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DISCLAIMER

This report was prepared as an account of work sponsored by an agency of the United
States Government. Neither the United States Government nor any agency thereof, nor
any of their employees, makes any warranty, express or implied, or assumes any legal
liability or responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents that its use would
not infringe privately owned rights. Reference herein to any specific commercial
product, process, or service by trade name, trademark, manufacturer, or otherwise, does
not necessarily constitute or imply its endorsement, recommendation, or favoring by the
United States Government or any agency thereof. The views and opinions of authors
expressed herein do not necessarily state or reflect those of the United States
Government or any agency thereof.




INTRODUCTION

The attached Geothermal (Ground-Source) Heat Pump (GHP) Guide Specifications have
been developed by Oak Ridge National Laboratory (ORNL) with the intent to assist federal agency
sites and engineers in the preparation of construction specifications for GHP projects. These
specifications have been developed in the industry-standard Construction Specification Institute
(CSI) format and cover several of the most popular members of the family of GHP systems. These
guide specifications are applicable to projects whether the financing is with conventional
appropriations, arranged by GHP specialty ESCOs under the U.S. Department of Energy’s
Technology-Specific GHP Super ESPCs, arranged by utilities under Utility Energy Service
Contracts (UESCs) or arranged by generalist ESCOs under the various regional ESPCs.

These specifications can provide several benefits to the end user that will help ensure
successful GHP system installations. GHP guide specifications will help to streamline the
specification development, review, and approval process because the architecture and engineering
(AE) firm will be working from the familiar CSI format instead of developing the specifications
from other sources. The guide specifications help to provide uniformity, standardization, and
consistency in both the construction specifications and system installations across multiple federal
sites. This standardization can provide future benefits to the federal sites in respect to both
maintenance and operations. GHP guide specifications can help to ensure that the agency is getting
its money"s worth from the GHP system by preventing the use of marginal or inferior components
and equipment. The agency and its AE do not have to start from scratch when developing
specifications and can use the specification as a template and/or a checklist in developing both the
design and the contract documents. The guide specifications can save project costs by reducing the

engineering effort required during the design development phase.

Use of this guide specification for any project is strictly optional and at the discretion of the
responsible party in charge. If used as a construction specification master template for GHP
systems, this guide specification must, in all cases, be edited to apply to the specific project in
question and to reflect the site-specific conditions relevant to the project. There is no guarantee of
accuracy or applicability with respect to any portion of this specification and the user assumes all

risk associated with the application of the information contained in this document.
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SECTION 00050
APPLICABLE SECTIONS FOR
GEOTHERMAL HEAT PUMP SYSTEMS
PART 1 GENERAL
1.01 SUMMARY:
A. This section provides guidance for selecting applicable sections for editing this construction

specification. The matrix format table can help user select typical specifications for each type
of geothermal system.

1.02 SECTION INCLUDES:
A. Table 1: Applicable Specifications by Division. Table shows typical specifications, ordered
by division.
1.03 RELATED SECTIONS
A. Division 0 - Introduction.
B. Division 1 — General Requirements (project specific).
C. Division 2 — Site Work.
D. Division 3 — Borehole Grout.
E. Division 15 - Mechanical.
F. Division 16 - Electrical.

PART 2 PRODUCTS

Not Used.

PART 3 EXECUTION

Not Used.

3-31-2000
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Table 1

Applicable Specifications by Division

Vertical Horizontal Ground-
Spec Bore Ground Surface water with
p Spec Title Ground Water Heat
Number Heat Plate Heat
Heat Exchanger Exchanger Exchanger
Exchanger £ £
Division 0 — Introduction
Applicable Sections
00050 | for Geothermal Heat X X X X
Pump Systems
Division 1 — General Requirements (project specific)
01000 Slte_.SPeCI.f ¢ X X X X
Specification
Division 2 —Site Work
02050 | Demolition X X X X
02110 Site Clearing X X X X
02200 | Earthwork X X X X
02225 Trenching X X X X
02270 | Erosion Control X X X X
02276 Geotextile Fabric X X X X
02300 | Boring and Jacking X X X X
02505 Mineral Aggregate X X X X
Base Course
02510 Asphalltlc Concrete X X X X
Paving
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Vertical Horizontal Ground-
Spec Bore Ground Surface water with
p Spec Title Ground Water Heat
Number Heat Plate Heat
Heat Exchanger Exchanger Exchanger
Exchanger £ g
Screen and/or
Gravel Pack —
02520 Unconsolidated X
Aquifer
Open Hole
Completion —
02525 Consolidated X
Formation
02936 Seeding X X X X
02938 Sodding X X X X
Division 3 — Borehole Grout
Thermal-Enhanced
03600 Bentonite Grout X
Division 15 — Mechanical
15050 Piping Systems X X X X
15052 | Brazing X X X X
Underground
15071 Protective Coating x x x X
15072 Cleaning X X X X
15073 Pres§ure/Leak X X X X
Testing
15074 Identlflcatlon and X X X X
Labeling
15100 Valves X X X X
Steam and
15101 Condensate X X X X
(0-150 psig)
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Vertical Horizontal Ground-
Spec Bore Ground Surface water with
p Spec Title Ground Water Heat
Number Heat Plate Heat
Heat Exchanger Exchanger Exchanger
Exchanger £ g
Chilled Water,
Cooling Water,
15106 Process Water, & X X X X
Heat Pump Water
Geothermal Heat
Pump and Loop
15110 | Piping Systems X X X X
(High Density
Polyethylene)
15112 Instrument Air X X X X
Fluorinated
15125 Hydrocarbon X X X X
Refrigerants
15135 Thermometers and X X X X
Gauges
15260 Piping Insulation X X X X
15262 F1br0u§ Glass X X X X
Insulation
15265 Elastorperlc Rubber X X X X
Insulation
15270 Aluminum Jacketing X X X X
Thermal Insulation
for Ductwork-
15292 Fibrous Glass X X X X
Panels w/AL Facing
Thermal Insulation
for Ductwork-
15293 Fibrous Glass X X X X
Blanket w/AL
Facing

3-31-2000
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Spec
Number

Spec Title

Vertical
Bore
Ground
Heat
Exchanger

Horizontal
Ground
Heat
Exchanger

Surface
Water Heat
Exchanger

Ground-
water with
Plate Heat
Exchanger

15501

Heating,
Ventilating, and Air
Conditioning
Systems —
Installation and
Equipment

15515

Exterior Ground
Loop Heat
Exchangers

15540

Water Circulating
Pumps for HVAC

15545

Submersible Well
Pump

15550

Open Lineshaft,
Water Lubricated
Turbine Pump

15555

Oil Lubricated,
Enclosed Lineshaft
Turbine Pump

15786

Water Source Heat
Pumps

15891

Ductwork-
Galvanized Steel,
Low Velocity and
Low Pressure

15902

Ductwork —
Insulated and
Noninsulated
Flexible

15950

Testing, Adjusting
and Balancing

15951

Control Systems

15952

Copper Control
Tubing w/
Compression
Fittings
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Vertical

Horizontal Ground-
Spec Bore Ground Surface water with
p Spec Title Ground Water Heat
Number Heat Plate Heat
Heat Exchanger Exchanger Exchanger
Exchanger £ g
Plastic Control
15954 Tubing — Pneumatic X X X X
Controls
15955 Direct Digital X X X X
Controls
15956 Control Panels X X X X
15970 Plate Heat X X
Exchangers
15972 Package Cooling X X X X
Towers
Field Erected
15975 Cooling Towers X X X X
15980 Closed Circuit X X X X
Coolers
15995 Mechaplgal System X X X X
Commissioning
Division 16 - Electrical
Basic Materials and
16050 Methods X X X X
Electrical
16060 Demolition X X X X
16111 Conduit and Fittings X X X X
Building Wire and
16120 Cable - 600 volts X X X X
and Below
Splices and
Terminations —
161271 600 volts and x x x x
Below
16131 Boxes X X X X
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Vertical Horizontal Ground-
Spec Bore Ground Surface water with
p Spec Title Ground Water Heat
Number Heat Plate Heat
Heat Exchanger Exchanger Exchanger
Exchanger £ g
16141 Wiring Devices X X X X
16160 Equipment Cabinets X X X X
and Enclosures
16191 Supporting Devices X X X X
Electrical
16196 Identification X X X X
Disconnect
16441 Switches X X X X
16451 | Secondary X X X X
Grounding
16471 Panelboards X X X X
16476 Enclosed Circuit X X X X
Breakers
16481 Motor Control X X X X
Centers
16482 Motf)r—Operated X X X X
Equipment
16483 Motor Control X X X X
Adjustable
Frequency Drive
16484 For A-C Induction X X X X
Motors
16485 Contactors X X X X
16942 Field Cqmponents X X X X
Installation
Consoles, Panels,
16943 Cabinets and Racks X X X X
Installation
16960 Electrical Testing X X X X
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END OF SECTION
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DIVISION 1

GENERAL REQUIREMENTS
Number Title Pages
01000 SITE-SPECIFIC SPECIFICATION 1
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SECTION 01000

SITE SPECIFIC SPECIFICATION

PART 1 GENERAL

1.01 SECTION INCLUDES: Details for site specific requirements. The site will develop this section
as necessary to convey site-specific requirements.

1.02 RELATED SECTIONS

1.03 REFERENCES

1.04 DEFINITIONS

1.05 SUBMITTALS

PART 2 PRODUCTS

2.01 ACCEPTABLE MANUFACTURERS

2.02 PRODUCTS AND MATERIALS

2.03 FABRICATION

PART 3 EXECUTION

3.01 EXAMINATION

3.02 INSTALLATION

3.03 PROTECTION

3.04 FIELD QUALITY CONTROL

END OF SECTION
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DIVISION 2

SITE WORK

Number Title Pages
02050 DEMOLITION 3
02110 SITE CLEARING 2
02200 EARTHWORK 6
02225 TRENCHING 5
02270 EROSION CONTROL 4
02276 GEOTEXTILE FABRIC 4
02300 BORING AND JACKING 4
02505 MINERAL AGGREGATE BASE COURSE 3
02510 ASPHALITIC CONCRETE PAVING 4
02520 SCREEN AND/OR GRAVEL PACK-

UNCONSOLIDATED AQUIFER 29
02525 OPEN HOLE COMPLETION-

CONSOLIDATED FORMATION 25
02936 SEEDING 4
02938 SODDING 3
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SECTION 02050

DEMOLITION

PART 1 GENERAL
1.01 SECTION INCLUDES: Demolition, salvage, and relocation of buildings, utilities, and other
structures.
1.02 SUBMITTALS
A. Submit procedures proposed for salvage, relocation, and demolition work for approval.
Procedures shall provide for safe conduct of the work, careful removal and disposal of materials to
be salvaged and relocated, protection of property that is to remain undisturbed, coordination with
other work in progress, and timely disconnection of utility services. Include detailed description
of methods and equipment to be used for each operation and sequence of operations.
1.03 SEQUENCING/SCHEDULING
A. Schedule work with Construction Manager (CM). CM is the Owner or Owner’s representative
responsible for managing the construction work and verifying conformance with the specification
requirements. Notify CM in writing a minimum of 3 days before demolition work is to begin.
PART 2 PRODUCTS
Not used.
PART 3 EXECUTION
3.01 PROTECTION
A. Protect existing work from damage during demolition. Damage to structures, utilities, and
equipment to remain shall be repaired by the Contractor at his expense, in accordance with the
CM's instructions.
3.02 INSTALLATION/APPLICATION/ERECTION
A. General
[Designer Note: Use of explosives or burning during demolition activities shall be authorized by
the responsible site manager.]
1. Execute demolition work in an orderly, careful manner. Provide barricades, fences, lights, and
other protection to protect adjacent access.
3-31-2000
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Obtain advance approval from CM for any work performed in roadways or walkways adjacent to
site and for any detouring of traffic. Provide all safety measures and devices required by CM and
applicable regulatory agencies.

Control rubbish, debris, dust, and water runoff. Use of water is not permitted when it will result in
or create hazardous or objectionable conditions such as flooding and pollution.

Remove and dispose of material resulting from demolition operations as soon as practical. Prevent
spillage on streets or adjacent areas. Dispose of material as directed by the CM. Burying debris is
prohibited.

Control the spread of dust. Comply with local, state, and federal noise, dust, and erosion control
regulations.

Buildings

Completely remove buildings indicated for removal including foundations. Break up and remove
slabs-on-grade together with stone ballast supporting them.

Fill resulting depressions and compact with suitable material specified in Section 02200,
Earthwork. Do not use debris from demolition.

Utilities

Existing utility lines shown are approximate locations only. Field verify all existing utility lines
prior to demolition or grading. Report deviations for the locations shown in writing to the CM
prior to beginning demolition or grading.

Coordinate disconnection of piping and utilities with CM. Do not commence work until
disconnections are approved in writing.

Plug dead ends of disconnected gravity pipelines by plugging with concrete or standard pipe plugs.
Cap or plug dead ends of disconnected pressure pipelines with standard pressure pipe fittings, and
anchor with concrete thrust blocks. Provide capped and plugged joints that are watertight.

Remove utilities and related equipment, pipelines, valves, conduits, overhead services, and
underground utility structures where specified. When utility lines are encountered that are not
indicated on the drawings, notify CM. Do not disturb without CM approval.

Preserve active utilities traversing project site, including, but not limited to, mains, lines, duct

banks, manholes, catch basins, valve boxes, poles, guys, and other appurtenances in operating
condition. Repair damage to any active utility in accordance with the CM's instructions.

02050-2



3-31-2000

Other Structures

Remove concrete and asphaltic concrete paving, concrete slabs, including aggregate base,
sidewalk, curb, and gutter as indicated.

Where portions of concrete or asphalt work are to be retained, saw concrete along straight lines to
a depth of not less than 2 inches. Cuts shall be made perpendicular to face and in alignment with
cut in opposite face. Break out remainder of asphalt or concrete, provided that broken area is
concealed in finished work and that remaining is sound. Where broken face cannot be concealed,
ground smooth or the saw-cut shall penetrate entirely through the material.

END OF SECTION

02050-3



PART 1

1.01

1.02

PART 2

PART 3

3.01

3.02

3.03

3-31-2000

SECTION 02110

SITE CLEARING

GENERAL

SECTION INCLUDES: clearing site of plant life including removal of trees and shrubs and their
root systems.

PROJECT CONDITIONS

Burning of debris on-site is not permitted.

PRODUCTS

Not used.

EXECUTION
INSPECTION

Tag or otherwise identify existing plant life, utilities, and features designated to remain after site
clearing.

PROTECTION

Protect utilities that are to remain in service from damage.

Protect trees, plant growth, and features designated to remain as final landscaping. As a minimum,
protection shall consist of physical barriers to prevent damage to trees, plant growth, and
associated root systems.

Protect benchmarks, survey control points, and existing structures from damage or displacement.

Protect, from damage, living trees located more than 5 feet outside the construction lines of the
project. Treat cut or scarred surfaces of trees or shrubs with paint prepared especially for tree

surgery.
Maintain designated site access for vehicular and pedestrian traffic.

INSTALLATION/APPLICATION/ERECTION

Clear areas required for access to site and execution of work.

02110-1
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Remove trees and shrubs within marked areas or as indicated on drawings. Remove stumps, main
root ball, root system to a depth of 12 inches, surface rock, and other objectionable material.

Clear undergrowth and deadwood without disturbing subsoil.

Remove low hanging, unsound, or unsightly branches on trees or shrubs designated by the Owner
or Owner’s representative to remain after site clearing.

Remove debris, rock, and extracted plant life from site and transport to the disposal area(s) as

directed by the Owner or Owner’s representative.

END OF SECTION

02110-2



PART 1

1.01

1.02

3-31-2000

SECTION 02200

EARTHWORK

GENERAL

SECTION INCLUDES: Removal and stockpiling of top soil, excavation, compaction of fill and
backfill to subgrade for piping systems associated with the installation of ground heat exchangers.

DEFINITION OF TERMS

Earth Excavation: Removal of material to lines, elevations, and dimensions shown on drawings
and disposition of materials encountered in grading and excavation work except that classified as
rock.

Rock Excavation: Removal of materials classified as rock and disposal of excavated material as
specified herein and in conformity with lines, grades, and dimensions shown on drawings. To be
classified as rock, material must be boulders of 9 ft* or more in volume, solid or ledge rock, or
other hard material in place that cannot be excavated by heavy construction equipment, such as a
Caterpillar 215C power excavator equipped with a short-tip radius rock bucket or a Caterpillar D9
bulldozer equipped with a single tooth hydraulic ripper. In addition, the material must exceed a
value of 3 on Mohs' hardness scale. Material classified as rock shall be removed by drilling and
feathering, bull point wedging, or other suitable means. Use of explosives is not allowed.

Unauthorized Excavation: Excavation not required by specifications or drawings or not
authorized in writing by Construction Manager (CM). CM is the Owner or Owner’s
representative that is responsible for managing the construction work and verifying conformance
with the specification requirements.

Fill: Earth or other material, as specified, used to bring an existing grade to a specified grade.

Backfill: Earth or other material, as specified, used to replace material excavated during
construction.

Subgrade: Compacted fill, backfill or undisturbed soil that supports a structure or pavement
system.

Undercutting: Removal of soft or undesirable materials determined by CM encountered in
undisturbed subgrade below grades specified for excavation.

Spot Subgrade Reinforcement: Placing approved fill or backfill in areas where authorized
undercutting has been performed.

Shoring: A structure such as a metal hydraulic, mechanical, or timber shoring system that
supports sides of an excavation and which is designed to prevent cave-ins.

02200-1



1.03

1.04

PART 2

2.01

3-31-2000

Topsoil: Natural, friable, fertile, natural loam. It shall be of uniform composition, free of stones,
lumps, live plants and their roots, sticks and other extraneous matter. It shall be capable of
sustaining vigorous plant growth.

REFERENCES

ASTM D698-91, Test Method for Laboratory Compaction Characteristics of Soil Using Standard
Effort (12,400 ft-1b/ft (600 kN-m/m))

ASTM D2216-92, Standard Test Method for Laboratory Determination of Water (Moisture)
Content of Soil and Rock.

ASTM D2487-93, Standard Classification of Soils for Engineering Purposes (Unified Soil
Classification System).

ASTM D2922-91, Standard Test Methods for Density of Soil and Soil-Aggregate in Place by
Nuclear Methods (Shallow Depth).

ASTM D3017-93, Standard Test Method for Water Content of Soil and Rock In-Place by Nuclear
Methods (Shallow Depth).

OSHA Code of Federal Regulations 29 CFR 1926, Subpart P - Excavations, latest edition.
SUBMITTALS

Submit test results for approval as described in Article 3.03

PRODUCTS
MATERIALS
Fill and Backfill Materials

Earth Fill: Approved type of soil classified, in accordance with ASTM D2487, as GW, GP, GM,
GC, SW, SP, SM, SC, ML or CL, and free of foreign substances, obtained from excavation on this
project, or other approved source, and having a plasticity index between 7.5 and 17. Maximum
rock diameter shall be 6 inches.

Granular Fill: Granular fill shall include clean, natural or prepared gravels, gravel-sand mixtures,
sands or gravelly sands with little or no fines. A minimum of 95% shall be retained on a No. 200
sieve.

Top Soil: Natural, fertile, friable natural loam. It shall be of uniform composition, free of stones,
lumps, live plants and their roots, sticks and other extraneous matter. It shall have a pH of 5.0 to
7.0 and contain not less than 3% organic matter. It shall be capable of sustaining vigorous plant
growth. Topsoil that is suitable for use on site may be stockpiled at the site. Provide new topsoil
that is similar in characteristics to that found at the project site where required.

02200-2



2.02

PART 3

3.01

3.02

3-31-2000

EQUIPMENT

Maintain compaction equipment in satisfactory operating condition. Use compaction equipment
capable of achieving the degree of compaction specified.

Power tampers for use in restricted areas shall be of a type and size suitable to perform required
compaction.

EXECUTION

PREPARATION

Verify that subgrade is not soft, spongy, or composed of otherwise unstable materials. If unstable
materials are encountered, stop work and notify CM.

Verify that areas to be backfilled are free of debris, snow, ice, or water and that surfaces are not
frozen.

Verify that stockpiled fill to be reused is acceptable.
INSTALLATION/APPLICATION/ERECTION

Stripping and Stockpiling Topsoil

Erosion control measures: install prior to stripping.

Stripping: Strip all vegetative matter, topsoil, sod, and rubbish from within portions of the job site
to be excavated. Topsoil shall be segregated and stockpiled on site. Vegetative matter and
rubbish shall be disposed of as directed by the CM.

Stockpiling: It is the Contractor's responsibility to locate and construct the stockpiles so not to
disturb the drainage in the area. As a minimum, all stockpiled topsoil shall be covered with a
single layer of 6-mil polyethylene sheeting anchored to prevent lifting from wind. Silt fence shall
be installed around the stockpiles per Section 02270, Erosion Control.

Excavation

Carry excavation through whatever materials are encountered to depths shown on drawings.
Remove all existing fill and other unsatisfactory materials within limits of excavation as indicated

on drawings.

Remove excavated material not required or not suitable for backfill from site. Dispose of as
directed by the CM.

Backfill unauthorized excavation with compacted earth or granular fill, as directed by CM.

02200-3
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The excavated materials shall be segregated into suitable and unsuitable materials and stockpiled
on site. The stockpiled materials shall not obstruct proper drainage of the area. It is the
Contractor's responsibility to construct the stockpiles in such a manner to minimize damage from
weather.

Structural Excavation

Excavate subsoil required for construction operations and other work. Excavation to be in
accordance with OSHA Safety Regulation 29 CFR 1926 Subpart P - Excavations, latest edition.
Maintain a minimum of 2-ft working space around structure.

Do not excavate in vicinity of existing buildings and structures below existing foundations until
underpinning and shoring have been installed. Protect or replace existing structures, piping, or
foundations that are to be incorporated into final work.

Protect excavation by shoring, bracing, sheet piling, underpinning, or other methods required to
prevent cave-ins or loose soil from falling into excavation. Protection to be in accordance with
OSHA Safety Regulation 29 CFR 1926 Subpart P - Excavations, latest edition.

Backfill and Compaction

All areas receiving fill shall be cleared, scarified to a depth of 6 inches, brought to within 4% of
optimum moisture content, and compacted to density requirements.

Spread material to be compacted in layers not to exceed 6 inches before compaction.

After placement of loose material in fill, adjust moisture content to bring material within required
moisture content limits.

Fill or backfill material of unacceptable moisture content shall be either conditioned to adjust the
moisture content to within the range needed to achieve the required density or removed. Any
material having an unacceptable moisture content shall be conditioned or removed at the expense
of the Contractor.

Compact fill and backfill under roads or other structures to a minimum of 95% of maximum dry
density at not less than 4% below nor more than 4% above the optimum moisture content as
determined by ASTM D698.

Compact fill not accessible to self-propelled or towed compactors by hand-operated power
tampers or other approved means to the specified density.

Do not place fill material when weather conditions, condition of the subgrade, or condition of the

fill material precludes obtaining the specified compaction. Do not use frozen material for fill, and
do not place fill material on or against frozen surfaces.

02200-4
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Finish Grading

Prior to finish grading of the area, complete all backfill operations. Correct any washouts or other
similar irregularities.

Grade all exposed earth surfaces to smooth contours and in such a manner to promote positive
drainage. The finish for grading shall be that degree ordinarily obtainable for either blade-grade or
scraper operations or that obtainable by hand shovel operations.

Scarify subsoil of area to receive topsoil to a depth of 3 inches.

Spread a uniform layer of topsoil 4 inches thick. Topsoil to be from stockpiled material or
approved borrow source. Bond to subsoil by rolling with a light roller or by tamping. Hand rake
surface.

No topsoil to be placed until seeding or sodding can immediately follow the topsoil placement.
Seeding season and seeding requirements to conform to Section 02936, Seeding. Sodding to be in
accordance with Section 02938, Sodding.

Topsoil to be placed to lines and grades shown on drawings and 2 inches thick layer of straw to be
placed on the topsoil until seeding or sodding can begin. Seeding season and seeding
requirements to conform to Section 02936, Seeding. Sodding to be in accordance with
Section 02938, Sodding.

General

Maintain excavations free from standing water, and dispose of excess water by methods approved
by CM. Report spring or seepage water encountered in excavation to CM.

Maintain newly graded areas by Contractor until final acceptance by CM. Restore areas showing
settlement or washes to specified grades at no additional cost to CM prior to final acceptance.

Provide temporary shoring and bracing as necessary to safely support excavation. Remove
shoring and bracing from excavation as backfill operations progress. Shoring, in accordance with

OSHA 29 CFR 1926, Subpart P - Excavations, latest revision, Safety Regulations.

Provide erosion and sediment control to minimize erosion and transport of sediment beyond limits
of Contractor's work area. Methods of control shall conform to Section 02270, Erosion Control.

Bind thin layers of added materials to material in place by scarifying and recompacting.

02200-5
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3.04

3-31-2000

FIELD QUALITY CONTROL
Testing

Compaction of fill and backfill to the specified moisture-density relationship of soils shall be
verified by in-place density tests using ASTM D2922 or other ASTM in-place density tests
approved by the CM. Maximum density determination and in-place tests shall be performed by a
certified independent testing laboratory.

Testing for moisture content of soils shall be in accordance with ASTM D2216 or D3017. Testing
will be performed by a certified independent testing laboratory.

In-place density testing shall be conducted after each layer is placed at a frequency of one test per
5000 ft* of surface area of a compacted layer, with a minimum of two tests performed on each
layer. The location of the density tests shall be selected randomly by the soils technician or as
directed by the CM.

Laboratory tests shall be completed for each type of soil to be used for fill. A sample shall be
obtained each time a change in appearance of the material is noted.

Top of subgrade shall be a uniformly smooth grade surface without high or low points and shall
not be more than 0.10 ft above or below specified grades.

PROTECTION
Protect existing utility lines and structures in work area and existing roadway structures, seeded
areas, and other features adjacent to work area during construction activities. Provide adequate

shoring and bracing as required to protect and maintain the stability of previously constructed
structures and facilities.

END OF SECTION
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PART 1

1.01

1.02

1.03

1.04

PART 2

2.01

3-31-2000

SECTION 02225

TRENCHING

GENERAL

SECTION INCLUDES: Excavation of trenches for pipes, compaction of bedding and backfill
over pipes to subgrade elevation, and compaction and backfill requirements for piping systems
associated with the installation of ground heat exchangers.

REFERENCES

ASTM D698-91, Test Method for Laboratory Compaction Characteristics of Soil Using Standard
Effort (12,400 ft-1b/ft (600 kN-m/m)).

ASTM D2216-92, Standard Test Method for Laboratory Determination of Water (Moisture)
Content of Soil and Rock.

ASTM D2922-91, Standard Test Methods for Density of Soil and Soil-Aggregate In-Place by
Nuclear Methods (Shallow Depth).

ASTM D3017-93, Standard Test Method for Water Content of Soil and Rock In-Place by Nuclear
Methods (Shallow Depth).

OSHA Code of Federal Regulations 29 CFR 1926 Subpart P, Excavation, latest revision.
RELATED SECTIONS

Division 15.

SUBMITTALS

Submit test results for approval as described in Article 3.03.

PRODUCTS
MATERIALS

Backfill: Earth or other material, as specified, used to replace material excavated during
construction. Broken concrete shall not be used as backfill material.

Bedding Materials for Pipes: Granular fill that includes clean sands with little or no fines. A
minimum of 95% shall be retained on a No. 200 sieve.
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Pea Gravel: Pea gravel shall consist of clean, hard, round particles of crushed stone, crushed or
uncrushed gravel with the following gradation:

Sieve Size Percent Passing
3/8” 85-95
No. 4 5-15
No. 8 0-2

Topsoil: in accordance with Section 02200, Earthwork.

EXECUTION
PREPARATION
Verify fill materials to be reused are acceptable. Do not use frozen material.

Verify areas to be backfilled are free of debris, snow, ice, or water and exposed surfaces are not
frozen.

Identify required lines, levels, contours, and datum.
INSTALLATION/APPLICATION/ERECTION
Excavation

Stockpile excavated materials in areas designated on-site and remove excess materials not being
used from site.

Excavate trenches to a width necessary for proper installation of pipe to be accommodated.
Excavation to be in accordance with OSHA Safety Regulation, 29 CFR 1926.650 and 1926.651.
Clearance between pipe and trench walls, except where otherwise specified or indicated on the
drawings, shall be not less than 6 inches nor more than 8 inches below and on either side of the
pipe. [Designer Note: Trench clearances shall allow for maximum feasible separation of supply
and return lines. ]

Grade excavation top perimeter to prevent surface water runoff into excavation. Keep trench
bottom free of standing water. Provide side drainage ditches along the trench bottom or
dewatering pumps as required. Direct discharge of water collected in trench to surface drainage
channels approved by Construction Manager (CM). CM is the Owner or Owner’s representative
that is responsible for managing the construction work and verifying conformance with the
specification requirements.

Grade bottom of trench to provide uniform bearing and support for pipe either on undisturbed soil
or properly compacted backfill throughout the length of the pipe.
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Remove soft, spongy, or otherwise unstable materials encountered at elevation of pipe that will not
provide a firm foundation for the pipe. Provide satisfactory material in accordance with
Section 02200, Earthwork.

Backfill unauthorized excavation at the Contractor's expense with compacted earth or other
material, as directed by CM.

Bedding/Backfill
Do not backfill until all required inspections are made and tests are performed.
Backfill trenches with the excavated materials specified for backfilling.

Deposit bedding material in layers 6 inches in depth and carefully ram or tamp until bedding
material is a minimum of 6 inches above the pipe crown. No sharp objects or rocks shall be in
contact with the pipe. Extreme care shall be exercised to assure no bridging of and no air pockets
in the bedding material. The remainder of the backfill shall be placed in horizontal layers 6 inches
in depth and compacted by hand-maneuvered power compaction tools to specified density.

Remove temporary blocking or cribbing material used to support the pipe before backfilling.

Compact backfill under roads or other structures to a minimum of 95% of maximum dry density at
not less than 4% below nor more than 4% above the optimum moisture content as determined by
ASTM D698.

Compact backfill under yards and grounds to a minimum of 90% of maximum dry density at not
less than 4% below nor more than 4% above the optimum moisture content as determined by
ASTM D698.

For subsurface drains, excavate trench in areas designated by CM. Thereafter, line trench with
geotextile fabric; material shall conform to Section 02276, Geotextile Fabric. Backfill trench with
pea gravel and cover with geotextile fabric. Join geotextile fabric by a minimum of 18-inch
overlap. [Designer Note: This type of drain system may only be applicable to small open loop
installations. Delete if not required.]

General

Notify CM of unexpected subsurface conditions, and discontinue work in affected area until
notification to resume work.

Employ a placement method that does not disturb or damage utility, foundation perimeter
drainage, or trench.

In areas where paving, top soiling, or sodding is to be done, stop fill or backfill the required
distance below finish grade to permit installation of these items.
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Support pipe during placement and compaction of bedding and backfill. [Designer Note:
Supports for piping shall not adversely impact the maximum feasible spacing between the supply
and return pipes.]

FIELD QUALITY CONTROL
Testing

Compaction of fill and backfill to the specified moisture-density relationship of soils will be
verified by in-place density tests using ASTM D2922 or other ASTM in-place test method
approved by the CM. Maximum density determination and in-place density test will be performed
by a certified independent testing laboratory.

Testing for moisture content of soils and aggregate shall be in accordance with ASTM D2216 or
D3017. Testing will be performed by the soils technician.

A minimum of one in-place density test shall be conducted per 250 lin ft of trench. Layer to be
tested shall be selected randomly by the soils technician or as directed by the CM.

Laboratory tests shall be completed for each type of soil to be used. A sample shall be obtained
each time a change in appearance of material is noted.

Top of subgrade shall be a uniformly smooth grade surface without high or low points and shall
not be more than 0.10 ft above or below specified grades. Bind thin layers of added materials to
material in place by scarifying and recompacting.

PROTECTION

Protect excavation by shoring, bracing, sheet piling, underpinning, or other methods required to
prevent cave-in of loose soil from falling into excavation. Protection shall be in accordance with
OSHA 29 CFR 1926 Subpart P, Excavations, latest revision.

Trenches more than 5 ft in depth shall be shored or laid back to a stable slope or provided with
some other equivalent means of protection.

Refer to OSHA 29 CFR 1926 Subpart P, Excavations, Appendices A and B, as a guide to
minimum requirements for slopes that are laid back.

Refer to OSHA 29 CFR 1926 Subpart P, Excavations, Appendices C through E, as a guide to
minimum requirements for shoring or bracing.

Trenches less than 5 ft in depth shall also be effectively protected when examination of ground
indicates hazardous ground movement may be expected.

Trenches 4 ft deep or more shall have a means of exit requiring no more than 25 ft of lateral travel
and shall be tested for suitable atmospheric conditions prior to entry of personnel.
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SECTION 02270

EROSION CONTROL

GENERAL

SECTION INCLUDES: Temporary control measures for slope protection and controls to reduce
erosion, sedimentation, and water pollution through the use of erosion control devices.

REFERENCES

ASTM D4355-92, Standard Test Method for Deterioration of Geotextiles from Exposure to
Ultraviolet Light and Water (Xenon-Arc Type Apparatus).

ASTM D4491-92, Standard Test Methods for Water Permeability of Geotextiles by Permittivity.
ASTM D4632-91, Standard Test Method for Grab Breaking Load and Elongation of Geotextiles.
ASTM D4751-93, Standard Test Method for Determining Opening Size of a Geotextile.
SUBMITTALS

Silt Fence: Submit manufacturer's data and installation instructions for information.
PROJECT/SITE CONDITIONS

Coordinate temporary pollution control provisions with permanent erosion control features to

assure economical, effective, and continuous erosion control throughout construction and post-
construction periods.

PRODUCTS
MATERIALS
Silt Fences

Geotextile Filter Fabric: A nonwoven fabric consisting of pervious sheets of propylene, nylon,
polyester, or ethylene yarn. Certify material by manufacturer to meet the following requirements.
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Physical Requirements for Fabric Silt Fence

Property Test Method Requirement

Minimum Tensile Strength ASTM D4632 90 Ib
Maximum Elongation at 45 Ib ASTM D4632 50% max
Apparent Opening Size ASTM D4751 AOS<0.84 mm
Minimum Permittivity ASTM D4491 1 X 10? SEC
Ultraviolet Exposure Strength ASTM D4355 70% @ 500 h
Retention

2. Posts: Wood or steel and a minimum 5 ft long. Wood posts shall be at least 4 in. diam or nominal

2X2in. Steel posts shall be round or "U," "T," or "C" shaped with a minimum weight of
1.33 Ib/ft and projections for fastening wire to fence.

3. Wire Staples: 9 gage and minimum 1 in. long.
4. Preassembled silt fencing may be substituted if it meets the above requirements.
B. Straw Bale Barriers
1. Baled hay or straw containing 5 ft’ or more of material. Securely bind bales with wire or nylon.

PART 3 EXECUTION
3.01 PREPARATION
A. Coordinate general preparation with requirements of Section 02110, Site Clearing.
B. Site Preparation: Prepare site in accordance with good engineering practices for installation of
surface erosion control features. Compact surface and remove and replace pockets of soft soil

with compacted earth material to provide a consistently uniform and stable surface in accordance
with Section 02200, Earthwork.
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INSTALLATION/APPLICATION/ERECTION
General

Control surface water runoff on-site and provide temporary soil stabilization measures as required
to prevent removal of soil by action of either water or wind, more commonly known as erosion.
Protect land areas adjacent to work site from sedimentation by installation of erosion and sediment
control measures. Provide, as a first step in construction operation, sediment basins and traps,
perimeter barriers, and other measures intended to deter erosion and transport of sediment
associated with construction activities before upslope land disturbance takes place.

Silt Fences

Install silt fence to reduce the quantity of sediment and reduce sheet flows and low-to-moderate
level channel velocities to downstream areas.

Space posts at a spacing of 6 feet maximum and securely install with at least 2 feet in ground.

Excavate trench approximately 6 inches wide and 6 inches deep along line of posts and upslope
from the barrier. Attach geotextile filter fabric directly to posts as required by wire, staples, or
other means accepted by Construction Manager (CM). CM is the Owner or Owner’s
representative that is responsible for managing the construction work and verifying compliance
with the specification requirements. Install filter fabric in a manner such that fabric height above
grade is 2 to 3 feet and that 12 to 18 inches of fabric is extended along the sides and bottom of the
trench. Do not staple fabric to trees. Do not use fabric with defects, rips, holes, flaws,
deterioration, or other damage. Backfill trench and compact soil over the fabric as installed.

Install preassembled silt fence in accordance with manufacturer specifications.
Straw Bale Barriers

Install straw bale barriers in a row of entrenched and anchored hay or straw bales around storm
drain inlets and to reduce the quantity of sediment and flow velocities to downstream areas.

Wire bind or string tie bales. Install bales so that bindings are oriented around the sides rather
than along tops and bottoms of bales in order to prevent deterioration of bindings. Excavate a
trench the width of bale and a length of proposed barrier to a minimum depth of 4 inches. Place
bales in the trench and fill the gaps with loose straw to prevent water from escaping between the
bales. Anchor bales with at least two stakes or re-bars driven through bales to a depth of 1.5 to 2
feet in ground. Drive first stake in each bale toward previously laid bale to force the bales
together. After bales are staked and chinked, backfill excavated soil against barrier. Backfill soil
shall conform to ground level on downhill side and shall be built up to 4 inches against uphill side
of the barrier.

a.  Channel Flow: Place bales at locations indicated, in a single row, lengthwise, oriented
parallel to contour, with ends of adjacent bales tightly abutting one another. Extend barrier
to such a length that bottoms of end bales are higher in elevation than top of lowest middle
bale to assure that sediment-laden runoff will flow either through or over barrier but not
around it.
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b.  Sheet Flow: Place bales at locations indicated, in a single row, lengthwise on the contour,
with ends of adjacent bales tightly abutting one another.

MAINTENANCE
Silt Fences

All erosion and sediment control measures will be checked and repaired as necessary weekly
during dry periods and within 24 hours after 0.5 inch or more of rainfall. During prolonged
rainfall, checks and repairs will be made within a 24-hour period on all control devices. Should
fabric decompose or become ineffective and still be necessary, replace fabric promptly. As a
minimum, remove sediment when deposits reach approximately one-third the height of barrier.
Dispose of sediment as directed by CM. Maintain fabric silt fence until upslope soils are
permanently stabilized.

Straw Bale Barriers

All erosion and sediment control measures will be checked and repaired as necessary weekly
during dry periods and within 24 hours after 0.5 inch or more of rainfall. During prolonged
rainfall, checks and repairs will be made within a 24-hour period on all control devices. Repair
damaged bales, end runs, and undercutting beneath bales. Accomplish necessary repairs to
barriers or replacement of bales promptly. Remove sediment when level of deposition reaches
approximately one-third the height of lowest point of barrier. Dispose of sediment as directed by
CM. Maintain barrier until upslope soils are permanently stabilized.

END OF SECTION
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SECTION 02276

GEOTEXTILE FABRIC

GENERAL

SECTION INCLUDES: Use of geotextile fabric in subsurface drainage applications in which
fabric serves as a filter/separator. Fabric shall provide a permeable barrier between pea gravel and
clay soils allowing water to pass while retaining soil.

DEFINITION OF TERMS

Geotextile Separator: Fabric barrier placed between dissimilar materials so that the integrity of
both materials can remain intact or be improved.

Geotextile Filter: Movement of liquid through fabric while retaining drainage material on the
upstream side of the fabric.

Planar Flow (Transmissivity): Movement of liquid in plane of fabric.
Polymer: Plastic materials composed of numerous cross-linked molecules.
Polypropylene: Polymeric compound used to make some geotextile fabrics.

Polyester: Polymeric compound used to make some geotextile fabrics. Polyester fabrics are
stronger and more stable than polypropylene fabrics of the same unit weight.

Nonwoven Fabric: Fabrics made by extruding and spraying fibers onto a moving conveyor belt to
form a continuous web. Fabrics are then bonded by melt-bonding, resin-bonding, or needle
punching. Nonwoven fabrics are nondirectional and have equal properties in all directions.

Woven Fabrics: Fabrics made by weaving polymeric threads on a loom. Properties of woven
fabrics vary with direction.

UV: UV light, a component of sunlight, breaks down polymeric materials over time. Some
polymers are stabilized against UV degradation.

QUALITY ASSURANCE

Manufacturer's Material Certification

Maintain a competent laboratory by producer of fabric at point of manufacture to ensure quality
control in accordance with ASTM testing procedures. That laboratory shall maintain records of its
quality control results and provide, prior to shipment, a manufacturer's certificate. The certificate

shall include the name of manufacturer, chemical composition, product description, statement of
compliance to specification requirements, and signature of authorized official attesting to the
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information required.
REFERENCES

ASTM D3786-87, Standard Test Method for Hydraulic Bursting Strength of Knitted Goods and
Nonwoven Fabrics - Diaphragm Bursting Strength Tester Method.

ASTM D3787-89, Standard Method for Bursting Strength of Knitted Goods -
Constant-Rate-of-Traverse (CRT) Ball Burst Test.

ASTM D4355-92, Standard Test Method for Deterioration of Geotextiles From Exposure to
Ultraviolet Light and Water (Xenon-Arc Type Apparatus).

ASTM D4491-92, Standard Test Methods for Water Permeability of Geotextiles by Permittivity.
ASTM D4533-91, Standard Test Method for Trapezoidal Tearing Strength of Geotextiles.
ASTM D4632-91, Standard Test Method for Grab Breaking Load and Elongation of Geotextiles.

ASTM D4751-87, Standard Test Method for Determining Apparent Opening Size of a Geotextile.

SUBMITTALS

Submit Manufacturer's Material Certification for approval as described in Article 1.03.
DELIVERY, STORAGE, AND HANDLING

Provide geotechnical fabric in rolls wrapped with protective covering to protect fabric from mud,
dirt, dust, and debris. Free fabric of defects or flaws that significantly affect its physical

properties.

Number rolls of fabric in shipments with a number or symbol to identify that production run.

PRODUCTS

MATERIALS

Fabric

Nonwoven fabric consisting of polypropylene filaments or fibers.

Fabric shall be inert to commonly encountered chemicals and hydrocarbons, mildew and rot
resistant, insect and rodent resistant, and shall conform to the following properties:
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Property Physical properties Test method

Reference
Grab strength Ib 120 ASTM D4632
Puncture strength 65 ASTM D3787
Burst strength 240 ASTM D3786
Trapezoidal tear 50 ASTM D4533
Permeability k fabric > k soil ASTM D4491
UV resistance 70% strength retained ASTM D4355
Apparent opening size, US sieve [AOS <0.6 mm (greater than No. 30 sieve] ASTM D4751

[AOS <0.927 mm (greater than No. 50 sieve]

[Soil with 50% or less passing a No. 200 sieve, AOS less than 0.6 mm (greater than No. 30 sieve).]
[Soil with more than 50% passing a No. 200 sieve, AOS less than 0.927 mm (greater than No. 50 sieve).]

3. Minimum average roll value for strength properties of individual rolls tested from manufacturing
lot or lots of a particular shipment shall be in excess of minimum average roll value stipulated in
this specification.

B. Securing Pins

1. 3/16-inch steel bars pointed on one end and fabricated with a head to retain a steel washer having
an outside diameter of not less than 1.5 inches. Pin length shall be not less than 18 inches.
U-shaped pins are acceptable.

PART 3 EXECUTION
3.01 PREPARATION
A. Verify that grades and elevations are correct.
B. Verify that subgrade does not contain unsuitable, unstable, or soft material. Free subgrade from

mud or soft soil materials that would clog fabric openings. If unstable materials are encountered,
notify Owner or Owner’s representative immediately.
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INSTALLATION/APPLICATION/ERECTION

Install geotextile fabric to limits and grades indicated on plans.

Field join geotextile fabric by a minimum of 18-inch overlap.

Use sand bags or other weight for temporary anchoring.

Free backfill material placed directly on fabric from mud or soft soil material that would clog
fabric openings. Place backfill soil on geotextile fabric carefully to avoid damage to fabric by
heavy equipment blad