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Quality and Performance Control 

• An effective quality program is critical to the 

success of an ISS or ISS/IST project 

– Benefits from personnel experienced with specific ISS/IST 
quality and performance control 

 

• Goal: Rapidly Assess ISS/IST Performance and 

Identify Potential Construction Issues 
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Quality Control – Quality Assurance 

 

• A well planned quality program has two elements: 
– Contractor QC program: Provides the construction procedures and material 

handling requirements that ensure the design requirements for the 
treatment are met 

– Owner QA program: Provides for monitoring, sampling, and testing 
procedures to verify that the treatment meets the design requirements 
 

• Key elements of an effective QC/QA program 
– Contractor QC Procedures 
– Contractor QC documentation 
– Construction Quality Assurance (CQA) Procedures 
– CQA Sampling 
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Contractor QC Procedures 

• Contractors Typically Provide: 

– Layout for ISS Treatment Areas and 
Columns 

– Equipment for ISS CQA Sampling 

– Survey Control for ISS Column Locations 
and Record Documentation 

– Field Engineer’s Notes 

– Daily Deliverables: 
• Batch Plant QC and Mix Verification Logs 

• Delivery Receipts for ISS and Materials 

• Drill Rig QC Report 

• ISS Column Logs 

 

• Batch plant operational parameters 

 

• Mix equipment operational parameters 
– mixing time 
– mixing speed 
– auger diameter 
– column depth 
– column location 
– number of passes 
– grout flow rate 
– rotary head pressure 
– quantity of grout (i.e., Reagents, 

Additives and water 

 

WHY IS CONTRACTOR QC IMPORTANT? 
• CONTRACTOR VERIFIES CONSTRUCTION IN ACCORDANCE WITH DESIGN REQUIREMENTS 

   

4 
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Quality Control Tools 

• QC Equipment calibration 

• Scale calibration 

• Mud balance 

• Flow meter 

• GPS / total station 

5 
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Layout for ISS/IST Treatment Areas and Columns 
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Drill Rig -Electronic  

Data Acquisition 

• DEPTH 

• Grout Flow 

• Rotary Pressure 

 

 

 

• Down stroke 

• Up stroke 

 

 

 

 

 

• ELECTRONIC REPORTING:   

• TIME 

• DATE 

• COLUMN IDENTIFICATION 

• GROUT FLOW RATE 

• TOTAL GROUT INJECTION 

• PENETRATION DEPTH 

• INCLINATION (DEGREE) 

• ROTATIONS PER MINUTE (RPM) 

• PENETRATION RATE/ WITHDRAWAL 

SPEED/ (# OF STROKES) 

• ROTARY HEAD PRESSURE 

(DRILLING RESISTANCE) 

 7 
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Drill Rig QC Report 

• Mix equipment operational parameters: 
– mixing time 
– mixing speed 
– auger diameter 
– column depth 
– column location 
– number of passes 
– grout flow rate 
– rotary head pressure 
– quantity of grout (i.e., reagents, additives, 

water) 
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DRILL QC REPORT 
• Confirm design parameters 

– Cumulative reporting 

– Confirm reagents 

– Confirm depths 
 

9 

Production 
Report 
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Construction quality assurance (CQA) 

• OWNER VERIFIES CONSTRUCTED IN ACCORDANCE 

WITH DESIGN REQUIREMENTS 

• Goal: Rapidly Assess ISS Performance and Identify 

Potential Construction Issues 

 

• Owner CQA Includes: 

– Collection of ISS CQA Samples to Verify Treatment  
(e.g., Field Parameters, UCS and K) 

– Daily Reviews: 

• Batch Plant Logs, Production Logs and ISS Column Logs 

• Visual Assessment of ISS Mixing 

– Review Survey Control 

– Review Field Engineer’s Notes as Needed 

 

 

 

 

WHY IS CQA IMPORTANT?   

10 
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Equipment for Wet Grab Sampling 

Source: Modified from Robb, C. “Evaluation of In Situ Stabilization/Solidification 
Discrete Zone Applications for Subsurface Soils” June 2010 

Hydraulic Sampler “Trap Door” Sampler 
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CQA SAMPLE PROCESSING 

 

• Verification of homogenous mixing 

• Field measurement parameters: 

moisture content, pH, temperature 

• Field Observations: unmixed 

clods, color/ consistency, free 

phase NAPL 

• Screening and molding CQA 

samples 

• Curing samples 
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CQA Sample and Test Frequency 

• Performance criteria based on bench and pilot scale results 

– UCS, Hydraulic Conductivity, Durability (if necessary) 

– Leaching performance correlated with physical performance at the 
bench scale level 

• High testing frequency for UCS, hydraulic conductivity 

– One sample every 500 – 1,000 m3, higher frequency for smaller 
projects  

– One sample/day minimum 

• Low testing frequency for durability 

– One sample every 5,000 m3 

• Additional testing around sensitive structures/areas 
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Treatment Performance Criteria 

• Unconfined Compressive Strength (UCS) [ASTM D1633 
or D2166]: 
– 50 psi [0.345 MPa] (common in USA) 
– Can design to increase/decrease UCS 

• Hydraulic Conductivity (K) [ASTM D5084]: 
– < 1 x 10-6 cm/s to 1 x 10-7 cm/s 
– 1 to 2 orders of magnitude less than native material K is 

desired 

• Leaching [SW-846 LEAF Method 1315]: 
– Determine interval flux; cumulative release to estimate mass 

transfer – What are your COCs / Receptors? 

• Durability [ASTM D4843 and ASTM C1262]: 
– Wet/Dry – Freeze/Thaw < 10% to 15% degradation after 12 

cycles  
– May not be necessary 

• Contaminant Destruction 
 
 
 

Source: Development of Performance Specifications for 
Solidification/Stabilization, Interstate Technology & Regulatory Council 
(ITRC), July 2011. 
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Additional CQA considerations 

• Environmental monitoring 
– Turbidity and pH monitoring 
– Air Monitoring 

 

• Structural monitoring 
– Deflection 
– Settlement 
– Deformation 

 

• Alternatives for in situ CQA sampling: 
– Coring 
– Useful for uniformity 
– Need high core recovery w/ low 

disturbance for strength 
– 2-3 week cure before sampling 
– Coarse soils may prevent acceptable 

core recovery 
– Not suitable for permeability 
– Expensive – Time Consuming 

• In situ direct testing (e.g., CPT, Vane 
Shear) 

• Geophysical Testing (e.g., PS logging) 

 

15 
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Considerations for Long Term Monitoring 

• Establish Conceptual Site Model (CSM) 

• Objective: estimate the possible impact to an 

underlying aquifer of various ISS/IST remediation 

strategies, typically in terms of possible impacts on 

groundwater conditions immediately around a source 

zone and at some distance downgradient of the 

impacted area where one or more receptors may 

exist (i.e., Point of Compliance – POC) 
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Considerations for CSM  - ISS/IST 

 

Source: Development of Performance Specifications for Solidification/Stabilization, Interstate 
Technology & Regulatory Council (ITRC), July 2011 
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Prediction Methods 

 

• Comparison to published standards 

• Soil partitioning/attenuation equations 

• Numerical Models (e.g., mass flux 

approximation) 

• Groundwater models 

 

Simple 

 

 

 

Complex 

Prediction Methods – Simple to Complex 
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Soil Attenuation Equations 

• Steady state attenuation along the centerline of a groundwater 

plume 

• C(x) = Concentration of Contaminant in Groundwater at Distance X 

from the source (mg/L) 

• Csource = greatest potential concentration of the contaminant of 

concern in the groundwater at the source of the contamination 

(leaching from ISS/IST) 

• Longitudinal Dispersivity 

 

•   

• Transverse Dispersivity 

 

 

• Vertical Dispersivity 

 

 

• Error Function 

 

Equation R26 – 35 IAC 742 Tiered Approach to Corrective Action Objectives 
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Mass Flux Approximation Model 

• Cn – concentration in 
groundwater (mg/L) 

• F – mass flux, leach testing 
(mg/m2 s) 

• Aexp – exposed surface area 
of the treated material (m2) 

• An– cross-sectional area of 
groundwater (m2) 

• q– groundwater flow rate 
(m/d) 

 

Source: Modified from Development of Performance Specifications for Solidification/Stabilization, 
Interstate Technology & Regulatory Council (ITRC), July 2011 

• Relate to a concentration (CPOC) at the POC through a dilution-attenuation 
factor (DAF) 

• Accommodate surface water infiltration 

 

surface water infiltration 
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Long Term Monitoring – Groundwater Modeling 

• Yellow – Purple – Green:  ISS 

• Green – Cloud Branch Creek 

• Orange –Stormwater Features 

• Blue contours – Predicted increase 

in groundwater elevation 

• Light Blue – Groundwater expressed 

at ground surface 

 

Source: Hennings, B. G., C. A. Robb, and R. E. Wittenberg. 2011. Draft In Situ 
Stabilization/Solidification Design Considerations and Applications for Groundwater Modeling. 
Natural Resource Technology, Technical Memorandum. Development of Performance 
Specifications for Solidification/Stabilization, Interstate Technology & Regulatory Council (ITRC), 
July 2011 



engineers | scientists | innovators 22 22 

Source: Hennings, B. G., C. A. Robb, and R. E. Wittenberg. 2011. Draft In Situ 
Stabilization/Solidification Design Considerations and Applications for Groundwater Modeling. 
Natural Resource Technology, Technical Memorandum. Development of Performance 
Specifications for Solidification/Stabilization, Interstate Technology & Regulatory Council (ITRC), 
July 2011 

Long Term Monitoring – Particle Tracking 

• Particle tracking - MODPATH 

• Upgradient - travel toward the ISS and 

captured by the groundwater relief 

drains or travel along the edge of the 

monolith until they reached the stream 

as it exited the box culvert 

• Downstream - move very closely along 

the ISS and be captured within 60 m of 

the downstream edge of the monolith 
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Source: Modified from Hennings, B. G., C. A. Robb, and R. E. Wittenberg. 2011. Draft In Situ 
Stabilization/Solidification Design Considerations and Applications for Groundwater Modeling. 
Natural Resource Technology, Technical Memorandum. Development of Performance 
Specifications for Solidification/Stabilization, Interstate Technology & Regulatory Council (ITRC), 
July 2011 

Particle Tracking – Design Groundwater Monitoring 

• Groundwater Network 

• Side-gradient wells located in close 

proximity along the length of the ISS 

• Combine with wells located directly 

downgradient of the ISS 

• Verify with groundwater screening 

program 

 

• Approximate groundwater monitoring 

well locations 
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In-situ sampling 
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Non destructive testing 

Why should we use this ? 

The same properties are measured 
in lab and in-situ 
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Evaluation of Shear wave 
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P-wave vs UCS

P-wave velocity (m/s)

0 200 400 600 800 1000 1200 1400

U
C

S
 (

k
P

a
)

0

500

1000

1500

2000

2500

Regression A

Regression V
Regression O
SCA HW LB  

Regression SCA HW LB 

SCA LW HB  

Regression SCA LW HB 

/pl

P-wave as a function of strength 



28 

0

200

400

600

800

1000

1200

0 10 20 30 40 50

P
-v

åg
sh

as
ti

gh
e

t 
(m

/s
)

Lagringstid (dygn)

P-våg 20 grader

P-våg 7 grader

0

200

400

600

800

1000

1200

0 500 1000 1500 2000 2500 3000

P
-v

åg
sh

as
ti

gh
e

t 
(m

/s
)

MT, mognadstal

P-våg 20 grader

P-våg 7 grader

Maturity index 



29 

In-situ seismic measurement 
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Evaluation of in-situ seismic measurement 
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Core sampling 
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Cross-hole seismic 
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Questions? 

Per Lindh, Ph.D. 

Trafikverket 

per.lindh@trafikverket.se 

 

Christopher A. Robb, P.E. 

Geosyntec Consultants, Inc. 

crobb@Geosyntec.com 

 

 

 

 

 

Thank you for your time! 
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