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Soil-Bentonite Slurry Wall Specification




GUIDE
TECHNICAL SPECIFICATIONS
SOIL-BENTONITE METHOD 

(NO PERM SPEC)
SLURRY TRENCH CUTOFF WALL
 
{This technical specification is to be used to guide the writer in the contract requirements for Soil-Bentonite Slurry Wall construction for a specific site.  This specification is intended for smaller projects where the cost of bentonite is relatively minor or for other projects where it has been determined that a rigid performance specification is not appropriate.  Included are _________ to be filled in with project specific data.  Parenthetic remarks { } are included when appropriate to provide the writer with additional, non-essential information.}


1.1
SCOPE OF WORK
This section of the specifications includes requirements for Slurry Trench Cut-off Wall as indicated on the drawings, as hereinafter specified, or as required to properly complete the work.
1.2
GENERAL
The work covered by this section of the specifications consists of furnishing all plant, labor, equipment, and materials and of performing all operations in connection with constructing the slurry trench cut-off wall.
  

1.3
QUALIFICATION OF CONTRACTOR
The Contractor will be required to submit evidence that he is competent to construct a slurry trench.  This evidence will insure that the Contractor or his subcontractor or his technical advisor will have sufficient competent personnel to carry out the operations specified, and such personnel (as approved by Engineer prior to award of Contract) will have previous experience in this type of construction.  In particular, a construction and slurry specialist(s) shall be used to supervise the construction, slurry preparation, and quality control.
  

1.4
CHARACTER OF OVERBURDEN MATERIALS
A generalized description of the typical overburden through which the slurry trench cut-off is to be excavated is indicated by boring logs included in the drawings.  In general, the slurry wall shall extend through the overburden and tie into the ___________________ as indicated in the drawings.
  

1.5
EXCAVATION OF SLURRY TRENCH
1.5.1
General Requirements
An impervious slurry trench cut-off wall shall be constructed to the lines, grades, and cross sections as indicated on the drawings.  The trench shall have essentially vertical walls, a minimum width of ___________ and shall extend through the overburden to ____________.
  

1.5.2
Prosecution of Work
 

   (A)
Slurry will be introduced into the trench at the same time trenching is begun and shall be maintained in the trench during excavation and until it is backfilled.  The slurry level shall be maintained at least 3 feet above the groundwater level.
  

(B)
The Contractor shall maintain the stability of the excavated trench at all times for its full depth. The level of the bentonite slurry shall not be permitted to drop more than 3 feet below the top of the slurry trench except as approved by the Engineer.
  

(C)
The Contractor shall have personnel, equipment, and materials ready to raise the slurry level at any time.  To this end, the Contractor shall have personnel on call to raise the slurry level, weekends and/or holidays included.
  

(D)
Unless otherwise directed, the bottom of the slurry trench will be keyed the minimum specified penetration (see 1.5.1) 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. The final depth and penetration of the trench shall be measured and checked by the Contractor and approved by the Engineer immediately following excavation.
  

(E)
Upon completion of excavation, any loose material or cuttings shall be removed from the bottom of the trench with the excavation tools.
  

(F)
The toe of the slope of the trench excavation shall precede the toe of the backfill slope so that the toe of the backfill shall be more than 50 feet away from the toe of the excavation or as required to permit proper cleaning of the trench bottom and to permit inspection and measurement.
  

1.6
PROPERTIES OF SLURRY
The bentonite slurry shall be a fluid allowing proper excavation of the trench and allowing backfilling with impervious material to form a permanent cut-off wall.
  

1.6.1
Materials
  

(A)
Bentonite - The bentonite powder or granules used in the slurry shall be natural high-swelling montmorillonite base product and shall meet the requirements of API Specification 13A.
  

(B)
Water - The water shall be clean, fresh, and free from excessive oil, acid, alkali, organic matter, or other deleterious substances.  It is the responsibility of the Contractor that the slurry resulting from the water shall always meet the standards in this specification.
  

(C)
Additives - Admixtures such as softening agents may be used to alter the characteristics of the water to permit efficient bentonite consumption.
  

1.6.2
Slurry Mixture
The bentonite slurry shall consist of a stable colloidal suspension of sodium bentonite in water and shall be controlled in accordance with API RP l3B-1 "Recommended Standard Procedure for Field Testing Water-Based Drilling Fluids” (most current edition), and the following requirements:
  

(A)
At the time of introduction of the slurry into the trench, the initial slurry shall be a mixture of not less than 5 % by weight of bentonite to water.  Additional bentonite may be required depending on the hardness and temperature of the water.  The slurry shall have a minimum apparent viscosity of 15 centipose or [36 to 40] seconds reading through a Marsh Funnel Viscosimeter, a maximum filtrate loss of 25 cubic centimeters in 30 minutes at 100 psi, and a pH of 6.5 to 10.0.
  

(B)
The slurry mixture in the trench shall have a density not less than 64 pcf (1.03 gm/cc), not greater than 85 pcf (1.36 gm/cc), or as approved by the Engineer.
  

(C)
The slurry mixed with backfill material shall be either slurry taken from the trench or slurry meet​ing the requirements of slurry introduced into the trench.
  

(D)
If the density of the slurry in the trench exceeds the specified limits, or becomes unworkable, the heavy slurry shall be removed from the trench by airlift pump, clamshell, or other methods approved by the Engineer or the excess solids shall be removed from the slurry by screening or centrifugal type slurry desander.
  

(H)
Admixtures of the types used in the control of oil field drilling muds may be used to alter the characteristics of the slurry in the trench only as approved by the Engineer.  Peptizing or bulking agents shall not be mixed with the slurry.
1.6.3 1.6.3  Slurry Mixing Plant 
  

(A)
All slurry for use in the trench shall be prepared using a suitable mixer.  No slurry is to be made in the trench.  Mixing of water and bentonite shall continue until bentonite particles are fully hydrated and the resulting slurry appears homogeneous.
  

(B)
The slurry plant shall include the necessary equip​ment such as a mixer capable of producing a colloidal suspension of bentonite in water, sumps, pumps, valves, hoses, supply lines, small tools, and all other equip​ment as may be required to adequately supply slurry to the trench.
  

(C)
Storage ponds or tanks may be provided to store initially mixed slurry to allow hydration and to serve as a reserve in cases where substantial loss from the trench through underlying pervious zones or other reasons may occur.  The slurry shall be agitated or recirculated in any storage ponds or tanks as required to maintain a homogeneous mix.
  

1.7
BACKFILLING OF SLURRY TRENCH
  

1.7.1
Materials-
 The material for trench backfilling shall be composed of slurry and selected granular soils obtained from the trench excavation and/or an approved borrow area.  Dry bentonite, in addition to that added via the slurry shall be added to the backfill at a rate of _____lbs per cubic foot of backfill mix.  The soil shall be friable and free from roots, organic matter, or other deleterious materials.  The backfill shall be thoroughly mixed and reasonably well graded between the following gradation limits: 

  


Screen Size
     Percent Passing

(U.S. Standard)
by Dry Weight

3/8 inch
100 to 65

No. 20
   80 to 20

No. 200
   60 to 10
  
{NOTE:  Backfill design should accommodate, to the extent possible, the trench spoil and/or local soils. }
1.7.2
Mixing -
  

Stockpiled material from excavation and/or material from borrow shall be mixed and blended by windrowing, disk harrowing, bulldozing, blading or by other approved methods.  Mixing and blending shall be performed in such a manner as to produce the required gradation of backfill. The backfill material shall be thoroughly mixed into a homogeneous mass, free from large lumps or pockets of fines, sand, or gravel.  Occasional lumps of up to 4 inches in their largest dimensions will be permitted.  Just prior to placing, the backfill material shall have a slump of 3 to 6 inches.  To this end, the materials may be sluiced with slurry during blending operations.  Sluicing with water will not be permitted except as approved by the Engineer.
  

1.7.3
Placing –
  

The backfill shall be placed continuously from the beginning of the trench, in the direction of the excavation, to the end of the trench.  Free dropping of backfill material through the slurry will not be permitted. Initial backfill shall be placed by lowering it to the bottom of the trench with a clamshell bucket until the surface of the backfill rises above the surface of the slurry trench at the start of the trench.  Additional backfill may then be placed in such a manner that the new material slides down the forward face of the pre​viously placed backfill.  The backfill shall not be dropped or deposited in any manner that will cause segregation.  An acceptable substitute for the initial placing of backfill by the use of a clamshell bucket shall be to begin excavation of a sloping “starter trench” {or lead-in trench} at a point outside of the limits of work which will provide a sufficient distance for the backfill face to form before the toe of the back​fill reaches the point where the cut-off is required.
  

1.8
CAPPING
Upon completion of backfilling, the trench shall be capped in accordance with the details shown on the Drawings.
  

1.9
CLEANUP
After completion of the backfill and capping, all remaining excavated material and slurry shall be removed and the surface shall be cleaned and leveled as directed by the Engineer.  Excess slurry shall be disposed of by spreading in thin layers on adjacent areas designated by the Engineer.  No slurry shall be left in ponds, and all ponds shall be pumped dry and backfilled.
  

2.0
QUALITY CONTROL
The Contractor shall maintain his own quality control for the cut-off wall construction under the direction of the Contractor's Project Engineer.
  

2.0.1
Trench Continuity and Key
The Contractor shall be responsible for demonstrating to the satisfaction of the Engineer that the trench is continuous and keyed the minimum specified depth into the underlying aquaclude.  Trench continuity shall be assured by the action of the trench excavation equipment, the digging tools must be able to be passed vertically from top to bottom of the trench as well as moved horizontally along the axis of the trench without encountering unexcavated material.  Pen​etration of the bottom of the trench into the aquaclude shall be demonstrated by observation of the cuttings removed from the trench and by direct measurement of trench depth to the satisfaction of the Engineer.
  
2.0.2
Slurry and Backfill Mix Materials
(A)
Bentonite - Certificate of Compliance with the spec​ification shall be obtained from the material manufacturer.
  

(B)
Water - Water for making slurry shall be tested for pH and total hardness as required to determine the amount of softening agent necessary to assure optimum yield of the bentonite.  Tests shall be repeated each time that the water source is changed.
  

(C)
Backfill Mix - Backfill material shall be tested prior to placement in the trench by conducting tests to determine slump and gradation.  Testing frequency will be as directed by the Engineer with a minimum of one series of tests per 500 cubic yards of back​fill material prepared for introduction in the trench.  The Engineer shall determine the amount of bentonite added.
  

2.0.3
Slurry Introduced in the Trench
A complete series of tests shall be conducted on slurry from the pond containing slurry ready for introduction in the trench at least once per day or each time a pond is prepared.  The tests shall include:
 

	(A)

	pH of the slurry,

	(B)
	Unit weight of the slurry,

	(C)
	Filtrate loss of the slurry,

	(D)
	Viscosity of the slurry.


  

2.04
Slurry in the Trench
Slurry in the trench shall be tested at least once per day.  Samples shall be obtained from near the bottom of the trench near the point of trenching and tested for unit weight.
  

2.0.5
Documentation
Results of all tests performed in accordance with the Specification will be recorded on forms acceptable to the Engineer and signed by the Contractor's Project Engineer.  These forms will be made available to the Engineer at all times for his inspection.  Copies of all forms will be sub​mitted daily to the Engineer for his reference.
	Table 1: Soil - Bentonite Slurry Trench Quality Control Testing Plan

	
	
	
	
	

	Property
	Requirement
	Min. Test 
	Test Method
	Comment

	
	
	Frequency
	
	

	Bentonite Powder
	
	
	
	

	a.  YP/PV Ratio
	> 3
	1 per truck or RR car
	API Spec 13A
	Premium Grade 

	b.  Viscometer at 600 rpm 
	> 30
	1 per truck or RR car
	API Spec 13A
	Certification by Manufacturer

	c.  Filtrate Loss
	< 15 cc
	1 per truck or RR car
	API Spec 13A
	

	d.  Moisture Content
	< 10%
	1 per truck or RR car
	API Spec 13A
	

	e.  Residue larger than 75 micrometers
	< 4%
	1 per truck or RR car
	API Spec 13A
	

	f. Certification 
	No peptizing
	1 per truck or RR car
	Section 4
	

	Water for Slurry Mixing
	
	
	
	

	a.  pH
	6 to 9
	1 per source
	API RP 13B-1
	May be modified for 

	b.  Hardness
	< 250 ppm
	1 per source
	Hach Test
	potable source or if treated

	c.  Total Dissolved Solids
	< 500 ppm
	1 per source
	Hach Test
	w/additives

	Initial Bentonite Slurry
	
	
	
	

	a. Viscosity
	> [36–40] seconds
	1 per shift
	API RP 13B-1
	

	b. Density
	> 64 pcf
	1 per shift
	ASTM D-4380
	

	c. Filtrate Loss
	< 25 cc
	1 per shift
	API RP 13B-1
	

	d. Bentonite content
	> 5%
	1 per project
	Weight-Volume
	Demonstrate

	e. pH of Slurry
	6.5 to 10
	1 per shift
	API RP 13B-1
	

	In-Trench Bentonite Slurry
	
	 
	 
	

	a. Unit Weight
	64 to 85 pcf
	1 per shift
	ASTM D-4380
	Also > 15 pcf less than SB

	SB Backfill Material
	
	
	
	

	a. Slump 
	3 to 6 inches
	1 per shift
	ASTM C-143
	

	b. Gradation
	10% < #200
	1 per shift
	ASTM D-1140
	Laboratory or Field Test

	c. Density
	15 pcf > In-trench slurry
	1 per shift
	ASTM C-138 or D-4380 mod
	 

	d. Bentonite content
	> X%
	1 per shift
	Weight-Volume
	Demonstrate


