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GUIDE
TECHNICAL SPECIFICATIONS
CEMENT-BENTONITE
(No Perm Spec)
SLURRY TRENCH CUTOFF WALL
 
{This technical specification is to be used to guide the writer in the contract requirements for Cement-Bentonite Slurry Wall construction for a specific site.  Included are _________ to be filled in with project specific data.  Also included are [ ] which denote options to be considered for specific design requirements.  Parenthetic remarks { } are included when appropriate to provide the writer with additional information.
{This specification is intended for use on smaller projects where a small, manually operated batch plant can be used or for other projects where it has been determined that a rigid performance specification is not appropriate.  Proportions are usually guaranteed by bag-count.  Trench dimensions are usually shallower and shorter.  Generally, rigid performance specifications and automatic monitoring are not as important as careful material control and lower costs on these projects.} 
1.0
GENERAL
This Specification includes requirements for the construction of a Cement-Bentonite (CB) Slurry Trench Cutoff Wall and related work, as indicated on the plans and drawings and as hereinafter specified.  The work consists of furnishing all labor, equipment, materials and means of performing all operations, as required, for installing a CB slurry trench cutoff wall (or CB wall).

The CB wall is intended to be constructed with a minimum width 2 ft {a width of 2 ft is typical with CB} and to a depth of about ___ ft as indicated on the plans and drawings.  The completed CB wall is intended to provide a partial barrier to groundwater and a material with clay-like strength {CB will typically have an permeability of 5 x 10-6 cm/sec and an unconfined compressive strength (UCS) of about 10 to 15 psi in 28 days that will improve with time and continued curing.  CB is said to have dynamic strength and permeability}.  
1.1.
Qualifications
The person responsible for the supervision and quality control of the CB slurry wall construction is designated as the CB Slurry Trench Specialist (or CB Specialist).  The CB Specialist shall be knowledgeable in all phases of CB slurry trench construction including testing, inspection, quality control, and recordkeeping, and shall possess a minimum of 5 years experience including a minimum of 5 projects of similar size and scope.   In particular, the CB Specialist shall be familiar with the means and methods to perform the following: controlling composition, mixing, placing, cleaning, and maintaining slurry; supervising alignment and depth of slurry trenches; controlling mixing and placement of CB backfill including backhoe and/or clamshell operation.  The Specialist shall be on the Site at all times during slurry trenching operations.

1.2.
Characterization of Overburden Materials and Buried Utilities
A generalized description of the typical overburden through which the CB slurry wall is to be excavated is indicated by boring logs included in the plans and drawings.  In general, the slurry wall shall extend through the overburden and to a depth of about ___ ft and [key at least __ ft into the underlying impermeable zone], as indicated in the plans and drawings.

The CB slurry wall is expected to encounter and cross a number of important buried utilities.  Buried utilities will be identified prior to slurry trenching by _________________ [e.g. stake-out, shallow exploratory trenches, reference to available records, etc.].  Buried utilities will be cut and capped, rerouted and/or removed, and/or preserved and encased in concrete or CB as appropriate.   
1.3.
Reference Standards
Following is a list of standards, which will be referenced in this specification.  Such referenced standards shall be considered part of this specification as if fully outlined herein.

	REFERENCE
	TITLE OR DESCRIPTION

	API Spec 13A

	Specification for Drilling-Fluid Materials

	API RP 13B-1

	Recommended Practice
Standard Procedure for Field Testing Water-Based Drilling Fluids

	ASTM C 150
	Standard Specification for Portland Cement

	ASTM D 1633
	Compressive Strength of Molded Soil-Cement Cylinders

	ASTM D 4380
	Density of Bentonite Slurries

	ASTM D 4832
	Preparation and Testing of Controlled Low Strength Material Test Cylinders

	ASTM D 5084
	Measurement of Hydraulic Conductivity of Saturated Porous Materials Using a Flexible Wall Permeameter


1.4.
Submittals
A.   Qualifications: The Contractor, his subcontractor or his consulting advisor, shall submit evidence that he is experienced and competent to construct a cement-bentonite slurry trench.  The specialty slurry trench company shall have at least five years of prior experience in contracting slurry walls.  

In particular, the CB Specialist shall supervise the construction, slurry preparation, and quality control.  The slurry trench specialist shall have at least five years of experience and five projects in successful construction of CB slurry walls.
 

[The company name, key contact, and qualifications of the Contractor’s off-site soils
laboratory shall be submitted.  The laboratory will have previous experience with CB slurry 
wall materials, experienced laboratory technicians, and modern permeability testing 
equipment.]
B.  CB Design Mix:  At least [2] weeks prior to construction, the Contractor shall submit proportions and properties of his proposed CB design mix including cement, bentonite, additives, and water proportions; viscosity, density, UCS, and permeability to the Owner’s Representative for review and approval.  Either a new project-specific laboratory design mix program or the results of previous laboratory test programs (as long as the materials are similar to those proposed for construction) are acceptable.  

C.  Record Documents:  Within 30 days after completing all field activities, submit a final report detailing mix proportions, testing data, daily logs, and all quality control records as Specified herein.  
[The results of at least [1] laboratory test shall be submitted demonstrating that the CB installed provides a minimum UCS of [15] psi and maximum permeability of 5 x 10-6 cm/sec.] {Due to the long curing times required for CB, it is usually not practical to delay the project while awaiting long term test results.  CB typically improves with time and curing (at least 90 days are required) and can eventually achieve a maximum permeability of less than 1 x 10-6 cm/sec.  Within the limits of workability, the amount of cement can be increased to provide greater strength.}
D.
Record Drawing:  Provide “red-line” record drawings showing the actual depths and location of barrier wall and buried utilities together with any supplementary details at direction changes and other information as may be required to fully describe the installed Works.

2.0
CEMENT BENTONITE SLURRY
2.1
Materials
A.   All materials used in the CB slurry wall will be subject to prior approval by the Specialist and the Owner’s Representative.

B. Bentonite:  Premium grade, ultrafine, sodium cation‑based montmorillonite powder (Wyoming‑type bentonite) that meets or exceeds the requirements of API 13A, Section 9, 2004 edition.    

C. 
Cement:  ASTM C150 Portland Type I or Type I-II and/or ASTM C989 Ground Granular Blast Furnace Slag Grade 120 or a mixture of both. 

D.
Water:  Water for mixing with bentonite to produce slurry.  Water shall be obtained from the ____________ {e.g. local potable water system or suitable river or lake}.  New connections to the water system may require flushing and retesting until the following standards are met.  Water quality specifications are as follows:

· pH:  Greater than or equal to 7.

· Total Dissolved Solids:  Less than or equal to ____ ppm.

· Hardness as CaCO3:  Less than or equal to ___ ppm.

· Alkalinity: Less than or equal to ___ ppm.

{On some projects, less water quality can be tolerated, if some QC requirements are relaxed or more materials are used.  For example, on some projects, contaminated water has been consumed instead of treated and disposed.} 
E.
Additives:

· Do not use additives of any kind without approval from the Specialist and the Owner’s Representative.

· Common water treatment additives may be used to correct water quality or enhance bentonite hydration and mixing.  These additives may include soda ash, lime, or alum. 

· Admixtures of softening agents, dispersants, retarders, or plugging or bridging agents may be added to the water or the slurry to permit efficient use of bentonite and proper workability of the cement‑bentonite slurry. 

· Retarders, thinners, and accelerators may be used under the direct supervision of the Specialist to correct specific problems.

· Peptizing or bulking agents will not be permitted for mixing with slurry.

2.2
Delivery, Storage and Handling of Materials
A.
Make all arrangements for transportation, delivery, and handling of materials required for execution and completion of the CB wall.  
B.
Protect materials from moisture during transit to and storage at the Site.

C.
For each shipment of materials obtain product information and written certification of compliance from the manufacturer verifying that the materials meet the requirements of this Specification.  Provide manufacturer’s weight of each bag of materials.
D. Promptly remove materials not meeting this Specification from the Site, and replace with materials conforming to these requirements.

2.3
Mixtures
The proportions of the bentonite slurry and CB shall be supervised by the Specialist.  The Specialist may alter the proportions of the ingredient for workability or to provide greater strength in critical areas e.g. to support utilities or roadways.   The minimum proportioning of ingredient is given below. 

A.
Bentonite-Water Slurry – Bentonite mixed with water as a precursor to make CB grout. Bentonite slurry shall contain a minimum of 4% bentonite (B/W ≥ 0.04) by weight of water and a fluid density of 1.025 gm/cc, pH greater than 7.5, and a Marsh Funnel viscosity of at least [34] seconds. 
{With some water sources the minimum slurry viscosity must be reduced.}  

B.  Cement‑Bentonite Slurry – A mixture of cement with bentonite slurry.  The fluid CB grout shall have a minimum of [typically 15 to 25%] cement by weight of water (C/W) and a fluid density of [typically 1.12 o 1.18] gm/cc or greater, with a pH greater than 10.   The CB slurry shall harden to a material with a clay-like strength and impermeability.   
       {In some cases, the Owner may request an average strength or stipulate a minimum C/W.  CB technical literature or the CB Specialist may be referenced as a guide in relating C/W and UCS.}

2.4 Panel Construction
CB slurry trench construction is completed in discrete sections of backfilled trench known as panels.  A portion of CB slurry that hardens in the trench creates a panel and the joined panels create the completed barrier wall.  In general, each day’s work, or separate portions of the day’s work, may be considered a panel.   Horizontal and vertical panels are acceptable.  Successful panel construction relies upon the proper use of the CB slurry.  The following rules govern the proper use of CB slurry in panel construction:

A.  Overlaps – Panels are joined by excavating new panels into previously constructed panels, which is commonly termed an overlap. Overlaps are generally limited to a distance of 2 ft as measured along the bottom of the slurry trench.  Newly constructed panels shall not be disturbed, except for the jointing, topping-off or capping, until the panel has hardened for at least 3 days.   Untimely disturbing of a new panel may cause the panel to fail to properly harden. 


B.  Topping Off – It is normal for the surface of the CB panel to shrink, settle, bleed, and crack as it hardens.  Normal shrinkage and bleed is generally less than 10%, and cracking usually extends to less than 1 ft deep.  After the CB has hardened, the panel may be completed by topping-off the CB by filling the cracks with fresh CB or by removing the cracked portions and filling with fresh CB.  As soon as possible after filling, the CB should be covered and capped to prevent desiccation and damage.
C.  Panel Construction – The slurry trench may be extended by alternating panels, by continuous excavation, or any combination thereof.
D.  
Overbreak – The CB slurry will fill voids in the trench walls, grout soil pores, and fill the trench.  In addition, CB slurry may be wasted in creating overlaps and by normal spillage.  The volume of CB used, compared to the neat volume of the trench, is regularly calculated and known as the overbreak.   The Specialist shall monitor the overbreak to ensure quality control and minimize waste.    
3.0
EXECUTION
3.1
Equipment Requirements
A. Slurry trench cutoff walls may be constructed by the alternate panel method, continuous excavation or any combination thereof; with the selected method interrelated to wall depth, mix characteristics, depth, soil characteristics, and equipment.  If the panel method is used, panels shall be a minimum of 5 ft in length and may be tied together by overlap into adjacent previously constructed panels to provide a continuous watertight barrier.

B.
Trench Excavation Equipment – Provide hydraulic excavator, backhoe or crane‑mounted clamshell, as appropriate.   The design of the bucket shall maintain the specified width of the trench and minimize raveling of the trench sides during use. Equipment shall be capable of excavating the minimum required width in a single pass. [Special chopping, chiseling, or other suitable equipment may be used, as necessary, to satisfactorily accomplish the required excavation.]
C.
Slurry Mixing and Placing Equipment.

· Colloidal Mixer - High‑speed/high‑shear colloidal mixer or high‑velocity/high‑pressure venturi jet mixer used in conjunction with a high speed/high‑shear centrifugal pump.  The pump may be dedicated to mixing and/or can be used to mix and deliver CB slurry to the trench.
· Colloidal Mix Tank - Equipped with a mechanically or hydraulically agitated sump including vanes, valves, hoses, and other equipment as required to prepare slurry and grout. 
· Do not mix or prepare slurry in the trench.

· CB slurry which has been in the mixer for more than 3 hours shall be note be used and wasted.

D.
Field Laboratory Equipment - At a minimum, provide the following:

· Marsh funnel and cup.

· Mud balance (direct reading of density).

· One slurry sampler (backhoe bucket may be used).

· Cylinders to mold laboratory samples (2 inch diameter x 12 inches long).

· Water test kit including hardness, pH and alkalinity.

E. Trench Bottom Preparation Equipment – Provide desanding equipment, air-lift excavator bucket, or other suitable approved equipment to ensure adequate depth through the overburden and removal of loose particles or debris on the bottom.
3.2
Working Platform
The slurry trench shall be installed from a prepared, level, and stable surface.  The purpose of the working platform is to support the excavation and to ensure access for proper measuring and quality control of the work.   The working platform shall be maintained in a condition that minimizes the potential for loose soils or debris from falling into the completed trench.

A.
Install cement‑bentonite barrier wall from the working platform.

B.
Center the working platform along the centerline of the barrier wall at the lines and grades required by this Section and as shown on the Drawings.

C.
Working Platform:  Construct to a level of at least 3 ft above groundwater level.

3.3
Slurry Trench Excavation
A.
Provide for a continuous 2 ft minimum width trench to the required depth at all points along the centerline of the excavation.  Excavate the slurry trench from the working platform by the slurry method.  Carry the excavation to the minimum depth shown on the drawings at the point where excavation is started. 

B.
Maintain trench full of slurry for trench support.  Do not excavate below the groundwater table without slurry.  Excavating without slurry may be used when required to uncover buried obstacles and utilities if trench stability is maintained by other means.  

C.  Excavation shall proceed in panels or continuously.  CB slurry shall be introduced into the trench during trenching and slurry shall be maintained in the trench during excavation.

D.
Maintain the stability of the excavated trench at all times for the full depth.

E.
Slurry shall always be at least 2 ft above groundwater level and not more than 3 ft below the top of trench during excavation.  The Specialist may make exceptions in the vicinity of buried utilities.
F.
Once the CB grout is introduced into the trench, excavation shall be continuous.  If excavation is delayed for more than 2 hours, agitate the panel by other means or incorporate additives to stop the slurry from setting.  If slurry in the trench begins to set or becomes unworkable before excavation is completed, make fresh slurry or add admixtures or terminate the panel.  Do not add water to the slurry in the trench.  CB slurry which does not set shall be removed and replaced.
G. Continuity Between Trench Segments:  When a trench segment is extended, where the slurry in the previously excavated trench has taken a set, the excavation shall be arranged to re‑excavate a minimum 2 ft overlap into the end of the previously excavated trench.

H. Prevent dilution of the slurry by surface waters.  Take precautionary measures necessary to minimize damage to the work from groundwater and surface runoff water.  Maintain the cement-bentonite slurry at all times in a condition that meets the requirements of this Specification. Provide constant circulation for any slurry which is not pumped directly to the trench. 

3.4
Trench Bottom Treatment
A.  Sound the bottom of the trench at 10 ft intervals immediately after excavation to determine the depth of the trench.   
B.   The final depth and penetration of the trench shall be measured and checked by the Contractor and approved by the Engineer immediately following excavation.  [Unless otherwise directed, the bottom of the slurry trench will be keyed the minimum specified penetration into the underlying aquaclude beneath the site as indicated by soil borings, except that if the backhoe or clamshell is unable to achieve the minimum specified penetration into weathered rock without the assistance of ripping teeth, blocks or percussion chisels, the minimum penetration requirements will be modified and the trench will extend to the depth where refusal of the excavating equipment is encountered.] 

C.  Remove loosened excavation and settled materials, such as sand and rocks.  The final depth and penetration into any key material shall be measured and recorded immediately after excavation.

3.5
Trench Top Treatment

After initial CB grout hardens, the top of the completed trench shall be checked for free water or surface depressions.  Any free water shall be removed and the trench filled with fresh CB slurry to the specified elevation.  Following initial set of this additional CB grout, the top of the trench shall be protected to prevent drying of the slurry with a cap of compacted soil. This second filling of the top of the trench may be replaced with impermeable material to the surface. The cap material shall be placed in 1 ft maximum loose lifts and compacted to the proper density.

3.6
Cleanup
A.  Stockpile, or dispose of, material excavated from the trench in areas shown on the Drawings.  After completion of the slurry trench, clean the surface of excess slurry and excavated materials.  

B.  During the work, provide and maintain a waste pond for the disposal of excess slurry, grout liquid materials.  At the completion of the work, remove or stabilize the wastes, fill pond and restore surface.  Restore pond area to original condition.

C.  Restore working platform to original conditions.

3.7
Environmental Requirements
A. Place erosion and sedimentation controls as necessary.

B. Control dust and particulate emissions during construction in accordance with local laws.

C. Promptly report spills and releases, potentially causing damage to the environment, to the Owner’s Main Contractor.

D.
Maintain and protect the installed barrier wall from damage caused by equipment, traffic paths, and other possible damaging influences.

4.0
QUALITY CONTROL
Quality control shall be the primary responsibility of the Specialist.  The Specialist shall perform or supervise all operations, measurements and tests.  The Specialist shall prepare and maintain detailed records of the mixes, materials, and excavation soundings.   A summary of required tests is included in Table 1.  The primary aspects of Quality Control include the following:

A.
Maintain project quality control and quality control records. Perform quality control observations, measurements, and tests described in this Specification.  Make quality control records, routine testing procedures, inspections, observations, and measurements. Quality Control testing methods and frequencies are as specified below. 

B.   Obtain Certificate of Compliance from the material manufacturer for bentonite and cement.

C. 
Measure the viscosity, pH, and density of the bentonite slurry each day, and each time the configuration of the plant is modified.

D.  Measure the density of the cement‑bentonite slurry at least 4 times per shift.

E.   Measure the pH and the temperature of the cement-bentonite slurry at least once per shift.

F.  Make molded samples of the cement‑bentonite slurry from the trench, one for each [100 lf] of trench, while still fluid, properly cure and archive. These samples shall be retained for 90 days to settle any disagreements, in the case of dispute.
G. 
Excavation Soundings:   Perform along the trench centerline, for each trench segment, at frequencies no greater than 10 ft m apart, using a weighted tape, cable, or other devices. Place and maintain stakes, or other reference points, at 20 ft intervals on centers adjacent to trench, clearly indicating station and reference elevation on the stakes. Record the following:

· [Depth to Top of Confining Unit – Depth and station shall be recorded at 10 ft intervals.]

· Depth to Bottom of Excavation - Depth and station shall be recorded at 10 ft intervals. The minimum excavation line is shown on the Drawings.  Determine the final elevations.
· Utilities - Location of any buried utilities or obstacles. 

H.
Records:  Maintain records for testing, measurements, and inspections performed to ascertain that the cement‑bentonite barrier wall construction meets the requirements of this Section.  Furnish required reports, records, and documentation to Owner’s Main Contractor upon request.  Maintain the following records:
· As‑built profile of the trench bottom, including descriptions of typical materials encountered in the excavation, as determined from soundings.  As-built may be computer generated.
· Provide results of construction control testing required by this Specification, including water tests and slurry tests. Provide records of observations, measurements, and tests performed, identified with the location of testing.  

· Record bentonite slurry and cement-bentonite grout mix quantities, and proportions of additives utilized, if any.  Record any adjustments made to slurry mixes.

· Maintain a construction log of daily activities including delays encountered during construction, causes of delays, locations of affected areas, and extent of delays.  Record unusual conditions or problems encountered and the dispositions made.

	Table 1: Cement - Bentonite Slurry Trench Quality Control Testing Plan

	
	
	
	
	

	Property
	Requirement
	Minimum Test 
	Test Method
	Comment

	 
	 
	Frequency
	 
	 

	Bentonite Powder
	 
	 
	 
	 

	a.  Certification
	By Manufacturer
	1 per shipment
	API 13A
	Wyoming type (90 bbl/ton)

	 
	 
	 
	 
	 

	Cement Powder
	 
	 
	 
	 

	a. Certification
	By Manufacturer
	1 per shipment
	ASTM C 150
	Portland Type I or I-II

	 
	 
	 
	ASTM C 989
	GG BFS Grade 120I

	Water for Slurry Mixing
	 
	 
	 
	 

	a.  pH
	6 to 9
	1 per source
	Hach Kit
	Site Source

	b.  Hardness
	< 250 ppm
	1 per source
	Hach Kit
	 

	c. Alkalinity
	< 250 ppm
	1 per source
	Hach Kit
	 

	d. Total Dissolved  Solids
	< 1500 ppm
	1 per source
	Hach Kit
	 

	 
	 
	 
	 
	 

	Initial Bentonite Slurry
	 
	 
	 
	 

	a. Viscosity
	> 34 sec.
	1 per shift
	API RP 13B-1
	Each AM prior to Production

	b. Density
	> 1.025 gm/cc
	1 per shift
	API RP 13B-1
	 

	c. pH of Slurry
	> 7.5
	1 per shift
	Hach Kit
	 

	d. Bentonite content
	B/W > 4%
	1 per batch
	Record
	Batch records

	 
	 
	 
	 
	 

	Cement-Bentonite Slurry
	 
	 
	 
	 

	a. Density
	 > 1.12 gm/cc
	4 per shift
	API RP 13B-1
	 

	b. Viscosity
	Record
	2 per shift
	API RP 13B-1
	 

	c. pH of Grout
	> 10
	1 per shift
	Hach Kit
	 

	d. Temperature of Grout
	Record
	1 per shift
	Thermometer
	 

	e. Cement content
	C/W > 15%
	1 per batch
	Record
	Batch records

	 
	 
	 
	 
	 

	Hardened CB Grout
	 
	 
	 
	 

	a. Sample Making
	Archive 90 days
	1 per 100 ft
	ASTM D4832
	Backup

	b. Penetration Test
	> 1 tsf
	1 per 100 ft
	ASTM D1558 mod
	Completed surface of CB

	c. Bleed
	< 10%
	1 per shift
	ASTM C292
	 Before top off

	 
	 
	 
	 
	 


END OF SPECIFICATION
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