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Chapter 1

Purpose and Scope

1.1 Purpose

The purpose of this document is to establish the monitoring, verification, and compliance review
procedures used to determine whether reclaimed land demonstrates sustained land function
over time.

The Monitoring & Verification Protocol extends the Land Function Standard™ beyond initial
assessment by defining how reclaimed landscapes are observed after implementation, how
performance evidence is evaluated, and how compliance conclusions are reached. It provides a
repeatable framework for confirming whether reclaimed land systems maintain terrain integrity,
hydrologic function, and soil-vegetation response under changing environmental conditions.

This protocol ensures that reclamation is evaluated as a continuing land performance outcome
rather than as a one-time inspection event.

1.2 Scope

This protocol applies to reclaimed or recovering lands affected by:

e surface mining operations
e quarry and aggregate extraction
e waste rock and overburden placement areas

e tailings and mine waste facilities



e legacy mine reclamation sites

e industrial land disturbance and recovery projects

The protocol is intended for use by operators, consultants, auditors, regulators, land managers,
and certification reviewers responsible for determining whether reclaimed landscapes remain
functionally stable through time.

1.3 Relationship to Other Core Documents

This document works in conjunction with:

e Land Function Technical Manual (LFS-TM-01)

e Land Function Standard Operating Procedures (LFS-SOP-01)
e Land Function Field Handbook (LFS-FH-01)

e Land Function Reclamation Report (LFS-RR-01)

e Land Function Certification Guide (LFS-CG-01)

The Technical Manual defines the scientific basis of land function. The SOP defines how
assessments are conducted. The Field Handbook supports field observation. This Monitoring &
Verification Protocol defines how land performance is tracked and reviewed after reclamation
measures are installed or after an initial assessment is completed.

Chapter 2

Monitoring Principles

2.1 Monitoring as Performance Confirmation

Monitoring is the process of confirming whether reclaimed land continues to behave as a stable
landscape system after intervention. Monitoring is not limited to recording conditions; it must
evaluate whether observed conditions indicate continued functional performance or emerging
instability.



A monitored landscape should show evidence that:

e terrain form is remaining stable

e water is moving through the site in a controlled and functional manner

e soils are developing or remaining intact

e vegetation is establishing, persisting, and responding appropriately to site conditions

e disturbance-related failures are not re-emerging through time

2.2 Cause-and-Effect Evaluation

Monitoring under the Land Function Standard™ is based on cause-and-effect interpretation.
Observations must not only document what is present, but also explain why those conditions
exist and whether they indicate functional recovery or ongoing dysfunction.

Examples include:

riling may indicate runoff concentration and incomplete surface stabilization
e ponding may indicate poor grading, blocked drainage, or inadequate infiltration pathways

e sparse vegetation may indicate poor soil structure, moisture stress, erosion, or chemical
limitation

e sediment deposition may indicate upstream instability or channel adjustment

Monitoring therefore requires the evaluation of linked processes rather than isolated symptoms.

2.3 Repeated Observation Through Time

Land function can only be verified if landscape behavior is observed repeatedly across changing
conditions. A single observation may document temporary stability, but repeated monitoring is
needed to determine whether the site remains stable through rainfall events, seasonal moisture
shifts, vegetation growth cycles, and freeze-thaw or dry-wet transitions where applicable.

2.4 Evidence-Based Verification



All monitoring conclusions must be supported by verifiable evidence. Acceptable evidence may
include:

o field observations

e repeat photography

e topographic measurements
e erosion mapping

e geospatial data

e hydrologic observations

e vegetation surveys

e soil condition records

e remote sensing and Al-assisted analysis outputs

Chapter 3

Monitoring Objectives

3.1 Primary Monitoring Objectives

The primary objectives of monitoring are to determine whether reclaimed land demonstrates:

e sustained terrain integrity
e sustained hydrologic function
e sustained soil retention and development

e sustained vegetation establishment and persistence



e absence of progressive failure mechanisms

e performance consistent with reclamation goals and site context

3.2 Compliance Objectives

Monitoring also supports compliance review by determining whether a reclaimed site:

e meets approved land function criteria
e remains within acceptable performance thresholds
e requires corrective action

e qualifies for continued acceptance, closure, or certification

3.3 Adaptive Management Objectives

Monitoring should also identify opportunities for adaptive management. Where performance is
incomplete or unstable, monitoring data should help determine:

the location of dysfunction

the likely cause of dysfunction

the scale of required corrective action

whether the problem is local or systemic

Chapter 4

Monitoring Frequency and Schedule

4.1 General Requirement



Monitoring shall occur at intervals sufficient to capture meaningful environmental response. The
frequency of monitoring should reflect site risk, disturbance type, reclamation maturity, climatic
variability, and regulatory obligations.

4.2 Typical Monitoring Stages
Monitoring may be organized into the following stages:
a. Initial Post-Reclamation Monitoring

Conducted following completion of major reclamation work to document the condition of the site
at the start of the monitoring period.

b. Early Establishment Monitoring

Conducted during the period when vegetation, soils, and drainage features are still adjusting to
the reclaimed condition.

c. Intermediate Stability Monitoring

Conducted once the site has undergone multiple weather cycles and can be evaluated for
persistence of land function.

d. Long-Term Verification Monitoring

Conducted to determine whether the site continues to function without ongoing corrective
maintenance.

4.3 Seasonal Considerations

Monitoring should be scheduled to capture environmental conditions relevant to the site.
Depending on the region, this may include:

e wet season conditions

e dry season conditions

e growing season vegetation response
e dormant season surface condition

e storm recovery observations

e snowmelt or freeze-thaw effects



4.4 Event-Based Monitoring

Additional monitoring may be required after significant events such as:

e intense rainfall

e flooding

e slope movement

e wildfire

e severe drought

e major drainage failure

e unusual sediment release

These events can reveal latent instability that may not be visible under normal conditions.

Chapter 5

Monitoring Indicators

5.1 Terrain Integrity Indicators

Monitoring of terrain integrity shall evaluate whether landform geometry remains stable and
whether the reconstructed surface resists progressive deformation and erosion.

Indicators may include:

e slope stability
e absence or progression of rills and gullies

e absence of slumping, cracking, or mass movement



e |andform continuity
e stability of berms, benches, and drainage transitions
e surface roughness retention where relevant

e erosion scar expansion or stabilization

5.2 Hydrologic Function Indicators

Monitoring of hydrologic function shall evaluate whether runoff, infiltration, and drainage
behavior remain consistent with stable landscape performance.

Indicators may include:

e drainage pathway continuity

e channel stability

e runoff distribution

e absence of concentrated erosive flow outside intended channels
e absence of chronic ponding where not intended

e sediment transport patterns

e outlet stability

e infiltration opportunity on slopes and flats

5.3 Soil Response Indicators

Monitoring of soil response shall evaluate whether the site supports retention, development, and
stabilization of the growth medium or surface material.

Indicators may include:

e soil aggregation and structure



e evidence of compaction or sealing
e organic matter accumulation

e surface crusting

e erosion exposure of subsoil or spoil
e litter retention

e root penetration

e surface moisture behavior

5.4 Vegetation Response Indicators

Monitoring of vegetation response shall evaluate whether vegetative cover is establishing and
persisting in a manner consistent with functional site recovery.

Indicators may include:

e vegetation cover and density

e plant distribution patterns

e survival and persistence across seasons

e regeneration or recruitment where expected
e rooting effectiveness

e invasive species pressure

e patch failure zones

e correlation between vegetation condition and terrain or hydrologic behavior

Chapter 6



Monitoring Methods

6.1 Field Inspection

Field inspection remains the primary method of monitoring land behavior. Inspectors shall
observe the site directly and document conditions using standard field protocols.

Field monitoring should include:

e site walkovers

e fixed observation points

e repeat photo locations

e slope and channel inspections
e representative transects

e targeted inspection of known risk areas

6.2 Repeat Photography

Repeat photography shall be used to document visible changes over time. Photographs should
be taken from consistent locations and viewing directions whenever possible.

Photographic records should capture:

slope condition

e erosion development
e vegetation progression
e drainage behavior

e repair areas

e problem locations



6.3 Geospatial and Remote Sensing Review

Monitoring may be supported by geospatial analysis and remote sensing to evaluate broader
patterns not easily visible from the ground.

Applicable methods include:

digital elevation model comparison

e drainage network analysis

e slope and flow accumulation analysis
e orthophoto review

e vegetation index trend analysis

e change detection

6.4 Al-Assisted Monitoring Support

Al-assisted analysis may be used to support interpretation of repeated observations, especially
where large sites or multi-year datasets are involved.

Potential applications include:

automated terrain change detection
e identification of erosion features

e vegetation pattern analysis

e drainage anomaly screening

e spatial comparison of monitoring intervals

Al tools are support tools only. Final interpretation remains the responsibility of qualified
practitioners.




Chapter 7

Monitoring Records and Documentation

7.1 Required Monitoring Records

Each monitoring cycle shall generate a record sufficient to support later review. Records should
include:

e site identification

e monitoring date

e names of personnel

e weather and site conditions

e areas inspected

e photographs

e observed indicators

e analytical outputs where used
e conclusions

e recommended actions, if any

7.2 Mapping and Location Control

Monitoring records should be spatially controlled wherever practical. This may include:

e GPS coordinates
e mapped observation points

e georeferenced photographs



monitored polygons or transects

annotated site maps

7.3 Traceability

Monitoring documentation shall be organized so that future reviewers can determine:

what was observed

when it was observed

where it was observed

what evidence supports the conclusion

how conditions changed relative to earlier monitoring

Chapter 8

Verification Criteria

8.1 Purpose of Verification

Verification is the formal determination of whether the evidence shows that land function has
been established and maintained to an acceptable standard.

8.2 Verification Basis

Verification shall be based on the combined evaluation of:

terrain integrity

hydrologic function



e soil response
e vegetation response
e trend behavior through time

e absence of unresolved progressive instability

8.3 Verification Outcomes
Verification outcomes may include:
a. Verified Functional

Evidence indicates that the landscape demonstrates stable and sustained land function
consistent with the assessment criteria.

b. Functionally Recovering

Evidence indicates positive recovery, but additional monitoring is needed before full verification
can be granted.

c. Conditionally Acceptable

Evidence indicates partial functional performance, but specific issues require tracking or
localized correction.

d. Not Verified

Evidence indicates that the site does not yet demonstrate stable land function or that unresolved
instability is present.

8.4 Trend Requirement

Verification should consider not only site condition at the time of inspection, but also
performance trend. Stable function is more strongly supported where repeated monitoring
shows:

e improvement through time

e persistence through seasonal variation



e no expansion of erosion or hydrologic dysfunction

e no repeated need for intervention in the same area

Chapter 9

Compliance Review

9.1 Compliance Review Purpose

Compliance review determines whether reclamation outcomes align with the requirements of
the Land Function Standard™, project commitments, and applicable regulatory expectations.

9.2 Compliance Review Components

A compliance review should consider:

e whether monitoring has been completed as required

e whether evidence is complete and defensible

e whether the observed land condition satisfies functional criteria
e whether corrective actions were implemented where needed

e whether the site qualifies for continued acceptance or closure progression

9.3 Reviewer Independence

Where compliance decisions affect closure, release, certification, or regulatory acceptance,
review may be conducted or confirmed by independent personnel.

9.4 Defensible Review Standard

A compliance determination shall be based on documented evidence and explicit reasoning. It
shall not rely solely on visual generalization, unsupported optimism, or completion of treatment
activities.



Chapter 10

Corrective Action Triggers

10.1 General Requirement

Corrective action is required where monitoring identifies persistent or progressive conditions
inconsistent with stable land function.

10.2 Common Corrective Action Triggers

Examples include:

e expanding rill or gully networks

e repeated sediment release

e unstable slopes or slumping

e concentrated runoff outside intended pathways

e chronic ponding caused by grading failure

e poor or declining vegetation establishment

e persistent bare areas linked to functional deficiency

e repeated repair of the same feature without lasting stability

10.3 Root Cause Evaluation

Corrective action should address underlying process failure rather than only visible symptoms.
For example:

e gully repair without correcting runoff concentration is incomplete

e reseeding without correcting soil or hydrologic limitation is incomplete



e regrading without restoring drainage continuity may not solve instability

10.4 Post-Correction Verification

Areas receiving corrective action shall be re-monitored to determine whether the intervention
restored functional performance.

Chapter 11

Monitoring Completion and Closure Support

11.1 Basis for Monitoring Completion

Monitoring may be reduced or concluded when evidence demonstrates that:

the site remains stable through repeated monitoring intervals
e no significant progressive instability is present

e vegetation and soil response are sustained

e hydrologic behavior is controlled and functional

e terrain form is persisting without recurring correction

11.2 Support for Certification and Closure

Monitoring records generated under this protocol may support:

e internal performance confirmation
e regulatory submissions

e bond release review



e reclamation closure documentation

e Land Function certification decisions

11.3 Ongoing Stewardship

Even where formal monitoring concludes, long-term stewardship may still be appropriate in
some settings, particularly where climate variability, legacy materials, or external watershed
conditions create future risk.

Chapter 12

Quality Assurance and Continuous Improvement

12.1 Monitoring Consistency

Monitoring personnel shall follow standardized documentation and evaluation procedures to
maintain consistency across time and across sites.

12.2 Review of Monitoring Effectiveness

Monitoring programs should be reviewed periodically to determine whether:

e indicators remain appropriate
e monitoring intervals remain adequate
e data quality is sufficient

e site-specific risks are being captured effectively

12.3 Continuous Improvement

The Monitoring & Verification Protocol may be improved as new field evidence, analytical
methods, and performance insights become available. Updates should strengthen the
repeatability, defensibility, and practical usefulness of the protocol.



Chapter 13

Summary

The Land Function Monitoring & Verification Protocol establishes the procedures used to
confirm whether reclaimed landscapes maintain functional stability through time. By combining
repeated observation, evidence-based interpretation, and compliance review, this protocol
ensures that reclamation is evaluated as an environmental performance outcome rather than a
one-time construction milestone.

Monitoring under the Land Function Standard™ confirms whether terrain, water, soil, and
vegetation systems are operating together as a stable landscape process. Where that
performance is sustained, land function can be verified. Where instability remains, monitoring
provides the basis for correction, reassessment, and defensible compliance decisions.
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