Closure of Remote Historic Underground
Mines In Desert Environments
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* Geotechnical solutions were developed for closure of two
historic undergretndieerate mines in the deserts of
Califoernia

* The Old Berate:mining district located i theilViejave Desert
near. Barstow California

o Mined frrom 1890 ta 1907

* The Lila:C. Mine near Death\Valley @aliferaia

o, Mined from 1907/ to 1916 and 1920161926
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Underground at

Old Borate

(Circa 1902—from
Reymnolds 1999)




Closurae Critariz

B eV eI IGIACEESS
sEretectwndline
siViinimize impact to fragile desert landscape

s Assure environmental compationigy

*@ptimize use afinative materals
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Wilellife Protactior.

PeonuUCIEd YA A AN U AESE T Lo LOISE SPECTalISIS

Spayumennernaliexamination and night: bat SUREYsAVILg
MEEAVISIGRreguUIpment and ultrasenic detectays

® N tertoerse sign found WIthin mines

* Bats or bat sign found m moest el taemMIME GPENINGS

* Mine openings fenced to allow bat exit but not re-entry
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Pre-Consiruciion Dasicr

SADINES
*(enllapse and/Regrade
sBEalyuretnane Foam

sSHAETS and STIOPES
*Pre-Cast Concrete Panel@ans
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Surficial
Material

Survey Backfill

Monument

Armor Finished Slope
with Cobbles and Boulders

Final Grade (3H:1V)

Original Ground

Extremely
Weathered Siltstone

Excavation (1.5H:1V)

— Eﬁivveatheregs“w

— ~Siitstone .~ Precast Concrete Panels

Shaft Opening
Backfill with Mine Waste
Rock (optional)

Panel
Abutment
Joint

Prepare Smooth Foundation Shaft g
Surface and Shim Such That \ Opening f
Panel Edges are Flush and

Panels are Coplanar
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Elaled Conclitions

2 Sjiranejtn) of Wi silistone cipel ¢lystone eljel glee e razisa Wit
eI

S EGWIRERNINGICapaCTLY
SR =plmadatien could be easily eroded
S Eroeundicaved and grew laterally with excavatiorn

' EXcavated mine openings Were larger than | SUriace EXPrEessian

® |_arge spans for: pre-cast COncreIe PanEls
* |ncreased NUMBEY Of CONCHELEIPANEIS

o \Would'have required/steelfeeamisippeyt for large
spans
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Flina) Desier:

sSHAESENG STIOPES
sEeulder Plug

SADINS
*Collapse and ' Regrade with BeulGerRi2iug
*Polyuretnane foam
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Corngoneriis of a Tyolcal Boulder Plug Closurs
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Tyolcal Adit Bouldar Plug Closure

Regraded to Original
Slope or Flatter

Survey
Monument

Original

Ground 15 g Excavation
Adit Portal 27 et (1.5H:1V)

Surficial
Material Boulder
Backfill Backfill
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Typical Boulder Plug Placement Sequence
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Typical Boulder Plug Placement Sequence
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surnrnary of Old Boraia Closure

S Z0NmIRENepenings closed in 5-week period

S BeUGEer plugs satisfied design criteria

®/(Closure costs were significantly/ reduced My using
native materials

* |_ower unit costs = more mine openings closed
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Main Haulage
|_evel of the

Lila C. Migé
——Circa 1910
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Stope at Lila C.
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Wilellife Protactior.

PeonuUCIEd YA A AN U AESE T Lo LOISE SPECTalISIS

SINGIOYAGISESIgN found Within mines

S SUTRVEYS revealed four species of hats i the miInes

* o bat “Species ofi Special Concermafound

* Bat accessihle designs werennclUdedN el esire
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Bai Accessigla Closuras

S ALGalES andiCPEIas designed Yy special iy JCoIE GO
LOYPYOLECE DAl aCCess, presernve ventilauenana
mainEam temperature

*lUnderground surveys conducted to,optimizetzt
accessible design
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Closure Desir.

sSSHAERSand STORPES
sRacKkeVIattress — AAI Innovation

SADINS
*Collapse and ' Regrade with BeulGerRi2iug
*Polyuretnane foam
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Original
Grade

:E: Grounc?: -

Lila C. Mine—
Typical Profiles

Pre-closure
Daylighted
Stope
Configuration

Rock Mattress Excavation
and Construction of a
Daylighted Stope Closure
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hted Slope
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Rock Mattress
Construction for
a Dayl

Bottom and Top Layer
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Rock Constructlon for 2 Daylighted Stope
b ' ¢) Wheel Roll Compaction

d) Gabion Construction
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Rock Constructlon for a Daylighted Stope

2 e) Filling Gabions with
#2 JNative;Rock

) BacKfilling Over
Gabion Rock Mattress

AGAPITO ASSOCIATES, INC.
Consulting Engineers




Rock Construction for a Daylighted Stope

g) Partially Backfilled
RocksVlattress

n) Final"Grade and
Armored Slope
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Rock Construction for a Shaft Closure

Plywood Barrier
to Keep Debris
out of Shaft During

. Excavation B, B
: Rock Debris

~on Plywood
Barrier

a) Shaft after Surface Preparation for Rock Mattress
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Rock Construction for a Shaft Closure

b) First Layer of Gabions of Shaft
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Rock Construction for a Shaft Closure

~“FirstLayer =

!

#.‘:... 1 .‘:, -

c) First and Second Layers of Rock-filled Gabions—
Completed Rock Mattress at Shaft
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Rock Construction for a Shaft Closure
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d) “Load Test” on a Rock Mattress at Shaft
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Rock Construction for a Shaft Closure

e) Backfill over Rock Mattress
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Typical Foam Seal Construction

~ a) Preparing
-~ Backing)l-attice

' b) Applying
. Foam
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Construction and Final Configuration of
Bat Cupola

F

a) Landing Ring and
First Course Concrete
Pipein Place

0) Completed/
Backiilled
Shaft Extension
And Bat Cupola &
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Cost Corfoarisorn (Usn-2000;

S(EalnIeRTRECKAVIALLESS WITI Concrele

splasticiend

si=pam lug

sGahion Rock Mattress
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$20/890

$18,880
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