bucket-Line Dredge Placer Mining

Operation, Components, Efficiency, and Comparison to Modern Stationary Wash Plants

1. Overview of Bucket Dredge Operations

Bucket-line dredges were the dominant large-scale placer mining technology from the late 19th century through the mid-20th century, particularly in Alaska, California, and the Yukon. These floating
mechanical systems were designed to mine unconsolidated alluvial gravels continuously, excavating material from below water level, processing it onboard, and discharging tailings behind the dredge
as it advanced through a placer deposit .

Unlike modern land-based operations, bucket dredges combined excavation, transport, classification, gold recovery, and tailings disposal into a single continuous system operating from a floating
hull.

2. Major Components of a Bucket-Line Dredge

A typical bucket dredge consisted of the following integrated subsystems:

Bucket Line and Ladder

A continuous chain of steel buckets mounted on a ladder excavated gravels from the pond floor. Bucket capacities historically ranged from roughly 2 to over 18 cubic feet, with digging depths
commonly exceeding 60 to 100 feet in favorable ground .

Hull and Spud System

The dredge floated in a pond created by its own excavation. Large spuds or anchors stabilized the hull while allowing controlled forward movement during digging cycles.

Screening and Washing Plant

Excavated material was dumped into a rotating trommel or screen where oversize material was rejected and stacked behind the dredge. Undersize material flowed to sluice boxes or jigs for gravity
separation of gold.

Gold Recovery Circuit

Primary recovery relied on sluices with riffles, followed by secondary recovery devices such as jigs or tables. Mercury amalgamation was historically common, though now obsolete due to
environmental restrictions .

Stacker and Tailings Disposal

Oversize tailings were conveyed by stackers and deposited behind the dredge, forming characteristic windrow tailings piles that marked the dredge’s advance.

3. Operating Efficiency and Performance

Bucket dredges achieved very high material throughput and low unit costs when operating in large, continuous placer deposits:

« Throughput: Hundreds to several thousand cubic yards per day, depending on bucket size and operating speed

+ Recovery: Historical recovery rates typically ranged from 70-85 percent, improving with better screening and cleanup practices; later operations achieved higher recovery but still struggled with very
fine gold

+ Cost Efficiency: Once mobilized, dredges exhibited low cost per cubic yard due to continuous operation and minimal labor per unit volume

However, dredges required large, laterally extensive deposits with relatively uniform grades to justify their high capital cost and long setup timelines.

4. Limitations of Bucket Dredge Mining

Despite their scale advantages, bucket dredges suffered from several structural and economic limitations:

+ Capital Intensity: High upfront construction and mobilization costs

+ Low Selectivity: Dredges mined everything in their path, including low-grade material, reducing efficiency in heterogeneous deposits

« Environmental Impact: Extensive landscape disturbance, stream realignment, and tailings piles led to significant long-term reclamation issues
« Operational Inflexibility: Poor suitability for narrow pay streaks, shallow placers, or environmentally restricted areas

These limitations contributed to the decline of dredging after World War Il as operating costs rose and regulatory constraints tightened.
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Cost per cubic yard in 2026 dollars: bucketline dredge versus modern stationary wash plant

Cost per cubic yard in 2026 dollars: bucketline dredge versus modern stationary wash plant

1) What cost per cubic yard means here

Two different cost conventions show up in the historical dredge literature versus modern placer practice:
 Bucketline dredge source data commonly reports direct operating costs only (labor, power, supplies, maintenance)
and explicitly excludes overhead and administration, depreciation, royalties, and taxes.

- By contrast, modern $ per yard figures miners quote for stationary plants are often all-in site operating cost for
mining and washing (and sometimes include stripping, water handling, etc.). The Alaska placer profile literature also
separates stripping/overburden from processing.

To quantify apples-to-apples, | provide:

1. Dredge direct operating cost per yd3 (then a practical all-in range note), and

2. Modern stationary plant operating cost per yd3, using published historic ranges plus typical stripping, converted to
2026 dollars.

2) Inflation basis used (to express everything in 2026 dollars)

Because full-year 2026 CPI is not yet available, | used BLS CPI-U index level for December 2025 (324.054, 1982
-84=100) as a near-term proxy for 2026 dollars. ([Bureau of Labor Statistics][1])

Key CPI anchors:

* 1967 annual average CPI-U = 33.4 ([Bureau of Labor Statistics][2])

* 1990 annual average CPI-U = 130.7 ([Bureau of Labor Statistics][2])

* Dec 2025 CPI-U index level = 324.054 ([Bureau of Labor Statistics][1])

Inflation multipliers:

+ 1967 to 2026 proxy: 324.054 / 33.4 = 9.70x

+ 1990 to 2026 nroxv: 324 054 / 130 7 = 2 48x
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5) Side-by-side summary (2026 dollars, proxy)

Cost per cubic yard (2026
System What the cost basis represents dollars, proxy)

Bucketline dredge Direct operating cost only; excludes $0.27 to $0.94 per yd3 (from
overhead. depreciation. rovalties. taxes 2.79 to 9.70 cents/vd3. 1967



O ics462 basis) O ic8a62

Stationary wash Typical site operating cost including $3.72 to $17.36 per yd3
plant + open-cut stripping and washing (constructed from
published ranges) (O report (3 ic8462
3 placer1
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