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1.0 INTRODUCTION 

AMEC Environment and Infrastructure, Inc. (AMEC) has prepared this Geotechnical Monitoring 
Plan as part of the Draft Final Design to describe the geotechnical instrumentation to be 
installed, the monitoring to be performed, and the data compilation and reporting to be 
conducted to support the remedy of the Operable Unit 3 (OU3) Tailings Impoundment at the 
Callahan Mine Superfund Site in Brooksville, Maine.   

The impoundment contains fine sand, silt, and clay-sized rock particles (i.e., tailings) from the 
Callahan-era mining operations.  The tailings are contained by a three-sided dam constructed 
against a sloping hillside. The strata within, beneath, and/or at the toe of the Tailings 
Impoundment consist of the following principal strata: 

• Tailings; 

• Clay (Fill/Re-Work); 

• Organic Silt/Clay, Peat, and Clay (Estuarine); 

• Clay (Presumpscot Formation); 

• Glacial Till; and  

• Bedrock. 

The thickness of the tailings ranges from about 5 to 60 feet, and the thickness generally 
increases from west to east.  Highly compressible tailing “slimes” dominate central portions of 
the impoundment.  The slimes consist almost exclusively of silt and clay-sized particles with 
trace amounts of fine sand.  Conversely, tailings “sands”, consisting primarily of loose silty fine-
grained sand, dominate the perimeter of the impoundment (i.e., in close proximity to the dam).  
A zone of highly stratified and/or laminated tailings is generally found in between the slimes and 
the sands. 

Based on the remedy and the subsurface conditions, AMEC identified concerns regarding the 
stability of the Tailings Impoundment that might occur during remedial construction.  The 
remedy calls for the installation of prefabricated vertical drains (PVDs), hereafter referred to as 
EQ Drains, to accelerate construction (which consists primarily of filling atop slimes) and 
promote consolidation-induced strength gain, and in-turn stability. Consequently, geotechnical 
monitoring will be required during dewatering and construction earthwork operations in order to 
assess the performance of the remedy.   

AMEC recommends the installation of geotechnical instrumentation in in “Phase 1” of the 
remedial construction, in conjunction with the installation of horizontal drains, and immediately 
following construction of the working surface and installation of EQ Drains.  The instrumentation 
is intended to monitor the Tailings Impoundment response, and to utilize the data to adjust the 
rates of fill placement during construction to promote local and global stability.   
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1.1 SITE DESCRIPTION 

The former Callahan Mine property, an elongated 120-acre property oriented north-south,  is 
located approximately 15 miles west of the Town of Blue Hill and 35 miles west of the Town of 
Bar Harbor on the northwest side of the Cape Rosier peninsula on Penobscot Bay.   

The former Callahan Mine was a hard-rock, open-pit mine developed in Goose Pond, a shallow 
tidal estuary of approximately 75 acres.  Between approximately 1968 and 1972, approximately 
5,000,000 tons of waste rock was mined to access and remove approximately 800,000 tons of 
ore-bearing rock at the Site.  Rock was blasted from inside the open pit and hauled out in 
trucks.  Ore-grade rock was taken directly to on-site processing or to an ore storage area.  
Waste rock was either disposed of or used for construction projects, such as the construction of 
on-site containment dams at the Tailings Impoundment.  Tailings from the flotation mill were 
pumped as slurry to the Tailings Impoundment.   

The Tailings Impoundment is located at the southern end of the Site, adjacent to a Salt Marsh at 
the edge of South Goose Pond.  The impoundment encompasses an approximately 17-acre 
trapezoidal-shaped footprint.  The impoundment contains fine sand, silt, and clay-sized rock 
particles (i.e., tailings) from the Callahan-era mining operations.  The tailings are contained by a 
three-sided dam constructed against a sloping hillside.  The existing ground surface is roughly 
elevation +75 feet along the crest of the dam and about elevation +70 feet in central portions of 
the impoundment.  The impoundment surface is concave and surface water ponds in the 
middle.  The existing ground surface averages about elevation +15 feet along the eastern toe.  
The dam is constructed of waste rock, and is a maximum of about 60 feet high and has an 
average slope of about 1.3H-1.5H to 1V (horizontal to vertical).  East of the toe, the existing 
ground surface slopes down gradually to the edge of the Salt Marsh/Goose Pond floodplain (at 
approximately elevation +7 feet). 

The existing features and topography of the Tailings Impoundment are depicted in Figure E-1. 

1.2 PROPOSED REMEDY 

The remedy of the Tailings Impoundment includes the following major components: 

• Installation of horizontal drains (for pre-construction and long-term dewatering 
purposes); 

• Installation/construction of a working surface atop the tailings slimes to allow for 
equipment access and instrumentation installation, as necessary;  

• Installation of EQ Drains in proposed fill areas; 

• Installation of geotechnical monitoring instrumentation; 

• Re-grading the Tailings Impoundment to design elevations (includes cuts near the 
impoundment perimeter and fills within the impoundment interior); and 

• Placement of a low-permeability cover system. 
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1.3 PURPOSE AND SCOPE OF MONITORING 

The purpose of the geotechnical monitoring plan is to monitor the response of the Tailings 
Impoundment to dewatering, and to monitor stability, locally and globally, during construction.  
The main components of the monitoring include the following: 

• Visually observe and document conditions within and around the impoundment 
during construction; 

• Monitor horizontal/lateral deformation within the impoundment, along the 
impoundment fill slope toe, and along the outer perimeter/toe of the impoundment 
dam; 

• Monitor phreatic surface elevation head within the tailings prior to and, to a lesser 
extent, during construction; 

• Monitor pore pressure generation/dissipation in the tailings during fill placement; 

• Monitor vertical settlement in the tailings during fill placement; 

• Utilize the geotechnical monitoring data in conjunction with the visual observations 
to evaluate the response of the Tailings Impoundment during dewatering and 
construction and to adjust the rate of fill placement, as necessary, to promote 
stability. 

The Tailings Impoundment currently contains installed instrumentation. It is anticipated that the 
existing instrumentation will be utilized during dewatering and will be abandoned/removed in 
proposed cut areas during construction operations.  AMEC recommends that existing 
instrumentation be utilized during geotechnical monitoring, where possible. The existing 
instrumentation, within and at the toe of the impoundment, consists of monitoring wells, 
observation wells, standpipe piezometers, and vibrating wire piezometers (VWPs).  

The following supplemental/additional instrumentation will be installed in support of the plan 
objectives and are listed as follows: 

• 10 Slope Inclinometers; 

• 7  Standpipe Piezometers; 

• 6  VWP Locations (consisting of multi-level/“nested” pairs of  VWPs); and 

• 8  Settlement Platforms. 

Existing and proposed instrumentation locations are presented in Figure E-1. 
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2.0 VISUAL INSPECTIONS 

Visual inspection of the impoundment should be performed during construction.  The 
inspections should be conducted once daily, at a minimum.  Specific areas of focus should 
include the following: 

• Outer perimeter/toe of the Tailings Impoundment; 

• Crest and impoundment dam face;  

• Fill areas; and  

• Cut areas. 

Focus areas and the frequency of inspection may be adjusted as construction progresses and 
as monitoring data becomes available. 

The inspections should note observations of any signs of potential slope instability, including, 
but not limited to, cracking, depressions, bulging, and seepage breakout.  At a minimum, daily 
reporting should consist of a notation that an inspection was made and that no anomalies were 
noted.  If anomalies are observed, the daily report should document and include the following 
information, at a minimum: 

• A narrative description of the anomaly; 

• The approximate location(s)/coordinates of the anomaly; 

• The construction activities that have occurred in that area over the previous few 
days; and 

• Digital photographs showing the observed conditions.   

A sample visual inspection report is provided in Attachment E-1.  At a minimum, the frequency 
of monitoring events will be increased if anomalies are observed.  Additional actions, including a 
reduction in fill placement rates, a temporary cessation of cutting/filling operations, or removal of 
existing fill may also be considered. 



State of Maine Department of Transportation 
Callahan Mine Superfund Site – Brooksville, Maine 
Geotechnical Monitoring Plan 

Project No.:  3612112201.05.01 Page 3-1  
December 2014    
 

3.0 HORIZONTAL DEFORMATION  

Horizontal deformation/deflection will be monitored by the use of vertical slope inclinometers. 

3.1 SLOPE INCLINOMETERS 

A total of ten (10) slope inclinometers should be installed along the impoundment fill slope toe 
and along the outer perimeter/toe of the Tailings Impoundment in critical areas.  The proposed 
inclinometer locations are depicted on Figure E-1. The inclinometer locations should be field 
adjusted, as necessary. 

3.1.1 Installation 

Installation of inclinometers will be performed by a conventional drilling rig and will be conducted 
as follows: 

• The drill rig should be leveled and mast erected vertically prior to the start of drilling 
such that the inclination of the boring will be no more than 3 degrees from vertical. 

• Drilling for inclinometer installation should be completed via rotary wash drilling 
methods utilizing 6-inch inside diameter (ID) flush-joint steel casing (driven), 
potable water, and/or mud rotary methods using drilling “mud”. 

• As the borings are advanced, Standard Penetration Tests (SPTs) will be 
conducted, as directed by the on-site engineer, and soil samples will be obtained 
via 2-inch diameter split-spoon samplers.  SPTs will be conducted in general 
accordance with ASTM D 1586. 

A 3-inch diameter split spoon sampler should be on-site and available for use. 

• Borings (and inclinometer casing) will extend a minimum of 20 feet into dense 
glacial till and/or bedrock. 

• Inclinometer casing should consist of 3.34-inch outside diameter (OD) Quick 
Connect (QC)-type inclinometer casing supplied by Durham Geo Slope Indicator 
(Slope Indicator) or equal.  Product information for the inclinometer casing is 
provided in Attachment E-2a. 

• Inclinometer casing should be assembled and installed in general accordance with 
Slope Indicator’s installation guidelines.  The QC Casing Installation Guide is 
provided in Attachment E-2b. 

• Inclinometer casing should be filled with potable water to counteract buoyancy in 
the boring. 

• The casing should be installed such that the grooves should be installed 
perpendicular and parallel with the slope. 

• During grouting (see below), down force should be applied at the bottom of the 
casing (i.e., to the bottom cap) via extra drilling rods. 
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• Inclinometer casing will be fully-grouted with cement-bentonite grout via tremie 
methods.  All grouting will be performed in two stages, using a solid polyvinyl 
chloride (PVC) tremie pipe:  

During Stage 1 grouting, the inclinometer annulus should be grouted from the 
bottom of the borehole up. Stage 1 grout should be utilized for the bottom 20 feet 
of the inclinometer (grouted in dense glacial till and/or bedrock).  Stage 1 grout 
should consist of 94 pounds of Portland cement (Type I or II), 69 pounds of water 
(8.3 gallons), and about 5 pounds of bentonite. 

During Stage 2 grouting, the inclinometer should be grouted from the top of Stage 
1 grout up. Stage 2 grout should be utilized for the remainder of the inclinometer.  
Stage 2 grout should consist of 94 pounds of Portland cement (Type I or II), 625 
pounds of water (75 gallons), and about 39 pounds of bentonite. 

• Protective steel casing should be installed around the above ground portion of the 
inclinometers. 

The locations and elevations (ground surface and top of casing) for each inclinometer should be 
surveyed after the grout has fully cured (approximately 48 hours).  Survey accuracy should be 
as follows: 

• Horizontal location to the nearest 0.01 foot; and 

• Vertical elevation to the nearest 0.01 foot. 

Protective boundaries (5-foot radius, minimum) should be placed around each inclinometer with 
high-visibility fence, flagging, or equivalent during construction.   

3.1.2 Monitoring 

After the grout has cured (48 hours, minimum), three initial readings should be conducted to 
establish a baseline profile for each inclinometer.  Baseline readings should be made within one 
week of installation.  

The inclinometers within the impoundment should be initially monitored one (1) time per week 
during filling.  The inclinometers at the outer toe of the impoundment dam should be monitored 
at least two (2) times per month.  The frequency of the monitoring events will be adjusted as 
monitoring data becomes available.  At a minimum, the frequency of monitoring events may be 
increased if movement occurs as described in Section 3.1.4. 

During each monitoring event, a Digitilt inclinometer probe and a Digitilt DataMate II data 
recorder, or equal system, should be used to “read” each inclinometer.  Product information for 
the inclinometer system is provided in Attachment E-2c. 

3.1.3 Data Compilation and Reporting 

DigiPro inclinometer software (or equal) should be utilized to compile and plot the inclinometer 
data recorded by the inclinometer probe and data recorder.  The inclinometer software reports 
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for each inclinometer shall include cumulative and incremental displacement in both the A and B 
axes, and shear strain in 2-foot zones of the A-axis at suspected areas of high movement.  
Sample inclinometer data reports are provided in Attachment E-2d.   

3.1.4 Action levels 

The frequency of monitoring of the inclinometers will be once per week during the initial filling for 
those inclinometers installed at the toe of the fill operations within the impoundment and two 
times per month for those inclinometers installed at the outer toe of the impoundment. These 
frequencies may be increased or decreased depending on the rate of cumulative displacement 
and shear strain measured during site filling.   

The monitoring of the inclinometers will also be increased should movements exceed certain 
guidance criteria for lateral cumulative displacement and shear strain as follows:   

Cumulative Displacement:  If the cumulative displacement exceeds 0.08 inches per month 
at the maximum point of movement in the inclinometer plot, the Owner and Design Engineer 
will be notified, and the following actions will be taken: 

• An additional inclinometer survey will be made to verify the exceedance; 

• The monitoring frequency will be increased to weekly or to a frequency at 
which the 30 percent the guidance criteria would be measured at the current 
rate of movement.  For instance, if the cumulative displacement is measured 
at a rate of 0.24 inches per month (adjusted for a 30 day period), the 
frequency of readings will be increased to (0.08 x 30 %)/0.24 x 30 or 3 days 
between readings.  If the calculated frequency of readings is greater than 7-
days, the frequency of readings will be limited to once per week;    

• The monitoring frequency will continue until the rate of cumulative 
displacement drops below 0.08 inches per month, and for three consecutive 
readings thereafter; and  

• If the displacement measurements indicate an acceleration of movement, the 
fill placement operations will be ceased at that location, and further actions 
will be implemented, which might include further increasing the monitoring 
frequency, stability analyses, placement of berms, a longer waiting period 
before additional fill placement or removal of fill.    

Shear Strain:  If the shear strain exceeds 0.04 percent per month in identified zones of 
shear displacement, the owner and Design Engineer will be notified, and the following 
actions will be taken: 

• An additional inclinometer survey will be made to verify the exceedance; 

• The monitoring frequency will be increased to a frequency at which 30 percent of 
the guidance criteria would be measured.  For instance, if the rate of shear strain 
is measured at a rate of 0.12 percent per month (adjusted for a 30 day period), 
the frequency of readings will be increased to (0.04 x 30 %)/0.12 x 30 or 3 days 
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between readings.  If the calculated frequency of readings is greater than 7-days, 
the frequency of readings will be limited to once per week;    

• The monitoring frequency will continue until the rate of shear strain drops to 
below 0.04 percent per month, and for three consecutive readings thereafter 
under the guidance criteria is met; and  

• If the shear strain measurements indicate an acceleration in the rate of shear 
strain, the filling operations will be ceased at that location, and further actions will 
be implemented, which might include further increasing the monitoring frequency, 
stability analyses, placement of berms, or removal of fill. 

Cumulative Shear Strain:  Total cumulative shear strain will be monitored at each inclinometer in 
zones of suspected shear type deflection.  The significance of shear strain is that the soft 
tailings may exhibit strain softening during shear failure.  Strain softening denotes a loss in 
strength with increasing strain after peak strength values are reached.  For the purposes of this 
plan, a total cumulative shear strain of 4 percent or greater for any 2-foot long zone measured 
may trigger other actions, depending on other site data measurements.  

Several measures may be considered to assess the rate of shear strain and its long-term impact 
on the stability of the facility.  These measures may include the following: 

• Installation of piezometers at, above, and below suspected zones of shear.  If 
excessive shear strain occurs, it is expected that the pore pressures in the 
shear zone will increase.  Piezometers placed just above and/or below the 
zone of shearing, and within the zone can help assess if excessive shear 
strain is occurring;     

• Installation of additional inclinometers.  If a shear type failure develops, it 
should be evident along a vertical section through the filled portion of the site.  
Additional inclinometers can be installed in a section perpendicular to the 
slope beneath the crest of the fill slope to assess the continuity of the 
suspected zone of shearing.  A single span of casing without settlement 
couplings should be installed across the suspected zone of shear with 
settlement couplings above and below the zone; and  

• Vane shear testing or con penetration testing (CPT) at suspected zones of 
shear strain:  Vane shear or CPT testing could be performed at suspected 
shear zones to assess if a loss of strength occurs.  The testing would have to 
be performed at very short intervals across the suspected zone in order to 
detect the loss in strength.   

The decision to implement such measures at the site would be based on the overall 
progress of the site filling, acceleration or deceleration of movements, as well as other site 
monitoring data from the piezometers and settlement platforms.  
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4.0 PHREATIC SURFACE ELEVATION HEAD 

Phreatic surface elevation head should be monitored during dewatering and construction 
operations to verify that the horizontal drains are functioning as intended/designed. 

4.1 Installation 

Seven (7) additional standpipe piezometers should be installed within the Tailings Impoundment 
to specifically target anticipated bottom of tailings “low spots” where the tailings could potentially 
remain saturated below the proposed horizontal drains.  The standpipe piezometers should 
have a target screened interval slightly above the bottom of the tailings.  The standpipe 
piezometers should be installed as follows: 

• Drilling for standpipe piezometers should be completed using a conventional drill 
rig using  rotary wash drilling methods utilizing 6-inch inside diameter (ID) flush-
joint steel casing (driven), potable water, and/or mud rotary methods using drilling 
“mud”. 

• As the borings are advanced, SPTs will be conducted, as directed by the on-site 
engineer, to identify bottom of tailings, and soil samples will be obtained via 2-inch 
diameter split-spoon samplers.  SPTs will be conducted in general accordance with 
ASTM D 1586. 

• Piezometer screen and riser materials should consist of 1-inch diameter flush-joint 
schedule 40 PVC. 

• PVC screen shall be new, machine slotted, with a 0.010-inch slot size. 
Piezometers should be constructed with 10- to 20-foot long screened intervals, as 
determined by the on-site engineer. 

• The bottom of the screen should be approximately 1 to 2 feet above the bottom of 
the tailings. 

• The screened interval should be backfilled with filter sand (#1), which shall extend 
at least 2 feet above the top of the screen. 

• A bentonite seal (bentonite chips) should be installed to approximately 3 feet 
(minimum) above the top of the sand pack. Bentonite chips should be hydrated 
prior to grouting. 

• The remainder of the piezometer should then be grouted from the bottom up via a 
tremie-pipe and cement-bentonite grout.  

• The grout mix shall consist of 94 pounds of Portland cement (Type I or II), 69 
pounds of water (8.3 gallons), and about 5 pounds of bentonite. 

Protective boundaries (5-foot radius, minimum) should be established around each piezometer 
(existing and newly installed) with high-visibility fence, flagging, or equivalent.  During 
subsequent earthwork activities, shovels and hand-operated walk-behind compaction 
equipment shall be used to place and compact fill within a 5-foot radius (minimum) of the 
piezometers. 
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4.2 Monitoring 

AMEC recommends monitoring phreatic surface elevation head within the Tailings 
Impoundment during dewatering and construction operations. The phreatic surface elevation 
head should be monitored one (1) time per month during dewatering and one (1) time per week 
during construction, at a minimum. A sample phreatic surface elevation head field data sheet is 
presented in Attachment E-3a. 

4.3 Data Reporting and Compilation 

Data should be compiled, tabulated, and plotted for each monitoring point following each 
monitoring event.  A sample phreatic surface elevation head data report is provided in 
Attachment E-3b. 

4.4 Action Levels   

The Tailings Impoundment should be dewatered, per the design, prior to construction.  If the 
impoundment does not respond as anticipated, additional actions, such as installation of 
additional horizontal drains, should be considered.   

Action levels will be established prior to dewatering and construction operations.  Additional 
actions, including a reduction in fill placement rates, a temporary cessation of filling operations, 
or removal of existing fill should also be considered during construction. 

Action levels may be adjusted during construction depending on actual site conditions, as 
necessary/applicable. 
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5.0 PORE PRESSURE  

The generation and dissipation of excess pore pressure in the tailings induced by fill placement 
should be monitored via VWPs.  

5.1 VIBRATING WIRE PIEZOMETERS 

VWPs should be installed at six (6) locations within the Tailings Impoundment as shown on 
Figure E-1.  Each location will consist of up to two (2) VWPs at approximately 10 to 15 foot 
vertical spacing.  

5.1.1 Installation 

Installation of VWPs should be conducted as follows: 

• The VWPs should be installed after the PVDs have been installed. At each VWP 
location, the VWP drill hole shall be centered between a cluster of three (3) EQ 
Drains. 

• Drilling for VWP installation should be completed using a conventional drilling rig 
using rotary wash drilling methods utilizing 4-inch ID flush-joint steel casing 
(driven), potable water, and/or mud rotary methods using drilling “mud”. 

• SPTs should be conducted, at the direction of the on-site engineer, and soil 
samples should be obtained via 2-inch diameter split-spoon samplers as the 
borings are advanced.  SPTs should be conducted in general accordance with 
ASTM D 1586. 

• Borings are anticipated to extend to depths ranging from approximately 15 to 40 
feet bgs. 

• VWPs should consist of standard 50 psi units and be checked and prepared 
(saturated) in accordance with the manufacturer’s specifications and/or 
recommendations. 

• The VWPs should be attached to a 1-inch ID PVC tremie pipe, via duct tape and 
zip ties, and lowered to the targeted depths (determined by the on-site engineer). 
The tip of the VWP shall be saturated and checked, in accordance with 
manufacturer recommendations, prior to installing in the borehole. 

• VWPs (and tremie pipe) should be fully-grouted from the bottom up, using the 1-
inch ID tremie pipe, with cement-bentonite grout. 

The grout mix shall consist of 94 pounds of Portland cement (Type I or II), 415 
pounds (50 gallons) of water, and about 30-39 pounds of bentonite. 

• The lead wires for each VWP shall be routed to the adjacent settlement platform 
and raised as the platform riser pipe is raised during filling.  

The coordinates and ground surface elevation at each VWP location should be surveyed after 
the grout has fully cured (approximately 48 hours).  Survey accuracy should be as follows: 
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• Horizontal location to the nearest 0.01 foot; and 

• Vertical elevation to the nearest 0.01 foot. 

Protective boundaries (5-foot radius, minimum) should be installed around each VWP location 
with high-visibility fence, flagging, or equivalent.  During earthwork activities, shovels and hand-
operated walk-behind compaction equipment shall be used to place and compact fill within a 5-
foot radius (minimum) of the VWPs.   

5.1.2 Monitoring 

After the grout has cured, at least two initial readings should be taken to establish a baseline for 
each VWP.  Baseline readings should be made within one week of installation and prior to 
placement of any fill above the working platform.  

The VWPs should be monitored after each lift of fill is placed (maximum of once per day), or a 
minimum of three (3) times per week during fill placement, and one (1) time per week following 
completion of construction.  Barometric pressures should also be recorded.  Product information 
for the VWPs and data readout box/data logger is provided in Attachments E-4a and E-4b, 
respectively.  A sample VWP field data report is provided in Attachment E-4c. 

5.1.3 Data Compilation and Reporting 

Data should be compiled, tabulated, and plotted for each VWP after each monitoring event.  A 
sample VWP data report is provided in Attachment E-4d.   

5.1.4 Action levels 

The information obtained from the VWPs will be used in conjunction with settlement platform 
data, vane shear test data and laboratory shear test results to predict strength gains resulting 
from consolidation of the tailings.   

A secondary purpose of the piezometers will be to monitor potential instability.  As fill is placed 
over the slimes, it is expected that the initial pore pressure increases measured by piezometers 
will be directly related to the weight of the fill placed above it.  During no-load situations it is 
expected that these pore pressures will slowly dissipate, and consolidation will occur.  However, 
a sudden rise in the pore pressure measured by a piezometer located in a potential shear failure 
zone (as determined by stability analyses and inclinometer monitoring) would be indicative of 
excessive shear deformation and potential slope instability.   

The following guidance levels will be established for active loading and no loading conditions: 

Active loading conditions:  During active loading of an area, the piezometers installed 
within that area (within a 50 foot radius) will be monitored 2-times per week.  
Piezometers in other areas located within 200 feet of the loading will be measured once 
per week.  For active loading conditions, the pore pressure readings will be compared to 
the theoretical pore pressure increase computed based on stress distribution and an 
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estimated weight of fill placed in the vicinity of the piezometer.  If the measured pore 
pressure increase exceeds 90 percent of the theoretical increase (based on our 
understanding of the fill unit weight from density measurements), the frequency of 
measurements will be increased to three times per week.  The following measures will 
also be taken:  

• The fill unit weight will be scrutinized;   

• Daily readings will continue until the pore pressures subside to below 90 percent 
of theoretical maximum pore pressure; and 

• Additional readings of nearby instrumentation may be implemented.  

If the pore pressures exceed 100 percent of the theoretical values, the following actions 
will be taken:   

• The fill unit weight will be scrutinized; 

• Daily readings will continue until the pore pressures subside to below 90 percent 
of the theoretical maximum value; 

• Additional inclinometer readings may be implemented; 

• Additional instrumentation may be installed to verify the readings; and 

• Fill placement in that area may be suspended or delayed until pore pressures 
dissipate. 

No loading conditions.  During no loading conditions, the pore pressure readings will be 
evaluated with respect to the expected dissipation rate and/or rainfall/snowmelt events.  
If an unexplained increase greater than 10 percent of the pore pressure measured 
during the previous monitoring event is detected, a guidance level will be triggered and 
one or more of the following actions will be taken:   

• The monitoring frequency will be increased to daily and continued until the 
increase can be explained; and    

• Based upon the findings of the evaluation, additional actions, including increasing 
the monitoring frequencies of other instruments, performing additional analyses, 
and adding additional monitoring instrumentation may be necessary. 
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6.0 VERTICAL SETTLEMENT  

Settlement platforms will be utilized to measure the magnitude and time-rate of vertical 
settlement.  The installation and monitoring of eight (8) settlement platforms is planned, as 
described in the subsections below. 

6.1 SETTLEMENT PLATFORMS 

Six (6) settlement platforms should be installed in fill areas within the Tailings Impoundment, 
adjacent to proposed VWP locations, and two (2) platforms should be installed in the fill areas 
adjacent to existing VWP locations.  Proposed settlement platform locations are depicted on 
Figure E-1.   

Vertical deflections at the platforms will be measured to monitor settlement of the tailings.  
Measurements will also be used to assess the time-rate of settlement at each location and to 
estimate the percentage of primary consolidation that occurs during fill placement. 

6.1.1 Installation 

Settlement platforms should be installed such that the bottom of the platform is in direct contact 
with tailings or an installed working surface.  

The locations and elevations (ground surface and reference clamp) of each platform should be 
surveyed prior to earthwork operations.  Survey accuracy will be as follows: 

• Horizontal location to the nearest 0.01 foot; and 

• Vertical elevation to the nearest 0.01 foot. 

Protective boundaries (10-foot radius, minimum) should be established around each platform 
with high-visibility fence, flagging, or equivalent.  During subsequent earthwork activities, 
shovels and hand-operated walk-behind compaction equipment shall be used to place and 
compact fill within a 10-foot radius (minimum) of the settlement platforms. The reference clamp 
should be raised, as necessary, as fill height increases. 

Additional settlement platform details are provided in Attachment E-5a. 

6.1.2 Monitoring  

The settlement platforms should be monitored once per week or after each lift of fill is placed, 
whichever is more frequent, with a maximum of one reading per day.  During each monitoring 
event, the vertical elevations of both the platform reference clamp and the ground surface 
should be surveyed to the nearest 0.01 foot at each location.  A sample settlement platform field 
data report is provided in Attachment E-5b. 
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6.1.3 Data Compilation and Reporting 

Settlement and fill thickness data will be compiled, tabulated, and plotted for each settlement 
platform after each monitoring event.  A sample settlement platform data report is provided in 
Attachment E-5c. 

6.1.4 Action Levels 

No action levels or limiting criteria for total settlement or the time-rate of settlement at the 
platform locations are recommended.  Settlement trends will be developed during the monitoring 
period.  Substantial deviations from established trends will be cause for increased frequency of 
monitoring.  These measurements are intended to supplement other measurements from the 
piezometers and inclinometers.  
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ATTACHMENT E-1 

Sample Visual Inspection Report 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Project:

Location:

Client:

Job No.:

Date:

Report By:  

Weather:  

Signed By: Date:

GENERAL OBSERVATIONS

ANOMALIES (excess settlement, tension cracks, falling rock, etc.)

Visual Inspection Report

DESCRIPTION AND AREAS OF WORK

INSTRUMENTS READ



 

 

ATTACHMENT E-2 

Slope Inclinometers 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

ATTACHMENT E-2a 

QC Casing Product Information 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 











 

 

ATTACHMENT E-2b 

QC Casing Installation Guide 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 











































































 

 

ATTACHMENT E-2c 

Inclinometer System Product Information 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 







 

 

ATTACHMENT E-2d 

Sample Data Reports 
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ATTACHMENT E-3 

Piezometric Elevation Head 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

ATTACHMENT E-3a 

Sample Field Data Report 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Date Recorded By

STANDPIPE PIEZOMETER - FIELD DATA SHEET

Project:
STANDPIPE

PIEZOMETER #

Location:

Client:

Depth to Water 
1

Riser Added Today? Depth to Water 
1, 2

Riser Surveyed? 
3

Riser Elevation 
4

(ft btor) (Yes/No) (ft btor) (Yes/No) (ft)

Notes: 

1. Measure/record groundwater depths to the nearest 0.01 feet.

2. If riser is added on this date, re-measure the depth to water after adding riser.

3. Measure/record TOR elev. periodically.

4. Measure/record elevations to the nearest 0.01 feet.



 

 

ATTACHMENT E-3b 

Sample Data Report 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Project Standpipe Piezometer Data Summary 10/9/2014
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ATTACHMENT E-4 

Vibrating Wire Piezometers 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

ATTACHMENT E-4a 

Vibrating Wire Piezometer Product Information 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 







 

 

 

ATTACHMENT E-4b 

Readout Box Information 
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VW MiniLogger

VW MiniLogger Applications
The VW MiniLogger is a reliable, low- 
cost data logger designed to monitor 
a single vibrating wire sensor, such 
as a VW piezometer or crackmeter. 
Typical applications include: 

• Monitoring small projects, where 
only a few sensors are installed. 
Note that one MiniLogger is 
required for each sensor.

• Monitoring single sensors that are 
too far away to connect to a cen-
tralized data acquisition system.

• Monitoring single sensors in areas 
where heavy traffic or electrical 
noise prevents use of long cables.

• Monitoring single sensors during 
early phase of construction when 
centralized data acquisition sys-
tem is not ready. 

Overview of Operation
The MiniLogger is simple to use and 
takes only a few minutes to set up. 

Connect the MiniLogger to your PC 
and run Logger Manager software to 
specify a start time and reading
interval for data logging.

On site, connect the sensor signal 
cable to the MiniLogger and walk 
away. D-cell batteries provide power 
for up to six months in temperatures 
as low as -20º C.

Return to the site with your PC and 
run Logger Manager to retrieve the 
readings and save them in a file that 
is ready for your spreadsheet.

Finally, open the file with your 
spreadsheet for processing and
plotting.

MiniLogger Advantages 
Economical: It is possible to deploy 
four or five MiniLoggers for less than 
the cost of a full-size logger. Cable 
costs are also reduced, since the 
MiniLogger can be placed near each 
sensor.

Simple to Use: Learn how to use the 
MiniLogger in minutes, not hours. 
There are no programs to write, no 
switches to set, and only four wires 
to connect. 

Reliable: The MiniLogger is rated for 
temperatures from -20 to +50°C. Its  
encapsulated electronics are imper-
vious to humidity and condensation. 
Readings are stored in secure, non-
volatile memory.

Spreadsheet Friendly: Logger 
Manager software retrieves readings 
and applies calibration factors, if 
present, to generate data files that 
contain both raw and processed 
readings. Thus data can be used 
immediately in the spreadsheet.

Wireless Option: The wireless 
option provides easy data retrieval 
when access to the logger is difficult 
or when frequent retrieval is required.
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VW MINILOGGER
VW MiniLogger . . . . . . . . . . . . . . .52613310 
VW MiniLogger includes interface cable and two 
D-cell batteries.

Sensor Compatibility: Reads VW sensors oper-
ating in the range of 450 to 6000 Hz. Also reads 
temperature sensors (RTD and thermistor). 

Data Storage: Stores 8,000 records in secure, 
non-volatile memory. Each record includes a VW 
reading, a temperature reading, and the time 
and date. When memory is full, recording either 
stops or continues by overwriting the earliest 
readings, according to user preference. 

Logger Settings:  Assign a logger ID, specify 
whether to stop when memory is full or to over-
write earliest readings.

Sensor Settings:  Assign a sensor ID, set sweep 
range for excitation, store calibration factors, 
and set temperature sensor to RTD or thermistor.

Reading Schedule Starts recording on power 
up or at specified date and time. Records read-
ings at intervals from one reading every two
seconds to one reading per week. 

Logging Schedule:  Set logger to start record-
ing on power up or at a specific date and time (to 
synchronize readings with other MiniLoggers or 
data loggers). Set reading intervals to day, hour, 
minute, and second. 

Power:  Two D-cell batteries provide power for 
approximately six months at temperatures from
-20 to +50°C, assuming readings are taken every 
half-hour.

Weatherproofing:  MiniLogger electronics are 
completely encapsulated in waterproof resin. 
Polycarbonate box has O-ring seal and cable 
gland for signal cable. 

Dimensions:  100 x 100 x 90 mm high 
(4 x 4 x 3.5”). 

Data Retrieval:  Readings are retrieved via 
RS-232 serial connection or by wireless link to 
computer running Logger Manager. 

2.4 GHZ WIRELESS OPTION
Radio Lid, 2.4 Ghz  . . . . . . . . . . . . 52613360
Radio Base Station, 2.4 Ghz . . . . . 52613455
Radio lid replaces standard lid of MiniLogger and 
includes spread-spectrum radio, interface cable, 
and half-wave antenna. 

Base station works with PC and includes spread-
spectrum radio, USB cable, half-wave antenna, 
and CD.

Frequency: 2.4 Ghz.

Radio Type: Spread Spectrum.

Transmission Power: 40 mW.

Range:  Up to 0.6 km (0.4 miles) line of sight.

Power:  Powered from MiniLogger’s batteries. 
Average life is about 2 months, assuming 4-daily 
downloads. Base station is powered by com-
puter’s USB port.

WIRELESS ACCESSORIES
Advanced Programming Cable. . . 52613340
Optional cable allows user to change configura-
tion of radio lid. Works with both 900 Mhz and 
2.4Ghz radios.

LOGGER MANAGER SOFTWARE
Logger Manager Software  . . . . . Download
Logger Manager is used to set MiniLogger’s 
reading schedule and to retrieve recorded read-
ings. Readings can be stored in a Campbell
Scientific compatible format or in a spreadsheet-
ready format.
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VW Quattro Logger

Applications
The VW Quattro Logger is a compact 
data logger designed to monitor four 
vibrating wire sensors. Typical appli-
cations include:

• Monitoring small projects, where 
only a few sensors are installed.

• Monitoring multilevel piezometers, 
multipoint rod extensometers, or 
crackmeters.

• Monitoring sensors that are too far 
away to connect to a centralized 
data acquisition system.

• Monitoring critical sensors during 
early phases of construction when 
the centralized data acquisition 
system is not ready. 

Overview of Operation
The Quattro Logger is simple to use 
and set up takes only a few minutes.

Connect the logger to your computer 
and use Logger Manager software to 
specify a start time and reading 
schedule.

On site, connect sensor signal cables 
to the logger. You can view readings 
in real time if you have a PC with you. 
Then close the logger and walk away. 
Three D-cell batteries power the
logger for up to 6 months.

Return to the site to retrieve readings 
with your PC. Logger Manager saves 
the readings in an ASCII file, ready for 
your spreadsheet. 

Finally, import the file into your 
spreadsheet for processing and
plotting.

Quattro Logger Advantages 
Cost-Effective: Quattro Loggers are 
the right size for many projects. Two 
or three Quattro Loggers can be 
deployed for less than the cost of a 
single full size, centralized logger. 

Simple to Use: Learn how to use the 
Quattro Logger in minutes, not hours. 
There are no programs to write and 
no switches to set.

Reliable: The Quattro Logger is 
rated for temperatures from -20 to 
+70°C, and its encapsulated elec-
tronics are impervious to humidity 
and condensation. Readings are 
stored in secure, non-volatile
memory.

Spreadsheet Friendly: Logger 
Manager software retrieves readings 
and applies calibration factors, if 
present, to generate data files that 
contain both raw and processed 
readings. Thus data can be used 
immediately in the spreadsheet.
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LOGGER SPECIFICATIONS
VW Quattro Logger  . . . . . . . . . . . . . . 52614000
VW Quattro Logger, External USB  . . . 52614020 
USB interface cable and batteries are included 
with the logger. Download manual and soft-
ware from www.slopeindicator.com.

Measurement Range: Reads VW sensors oper-
ating in the range of 450 to 6000 Hz. Reads ther-
mistors or RTDs in the range of -20 to 120 °C. 

Logger Resolution: 0.01% FS for vibrating wire 
sensors, 0.1 °C for temperature sensors.

Logger Accuracy:  ±0.02 % of Hz reading for 
vibrating wire sensors, ± 1 °C for temperature 
sensors.

Data Storage: Stores 43,000 records for each 
sensor in secure, non-volatile memory. Each 
record includes a VW reading, a temperature 
reading, and the time and date. When memory is 
full, recording either stops or continues by over-
writing the earliest readings, according to user 
preference.

Logger Settings:  Date, time, and memory 
mode. Memory mode determines if logging stops 
when memory is full or if logging continues by 
overwriting earliest readings.

Logging Schedule:  Logger start time can be 
set to a specific date and time so that readings 
are synchronized with other loggers. Reading 
intervals can be specified by day, hour, minute, 
and second. Maximum interval is days. Minimum 
interval is 20 seconds.

Sensor Settings:  Sensor ID, serial number, cal-
ibration factors, and sweep range for each sen-
sor. Choice of thermistor or RTD for temperature 
channels.

Power:  Three D-cell batteries provide power for 
six months in moderate temperatures, assuming 
readings are taken every hour.

Weatherproofing:  Quattro Logger electronics 
are encapsulated in waterproof resin and housed 
in an IPC66 metal box. Plugs are provided for 
unused cable ports.

Interface Cable:  Male A/B USB 2.0 cable, the 
same cable commonly used for USB printers. 2m 
length (6 feet).

Dimensions:  240 x 160 x 81 mm 
(9.5 x 6.3 x 3.2 inches). 

LOGGER MANAGER SOFTWARE
Logger Manager. . . . . . . . . . . . . . Download
Logger Manager software is used to set up the 
logger and later to retrieve data from the logger. 
Download from  www.slopeindicator.com.

Choice of output file formats:  ASCII format 
ready for import into a spreadsheet or in format 
that is compatible with the CR1000 data logger. 

Automatic Engineering Units:  The Quattro 
Logger stores readings in Hz. It also stores cali-
bration factors for each sensor. Logger Manager 
retrieves the calibration factors along with the 
readings, then applies the calibration factors to 
generate a reading in engineering units (both 
raw and generated readings are stored in the 
file). Temperature readings are stored in degrees 
C only.

Real-Time View of Logging: Logger Manager 
can show real-time readings when the PC is con-
nected to the logger. This is useful to verify that 
sensors, connections, and loggers are working 
properly.

Clock Syncronization: The Manager program 
can synchronize the logger’s clock to the clock in 
the PC. 



 

 

 

ATTACHMENT E-4c 

Sample Field Data Report 
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VIBRATING WIRE PIEZOMETERS - FIELD DATA SHEET

Project: VWP Location #

Location:

Client:

VWP Readings

Notes

VWP Designation:

VWP Serial No.:



 

 

 

ATTACHMENT E-4d 

Sample Data Report 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Project Vibrating Wire Piezometer Data Summary 10/9/2014
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ATTACHMENT E-5 

Settlement Platforms 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

ATTACHMENT E-5a 

Installation Details 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 



 

 

 

 

 

ATTACHMENT E-5b 

Sample Field Data Report 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



SETTLEMENT 

PLATFORM #

Date Recorded by

(note when riser pipe is added)

NotesSettlement Platform Fill Placement

Existing Ground Surface Elev.
1,2

 (ft):

Initial Reference Clamp Elev.
1
 (ft):

Reference Clamp

Elevation
1

Ground Surface

Elevation
1,3

(ft) (ft)

SETTLEMENT PLATFORM - FIELD DATA SHEET

Baseline Location

Northing:

Easting:

Date/Recorded By: Date/Recorded By:

Baseline Elevations

Project:

Location:

Client:

Survey the Reference Clamp Elevation 

BEFORE and AFTER adding riser pipe!

Notes: 

1. Measure/record elevations to the nearest 0.01 feet.

2. At installation, record existing ground surface elev. at/proximate to the installed platform; for determining fill thickness above existing grade.

3. During surcharge fill placement/monitoring period, record existing ground surface elev. (i.e., top of fill) at/proximate to the installed platform.



 

 

 

 

 

ATTACHMENT E-5c 

Sample Data Report 

 

 



Project Settlement Platform Data Summary 10/9/2014
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