GUIDE
TECHNICAL SPECIFICATIONS {PRIVATE} BIOPOLYMER SLURRY
GROUNDWATER COLLECTOR TRENCH
 (This technical specification is to be used to guide the writer in the contract requirements for Bio-Polymer slurry trench 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.  Optional subsections are denoted by *.  Parenthetic remarks ( ) are included when appropriate to provide the writer with additional, non-essential information.)  
  
1.0  SCOPE OF WORK
 This section of the specifications includes requirements for the Groundwater Collection Trench [or groundwater interception, extraction, injection, or reactive barrier] and related work as constructed by the Bio-Polymer Slurry Trench (BP) method indicated on the drawings and as hereinafter specified.  The work consists of furnishing all plant, labor, equipment, and materials and of performing all operations as required to construct the groundwater collector trench using the BP method.
  
1.1.  Reference Standards 
Following is a list of standards, which will be referenced in this specification.  Such referenced standards shall be considered part of these specifications as if fully repeated herein. 
 

	REFERENCE 
API Spec 13A
	TITLE OR DESCRIPTION 
API Specification for Oil-Well Drilling-Fluid Materials 

	API RP 13B-1
	API Recommended Practice Standard Procedure for Field Testing Water-Based Drilling Fluids

	ASTM C 33
	Standard Specification for Concrete Aggregates


 

 

1.2.  Abbreviations and Definition
	A.
	API - American Petroleum Institute 

	B.
	ASTM - American Society for Testing and Materials 

	C.
	Owner - The Owner as referred to herein is ___________________. 

	D.
	Owner's Representative - The Owner's Representative or the Engineer is_____________[or individuals] designated by the Owner to act on its behalf in the execution of these specifications. 

	E.
	BP  - Bio-Polymer 

	F.
	Groundwater Collection Trench - A narrow, vertical-walled trench of specified width (typically 2 to 3 ft) excavated by a modified slurry trench method and backfilled with specified materials to form a collection trench. 

	G.
	BP Method - A method of excavating a narrow vertical trench using a modification of the slurry trench method to temporarily support the trench walls and permit the placement of drainage features during construction.

	H.
	Bio-Polymer Slurry - A suspension of degradable polymer in water.  The terms "slurry" and "bio-polymer slurry" are used interchangeably in these specifications.

	I. 
	Backfill - A freely-draining aggregate or gravel used as the final fill for the Groundwater Collection Trench. 

	J.
	Bio-Polymer Slurry Specialist - An individual who has had proven and successful experience in slurry trench construction using bio-polymer slurry. 

	K. 
	Working Platform - The working platform is the leveled surface of compacted fill and/or excavated surface from which the bio-polymer slurry trench is constructed. 

	L.
	Broken or Degraded Slurry – Bio-polymer slurry, which through natural or artificial means has degraded to water and a minute amount of a non-toxic residual. 

	M. 
	Drain Activation  - The process by which the bio-polymer slurry is degraded to permit the free flow of groundwater into and through the groundwater collection trench. 

	N.
	[Extraction Wells/Sumps] – Vertical casings (typically PVC or steel) with well screens suitable to accept groundwater pumps for the removal of liquids from the completed trench. 

	O. 
 
	[Geotextiles] – A woven filtration fabric (typically Mirafi 700X or 70/20) installed along the top, [sides and bottom] of the backfill to allow groundwater flow into the trench while impeding silt from clogging the backfill. 

	P. 
	[Under-drain Pipe] – Perforated or slotted flexible HDPE {typically Driscopipe or similar} pipe installed near the bottom of the groundwater trench to collect and divert groundwater collected in the trench to the extraction wells/sumps. 


  
2.0.  SUBMITTALS 
The following information shall be submitted at least [four weeks] prior to construction. 
2.1       Qualification of Contractor 
  
The contractor or his subcontractor or consulting advisor shall submit evidence that he is experienced and competent to construct a groundwater collection trench using the BP method.  Evidence shall include references from at least five similar and successful projects constructed over the last 10 years. [A degreed engineer with at least ten years of experience on at least ten similar projects shall plan and direct the methods of work.]  Project descriptions shall include type of BP slurry used and a description of the materials installed.  This evidence will insure that the Contractor will have sufficient expertise, competent experienced personnel and proven methodologies and equipment to carry out the operations specified. 
  
In particular, a BP slurry specialist shall supervise the construction, slurry operations, and quality control.  This individual shall be knowledgeable in: (1) the proper mixing methods employed to mix bio-polymer slurry, (2) the use, degrading, testing and control of degradable polymers as a slurry, (3) construction equipment,  (4) excavation and backfill operations, and (5) testing for quality control of groundwater collection trenches constructed using bio-polymer slurry. The BP slurry specialist shall have at least five years of experience and five projects in successful construction of BP slurry trenches.    
  
2.2  Work Plan 
The Contractor shall submit a detailed operating plan describing his proposed construction methods, equipment, and schedules.  This shall include, but not be limited to, the Contractor's plan for each of the following: 
  
	A. 
	 Listing of supervisory personnel: Name and experience of the various persons, their role and primary responsibilities. 

	B.
	Construction means and methods:  Listing of equipment and capabilities, construction steps, bio-polymer slurry production, excavation, backfill placement, [ballasting methods for geo-textiles, wells and pipes], handling of trench spoil, drain activation and slurry degradation, utility crossings, work platform construction, maintenance and removal.

	C.
	Incorporated Materials:  Certificates of compliance, test reports and/or catalog cuts provided by the manufactures of the permanent materials that become a part of the final installation.

	D. 
	Bio-Polymer Slurry:  The name, type, and characteristics of the degradable slurry intended to be used in construction.  The submittal shall indicate whether the slurry is natural or synthetic and any residuals after degradation.  In addition, the contractor shall submit MSDS for each slurry ingredient. 

	E. 
	Quality Control:  The contractor shall provided a detailed quality control program covering all aspects of the use and degradation of the BP slurry, i.e. limits for slurry viscosity and pH, sampling methods, testing frequencies, depth measuring methods, backfill placement controls, rate and pore volumes of pumping during trench activation, extraction well spacing for slurry degradation, and corrective measures. 

	F. 
	Clean-up:  site restoration, spoils disposal, etc. 

	G. 
	Schedule: Bar chart with starting and ending dates for major segments of the work, estimated production rates, days and hours of operation. 


 

 

3.0  MATERIALS
 3.1. Polymer 
The polymer shall be a natural or synthetic material capable of temporarily supporting slurry trench excavation and later naturally and/or artificially degrading to a non-toxic water solution after backfilling of the trench is complete.  The polymer shall have a minimum molecular weight of 1,250,000.  The polymer slurry shall be water-based.  The slurry and degraded slurry shall not form a filter cake on the trench walls or materially decrease the transmissivity of the backfill or the trench walls.  The degraded slurry shall be non-toxic.  
  
3.2.  Water  
The water used to make the slurry shall be suitable to provide slurry with adequate viscosity and useful life.  Fresh water, free of excessive amounts of deleterious substances {especially bio-organisms with natural polymers and certain anions with synthetic polymers} that adversely affect the properties of the slurry shall be used to manufacturer the slurry.  It is the responsibility of the Contractor that the slurry resulting from the water shall always meet the standards of this specification. 
  
3.3.  Slurry 
 The BP slurry shall consist of a suspension of polymer in water and shall be controlled in accordance with the following requirements:
  
A.  At the time of introduction of the slurry into the trench, and when in use in the trench, the slurry shall have a minimum viscosity of 60 seconds (viscosity requirement may be reduced for more stable soil types or increased for less stable soils) Marsh Funnel Viscosity (MFV), 
B.  *The minimum pH of the slurry shall be 8.5 (this value only appropriate for natural polymer slurries) when in use in the trench. 
  
C.  When fully degraded the slurry shall have a maximum viscosity of 30 seconds MFV and a neutral pH. 
  
3.4.  Additives 
 
Admixtures of the type used in the control of fracturing fluids such as water treatment chemicals, softening agents, dispersants, or bridging agents may be added to the water or the slurry to permit efficient use and proper workability of the slurry.  Additives specially designed for used with the particular BP slurry may also be used and these include biocides, bio-starters, and enzyme breakers, sterilants, and oxidizers.  The owner’s representative shall be advised of all additives used. 
  
3.5  Backfill  
 The material for filling the trench shall be an aggregate produced with a specified gradation and minimum permeability. The backfill shall be relatively uniform and reasonably well graded between the following gradation limits:
  
	Screen Size
(US Standard) 
	Percent Passing
(by dry weight)

	1.5 “ 
	100% 

	1.0 “ 
	95 to 100 % 

	0.5” 
	25 to 60% 

	No. 4 
	0 to 10% 

	No. 8 
	0 to 5% 

	 
	 


 The permeability of the backfill shall be greater than [1x10-2] cm/sec. 
  
(NOTE: Backfill design should accommodate, if possible, local sources.  The gradation for a No. 57 aggregate is shown above, but many other aggregates can be used.  The designer should review filter criteria in selecting an aggregate or use a geo-textile to prevent clogging.) 
  
(NOTE:  On certain projects it may be necessary to specify an aggregate that is not reactive with native soil types or the groundwater.  The designer should review corrosivity and reactivity of the leachate, and sulfate soundness, carbonate content or other aggregate properties.) 
  
3.6   [Wells/Sumps] 
[Vertical wells/sumps shall be furnished and installed to accept the extraction pumps and permit the free flow of groundwater into the pumps.  The wells/sumps casing shall be constructed of _____inch diameter Schedule ______ PVC [or mild steel or stainless steel] pipe.  The casings shall be factory slotted or fitted with well screens with _______inch slots and capped on the bottom.  The slotted screens shall be at least _____ feet long.] 
  
(NOTE:  The designer shall determine the number and spacing of wells.  Maximum efficiency is gained by using small diameter (typically 6 in. to 1 ft.) wells that can be placed through the slurry.  Larger diameter sumps or manholes (4 ft dia.) require a separate operation for installation.  Often, the contractor will install temporary wells to aid in breaking the slurry that can be reused or modified for permanent use.) 
3.7  [Geo-textile] 
[A woven, polypropylene geo-textile shall be furnished and installed to separate the backfill from native soils.  The manufacturer shall designate these materials for filtration control. Bias weave materials such as [Mirafi 700X or 70/20, Filterweave 500, or similar] shall be used.  Material properties shall be as follows:]
  

	Fabric Property 
	Minimum Values 

	Grab Tensile Strength
	>250 lbs. – MD and CD

	Puncture Resistance
	>100 lbs.

	Apparent Opening Size
	>US 70 sieve

	Permeability
	>0.01 cm/sec

	Roll Width
	>12 ft.


  

3.7   [Under-drain Pipe] 
[A slotted, polyethylene pipe shall be furnished and installed to convey groundwater to the wells/sumps.  The pipe shall be inch diameter, solid wall polyethylene tubing, slotted (or perforated), as shown on the plans.  Pipe joints shall be butt-fusion welded.  The width of the slots shall be inch and the open area of the slots shall be square inches per lineal foot of pipe, in the pattern as shown on the plans.  The pipe shall meet all requirements of ASTM D 3350 for Grade PE3408 pipe with a minimum SDR (standard diameter ratio) of]
(NOTE:  The SDR or pipe thickness shall be reviewed by the designer so that the pipe will withstand the burial depth without excessive deformation).
(NOTE:  Under-drain pipes are not necessary in most groundwater collection trenches.  However, under-drain pipes can be installed in BP trench but at a higher cost.  Maximum efficiency is gained by placing the pipe separately from the wells or by using short, independent pipe runs with one connection per well/sump.  If larger sumps or manholes are required to be connected to the pipe, a separate operation will be required for the installation.)
  

4.0    EQUIPMENT
4.1 
Trench Excavation 
 Excavation of the groundwater collection trench shall be accomplished by use of any suitable earth-moving equipment, or combination thereof, such as a backhoe and/or clamshell, so the trench can be carried to its final depth of cut continuously along the trench alignment.  Special chopping, chiseling or other suitable equipment may be used as necessary to satisfactorily accomplish the required excavation.  The width of the excavating tool shall be equal to or greater than the specified minimum width of the groundwater collection trench.  
 
4.2
Slurry Plant 
 
The plant for mixing the bio-polymer slurry shall include the necessary equipment including a mixer/eductor capable of producing a suspension of polymer in water plus any pumps, valves, hoes, supply lines, and all other equipment as required to adequately mix and supply slurry to the trench.  The plant shall be equipped to accept additives in measured amounts.  Storage tanks shall be provided (as needed) to store initially mixed slurry, and to retain a reserve in case substantial slurry loss. Slurry shall be recirculated in the storage tanks during working hours to maintain a homogeneous mix.  All slurry for use in the trench shall be prepared using a suitable mixer and no slurry is to be made in the trench. 
  
4.3
Backfill Placing 
 Equipment for handling and placing backfill may consist of any suitable material handling equipment, such as loaders, conveyors, elevators, or trucks that are capable of delivering the backfill to the trench.  Placement of the backfill in the trench shall avoid methods that can segregate the backfill gradation or add fine particles to the backfill.  
 [Special methods including tremie placement, lowering to the bottom of the trench with a bucket, or placement on a slope may be necessary and will be required for some backfill gradations.  The particular backfill material and placement method may also require additional equipment to pre-wet the backfill to permit placement through the tremie pipe and avoid suspending fine particles in the slurry.]
 (NOTE: Uniformly sized backfill materials with larger particle sizes, such as No. 57 stone, may be free dropped through the slurry. Graded materials and sand-sized particles require more controlled, i.e. “special methods” and often must be pre-wetted.)
  
4.4   [Geo-textile Placing] 
[Equipment for handling and placing geotextile panels may consist of any suitable material handling equipment such as cranes, loaders, or forklifts that are capable of delivering the geotextile panels to the proper position in the trench without damage.  The equipment shall be capable of positioning the panels for the required overlap.  The equipment shall be capable of placing the geotextile and ballast such that the buoyancy of the geotextile is overcome and the panel conforms to the shape of the trench without excessive folds, tears, or unnecessary patching.] 
  

4.5.  [Pipe Laying] 
[Equipment for handling and placing the under-drain pipe shall operate from the surface of the working platform.  The equipment shall develop a live load surcharge that will produce no significant contribution to the instability of the trench.  The line and grade of the pipe shall be controlled and measured using survey, laser equipment and/or telltales.  The pipe shall be centering between the trench walls using equipment or by special device.  The pipe shall be fitted with ballast to ensure that buoyancy of the pipe is overcome and the final position of the pipe in the trench is fixed.] 
  

5.0.  EXECUTION OF THE WORK
 The groundwater collection trench shall be constructed to the elevations lines and grades, and cross sections shown on the plans and in accordance with these specifications, unless otherwise directed by the Owner’s representative. The trench shall have essentially vertical walls, a minimum width of _________ [typically 24 to 36] inches, and shall extend through the overburden and to the designated stratum [and/or depth].  A generalized description of the soil profile through which the trench is to be constructed is provided on the boring logs attached to this specification.
  
5.1   Excavation 
Trench excavation shall be maintained in an open condition by the BP method.  Excavation shall be conducted in a manner, which provides for a continuous minimum width trench to the required depth along the centerline of the excavation.   The owner’s representative may direct the contractor to deepen the trench based on examination of spoils and shall approve the depth of the trench immediately after excavation.  The trench shall be constructed without undue interruption until complete. 
 
5.2  Slurry Use and Trench Stability 
Biopolymer slurry shall be prepared and used by the contractor to control trench width and stability.  The level of the slurry shall always be maintained at least _____[typically 3] ft above groundwater level and shall not be permitted to drop more than ______[typically 2] ft below the surface of the working platform.  The amount and quality of the slurry in the trench shall be maintained at a level sufficient to maintain trench stability.  The contractor shall have sufficient personnel and equipment ready to raise the slurry level during construction and on call during nights and weekends.  The quality of the slurry shall be maintained at all times until the backfill is in place and the slurry is degraded.  
 

5.3  Backfilling 
Backfilling of the trench shall begin as soon as practical and shall minimize the area of trench supported only by slurry.  The backfill shall be placed into the trench in a manner that avoids segregation of the backfill and contamination by fine soil particles.  Backfill shall be placed using controlled methods around wells/sumps [and pipes and geo-textiles] so that the force of the backfill does not disturb their position. Special means such as tremie, bucket placement or a backfill ramp shall be used as required by the gradation of the backfill.   
  
In general, the backfill shall be placed continuously from the beginning of the trench in the direction of the excavation to the end of the trench.   Initial backfill shall be placed by special means until it rises above the level of the slurry.  Subsequent backfill shall be placed by allowing it to slide down the slope of previously placed backfill. 
 

5.4   Drain Activation 
After backfilling, the slurry shall be degraded to water and a minute amount of residual material.  Slurry additives shall be used as necessary to destroy the viscosity of the slurry. Broken slurry shall be made pH neutral.  Water may be flushed through the backfill, if necessary.  The pore volume of the trench shall be pumped and circulated at least ________ [typically 1 or 2] times to ensure activation of the drainage properties of the trench.  [The broken slurry shall be sterilized to complete the slurry degradation.]  Any excess broken slurry shall be encouraged to infiltrated into the subsurface or removed from the trench prior to final backfilling.  
(NOTE:  In general, any excess degraded slurry will infiltrate into the subsurface in a short time unless there is some unusual site condition.  Usually, there is not excess slurry.  Any excess degraded slurry may also be spread on the surface to evaporate, allowed to infiltrate or disposed.) 
  
5.5  Tolerances 
The following tolerances shall apply to the groundwater collection trench dimensions and construction.  The tolerances may vary from the designed values if approved by the Owner’s representative. 
	A. 
	The groundwater collection trench shall be essentially vertical.  The working platform   and/or excavating equipment may be leveled to be plumb within [1%] of vertical. 
 

	B. 
	The depth of the groundwater collection trench shall be measured or surveyed to within [6 inches] of the desired elevation. 
 

	C. 
	The excavating tool shall be at least as wide as the design width of the groundwater collection trench. 
 

	D. 
	The groundwater collection trench shall follow the designed alignment within [2] ft of the designated centerline. 
 

	E. 
	Construction will not be permitted when the air temperature is below [20oF] or when severe weather conditions may compromise the quality of the work. 
 

	F. 
	[Overlaps of the geotextile fabric sheets shall be at least [4] ft as measured at the top of the trench.] 
 

	G. 
	[Well/sumps shall be installed to within [3] feet of the designated station.] 
 

	H. 
	[The pipe shall be installed in accordance with the manufacturer’s recommendations. The elevation of under-drain pipe installed shall be within ( [6 inches] of the plan elevation without kinks or bends and the elevation of the pipe and recorded at [20] ft intervals.  The grade of the pipe shall be continuously maintained without mounds or sags in the line of the pipe.] 
 


  
6.0  TREATMENT FOR TOP OF BACKFILL
After the trench is activated, the top of the trench shall be backfilled to the designated elevation.  [The geotextile shall be trimmed and overlapped to cover the backfill.]   [A layer of geotextile [or geomembrane] shall be placed over the backfill to separate the backfill from subsequent soil layers.]  A minimum of _______ [typically 3 to 5] ft of soil from the trench excavation shall be recompacted over the backfill to bring the trench to the designated elevation.  Prior to completion the working platform shall be regraded and/or resurfaced to promote drainage. 
  
7.0.  QUALITY CONTROL
The Contractor shall be responsible to ensure that all work is performed to the standards of this specification.  
7.1.  Trench Dimensions
The contractor shall be responsible for demonstrating to the satisfaction of the owner’s representative that the trench is the proper width, continuous and excavated to the specified depth.  The depth of the trench shall be sounded at least every 20 lineal feet.  
  
7.2  Slurry Materials 
The contractor shall test the slurry in accordance with Section 2.3 at least 4 times per day. Samples of the slurry shall be obtained from both the trench and the mixing plant for testing.  The contractor shall supply equipment and personnel for performing these tests.
  
7.3  Backfill Materials
 
The contractor shall submit evidence that the backfill is the specified gradation and quality. Samples shall be obtained and tested at least every _______ [typically 500] tons and submitted to the owner’s representative. 
  
7.4  [Wells/Sumps] 
[The contractor shall record the station and control the location and verticality of the wells until completely backfilled. The verticality of the wells shall be measured with a carpenter’s level [and/or tested with a surrogate pump] to ensure that the wells will permit unimpeded installation of pumps. If the alignment of the well is inadequate, the contractor shall install a replacement well using well drilling methods, at no additional cost to the owner.] 
 

7.5  [Geo-textile] 
[The contractor shall mark the panel number and required overlap of each geotextile panel on the panel as the geotextile is installed.  The contractor shall inspect the panels each day, until completely backfilled, correct any folds and repair any tears.] 
  
7.6   [Under-drain Pipe] 
[The contractor shall verify and record the elevation of the pipe as it is installed.  The line and grade of the pipe shall be maintained until completely backfilled.] 
  
7.7  Records 
 All quality control records, tests, and inspections shall be documented by the contractor and available for review by the owner’s representative.  The contractor shall record all measurements and test results for submittal to the owner’s representative each day.
 

 

8.0  MEASUREMENT AND PAYMENT 
 
The groundwater collection trench shall be measured based on the actual length of trench installed and depths excavated.  Measurements shall be made from the working platform and approved by the owner’s representative during the work.  Payment for the groundwater collection trench shall be made at the contract unit prices for groundwater collection trench [,geo-textile, under-drain pipe and wells/sumps].  The price shall include all costs for excavating and backfilling the trench by the BP method.  No separate payment will be made for bio-polymer, additives, testing or records. 

