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CITY AND COUNTY OF DENVER
DIVISION OF GREEN INFRASTRUCTURE

Green Infrastructure Specification

32-80.00 Irrigation Systems

Part 1 - General

1.01 RELATED DOCUMENTS

A.

F.

Contract Drawings and general provisions of the Contract, including General and
Supplementary Conditions.

City and County of Denver Standard Specifications for Construction General Contract
Conditions (2011)

City and County of Denver Engineering Division, Wastewater Capital Project
Management Standard Construction Specifications, dated March 15, 2016.

City and County of Denver, Division of Green Infrastructure Standard Specifications,
dated April 2025

2017 Transportation Standards and Details for the Engineering Division City and County
of Denver Public Works

Wastewater Management Division — Standard Details (2015)

1.02 SUMMARY

A. This Section includes the requirements for the installation of an underground irrigation
system including the following:

1. Trenching, stockpiling excavation materials, refilling and compacting trenches.

2. Complete irrigation system including but not limited to piping, valves, fittings,
heads, wiring, sensors, backflow preventer(s), Automatic Irrigation Controller(s)
and final adjustments to insure complete coverage.

3 Water connections.

4. Replacement of unsatisfactory materials.

5 Cleanup, inspections, and approval.

6 Testing.

B. Related Sections:

1. WCPM Standard Construction Specification 2.0 Section “Site Preparation”.
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Green Infrastructure Irrigation Systems

2. WCPM Standard Construction Specification 4.0 “Utility Trenching and
Excavation”

WCPM Standard Construction Specification 5.0 “Bedding and Backfilling”.
WCPM Standard Construction Specification 6.0 “Surface Restoration”

WCPM Standard Construction Specification 23.0 “Storm Water Management”.

o v oMW

WCPM Standard Construction Specification 47.0 “Construction Survey and
Monumentation”.

7. Division of Green Infrastructure Specification 32-84.33 “Automatic Irrigation
Controllers”.

8. Division of Green Infrastructure Specification 32-93.00 “Trees, Plants, and
Groundcovers”.

1.03 REFERENCES

A. Conform to requirements of reference information listed below except where more
stringent requirements are shown or specified in Contract Documents.

1. American Society for Testing and Materials (ASTM) - Specifications and Test
Methods specifically referenced in this Section.

Underwriters Laboratories (UL) - UL Wires and Cables.
National Sanitation Foundation (NSF) — Piping and backflow prevention.

American Water Works Association (AWWA) — Piping and backflow prevention

v~ W

Colorado Department of Public Health and Environment (CDPHE) — Colorado
Primary Drinking Water Regulations (Section 11.39).

6. Denver Water Engineer Standards — 16" Edition, Errata 1 (July 30, 2025)
1.04 QUALITY CONTROL

A. Special Requirements.

1. Tolerances: Specified depths of mains and laterals and pitch of pipes shall be
installed per the Contract Drawings and specifications.

2. Compaction: Settlement of trenches is cause for removal of finish grade
treatment, refilling, compaction, and repair of finish grade treatment.

3. Coordination with Other Contractors: Protect, maintain, and coordinate work
with work under other Sections.

4, Damage to other Improvements: Contractor shall replace or repair damage to
grading, soil preparation, seeding, sodding, planting and/or new site features
done under other Sections during Work associated with installation of irrigation
system at no additional cost to the City.

5. Damage or Disturbance to the Existing Irrigation Components: Damage to
existing components as a result of work being performed by the Contractor will

W/
E % DENVER Gl Irrigation System Page - 2 Gl 32-80.00
INFRASTRUCTURE. Revised: May 14, 2025



Green Infrastructure Irrigation Systems

require the Contractor to replace the damaged components to the City’s current
standards, at no additional cost to the City.

6. Salvaged Parts: The Contractor is responsible for removal of all existing heads,
valves and valve boxes being replaced as part of the Project. Equipment shall be
returned to Denver Parks Operations and Maintenance staff.

7. Water Delivery Interruption:

a. When working on an existing irrigation system, the Irrigation Contractor
shall contact the Project Manager and inform them, seventy-two (72)
hours in advance, of any water interruption that is required. The
maximum irrigation system interruption is to be no more than seventy-
two (72) hours during the growing season, without prior approval from the
Project Manager. The Contractor shall make all necessary provisions
including material, equipment, labor, delivery and scheduling as required
to complete all points of connection, upgrades, and improvements within
seventy-two (72) hours.

b. When making a new connection to the Denver Water main, schedule the
shut off with Denver Water customer service at least forty-eight (48) hours
prior. Denver Water customers impacted by the shut off must be notified
a least twenty-four (24) hours prior to the shut off following Denver
Water’s construction specifications.

8. Watering: The Contractor is responsible for following all Denver Water rules and
regulations for sod and seed establishment, available at
http://www.denverwater.org. The Contractor shall post signs per Denver Water
in a visible location(s) on site indicating “IRRIGATION TESTING AND
MAINTENANCE IN PROGRESS” when Work (establishment, construction or
warranty) requires irrigation system operation between the hours of 10 AM to 6
PM. The signs to be used are included within the Appendix.

9. Permits: Work involving plumbing for installation of copper piping, ductile iron
piping, curb stops, meters, backflow preventer(s), and related hardware shall be
executed by licensed and bonded plumber(s). Work involving high voltage
electrical wiring, grounding and related shall be executed by licensed and
bonded electrician. Secure permits for work at least forty-eight (48) hours prior
to start of installation and coordinate and necessary inspections upon
completion of the work to complete the permitting process. Permits may be
issued by Denver Water and the City and County of Denver’s permitting

department.
B. Pre-Construction Conferences and Site Meetings:
1. Contractor shall schedule and conduct a pre-construction conference to review

in detail quality control and construction requirements for equipment and
materials used to perform the Work. Conference shall be scheduled not less
than ten (10) days prior to commencement of Work. All parties required to be in
attendance shall be notified no later than seven (7) days prior to date of
conference. Contractor shall notify qualified representatives of each party
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Green Infrastructure Irrigation Systems

concerned with that portion of Work to attend conference, including but not
limited to the Project Manager, Denver Parks District Manager, Operations
Supervisor, the Contractor’s Superintendent, and Installer.

2. Contractor shall schedule and conduct a pre-construction conference to review
in detail quality control and construction requirements for equipment and
materials used to perform the work required for the Denver Water Connection.
All parties required to be in attendance shall be notified no later than seven (7)
days prior to date of conference. Contractor shall notify qualified
representatives of each party concerned with that portion of Work to attend
conference, including but not limited to the Project Manager, a Denver Water
Meter Inspection representative, the Contractor’s Superintendent, and Installer.

3. Prior to commencement of Work, Contractor shall schedule an on-site
conference with Project Manager, Office of the City Forester and any other
parties designated by Project Manager to discuss tree protection requirements,
staging locations, traffic control, and equipment access. Provide a minimum of
seven (7) days’ notice prior to date of conference.

a. Identify on Contact Drawings all locations of existing components.
b. Verify the operation of each component.
C. Provide documentation of existing components and conditions to the

Project Manager prior to starting Work.

4, Contractor shall schedule on-site conferences the frequency of which is to be
determined by the Project Manager and any other parties designated by the
Project Manager to review project progress.

5. Contractor shall record Meeting Minutes of each conference and distribute to all
parties in attendance within three (3) days of conference.

1.05 SUBMITTALS

A.

Prepare and make submittals in accordance with conditions of the Contract prior to
installation of any irrigation equipment:

Material List: Submit a PDF file of complete list of materials, and cut sheets indicating
manufacturer, model number and description of all materials and equipment to be
used. Only include specific cut sheets for the products being used as part of the
Project. Show appropriate dimensions and adequate detail to accurately portray intent
of construction.

Shop Contract Drawings: If applicable, submit shop Contract Drawings for pumps,
backflows and assemblies. Include plumbing and foundation/support systems if the
installation differs from the manufacturer’s recommended installation.

Mock-ups:

1. Valve assembly: Provide a completely built electrical valve assembly. This mock-
up, to include electric valve, service tee, lateral valve riser, length as required for
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mainline depth, and male thread by spigot outlet adapter. The mock-up may be
incorporated into the work toward the end of the project.

2. Swing joints: Provide a swing joint assembly for each detail shown (e.g. - quick
coupler, rotors and pop-up spray head) or as directed by the Project Manager

3. Drain valves: Provide a mock-up including the service tee, required fittings, and
drain valve.

Contractor Certifications:

1. Copy of the Annual Certification of the backflow preventer submitted to Denver
Water by a Certified Cross Connection Control Technician.

Other: Mock-ups that may be requested by the Project Manager.

Operation and Maintenance Manual: Coordinate scheduling/precipitation instructions
with the Project Manager, City Owner’s Representative, Contractor’s Superintendent.
Submit one (1) digital copy in PDF format to the Project Manager including:

1. Winterization and spring start-up procedures.
2. Cut sheets of products.

3. Manufacturer’s inspection and maintenance instructions for backflow preventer
(if applicable).

4, Manufacturer’s maintenance and operation instructions for all irrigation system
components.

Warranty:

1. Submit manufacturer written warranty for irrigation components Contractor

warranty is for 3 years from Date of Acceptance, G.C.C.1801.4A

1.06 CONTRACT RECORD DRAWINGS

A.

Prior to the installation of the irrigation system, the Contractor will provide on-site
copies of the original irrigation design Contract Drawings for “Contract Record
Drawings”. Contractor to revise Contract Record Drawings in red ink as the Work
progresses to show any changes to the plan and include field dimensions. Contract
Record Drawings shall be brought up-to-date prior to any Pay Application Submittals
that contain irrigation installation. Should the Contractor choose to utilize GPS for the
purposes of documenting Work in progress, a hard copy print will need to be provided
prior to Pay Application Submittal. A print of Contract Record Drawings shall be
available at Project Site for review by the Project Manager at any time during the
project.

Contract Record Drawings shall be completed by an Irrigation Consultant or qualified
draftsperson. Encompass entire Scope of Work including any altered existing
equipment and altered zones. Note the Automatic Irrigation Controller zone number,
type of irrigation equipment, gallons per minute (GPM) and operating pressure (PSl) for
any altered or added zone.
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C. Preparation of Contract Record Drawings: Dimension from two (2) permanent points
of reference (building corners, sidewalk corners/intersections, road intersections,
permanent structures, light poles, or utility cabinets) the location of the following

items:

1. Point of connection

2. Meters and Vaults

3. Curb stops

4. Drain valves

5. Pumps

6. Backflows

7. Bypass lines

8. Service lines

9. Routing of irrigation mainline. Provide dimensions for each change of direction
and every two hundred linear feet (200 L.F.) maximum along each run

10. Routing of non-pressure lateral lines, layout and size, if altered from original

design
11.  Zone control valves
12.  Quick coupling valves
13.  Flow meter
14.  Master valve
15. Rain sensors/rain gauges/weather stations
16.  Wire splice boxes
17. Control wire routing, if not with pressure mainline
18. Gate valves
19.  Airrelief valves
20. Sleeves
21.  Flush valves
22. Power service drop
23.  Two-wire ground rods and plates
24.  Other related equipment as directed

D. Make dimensions accurately at the same scale used in the original Contract Drawings,
or larger. Notes and dimension lettering must be legible. Dimension lines shall be
drawn on the plan(s) neatly along the outside edge and shall be red for clarity. Do not
place dimension lines or lettering on top of irrigation lines or heads. Scale shall be
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included on the drawings. PDF version to be black and white with red lines and text for
dimensions.

The irrigation legend and zone call outs must be changed to accurately reflect the
irrigation equipment installed, if such equipment is not the same as originally specified
on the contract documents. This includes type of head, flow rates, effective spray
diameter/radius and operating pressure of all sprinkler heads.

The Project Manager will not certify any pay request submitted by the Contractor if the
Contract Record Drawings are not current, and processing of pay request will not occur
until Contract Record Drawings are updated.

Prior to the Substantial Completion walk, the Contractor shall provide a digital copy of
the irrigation design with record installation information that reflects all changes made
over the course of the construction project. Contract Record Drawings shall include
details of any revisions as per actual installation. Deliver and submit to the Project
Manager for review of the following items:

1. Digital Contract Record Drawings in both PDF and AutoCAD format (include any
related X-ref files, plot files and pen settings.) Make any additional changes to
the file as directed by the Project Manager prior to final submittal and approval.

Request for Substantial Completion will not be processed until all Contract Record
Drawing prints and digital files have been received and approved by the Project
Manager.

1.07 DELIVERY, STORAGE, AND HANDLING

A.

Packing and Shipping: Deliver all components to job site in original unopened
packaging containers prominently displaying manufacturer’s name, volume, quantity,
contents, instructions, and conformance to local, state, and federal law. Remove and
replace cracked, broken, or contaminated items or elements prematurely exposed to
moisture, inclement weather, snow, ice, temperature extremes, fire, or jobsite damage.

Handling, Storage and Delivery of PVC Pipe:
1. Exercise care in handling, loading and storage of PVC pipe.

2. All PVC pipe shall be transported in a vehicle which allows length of pipe to lie
flat so as not to subject it to undue bending or concentrated external loads. All
sections of pipe that have been dented or damaged shall be discarded, and shall
be replaced with new piping.

Storage and Protection: Deliver, unload, store, and handle materials, packaging, and
products in dry, weatherproof condition in manner to prevent damage, breakage,
deterioration, intrusion, ignition, and vandalism.

Only materials and equipment meeting project specifications and to be used as part of
Project shall be stored on site. Project Manager to may verify at any time during
construction period.

1.08 JOBSITE CONDITIONS

A. Existing Conditions:
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1. Soil Conditions: The Contractor is responsible for investigating the type of soil
and conditions in which lines are to be installed. No extra payment will be
allowed due to difficulty in trenching, unless approved by the Project Manager.

2. Contractor is responsible for understanding the scope of related operations as
specified and indicated in the Contract Drawings and Specifications before
beginning Work under this Section.

3. Report unsatisfactory conditions in writing to the Project Manager within
twenty-four (24) hours of discovery. Commencement of installation means
acceptance of existing conditions by the Contractor.

B. Protection of Property:

1. Protect buildings, walks, walls, and other property from damage. Erect and
maintain barricades, warning signs and lights, and provide guards as necessary or
required to protect all persons on the site. Damage caused to asphalt, concrete,
monuments, structures or other building material surfaces shall be repaired or
replaced at no cost to the City. Restore all disturbed areas to original condition.

2. The Contractor is responsible for potholing of all existing utilities, irrigation lines
or any other underground improvements that may be damaged due to the
installation of Irrigation Systems.

C. Protection of Existing Trees:
1. Refer to Contract Documents for tree protection locations and details.
D. Protection and Repair of Underground Lines:
1. Request utility locates seventy-two (72) hours in advance of any excavations by

calling the Utility Notification Center of Colorado at 811. Take whatever
precautions are necessary, including pot holing to verify location and depth to
protect these underground lines from damage. If damage does occur, all
damage shall be repaired by the Utility Owner. All costs of such repairs shall be
paid by Contractor.

2. The Contractor is required to contact all private utility companies including
Denver City Departments to locate all private utilities. The request for locates
shall be a minimum of seventy two (72) hours prior to proceeding with any
excavation. If, after such requests private utilities are encountered and damaged
by the Contractor these shall be repaired at no cost to the City. If the Contractor
damages staked or located private utilities, they shall be repaired by the Utility
Owner at the Contractor’s expense.

E. Replacement of Paving and Curbs: Any damage due to work that occurs adjacent to or
crosses existing roadways, paths, trails, curbing, sidewalks, etc. shall be restored to
original condition at the contractors expense, and the satisfaction of the Project
Manager.

1.09 WARRANTY/GUARANTEE
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A. Per GCC 1801, the contractor shall provide a 3-year warranty from the date of Final
Acceptance for material, workmanship and products related to the irrigation systems.

B. Losses due to vandalism before Final Acceptance shall be the Contractor’s
responsibility.

C. Once Final Acceptance is granted, the City will maintain the Green Infrastructure in the
during warranty period. The Contractor is responsible to monitor and coordinate
Automatic Irrigation Controller scheduling and maintenance with the Project Manager,
City Owner’s Representative, Contractor’s Superintendent for planting areas under the
Contractor’s warranty.

D. The Contractor shall make warranty repairs and replacements within three days of
notification from the City. If the Contractor fails to make repairs within three days, the
City will make such repairs at the Contractor’s expense. The City Project Manager
reserves the right for to make temporary repairs during the warranty period as
necessary to keep systems in operating condition without voiding the Contractor’s
warranty, nor relieving the Contractor of their responsibilities.

1.10 TURN OVER ITEMS

A. Where applicable, furnish the following maintenance items to City prior to Substantial
Completion:

1. Two (2) sprinkler heads for each size and type specified.
2 Two (2) nozzles for each type of head and spray pattern.
3. Two (2) head adjustment tools for each type of head installed.
4

Two (2) valve keys for operating each type of manual valve. (Manual drain valves,
gate valves and angle valves).

5. Two (2) valve keys and hose swivels for each type of quick coupling valve.

6. Two (2) valve decoder keys

1.11 MAINTENANCE DURING PROJECT CONSTRUCTION

A. Within Limit of Work: Contractor shall fence, water, and keep weed free any turf, trees
and any plantings within the Limit of Work. Contractor is responsible for maintenance
which includes picking up trash, weed control and mowing of turf and native areas
within the Limit of Work. Contractor is responsible for watering existing landscape
within the Limit of Work. Turf and plants affected by mainline work or irrigation water
service shutdown during irrigation season shall receive watering per the schedule in the
Green Infrastructure pecification Trees, Plants and Groundcover, with no interruption
of watering greater than seventy-two (72) hours. The Contractor is responsible for
maintenance until Final Acceptance is granted.

B. Outside Limit of Work: Coordinate Automatic Irrigation Controller scheduling and
maintenance operations with Project Manager for portions of City property unaffected
by Construction.

C. Additional irrigation system maintenance:
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1. Make repairs and replacements needed due to defective workmanship and
materials.
2. Winterization: Include cost in bid for winterizing complete system at conclusion

of irrigation season (during which system received Final Acceptance) within three
(3)-days of notification by the City. System shall be voided of water using
compressed air. Coordinate with the Green Infrastructure Operations and
Performance Team Manager and the Project Manager to be present during the
winterization procedures. The Contractor shall notify all persons that are to be
present a minimum of forty eight (48) hours prior to the winterization of the
system.

3. Spring Start Up: To take place the following season within three (3) days of
notification by the City. Open, operate, adjust system, and make any necessary
repairs. Coordinate with the Green Infrastructure Operations and Performance
Team Manager and the Project Manager to be present during the spring start up
procedures. The Contractor shall notify all persons that are to be present at the
spring start up a minimum of forty-eight (48) hours prior to starting of the
system.

4, Annual Backflow testing: Performed annually by a Certified Cross-Connection
Control Technician as issued by the Colorado State Plumbing Board. The
Contractor shall notify all persons that are to be present for testing a minimum
of forty eight (48) hours prior to performing the test.

Part 2 - PRODUCTS
2.01 GENERAL

A. Equipment must have performance characteristics to operate per the design conditions
indicated. If any discrepancy or conflict exists between the quantities of equipment
listed in the schedule and quantities shown on the Contract Drawings, the greater
qguantity shall govern.

B. All material shall be of the highest grade possible and where applicable, shall be
marked accordingly and shall be new.

2.02 PIPE AND PIPE FITTINGS

A. Ductile Iron Pipe

1. Ductile Iron Pipe: Centrifugal cast ductile iron in metal molds for water pipe In
accordance with ANSI C151 and AWWA A21.51 with asphaltic exterior coating
and interior lining and coating in accordance with ANSI C151 and AWWA A21.51.
Rubber-Gasket joints shall conform to ANSI/AWWA C111/A2.11.

B. Ductile Iron Fittings

1. All ductile iron fittings shall be made of class 350 ductile iron and shall have
slanted, deep bell, rubber gasket style made in accordance with ASTM A-536,
Grade 65-45-12 & AWWA C153. All fittings shall have a minimum of five (5)
degree freedom of pipe deflection within the bell end.
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All ductile iron pipe fittings, joint restraints and mainline isolation gate valves
shall carry a minimum 10-Year warranty on any defective replacement products
and labor replacement costs. Prior to the installation of pipe fittings, joint
restraints and mainline gate valves, the manufacturer shall provide
documentation stating the above warranty information in writing and signed by
the Manufactures Representative.

All ductile iron fittings and joint restraints shall have a fusion bonded epoxy
coating on interior and exterior of the product surface, average of ten to twelve
mm (10-12) thickness. Epoxy coating shall conform to the requirements of CSA
7245.20-20 and NSF 61 for water services. Tar/bitumen coating will not be
approved.

C. Copper Pipe and Fittings:

1. Pipe: Type K, annealed or hard copper tubing.
2. Fittings: Wrought copper, flared and mechanical.
3. Brazed underground joints: 93.6% Copper - 6% Phosphorus - .4% Silver at 1313 F
to 1459 F.
4, Aboveground joints: soldered, made of approved lead free solder.
D. Main and Lateral Lines:
1. Main Lines (pressurized, downstream of backflow prevention units):
a. High Density Polyethylene (HDPE) pipe main lines
1) Pressure rating DR 11 two hundred (200) PSI
2) PE4710, ASTM F714.

a) May be used by approval of the Project Manager for portions
of irrigation system that require boring such as below trees
and paving.

b. Polyvinyl Chloride (PVC) pipe main lines
1) Class 200 PVC BE, size one inch (1”) through two inch (2”).
2) Class 200 PVC RT/Gasketed, size two and one-half inches (2-1/2")
and larger.
3) Velocities in PVC mainline shall not exceed five feet (5’) per second.
4) All PVC pipe shall conform to the requirements of Type 1-ASTM-D-
2241.
C. HDPE to PVC mainline and laterals require either an epoxy coated repair
coupler with joint restraints and stainless-steel pipe stiffener or Series 730
Poly-Cam Transition Fitting or approved equal.
2. Polyvinyl Chloride (PVC) Lateral Lines

a. Class 200 PVC BE, size one inch (1”) to three inch (3”).
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b. Velocities in PVC mainline shall not exceed five feet (5’) per second.
C. All PVC pipe shall conform to the requirements of Type 1-ASTM-D-2241.
3. Polyethylene Lateral Lines:

a. One hundred (100) PSI High Density NSF Polyethylene Piping — one inch
(1”) minimum diameter, or as noted on the plans sheet.

b. Velocity of water flow in polyethylene pipe shall not exceed seven and one
half (7-1/2) feet per second.

E. Sleeving:
1. Horizontal sleeves under paved surfaces: Class 200 PVC.
2. Vertical sleeves for access to drains and valves: Class 200 PVC.

3. Horizontal sleeving for boring applications: DR 11 HDPE.

F. Brass Pipe and Fittings:
1. Brass Pipe: Eighty-five percent (85%) red brass, ANSI Schedule 40 threaded pipe.
2. Fittings: Medium brass, threaded one hundred twenty five (125) pound class.

G. Pipe and Fittings:

1. Identification Markings: Identify all pipe with following indelible markings:
a. Manufacturer’s name.
b. Nominal pipe size.
C. Schedule of class.
d. Pressure rating.
e. NSF (National Sanitation Foundation) seal of approval.
f. Date of extrusion.

2. Class 200 PVC Pipe (pressurized mainline one and one-half inches (1-1/2") and
smaller):

a. Pipe will be assembled with Schedule 80 PVC fittings and solvent welded
using ASTM-F-656 purple primer followed with heavy bodied ASTM-D-

2564 cement.
3. Class 200 PVC Pipe (pressurized mainline two inches (2”) and larger):
a. Manufactured from virgin Polyvinyl Chloride compound in accordance
with ASTM D2241 and ASTM D1784; cell classification 1254-B, Type 1,
Grade 1.
b. All fittings, service tees and pipe restraints shall be epoxy-coated ductile
iron fittings.

4. Class 200 PVC Pipe (all lateral lines)

W/
E % DENVER Gl Irrigation System Page - 12 Gl 32-80.00
INFRASTRUCTURE. Revised: May 14, 2025



5.

6.

Green Infrastructure Irrigation Systems

a. Pipe will be assembled with Schedule 40 PVC fittings and solvent welded
using ASTM-F-656 purple primer followed with heavy bodied ASTM-D-
2564 cement.

High Density Polyethylene (HDPE)

a. Must meet ANSI/AWWA C906, ASTM F714/D3035. Materials used for the
manufacture of polyethylene pipe and fittings shall be made from PE 4710
high density polyethylene resin compound meeting cell classification
445574C/E per ASTM D3350. Certification ANSI/NSF 61/14. All fittings
shall be installed using butt-fused fittings or thermo-fused
fittings/couplings and must be approved by the Project Manager.

Polyethylene Lateral lines (non-pressure lateral lines):

a. Manufactured from virgin polyethylene in accordance with ASTM D2239,
designated as PE 3408. Maximum size two inches (2”); minimum size one
inch (1”).

b. Fittings: Manufactured in accordance with ASTM D2609; PVC Type 1 cell
classification 12454-B.

C. Clamps: All stainless-steel worm gear screw clamps. Use two (2) clamps
per connection on all insert fittings.

2.03 DETECTABLE WARNING TAPE

A. Tape shall be blue with “Caution Irrigation Line Buried Below” or purple with “Caution
Recycled/Reclaimed Water Line Buried Below” as appropriate.

2.04 VALVES

A. Gate Valve or Isolation Valve:

1.

Valve for one and one-half inch (1-1/2”) and smaller mainline: Shall be Class 125,
304 Stainless Steel with screw-in bonnet, non-rising stem, left hand opening with
a stainless steel cross top handle gate valve with clear waterway equal to full
diameter of pipe. Able to withstand continuous working pressure of two
hundred (200) PSI. Wheel type handle is unacceptable.

Valve for two inch (2”) and larger mainline: Shall be epoxy coated interior and
exterior ductile iron body which meets ASTM A-536, Grade 65-45-12, push-on,
left-hand opening, square nut operated, resilient wedge, mechanical joint
AWWA C153 gate valve with clear waterway equal to full diameter of pipe. Able
to withstand continuous working pressure of two- hundred fifty (250) PSI. Wheel
type handle is unacceptable.

B. Stop and Waste Valve

1.

For once inch (1”) through two inch (2”) mainlines. Must meet ANSI/AWWA C800
standard and certified to NSF 61 and rated for 175 PSIG. One-piece, closed
bottom body, with no metal to metal contact between plug and body. Mueller
Mark Il Oriseal H-10284N or approved equal.
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C. Automatic Control Valve:

1.

Automatic Valve for Potable Water System: Hunter ICV Series Valve having
manual flow adjustment and both internal and external manual bleed. Accu Sync
shall be used if pressure at the heads is greater than ten pounds over the optimal
pressure as stated on the plans or measured in the field.

a. Systems with AC Power shall utilize Hunter ICV Series Valves with AC
latching solenoids and Toro SBD-AC series decoders.

2. Automatic Valve for Non-Potable Water System: Hunter ICV with Filter Sentry
Series. Accu Sync shall be used if pressure at the heads is greater than ten (10)
pounds over the optimal pressure as stated per the manufactures catalog, plans,
or measured in the field.

3. Valve Riser: Epoxy coated ductile iron riser with integral stainless-steel angle
valve such as Leemco LV-218, Leemco LV-220s or approved equal.

4. Valve ID Tag: Install one flexible marker tag on each valve. Mark each tag with
indelible ink indicating zone number. Tags shall be: Potable water systems
(yellow), Non-potable systems (purple)

D. Manual Drain Valve:
1. Drain Valve: Mueller Oriseal #H-10283N with brass swing joint assembly, or

approved equal.

E. Quick Coupling Valves:

1. Buckner QB44LRCAR10 brass two-piece body with winged stabilizer, designed
for working pressure of one hundred fifty (150) PSI; one inch (1”) FIP. Size as
shown on drawing.

2. Quick Coupling Valves immediately after the backflow are used for winterization
and shall be constructed of all brass swing joint and fittings. All other Quick
Coupling Valve swing joints shall be constructed as shown on the details.

F. Master Valve:

1. Mainline two and one-half inch (2-1/2”) and smaller, Master Valve shall be
Superior 3100 normally open valve. Alternate products may used with approval
of the Project Manager and in alignment with the Contract Documents.

2. Mainline three inch (3”), and larger, Master Valve shall be Bermad 410 normally

open valve (Bermad 420 when pressure regulation is required).

G. Flow Meter Assembly:

1. Mainline one inch (1”) through twelve inch (12”), flow meter shall be FloMec QS-
200, sized according to mainline size.
H. Valve Boxes:
1. All valve boxes shall have a stainless steel hex bolt locking lid system.
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Isolation Valves, Quick Coupling Valves, Drain Valves, Wire Splices and Ground
Rods: Shall be branded with equipment type as outlined in Part 3 - Execution.

a. Rain Bird VB1ORNDH, round body.

Electric Control Valve Box: Shall be branded with the zone numbers as outlined
in Part 3 - Execution.

a. Three-quarter inch (3/4”) through one inch (1”) valves: Rain Bird VBSTDH,
standard body.

b. One and one-half inch (1-1/2”) through two-inch (2”) valves: Rain Bird
VBJMBH, jumbo body.

C. Sub-surface dripline valve assemblies: Rain Bird VBSPRH super jumbo
body.

d. One inch (1”) through two and one-half inch (2-1/2”) Master Valves: Rain
Bird VBJMBH jumbo body.

e. Three-inch (3”) through six-inch (6”) master valves: Rain Bird VB-MAX

bal

Flow Meter: VBJMBH maxi jumbo body.
Valve box cover color:

a. Green for potable systems.

b. Purple for non-potable systems.

Gravel Leveling Bed and Drainage Sump in Valve Boxes: three quarter inch (3/4”)
crushed gravel covered in geotextile fabric, as indicated on the Contract
Drawings.

l. Backflow Preventer:

1.

High hazard, reduced pressure type, approved by University of Southern
California (USC) or other approved testing laboratory; fully ported, ball-type gate
valves on units 2-inch or smaller, as manufactured by Febco Model 825YA or
approved equal. Resilient gate valves on units larger than two inch (2”); as
manufactured by Febco Model 880V or approved equal.

Backflow Preventer Cover: Guardshack High Security enclosure of appropriate
size, equipped with Lock Shield Brackets, manufactured by BPDI. Color: forest
green.

Concrete Pad: Comply with Division 32 Section “Concrete Walks, Curbs and
Miscellaneous Flatwork”.

J. Air Relief Valve: On mainlines three inches (3”) or larger, as per plan: Bermad C31 2-
inch combination vacuum/air release valve or approved equal.

K. Pressure Regulating Valve (where water supply pressures exceed one-hundred (100)
PSI):
1. Bermad 420 pressure regulating master valve for three inch (3”) and larger

mainlines.
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2. Zurn 500XL3 pressure regulating valve for three-quarter inch (3/4”) thru two and
one-half inch (2-1/2”) mainlines.

2.05 IRRIGATION HEADS

A.

Heads: Provide swing joints of the type and size as indicated on the Contract Drawings.
Heads of a specific type or function in the system shall be of the same manufacturer
and shall be marked with the manufacturer’s name and identification in such a position
that they can be identified without being removed from the system.

1. Pop-Up Sprinkler Heads in turf areas: Rain Bird RD-06-S-F series.

a. P30 for spray nozzles
b. P45 for rotary nozzles
2. Pop-Up Sprinkler Heads in non-turf/native areas and shrub/flower bed areas:

Rain Bird RD-12-S-F series.
a. P30 for spray nozzles
b. P45 for rotary nozzles

3. Pop-Up Sprinkler Heads for trees in native areas; Rain Bird RD-12-P45-S-F series
with specified rotary nozzles as indicated on contract drawings.

4. Pop-Up Sprinkler Nozzles shall be Rain Bird MPR Series nozzle. Strip series and
HE-VAN nozzles may be used for specific approved applications at the direction
of the Project Manager.

5. Gear Driven Heads: Hunter I-20-06, 1-20-12, 1-25-06, 1-40-06 with stainless steel
risers, internal check valve, PRS and MPR as specified per Contract Drawings.
Plastic risers are permitted on twelve-inch (12”) rotor heads used in native areas.
Minimum riser height shall be six inches (6”) in turf areas.

Connections to Lateral Pipe:

1. Pop-up Heads: Shall be one-half inch (1/2”) swing pipe, 0.49 inside dimeter with
an operating pressure of eighty (80) PSI.

2. Gear Driven Heads: Shall be Rain Bird TSJ Series swing joints.

2.06 LOW VOLUME IRRIGATION

A. Valve: Hunter ICZ Drip Control Zone Kit with stainless steel filter and forty (40) pound
pressure regulation, size per Contract Drawings.

B. Valve shall be installed in a valve box as noted in Section “Valve Boxes”.

C. Supply Header: Class 200 PVC. All supply header piping to be installed at a twelve inch
(12”) depth.

D. Sub-surface Irrigation: Landscape Dripline, emitter spacing and flow as per Contract
Drawings. All sub surface laterals to be buried at a minimum four inch (4”) depth in
soil.

1. Flush valve installed in a round valve box as noted in Section “Valve Boxes”.
E"% DENVER Gl Irrigation System Page - 16 Gl 32-80.00
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2. Operation Indicator Head - Rain Bird RD12 spray head with closed 6 series
(orange) VAN nozzle shall be installed adjacent to flush valve at each end of the
zone.

E. Sub-surface Dripline: Sixteen (16) to seventeen millimeter (17mm) flexible polyethylene
tubing. Internal emitters to be pressure compensating and self-flushing to clear debris.
Must be designed to prevent root intrusion by incorporating copper oxide into the
product. Also must include a check valve and have a sealed outlet when system is not
irrigating.

2.07 AUTOMATIC CONTROL SYSTEM

A. See Green Infrastructure Specification 32-84.33 “Automatic Irrigation Controllers”.
B. Electrical Control Wiring:
1. Two Wire Systems:

a. Two-Wire Decoder Cable — Two (2), #12 or #14 AWG UL. parallel wires
each with single, solid copper conductors with polyethylene insulation.
Wires shall be contained within separate polyethylene jacket. Cable shall
be Regency Maxi Cable or Paige P7072D with red jacket (NO
SUBSTITUTIONS).

1) 14 AWG for up to twenty-five hundred feet (2500’).
2) 12 AWG for over twenty-five hundred feet (2500').

b. Incoming (controller side) of the two-wire cable shall be identified by
placing a black zip-tie tightly on the cable.

C. Two-wire single station decoders Toro SB-DAC-1 to be installed in each
valve box, one per valve. Decoders shall have a serial number engraved on
each decoder for future identification. Decoder to be mounted on the
inside wall of the valve box.

d. Two-wire decoder cable shall have surge arrestors Toro SB-BLA installed
every five hundred (500) ft. along two-wire path or every eight decoders
whichever is the shortest distance. Surge arrestors are to be placed in
valve box containing automatic control valve or in separate round valve
box as noted in Section “Valve Boxes”. Surge arrestor grounding shall be
installed per manufacturer’s recommendations.

e. Copper wire shall be six (6) gauge bare solid copper wire connected to the
ground rod using a Cadweld GR1161GPLUS “Plus One Shot” welding kit.
Wire connection between surge arrestor and copper ground wire to be
made using a high strength corrosion-resistant bronze alloy split-bolt.

f. Two-Wire Splice Box: To be installed in a round valve box as noted in
Section “Valve Boxes”.

C. Miscellaneous control wiring materials:
1. Materials for two wire systems:
W/
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a. Data Wires: Paige 7171D-A direct burial shielded and armored signal cable
with polyethylene jacket (NO SUBSTITUTIONS)

1) Data Wire connections and splices shall be made with Ranger Servi-

Seal.
b. Two-Wire Decoder Cable connections and splices shall be made with 3M
DBR/Y-6M direct bury splice, or approved equal, UL listed dry splice
methods.

C. Spare Wire and wire ends shall be capped with 3M DBR/Y.

d. Mainline Tracer Wire: One (1) continuous #10 AWG UL approved direct
burial solid conductor copper wiring with polyethylene insulation 0.045-
inch thickness. tracer wire as detailed above all mainline.

e. Splice Box: To be installed in a round valve box as noted in Section “Valve
Boxes”.
2.08 DENVER WATER CONNECTION
A. The tapping saddle, corporation stop, service line, curb stop, meter pit, and meter

required for the Denver Water main connection shall be in alignment with Denver
Water Capital Project Construction Specifications.

2.09 MISCELLANEOUS MATERIALS

A Soil Moisture sensors: Toro AC Moisture Sensor TW-DAC-SOIL. Soil moisture sensors
shall be installed in the quantity shown on plans, and the approximate locations shown,
and shall be installed per manufacturer’s recommendations.

Part 3 - EXECUTION

3.01 PREPARATION

A. Utility Locates: Contact Utility Notification Center of Colorado at or 8-1-1 or 1-800-922-
1987 prior to any excavation, for the marking of underground member utilities. The
indication of utilities on the Contract Drawings does not relieve the Contractor of the
responsibility for utility location. Contractor is responsible for potholing all utility
locations to verify the depth and locations. Potholing related to irrigation installation
shall be considered incidental to irrigation installation and will not be paid for
separately. Route trenches to avoid existing utilities. Verify with the Project Manager
any required relocation prior to installation.

B. Landscape Plan Review and Coordination: Contractor will be held responsible for
coordination between landscape and irrigation system installation. Landscape material
locations shown on the Landscape Plan shall take precedence over the irrigation system
equipment locations. If irrigation equipment is installed in conflict with the landscape
material locations shown on the landscape plan, the Contractor will be required to
relocate the irrigation equipment, as necessary, at Contractor’s expense.

C. Pressure Verification: Contractor shall field verify the tap size, static pressure and
verify gallons per minute flow at the project site, prior to commencing Work or
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ordering irrigation materials, and submit findings in writing to the Project Manager. If
Contractor fails to verify tap size, static water pressure and flow prior to commencing
Work or ordering irrigation materials, Contractor shall assume responsibility for all
costs required to make system operational and the costs required to replace any
damaged landscape material. Damage shall include all required material costs, design
costs, labor costs and plant replacement costs.

D. Inspection: Examine areas and conditions under which Work of this Section is to be
performed. Do not proceed with Work until unsatisfactory conditions have been
corrected.

1. Grading operations, with the exception of finish grading, shall be completed and
approved by Project Manager before staking or installation of any irrigation
system begins.

E. Layout: Layout and stake system before beginning installation. Staking shall occur as
follows:
1. Mark, with paint, routing of pressure supply line and valve boxes. Flag heads for

all new zones. Contact the Project Manager forty-eight (48) hours in advance
and request review of layout and staking. The Project Manager will review
layout and direct changes if required. Review does not relieve installer from
coverage problems due to improper placement of heads after staking.

2. Valve boxes and mainline shall not be located in ball fields, multi-use sport fields,
recovery zones, or below playground equipment.

3. Valve boxes should be located outside Green Infrastructure that will be regularly
inundated to the maximum extent practical. Mainlines in the public right of way
shall be located in the amenity zone. Laterals shall be located proximal to any
planter walls and 18” (min) clear of underdrain and overflow components to
prevent damage during routine maintenance operations.

4. If project has significant topography, free form planting beds, or other amenities
which could require alteration of irrigation equipment layout as deemed
necessary by the Project Manager, do not install irrigation equipment in these
areas until the Project Manager has reviewed equipment staking.

5. The Project Manager will request the Office of the City Forester’s approval of
proposed trenching prior to start of trenching.

6. Review backflow prevention device location and operation with the Project
Manager prior to mainline installation.

3.02 DENVER WATER CONNECTION

A. Work for the Denver Water connection shall only proceed after the preconstruction
conference and the required notifications for water shut off, if applicable, following
Section 1.04 Quality Control above.

B. Trenching and excavation: shall be performed following Wastewater Capital Project
Management Standard Construction Specification 4.0 Utility Trenching and Excavation.
The bottom of the trench for the Denver Water Connection shall be 6” deeper than the
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water main, and the trench shall be wide enough to allow sufficient room to make the
tap following Denver Water Construction Specifications. Shoring, bracing, and sheeting
shall meet applicable State and Federal health and safety requirements.

Water Main Tap: shall be performed by Denver Water or their licensed contractor
following Denver Water Construction specifications.

Tap saddle, corporation stop, service line, and curb stop: shall be installed by the
contractor following Denver Water Construction specifications.

Service Line Bedding: refer to Denver Water Construction Specifications section 31 23
33 for bedding material and depths.

Backfill: shall be performed following Wastewater Capital Project Management
Standard Construction Specification 5.0 Bedding and Backfilling.

Inspection: shall be coordinated by the contractor with Denver Water meter inspectors
prior to the water being turned on for irrigation system testing and operation. The
contractor shall notify the Project Manager of all meter inspections.

3.03 EXCAVATION AND BACKEFILL

A.

Install mainline and service line pipe and wire sleeving under existing asphalt paving,
concrete walks and critical root zones by directional boring. Pot-hole existing utilities
for location and depth in advance of boring operations. When pot-holing in cross
streets: include all permits, traffic control, backfill, compaction and surface restoration
as required by the City and County of Denver Transportation Engineering Standards and
Specifications. Compact backfill at bore pits around the end of sleeves to ninety-five
percent (95%) compaction in landscape areas.

Trenching:

1. Trench excavation shall follow, as much as possible, the layout shown on
Drawing. Dig trenches straight and support pipe continuously on bottom of
trench. Trench bottom shall be clean and smooth with all rock and organic
debris removed. Comply with OSHA standards for all trenching and excavation.

2. Trenching under limb spread of existing trees: only boring will be allowed within
tree drip line.

Directional Boring:
1. Directional boring locations as indicated on the Contract Drawings.
Clearances and Depths:

a. Main pressure line: Make trenches of enough width to properly assemble
and position pipe in trench.

b. Clearances:

1) Mainline and Lateral Piping clearance: Minimum clearance shall be
two inches (2”) horizontally on both sides of the pipe.
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2) Line Clearance: Provide minimum six inches (6”) of clearance
between each line, and minimum twelve inches (12”) of clearance
between lines of other trades.

3) Installation of multiple runs of piping in one common trench is
prohibited.

Pipe and Wire Depth to finish grade:

a.

PVC Pressure Supply Piping: Twenty-six inches (26”) to twenty-eight (28”)
from the top of pipe, or shallower if approved by the Project Manager.

HDPE Pressure Supply Piping: Thirty inches (30”) to thirty-six inches (36”)
from the top of pipe., or shallower if approved by the Project Manager.

HDPE Lateral Lines: Eighteen inches (18”) to twenty-four inches (24”) from
top of pipe, or shallower if approved by the Project Manager..

PVC Sleeving: At specified pipe or wire depth, or shallower if approved by
the Project Manager.

Non-pressure Piping (gear driven heads): Eighteen inches (18”) from top
of pipe, maximum variation two inches (2”), or shallower if approved by
the Project Manager..

Native seed zones using twelve-inch (12”) rotors: Twenty-four inches (24”)
from top of pipe, maximum variation two inches (2”), or shallower if
approved by the Project Manager.

Non-pressure Piping (pop-up heads): Eighteen inches (18”) from top of
pipe, or shallower if approved by the Project Manager.

Control Wiring and Two-Wire Decoder Cable: Side of mainline when
installed in the same trench; twenty-four (24”) inches deep when installed
separately from the mainline trench, or shallower if approved by the
Project Manager.

E. Vibratory Plow: Not permitted without written approval from the Project Manager.

3.04 INSTALLATION OF IRRIGATION EQUIPMENT

A. Locate all equipment as near as possible to locations designated. Deviations shall be
reviewed and approved by the Project Manager prior to installation.

B. Service Line Piping (copper or ductile iron piping from water meter to connection to
backflow prevention device) - When pipe installation is not in progress, or at the end of
each day, close pipe ends with tight plug or cap.

1.

Ductile Iron Pipe — Provide and install full pipe length protective polyethylene
factory- formed sleeves around all piping to be buried. Pipe shall be bedded per
Denver Water current standards and specifications.

Copper piping — Installation shall match specifications for copper service line as
required by Denver Water and in accordance with City and County of Denver
Building Codes.
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C. Sleeving:

1.

Install sleeving under any hard surface prior to surface being installed to
accommodate piping and wiring. If irrigation is not being modified, the
Contractor shall work with the Project Manager and Park Operations to identify
locations and size for sleeves for future use.

2. Minimum depth to top of pipe shall be determined by depth of mainline and
lateral lines.

3. Sleeving depth shall match pipe and wire depth for all pressure and non-pressure
piping installed under all hardscape surfaces, asphaltic concrete, or concrete
paving.

4. Sleeving under existing walks or concrete pavement shall be done by directional
boring or hydraulic driving. Where cutting of asphalt and/or concrete is
necessary, it shall be done per the Contract Drawings and Details and/or per the
City and County of Denver Right of Way Standards. Cutting of concrete is not
permitted the contractor shall remove the entire concrete section or “stone”.

5. The Project Manager shall approve the final locations prior to removal.

6. Compact backfill material in 6” lifts, using mechanical tamping devices under
pavement. Refer to WCPM Standard Construction Specification 5.0 “Bedding and
Backfilling”.

7. Do not allow sleeves to become filled with soil or other undesirable material.
Cap ends of sleeves until commencement of pipe installation.

8. Mark sleeves on hard surfaces by etching or grinding a two inch (2”) by two inch
(2”) “X” as per plans in a manner to ensure easy location in the future.

9. Sleeve size requirements for wire and pipe, control wire shall be placed in
sleeving separate from pipe sleeving:

a. 1” to 1-1/4” Pipe: 2” PVC
b. 1-1/2” to 2” Pipe: 4” PVC
C. 2-1/2” to 3” Pipe: 6” PVC
d. 4" Pipe: 8” PVC
e. 6” Pipe 10” PVC
f. 8” Pipe 12” PVC
g. 1 to 25 Control Wires: 2” PVC
h 26 to 50 Control Wires: 3” PVC
i Two-Wire Decoder Cable: 2” PVC
D. Installation of Piping:
1. HDPE Mainlines:
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a. Snake pipe in trench as much as possible to allow for expansion and
contraction. Do not install pipe when air temperature is below 40 degrees
F. Ensure that pipe is placed at a consistent depth and on a level base free
of rocks and stones. Place manual drain valves at low points and dead
ends of pressure supply piping to insure complete drainage of system.
When pipe laying is not in progress, or at end of each day, close pipe ends
with tight plug or cap. Perform Work in accordance with good practices
prevailing in piping trades.

1) Lay pipe and make all plastic to plastic, fusion joints in accordance
with manufacturer's recommendations.

2) Fusion: Sections of polyethylene pipe should be joined into
continuous lengths on the jobsite above ground. The joining
method shall be the butt fusion method and shall be performed in
strict accordance with the pipe supplier's recommendations. The
butt fusion equipment used in the joining procedures should be
capable of meeting all conditions recommended by the pipe
supplier. The butt fusion joining will produce a joint weld strength
equal to or greater than the tensile strength of the pipe itself. All
field welds shall be made with fusion equipment equipped with a
Data Logger. Temperature, fusion pressure and a graphic
representation of the fusion cycle shall be part of the Quality
Control records.

3) Transition fittings shall be used for transition to other pipe materials
(1/2” = 4”) and utilize butt fusion.

4) Mechanical joining will be used where the butt fusion method
cannot be used. Mechanical joining will be accomplished by using a
HDPE flange adapter with a Ductile Iron back-up ring.

5) Hot gas fusion, threading, solvents, and epoxies will not be used to
join HDPE pipe.

b. Coordinate trench location within Right of Way with other trades, with
electrical conduit taking precedence.

2. PVC Mainlines:

a. Ensure that pipe is placed at a consistent depth and on a level base free of
rocks and stones. Place manual drain valves at low points and dead ends
of pressure supply piping to insure complete drainage of system. When
pipe laying is not in progress, or at end of each day, close pipe ends with
tight plug or cap. Perform Work in accordance with good practices
prevailing in piping trades.

b. Install mainlines a minimum of eighteen inches (18”) off of any hard
surface, as shown in Contract Documents, or as coordinated with the
Project Manager.
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C. Solvent Weld PVC Pipe (required on all pipe two inch (2”) or smaller and all
PVC mainline within sleeves): Lay pipe and make all connections in
accordance with manufacturer’s recommendations. Do not install pipe
when air temperature is below forty degrees (40°) F.

d. Gasketed End Pipe (required on all pipe two and one-half inches (2-1/2")
or larger): Lay pipe and make pipe-to-fitting or pipe-to-pipe joint,
following the manufacturer’s recommendations. Install joint restraint
fittings and pipe restraints on all fittings and adjacent pipe runs per
manufacturer’s recommendations and per the Contract Drawings.

3. PVC Lateral Lines:

a. Ensure that pipe is placed at a consistent depth and on a level base free of
rocks and stones. When pipe laying is not in progress, or the end of each
workday, close pipe ends with tight plug or cap. Perform Work in
accordance with good practices prevailing in piping trades.

b. Install lateral lines a minimum of twelve inches (12”) off any hard surface,
as shown in Contract Documents, or as coordinated with the Project
Manager.

C. Solvent Weld PVC Pipe (required on all lateral lines): Lay pipe and make all

connections in accordance with manufacturer’s recommendations. Do not
install pipe when air temperature is below forty degrees (40°) F.

4, All connection fittings between HDPE and PVC or any other pipe material being
used are to be made a minimum of eighteen inches (18”) away from any hard
surface or tree drip line where possible or as shown in Contract Documents.

a. Fittings to be used as couplings between PVC shall be an epoxy coated
repair coupler with joint restraints and stainless-steel pipe stiffener,
installed as specified per the Contract Drawings and Manufacturer’s
recommendations. For laterals 2” in diameter and under, fittings can be
coupled with a solvent weld or other measures with approval from Project

Manager.
E. Installation of Detectable Warning Tape:
1. Detectable warning tape shall be installed on all irrigation mainline and lateral

lines at a depth of 6” of 8” below finished grade.

F. Joint restraints on all gasketed PVC mainline pipe two and one-half inch (2-1/2”) and
larger:

1. Joint restraints shall be installed as shown on the plans or per the manufacturer’s
recommendations. Prior to backfilling any joint restraints the Project Manager
shall be present to verify that the restraints were installed in the proper locations
and that all bolts have been tightened to the manufacturer’s recommendations.
Any restraints that are buried prior to inspection shall be excavated to allow for
review and inspection at no additional cost to the City.

G. PVC Pipe Deflection
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1. Solvent welded pipe will meet manufacturer’s recommendations. Deflection
shall not be made at solvent welded joints.

2. Gasketed pipe will not exceed one-inch (1”) or two (2) degrees offset per twenty
feet (20’) in length.

H. Flexible Plastic (Polyethylene) Pipe: Lay pipe and assemble fittings according to
manufacturer’s recommendations and per the Contract Drawings and Details.

l. Control Wiring:
1. Two-wire control wiring path may be looped, spliced, or branched.
a. Wire run lengths

1) The distance from the controller to the end of any one wire run
shall not exceed the maximum distance specified for the gauge of
wire.

2) The distance from the controllers to the farthest device shall not
exceed a distance of 5000 feet (1524 m) using 14-gauge wire or
8000 feet (2438.4 m) using 12-gauge wire.

3) The total length of wire connected to any one controller shall not
exceed 16,000 feet (4572 m) on 14-gauge or 12-gauge.

4) The lengths of wire for DC powered systems shall reduce by half
from distances above.

b. Bury two-wire decoder cable between Automatic Irrigation Controller and
electric valves in pressure supply line trenches, strung as close as possible
to mainline with such cable to be consistently located to one side of pipe,
or in separate trenches.

c. Make wire/cable splices at electric control valve connections as follows:
1) Two-wire cable to two-wire cable - watertight connectors.

2) Two-wire cable to electric valve solenoid wires - watertight
connectors.

3) Install all two-wire decoder cable splices not occurring at control
valve in a separate round valve box as noted in section “Valve
Boxes”.

2. Standard Low Voltage Control Wire:

a. Install one control wire for each control valve on standard low voltage
wire systems.

b. On standard low voltage wire systems install a total of five spare fourteen
(#14) AWG UFUL control wires and one spare twelve (#12) AWG UFUL
common wire from Automatic Irrigation Controller pedestal to the end of
each leg of mainline. Label spare wires at Automatic Irrigation Controller
and wire splice box.
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C. Make all splices and electric control valve connections using 3M DBR/Y
connectors
3. Bury control wiring between Automatic Irrigation Controller and electric valves in

pressure supply line trenches, strung as close as possible to mainlines with such
wires to be consistently located to one side of pipe, or in separate trenches.

a. For standard low voltage wire systems bundle all twenty-four (24) volt
wires at ten-foot (10’) intervals.

4. Provide an expansion loop at every mainline change of direction, every electric
control valve location (in valve box), and every five hundred feet (500’).

a. Form expansion loop in each control valve box by wrapping twenty-four
inches (24”) of wire around a one-inch (1”) pipe and withdrawing pipe.

b. Leave seventy-two inches of extra two-wire cable in each valve box.

5. Install all control wire splices not occurring at the control valve in a separate wire
splice round valve box as noted in section “Valve Boxes”.

6. Wire Testing:

a. Existing wiring indicated to remain on documents is to be ohm-tested for
continuity prior to construction. The Contractor shall produce the report
and copy the Project Manager of the results of such testing.

b. New wiring: All new wiring to be tested for proper resistance prior to
connection to valves and controller(s) for continuity. The Contractor shall
produce the report and copy the Project Manager of the results of such
testing.

7. Tracer Wire:

a. One (1) continuous #10 AWG UL twenty-four inches (24”) looped into each
valve box, gate valve and quick coupler, and terminated inside the
irrigation controller cabinet. Installed per the Contract Drawings.

8. Detectable Warning Tape:

a. Detectable warning tape shall be installed on wiring lines at a depth of 6”
of 8” below finished grade.

J. Installation of Valves:
1. Electric Control Valves: Install electric control valves as detailed on the Contract

Drawings.

a. Valve decoders shall be connected to the valve and two wire path and
shall be mounted to the side of the valve box with the serial number face
up.

b. Electric Control Valves for two-wire system: Install electric control valves

as detailed on the Drawings. Install one valve decoder module (Toro SB-
DAC-1) per valve box.
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2. All low volume irrigation shall be zoned independently from turf, and product
applications may not be mixed within zone.

3. Quick Coupling Valves: Install quick coupling valves as detailed on the Contract
Drawings.
4. Drain Valves: Install manual drain valves at all low points in pressure supply line,

whether indicated on the Contract Drawings or necessitated by actual
conditions, to ensure proper drainage of the mainline.

5. Isolation/Gate Valves: Install as detailed in locations shown on the Contract
Drawings.
6. Valve Boxes: Install one valve box for each type of valve as detailed. Install

compacted gravel leveling bed after compaction of subgrade and prior to setting
of valve box.

a. Install geotextile fabric over gravel prior to setting valves boxes. Ensure
that geotextile fabric extends a minimum of six inches (6”) from the
bottom and no more than six inches (6”) from the top of box. Secure the
geotextile fabric to the side of box with duct tape.

b. Install valve boxes flush with finish grade and square to adjacent surface
features and one another

C. When valve boxes are grouped together, allow at least twelve inches (12”)
between valve box sides, or as approved by the Project Manage.

d. Install valve boxes a minimum of twelve inches (12”) away from any hard
surface, or as approved by the Project Manager.

e. Cutting of valve boxes to give clearance for piping or valves is not
permitted, except for the Master Valve and Flow Meter boxes.

K. Valve Box Identification Branding:
1. Brand Lids as follows in two inch (2”) high, minimum letters:
a. Isolation/Gate Valve “GV”
b. Quick Coupler Valve “Qc”
c. Manual Drain Valve “DV”
d. Air Relief Valve “AR”
e. Master Valve “MV”
f. Flow Meter “FM”
g. Wire Splice Box “WS”
h Grounding Rod “GR”
i Filter “FIL”

3.05 BACKFLOW PREVENTION
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A. Backflow Prevention Device: Contractor must meet all applicable laws, rules and codes,
including but not limited to International Building Codes and applicable amendments
Plumbing Codes and State Water Regulations. Assemblies must be installed per the
manufacturer’s specifications.

1.

Install in strict accordance with current requirements of Denver Water.
Connections to the Denver Water System are to have an approved assembly for
the type of protection they provide, either isolation or containment. Installation
must be performed by a licensed plumber, and it is the contractor’s
responsibility to obtain nay necessary permits 48 hr prior to installation.

Successful Testing of backflow assembly by a Certified Cross-Connection Control
Technician is Contractor’s responsibility and any cost shall be considered
incidental. Test reports shall be forwarded to Denver Water in accordance with
the State of Colorado regulations. Copies of the report, the tester’s certification
and the certification of the testing equipment used are to be forwarded to the
Project Manager.

Request for final payment will not be certified or processed until certification
reports have been filed with Denver Water and received by the Project Manager.

3.06 INSTALLATION OF SPRINKLER HEADS

A. Install sprinkler heads where designated after the Project Manager has approved
staking. Set to finish grade as detailed.

1.

Spacing of heads shall not exceed the maximum indicated on the Contract
Drawings unless re-staked or as directed by the Project Manager. In no case
shall the spacing exceed maximum recommended by manufacturer, with the
exception of native areas as shown in the Contract Documents.

Install gear driven heads on swing-joint risers as detailed. Swing joints to non-
pressure lines shall be set at no more than forty-five degrees (45°) or less than
ten degrees (10°).

Install pop-up heads on swing pipe as detailed.

Adjust part circle heads for proper coverage. Adjust heads to correct height after
sod is installed. Plant placement shall not interfere with intended sprinkler head

coverage, piping, or other equipment. The Project Manager may request nozzle

changes or adjustments without additional cost to the City.

3.07 BACKFILLING

A. Do not begin backfilling operations until all piping and system components have been
inspected by or by the Project Manager. Backfilling shall not be done in freezing
weather unless authorized by the Project Manager.

1.

Leave trenches slightly mounded to allow for settlement after backfilling is
completed.

Trenches shall be finish graded prior to walk-through of system by the Project
Manager.
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3. Contractor shall be responsible for providing suitable backfill if excavated to
meet backfill, compaction, and final grade requirements.

4, Do not leave trenches open. Open excavations shall be protected in accordance
with City and County of Denver Right of Way Standards and OSHA regulations.

5. Utilize flood compaction of water quality areas to meet compaction
requirements of soils.

Ensure backfill compaction is adequate so that settling does not occur.
Repair of turfgrass areas shall be as follows:
1. Seed is permitted for irrigation trenches up to twelve inches (12”) in width.

2. Sod is required for any turf repair wider than twelve inches (12”) and shall be
installed as full width.

3.08 SOIL MOISTURE SENSOR

A.

Moisture Sensor: Install in accordance with manufacturer’s instructions, and as shown
on the Contract Drawings.

1. Install sensor(s) prior to starting any irrigation schedules for new planting area
programs.

3.09 ADJUSTING

A.

Upon completion of installation, “fine-tune” entire system by regulating valves,
adjusting arcs and radius, and setting pressure reducing valves at proper and similar
pressure to provide optimum and efficient coverage. Flush and adjust all sprinkler
heads for optimum performance and to prevent overspray onto walks, roadways, and
buildings as much as possible. Heads of same type shall be operating at same pressure
within plus or minus ten percent (10%).

If it is determined by the Project Manager or Denver Parks Operations Staff that
irrigation adjustments will provide improved coverage and water distribution, the
Contractor shall make such adjustments prior to Final Acceptance. Adjustments may
include but not limited to changes in nozzle sizes, degrees of arc, and adjusting flow
control. Adjustments shall be completed at no additional costs to the City.

All sprinkler heads shall be set perpendicular to finish grade or within allowable limits
shown on Contract Drawings.

Areas that do not conform to designated operation requirements, due to unauthorized
changes or poor installation practices, shall be immediately corrected at no additional
cost to the City.

3.10 FIELD QUALITY CONTROL

A. Flushing: After piping, risers, and valves are in place and connected, but prior to
installation of sprinkler heads, quick coupler assemblies, and hose valves, thoroughly
flush piping system under full head of water pressure from dead end fittings. Maintain
flushing for five (5) minutes through furthermost valves. Cap risers after flushing.
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B. Testing Pressurized Mainline: Prior to installing any plant materials (sod, seed, trees,
shrubs, perennials) arrange and conduct pressure test(s) in the presence of the Project
Manager. Arrange for testing a minimum of forty eight (48) hours in advance. The
contractor is responsible to supply the hydrostatic test pump and all other equipment
required to complete the test.

1. Set in place, cap and pressure test all piping under paving, in presence of the
Project Manager prior to backfilling and paving operations.

2. After installation and backfilling of all control valves, fill pressure supply line with
water, and pressurize to forty (40) PSI over the static pressure or to one hundred
twenty (120) PSI, whichever is greater, for a test period of two (2) hours. Testing
pressure not to exceed one hundred forty-five (145) PSI.

3. All isolation valves, angle valves, ball valves and zone valve flow controls are to
remain open during testing.

4, Leakage, Pressure Loss:

a. Fused HDPE or Solvent welded PVC Pipe: Test is acceptable if zero pounds
of pressure is evident during the test period.

b. Gasketed Pipe: Test is acceptable if two (2) pounds of pressure or less is
evident during the test period.

5. Leaks: Detect and repair leaks. Replace defective PVC pipe with new full length
pipe section. No pipe splices will be accepted within pipe sleeve. No PVC
pressure couplings or slip-fix repair couplings will be allowed.

6. Retest system until test pressure can be maintained for duration of test.

3.11 COMPLETION INSPECTION

A. Arrange for the Project Manager to be present. Provide a minimum of forty-eight (48)
hours of notice in advance of walk-through. Conduct in conjunction with the
completion inspection for any living trees, plants, or groundcovers if applicable (see
Division of Green Infrastructure Specification 32-93.00 “Trees, Plants, and
Groundcovers”.)

B. Entire system shall be completely installed and operational and trenches shall be finish
graded and sod and/or seed in place prior to scheduling of walk-through.

C. Electrically operate each zone in its entirety for the Project Manager the time of walk-
through.

D. A project inspection walk through shall include but is not limited to the following:
1. Contractor shall adjust, straighten and nozzle all heads prior to walk through.

Review operation, coverage, head/nozzle adjustment, and system adjustment
per specifications.

2. Contractor shall have all valves boxes unlocked prior to walk through. Open
valve boxes to confirm materials, geotextile fabric, gravel bedding, wire splices,
compaction, elevation, workspace access within boxes, clearance from lid and
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bedding, locking mechanisms, and zone branding. Interior of boxes should be
free of foreign material, only geotextile fabric shall be visible in the bottom of
boxes. All valves must be tagged with zone identification, Christy’s valve marker
tags or equal and valve box lids must be branded with zone valve identification.
Verify connections in all valve and wire splice boxes.

Contractor shall provide documentation that resistance tests for all spare
common and hot wires and tracer wire has been performed and the results for
ohms reading on each wire tested.

Confirm irrigation heads are at specified elevation and distance(s) from paved
surfaces and curbs, plumb and soil compacted.

Inspect concrete size and elevation of pads for backflow assembly, booster
pump, and controller enclosure pads. Confirm quality of concrete, finishes,
access to the Irrigation Controller and spare conduit/sleeving as required for
wiring.

Review trench and related excavation repair including backfill, compaction, fine
grade, seed, and sod installation.

Review appropriate use of purple valve covers and other product as required for
non-potable water applications.

Generate a punch list of items to be corrected, prior to Substantial Completion.

Furnish all materials and perform all work required to correct all inadequacies of
coverage due to deviations from Contract Documents.

3.12 CLEANING

A. Maintain continuous cleaning operation throughout duration of Work. Dispose of, all
trash, waste materials, debris and excess soil generated by installation of irrigation
system, off-site, at no additional cost to the City. Contractor shall clear all debris,
including, soil, from all paths, walks, roads, and other hard surface areas.

3.13 PROTECTION

A. The Contractor shall repair any damage that occurs from construction operations at no

additional cost to the City.

B. Restrict vehicular and pedestrian traffic from areas where irrigation has been installed.
Erect temporary fencing or barricades and install warning signs as required or directed

by the Project Manager at no additional cost to the City.

Part 4 - Measurement and Payment
4.01 BID ITEM

A. Install Irrigation Line
B. Relocate Irrigation Line
C. Install Irrigation System
W/
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D. Relocate Irrigation System
E. Irrigation Appurtenances
F. Denver Water Connection
4.02 PRICE AND PAYMENT PROCEDURES
A. Install or Relocate Irrigation Line
1. The measurement and payment for this item shall be at the contract unit specific

for irrigation line to be installed or relocated for construction of the proposed
sewer, facility, and/or appurtenances; provided, however, no measurement shall
be made for irrigation placed or relocated due to negligent or unauthorized
operations by the Contractor.

2. The unit price bid shall include all of the Contractor’s costs of whatsoever nature.
The price bid shall include excavation, trenching, air spading or boring as
required to save trees; removal and replacement of asphalt and/or concrete
surfaces; furnishing of materials, protection and installing pipework and heads;
adjusting heads; fittings and connections; sleeve materials; backfilling, grading,
installing, and adjusting valves; preparation of Contract Record Drawings; and all
other related and necessary materials, work, and equipment required to install
the irrigation system in accordance with the Contract Documents or as directed
by the Construction Project Manager.

B. Install or Relocate Irrigation System

1. No quantity measurement shall be made for any of the Work and materials
required to install or relocate irrigation systems. Payment shall be based upon
completion of the Work in accordance with the Contract Documents; provided,
however, no payment shall be made for installing and/or relocating irrigation
systems due to negligent or unauthorized operations by the Contractor. The
Contractor shall provide a schedule of values for each component of the
irrigation system prior to construction.

2. The lump sum bid price shall include all of the Contractor’s costs of whatsoever
nature for installing or relocating the irrigation system. The price bid shall include
excavation, trenching, air spading, or boring as required by the Project; removal
and replacement of asphalt and/or concrete surfaces; furnishing, and installation
of all irrigation system materials and materials necessary for the construction of
a new irrigation system or relocation of an existing irrigation system; protection
and installing pipework and heads; adjusting heads; fittings and connections;
sleeve materials; backfilling, grading, installing, and adjusting valves; trace wires;
electrical hookups, valve boxes, and controls; pressure testing of system;
winterization and recharging of system as necessary during project period of
performance; preparation of Contract Record Drawings; and all other related and
necessary materials, work, and equipment required to install and/or relocate the
sprinkler system in accordance with the Contract Documents or as directed by
the Construction Project Manager.
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3. At the option of the Construction Project Manager, up to 50% of the lump sum
price for this item may be paid to the Contractor at the start of construction or
relocation of the irrigation system. An additional 25% of the lump sum may be
paid to the Contractor as a progress payment. The remaining 25% of the lump
sum shall not be paid until the system is accepted and certified.

C. Denver Water Connection

1. The measurement and payment for this item shall be the total number (EA) of
connections made to the Denver Water supply system. Payment shall be based
upon completion of the Work in accordance with the Contract Documents;
provided, however, no payment shall be made for Denver Water Connections
due to negligent or unauthorized operations by the Contractor.

2. The unit bid price shall include all the Contractor's costs regarding completing
the irrigation system connection to the Denver Water main. The bid price will
include installation of the tap saddle, corporation stop, type K copper service
line, curb stop with stop box, water meter with meter pit, and back flow
prevention devices with address tag in accordance with Denver Water
specifications and details for each tap. The bid price shall include removal of any
surface materials between the main and curb stop, excavation or over
excavation, trenching, shoring or bracing, directional boring including the
excavation of boring pits necessary to install the meter and pit, copper service
line, and all other related components to make the connection. The bid price
shall include pipe bedding, suitable backfill and compaction, including backfill
with controlled low-strength material where necessary; restoration of surface
materials including landscaping or sod, asphalt, concrete, or other paving; survey
and preparation of record drawings; hauling and disposal of construction debris
and excess excavated material; hauling damaged material and contaminated
material to the Denver Arapahoe Disposal Sites (DADS); and all other related and
necessary material, work and equipment required to construct this item in
accordance with the Contract Documents. The bid price shall exclude the tap fee,
the tap into Denver Main (performed by Denver Water) but shall include
coordination with Denver Water for making the tap, temporary water main shut
off if required, public notification of the shut off if required, and inspection by
Denver Water and/or the City and County of Denver.

3. At the option of the Construction Project Manager, up to 50% of the unit price
for this item may be paid to the Contractor at the start of construction of the
Denver Water Connection. An additional 25% of the unit price may be paid to the
Contractor as a progress payment. The remaining 25% of the unit price shall not
be paid until the system is accepted and certified.

D. Denver Water Tap Fee Payment and Administration

1. The measurement and payment for this item shall be the total number (EA) of
tap fees paid, as one fee is required for each water line tap as specified on
the Contract Drawings. No measurement for payment will be made for tap fees
paid due to negligent or unauthorized operations by the Contractor.
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2. The payment will be made at the contract unit price bid per tap fee paid and
shall include all of the Contractor’s costs related to the application and payment
for a new tap through Denver Water. Contractor's bid price shall include the tap
fee itself and any coordination or administration as required in accordance with
the Contract Drawings and Specifications.

E. Irrigation Appurtenances

1. The measurement and payment for this item shall be each irrigation
appurtenance paid for by its associated measurement unit required to be
installed or relocated for construction of the proposed improvements and/or
appurtenances; provided, however, no measurement shall be made for sprinkler
placed due to negligent or unauthorized operations by the Contractor.

2. The unit bid price shall include all of the Contractor’s costs of whatsoever nature.
The price bid shall include excavation, furnishing, and installation of all sprinkler
system materials and materials necessary for the new construction of and/or
relocation of an irrigation appurtenance; protection and installing pipework and
heads; adjusting heads; fittings and connections; backfilling, grading, installing,
and adjusting valves; trace wires; electrical hookups, valve boxes and controls;
pressure testing of system; winterization and recharging of system as necessary
during the Project period of performance; preparation of Contract Record
Drawings; and all other related and necessary materials, work, and equipment
required to install and/or relocate the sprinkler system in accordance with the
Contract Documents or as directed by the Construction Project Manager.

3. At the option of the Construction Project Manager, up to 50% of the unit price
for this item may be paid to the Contractor at the start of construction of the
irrigation appurtenance. An additional 25% of the unit price may be paid to the
Contractor as a progress payment. The remaining 25% of the unit price shall not
be paid until the system is accepted and certified.

END OF SECTION 32-80.00
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DIVISION OF GREEN INFRASTRUCTURE

Green Infrastructure — SPECIAL Specification

32-84.33 Automated Irrigation Controllers - SPECIAL

Part 1 - General

1.01 RELATED DOCUMENTS

A.

Contract Drawings and general provisions of the Contract, including General and
Supplementary Conditions.

City and County of Denver Standard Specifications for Construction General Contract
Conditions (2011)

City and County of Denver Engineering Division, Wastewater Capital Project
Management Standard Construction Specifications, dated March 15, 2016.

2017 Transportation Standards and Details for the Engineering Division City and County
of Denver Public Works

Wastewater Management Division — Standard Details (2015)

City and County of Denver Department of Parks and Recreation Construction
Specification Division 01 Section “Tree Retention and Protection”.

1.02 SUMMARY

A. This Section includes requirements for the installation of automatic landscape irrigation
controllers including the following:
1. Trenching, stockpiling excavation materials, refilling and compacting excavations.
2. Irrigation system components including but not limited to Automatic Irrigation
Controller(s), associated wiring, timing and final adjustments.
3. Testing.
B. Related Sections:
1. WCPM Standard Construction Specification 2.0 Section “Site Preparation”.
2. WCPM Standard Construction Specification 4.0 “Utility Trenching and
Excavation”
3. WCPM Standard Construction Specification 5.0 “Bedding and Backfilling”.
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WCPM Standard Construction Specification 23.0 “Storm Water Management”

WCPM Standard Construction Specification 47.0 “Construction Survey and
Monumentation”.

Division of Green Infrastructure Specification 32.80.00 “Irrigation Systems”.

Division of Green Infrastructure Specification 32-93.00 “Trees, Plants, and
Groundcovers”.

City and County of Denver Department of Parks and Recreation Construction
Specification Division 01 Section “Tree Retention and Protection”.

1.03 REFERENCES

A. Conform to requirements of reference information listed below except where more
stringent requirements are shown or specified in Contract Documents.

B. American Society for Testing and Materials (ASTM) - Specifications and Test Methods
specifically referenced in this Section.

1.
2.
3.

Underwriters Laboratories (UL) - UL Wires and Cables
National Sanitation Foundation (NSF) — Piping and backflow prevention.

American Water Works Association (AWWA) Piping and backflow prevention.

1.04 QUALITY CONTROL

A. Special Requirements.

1.

Tolerances: Specified depths of mains and laterals and pitch of pipes shall be
installed per the Contract Drawings and specifications.

Compaction: Settlement of trenches is cause for removal of finish grade
treatment, refilling, compaction, and repair of finish grade treatment.

Coordination with Other Contractors: Protect, maintain, and coordinate work
with work under other Sections

Damage to other Improvements: Contractor shall replace or repair damage to
grading, soil preparation, seeding, sodding, planting and/or new site features
done under other Sections during Work associated with installation of irrigation
system at no additional cost to the City.

Damage or Disturbance to the Existing Irrigation Components: Damage to
existing components as a result of work being performed by the Contractor will
require the Contractor to replace the damaged components to the City’s current
standards, at no additional cost to the City.

Water Delivery Interruption: When working on an existing irrigation system, the
Irrigation Contractor shall contact the Project Manager and notify impacted
property owners seventy-two (72) hours in advance of any water interruption
that is required. The maximum irrigation system interruption is to be no more
than seventy-two (72) hours during the growing season. The contractor shall
make all necessary provisions including material, equipment, labor, delivery and
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scheduling as required to complete all points of connection, upgrades, and
improvements within seventy-two (72) hours.

Watering: The Contractor is responsible for following all Denver Water rules and
regulations for sod, plantings and seed establishment, available at
http://www.denverwater.org. The Contractor shall post signage per Denver
Water requirements in a visible location(s) on site indicating “IRRIGATION
TESTING AND MAINTENANCE IN PROGRESS” when Work (establishment,
construction or warranty) requires irrigation system operation between the
hours of 10 AM to 6 PM. The signs are available from Denver Water.

Permits: Work involving plumbing for installation of copper piping, ductile iron
piping, backflow preventer(s), and related Work shall be executed by licensed
and bonded plumber(s). Secure a permit at least forty-eight (48) hours prior to
start of installation. Work involving high voltage electrical wiring, grounding and
related Work shall be executed by licensed and bonded electrician. Secure a
permit at least forty-eight (48) hours prior to start of installation.

B. Pre-Construction Conferences and Site Meetings:

1.

Contractor shall schedule and conduct a pre-construction conference to review
in detail quality control and construction requirements for equipment and
materials used to perform the Work. Conference shall be scheduled not less
than ten (10) days prior to commencement of Work. All parties required to be in
attendance shall be notified no later than seven (7) days prior to date of
conference. Contractor shall notify qualified representatives of each party
concerned with that portion of Work to attend conference, including but not
limited to the City Project Manager, City Owner’s Representative, Contractor’s
Superintendent, and Installer.

Prior to commencement of Work, the Contractor shall schedule an on-site
conference with Project Manager, Denver Forestry and any other parties
designated by Project Manager to discuss tree protection requirements, staging
locations, traffic control, and equipment access. Provide a minimum of seven (7)
days-notice prior to date of conference.

a. Identify on Contact Drawings all existing locations of components.
b. Verify the operation of each component.

C. Provide documentation of existing components and conditions to the
Project Manager prior to starting Work.

Contractor shall schedule on-site conferences the frequency of which is to be
determined by the Project Manager and any other parties designated by the
Project Manager to review project progress.

Contractor shall record Minutes of each conference and distribute to all parties
in attendance within three (3) days of conference.

1.05 SUBMITTALS
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Prepare and make submittals in accordance with conditions of the Contract prior to
installation of any irrigation equipment:

Material List: Submit a PDF file of complete list of materials, and cut sheets indicating
manufacturer, model number and description of all materials and equipment to be
used. Show appropriate dimensions and adequate detail to accurately portray intent of
construction.

Shop Contract Drawings: If applicable, submit shop drawings for Automatic Irrigation
Controllers indicating electrical wiring design, and assembly. Include shop drawings for
Automatic Irrigation Controller foundation/support systems.

1. Operation and Maintenance Data: Coordinate irrigation scheduling and water
application rate instructions with the City’s Operations Staff. Submit one (1)
digital copy to the Project Manager including:

2. Cut sheets of products.

3. Manufacturer’s maintenance and inspection instructions for Automatic Irrigation
Controller and related equipment.

Warranty:
1. Submit manufacturer five year written warranty for irrigation controller
components.

2. Contractor warranty is for 3 years from Date of Acceptance, G.C.C.1801.4A

1.06 CONTRACT RECORD DRAWINGS

A.

Prior to the installation of irrigation system, the Contractor will provide on-site copies
of original irrigation design drawings “Record Drawings”. Contractor to revise Record
Drawings in red ink as Work progresses to show any changes to the plan and include
field dimensions. Record Drawings shall be brought up-to-date prior to any Pay
Application Submittals that contain irrigation installation. Should the Contractor
choose to utilize GPS for the purposes of documenting Work in progress, a hard copy
print will need to be provided prior to Pay Application Submittal. A print of Record
Drawings shall be available at Project Site for review by the Project Manager at any
time during the project.

1. Record Drawings shall encompass entire scope of work including any altered
existing controllers and/or wiring.

2. Preparation of Record Drawings: Dimension from range points the location of
the following items:

3. Automatic Irrigation Controller location.
a. Rain sensor/weather station
b. Soil Moisture Sensor locations.
C. Power service drop or solar panel and battery housing locations.

d. Other related equipment as directed.

E"g DENVER Gl Irrigation Controller SPECIAL Page - 4 Gl 32-84.33

TRANSPORTATION & . . .
INFRASTRUCTURE Revised: Aprll 23, 2025



7.

Green Infrastructure Automated Irrigation Controllers

Make dimensions accurately at the same scale used in the original drawings, or
larger. Notes and dimension lettering must be legible.

The irrigation legend must be changed to accurately reflect the irrigation
equipment installed, if such equipment is not the same as originally specified on
the contract documents. The Project Manager will not certify any pay request
submitted by the Contractor if the Record Drawings are not current. Pay
requests may be delayed, at the discretion of the Project Manager, if the Record
Drawings are not updated.

Final Submittal: Upon completion of the Automatic Irrigation Controller
installation, prior to final acceptance, secure digital copy of documents
associated with the Automatic Irrigation Controller design from the Project
Manager and record as installed information that reflects all changes made over
the course of the construction project, prepared by a qualified draftsperson.
Record Drawings shall include details, including any revisions as per actual
installation. Deliver and submit to the Project Manager for review the following
items:

a. Digital Contract Record Drawings in both PDF and AutoCAD release
compatible with current version used by the City and County of Denver as
directed by City Project manager; bound format (include any related X-ref
files, plot files and pen settings.) Make any additional changes to the file as
directed by the Project Manager prior to final submittal and approval.

Request for final payment will not be certified or processed until all Record prints
and digital files have been received and approved.

B. Controller Zone Maps and Programming Schedule:

1.

Do not prepare zone maps or irrigation controller charts until record drawings
have been reviewed and approved by the Project Manager.

Provide one controller zone map for each Automatic Irrigation Controller
installed.

a. Zone Map shall be reproduction of record drawing, one page sized eleven
inch by seventeen inch (11” X 17”).

b. Zone Map shall be print of actual record drawing of the system, showing
the entire area covered by that Automatic Irrigation Controller on one
sheet.

C. Identify Automatic Irrigation Controller, all remote valves and lateral lines
of each remote-control valve, using a distinctly different color for each
zone. Include the entire area of the Automatic Irrigation Controller’s
coverage. Provide a legend showing equipment being used.

d. Submit digital copies in the original program format as well as PDF format
to the Project Manager

Provide one zone map for the entire project.
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a. Zone Map shall be reproduction of record drawing, one page maximum
twenty-four by thirty-six inch (24” x 36”), photo-reduced to maximum size
and legibility.

b. Identify all Automatic Irrigation Controllers, remote valves and lateral lines

using different colors to distinguish adjacent zones.

C. Submit digital copies in the original program format as well as PDF format
to the Project Manager

4. The Contractor is responsible for programming new and modified Automatic
Irrigation Controllers to operate the irrigation system in conformance with all
Denver Water restrictions and establishment rules for new landscapes per
Denver Water, rules and regulations at: http://www.denverwater.org.

5. The Contractor is responsible for the actual programming of Automatic Irrigation
Controllers as needed to properly irrigate plant materials.

6. The Contractor shall be responsible for providing an Establishment Watering
Schedule, Transition Watering Schedule and a Maintenance Watering Schedule
to the Project Manager, Contractor’s Superintendent, and Installer. All irrigation
schedules and zone controller charts shall ensure that irrigation does not exceed
infiltration rates of the green infrastructure soil of bioretention growing media.
Prior to any plant material being installed all schedules shall be provided to the
Project Manager, and the Green Infrastructure Operations and Performance
Team Manager. Contractor shall make any modifications to the programming as
requested by Project Manager or Landscape Architect.

a. Establishment Irrigation (Days 1-21): Plants shall be adequately watered
for the first twenty-one (21) days. Exact timing of irrigation cycles will
depend on weather conditions and soil conditions. Short, frequent
irrigation cycles shall be used. Split cycles or the ‘cycle and soak’ feature
must be employed to reduce erosion or run off in seeded areas. Do not
exceed three inches (3”) of total water per week. Coordinate with
irrigation system schedule and programming with the Project Manager,
City Owner’s Representative, Contractor’s Superintendent and Installer.
Contractor shall submit a meter reading before and after establishment to
verify water use.

b. Transition Irrigation (Days 21-56): Less frequent, but longer watering
cycles. Allow the surface soils to dry slightly between watering to
encourage deeper rooting. Watering shall be monitored and adjusted
based on soil moisture readings and plant health for the current watering
month(s).

C. Maintenance Irrigation: Irrigate as needed to maintain an optimum plant
health while minimizing water use. Irrigation frequency shall be
monitored and adjusted monthly based on soil moisture readings and
plant water requirements.
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1) It is the responsibility of the Contractor to coordinate with Project
Manager, Contractor’s Superintendent, Division of Green
Infrastructure Operations and Performance Team manager, and
Installer. The Contractor is responsible for the actual programming
of Automatic Irrigation Controllers as needed to properly irrigate
plant material and turf grass.

7. Provide one Programming Schedule for each Automatic Irrigation Controller

installed, one page maximum, 8-1/2- by 11-inches.

8. Following review of Zone Maps and Schedules by the Project Manager, provide

two additional color duplicates of Zone Maps and Schedules. One set of Zone
Maps and Schedules shall be laminated between two layers of 3-mil plastic
sheet. Provide digital copies of Zone Maps and Schedules in PDF format.

9. Zone Maps and Schedules shall be completed and reviewed prior to final review

of irrigation system.

10. Request for final payment will not be certified or processed until all prints and
files for Zone Maps and Schedules have been received and approved.

1.07 DELIVERY, STORAGE AND HANDLING

A

Packing and Shipping: Deliver all components to job site in original unopened
packaging containers prominently displaying manufacturer’s name, contents,
instructions, and conformance to local, state, and federal law. Remove and replace
damaged items or elements prematurely exposed to moisture, inclement weather,
snow, ice, temperature extremes, fire, or jobsite damage.

Storage and Protection: Deliver, unload, store, and handle materials, packaging and
bundling products in dry, weatherproof condition in manner to prevent damage,
breakage, deterioration, intrusion, ignition, and vandalism.

Only materials and equipment meeting project specifications and to be used as part of
Project shall be stored on site. Project Manager may verify at any time during
construction period.

1.08 JOBSITE CONDITIONS

A. Existing Conditions:

1. Soil Conditions: Investigate the type of soil and conditions in which lines are to
be installed and allow for same type of soil in the proposal. No extra payment
will be allowed due to difficulty in trenching.

2. Contractor is responsible for understanding the scope of related operations as
specified and indicated in the Drawings and Specifications before beginning
Work under this Section.

3. Report unsatisfactory conditions in writing to the Project Manager within twenty
four (24) hours of discovery.

B. Protection of Property:
E"g DENVER Gl Irrigation Controller SPECIAL Page - 7 Gl 32-84.33
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1. Protect buildings, walks, walls, and other property from damage. Erect and
maintain barricades, warning signs and lights, and provide guards as necessary or
required to protect all persons on the site. Damage caused to asphalt, concrete,
monuments, structures or other building material surfaces shall be repaired or
replaced at no cost to the City. Restore disturbed areas to original condition.

2. Preserve and protect all trees and plants as shown on plans or as directed by the
Project Manager or the City Forester. In the event damage does occur, all
damage to plant material shall be brought to the attention of the Project
Manager immediately for review by the City Forester. All damage to plant
material shall be repaired or replaced per the direction of the City Forester at no
cost to the City.

C. Protection of Existing Trees:

1. Where applicable, refer to City and County of Denver Department of Parks and
Recreation Construction Specification Division 01 Section “Tree Retention and
Protection”.

D. Protection and Repair of Underground Lines:

1. Request utility locates seventy-two (72) hours in advance of any excavations by
calling the Utility Notification Center of Colorado at 811. Take all precautions
necessary, including pot holing to verify location and depth to protect these
underground lines from damage. If damage does occur, all damage shall be
repaired by the Utility Owner. All costs of such repairs shall be paid by
Contractor.

2. The Contractor is required to contact all private utility companies including
Denver City Departments to locate all private utilities. The request for locates
shall be a minimum of seventy-two (72)-hours prior to proceeding with any
excavation. If, after such requests private utilities are encountered and damaged
by the Contractor these shall be repaired by the no cost to the City. If the
Contractor damages staked or located private utilities, they shall be repaired by
the Utility Owner at the Contractor’s expense.

E. Replacement of Paving and Curbs: Any damage due to work that occurs adjacent to or
crosses existing roadways, paths, trails, curbing, sidewalks, etc. shall be restored to
original condition at the contractor’s expense, and the satisfaction of the Project
Manager.

1.09 WARRANTY/GUARANTEE

A. Per GCC 1801, the contractor shall provide a 3-year warranty from the date of Final
Acceptance for material, workmanship and products related to the irrigation controller.

B. Contractor shall utilize an authorized distributor with warranty certified personnel to
inspect grounding and installation in order to provide a 10 year warranty.

C. Losses due to vandalism before Final Acceptance shall be the contractor’s
responsibility.
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Any settling or displacement of concrete support pad for Automatic Irrigation
Controller or solar battery cabinet that occurs during warranty period shall be repaired
by the contractor at no additional expense to the City, this includes complete
restoration of any damaged property.

Once Final Acceptance is granted, the City will maintain the Green Infrastructure during
warranty period. The Contractor is responsible to monitor and coordinate Automatic
Irrigation Controller scheduling and maintenance with the Project Manager for planting
areas under the Contractor’s warranty.

Contractor shall make warranty repairs and replacements within three (3) days of
notification. If Contractor fails to make repairs within three (3) days, the City will make
such repairs at Contractor’s expense.

The City Project Manager, reserves the right for to make temporary repairs during the
warranty period as necessary to keep systems in operating condition without voiding
the Contractor’s warranty, nor relieving the Contractor of their responsibilities. The
City reserves the right to change Automatic Irrigation Controller schedules should the
contractor not respond within seventy-two (72) hours of a written request to make
changes to programming. Doing so does not relieve the contractor of their contractual
obligations.

1.10 TURN OVER ITEMS

A.

Where applicable, furnish the following maintenance items to City prior to Final
Acceptance:

1. Four (4) Automatic Irrigation Controller cabinet keys. (If applicable).

1.11 MAINTENANCE DURING PROJECT CONSTRUCTION

A.

Within Limits of Construction: Contractor shall fence, water, and keep weed free any,
trees and any plantings within the limits of construction. Contractor is responsible for
maintenance which includes picking up trash and weed control within the limits of
construction. Contractor is responsible for watering existing landscape within limits of
construction. Turf and plants affected by mainline work or irrigation water service
shutdown during irrigation season shall receive watering per Denver Water Guidelines,
with no interruption of watering greater than seventy-two (72) hours. Contractor is
responsible for maintenance until final acceptance is granted.

Outside Limits of Construction: Coordinate Automatic Irrigation Controller or hand
water scheduling and maintenance operations with Project Manager and adjacent
property owners for portions of City property unaffected by construction.

Maintenance During Warranty Period:

1. Make repairs and replacements needed due to defective workmanship and
materials.

Part 2 - PRODUCTS

2.01 GENERAL
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A. Equipment must have performance characteristics to operate per the design conditions
indicated. If any discrepancy or conflict exists between the quantities of equipment
listed in the schedule and quantities shown on the Contract Drawings, the greater
quantity shall govern.

B. All material shall be of the highest grade possible and where applicable, shall be
marked accordingly and shall be new.

2.02 AUTOMATIC CONTROL SYSTEM

A. Automatic Irrigation Controller:

1. Shall be Hunter XCH-1200-SS-PED -SOLAR/BATTERY CONTROLLER with pedestal
unless otherwise noted in the Contract Documents.

a. Controllers may be solar powered, powered by battery, or powered by a
120-volt GFI duplex outlet, as specified on the plans.

1) For 120-volt powered controllers, the Contractor shall purchase
fully assembled enclosure including back panel, terminal strips,
power supply unit, interior fused disconnect with 120-volt GFI
duplex outlet, heavy duty transient surge protection boards,
antenna(s) with cable and louver ventilation.

2) For solar-powered controllers, the Contractor shall purchase fully
assembled enclosures with controller. Solar panels, power supply,
and associated hardware shall be provided by the contractor and
installed per manufacturer recommendations.

3) Enclosures and pedestal shall be stainless steel. Enclosure shall
have a heavy-duty hasp for locking.

2. Automatic Irrigation Controller and remote-control equipment: Manufacturer
and Model shall be noted on Drawing.

3. The Contractor shall provide concrete pad, power supply, conduits, grounding
and control wire connections to controller.

4. Concrete Pad: Comply with plan detail.

B. Electric Control Valve Wiring: See Green Infrastructure Specification 32-80.00
IRRIGATION SYSTEMS.

C. Two-Wire Grounding

1. The Contractor shall ground all two-wire components per the manufacturer’s
recommendations. Ground rods and plates will be installed at a minimum of
every five hundred feet (500°) or every eight (8) decoders, and at all ends of wire
runs longer than fifty feet (50’). Wire connection between surge arrestor and
copper ground wire to be made using a high strength corrosion-resistant bronze
alloy split-bolt.

Part 3 - EXECUTION
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3.01 PREPARATION

A.

Utility Locates: Contact Utility Notification Center of Colorado at or 8-1-1 or 1-800-922-
1987 prior to any excavation, for the marking of underground member utilities. The
indication of utilities on the Contract Drawings does not relieve the Contractor of the
responsibility for utility location. The Contractor is responsible for potholing all utility
locations to verify the depth and locations. Potholing related to irrigation installation
shall be considered incidental to irrigation installation and will not be paid for
separately. Route trenches to avoid existing utilities. Verify with the Project Manager
any required relocation prior to installation.

Automatic Irrigation Controller Location: The Contractor will be held responsible for
coordination between existing and proposed landscape improvements, Automatic
Irrigation Controller location, and installation. Landscape material locations shown on
the Landscape Plan shall take precedence over the location of the Automatic Irrigation
Controller location(s). If Automatic Irrigation Controller is installed in conflict with the
landscape material locations shown on the landscape plan, the Contractor will be
required to relocate the Automatic Irrigation Controller, as necessary, at the
Contractor’s expense.

Inspection:

1. Examine areas and conditions under which Work of this Section is to be
performed. Do not proceed with Work until unsatisfactory conditions have been
corrected.

2. Grading operations, with the exception of fine grading, shall be completed and

approved by the Project Manager before staking or installation of any irrigation
system equipment begins.

3. Layout: Stake Automatic Irrigation Controller location before beginning
installation and obtain the Project Manager’s approval prior to installation.

3.02 INSTALLATION OF IRRIGATION EQUIPMENT

A.

B.

High Voltage Wiring for Automatic Irrigation Controller:

1. Provide one hundred twenty (120) volt power connection to Automatic Irrigation
Controller.

2. Systems using DC power shall include solar panel, batteries, cables and fuses per
manufacturer recommendations.

3. All electric work shall conform to local codes, ordinances, and authorities having
jurisdiction. All high voltage electrical work shall be performed by licensed
electrician.

Automatic Control System:

1. All irrigation schedules during the establishment period and Warranty period are
to be submitted via email to the C.P.S Technical Services, Division of Green
Infrastructure Operations and Performance Team manager, Denver Parks Water
Conservation, and the Project Manager.
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C. Field Wiring Testing Requirements:

1.

5.

The Contractor shall provide an Ohm test report of all field wires prior to
installing any wires at the Automatic Irrigation Controller terminals. Provide a
report to the Project Manager of each zone wire tested, the Ohm readings for
each wire, date of test, Automatic Irrigation Controller location. Please indicate
in the report any wires or solenoids that do not meet standards for the operating
ranges of the specified or existing materials. The report shall include the Ohm
readings prior to removal of the existing controller and after relocation or
installation of new Automatic Irrigation Controllers.

All field wiring issues must be resolved prior to the connection of wires at the
Automatic Irrigation Controller terminal strips.

Install Automatic Irrigation Controller and enclosure in accordance with the
Contract Drawings and per the manufacturer’s instructions. All work including
but not limited to concrete pad, 120v electrical power, conduits, grounding and
control wire connections to terminal surge strips shall be completed by the
Contractor.

Automatic Irrigation Controller Grounding: Install earth ground in accordance
with Article 250 of the National Electrical Code (NEC). Earth ground shall be ten
(10) OHMS or less as measured by a Megger® or similar instrument, or as per
manufacturer recommendation. The Contractor shall schedule testing with the
Toro Factory Representative and include Denver Parks Water Conservation Staff
and the Project Manager.

a. Ground rods and ground plates are to be installed per manufacturer’s
recommendations.

b. Copper wire shall be six (6) gauge bare copper wire connected to the
ground rod using a Cadweld GR1161GPLUS “Plus One Shot” welding kit.

Install above ground wiring in rigid conduit in accordance with applicable codes.

D. Coordinate controller installation with electrical work to ensure electrical power supply
line(s) are provided to Automatic Irrigation Controller location(s).

1. Permanently engrave date of installation and Xcel service pole number inside
Automatic Irrigation Controller enclosure.
E. Wire control valves as shown on Contract Drawings.
3.03 FIELD QUALITY CONTROL
A. Testing Controller Operations:
1. Functional test of the controller shall be performed and demonstrate that all
parts of the control system function as specified or intended.
2. Any materials determined to be faulty as part of the installation shall be replaced

or corrected by the Contractor at their expense in a manner respective to the
Plans, Details, and other sections of this Specification. In the event of a system
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failure due to faulty installation, programming or workmanship, the thirty (30)
day period will be repeated until testing is complete.

3.04 COMPLETION INSPECTION

A. A project inspection walk through shall include but is not limited to the following:

1. Confirm quality of controller enclosure and mounting (no gap allowed between
Automatic Irrigation Controller and concrete), grounding, high voltage
installation, low voltage wiring, ID tagging of wires in Automatic Irrigation
Controller, and communication set up. Each controller must have a color-coded
zone map and controller chart as per the Specifications.

2. The Contractor shall submit to the Owner written certification of testing that
proper grounding for all controllers has been installed per the manufacturer’s
recommendations.

3.05 CLEANING

A. Maintain continuous cleaning operation throughout duration of Work. Dispose of all
trash, waste materials, debris, and excess soil generated by installation of the
controller, off-site, at no additional cost to the City. The Contractor shall clear all debris,
including, soil from all paths, walks, roads, and other hard surfaces.

3.06 PROTECTION

A. Restrict vehicular and pedestrian traffic from installation site. Erect temporary fencing
or barricades and install warning signs as required or directed by the Project Manager
at no additional cost to the City.

Part 4 - Measurement and Payment

4.01 BID ITEMS

A. Irrigation Controllers
B. Irrigation Controller Power Drop
4.02 PRICE AND PAYMENT PROCEDURE
A. Irrigation Controllers
1. The measurement and payment for this item shall be the total number of

irrigation controllers required to be installed or relocated for the construction of
the proposed sewer, facility, and/or appurtenances; provided, however, no
measurement shall be made for controllers placed due to negligent or
unauthorized operations by the Contractor.

2. The unit price bid shall include all of the Contractor’s costs of whatsoever nature.
The price bid shall include: excavation, furnishing of materials, protection, and
installation of controllers; backfilling, grading, testing, inspecting, and all other
related and necessary work to provide power and/or power drop to controllers,
materials, work, and equipment required to install the controllers in accordance
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with the Contract Documents or as directed by the Construction Project
Manager.

B. Irrigation Controller Power Drop

1. No quantity measurement shall be made for any of the Work and materials
required to accomplish this aspect of the Project, and payment shall be based
upon the completion of the Work in accordance with the Contract Documents.
No payment shall be made for delays, or costs associated with such delays. Any
costs associated with or delays due to this process shall be the responsibility of
the Contractor.

2. The lump sum price or allowance account cost for the irrigation controller power
drop shall include all the Contractor's costs of whatsoever nature. The price bid
shall include: coordination with the utility owner, procurement of necessary
materials and equipment for a successful connection, excavation, connection to
power utility, backfill, and all other related and necessary materials, work, and
equipment required to accomplish this item in accordance with the Contract
Documents.

END OF SECTION 32-84.33
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CITY AND COUNTY OF DENVER
DIVISION OF GREEN INFRASTRUCTURE

Green Infrastructure Specification

32-93.00 Trees, Plants, and Groundcovers

Part 1 - General
1.01 RELATED DOCUMENTS

A. Contract Drawings and general provisions of the Contract, including General and
Supplementary Conditions.

B. City and County of Denver Standard Specifications for Construction General Contract
Conditions (2011)

C. City and County of Denver Engineering Division, Wastewater Capital Project
Management Standard Construction Specifications, dated March 15, 2016.

D. 2017 Transportation Standards and Details for the Engineering Division City and County
of Denver Public Works

E. Wastewater Management Division — Standard Details (2015)
F. City and County of Denver Division of Green Infrastructure Standard Specifications.

1.02 SUMMARY

A. This Section includes requirements for furnishing, installing, establishing, and
maintaining live plant material and living or non-living ground cover materials.

B. Related Sections:
1. Green Infrastructure Specification 32-80.00 “Irrigation System”.
2. Green Infrastructure Specification 32-84.33 “Automatic Irrigation Controllers”.

1.03 DEFINITIONS

A. ANSI: American National Standards Institute. Z60.1 is the national standard for nursery
stock.

B. Backfill: The soil used from original excavation site or the act of placing soil in an
excavation.

C. Balled and Burlapped Stock: Plants dug with firm, natural balls of earth in which they
were grown wrapped with burlap, tied, rigidly supported, and drum laced with twine
with the root flare visible at the surface of the ball as recommended by ANSI Z60.1.
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D. Bare-Root Stock: Plants with a well-branched, fibrous-root system developed by
transplanting or root pruning, with soil or growing medium removed, and with not less
than the minimum root spread according to ANSI Z60.1 for type and size of plant
required.

E. Caliper: Caliper of a trunk as measured by a diameter tape at a height six-inches (6”)
above the root flare for trees up to, and including, four-inch (4”) size at this height; and
as measured at a height of twelve-inches (12”) above the root flare for trees larger than
four-inch (4”) size.

F. Cane: A cane shall be considered a primary stem which starts from the ground or at a
point close to the ground at a point not higher than one-fourth (1/4) the height of the
plant, and which reaches the minimum height stated in the plant size specification.

G. Central leader: Also referred to as leader or the dominant leader. A continuation of
the main trunk located in the center of the crown, beginning at the lowest main
scaffold branch and extending to the top of the tree. Central leaders should be straight
without defects.

H. Circling root(s): One or more roots whose diameter is greater than ten percent (10%)
of the trunk caliper circling more than one-third of the trunk. Circling roots are
unacceptable.

l. Clear Trunk: The portion of the trunk below the main crown which may include
shortened temporary branches.

J. Co-dominant: Two or more vigorous, upright branches or stems of relatively equal
diameter that originate from a common point, usually where the leader was lost or
removed. Co-dominant stems are unacceptable.

K. Container-Grown: Healthy, vigorous, well-rooted plants grown in a container, with a
well-established root system reaching sides of container and maintaining a firm ball
when removed from container. Container shall be rigid enough to hold ball shape and
protect root mass during shipping and be sized according to ANSI Z60.1 for type and
size of plant required.

L. Crown: The portion of a tree beginning at the lowest main scaffold branch extending to
the top of the tree. On younger trees, the crown may be comprised of temporary
branches.

M.  Cultivar: A named plant selection from which identical or nearly identical plant
characteristics can be produced, usually by vegetative propagation or cloning.

N. Diameter Breast Height (DBH): Diameter of a trunk as measured by a diameter tape at a
height 54-inches (54”) above the ground line for trees with caliper of six-inches (6”) or
greater as measured at a height of twelve-inches (12”) above the root flare. Per ANSI
260 American Standard for Nursery Stock.

0. Drip Zone: The outermost edge of the tree’s canopy or branch spread. The area within
a tree’s drip line is all the ground under the total branch spread.

P. Finish Grade: Elevation of finished surface of planting soil.
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Q. Genus: Biological classification name for a group of related plants that share similar
characteristics or features.

R. Included Bark: Bark embedded in the union between a branch and the trunk or
between two or more stems that prevents the formation of a normal branch bark ridge.
Included bark is unacceptable.

S. Kinked Root: A main root that is sharply bent. Kinked roots are unacceptable.

T. Pesticide: A substance or mixture intended for preventing, destroying, repelling, or
mitigating a pest. Pesticides include insecticides, miticides, herbicides, fungicides,
rodenticides, and molluscicides. They also include substances or mixtures intended for
use as a plant regulator, defoliant, or desiccant. Some sources classify herbicides
separately from pesticides.

u. Pests: Living organisms that occur where they are not desired or that cause damage to
plants, animals, or people. Pests include insects, mites, grubs, mollusks (snails and
slugs), rodents (gophers, moles, and mice), unwanted plants (weeds), fungi, bacteria,
and viruses.

V. Root Ball: Root mass of a tree or shrub after digging or removal of the container. Depth
is measured from the base of the root flare to the bottom of the root ball. Width is
measured horizontally across the root ball with an approximately circular form or the
least dimension for non-round root balls, centered around the trunk within a 10% Root
tolerance according to ANSI Z60.1

W.  Root Collar: Also referred to as the root flare. The transition zone where the trunk and
root zone meet.

X. Root Flare: Also called “trunk flare”. The area at the base of the tree's stem or trunk
where the stem or trunk broadens to form first order roots; the area of transition
between the root system and the stem or trunk.

Y. Scaffold Branches: Large main branches originating from the trunk that form the main
structure of the crown.

Z. Species: Biological classification name for a subgroup of plants within a genus.

AA. Stem-girdling Root: A circling, bent, or straight root that touches or rests on the trunk
or root flare that can become a permanent root. Stem-girdling roots are unacceptable.

BB. Subgrade: The surface or elevation of subsoil remaining after excavation is complete,
or the top surface of a fill or backfill before planting soil is placed.

CC. Temporary Branch: A small branch that is temporarily retained along the lower trunk
of young trees to promote general health and trunk taper.

DD. Tree Protection Zone: The zone equal to eighteen inches (18”) radially from the tree for
every one inch (1”) of trunk diameter at breast height.

EE. Trunk: The main stem of a tree, beginning at the root collar and ending at the lowest
main scaffold branch.

FF.  Taper: The thickening of a trunk to the root flare or branch toward its parent base.
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GG. Variety: A naturally occurring named plant selection subtype of a species.
1.04 SUBMITTALS

A. Product Data: For each type of product.
B. Plant Materials: Include quantities, sizes, quality, and sources for plant materials.

C. Product Samples: At a minimum provide the following samples for approval by the
Project Manager, additional product samples may be required at the direction of the
Project Manager.

Mulch: one (1) gallon bag minimum of each type of mulch.
Rock Groundcover: one (1) gallon bag minimum of each type.
Tree Stakes: one (1) of each type.

Tree Straps: one (1) each.

Guy Material: one (1) linear foot.

Guy Signal: one (1) linear foot.

N o v ok~ w N oRe

Tree Wrap: one (1) linear foot.

D. Pesticides: Product label, Safety Data Sheet (SDS) labels and manufacturer's
application instructions specific to Project.

E. Proper Identification: All plants shall be true to name as ordered or shown on planting
plans and shall be labeled individually or in groups by species and cultivar (as
appropriate).

F. Contractor shall provide a complete list of all plant material for approval by the Project

Manager a minimum of ten (10) days prior to delivery. Any substitutions of plant
material, including but not limited to size, type, species and variety shall be listed and
submitted to the Project Manager for approval.

G. Tree Planting Permit: The contractor shall obtain a planting permit request form
available at denvergov.org/Forestry and submit the completed form to the Office of the
City Forester and the Project Manager.

H. Contractor shall provide the following certificates:
1. State Inspection Certificate from the origin nursery.
2 Certificate from origin state.
3. Quarantine Certificate from origin state.
4 Any Certificates required by the USDA Animal and Plant Health Inspection

Service (APHIS) and ANSI-Z-60 and accompanying Rules and Regulations.

l. Analysis of existing soil shall be per Division 32 Sections “Topsoil” and “Soil
Preparation”.

J. Contract Close Out Submittals:
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1. Operating and Maintenance Data: At completion of work, submit One (1) digital
copy and two (2) hard copies to the Project Manager. Include recommended
procedures for continued and proper maintenance during a full calendar year.

2. Warranty for Trees, Plants, and Groundcovers: At completion of work, furnish
written warranty to the Project Manager based upon 1.09 Warranty.

1.05 QUALITY CONTROL

A.

All plant material shall comply with federal and state laws and regulations requiring
inspection for plant diseases, pests, and weeds. Inspection certificates required by law
shall accompany each shipment of plants. Clearance from the local county agricultural
commissioner, if required, shall be obtained before planting trees originating outside
the county in which they are to be planted. Even though trees may conform to county,
state, and federal laws, the City may impose additional requirements that pertain to
local issues.

The Contractor shall arrange for the inspection of plant material upon delivery to the
site for compliance with the Specifications and Contract Drawings. The Project
Manager has the right to reject plant material that does not meet Specifications until
Final Acceptance. Inspection of materials is primarily for quality, size, form, variety,
damage, and proper rooting but other requirements are not waived even though initial
visual inspection results in approval. Rejected material shall be removed from the site
within twenty-four (24) hours.

The Project Manager have the right to cull a pre-determined quantity of plant material
representative of the genus to invasively inspect for root defects. Upon discovery of
defects that will impact future health and growth, other plant material may be
inspected as well to determine quality of overall plant material and possible rejection.

1.06 DELIVERY, STORAGE, AND HANDLING

A.

Materials: Deliver materials in original containers with tags showing genus, species and
size. Protect materials from damage during delivery and while stored at site. The
Project Manager reserves the right to inspect containers before or after installation to
verify compliance with Specifications.

Bulk Materials:

1. Do not dump or store bulk materials near structures, utilities, walkways and
pavements, or on existing turf areas or plants or in tree protection zones.

2. Provide erosion-control measures to prevent erosion or displacement of bulk
materials; discharge of soil-bearing water runoff; and airborne dust reaching
adjacent properties, water conveyance systems, or walkways.

3. Accompany each delivery of bulk materials with appropriate certificates.

Trees: Nursery stock shall be harvested and planted during the same growing season.
Do not prune, except as approved by the Office of the City Forester and the Project
Manager. Protect bark, branches, and root systems from sun scald, drying, sweating,
whipping, and other handling, and transportation damage. Do not bend, tie, or deliver
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trees in such a manner as to destroy natural shape. Root balls should be moist and
provide protective covering during delivery. Plant materials delivered without
protective covering may be rejected. Protect root balls from damage during digging,
transferring, loading, unloading, and planting. All trees shall be labeled with a securely
attached waterproof tag bearing a legible plant name. Remove all tags and flagging as
directed by the Project Manager.

D. Deliver bare-root stock plants within twenty-four (24) hours of digging. Immediately
after digging up bare-root stock, pack root system in wet straw, hay, or other suitable
material to keep root system moist until planting. Transport in covered, temperature-
controlled vehicles, and keep plants cool and protected from sun and wind at all times.

E. Store bulbs, corms, and tubers in a dry place at sixty degrees to sixty-five degrees (60°
to 65°) F until planting.

Handle planting stock by the root ball only, providing support to top.

G. Deliver trees after preparations for planting have been completed and install
immediately. If planting is delayed more than six (6) hours after delivery, set planting
materials in shade, protect from weather and mechanical damage, and keep roots

moist.

1. Set balled stock on ground and cover ball with wood chips, or other acceptable
material.

2. Do not remove container-grown stock from containers before planting.

3. Water root systems of trees stored on site with a fine-mist spray. Water as often
as necessary to maintain root systems in a moist condition.

4. Root balls should be stored in shade and be covered with moist mulch if stored

on site for longer than twelve (12) hours.

1.07 PROJECT/SITE CONDITIONS

A. Vehicular accessibility on site shall be as directed as shown on approved plans or by the
Project Manager. Repair damage to prepared topsoil and existing surfaces, caused by
vehicular access and movement during work under this section, to original condition at
no additional cost to the City.

B. Weather Limitations: Proceed with planting only when existing and forecasted weather
conditions permit planting to be performed when beneficial and optimum results may
be obtained. Apply products during favorable weather conditions according to
manufacturer's written instructions and warranty requirements.

C. Facility and soils/growing media will be protected from compaction, contaminants, and
other detrimental conditions until final acceptance. This includes but is not limited to
construction debris and fines.

1.08 COORDINATION AND SCHEDULING

A. Coordinate installation of planting materials during normal planting seasons for each
type of plant material required, avoiding temperature extremes. Planting materials
should be generally planted between April 15 and October 1, or at the direction of the
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Office of the City Forester or Project Manager. If irrigation is not available at the time
of planting, then the Contractor is responsible for watering of all plant material at no
additional cost to the City.

Plant trees after final grades have been accepted and prior to seeding or sodding,
unless otherwise authorized by the Project Manager.

1.09 WARRANTY

A.

Warranty: The warranty specified in this Article shall not deprive the City of other
rights the City may have under other provisions of the Contract Documents and shall be
in addition to, and run concurrently with, other warranties made by the Contractor
under requirements of the Contract Documents.

Losses due to vandalism or improper installation or insufficient plant maintenance
before Substantial Completion shall be the Contractor’s responsibility. Remedial
Actions:

1. Replace any plant materials that have been excessively pruned, more than
twenty percent (20%) percent die back in the central leader, or in an unhealthy
or declining condition immediately upon notice from the Project Manager prior
to Substantial Completion.

2. Immediately remove dead plants and replace unless required to plant in the
succeeding planting season.

The City of Denver’s standard warranty shall be modified to exclude all live plant
material (trees, plants, or groundcover); the Contractor shall not be required to provide
any warranty, guarantee, or replacement obligation for live plant stock, including but
not limited to trees, shrubs, grasses, and other live plant materials after Substantial
Completion.

Part 2 - PRODUCTS

2.01 PLANT MATERIALS

A

General: Furnish and install nursery-grown trees and shrubs conforming to the
requirements of ANSI-Z-60 and ANSI A300, Part 6, with healthy root systems developed
by transplanting or root pruning. Provide well shaped, symmetrical, fully branched,
healthy, and vigorous stock free of disease, insects, eggs, larvae, girdling, and defects
such as sun scald, injuries, abrasions, and disfigurement.

Label all plants of each size, caliper genus, species cultivar or variety with a securely
attached waterproof tag bearing legible designation of botanical and common name.

All plants shall be the genus, species, variety or cultivar designated on the Contract
Drawings. No substitutions will be accepted without the prior written approval of the
Office of the City Forester and the Project Manager. Contractor must provide proof of
non-availability.

2.02 TREES

E»% DENVER Gl Trees, Plants, Groundcovers Page - 7 Gl 32-93.00

TRANSPORTATION & . . .
INFRASTRUCTURE Revised: AprlI 23, 2025



Green Infrastructure Trees, Plants, and Groundcovers

These specifications shall apply to deciduous, broadleaf evergreen and coniferous
species. Note that leaf characteristics will not be evident on deciduous trees during the
dormant season.

Crown: The form and density of the crown shall be typical for a young specimen of the
species/cultivar. Changes in form caused by wind, pruning practices, pests, or other
factors shall not substantially alter the form for the species/cultivar. These crown
specifications do not apply to plants that have been specifically trained in the nursery
to be topiary, espalier, multi-stem, or clump; or unique selections such as contorted or
weeping cultivars.

1. Trees shall have a single, relatively straight trunk, and central leader, unless
noted on plans to be “Multi-trunk” or “Clump”. They shall be free of co-
dominant stems and vigorous, upright branches that compete with the central
leader. If the original leader has been headed, a new leader at least one-half of
the diameter of the original leader shall be present.

2. Main branches shall be evenly distributed along the central leader, not clustered
together. They shall form a balanced crown appropriate for the age of the
species/cultivar.

3. Branch diameter shall be no larger than one-half the diameter of the central
leader measured one-inch (1”) above where the branch is attached.

4. The attachment of the largest scaffold branches shall be free of included bark.

5. Temporary branches, unless otherwise specified, should be present along the

lower trunk below the lowest scaffold branch. These branches should be no
greater than three-eighths-inch (3/8”) diameter. Clear trunk shall be no more
than thirty percent (30%) of the total height of the tree, unless otherwise noted.

Trunk: The tree trunk shall be relatively straight, vertical, and free of wounds, except
properly made pruning cuts, which shall be closed over or less than three-quarters inch
(3/4”) diameter open, sunburned areas, conks (fungal fruiting bodies), wood cracks,
bleeding areas, signs of boring insects, galls, cankers, stem-girdling ties, or lesions
(mechanical injury).

1. Trunk caliper and taper shall be sufficient so that the tree will remain vertical
without a stake. Trunk caliper at six-inches (6”) above the soil media (substrate)
surface shall be a minimum of two inches (2”) and a maximum of three inches
(3”). Any caliper sizes outside of that range will only be allowed with approval
from the Office of the City Forester and the Project Manager.

2. The cut made when re-growing the top should be just above the major structural
roots. The “shank” that results from this procedure should be at a consistent
height above the structural roots and no longer than five-inches (5”), to ensure
that the trees are consistently planted at the correct depth. The base of the
trunk should not have a large pruning cut from re-growing the top.

Roots: The root system shall be substantially free of injury from biotic (e. g., insects
and pathogens) and abiotic (e. g., pesticide toxicity and salt injury) agents.
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1. The uppermost roots or root collar shall be within the upper two-inches (2”) of
the soil media (substrate). Depth of the root-ball shall be measured from the top
of the ball, which in all cases shall begin at the root flare. Soil above the root
flare shall not be included in the root-ball depth measurement, and shall be
removed.

2. The tree shall be well rooted in the soil media (substrate). Root distribution shall
be uniform throughout the soil or media and radial from the trunk. Structure
and growth shall be appropriate for the genus, species and cultivar or variety.
When the burlap or container is removed, the root-ball shall remain intact. Trees
should have several lateral roots or many fibrous roots spaced evenly around the
trunk to provide support so the trees are stable when planted. Trees should
have as many small roots as possible. Fibrous roots can be achieved by root-
pruning, using air-pruning containers, or under-cutting or root pruning and
transplanting at any stage of production.

3. The root collar and the inside portion of the root-ball shall be free of defects,
including circling, kinked, and stem-girdling roots. Soil removal or root washing
near the root collar may be necessary to inspect for the aforementioned root
defects.

4. Roots on the periphery and bottom of the root-ball shall be less than one-eighth-
inch (1/8”) diameter.

5. As a general rule for young nursery-grown trees, there should be two or more
structural roots within one- to three-inches (1” — 3”) of the soil surface. “First
order lateral roots” is another term that has been used for these roots. If the
roots are deeper than three-inches (3”) , the stock shall be rejected.

6. Root-balls that are undersized as specified in current edition of ANSI Z60.1. shall
be rejected. Field grown trees for balled and burlap delivery shall have the roots
pruned at least six-inches (6”) inside the final root-ball size performed within
adequate time for the tree to develop fibrous roots at the outer edge of the
root-ball prior to harvest and delivery.

7. Ball and burlap trees are acceptable per the specifications. If ball and burlap
trees are not able to be procured, container trees may be substituted with the
approval from the Office of the City Forester and the Project Manager.

E. Leaves: The size, color, and appearance of leaves shall be typical for the time of year
and stage of growth of the species or cultivar. Trees shall not show signs of prolonged
stress or extended drought as indicated by under or oversized leaves, wilted, shriveled
or dead leaves.

F. Branches: Shoot growth (length and diameter) throughout the crown shall be
appropriate for the age and size of the species/cultivar. Trees shall not have dead,
diseased, broken, crossing, distorted, or otherwise injured branches.

G. All deciduous trees of one species used in formal rows or groupings shall exhibit
cultural uniformity, i.e. “matched” in height, crown width and shape, height to first
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branch, and trunk taper. For this reason, it is desired that these trees be produced by a

single grower.

Collected Stock: Do not use plants harvested from the wild, from native stands, from
an established landscape planting, or not grown in a nursery unless otherwise
indicated, and only if approved by the Office of the City Forester and the Project
Manager.

2.03 SHRUBS

A. Container Grown Shrubs: All specifications for container grown plants shall include
both plant size and container size. Plant size intervals and reference to height or
spread shall be in accordance with the guidelines for the appropriate plant type set
forth in ANSI 260.1; Section 2.2 - Types of Deciduous Shrubs.

B. Container size shall be by container classification (i.e., not by container volume) as set
forth in the ANSI 260.1 Container Class Table.

C. In all cases, container grown nursery stock shall meet the following general
requirement:

1. All container grown nursery stock shall be healthy, vigorous, well rooted, and
established in the container in which it is growing. Container grown nursery
stock shall have a well-established root system reaching the sides of the
container to maintain a firm ball when the container is removed, but shall not
have girdled or kinked roots and/or root growth encircling the inside of the
container.

D. The container shall be sufficiently rigid to hold the ball shape and to protect the root
mass during shipping.

E. Minimum shrub sizes shall conform to the following standards:

1. Tender shrubs (Type 0) that do not produce top growth that is winter hardy:

Height or Spread Minimum number of canes Minimum spread of roots
Fifteen inches (15”) Three (3) canes Nine inches (9”)

2. Small shrubs (Type 1) that grow to a mature height of not more than three feet
(3):

Height or Spread Minimum number of canes Minimum spread of roots
Fifteen inches (15”) Four (4) canes Nine inches (9”)

3. Intermediate shrubs (Type 2) that grow to a mature height between three feet

(3’) and seven feet (7’):
Height or Spread Minimum number of canes Minimum spread of roots
Two feet (2') Four (4) canes Twelve inches (12”)
4, Large shrubs (Type 3) that grow to a mature height exceeding seven feet (7’):
| Height or Spread | Minimum number of canes | Minimum spread of roots |
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| Four feet (4) | Six canes (6) | Twenty inches (20”)

2.04 PERENNIALS, GRASSES, GROUNDCOVERS, AND VINES

A. All container grown plants shall be healthy, vigorous, well rooted, and established in
the container in which they are growing and be in conformance with ANSI Z60.1. A
container grown plant shall have a well-established root system reaching the sides of
the container to maintain a firm ball when the container is removed but shall not have
girdled or kinked roots and/or root growth encircling the inside of the container. Top
growth is to be in conformance with established nursery standards.

2.05 TREE-STABILIZATION MATERIALS

A. Trunk-Stabilization Materials:

1.

Deciduous and Evergreen Tree Stakes: Rough-sawn, sound, new softwood with

specified wood preservative treatment by pressure process, free of knots, holes,
cross grain, and other defects, two-inch (2”) diameter by six feet (6’), pointed at
one end.

Guys and Tie Wires: ASTM A 641/A 641M, Class 1, #14 galvanized-steel wire,
two-strand, twisted. Guying must be approved by the Office of the City Forester.

Tree-Tie Webbing: UV-resistant nylon webbing with brass grommets, size as
indicated.

Safety Signals for Guy and Staking Wire: One-half inch (1/2”) diameter PVC pipe,
length as indicated.

B. Tree-Wrap:

1.

Two layers of crinkled paper cemented together with bituminous material, four-
inches (4”) wide minimum, with stretch factor of thirty-three percent (33%).

Tree wrap tape: Tape as approved by the Office of the City Forester and the
Project Manager.

2.06 PLANTING BACKFILL MATERIAL

A. The plant pit backfill material shall match the materials shown on the Contract Drawings,
which may vary by location.

B. When planting directly into a Green Infrastructure water quality facility with fully imported
bioretention growing media, backfill the plant pit with the imported bioretention growing
media which will be specified on the Contract Drawings. Refer to the Denver’s Ultra Urban
Green Infrastructure Guidelines for more information.

C. When planting outside Green Infrastructure water quality facilities, the plant pit backfill
material shall consist of the following, thoroughly mixed:

1.

Soil originally excavated from the pit: two thirds (2/3) proportion of total mix.
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2. Soil Amendment as specified in Denver Parks and Recreation’s Division 32 Section
“Soil Preparation”; one-third (1/3) proportion of total mix.

D. If imported topsoil is required for areas outside of the Green Infrastructure water quality
facilities, it shall meet the requirements specified to Denver Wastewater Capital Project
Management Standard Specifications for “Topsoil”.

2.07 MULCH

A. Organic Mulch: Organic mulch, free from weeds, chemicals, and/or deleterious
materials and suitable as a top dressing of trees and shrubs, consisting of chipped wood
material not larger than four inches (4”) in length, and as specified on the Contract
Documents.

B. Squeegee Mulch: Semi-round, one quarter inch minus (1/4”-) squeegee stone. Clean,
dry, and free of organic and deleterious materials, locally sourced.

1. Color:
a. As specified on the Contract Documents.
2.08 ROCK AND STONE
A. Rock Groundcover: Round river rock. Clean, dry, and free of organic and deleterious

materials, locally sourced.

1. Size:
a. As shown on the Contract Documents.
2. Color:
a. As shown on the Contract Documents.
B. Landscape Boulders: Boulders shall have smooth faces to avoid sharp edges and shall

be locally sourced.

1. Size:
a. As shown on the Contract Documents.
2. Color:
a. As shown on the Contract Documents.
2.09 MISCELLANEOUS MATERIALS
A. Antidesiccant: Water-insoluble emulsion, permeable moisture retarder, film forming,

for trees, as approved by the Office of the City Forester and the Project Manager.
Deliver in original, sealed, and fully labeled containers. Mix and apply according to
manufacturer’s instructions.

B. Pre-Emergent Pesticide: As approved by the Project Manager.

C. Pesticides: EPA registered and approved, and as approved by the Project Manager.

Part 3 - EXECUTION
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3.01 EXAMINATION

A.

Verify actual grade elevations and dimensions of plantings and construction contiguous
with new plantings by field measurements before proceeding with planting work.

Examine areas to receive landscaping for compliance with requirements and for
conditions affecting performance of work of this Section. Do not proceed with
installation until unsatisfactory conditions have been corrected.

1. When conditions detrimental to plant growth are encountered, such as rubble
fill, adverse drainage conditions, obstructions, or utilities, notify the Project
Manager before planting.

2. Verify that adequate overhead clearance exists to planting locations.

3. Suspend planting operations during periods of excessive heat, cold, and/or
moisture until acceptable planting conditions exist. The contractor shall obtain
approval from the Office of the City Forester and the Project Manager when
planting in temperatures above ninety degrees (90°) Fahrenheit.

4. Uniformly moisten excessively dry soil that is not workable.

Verify that no foreign or deleterious material or liquid such as, but not limited to, paint,
paint washout, concrete slurry, concrete layers or chunks, cement, plaster, oils,
gasoline, diesel fuel, paint thinner, turpentine, tar, roofing compound, or acid has been
deposited in soil within the work area. If contamination is present in the soil within a
planting area, notify the Project Manager immediately.

1. If contamination is discovered during Construction the Project Manager will
determine the best course of action to remediate the contamination, which may
include requesting the Contractor perform the removal of contamination and
replacement of clean material.

2. If contamination is determined to be the result of construction operations,
Contractor is to remove contaminated material and replace with clean material
at the direction of the Project Manager.

Verify final grades are completed in accordance with the drawings. Proceed with
installation only after unsatisfactory conditions have been corrected and approved by
the Project Manager.

Cooperate with any other contractors and trades, who may be working in and adjacent
to the landscape work areas. Examine the Contract Drawings which show the
development of the entire site and become familiar with the scope of all work required.

3.02 PREPARATION

A. Protect structures, utilities, sidewalks, pavements, and other facilities, turf areas and
existing plants from damage caused by planting operations. Repair damage to
surrounding areas and site elements noted above resulting from planting operations at
no additional cost to the City.

B. Utilities: Contractor shall be responsible locating utilities and, repair of utilities
damaged during the Work. Determine location of overhead and underground utilities
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and perform work in a manner that will avoid damage. Hand excavate, as required.
Maintain markings until their removal is mutually agreed upon by the Contractor and
the Project Manager.

Layout, stake and label all individual tree locations for approval by the Project Manager
prior to installing trees.

Outline planting beds and mark plant locations within the bed(s) for approval by the
Project Manager prior to installing any plant material or mow bands. Make
adjustments as directed by the Project Manager at no additional cost to the City.

1. If formal arrangements or consecutive order of plants is indicated on the
Contract Drawings, select stock for uniform height and spread, and number the
labels to assure symmetry in planting.

Prepare planting area for soil placement and mix planting soil according to Denver
Parks and Recreation Division 32 Section “Soil Preparation”.

3.03 FIELD QUALITY CONTROL

A

Provide quantity, size, genus, species, and variety of trees indicated, complying with
current applicable requirements of ANSI Z60.1 “American Standard for Nursery Stock”,
and all applicable state and local rules and regulations.

Inspection: The Contractor shall arrange for the inspection of plant material upon
delivery to the site for compliance with the Specifications and Contract Drawings. The
Project Manager has the right to reject plant material that does not meet Specifications
until Final Acceptance.

1. The Contractor shall schedule inspection of the plants, at either the supplier or
on-site, to be completed in one visit. Any further inspection required due to
plants being unavailable, rejected, and or not meeting specifications shall be
charged to the Contractor at the current hourly rate for the City personnel
performing the inspection.

Measurements: Measure trees according to the requirements of the ANSI Z-160, with
branches and trunks in their normal position. Do not prune to obtain required sizes.
Measure main body of tree for height and spread; do not measure branches or roots
tip-to-tip.

3.04 EXCAVATION FOR TREES AND SHRUBS

A. Planting Areas: Excavate by hand, auger or with a mini excavator. Scarify or roughen
sides of tree pit by hand to eliminate any glazing. Tree spades may not be used to dig
tree pits.

1. Balled and Burlapped Trees:

a. Open top of root ball burlap and carefully remove soil to expose trunk
flare to first order roots. Set hole depth based on bottom of root ball and
base of root flare. The base of the root collar shall be one to two inches
(1" - 2”) higher than finished grade.
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b. Do not excavate deeper than depth of the root ball. If area under the
plant was initially dug too deep, add soil to raise it to the correct level and
thoroughly compact the soil directly under the root ball to prevent
settling.

C. Excavate a minimum two times (2X) as wide as ball diameter at base of pit.
Excavate a minimum of three to four times (3X — 4X) as wide as ball
diameter at top of pit. Slope sides of the pit as shown on the detail.

2. Container-Grown Trees and Shrubs:

3. Gently remove excess soil from top of root ball to expose root flare or top of first
order root. Set plumb and in center of pit with base of root flare one to two-
inches (1” - 2”) above adjacent finish grades as indicated.

4, Excavate approximately two times (2X) times as wide as container diameter at
base of pit. Excavate a minimum of three to four times (3X — 4X) as wide as
container diameter at top of pit.

B. Obstructions:

1. Utilities: Notify the Project Manager immediately of utilities that conflict or may
potentially conflict with proposed plant locations. In such cases, alternative plant
locations will be determined by the Project Manager.

2. Notify the Project Manager prior to planting if unexpected rock or obstructions
detrimental to trees or shrubs are encountered in excavation.

C. Drainage: Notify the Project Manager if subsoil conditions show evidence of water
seepage or retention in tree or shrub pits.

3.05 PLANTING TREES AND SHRUBS
A. Balled and Burlapped Stock:

1. Prior to hole depth determination, open top of root ball burlap. Gently remove
excess soil from top of root ball to expose root flare or top of first order root.

2. Set balled and burlapped stock plumb and in center of pit with base of root flare
one to two-inches (1” to 2”) above adjacent finish grades as indicated.

3. Gently remove, without damaging the root ball, all the wire basket and twine.
Cut away burlap from minimum top two-thirds (2/3) of the root ball, but do not
remove from under ball. Remove pallets, if any, before setting. Do not use
planting stock if ball is cracked, loose, or broken before or during planting
operation.

4. Place backfill around ball in layers. When pit is approximately one-half
backfilled, water thoroughly and allow to absorb into soil to eliminate voids and
air pockets prior to placing remainder of backfill. Repeat watering until no more
is absorbed. Water again after placing final layer of backfill.

B. Container Grown Stock:
1. Carefully remove containers so as not to damage root balls.
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2. Shave exterior 1” of soil and roots from root ball or until all circling roots have
been removed and to promote radial fibrous roots. Use sharp spade or handsaw
designed specifically for tree work to make clean, non-tearing cuts on roots.

3. Prior to hole depth determination, gently remove excess soil from top of root
ball to expose root flare or top of first order root.

4. Set plants plumb and in center of pit with base of root flare and/or first order
lateral root one to two inches (1” to 2”) above adjacent finish grades as
indicated.

5. Place backfill around ball in layers. When pit is approximately one-half

backfilled, water thoroughly and allow to absorb into soil to eliminate voids and
air pockets prior to placing remainder of backfill. Repeat watering until no more
is absorbed. Water again after placing final layer of backfill.

C. Bare-Root Stock: Set and support each plant in center of planting pit or trench with
root flare two-inches (2”) above adjacent finished grade.

1. Backfill: As specified in Part 2 - Products.

2. Remove girdled or kinked roots and/or root growth that is encircling without
tangling or turning toward surface, spread roots laterally. Plumb before
backfilling, and maintain plumb while working.

3. Carefully work backfill in layers around roots by hand eliminating air pockets.
Bring roots into close contact with the soil.

4. When planting pit is approximately one-half filled, water thoroughly and allow to
absorb into soil before placing remainder of backfill. Repeat watering until no
more water is absorbed.

5. Continue backfilling process. Water again after placing final layer of soil.

D. Shrubs and perennials shall be planted outside of the root ball of trees.

3.06 TREE WRAP

A. Inspect tree trunks for injury, improper pruning, and insect infestation and take
corrective measures required before wrapping. Inform the Office of the City Forester of
conditions prior to wrapping. Wrap trees starting at the base of the trunk and spiral
cover trunk to height of first branches. Overlap wrap, exposing half the width, and
securely attach without causing girdling. Use black electrical tape to secure. Do not
use staples.

1. All smooth barked trees shall be wrapped with the exception of any Populus
species by November 1st and removed by May 15 or per the direction of the
Office of the City Forester and the Project Manager.

2. Contractor shall be responsible for wrapping, re-wrapping if needed, and
unwrapping trees during the warranty period.

3.07 PRUNING OF PLANTS
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Green Infrastructure Trees, Plants, and Groundcovers

A. Prune only damaged or dead branches as directed by the Office of the City Forester and
the Project Manager.

3.08 TREE STABILIZATION

A. Install site-fabricated trunk stabilization as follows, unless otherwise indicated on
Contract Drawings.

1. Drive wood stakes into undisturbed grade within the mulched area. Avoid
penetrating root balls or root masses.

2. Align tree stakes with the prevailing wind or parallel to hard surfaces.

3. Securely attach specified wire to stakes.

4. Support trees with specified wire and tree tie webbing from the tree trunk to
each stake. Allow one to two inches (1” to 2”) of slack to avoid rigid restraint of
the tree.

5. For staked trees: Attach twenty-four inch (24”) long by one-half inch (1/2”)
diameter PVC pipe flagging to each wire.

6. For guyed trees: Must have prior approval from Office of the City Forester.

3.09 MULCHING

A. Trees: Create a forty-eight-inch (48”) radius from the outside of the trunk, by three
inch (3”) high formed soil berm around tree and fill with three-inch (3”) deep specified
wood mulch. Mulch shall be kept four to six-inches (4”-6") away from tree trunk.

B. Shrubs, Perennials, and Grasses:

1. Mulch backfilled surfaces of pits, planting beds areas, and other areas indicated
or as directed by the Project Manager.

2. Organic Mulch in shrub bed areas: Apply three-inch (3”) thick layer of mulch and
finish level with adjacent finish grades or as shown on Contract Documents. Do
not place mulch against stems of plants.

3. Rock groundcover in shrub bed areas - squeegee and/or crusher fines: Apply two
inches to three inches (2”-3”) thick layer of mulch and finish level with adjacent
finished grades or as shown on Contract Documents. Do not place mulch against
the stems of plants.

3.10 ROCK AND STONE

A. Rock Groundcover:
1. Backfill excavation around rock groundcover as indicated on construction plans.
2. Excavate for placement of rock material and any bedding materials, such that top

of the rock layer will meet grade specified on the Contract Documents.
Contractor shall prepare subgrade as indicated in the Contract Documents.
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3. Apply a layer of rock groundcover rock at a depth and finish level with grades as
shown on Contract Documents. Provide a firm, smooth, uniform surface to the
maximum extent practice. Do not place rock or stone against the stems of plants.

3.11 ANTIDESICCANT

A. Apply antidesiccant using power spray to provide an adequate film over trunks,
branches, stems, twigs, and foliage. Apply only when directed and approved by the
Office of the City Forester.

B. When deciduous plants are moved in full leaf, the Office of the City Forester and the
Project Manager may direct the use of an antidesiccant at nursery before moving and
again two (2) weeks after planting. Antidessicant to be supplied and applied by
Contractor at no additional cost to the City.

3.12 CLEANING

A. Perform cleaning during installation of the work and upon completion of the Work, to
the satisfaction of the Project Manager. Remove all excess materials, debris, and
equipment from site. Repair any damage resulting from planting operations.

B. Remove surplus soil, excess subsoil, unsuitable soil, and waste material including trash
and debris generated during installation at no additional cost to the City.

3.13 PROTECTION

A. Protect existing utilities, paving and other facilities from damage caused by planting
operations. The Contractor shall repair any damage at no additional cost to the City.

B. Restrict vehicular and pedestrian traffic from planted areas. Erect temporary
protection zones with signs and/or barriers as required or directed by the Project
Manager at no additional cost to the City.

C. Erosion Control: Take measures and furnish equipment and labor necessary to control
and prevent soil erosion, blowing soil and accumulation of wind-deposited materials on
the site throughout the duration of work.

3.14 MAINTENANCE

A. The Contractor shall be responsible for maintaining all trees, plants, and groundcovers
until Substantial Completion is issued. The Contractor shall also ensure survival of the
newly planted trees, plants, and groundcovers through the Warranty period, which
may include winter watering when there is not adequate precipitation to promote
plant health.

B. Maintain trees by pruning as directed by the Office of the City Forester or the Project
Manager, cultivating, season appropriate watering, mulching, weeding, wrapping,
unwrapping, restoring planting saucers, and resetting to proper grades or vertical
position, as required to establish healthy, viable plantings. Monitor and control as
required to keep trees free of insects and disease. Restore or replace damaged tree
wrappings, stakes, guying.
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C. During the irrigation season (generally May through September), water may be
available from on-site quick couplers. When the system is not charged, it shall be the
Contractor’s responsibility to supply adequate amounts of water from a water truck or
other approved source. Hoses and other watering equipment shall be supplied by
Contractor.

1. Watering Amount:

a. Minimum watering requirements shall be twenty-five (25) gallons of water
per caliper inch of every tree when temperatures are at or above forty
degrees (40°) F.

b. Watering frequency shall be based on the average soil moisture level
throughout the planting area.

1) An average of six (6) “Average” on a soil moisture meter shall be
maintained during establishment.

2) Readings shall be taken every two (2) weeks at a minimum during
the Construction period and at a minimum of four (4) locations
throughout the planting area.

D. Readings shall be taken at a depth of eight inches (8”).At time of Substantial
Completion, verify that tree-watering devices are in good working order and leave
them in place. Replace improperly functioning devices.

Part 4 - Measurement and Payment
4.01 BID ITEM

A. Trees; Shrubs; Plants

B. Groundcovers (living); Groundcovers (non-living); Organic Mulch; Squeegee Mulch;
Walkway (non-concrete)

C. Landscape Boulders
4.02 PRICE AND PAYMENT PROCEDURES

A. Trees, Plants, and Shrubs

1. The measurement for payment for tree, shrubs, plants and landscape boulders
will be the actual number of trees, shrubs, plants or boulders (each) will be the
area for groundcover required to be placed and accepted per Contract Drawings
for Green Infrastructure; provided, however, no measurement for payment will
be made for trees, shrubs, plants or groundcovers planted due to negligent or
unauthorized operations by the Contractor.

2. The payment will be made at the contract unit price bid per tree, shrub, plant or
groundcover shall include all of the Contractor’s costs of whatsoever nature. The
price bid shall include: Contractor’s Consulting Arborist, delivery, temporary
protection, storage, planting, backfilling, staking and temporary support devices;
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formed wells and/or cages; insulating wrap; protection from animals;
maintenance of any temporary fencing, watering and care until Final Acceptance;
and all other related and necessary materials, work and equipment required to
install the trees, shrubs, plants and groundcovers in accordance with the
Contract Documents.

B. Groundcovers (living); Groundcovers (non-living); Organic Mulch; Squeegee Mulch; River
Rock; Walkway (non-concrete)

1. The measurement for payment for both living and non-living groundcovers will
be the area for groundcover required to be placed and accepted per Contract
Drawings for Green Infrastructure; provided, however, no measurement for
payment will be made for groundcovers due to negligent or unauthorized
operations by the Contractor.

2. The payment will be made at the contract unit bid price for the groundcovers
shall include all of the Contractor’s costs of whatsoever nature. The price bid
shall include: delivery, temporary protection, storage, excavation, bedding,
backfilling, mulching, edging, fine grading, and care until Final Acceptance; and
all other related and necessary materials, work and equipment required to
groundcovers in accordance with the Contract Documents.

C. Landscape Boulders

1. The measurement for payment for landscape boulders will be the actual number
of landscape boulders (each) required to be placed and accepted per Contract
Drawings for Green Infrastructure; provided, however, no measurement for
payment will be made for landscape boulders due to negligent or unauthorized
operations by the Contractor.

2. The payment will be made at the contract unit price bid for landscape boulders
and shall include all of the Contractor’s costs of whatsoever nature. The price bid
shall include: delivery, temporary protection, storage, excavation, bedding,
backfilling, mulching, edging, fine grading, and care until Final Acceptance; and
all other related and necessary materials, work and equipment required to
groundcovers in accordance with the Contract Documents.

END OF SECTION 32-93.00
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CITY AND COUNTY OF DENVER
DIVISION OF GREEN INFRASTRUCTURE

Green Infrastructure Specification

33-47.00 Green Infrastructure (General)

Part 1 - General
1.01 RELATED DOCUMENTS

A. Contract Drawings and general provisions of the Contract, including General and
Supplementary Conditions.

B. City and County of Denver Standard Specifications for Construction General Contract
Conditions (2011).

C. City and County of Denver Engineering Division, Wastewater Capital Project Management
Standard Construction Specifications, dated March 15, 2016.

D. 2017 Transportation Standards and Details for the Engineering Division City and County of
Denver Public Works.

E. Wastewater Management Division — Standard Details (Latest Edition).

F. Denver Water Engineering Standards (Latest Edition).

1.02 SUMMARY

A.  This Section includes requirements for construction of Green Infrastructure (also known as
“water quality areas / facilities”, “streetside stormwater planter” (“SSP”), and “Level of
Green”) at locations as shown in the Contract Drawings.

B. Related Work:
1. WCPM Standard Construction Specification 2.0 “Site Preparation”.

2. WCPM Standard Construction Specification 4.0 "Utility Trenching and

Excavation".
3. WCPM Standard Construction Specification 5.0 "Bedding and Backfilling".
4. WCPM Standard Construction Specification 6.0 "Surface Restoration".
5. WCPM Standard Construction Specification 10.1 “Precast Concrete Pipe”.
6. WCPM Standard Construction Specification 10.6 “Polyvinyl Chloride (PVC) Sewer
Pipe”.
7. WCPM Standard Construction Specification 11.0 "Structures and
Appurtenances".
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WCPM Standard Construction Specification 47.0 “Construction Survey and
Monumentation”.

Division of Green Infrastructure Specification 32-80.00 “Irrigation Systems”.
Division of Green Infrastructure Specification 32-84.33 “Irrigation Controllers”.

Division of Green Infrastructure Specification 32-93.00 “Trees, Plants and
Groundcovers”.

1.03 SUBMITTALS

A. Concrete Pre-Pour Survey:

1.

The purpose of the Pre-Pour Survey is to verify the elevations of critical features
prior to concrete pour, confirming that concrete formwork aligns with the
horizontal and vertical control monuments established during the project
development phase. The pre-pour survey will be require at the direction of the
City Project manager.

Timing: Complete the survey after facility concrete formwork is erected and
before any concrete is poured for the green infrastructure.

Data: Prior to the survey, provide a redline drawing of the proposed survey
points to the Project Manager for approval. The survey points should provide
exact vertical and horizontal data for all surfaces that interact with the
functionality of the green infrastructure including: curb and gutter flowline 3 ft
on either side of the edge of all green infrastructure intakes, outlets and
connecting chase drains; flow line invert at center of all intakes, outlets, and
connecting chase drains; and sediment pads at lip of pad.

Documentation: Provide redlined Contract Drawings and a brief narrative
discussing the results of the Pre-Pour Survey and submit both documents to the
Project Manager.

Field Corrections: In the event that the Pre-Pour Survey identifies errors in form
elevations or surrounding points, the Project Manager will provide modifications
to be made prior to concrete pour.

B. Material Test Reports:

1.

Particle size distribution and chemical / nutrient analysis is required for
bioretention growing media. Refer to Contract Drawings for full list of analysis
parameters, test methods, and quantitative requirements. The laboratory
analysis must be performed no more than 60 days prior to media delivery to site.
Analysis must be performed on either (a) a sample of each material component
of the bioretention growing media (e.g., sand, topsoil) prior to blending or (b) a
sample of the blended media prior to delivery to site. If the analysis is performed
on each individual media component prior to blending, a theoretical composite
of particle size distribution and chemical/nutrient content can be used to
determine compliance with the specifications on the Contract Drawings.

Particle size distribution required for filter sand (AASHTO M43 Fine Aggregate).

E"% DENVER

TRANSPORTATION &
INFRASTRUCTURE

Gl General Page - 2 Gl 33-47.00
Revised: April 23, 2025



Green Infrastructure General

3. Particle size distribution required for drain gravel (AASHTO M43 No. 8 Coarse
Aggregate)

C. Product Data Sheets:
1. Impermeable geomembrane liner product data sheet
2 Non-woven geotextile product data sheet
3. Underdrain piping product data sheet
4

Prefabricated control structure product data sheet, submitted after underdrain
outlet invert elevation is known ensuring structure has correct length

D. Piping: Submit twelve inch (12”) length of each type of underdrain piping to be used.

1.04 CONTRACT RECORD DRAWINGS

A. Prior to the installation of sub drainage system, the Contractor will provide on-site
copies of original sub drainage design Contract Drawings “Record Contract Drawings”.
Contractor to revise Contract Drawings in red ink as Work progresses to show any
changes to the plan and include field dimensions. Record Contract Drawings shall be
brought up-to-date prior to any Pay Application Submittals that contain underdrain
pipe system installation. Should the Contractor choose to utilize GPS for the purposes
of documenting Work in progress, a hard copy print will need to be provided prior to
Pay Application Submittal. A print of Contract Record Drawings shall be available at
Project Site for review by the City Construction Project Manager at any time during
construction.

B. Record Contract Drawings shall encompass entire scope of work.

C. Preparation of Contract Record Drawings: Provide dimensions from two range points
for the location and elevation of the following items:

1. Clean-outs.

2 Bends in Underdrain and Outlet Piping.

3 Control Structures.

4. Spillways and overflows.

5 Gutter flow line around intakes and overflows, including the start and end points

of flow line depressions.
6 Intake inverts.
7. Sidewalk scuppers.
8. Green infrastructure water surface elevation.
9 Forebay and splashpad elevation.
10. Finished grade of bioretention growing media.

D. Make dimensions accurately at the same scale used in the original Contract Drawings,
or larger. Notes and dimension lettering must be legible.
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E. The City Construction Project Manager will not certify any pay request submitted by
the Contractor if the Contract Record Drawings are not current.

F. Final Submittal: Upon completion of construction, prior to final acceptance, submit a
secure digital copy of the Contract Record Drawings to the City Construction Project
Manager, prepared by a qualified draftsperson. Contract Record Drawings shall include
details of any revisions as per actual installation. Deliver and submit to the City
Construction Project Manager for review of the following items:

1.

Digital Contract Record Drawings in both PDF and AutoCAD compatible with the
version currently used by the City and County of Denver; bound format (include
any related reference files, plot files and pen settings). Make any additional
changes to the file as directed by the City Construction Project Manager prior to
final submittal and approval.

1.05 DELIVERY, STORAGE AND HANDLING

A. Materials: Deliver materials in original containers. Protect materials from damage
during delivery and while stored at site. The City Construction Project Manager
reserves the right to inspect containers before or after installation to verify compliance
with Specifications.

B. Bulk Materials:

1.

Do not dump or store bulk materials near structures, utilities, walkways and
pavements, or on existing turf areas or plants.

Provide erosion-control measures to prevent erosion or displacement of bulk
materials; discharge of soil-bearing water runoff; and airborne dust reaching
adjacent properties, water conveyance systems, or walkways.

Accompany each delivery of bulk materials with appropriate certificates.

Protect piping and geotextile fabric from damage or contamination with soil or
other construction materials from time of deliver to installation.

1.06 PROJECT/SITE CONDITIONS

A. Field Measurements: Verify actual grade elevations, service and utility locations,
irrigation system components, and dimensions of plantings and related construction
contiguous with proposed sub drainage installations by field measurements before
proceeding with planting work.

Part 2 - PRODUCTS

A. Green infrastructure intakes
1. Description
a. This work consists of constructing inlets that convey stormwater from the

roadway into the green infrastructure.
Materials

a. “Concrete” in accordance with WCPM Standard Construction Specification
11.0 Structures and Appurtenances.
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3. For metal intake wheel protection assemblies, headed concrete anchors shall
meet the requirements of ASTM A-108, HSS 6 x 2 x 1/4 tube channel shall meet
the requirements of ASTM A-500 Grade B, and end plates shall meet the
requirements of ASTM A-36. If a different kind of metal intake wheel protection
assembly material other than what is specified above is proposed, submit a
detail of the proposed assembly including configuration and details of all
proposed sizes, material, manufacturer, and product number of all items utilized.
All assemblies must comply with AASHTO H-20 loading requirements.

4, For intakes with sidewalk chase drains, the inlet cover shall meet ADA
accessibility requirements and comply with AASHTO H-20 loading requirements.
If a different kind of sidewalk chase drain is proposed, a detail of the proposed
cover plate including configuration and detail of all proposed sizes, materials,
manufacturer, and product number of all items must be submitted for approval.

B. Sediment pads
1. Description

a. A concrete sediment pad is to be placed in the green infrastructure,
immediately downstream of the green infrastructure intake.

2. Materials

a. “Concrete” in accordance with WCPM Standard Construction Specification
11.0 Structures and Appurtenances.

b. If a material is proposed at the lip of the pad to trap sediment, a detail of
sizes, material, method of connecting to the pad, manufacturer, and
product number of all items must be submitted for approval.

C. Curb & gutter
1. Description

a. This work includes design components that provide a level of delineation
between the green infrastructure and the vehicular environment.

2. Materials

a. “Concrete” in accordance with WCPM Standard Construction Specification
11.0 Structures and Appurtenances.

D. Walls
1. Description

a. This work includes design components that provide a level of delineation
between the green infrastructure and the pedestrian environment, or any
other walls associated with the green infrastructure.

2. Materials

a. “Concrete” in accordance with WCPM Standard Construction Specification

11.0.
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b. Additional concrete surface finishing materials will be detailed on plans.

C. Railings or fencing placed around an green infrastructure may be made of
steel, wrought iron, aluminum, or other materials; however, all materials
shall comply with the City of Denver Streetscape Design Manual and the
requirements of the latest Transportation Standards and Details for the
Engineering Division of City and County of Denver Public Works. Railings
or fencing must be designed to support loads in both the horizontal and
vertical directions of 50 pounds per linear foot. Railings should be in
conformance with any applicable International Building Codes.

E. Weir Walls
1. Description

a. This work consists of installing weir walls for green infrastructure facility
separation or grade control as deemed necessary.

2. Materials

a. Weir walls will be constructed per the dimensions and material type
shown on Contract Drawings.

b. Concrete weir walls shall use “Concrete” in accordance with WCPM
Standard Construction Specification 11.0.

F. Impermeable Geomembrane Liners
1. Description
a. This work includes design components that prevent migration of

infiltrated stormwater vertically, laterally, or both.
2. Materials
a. Batten bars for mounting liners shall be 1/4” x 2” stainless steel bars.

b. Liners shall be 30 mil (minimum) PVC geomembrane liner with the
following physical requirements

Properties Test Method Specified Value
Gauge (mils, nominal) - 30
Thickness (mils, min.) ASTM D1593 (Par. 8.1.3) 28.5
Specific Gravity (min.) ASTM D792 (Method A) 1.20

Minimum Tensile Properties
(each direction)

e Breaking Factor (Ibs/in) 73
e Elongation at Break (%) 380
e Modulus at 100%

ASTM D882 (Method A or B)

32
Elongation (Ibs/in)
Tear Resistance (lbs, min) ASTM D1004 (Die C) 8
Low Temperature (deg F) ASTM D1790 -20
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Dimensional Stability (% change, ASTM D1204 3
max.) (100 deg. C, 15 min.)
ASTM D3083
1 (o)
Water Extraction (% loss, max.) (NSF 54 Modified) 0.15
Volatile Loss (% loss, max.) ASTM D1203 (Method A) 0.7
Resistance to Soil Burial ASTM D3083 (NSF 54 Modified)
(% change, max.)
e Breaking Factor 5%
e Elongation at Break 20%
0,
. Modulu.s at 100% 20%
Elongation
Hy(.jros.tatlc Water Resistance ASTM D751 (Method A) 100
(psi, min.)
Water Vapor Transmission ASTM D814 50 x10-9
(cm/sec, max.)
Pinholes (number per 10 sq. yds.
1
Geomembrane)
Seam Requirements
e Bonded Seam Strength
ASTM D882 58.4
(Ibs/in width, min.)
. Pgel Adhfe5|on (Ibs/in ASTM D882 15
width, min.)
G. Bioretention growing media
1. Description
a. The bioretention growing media is a mixture of different soil types that are

combined together to produce a fertile growing medium for vegetation in
the green infrastructure while providing infiltration characteristics suitable
for stormwater treatment purposes.

2. Materials

a. Particle size distribution, chemical attributes, and nutrient contents shall
be as specified per the latest direction from the DOTI Office of Green
Infrastructure, and shall be included in the Contract Drawings.

H. Reservoir media
1. Description
a. The reservoir media consists of an aggregate material that can be placed

in the subsurface of a green infrastructure facility, below the filter layer, to
provide stormwater storage capacity by holding the water within the open
space between stones.

2. Materials
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Shall be a coarse aggregate, one-inch round river rock with one fractured
face, uniformly graded, and double washed.

If a material other than that specified above is proposed, a complete

specification for the material must be submitted for review.

l. Filter sand layer

1. Description
a. This work includes media layers that provide a barrier to maintain
separation between the bioretention growing media and the drain gravel
around the underdrain.
2. Materials
a. Filter sand layers shall be AASHO M 43 Fine Aggregate (Filter Sand) and
meet the following requirements in the following table (Adapted from
CDOT Table 703-1, modifications denoted with an asterisk):
Sieve Size Mass Percent Passing
Square Mesh Sieves
9.5 mm (3/8") 100
4.75 mm (No. 4) 95-100
2.36 mm (No. 8) 80—-100
1.18 mm (No. 16) 50-285
600 um (No. 30) 25-60
300 um (No. 50) 10-30
150 pum (No. 100)* 0-10
75 um (No. 200)* 0-3
b. If a material other than that specified above is proposed, a complete
specification for the material must be submitted for review. Geotextile
fabrics are not permitted above or below the filter material layer.
J. Drain gravel layer
1. Description
a. This work includes media layers that provide a bedding around the
underdrain.
2. Materials
a.

Drain gravel layers shall be AASHTO M 43 No. 8 Coarse Aggregate (Drain
Gravel) and meet the following requirements in the following table
(Source: CDOT Table 703-1):

Mass Percent Passing

Sieve Size Square Mesh Sieves
12.5 mm (1/2") 100
9.5 mm (3/8") 85-100
4.75 mm (No. 4) 10-30
2.36 mm (No. 8) 0-10
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|  1.18mm(No.16) | 0-5
b. Drain gravel shall be washed prior to delivery to remove any fines
K. Non-woven Geotextile Separator Fabric
1. Description
a. This work includes installing a non-woven geotextile fabric on top of the

native subgrade, and below drain gravel, filter sand, or impermeable liner
layers. This shall not be installed above the drain gravel or above the filter
sand layers.

2. Materials

a. Non-woven geotextile shall be Mirafi 180N or equal, meeting the
specifications in the following table:
Properties Test Specified
Method Value
Grab Tensile Strength (Ibs, min.) ASTM D4632 200
Grab Tensile Elongation (%) ASTM D4632 50
Trapezoid Tear Strength (lbs, min.) ASTM D4533 80
Mullen Burst Strength (psi, min.) ASTM D3786 375
Puncture Strength (Ibs, min.) ASTM D4833 100
Apparent Opening Size (AOS) (U.S. Sieve) | ASTM D4751 80
Permittivity (sec?) ASTM D4491 1.4
UV Resistance (at 500 hours) (% ASTM D4355 70
strength retained, min.)
Weight (0z/yd3, min.) ASTM D5261 8
L. Piping & outlet works

1. Description

a. This work includes the underdrain system that collects (slotted pipe) and

conveys (solid pipe) filtered stormwater from the subsurface of the green
infrastructure to the prefabricated control structure, which then meters
the stormwater to the storm drain system via an outlet pipe.

2. Materials

a. Underdrain pipe shall be Schedule 40 PVC and must conform to
requirements of ASTM designation F949. There shall be no evidence of
splitting, cracking, or breaking when the pipe is tested per ASTM test
method D2412 in accordance with F949 section 7.5 and ASTM F794
section 8.5.

b. Use factory-slotted pipe consisting of a minimum 4-inch (inside diameter)
pipe. Do not use perforated pipe or pipe that is hand-slotted. A slotted 6-
inch inside diameter Schedule 40 pipe can be used to allow larger access
for video-inspecting the pipe. This may not be problematic provided that
the pipe is well seated in the drain gravel.
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4-inch Internal Diameter 6-inch Internal Diameter

Dimension Underdrain Underdrain
Minimum Maximum Minimum Maximum
Number of slots per row (A) 4 6 6
Length of solldiwall between 12 N/A N/A
slots at ID (B) (inches)
Slot width (C) (inches) 0.10 0.10 0.10
Slot spacing (D) (inches) 0.75 1.25 1.25
Open area per linear foot 50 90 12.0
(square inches) recommend
C. Permitted drainage-type fittings include 45 degree elbows, wyes or long

turn 90s. No short-sweep 90-degree fittings will be allowed, nor any other

type of fitting that cannot be cleaned with a water jet drain cleaner.

d. Prefabricated control structures shall be as detailed in the Contract
Drawings.

e. Prefabricated junction structure shall be as detailed in the Contract
Drawings.

f. The outlet pipe connecting the prefabricated control structure to the

storm drain system shall be PVC Solid Wall Pipe, per WCPM Standard
Construction Specification 10.6 “Polyvinyl Chloride (PVC) Sewer Pipe”.

Part 3 - EXECUTION

3.01 PREPARATION

A. Examine areas where the Work of this Section will be performed for compliance with
requirements and conditions affecting installation and performance.

1. Verify that no foreign or deleterious material or liquid such as paint, paint
washout, concrete slurry, concrete layers or chunks, cement, plaster, oils,
gasoline, diesel fuel, paint thinner, turpentine, tar, roofing compound, or acid
has been deposited in soil within the work area.

B. Proceed with installation only after unsatisfactory conditions have been corrected and

approved by Project Manager.

C. Walls

1. Construct green infrastructure walls in accordance with dimensions, grades and
elevations shown in Contract Drawings. Place control joints every ten (10) feet
(maximum). When constructed adjacent to a sidewalk, place 0.5 inch preformed
expansion joint material between the green infrastructure wall and the sidewalk,
per Standard Drawing 11.1 of the 2017 Transportation Standards and Details for
the Engineering Division City and County of Denver Public Works.
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2. Install railings or fencing in accordance with the dimensions shown in the
Contract Drawings and in conformance with any applicable International Building
Codes.

3. Finish exposed and visible concrete surfaces with a CDOT Type 2 finish and score

joints as shown in the Contract Drawings.

4. The top of walls shall be a part of the Pre-Pour Survey (See Submittals Section
1.03) at the discretion of the Project Manager.

D. Weir Walls
1. Concrete:

a. Construct green infrastructure weir walls in accordance with dimensions,
grades and elevations shown in Contract Drawings. Place control joints
every ten (10) feet (maximum). When constructed adjacent to a sidewalk,
place 0.5 inch preformed expansion joint material between the green
infrastructure wall and the sidewalk, per Standard Drawing 11.1 of the
2017 Transportation Standards and Details for the Engineering Division
City and County of Denver Public Works.

b. Finish exposed and visible concrete surfaces with a CDOT Type 2 finish and
score joints as shown in the Contract Drawings.

2. Other Materials:

a. Weir walls made of other materials will be cut to length in the field and
installed at the locations specified on the Contract Drawings. Methods for
mounting will also be detailed on the Contract Drawings.

3. Weir Walls shall be a part of the Pre-Pour Survey (See Submittals Section 1.03) at
the discretion of the Project Manager.

E. Green infrastructure intakes and spillways

1. Construct in accordance with dimensions, grades and elevations shown in
Contract Drawings.

2. Intakes shall be formed of new concrete, not cut out of existing curb and gutter
pan.
3. Intakes with wingwalls shall be poured monolithically with the concrete

sediment pad.

4, Metal intake wheel protection assemblies (standard or modified) shall be
installed as detailed in the Contract Drawings. Where assemblies are to be
installed in streets with an existing curb and gutter that has been poured
monolithically with the adjacent lane, the following requirements shall be
adhered to:

a. Make vertical sawcuts from the top of curb to the projected gutter plan so
as to knock out the curb to be removed. The length of curb removal shall
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extend two feet beyond either end of the metal inlet/wheel protection

assembly.

b. Once all cuts are made and the knockout section of curb is removed, the
remaining gutter plane must be ground smooth with a masonry rotary
grinder.

c. The new concrete curb on either side of the metal intlet/wheel protection

assembly shall be dowelled into the gutter plane, at the midpoint between
the assembly and the existing curb and gutter. Dowels are to be epoxy
coated, deformed steel bars, eight inches (8”) long and three quarters of
aninch (%”) in diameter, and shall be grouted in a one inch and quarter (1-
1/4”) diameter hole in the existing gutter plane.

5. Sidewalk chase drains shall be constructed as detailed in the Contract Drawings.

6. Intakes shall be a part of the Pre-Pour Survey (See Submittals Section 1.03) at the
discretion of the Project Manager.

F. Curb & gutter

1. Construct standard curb & gutter per the grades and elevations shown in the
Contract Drawings and Standard Drawing 5.2 of the 2017 Transportation
Standards and Details for the Engineering Division City and County of Denver
Public Works.

2. Construct thickened curb & gutter in accordance with dimensions, grades and
elevations shown in the Contract Drawings. Place expansion joints per Standard
Drawing 5.2 of the 2017 Transportation Standards and Details for the
Engineering Division City and County of Denver Public Works.

3. Construct step-out zones (or setbacks) per Standard Drawings 5.0 and 13.0 of the
2017 Transportation Standards and Details for the Engineering Division City and
County of Denver Public Works.

4, Curb and gutter three (3) feet on either side of any intakes and overflows shall be
a part of the Pre-Pour Survey (See Submittals Section 1.03) at the discretion of
the Project Manager.

G. Sediment pads

1. Construct in accordance with dimensions, grades and elevations shown in
Contract Drawings.

2. Sediment pads shall not be constructed on planting media.

3. Sediment pads shall be a part of the Pre-Pour Survey (See Submittals Section
1.03) at the discretion of the Project Manager.

H. Impermeable Geomembrane Liners

1. If the liner has a horizontal component, prepared subgrade by and removing any
large, angular rocks or debris that could puncture the liner. Emplace a non-
woven geotextile separate fabric between the subgrade and the impermeable
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geomembrane liner as well as above the impermeable liner to prevent damage
to the liner during construction.

2. Impermeable geomembrane liners shall be installed with at least twelve (12)
inches of media cover to protect the membrane from UV deterioration. The liner
should be installed with slack to prevent tearing due to backfill, compaction and
settling.

3. The liner shall be mounted to concrete walls or curbs with a 1/4-inch x 2-
inch stainless steel batten bar with anchor holes at 6 inches on center and should
be attached using 3/8 inch x 3-inch stainless steel anchor bolt, nut, and washer.

4. Where any pipes (underdrain, irrigation, etc.) penetrate the geomembrane liner,
a boot skirt shall be field-seamed on all sides and affixed to the pipe with a
stainless steel clamp and butyl tac tape to keep the penetration water tight.

l. Non-woven Geotextile Separator Fabric

1. Place and mount the non-woven geotextile separator fabric as shown in the
Contract Drawings.

J. Reservoir media

1. Immediately prior to placing the reservoir media or any drainage materials below
the media, the subgrade excluding that which supports any walls or structure
shall be loosened to a minimum depth of three (3) inches using hand tools, a
walk-behind rototiller, or other suitable equipment as approved by the Project
Manager.

2. After the subgrade soils have been loosened and inspected, remove any stones
or debris six (6) inches or greater in size and dispose of off project site. Do not
bury large stones or debris.

3. Place the media in accordance with the dimensions, grades and elevations
shown in the Contract Drawings.

K. Drain gravel layer

1. Where no reservoir media is proposed, immediately prior to placing the drain
gravel or any drainage materials below the drain gravel, the subgrade excluding
that which supports any walls or structures shall be loosened to a minimum
depth of three (3) inches using hand tools, a walk-behind rototiller, or other
suitable equipment as approved by the project manager.

2. After the subgrade soils have been loosened and inspected, remove any stones
or debris six (6) inches or greater in size and dispose of off project site. Do not
bury large stones or debris.

3. Place the drain gravel in accordance with the dimensions, grades and elevations
shown in the Contract Drawings.

L. Piping & outlet works
1. Underdrain System
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a. Install underdrain system as shown in the Contract Drawings.
b. The minimum length of slotted underdrain shall be four feet.
C. The underdrain cleanout shall consist of four (4) or six (6) inch diameter

solid polyvinyl chloride (PVC) pipe with two 45 vertical degree bends and a
threaded cap set zero to one inches (0”-1") above the top of the planting

media.
2. Prefabricated control structure
a. Order control structure only after the outlet works discharge pipe invert

elevations has been verified and the submittal has been approved by the
project manager.

b. Place control structure in the green infrastructure as indicated in the
Contract Drawings, including the elevation of the top of riser or weir.

C. Set the structure base on compacted soil or fill sand to provide a solid,
stable base.
d. Install proprietary control structure per manufacturer’s recommendations.
3. Prefabricated junction structure
a. Place junction structures as indicated in the Contract Drawings, including

the rim and invert elevations.

b. Set the structure base on compacted soil or fill sand to provide a solid,
stable base.
4, Storm system connection
a. Install per the Contract Drawing, the Wastewater Capital Project

Management Standard Construction Specifications, and the Wastewater
Management Division Standard Details (2015).

M.  Filter sand layer

1. Where no reservoir media is proposed, immediately prior to placing the sand or
any drainage materials below the sand, the subgrade excluding that which
supports any walls or structures shall be loosened to a minimum depth of three
(3) inches using hand tools, a walk-behind rototiller, or other suitable equipment
as approved by the project manager.

2. After the subgrade soils have been loosened and inspected, remove any stones
or debris six (6) inches or greater in size and dispose of off project site. Do not
bury large stones or debris.

3. Place the filter sand in accordance with the dimensions, grades and elevations
shown on the Contract Drawings.

N. Bioretention growing media
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The media shall be placed at horizontal and vertical locations as shown in the
Contract Drawings, and a maximum of nine (9) inches below the WQCV water
surface elevation.

Immediately prior to placing the bioretention growing media or any drainage
layers or components below the media, the subgrade excluding that which
supports any walls or structure shall be loosened to a minimum depth of three
(3) inches using hand tools, a walk-behind rototiller, or other suitable equipment
as approved by the project manager.

After the subgrade soils have loosened be loosened and inspected, remove any
stones or debris six (6) inches or greater in size and dispose of off project site.
Do not bury large stones or debris.

Install a three (3) inch lift of media and blend with the loosened native subgrade
to create a six (6) inch transition layer. Once the blended layer has been
installed, do not store any large or heavy construction equipment within the
green infrastructure to avoid compaction.

The maximum lift thickness of the media during placement in the green
infrastructure shall be six (6) inches. The surface area of each lift shall be
scarified by raking immediately prior to placing the next lift.

Once the finished grades of the media conform to the lines, grades and
elevations shown on the Contract Drawings, saturate the green infrastructure
using the irrigation system or other water method three times, allowing the
water to pond then infiltrate or evaporate each time prior to the subsequent
watering. Where settling occurs, place and spread a topmost layer of planting
media as necessary to conform to finished grades and ensure proper drainage in
an uninterrupted pattern free of hollows and pockets.

Part 4 - Measurement and Payment

4.01 BID ITEM

A. Cast-in-place Concrete Stormwater Intake/Spillway (EA)

B. Cast-in-place Concrete Sediment Pad (SF)

C. Thickened Concrete Gutter With 6” Curb (LF)

D. Thickened Concrete Gutter With 9” Curb (LF)

E. Cast-in-place Concrete Planter Wall — Non-structural (LF)

F. Cast-in-place Concrete Planter Wall — Structural, 18” to 36” High (LF)
G. Cast-in-place Concrete Planter Wall — Structural, 37” to 60" High (LF)
H. Weir Walls (EA)

Impermeable Geomembrane Liner (SF)

J. Bioretention Growing Media (TON)
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Reservoir Media (TON)
Filter Sand (TON)
Drain Gravel (TON)

Underdrain System (LF)

Control Structure (EA)

Outlet Pipe (LF)

Junction Structure (EA)

4.02 PRICE AND PAYMENT PROCEDURES

A

Cast-in-place Concrete Stormwater Intake/Spillway, Cast-in-place Concrete Sediment

Pads
1.

The measurement for payment of each type of stormwater intake, spillway, and
sediment pad will be the individual structure, complete, in place in accordance
with the Contract Documents.

The unit price bid per stormwater intake shall include all of the Contractor’s
costs of whatsoever nature. The price bid shall include: furnishing, transporting,
and installing all materials; excavation, including overexcavation to remove
unsuitable foundation materials; sawcutting existing curb and gutter, grinding or
modifying of existing curb and gutter in whatsoever nature, placing dowels into
existing concrete, concrete, reinforcement steel; backfilling and compaction;
subgrade stabilization; procuring and installing metal intake assemblies and
metal grates and frames; removal and replacement of pavement, base course,
sub-base materials, and any other surfacing materials; addition of base course if
required by the construction documents and not accounted for elsewhere;
protection of existing roadways; constructing the concrete sediment pad;
replacement of curb and gutter between the transitions as stipulated on the
Details; survey of forms prior to pouring concrete and submittal of results;
adjustment of forms based on survey review; survey and preparation of record
drawings; damaged material and contaminated material to the Denver Arapahoe
Disposal Sites (DADS); and all other related and necessary material, work, and
equipment required to construct the stormwater intake in accordance with the
Contract Documents.

Thickened Concrete Gutter With 6” Curb (LF), Thickened Concrete Gutter With 9” Curb

(LF)
1.

The measurement for payment for installation of this item will be the total
number of linear feet for thickened concrete curb and gutter adjacent to green
infrastructure.

The unit price bid per linear foot placement of these items shall include:
sawcutting and/or rotomilling surrounding surface to allow placement, removal
of pavement or roadway surfacing; concrete sawing, furnishing and placing the
concrete; forming, finishing and curing compounds; contraction and expansion
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joints where required by the Construction Project Manager, including partial
depth sawcuts; joint sealing compounds; reinforcing as required and specified;
providing high early concrete as necessary to meet specific project needs;
concrete additives including, but not limited: set retarders, accelerators and
polypropylene fibrillated fibers as directed and approved by Construction Project
Manager; edging the concrete surface; furnishing, transporting, installing and
compaction of materials required for a stable sub-base; removal and disposal of
unsuitable subgrade materials (including frost), replacement with suitable
backfill as necessary; backfilling and pavement around new flatwork; backfilling
with controlled low-strength material; protection from freezing and vandalism;
survey of forms prior to pouring concrete and submittal of results; adjustment of
forms based on survey review; survey and preparation of record drawings;
hauling damaged material and contaminated material to the Denver Arapahoe
Disposal Sites (DADS); and all other related and necessary materials, work and
equipment required to construct this item in accordance with the Contract
Documents.

C. Cast-in-place Concrete Planter Wall — Non-structural (LF), Cast-in-place Concrete
Planter Wall — Structural, 18” to 36” High (LF), Cast-in-place Concrete Planter Wall —
Structural, 37” to 60” High (LF)

1. The measurement for payment for installation of cast in place concrete planter
walls will be the total number of linear feet for each wall as indicated within the
Contract Documents.

2. The unit price bid per linear feet shall include all of the Contractor’s cost of
whatsoever nature. The price bid shall include: furnishing, transporting, and
installing concrete materials, steel reinforcement, add mixtures and fiber
reinforcement as required; excavation and overexcavation; furnishing,
transporting and installing necessary subgrade, bedding and drainage material,
forming and curing compounds; forming and placing blockouts around existing
utilities; survey of forms prior to pouring concrete and submittal of results;
adjustment of forms based on survey review; appropriate bond breaking,
expansion and contraction joints; finishing and edging of concrete; winter
protection; backfilling and compaction; backfilling with controlled low-strength
material; grinding, patching and finishing of concrete wall surfaces, application of
wall finishes as indicated in the Contract Documents; survey and preparation of
record drawings; hauling and disposal of construction debris, excess excavated
material, hauling damaged material and contaminated material to the Denver
Arapahoe Disposal Sites (DADS); and all other related and necessary material,
work and equipment required to construct this item in accordance with the
Contract Documents

D. Weir Walls (LF)

1. The measurement for payment of each type of weir wall will be the based on the
length of the wall complete, in place in accordance with the Contract
Documents.
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2. The unit price bid shall include all of the Contractor’s cost of whatsoever nature.
The price bid shall include: furnishing, transporting and installing the materials as
detailed in the Contract Documents; installation of fasteners; survey of critical
elevations prior to pouring concrete and submittal of results; adjustment of weir
wall components based on survey review; blockouts, any specialty hardware and
coatings; accommodating existing utilities; survey and preparation of record
drawings; prefabrication or custom cutting and fitting of any product to match
the full-width dimensions of the green infrastructure, and hauling damaged
material and contaminated material to the Denver Arapahoe Disposal Sites

(DADS);
E. Impermeable Geomembrane Liner (SF)
1. The measurement for payment for geomembrane liner will be the square feet of

the type of material specified in the Contract Documents.

2. The unit price bid shall include all of the Contractor’s cost of whatsoever nature.
The price bid shall include: furnishing, transporting, handling, installing, and
testing the specified material; seams, boots, overlaps, installation of fasteners,
staking, embedment, and protection measures including non-woven geotextile

fabric.
F. Bioretention Growing Media (TON), Reservoir Media, Filter Sand, Drain Gravel
1. The measurement for payment of these items will be the number of tons of

bioretention growing media, reservoir media, filter sand, or drain gravel placed
and accepted for construction of the proposed Green Infrastructure.

2. All delivery trucks shall be plainly numbered and all records of gross, tare and net
weights (determined by use of a certified scale) shall be kept in detail and
furnished to the Construction Project Manager upon request. These records will
be used for payment purposes, and may be review by the Construction Project
Manager at any time. The unit price bid per ton of classified material shall
include all of the Contractor’s cost of whatsoever nature. The price bid shall
include: excavation and preparation of subgrade; removal and disposal of all
unsuitable material; furnishing of approved materials, transporting, weighing at a
certified scale as require for payment placing; compacting through watering or
use of a walk-behind vibratory compactor, finish grading; survey and
preparation of record drawings; hauling damaged material and contaminated
material to the Denver Arapahoe Disposal Sites (DADS); and all other related and
necessary materials, work, labor and equipment required to complete the site
preparation and placement of the classified material in accordance with the
Contract Documents.

G. Underdrain System (LF), Control Structure (EA), Outlet Pipe (LF)

1. The measurement for payment of the control structure will be each. The
measurement for payment of the underdrain system and each specific size of
outlet pipe will be total number of linear feet of pipe.
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2. The unit price bid for placement of these items shall include: all costs for
furnishing all material, labor, tools, equipment and incidentals (including pipe
fittings and cleanouts); excavation, backfill, compaction, installation of cleanout
including wye and jointing, pipe riser, gaskets, frame and cover or screw cap,
concrete encasement, valve box (if located in a pedestrian area); bedding and
foundation stabilization; connection of the underdrain to the control structure;
emplacement of non-woven geotextile separate fabric underneath underdrain
bedding layers; crossing of existing utilities and/or relocations; protection of
adjacent private property; survey of critical elevations prior to pouring concrete
and submittal of results; adjustment of piping components based on survey
review; survey and preparation of record drawings; placement of the control
structure per the manufacturer’s specifications; any water stops and collars for
the outlet pipe per WMD Standard Details (unnumbered) pages S450 and S550,
and fittings and connections to the downstream manhole or inlet.

H. Junction Structure (EA)

1. The measurement for payment for junction structures shall be the total number
of structures, complete, in place, in accordance with the Contract Documents.

2. The unit price bid for junction structures shall include all of the Contractor’s costs
of whatsoever nature. The price bid shall include: furnishing, transporting and
installation of all material, excavation (including overexcavation to remove
unsuitable foundation material and replacement with suitable material);
manhole rings, covers and cast iron riser rings as specified by the Construction
Project Manager; placement of the junction structure and connections of pipe
laterals per the manufacturer’s specifications; construction of waterproof joints;
installation of water stop gaskets, boots and bands; elimination of infiltration;
removal and replacement of pavement, base course, sub-base material, sod,
decorative landscaping and other surfacing materials; backfill and compaction;
hauling damaged material and contaminated material to the Denver Arapahoe
Disposal Sites (DADS);and all other related and necessary materials, work and
equipment required to construct the junction structures, complete, in
accordance with the Contract Documents.

END OF SECTION 33-47.00
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SECTION 3291 13 SOIL PREPARATION

PART 1 - GENERAL

1.1

A.

1.2

1.3

RELATED DOCUMENTS

Contract Drawings and general provisions of the Contract, including General and
Supplementary Conditions apply to this Section.

Related Report Documentation

1. City and County of Denver - Regulated Asbestos Contaminated Soil Standard Operating
Procedure (RACS SOP), Denver Department of Public Health and Environment
(DDPHE) — Environmental Quality Division, May 2, 2019 (see Appendix).

2. City and County of Denver — Guidance for Reuse of Soil on City Projects, Denver
Department of Environmental Health — Environmental Quality Division, October 5, 2017
(see Appendix).

SUMMARY

This Section includes requirements for the preparation of soil for seeding, sodding, or planting
operations. Soil preparation may include by not be limited to: ripping, fertilizing, soil
conditioning, aeration, topdressing, and fine grading the topsoil. Soil preparation as specified
herein must precede all seeding, sodding, and planting.

Related Sections:

1. Contract Drawings and general provisions of the Contract, including General and
Supplementary Conditions.

2. City and County of Denver Standard Specifications for Construction General Contract
Conditions (2011)

3. City and County of Denver Engineering Division, Wastewater Capital Project
Management Standard Construction Specifications, dated March 15, 2016.

4. Division of Green Infrastructure Standard Specifications.

DEFINITIONS

Fertilizer: A substance that is added to soil to help the growth of plants.

Pesticide: A substance or mixture intended for preventing, destroying, repelling, or mitigating a
pest. This includes insecticides, miticides, herbicides, fungicides, rodenticides, and
molluscicides. It also includes substances or mixtures intended for use as a plant regulator,
herbicide, defoliant, or desiccant.

Soil Amendment: Any substance which is intended to improve the physical, chemical, or other
characteristics of the soil.

Soil Conditioner: A combination of slow-release fertilizer, humate, and Mycorrhiza.

Top Dressing: Adding a combination of soil and soil amendments on top of existing grade.

SOIL PREPARATION
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1.4

A.

B.

1.5

A.

1.6

A.

B.

C.

1.7

A.

B.

SUBMITTALS

Pesticides: Include product label and manufacturer's application instructions specific to each
product. Pesticide application records, per State requirements.

Product Data (for each type of product):

1. Include recommendations for application and use.

2. Include test data substantiating that products comply with requirements.

3. Material Certificates: For each type of soil conditioner, soil amendment, and fertilizer
before delivery to the site, according to the following:
a. Manufacturer's qualified testing agency's certified analysis of standard products.
b. State, Federal, and other inspection certificates shall accompany invoice for

materials showing source or origin.
QUALITY CONTROL
Pesticide Applicator: Applicators shall be a Colorado State licensed, Commercial Applicator.
DELIVERY, STORAGE, AND HANDLING
Packaged Materials: Deliver packaged materials in original, unopened containers showing

weight, certified analysis, name and address of manufacturer, and compliance with State and
Federal laws if applicable.

Bulk Materials:

1. Do not dump or store bulk materials near structures, utilities, walkways and pavements,
or on existing turf areas or plants.

2. Provide erosion-control measures to prevent erosion or displacement of bulk materials,

discharge of soil-bearing water runoff, and airborne dust reaching adjacent properties,

water conveyance systems, or walkways.

Do not move or handle materials when they are wet or frozen.

4. Accompany each delivery of bulk fertilizers and soil amendments with appropriate
certificates.

W

Notify the Project Manager of delivery schedule in advance so material can be inspected upon
arrival at the project site. Immediately remove unacceptable material from the project site.

PROJECT/SITE CONDITIONS

General: Do not perform work when climate and existing site conditions will not provide
satisfactory results.

Vehicular site access shall be limited to the area(s) indicated on the Contract Drawings or as
defined by the Project Manager.

PART 2 - PRODUCTS

2.1

A.

MATERIALS
PESTICIDES
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1.

General: Pesticide , registered and approved by EPA, acceptable to authorities having
jurisdiction, and of type recommended by manufacturer for each specific problem and as
required for Project conditions and application. Do not use ‘Restricted Use’ pesticides
unless authorized in writing by Project Manager and authorities having jurisdiction.
a. Ensure that applications adhere to the product label for restrictions and landscape
sites.
b. Selective for either of the following types:
1)  Broadleaf:
2) 2,4-D Amine,
3) Clopyralid,
4)  Aminopyralid,
5) Triclopyr ,
6)  Or approved equal.
c. Grasses:
1)  Imazapic,
2) Indaziflam,
3) Or approved equal.
d. Non-Selective : Broadleaf or Grasses
9] Glyphosate,
2) Or approved equal.
e. Non-selective for use near waterways
1)  Glyphosate approved for aquatic use
2) Or approved equal.
f. Tree Protection Zones
1) Glyphosate.
2) Or approved equal

B.  Topsoil: Shall be as specified under WMD Construction Specification for “Topsoil”.

C. Soil Conditioners:

a. Fertilizer: a granular ammonium sulfate or custom fertilizer blend to match
requirements specified on plan sheet. Product must be submitted to Project
Manager for approval.

PART 3 - EXECUTION

3.1 SITE EXAMINATION

A.  Examine the site for compliance with requirements and other conditions affecting performance.

1.

2.

3.

General: Verify that existing site conditions are as specified and indicated on the
Contract Drawings before beginning work under this Section.

Grades: Inspect to verify rough grading is within +/- one tenth of one foot (0.1°) of
grades indicated and specified.

Verify that no foreign or deleterious material or liquid such as paint, paint washout,
concrete slurry, concrete layers or chunks, cement, plaster, oils, gasoline, diesel fuel,
paint thinner, turpentine, tar, roofing compound, or acid has been deposited in soil within
the work area.

Unsatisfactory Conditions: The General Contractor shall notify the Project Manager in
writing of any known unsatisfactory site conditions. If the soil is found to be unfit to
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support planting as described above, it is to be removed and replaced with clean soil from
a source approved by the Project Manager.

Locate all utilities (sewer, water, irrigation, gas, electric, phone, and other conduits and
subsurface equipment) prior to commencing work. The Contractor shall be responsible for the
protection of all new and existing infrastructure and repair any damages caused by work under
this Section at no additional cost to the City.

Protect grade stakes set by others until removal is directed by the Project Manager.
PREPARATION

Areas of Compacted Topsoil: Areas within the work limits, or as defined on the Contract
Drawings or by the Project Manager, that have vegetation that is sparse, stunted, anemic, weedy
or was used as construction staging, a parking area, and/or subjected to heavy use will require
ripping to prepare the soil for planting. Scarify compacted soil to an eight-inch (8””) minimum
depth to loosen topsoil.

Areas of Disturbance from Additional Construction Activities: Areas that have been disturbed
for construction implementation activities shall have the vegetation removed, soil prepared per
the specifications, and soil recompacted to meet the compaction requirements for the specified
area.

Areas of Disturbed Topsoil: Areas disturbed but not severely compacted, as determined by the
Project Manager, shall be deep tine aerated or shattered to prepare the soil for revegetation.

Areas of Undisturbed Natural Topsoil: Undisturbed sites that are or were supporting healthy
plant growth need only surface seedbed preparation prior to sowing seed.

INSTALLATION OF SOIL AND SOIL AMENDMENTS

Proceed with installation only after unsatisfactory conditions have been corrected and approved
by the Project Manager.

Beginning of installation means Acceptance of existing conditions by the Contractor.
Install topsoil following WMD Construction Specification for “Topsoil”

Timing: Perform soil preparation just prior to planting operations and in accordance with final
planting schedule.
1. Coordinate with irrigation system installation to avoid damage.

Soil Preparation in Level of Green 2 green infrastructure:

1. Thoroughly till area to depth of fifteen inches (18”) or the depth specified on the plans by
plowing, ripping, rototilling, harrowing, or disking until soil is well pulverized. Avoid
damaging adjacent hardscape. After initial tilling, ensure that soil is not re-compacted from
any heavy construction activities.

2. Apply Soil Amendments at the following rates:

a. Fertilizer: Refer to Part 2 - Products. Apply fertilizer in a quantity that matches the
nutrient rates listed on the contractor document, quantified as pounds of nutrient per
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1000 square yard of amended area per 6 amended soil depth. Apply fertilizer as
recommended by manufacturer.
After applying Soil Amendments, thoroughly till area to depth of 15 inches (157)
minimum by plowing, rototilling, harrowing, or disking until soil is well pulverized and
thoroughly mixed. Avoid damaging adjacent hardscape. Soil Conditioners and Fertilizer
shall be applied once final grade has been established and just prior to sodding or
seeding.
Take soil samples, in similar locations to pre-construction testing, and test amended soil
to ensure the final product meets the laboratory recommendations prior to planting.

Soil Preparation in Turf Grass and Planting Bed Areas:

1.

Thoroughly till area to depth of nine inches (9”) or the depth specified on the plans by

plowing, ripping, rototilling, harrowing, or disking until soil is well pulverized. After initial

tilling, ensure that soil is not re-compacted from any heavy construction activities.

Apply Soil Amendments at the following rates:

a. Fertilizer: Refer to Part 2 - Products. Apply fertilizer in a quantity that matches the
nutrient rates listed on the contractor document, quantified as pounds of nutrient per
1000 square yard of amended area per 6” amended soil depth. Apply fertilizer as
recommended by manufacturer.

After applying Soil Amendments, thoroughly till area to depth of 6 inches (6”) minimum

by plowing, rototilling, harrowing, or disking until soil is well pulverized and thoroughly

mixed. Soil Conditioners and Fertilizer shall be applied once final grade has been

established and just prior to sodding or seeding.

Take soil samples, in similar locations to pre-construction testing, and test amended soil

to ensure the final product meets the laboratory recommendations prior to planting.

Fine Grading in all Landscape Areas:

L.

2.

3.

Complete fine grading for all areas prior to seeding or planting. Allow for natural
settlement.

For ground surface areas surrounding buildings to be landscaped, maintain required
positive drainage away from buildings.

Establish finish grades as follows:

a. Lawn, Seeded, and Unpaved Areas: Finish areas to within not more than +/- five
one-hundredths (.05’) of a foot above or below required elevations.
b. Athletic Fields and Level of Green 2 Facilities: Finish areas to within not more than

+/- two one-hundredths (0.02”) of a foot from required elevation.

Finish grade shall be below edge of pavement prior to sodding, seeding or planting.

a. Sodded Areas: Allow one and one-half inches (1-1/2”) for sod.

b Seeding Areas: Allow one inch (17) for seed.

c. Planting Beds: Allow four inches (2”) for mulch, or as indicated on the plans.

d Level of Green 2 Areas: Allow four inches (4”): two inches (2”°) for mulch plus
two inches (2”) for surface water ponding, or as indicated on the plans.

Compaction of Surface Grade Prior to Landscape Installation:

a. Level of Green 2 Areas: Do not compact.

b. All Other Areas: Firm, but not hard, eighty five percent (85%) standard Proctor
density within two percent (2%) optimum moisture.

Turfgrass Lawn Areas: Prior to acceptance of grades, hand rake to smooth, even surface,

free of debris, clods, rocks and organic matter greater than one inch (17).

Native Seed Areas: Area shall not be graded smooth but left in a rough condition after

tilling. Tilling shall occur parallel to the contours only.
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34

A.

B.

C.

3.5

A.

B.

3.6

A.

B.

C.

8. Restore planting areas to specified condition if eroded or otherwise disturbed after fine
grading and prior to planting.
9. No grading within Tree Protection Zones as shown on Contract Drawings

INSPECTION

Provide notice to the Project Manager requesting inspection at least seventy-two (72) hours
prior to anticipated date of the Work.

Deficiencies: The Project Manager will specify deficiencies to the Contractor who shall make
satisfactory adjustments and shall again notify the Project Manager for an additional inspection.

The Contractor shall ensure that the grade adjacent to site features, including walks follows the
requirements of this Specification section prior to requesting Substantial Completion.

CLEANING

Protect areas adjacent to soil preparation and planting areas from contamination. Keep adjacent
paving and construction clean and work area in an orderly condition.

Remove debris and excess materials from site. Clean out drainage inlet structures. Clean all
paved and finished surfaces that are soiled as a result of Work under this Section.

PROTECTION AND REPAIR

Provide and install barriers as required and as directed by the Project Manager to protect
completed areas against damage from pedestrian and vehicular traffic until Acceptance by the
City.

Protect areas of in-place soil from additional compaction, disturbance, and contamination.
Prohibit the following practices within these areas except as required to perform planting

operations:

1. Storage of construction materials, debris, or excavated material.
2. Parking vehicles or equipment.

3. Vehicle traffic.

4, Foot traffic.

5. Erection of sheds or structures.

6. Impoundment of water.

7. Excavation or other digging unless otherwise indicated.

If the prepared soil or subgrade is disturbed or contaminated prior to planting or installation of
sod/seed, the Contractor shall restore or replace the prepared soil or subgrade as directed by the
Project Manager at no cost to the City.

PART 4 - MEASUREMENT AND PAYMENT

4.1

A.

MEASUREMENT

Measurement will be made by the contract unit specified for Soil Preparation. Measurement
shall include the actual number of units of specified material(s) placed and accepted at the
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4.2

locations shown on the Contract Drawings, or as directed by the Project Manager, and in
accordance with the Specifications.

PAYMENT

Payment will be made at the contract unit price, and shall include required materials,
transportation, equipment, labor, earthwork, stockpiling, disposing, hauling off, watering, dust
control, erosion and sediment control, fine grading, as required in accordance with the Contract
Drawings and Specifications.

END OF SECTION 3291 13
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SECTION 05 52 13 PIPE AND TUBE RAILINGS FOR LANDSCAPE

PART 1 GENERAL

1.1

A.

1.2

1.3

1.4

RELATED DOCUMENTS

The General Contract Conditions, Drawings and other Division - 1 Specification sections apply to Work
of this section.

DESCRIPTION

Work Included: Work consists of furnishing all labor, material and equipment necessary for completion
of the following work.

1. Guardrails, guardrail mesh, handrails, planter rails, welds, washers, bolts, nuts, shims,
and anchor bolts and anchor plates.

2. Erecting, connecting, field welding, and adjusting for plumb and level.

3. All other work normally related to the above or specified under this section.
All other miscellaneous angles, channels, pipes/tubes and plates as indicated.
Definitions:

1. Metal Fabrications: Synonymous with miscellaneous metals

SUMMARY
This section includes manufactured, standard, and custom handrails as shown in the contract drawings.

These include stainless steel pipe railing and cast-iron posts and railing.

REFERENCES

ASTM A167-Standard Specification for stainless and heat resisting chromium nickel steel plate, sheet and
strip

ASTM A269-Standard Specification for seamless and welded austenitic stainless steel tubing
ASTM A276-Standard Specification for stainless and heat resisting bars and shapes

ASTM A312-Standard Specification for seamless and welded austenitic stainless steel pipe, IAWS
D1.1-Structural Welding Code Steel; 2008

AWS D1.6-Structural Welding Code Stainless Steel; 2007
AWS B2.1-84-Welding procedure and performance calculations
PIPE AND TUBE RAILINGS FOR LANDSCAPE
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G. ASTM E894-Standard Test Methods for anchorage of permanent metal railing systems and rails for

buildings

H. ASTM E935-Standard Test Methods for performance of permanent metal railing systems and rails for
buildings

L ASTM E985-Specifications for permanent metal railing systems and rails for buildings

J. NOMMA-Metal finishes manual
K. ASTM A536 Grade 65-45-12 for ductile iron

L. ASTM A36 for mild steel

1.5 PERFORMANCE REQUIREMENTS

A.  Handrail shall be designed to withstand without permanent deflection the following loads:

a. Top Rail
1. Concentrated load of 200 1b/ft applied at any point and any direction.

2. Uniform load of 50 1b/ft applied horizontally and concurrently with uniform load of 100 Ib/ft
applied vertically downward.

3. Concentrated and uniform loads above need not be assumed to act concurrently.
b. Hand Rail other than top Rail

1.  Concentrated load of 200 Ib/ft applied at any point and any direction.

2. Uniform load of 50 1b/ft applied in any direction.

3. Concentrated and uniform loads above need not be assumed to act concurrently
c. Infill areas
4.  Concentrated horizontal load 50 1b/ft applied to 1 sq. ft. at any point is system, including

intermediate rails, panels, pickets, cables or other elements making up infill area. Loads need not
be assumed to act concurrently with loads on top rails in determining stress on infill.

1.6 SUBMITTALS

A.  Shop drawings:

L. Drawings shall specify material sizes, shapes, plans, sections, install details and finishes per
requirements
2. Drawings shall be of reproducible quality and prepared at an approved scale.
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3. Indicate plans, elevations, detail sections, and profile. Show jointing, anchorage and accessory
items, and specify finishes. Furnish setting diagrams and templates for items set in other work.
Especially, show details for tubular steel junction at walls and all tubular steel connections.

4, Include erection drawings, elevations, and details where applicable.
5. Indicate welded connections using standard AWS welding symbols. Indicate net weld lengths.
6. Take field measurements prior to preparation of shop drawings and fabrication, where possible, to

ensure proper fitting of the work. However, do not delay job progress; allow for adjustments and
fittings wherever the taking of field measurements before fabrication might delay the work.

B. Product data for rail systems and finishes.
C. Welder certifications.

D. Samples of rail materials and finish: Samples: Submit samples of all materials to be furnished under this
section in size and form.

7. Steel for handrail post and rail (2 each).

8. One section of handrail in place for review by Owner’s Representative. Show typical welds,
fasteners and screws for compatible finish.
E. Structural calculations and testing.

F. One-year manufacturer’s warranty for materials and installation at project completion.

G. Forward warranty on finish; when applicable; to owner at project completion.

1.7 QUALITY ASSURANCE

A.  Obtain railing through one source from a single manufacturer.

B.  Check dimensions of other construction by accurate field measurements before fabrication to insure
proper rail fit up. Incorporate final dimensions into field use shop drawings. Coordinate fabrication lead
times with construction progress to avoid delaying the work.

C.  Shop assembled mechanical joints shall fit to within 1/16”.

D.  Expansion joints shall fit within 1/8” to allow for thermal expansion within the handrail.

E. Railing posts shall be plumb to within 1/8” over 3°-0’.

F. Welder Qualifications: Currently qualified according to AWS DI1.1.  AISC Specifications for
Architecturally exposed Structural Steel.

G. Hand Rail Fabrication: Demonstrated experience with at least five projects of comparable scope.

H.  Architectural metals shall be of the best commercial quality and their various forms shall be straight and
true. All steel to be FY 36KSI, ASTM A36, all reinforced steel to be FY 60 KSI, and all tubes to be
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1.8

ASTM A500, (grade b). There shall be no scratches, scars or creases, buckles, ripples or chatter marks.
Finished surfaces must be smooth and true.

Cast Iron Castings shall be free of blow holes, flashing, grind marks, and other surface blemishes.
DELIVERY, STORAGE AND HANDLING

Deliver anchor bolts and other anchorage devices that are embedded in cast-in-place concrete or masonry
construction to the project site in time to be installed before the start of cast-in-place concrete operations

or masonry work.

Provide setting drawings, templates, and directions for the installation of anchor bolts and other similar
devices.

Metals that are stored at the project site shall be above ground on platforms, skids, or other supports.
Protect steel from corrosion. Store other materials in a weather tight and dry place until ready for use.

Handle in such a manner so as to protect surfaces and to prevent damage to fabricated pieces, during
storage, erection and during construction.

Store packaged materials in their original, unbroken package or container. Materials shall be carefully
handled and stored under cover in a manner to prevent deformation and damage to the materials and to

shop finishes, and prevent rusting and the accumulation of foreign matter on the metal work.

All such work shall be repaired and cleaned before erection.

PART 2 PRODUCTS

2.1

2.2

PLANTER RAIL

A. PLANTER RAIL — Proto Planter Fence: Iron Age Designs 2104 SW 152nd St. Suite #4

Burien, WA 98166, Contact Rich Lee (T) 425-501-7321, or Landscape Architect approved
alternate.
1. Model: Proto Planter Fence with Auger Spike Foot

2. Product ID: PRPF2S
3. Height: 18”
4. Material: Cast Iron
5. Finish/Color: Powdercoated Black
6. Mounting: 30” Auger Spike through Post Foot
7. Assembly: Rails shall be mechanically fastened to posts with stainless steel 1/4-20 bolts.
8. Install per manufacturer’s instructions and details.
MATERIALS

Provide metal free from pitting, seam marks, roller marks, grinding marks and stains at areas exposed to
view on completed rail units.

Steel

1. Pipe and tubing: ASTM A 269 Type 304 or Type 316.
2. Bar: ASTM A 276 Type 304 or Type 316.

3.  Fittings: ASTM A 276/ A 479 Type 304 or Type 316.
4.  Rails: ASTM A36 for Mild Steel.

Cast Iron
PIPE AND TUBE RAILINGS FOR LANDSCAPE
055213-4
April 2025



1. Post: ASTM A536 Grade 65-45-12 Ductile Iron.
FINISHES
A. Steel

1. Stainless Steel
Powdercoat

Cast iron

1. Powdercoat

FABRICATION

Fabricate handrails, guardrails, and planter rails in accordance to approved shop drawing and field
dimensions using mitered and welded joints with bends where indicated on shop drawings.

Shop fabricate in greatest possible lengths to eliminate field splicing, but not to exceed 20°-0” in length.
Form bends to uniform radius, free of distortion, twists, cracks and grain separation.

Top rails shall be continuous over posts for strength with splices for expansion located within 6 to 12
inches of post.

Splices and expansion joints shall utilize internal splice connectors with set screws to allow for rail
expansion over ambient temperature change.

Weld all shop assembled connections continuous without undercut and or distortion of rail materials.

Grind and or dress exposed welds smooth and flush to corner or fillet without weakening rail
connection.

Remove all burrs and sharp edges from exposed ends of final rail assemblies.

Lightly sand and blend with fine grit paper all light scratches prior to rail finishing.

Provide drainage and weep holes within rail assemblies to prevent entrapment of water within rail
assemblies. Note that caution should be used when pressure washing rails assemblies to prevent water

entry to non-vented areas under pressure.

Provide post inserts where required due to loading within long post spans.

PART 3 EXECUTION

EXAMINATION

A. Verify that field conditions are acceptable and ready to receive work.
PREPARATION
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3.3

A.

C.

A. Field measurements: Take measurements on site as required for correct fabrication and installation.

Fabricator shall be responsible for errors in fabrication and for correct fit of structural steel.

The contractor assures that all components, specified or required to satisfactorily complete the

installation are compatible with each other, with adjoining substrates, materials and work by other

trades, and with the conditions of installation and expected use.

Pre-assemble items in the shop to the greatest extent possible, so as to minimize field splicing and

assembly of units at the project site. Disassemble units only to the extent necessary for shipping

and handling limitations. Clearly mark units for re-assembly and coordinated installation.
INSTALLATION

Install in accordance with shop drawings utilizing established working points.

Set railings within sleeves, use anchor bolts or core drill for mounting holes. Maintain slab edge
distances and rail locations per shop drawings.

Assemble rails fitting splices together to form tight hairline joints while allowing for thermal expansion as
required.

Make all adjustments to alignment for satisfactory rail appearance and to plumb posts prior to final
tightening of fasteners or pouring of holes.

Set railings within sleeves or cored holes using a high quality anchoring grout such as Quickrete. Slope
grout 1/8” up on posts for drainage.

Locate wall brackets per shop drawings and set anchors within concrete.
Install wall rail onto brackets using fasteners supplied per the drawings.
After installation is complete clean product using non-abrasive mild soap and water. Do not utilize any

cleaners containing any type of acid. I) Use touch up paint and touch up kit to repair any areas damaged
during installation.

PART 4 - MEASUREMENT AND PAYMENT

4.1

4.2

A.

A.

MEASUREMENT

Measurement will be made by the contract unit specified. Measurement shall include the actual number
of units of specified material(s) placed and accepted at the locations shown on the Contract Drawings, or
as directed by the Project Manager, and in accordance with the Specifications.

PAYMENT

Payment will be made at the contract unit price, and shall include required materials, transportation,
equipment, labor, earthwork, stockpiling, disposing, hauling off, watering, dust control, erosion and
sediment control, fine grading, welding, cutting, or bolt as required in accordance with the Contract
Drawings and Specifications.

END OF SECTION 05 52 13
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SECTION 32 40 00 SITE STONE

PART 1 GENERAL

1.01
A.
1.02
A.
1.03
A.
B.
1.04
A.
B.
C.
D.
E.
1.05
A.

Related Documents
The General Contract Conditions, Drawings, and Division - 1 Specification sections, apply to
Work of this section.

Description

The work in this section consists of furnishing and installation of stepping stones, boulders, and the
river rock swale.

Related Sections

Section 02200 — Earthwork

Section 02232 — Aggregate Base Course

Quality Assurance
Source: Specified stone shall come from a single source.
The Owner’s Representative reserves the right to reject the Contractor’s masonry personnel or
stonework subcontractor based on these experiences and skill requirements. If rejected, the
Contractor shall obtain personnel and/or a subcontractor having qualifications acceptable to the

Owner’s Representative.

No adjustments in prices or completion time will be allowed due to changes in personnel or delays
in obtaining satisfactory personnel or subcontractor.

Contractor shall guarantee their respective work against defective materials or faulty workmanship
as specified in the General Conditions and Division One Specifications.

Contractor shall comply with the following standards, except where more stringent requirements
are stated on the drawings or herein:

1. American National Standards Institute, ANSI/NSB 211 (A41.1), “Building Code
Requirements for Masonry”
2. American Society for Testing Materials, ASTM.
Submittals:

Samples: Samples shall be submitted for the following:

1. Boulders: Site photos of each type of boulder and stone shall be submitted for approval.
Once a source of boulders for each type has been determined, contact the Owner’s
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1.06

1.07

Representative and the Landscape Architect for a site visit. Boulders may be tagged for
use at selected locations.

B. Product Data:
1. Quarry Facility: complete data on quarry facilities for stone type and on fabrication facilities
for stonework. Include information of location and production capabilities
2. Photographs of the nature and character of each stone type selected
3. Type of Equipment to be used for equipment hours

Inspection

A. The Landscape Architect will accompany the Subcontractor on selection trip(s) to the quarry. The
Landscape Architect will select stone. Prior to this trip, the Subcontractor shall have preselected the
Quarry to ascertain that stone in size and type required are available for proper selection.

Delivery, Storage and Handling

A. Store masonry materials on platforms or pallets. Store mortar materials under cover in a dry
location. Protect steel materials from moisture and keep free of loose scale and rust. Handle
masonry materials carefully to avoid chipping, breakage, contact with soil or other contaminating
material. Deliver cementitious materials in the manufacturer’s unbroken, labeled containers. Care
shall be taken in transportation and handling of stone, so as not to scratch or damage the stone,
particularly the naturally weathered surfaces.

PART 2 PRODUCTS

2.01

2.02

General

A. Boulders shall be tagged at the quarry by the landscape architect. Contractor shall arrange with
quarry to have stone stockpiled. Stone Tags shall remain on the stones during delivery to the site.

B. Upon delivering the stone to the site, Owner’s Representative will examine the stone and may
reject any determined to be damaged or scratched on the desired exposed faces or unnaturally
shaped. These stone shall be removed from the site at the Contractor’s expense.

C. Stone features shall incorporate a mix of shapes and sizes with bedding planes and proportions of
stone in different sizes resembling the elevations shown in the drawings. Natural bedding planes of
stone slab walls are to be laid horizontally; horizontal and vertical joints to be frequently
interrupted. Stone shall appear naturally weathered; cut faces shall not be visible unless shown on
the drawings; and sharp edges shall not be exposed.

D. The nominal sizes of boulders and stone slabs listed shall serve as the minimum acceptable
dimension on any axis through the approximate center of mass of the stone. Stone with any
dimension smaller than the nominal dimension stated shall be used as the next nominal size less.

E. Contractor shall notify the Owner’s Representative at a minimum 48 hours in advance of stone
placement.
River Rock
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2.03

2.04

2.05

2.06

2.07

2.08

A. River Rock shall be native colors and have naturally rounded edges “2”-4” Bulk River Rock™ as
supplied by SiteOne Landscape Supply (T)303-922-6392, Englewood, CO, or approved equal.
Select boulders with smooth face and avoid sharp edges.
a. River Rock Size: Size varies, 27-4”

Accent River Rock

B. Accent River Rock shall be native colors and have naturally rounded edges “Bulk River Rock
Horizon 5”-12” as supplied by SiteOne Landscape Supply (T)303-922-6392, Englewood, CO, or
approved equal. Select boulders with smooth face and avoid sharp edges.
a. River Rock Size: Size varies, 57127

Stepping Stones Type A - Gray

A. Gray Stepping Stones shall be gray in color “Solistice Step” as supplied by SiteOne Landscape
Supply (T)303-922-6392, Englewood, CO, or approved equal.

a. Stepping Stone Size: 48”L X 16”W X 6T
b. Finish: Rockface finish on all vertical faces

Stepping Stones Type B - Buff

A. Gray Stepping Stones shall be gray in color “Prairie Gold Steps” as supplied by SiteOne Landscape
Supply (T)303-922-6392, Englewood, CO, or approved equal.

a. Stepping Stone Size: 5L X 16”W X 57-7"T
b. Finish: Rockface finish on all vertical faces

Boulders Type A - Gray

A. Boulder shall be gray in color “River Boulders” as supplied by SiteOne Landscape Supply (T)303-
922-6392, Englewood, CO, or approved equal.

a. Boulder Size: 24” diameter minimum, 36” diameter maximum
b. Color: Gray
c. Select boulders with smooth face and avoid sharp edges.

Boulders Type B - Buff

A. Boulder shall be buff in color “Colorado Sunset Landscape Boulders” as supplied by SiteOne
Landscape Supply (T)303-922-6392, Englewood, CO, or approved equal.

a. Boulder Size: 24” diameter minimum, 36 diameter maximum
b. Color: Buff
c. Select boulders with smooth face and avoid sharp edges.

Boulders Type C - Red

A. Boulder shall be red in color “Lyons Res Blocks and Slabs Random Blocks” as supplied by Lyons
Sandstone (T)303-823-5659, info@lyonssandstone.com, Lyons, CO, or approved equal.
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a. Boulder Size: 24” diameter minimum, 36 diameter maximum
b. Color: Red
c. Select boulders with smooth face and avoid sharp edges.

2.09  Stepping Stones Type C - Red

A. Stepping Stones shall be red in color “Lyons Res Blocks and Slabs” as supplied by Lyons
Sandstone (T)303-823-5659, info@lyonssandstone.com, Lyons, CO, or approved equal.
a. Stepping Stone Size: 5L X 16”W X 6T
b. Finish: Rockface finish on all vertical faces

2.10  Geotextile Fabric

A. Mirafi 140 N as supplied by TC Mirafi, 706-693-2226, or approved equal

PART 3 EXECUTION

3.01 GENERAL

A. Stone shall be placed individually in a manner to avoid displacing underlying materials or placing
undue impact force on the underlying materials. Stone shall not be dropped from a height of more
than 2 inches.

B. Stone shall be placed in position by the use of a multi-prong grapple device or suitable equipment
for handling material. Dayline buckets and skips shall not be used for placement of stone.

C. Stone shall be placed with weathered and most natural, rounded surface up, or as directed.

D. Stone shall be placed in the presence of the Owner’s Representative, and Owner’s Representative
shall approve the placement before stone are backfilled and/or mortared. The contractor should
anticipate that rehandling of individual stone after initial placement will be required to achieve
required elevations and placements.

E. Backfill excavation around site boulder / stone as indicated on construction plans and in
accordance with Section 02200 and 02260.

F. Excavate for placement of stone, such that top of stone slab will meet grade specified on grading
plan and detail. Provide a firm, smooth, uniform surface. Contractor shall prepare subgrade as
indicated in the construction plans and specifications.

G. Provide chases, reveals, reglets, openings and other spaces as shown or required for contiguous
work. Close up openings in stonework after other work is in place. Use materials and set to match
surrounding stonework.

H. During all seasons, protect partially completed stonework against weather when work is not in
progress. Cover top of wall with strong, waterproof, non-staining membrane extending at least 2-
feet down the stone face and anchor securely in place.

L. Do not build on frozen work; remove and replace stonework damaged by frost or freezing.
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3.02

Do not use stone units with chips, cracks, voids, stains or other defects which might be visible in
the finished work unless otherwise acceptable to the Owner’s Representative.

Contractor shall place aggregate base course and stone slab in accordance with specifications and
construction plans. Contractor shall minimize the appearance of cut stone faces.

Set stone in accordance with drawings. Provide anchors, supports, fasteners and other attachments
as shown or necessary to secure stonework in place. Adjust accessories for proper setting of stone.

Execute stonework by skilled mechanics and employ skilled stone fitters at the site to do necessary
field cutting as stone is set.

Adjustment, Protection, And Clean-Up

Upon completion of work, remove from the premises all surplus materials, tools, equipment,
rubbish, debris, and rejected stone resulting from the work.

Remove and replace stone units that are broken, chipped, stained or otherwise damaged. Where
directed, remove and replace units that do not match adjoining stonework. Provide new matching
units; install as specified and point-up to eliminate evidence of replacement. Repoint defective and
unsatisfactory joints as required to provide a neat, uniform appearance.

Clean stonework not less than six days after completion. Thoroughly clean and scrub completed
stone with fiber brushes, using a mild alkaline abrasive cleaner that contains no caustic or harsh
fillers. Do not use wire brushes or acid type cleaning agents. Begin at top and work down. Clean
stone thoroughly, leaving no stains or traces of cleaning compound.

Protect the stonework from collapse, deterioration, discoloration or damage during subsequent
construction and until acceptance of the work.

PART 4 - MEASUREMENT AND PAYMENT

4.1

4.2

A.

MEASUREMENT

Measurement will be made by the contract units specified. Measurement shall include the actual number
of units of specified material(s) placed and accepted at the locations shown on the Contract Drawings, or
as directed by the Project Manager, and in accordance with the Specifications.

PAYMENT

Payment will be made at the contract unit price, and shall include required materials, transportation,
equipment, labor, earthwork, stockpiling, disposing, hauling off, watering, dust control, erosion and
sediment control, and fine grading, as required in accordance with the Contract Drawings and
Specifications.

END OF SECTION 32 40 00
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” DENVER

' PUBLIC WORKS

CITY AND COUNTY OF DENVER
ENGINEERING DIVISION

Wastewater Capital Projects Management
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Bid Item 01-21.19.01 CERTIFIED ASBESTOS BUILDING INSPECTOR (CABI)/AIR MONITOR
(HOURLY) ALLOWANCE ACCOUNT

SIGI Five Points Group A Sites - ALLOWANCE ACCOUNT ITEMS
DESCRIPTION

This Special Provision contains the City and County of Denver’s estimate for Allowance Account Items for
all allowances necessary for the hourly Certified Asbestos Building Inspector/Air Monitor. Duties of the
CABI/Air monitor shall be to provide asbestos awareness training for all personnel associated with the
project; monitor and cause to enforce that all project activities, excavations and site controls are in
compliance with Denver Department of Public Health and Environment — Asbestos-Contaminated Soil
Management Standard Operating Procedure (current version); ensure compliance with all state and
federal laws, regulations and guidelines; and any other duties as defined within a site specific Material
Management Plan. The estimated amounts will be added to the total bid to determine the amount of
the performance and payment bonds. Allowance Account work shall be performed and reimbursed to the
contractor as approved by the City Construction Project Manager. In no event shall reimbursement to the
contractor exceed that maximum total indicated in the basis of payment below.

BASIS OF PAYMENT

Payment will be made at unit prices for a schedule of values that are associated with each allowance
account item category indicated below (A-D). The hourly employment costs of the CABI/Air Monitor for
training; the unit prices for rental costs of any required equipment; coordinating testing and/or disposal
of samples as indicated below (A-D). The schedule of values shall be submitted by the contractor and
accepted by the City Construction Project Manager within 60 days of Notice to Apparent Low Bidder.
CABI shall be a subcontractor and the unit prices will only be paid at true and verifiable cost plus a 3%
mark up in accordance with the City and County of Denver General Contract Conditions. Mark up shall
not be applied to sales tax or reclamation fees/charges. Payment will constitute full compensation for all
true and verifiable costs associated with CABI/Air Monitor and allowances necessary to complete the
scope of the project. The contractor will be required to submit itemized invoices for hourly employment
of CABI/Air Monitor, rental of equipment for air sampling, testing and/or disposal of samples; along with

Project Specific Specification Page 1 of 3
01-21.19.01
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a spreadsheet tabulation indicating the 3% for inclusion in the Field Measurement Report (FMR). The
City Construction Project Manager will approve payments in the appropriate dollar amount on the
monthly payment applications.

No payment will be made under this bid item for any items associated with bid item 3-2 Hauling of
Contaminated Materials to Denver/Arapahoe Disposal Site (DADS).

Allowance Account work must be coordinated through an approved* Environmental Consulting Firm with
access to a Certified Asbestos Building Inspector (CABI) who can provide training, perform visual inspection
and air monitoring, reporting, collect samples and submit for testing in compliance with all federal, state,
and local requirements, and shall only be paid for after receipt of an itemized statement endorsed by the
Contractor and approved by the City Construction Project Manager.

Item No. Allowance Account Item Quantity Estimated Amount
01-21.19.01 A CABI/Air Monitor Hourly A/A $5,000.00
01-21.19.01 B Materials & Equipment A/A $1,000.00
01-21.19.01 C Lab Testing A/A $2,000.00
01-21.19.01 D Disposal of Waste & Associated Profiling A/A $2,000.00

Maximum Total: $10,000.00

Allowance Account Item Definitions:

01-21.19.01A CABI/Air Monitor Hourly — The price shall include all the Contractor’s costs of whatsoever
nature, incurred in contracting with an approved* Environmental Consulting Firm for the
services of a CABI/Air Monitor. The price shall include: all labor required for the inspector
to provide Asbestos Awareness Training to all job site personnel, respond within 2 hours
to evaluate potential asbestos containing material, and collect air fiber samples for
evaluation of suspicious materials; monitoring of all construction activities once asbestos
is confirmed.

01-21.19.01B Materials and Equipment — The price shall include: all materials and equipment required
for the inspector to provide training, monitor the construction site, evaluate potential
asbestos containing material, and collect air fiber samples.

Project Specific Specification Page 2 of 3
01-21.19.01
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01-21.19.01C Lab Testing & Associated Profiling — The price shall include: Laboratory testing of any
suspect materials, soil samples or air fibers to evaluate for the presence of asbestos;
including laboratory analysis costs associated with creation of a disposal profile and any
required modification of the site-specific Materials Management plan.

01-21.19.01D Disposal of Sample Waste — The price shall include: Proper disposal of sample waste or
contaminated materials associated with the testing and profiling of the suspect materials
to ensure compliance with all federal, state, and local transportation requirements.

*Approval of the Environmental Consulting firm shall be in the form of a submittal after contract award.

Date Issued 07/03/2025

Project Specific Specification Page 3 of 3
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	GI Irrigation System
	32-80.00 Irrigation Systems
	Part 1 -  General
	1.01 RELATED DOCUMENTS


	A. Contract Drawings and general provisions of the Contract, including General and Supplementary Conditions.
	B. City and County of Denver Standard Specifications for Construction General Contract Conditions (2011)
	C. City and County of Denver Engineering Division, Wastewater Capital Project Management Standard Construction Specifications, dated March 15, 2016.
	D. City and County of Denver, Division of Green Infrastructure Standard Specifications
	E. 2017 Transportation Standards and Details for the Engineering Division City and County of Denver Public Works
	F. Wastewater Management Division – Standard Details (2015)
	1.02 SUMMARY

	A. This Section includes the requirements for the installation of an underground irrigation system including the following:
	1. Trenching, stockpiling excavation materials, refilling and compacting trenches.
	2. Complete irrigation system including but not limited to piping, valves, fittings, heads, wiring, sensors, backflow preventer(s), Automatic Irrigation Controller(s) and final adjustments to insure complete coverage.
	3. Water connections.
	4. Replacement of unsatisfactory materials.
	5. Cleanup, inspections, and approval.
	6. Testing.
	B. Related Sections:
	1. WCPM Standard Construction Specification 2.0 Section “Site Preparation”.
	2. WCPM Standard Construction Specification 4.0 “Utility Trenching and Excavation”
	3. WCPM Standard Construction Specification 5.0 “Bedding and Backfilling”.
	4. WCPM Standard Construction Specification 6.0 “Surface Restoration”
	5. WCPM Standard Construction Specification 23.0 “Storm Water Management”.
	6. WCPM Standard Construction Specification 47.0 “Construction Survey and Monumentation”.
	7. WCPM Standard Construction Specification 33 05 97.23 “Underground Utility Warning Tape”.
	8. Division of Green Infrastructure Specification 32-84.33 “Automatic Irrigation Controllers”.
	9. Division of Green Infrastructure Specification 32-93.00 “Trees, Plants, and Groundcovers”.
	1.03 References

	A. Conform to requirements of reference information listed below except where more stringent requirements are shown or specified in Contract Documents.
	1. American Society for Testing and Materials (ASTM) - Specifications and Test Methods specifically referenced in this Section.
	2. Underwriters Laboratories (UL) - UL Wires and Cables.
	3. National Sanitation Foundation (NSF) – Piping and backflow prevention.
	4. American Water Works Association (AWWA) – Piping and backflow prevention
	5. Colorado Department of Public Health and Environment (CDPHE) – Colorado Primary Drinking Water Regulations
	1.04 Quality Control

	A. Special Requirements.
	1. Tolerances:  Specified depths of mains and laterals and pitch of pipes shall be installed per the Contract Drawings and specifications.
	2. Compaction:  Settlement of trenches is cause for removal of finish grade treatment, refilling, compaction, and repair of finish grade treatment.
	3. Coordination with Other Contractors:  Protect, maintain, and coordinate work with work under other Sections.
	4. Damage to other Improvements:  Contractor shall replace or repair damage to grading, soil preparation, seeding, sodding, planting and/or new site features done under other Sections during Work associated with installation of irrigation system at no...
	5. Damage or Disturbance to the Existing Irrigation Components:  Damage to existing components as a result of work being performed by the Contractor will require the Contractor to replace the damaged components to the City’s current standards, at no a...
	6. Salvaged Parts:  The Contractor is responsible for removal of all existing heads, valves and valve boxes being replaced as part of the Project. Equipment shall be returned to Denver Parks Operations and Maintenance staff.
	7. Water Delivery Interruption:  When working on an existing irrigation system, the Irrigation Contractor shall contact the Project Manager and inform them, seventy-two (72) hours in advance, of any water interruption that is required.  The maximum ir...
	8. Watering:  The Contractor is responsible for following all Denver Water rules and regulations for sod and seed establishment, available at http://www.denverwater.org.  The Contractor shall post signs per Denver Water in a visible location(s) on sit...
	9. Permits:  Work involving high voltage electrical wiring, grounding and related Work shall be executed by licensed and bonded electrician.  Secure a permit at least forty-eight (48) hours prior to start of installation
	10. Certifications: Installation must be inspected and certified by a licensed Certified Cross-Connection Control Technician.
	B. Pre-Construction Conferences and Site Meetings:
	1. Contractor shall schedule and conduct a pre-construction conference to review in detail quality control and construction requirements for equipment and materials used to perform the Work.  Conference shall be scheduled not less than ten (10) days p...
	2. Prior to commencement of Work, Contractor shall schedule an on-site conference with Project Manager, Office of the City Forester  and any other parties designated by Project Manager to discuss tree protection requirements, staging locations, traffi...
	a. Identify on Contact Drawings all locations of existing components.
	b. Verify the operation of each component.
	c. Provide documentation of existing components and conditions to the Project Manager prior to starting Work.
	3. Contractor shall schedule on-site conferences the frequency of which is to be determined by the Project Manager and any other parties designated by the Project Manager to review project progress.
	4. Contractor shall record Meeting Minutes of each conference and distribute to all parties in attendance within three (3) days of conference.
	1.05 Submittals

	A. Prepare and make submittals in accordance with conditions of the Contract prior to installation of any irrigation equipment:
	B. Material List:  Submit a PDF file of complete list of materials, and cut sheets indicating manufacturer, model number and description of all materials and equipment to be used.  Only include specific cut sheets for the products being used as part o...
	C. Shop Contract Drawings:  If applicable, submit shop Contract Drawings for pumps, backflows and assemblies.  Include plumbing and foundation/support systems if the installation differs from the manufacturer’s recommended installation.
	D. Mock-ups:
	1. Valve assembly:  Provide a completely built electrical valve assembly.  This mock-up, to include electric valve, service tee, lateral valve riser, length as required for mainline depth, and male thread by spigot outlet adapter. The mock-up may be i...
	2. Swing joints:  Provide a swing joint assembly for each detail shown (e.g. - quick coupler, rotors and pop-up spray head) or as directed by the Project Manager
	3. Drain valves:  Provide a mock-up including the service tee, required fittings, and drain valve.
	E. Contractor Certifications:
	1. Copy of Contractor’s Annual Certification as a Certified Cross-Connection Control Technician as issued by the Colorado State Plumbing Board.
	F. Other:  Mock-ups that may be requested by the Project Manager.
	G. Operation and Maintenance Manual:  Coordinate scheduling/precipitation instructions with the Project Manager,  City Owner’s Representative, Contractor’s Superintendent.  Submit one (1) digital copy in PDF format to the Project Manager including:
	1. Winterization and spring start-up procedures.
	2. Cut sheets of products.
	3. Manufacturer’s inspection and maintenance instructions for backflow preventer (if applicable).
	4. Manufacturer’s maintenance and operation instructions for all irrigation system components.
	H. Warranty:
	1.  Submit manufacturer written warranty for irrigation components, two year minimum.
	2. Contractor warranty is for 3 years from Date of Acceptance, G.C.C.1801.4A
	1.06 Contract Record Drawings

	A. Prior to the installation of the irrigation system, the Contractor will provide on-site copies of the original irrigation design Contract Drawings for “Contract Record Drawings”.  Contractor to revise Contract Record Drawings in red ink as the Work...
	B. Contract Record Drawings shall be completed by an Irrigation Consultant or qualified draftsperson.  Encompass entire Scope of Work including any altered existing equipment and altered zones.  Note the Automatic Irrigation Controller zone number, ty...
	C. Preparation of Contract Record Drawings:  Dimension from two (2) permanent points of reference (building corners, sidewalk corners/intersections, road intersections, permanent structures, light poles, or utility cabinets) the location of the follow...
	1. Point of connection
	2. Meters and Vaults
	3. Curb stops
	4. Drain valves
	5. Pumps
	6. Backflows
	7. Bypass lines
	8. Service lines
	9. Routing of irrigation mainline.  Provide dimensions for each change of direction and every two hundred linear feet (200 L.F.) maximum along each run
	10. Routing of non-pressure lateral lines, layout and size, if altered from original design
	11. Zone control valves
	12. Quick coupling valves
	13. Flow meter
	14. Master valve
	15. Rain sensors/rain gauges/weather stations
	16. Wire splice boxes
	17. Control wire routing, if not with pressure mainline
	18. Gate valves
	19. Air relief valves
	20. Sleeves
	21. Flush valves
	22. Power service drop
	23. Two-wire ground rods and plates
	24. Other related equipment as directed
	D. Make dimensions accurately at the same scale used in the original Contract Drawings, or larger.  Notes and dimension lettering must be legible. Dimension lines shall be drawn on the plan(s) neatly along the outside edge and shall be red for clarity...
	E. The irrigation legend and zone call outs must be changed to accurately reflect the irrigation equipment installed, if such equipment is not the same as originally specified on the contract documents.  This includes type of head, flow rates, effecti...
	F. The Project Manager will not certify any pay request submitted by the Contractor if the Contract Record Drawings are not current, and processing of pay request will not occur until Contract Record Drawings are updated.
	G. Prior to the Substantial Completion walk, the Contractor shall provide a digital copy of the irrigation design with record installation information that reflects all changes made over the course of the construction project.  Contract Record Drawing...
	1. Digital Contract Record Drawings in both PDF and AutoCAD format (include any related X-ref files, plot files and pen settings.) Make any additional changes to the file as directed by the Project Manager prior to final submittal and approval.
	H. Request for Substantial Completion will not be  processed until all Contract Record Drawing prints and digital files have been received and approved by the Project Manager.
	1.07 DELIVERY, STORAGE, AND HANDLING

	A. Packing and Shipping:  Deliver all components to job site in original unopened packaging containers prominently displaying manufacturer’s name, volume, quantity, contents, instructions, and conformance to local, state, and federal law.  Remove and ...
	B. Handling, Storage and Delivery of PVC Pipe:
	1. Exercise care in handling, loading and storage of PVC pipe.
	2. All PVC pipe shall be transported in a vehicle which allows length of pipe to lie flat so as not to subject it to undue bending or concentrated external loads. All sections of pipe that have been dented or damaged shall be discarded, and shall be r...
	C. Storage and Protection:  Deliver, unload, store, and handle materials, packaging, and products in dry, weatherproof condition in manner to prevent damage, breakage, deterioration, intrusion, ignition, and vandalism.
	D. Only materials and equipment meeting project specifications and to be used as part of Project shall be stored on site.  Project Manager to may verify at any time during construction period.
	1.08 JOBSITE CONDITIONS

	A. Existing Conditions:
	1. Soil Conditions:  The Contractor is responsible for investigating the type of soil and conditions in which lines are to be installed.  No extra payment will be allowed due to difficulty in trenching, unless approved by the Project Manager.
	2. Contractor is responsible for understanding the scope of related operations as specified and indicated in the Contract Drawings and Specifications before beginning Work under this Section.
	3. Report unsatisfactory conditions in writing to the Project Manager within twenty-four (24) hours of discovery.   Commencement of installation means acceptance of existing conditions by the Contractor.
	B. Protection of Property:
	1. Protect buildings, walks, walls, and other property from damage. Erect and maintain barricades, warning signs and lights, and provide guards as necessary or required to protect all persons on the site.  Damage caused to asphalt, concrete, monuments...
	2. The Contractor is responsible for potholing of all existing utilities, irrigation lines or any other underground improvements that may be damaged due to the installation of Irrigation Systems.
	C. Protection of Existing Trees:
	1. Refer to Contract Documents.
	D. Protection and Repair of Underground Lines:
	1. Request utility locates seventy-two (72) hours in advance of any excavations by calling the Utility Notification Center of Colorado at 811.  Take whatever precautions are necessary, including pot holing to verify location and depth to protect these...
	2. The Contractor is required to contact all private utility companies including Denver City Departments to locate all private utilities.  The request for locates shall be a minimum of seventy two (72) hours prior to proceeding with any excavation.  I...
	E. Replacement of Paving and Curbs:  Any damage due to work that occurs adjacent to or crosses existing roadways, paths, trails, curbing, sidewalks, etc. shall be restored to original condition at the contractors expense, and the satisfaction of the P...
	1.09 WARRANTY/GUARANTEE

	A. Per GCC 1801, the contractor shall provide a 3-year warranty from the date of Final Acceptance for material, workmanship and products related to the irrigation systems.
	B. Losses due to vandalism before Final Acceptance shall be the Contractor’s responsibility.
	C. Once Final Acceptance is granted, the City will maintain the Green Infrastructure in the during warranty period.  The Contractor is responsible to monitor and coordinate Automatic Irrigation Controller scheduling and maintenance with the Project Ma...
	D. The Contractor shall make warranty repairs and replacements within three days of notification from the City.  If the Contractor fails to make repairs within three days, the City will make such repairs at the Contractor’s expense. The City Project M...
	1.10 TURN OVER ITEMS

	A. Where applicable, furnish the following maintenance items to City prior to Substantial Completion:
	1. Two (2) sprinkler heads for each size and type specified.
	2. Two (2) nozzles for each type of head and spray pattern.
	3. Two (2) head adjustment tools for each type of head installed.
	4. Two (2) valve keys for operating each type of manual valve. (Manual drain valves, gate valves and angle valves).
	5. Two (2) valve keys and hose swivels for each type of quick coupling valve.
	6. Two (2) valve decoder keys
	1.11 MAINTENANCE DURING PROJECT CONSTRUCTION

	A. Within Limit of Work:  Contractor shall fence, water, and keep weed free any turf, trees and any plantings within the Limit of Work. Contractor is responsible for maintenance which includes picking up trash, weed control and mowing of turf and nati...
	B. Outside Limit of Work:  Coordinate Automatic Irrigation Controller scheduling and maintenance operations with Project Manager for portions of City property unaffected by Construction.
	C. Additional irrigation system maintenance:
	1. Make repairs and replacements needed due to defective workmanship and materials.
	2. Winterization:  Include cost in bid for winterizing complete system at conclusion of irrigation season (during which system received Final Acceptance) within three (3)-days of notification by the City.  System shall be voided of water using compres...
	3. Spring Start Up: To take place the following season within three (3) days of notification by the City.  Open, operate, adjust system, and make any necessary repairs. Coordinate with the Green Infrastructure Operations and Performance Team Manager a...
	Part 2 -  PRODUCTS
	2.01 GENERAL


	A. Equipment must have performance characteristics to operate per the design conditions indicated.  If any discrepancy or conflict exists between the quantities of equipment listed in the schedule and quantities shown on the Contract Drawings, the gre...
	B. All material shall be of the highest grade possible and where applicable, shall be marked accordingly and shall be new.
	2.02 PIPE AND PIPE FITTINGS

	A. Ductile Iron Pipe
	1. Ductile Iron Pipe:  Centrifugal cast ductile iron in metal molds for water pipe In accordance with ANSI C151 and AWWA A21.51 with asphaltic exterior coating and interior lining and coating in accordance with ANSI C151 and AWWA A21.51. Rubber-Gasket...
	B. Ductile Iron Fittings
	1. All ductile iron fittings shall be made of class 350 ductile iron and shall have slanted, deep bell, rubber gasket style made in accordance with ASTM A-536, Grade 65-45-12 & AWWA C153.  All fittings shall have a minimum of five (5) degree freedom o...
	2. All ductile iron pipe fittings, joint restraints and mainline isolation gate valves shall carry a minimum 10-Year warranty on any defective replacement products and labor replacement costs.  Prior to the installation of  pipe fittings, joint restra...
	3. All ductile iron fittings and joint restraints shall have a fusion bonded epoxy coating on interior and exterior of the product surface, average of ten to twelve mm (10-12) thickness.  Epoxy coating shall conform to the requirements of CSA Z245.20-...
	C. Copper Pipe and Fittings:
	1. Pipe:  Type K, annealed soft tubing with flared joints.
	2. Fittings - Wrought copper. Joints – brazed with copper brazing  93.6% copper - 6% Phosphorus - .4% Silver at 1313˚F to 1459.4˚F.
	D. Main and Lateral Lines:
	1. Main Lines (pressurized, downstream of backflow prevention units):
	a. High Density Polyethylene (HDPE) pipe main lines
	1) Pressure rating DR 11 two hundred (200) PSI
	2) PE4710, ASTM F714.
	a) May be used by approval of the Project Manager for portions of irrigation system that require boring such as below trees and paving.
	b. Polyvinyl Chloride (PVC) pipe main lines
	1) Class 200 PVC BE, size one inch (1”) through two inch (2”).
	2) Class 200 PVC RT/Gasketed, size two and one-half inches (2-1/2”) and larger.
	3) Velocities in PVC mainline shall not exceed five feet (5’) per second.
	4) All PVC pipe shall conform to the requirements of Type 1-ASTM-D-2241.
	c. HDPE to PVC mainline and laterals require either an epoxy coated repair coupler with joint restraints and stainless-steel pipe stiffener or Series 730 Poly-Cam Transition Fitting or approved equal.
	2. Polyvinyl Chloride (PVC) Lateral Lines
	a. Class 200 PVC BE, size one inch (1”) to three inch (3”).
	b. Velocities in PVC mainline shall not exceed five feet (5’) per second.
	c. All PVC pipe shall conform to the requirements of Type 1-ASTM-D-2241.
	E. Sleeving:
	1. Horizontal sleeves under paved surfaces:  Class 200 PVC.
	2. Vertical sleeves for access to drains and valves:  Class 200 PVC.
	3. Horizontal sleeving for boring applications:  DR 11 HDPE.
	F. Brass Pipe and Fittings:
	1. Brass Pipe:  Eighty-five percent (85%) red brass, ANSI Schedule 40 threaded pipe.
	2. Fittings:  Medium brass, threaded one hundred twenty five (125) pound class.
	G. Pipe and Fittings:
	1. Identification Markings:  Identify all pipe with following indelible markings:
	a. Manufacturer’s name.
	b. Nominal pipe size.
	c. Schedule of class.
	d. Pressure rating.
	e. NSF (National Sanitation Foundation) seal of approval.
	f. Date of extrusion.
	2. Class 200 PVC Pipe (pressurized mainline one and one-half inches (1-1/2”) and smaller):
	a. Pipe will be assembled with Schedule 80 PVC fittings and solvent welded using ASTM-F-656 purple primer followed with heavy bodied ASTM-D-2564 cement.
	3. Class 200 PVC Pipe (pressurized mainline two inches (2”) and larger):
	a. Manufactured from virgin Polyvinyl Chloride compound in accordance with ASTM D2241 and ASTM D1784; cell classification 1254-B, Type 1, Grade 1.
	b. All fittings, service tees and pipe restraints shall be epoxy-coated ductile iron fittings.
	4. Class 200 PVC Pipe (all lateral lines)
	a. Pipe will be assembled with Schedule 40 PVC fittings and solvent welded using ASTM-F-656 purple primer followed with heavy bodied ASTM-D-2564 cement.
	5. High Density Polyethylene (HDPE)
	a. Must meet ANSI/AWWA C906, ASTM F714/D3035. Materials used for the manufacture of polyethylene pipe and fittings shall be made from PE 4710 high density polyethylene resin compound meeting cell classification 445574C/E per ASTM D3350.  Certification...
	2.03 DETECTABLE WARNING TAPE

	A. Tape shall be blue with “Caution Irrigation Line Buried Below” or purple with “Caution Recycled/Reclaimed Water Line Buried Below”.
	2.04 VALVES

	A. Gate Valve or Isolation Valve:
	1. Valve for one and one-half inch (1-1/2”) and smaller mainline:  Shall be Class 125, 304 Stainless Steel with screw-in bonnet, non-rising stem, left hand opening with a stainless steel cross top handle gate valve with clear waterway equal to full di...
	2. Valve for two inch (2”) and larger mainline:  Shall be epoxy coated interior and exterior ductile iron body which meets ASTM A-536, Grade 65-45-12, push-on, left-hand opening, square nut operated, resilient wedge, mechanical joint AWWA C153 gate va...
	B. Stop and Waste Valve
	1. For once inch (1”) through two inch (2”) mainlines. Must meet ANSI/AWWA C800 standard and certified to NSF 61 and rated for 175 PSIG.  One-piece, closed bottom body, with no metal to metal contact between plug and body.  Mueller Mark II Oriseal H-1...
	C. Automatic Control Valve:
	1. Automatic Valve for Potable Water System:  Hunter ICV Series Valve having manual flow adjustment and both internal and external manual bleed.  Accu Sync shall be used if pressure at the heads is greater than ten pounds over the optimal pressure as ...
	a. Systems with AC Power shall utilize Hunter ICV Series Valves with AC latching solenoids and Toro SBD-AC series decoders.
	2. Automatic Valve for Non-Potable Water System:  Hunter ICV with Filter Sentry Series. Accu Sync shall be used if pressure at the heads is greater than ten (10) pounds over the optimal pressure as stated per the manufactures catalog, plans, or measur...
	3. Valve Riser:  Epoxy coated ductile iron riser with integral stainless-steel angle valve or approved equal.
	4. Valve ID Tag: Install one flexible marker tag on each valve.  Mark each tag with indelible ink indicating zone number.  Tags shall be:  Potable water systems (yellow), Non-potable systems (purple)
	D. Manual Drain Valve:
	1. Drain Valve:  Mueller Oriseal #H-10283N with brass swing joint assembly, or approved equal.
	E. Quick Coupling Valves:
	1. Buckner  QB44LRCAR10 brass two-piece body with winged stabilizer, designed for working pressure of one hundred fifty (150) PSI; one inch (1”) FIP.  Size as shown on drawing.
	2. Quick Coupling Valves immediately after the backflow are used for winterization and shall be constructed of all brass swing joint and fittings.  All other Quick Coupling Valve swing joints shall be constructed as shown on the details.
	F. Master Valve:
	1. Mainline two and one-half inch (2-1/2”) and smaller, Master Valve shall be Superior 3100 normally open valve. Alternate products may used with approval of the Project Manager and in alignment with the Contract documents.
	2. Mainline three inch (3”), and larger, Master Valve shall be Bermad 410 normally open valve (Bermad 420 when pressure regulation is required).
	G. Flow Meter Assembly:
	1. Mainline one inch (1”) through twelve inch (12”), flow meter shall be FloMec QS-200, sized according to mainline size.
	H. Valve Boxes:
	1. All valve boxes shall have a stainless steel hex bolt locking lid system.
	2. Isolation Valves, Quick Coupling Valves, Drain Valves, Wire Splices and Ground Rods: Shall be branded with equipment type as outlined in Part 3 - Execution.
	a. Rain Bird VB10RNDH, round body.
	3. Electric Control Valve Box:  Shall be branded with the zone numbers as outlined in Part 3 - Execution.
	a. Three-quarter inch (3/4”) through one inch (1”) valves:  Rain Bird VBSTDH, standard body.
	b. One and one-half inch (1-1/2”) through two-inch (2”) valves: Rain Bird VBJMBH, jumbo body.
	c. Sub-surface dripline valve assemblies: Rain Bird VBSPRH super jumbo body.
	d. One inch (1”) through two and one-half inch (2-1/2”) Master Valves: Rain Bird VBJMBH jumbo body.
	e. Three-inch (3”) through six-inch (6”) master valves: Rain Bird VB-MAX
	f. Flow Meter: VBJMBH maxi jumbo body.
	4. Valve box cover color:
	a. Green for potable systems.
	b. Purple for non-potable systems.
	5. Gravel Leveling Bed and Drainage Sump in Valve Boxes:  three quarter inch (3/4”) crushed gravel covered in geotextile fabric, as indicated on the Contract Drawings.
	I. Backflow Preventer:
	1. High hazard, reduced pressure type, approved by University of Southern California (USC) or other approved testing laboratory; fully ported, ball-type gate valves on units 2-inch or smaller, as manufactured by Febco Model 825YA or approved equal.  R...
	2. Backflow Preventer Cover:  Guardshack High Security enclosure of appropriate size, equipped with Lock Shield Brackets, manufactured by BPDI.  Color: forest green.
	3. Concrete Pad:  Comply with Division 32 Section “Concrete Walks, Curbs and Miscellaneous Flatwork”.
	J. Air Relief Valve:  On mainlines three inches (3”) or larger, as per plan:  Bermad C31 2-inch combination vacuum/air release valve or approved equal.
	K. Pressure Regulating Valve (where water supply pressures exceed one-hundred (100) PSI):
	1. Bermad 420 pressure regulating master valve for three inch (3”) and larger mainlines.
	2. Zurn 500XL3 pressure regulating valve for three-quarter inch (3/4”) thru two and one-half inch (2-1/2”) mainlines.
	2.05 IRRIGATION HEADS

	A. Heads:  Provide swing joints of the type and size as indicated on the Contract Drawings.  Heads of a specific type or function in the system shall be of the same manufacturer and shall be marked with the manufacturer’s name and identification in su...
	1. Pop-Up Sprinkler Heads in turf areas:  Rain Bird RD-06-S-F series.
	a. P30 for spray nozzles
	b. P45 for rotary nozzles
	2. Pop-Up Sprinkler Heads in non-turf/native areas and shrub/flower bed areas:  Rain Bird RD-12-S-F series.
	a. P30 for spray nozzles
	b. P45 for rotary nozzles
	3. Pop-Up Sprinkler Heads for trees in native areas; Rain Bird RD-12-P45-S-F series with specified rotary nozzles as indicated on contract drawings.
	4. Pop-Up Sprinkler Nozzles shall be Rain Bird MPR Series nozzle.  Strip series and HE-VAN nozzles may be used for specific approved applications at the direction of the Project Manager.
	5. Gear Driven Heads:  Hunter I-20-06, I-20-12, I-25-06, I-40-06 with stainless steel risers, internal check valve, PRS and MPR as specified per Contract Drawings.  Plastic risers are permitted on twelve-inch (12”) rotor heads used in native areas.  M...
	B. Connections to Lateral Pipe:
	1. Pop-up Heads: Shall be one-half inch (1/2”) swing pipe, 0.49 inside dimeter with an operating pressure of eighty (80) PSI.
	2. Gear Driven Heads:  Shall be Rain Bird TSJ Series swing joints.
	2.06 LOW VOLUME IRRIGATION

	A. Valve: Hunter ICZ Drip Control Zone Kit with stainless steel filter and forty (40) pound pressure regulation, size per Contract Drawings.
	B. Valve shall be installed in a valve box as noted in Section “Valve Boxes”.
	C. Supply Header:  Class 200 PVC.  All supply header piping to be installed at a twelve inch (12”) depth.
	D. Sub-surface Irrigation:  Landscape Dripline, emitter spacing and flow as per Contract Drawings.  All sub surface laterals to be buried at a minimum four inch (4”) depth in soil.
	1. Flush valve installed in a round valve box as noted in Section “Valve Boxes”.
	2. Operation Indicator Head - Rain Bird RD12 spray head with closed 6 series (orange) VAN nozzle shall be installed adjacent to flush valve at each end of the zone.
	E. Sub-surface Dripline: Sixteen (16) to seventeen millimeter (17mm) flexible polyethylene tubing.  Internal emitters to be pressure compensating and self-flushing to clear debris.   Must be designed to prevent root intrusion by incorporating copper o...
	2.07 AUTOMATIC CONTROL SYSTEM

	A. See Green Infrastructure Specification 32-84.33 “Automatic Irrigation Controllers”.
	B. Electrical Control Wiring:
	1. Two Wire Systems:
	a. Two-Wire Decoder Cable – Two (2), #12 or #14 AWG UL. parallel wires each with single, solid copper conductors with polyethylene insulation.  Wires shall be contained within separate polyethylene jacket.  Cable shall be Regency Maxi Cable or Paige P...
	1) 14 AWG for up to twenty-five hundred feet (2500’).
	2) 12 AWG for over twenty-five hundred feet (2500’).
	b. Incoming (controller side) of the two-wire cable shall be identified by placing a black zip-tie tightly on the cable.
	c. Two-wire single station decoders Toro SB-DAC-1 to be installed in each valve box, one per valve.  Decoders shall have a serial number engraved on each decoder for future identification.  Decoder to be mounted on the inside wall of the valve box.
	d. Two-wire decoder cable shall have surge arrestors Toro SB-BLA installed every five hundred (500) ft. along two-wire path or every eight decoders whichever is the shortest distance.  Surge arrestors are to be placed in valve box containing automatic...
	e. Copper wire shall be six (6) gauge bare solid copper wire connected to the ground rod using a Cadweld GR1161GPLUS “Plus One Shot” welding kit.  Wire connection between surge arrestor and copper ground wire to be made using a high strength corrosion...
	f. Two-Wire Splice Box: To be installed in a round valve box as noted in Section “Valve Boxes”.
	C. Miscellaneous control wiring materials:
	1. Materials for two wire systems:
	a. Data Wires:  Paige 7171D-A direct burial shielded and armored signal cable with polyethylene jacket (NO SUBSTITUTIONS)
	1) Data Wire connections and splices shall be made with Ranger Servi-Seal.
	b. Two-Wire Decoder Cable connections and splices shall be made with 3M DBR/Y-6M direct bury splice, or approved equal, UL listed dry splice methods.
	c. Spare Wire and wire ends shall be capped with 3M DBR/Y.
	d. Mainline Tracer Wire:  One (1) continuous #10 AWG UL approved direct burial solid conductor copper wiring with polyethylene insulation 0.045-inch thickness. tracer wire as detailed above all mainline.
	e. Splice Box: To be installed in a round valve box as noted in Section “Valve Boxes”.
	2.08 Miscellaneous Materials

	A. Soil Moisture sensors: Toro AC Moisture Sensor TW-DAC-SOIL.  Soil moisture sensors shall be installed in the quantity shown on plans, and the approximate locations shown, and shall be installed per manufacturer’s recommendations.
	Part 3 -  EXECUTION
	3.01 PREPARATION


	A. Utility Locates:  Contact Utility Notification Center of Colorado at or 8-1-1 or 1-800-922-1987 prior to any excavation, for the marking of underground member utilities.  The indication of utilities on the Contract Drawings does not relieve the Con...
	B. Landscape Plan Review and Coordination:  Contractor will be held responsible for coordination between landscape and irrigation system installation.  Landscape material locations shown on the Landscape Plan shall take precedence over the irrigation ...
	C. Pressure Verification:  Contractor shall field verify the tap size, static pressure and verify gallons per minute flow at the project site, prior to commencing Work or ordering irrigation materials, and submit findings in writing to the Project Man...
	D. Inspection:  Examine areas and conditions under which Work of this Section is to be performed.  Do not proceed with Work until unsatisfactory conditions have been corrected.
	1. Grading operations, with the exception of finish grading, shall be completed and approved by Project Manager before staking or installation of any irrigation system begins.
	E. Layout:  Layout and stake system before beginning installation.  Staking shall occur as follows:
	1. Mark, with paint, routing of pressure supply line and valve boxes.  Flag heads for all new zones.  Contact the Project Manager forty-eight (48) hours in advance and request review of layout and staking.  The Project Manager will review layout and d...
	2. Valve boxes and mainline shall not be located in ball fields, multi-use sport fields, recovery zones, or below playground equipment.
	3. Valve boxes should be located outside Green Infrastructure that will be regularly inundated to the maximum extent practical. Mainlines in the public right of way shall be located in the amenity zone. Laterals shall be located proximal to any plante...
	4. If project has significant topography, free form planting beds, or other amenities which could require alteration of irrigation equipment layout as deemed necessary by the Project Manager, do not install irrigation equipment in these areas until th...
	5. The Project Manager will request the Office of the City Forester’s approval of proposed trenching prior to start of trenching.
	6. Review backflow prevention device location and operation with the Project Manager prior to mainline installation.
	3.02 EXCAVATION AND BACKFILL

	A. Install mainline and service line pipe and wire sleeving under existing asphalt paving, concrete walks and critical root zones by directional boring.  Pot-hole existing utilities for location and depth in advance of boring operations.  When pot-hol...
	B. Trenching:
	1. Trench excavation shall follow, as much as possible, the layout shown on Drawing.  Dig trenches straight and support pipe continuously on bottom of trench.  Trench bottom shall be clean and smooth with all rock and organic debris removed.  Comply w...
	2. Trenching under limb spread of existing trees:  only boring will be allowed within tree drip line.
	C. Directional Boring:
	1. Directional boring locations as indicated on the Contract Drawings.
	D. Clearances and Depths:
	a. Main pressure line:  Make trenches of enough width to properly assemble and position pipe in trench.
	b. Clearances:
	1) Mainline and Lateral Piping clearance:  Minimum clearance shall be two inches (2”) horizontally on both sides of the pipe.
	2) Line Clearance:  Provide minimum six inches (6”) of clearance between each line, and minimum twelve inches (12”) of clearance between lines of other trades.
	3) Installation of multiple runs of piping in one common trench is prohibited.
	2. Pipe and Wire Depth to finish grade:
	a. PVC Pressure Supply Piping:  Twenty-six inches (26”) to twenty-eight (28”) from the top of pipe.
	b. HDPE Pressure Supply Piping:  Thirty inches (30”) to thirty-six inches (36”) from the top of pipe.
	c. HDPE Lateral Lines: Eighteen inches (18”) to twenty-four inches (24”) from top of pipe.
	d. PVC Sleeving:  At specified pipe or wire depth.
	e. Non-pressure Piping (gear driven heads):  Eighteen inches (18”) from top of pipe, maximum variation two inches (2”).
	f. Native seed zones using twelve-inch (12”) rotors: Twenty-four inches (24”) from top of pipe, maximum variation two inches (2”)
	g. Non-pressure Piping (pop-up heads):  Eighteen inches (18”) from top of pipe.
	h. Control Wiring and Two-Wire Decoder Cable:  Side of mainline when installed in the same trench; twenty-four (24”) inches deep when installed separately from the mainline trench.
	E. Vibratory Plow: Not permitted without written approval from the Project Manager.
	3.03 INSTALLATION OF IRRIGATION EQUIPMENT

	A. Locate all equipment as near as possible to locations designated.  Deviations shall be reviewed and approved by the Project Manager prior to installation.
	B. Service Line Piping (copper or ductile iron piping from water meter to connection to backflow prevention device) - When pipe installation is not in progress, or at the end of each day, close pipe ends with tight plug or cap.
	1. Ductile Iron Pipe – Provide and install full pipe length protective polyethylene factory- formed sleeves around all piping to be buried.  Pipe shall be bedded per Denver Water current standards and specifications.
	2. Copper piping – Installation shall match specifications for copper service line as required by Denver Water and in accordance with City and County of Denver Building Codes.
	C. Sleeving:
	1. Install sleeving under any hard surface prior to surface being installed to accommodate piping and wiring. If irrigation is not being modified, the Contractor shall work with the Project Manager and Park Operations to identify locations and size fo...
	2. Minimum depth to top of pipe shall be determined by depth of mainline and lateral lines.
	3. Sleeving depth shall match pipe and wire depth for all pressure and non-pressure piping installed under all hardscape surfaces, asphaltic concrete, or concrete paving.
	4. Sleeving under existing walks or concrete pavement shall be done by directional boring or hydraulic driving.  Where cutting of asphalt and/or concrete is necessary, it shall be done per the Contract Drawings and Details and/or per the City and Coun...
	5. The Project Manager shall approve the final locations prior to removal.
	6. Compact backfill material in 6” lifts, using mechanical tamping devices under pavement. Refer to WCPM Standard Construction Specification 5.0 “Bedding and Backfilling”.
	7. Do not allow sleeves to become filled with soil or other undesirable material.  Cap ends of sleeves until commencement of pipe installation.
	8. Mark sleeves on hard surfaces by etching or grinding a three inch (3”) by three inch (3”) “X” as per plans in a manner to ensure easy location in the future.
	9. Sleeve size requirements for wire and pipe, control wire shall be placed in sleeving separate from pipe sleeving:
	a. 1” to 1-1/4” Pipe:  2” PVC
	b. 1-1/2” to 2” Pipe:  4” PVC
	c. 2-1/2” to 3” Pipe:  6” PVC
	d. 4” Pipe:   8” PVC
	e. 6” Pipe    10” PVC
	f. 8” Pipe   12” PVC
	g. 1 to 25 Control Wires:  2” PVC
	h. 26 to 50 Control Wires: 3” PVC
	i. Two-Wire Decoder Cable:   2” PVC
	D. Installation of Piping:
	1. HDPE Mainlines:
	a. Snake pipe in trench as much as possible to allow for expansion and contraction.  Do not install pipe when air temperature is below 40 degrees F.  Ensure that pipe is placed at a consistent depth and on a level base free of rocks and stones. Place ...
	1) Lay pipe and make all plastic to plastic, fusion joints in accordance with manufacturer's recommendations.
	2) Fusion:  Sections of polyethylene pipe should be joined into continuous lengths on the jobsite above ground. The joining method shall be the butt fusion method and shall be performed in strict accordance with the pipe supplier's recommendations. Th...
	3) Transition fittings shall be used for transition to other pipe materials (1/2” – 4”) and utilize butt fusion.
	4) Mechanical joining will be used where the butt fusion method cannot be used. Mechanical joining will be accomplished by using a HDPE flange adapter with a Ductile Iron back-up ring.
	5) Hot gas fusion, threading, solvents, and epoxies will not be used to join HDPE pipe.
	b. Coordinate trench location within Right of Way with other trades, with electrical conduit taking precedence.
	2. PVC Mainlines:
	a. Ensure that pipe is placed at a consistent depth and on a level base free of rocks and stones. Place manual drain valves at low points and dead ends of pressure supply piping to insure complete drainage of system.  When pipe laying is not in progre...
	b. Install mainlines a minimum of thirty-six inches (36”) off any hard surface and thirty-six inches (36”) away from swales or as shown on contract documents.
	c. Solvent Weld PVC Pipe (required on all pipe two inch (2”) or smaller and all PVC mainline within sleeves):  Lay pipe and make all connections in accordance with manufacturer’s recommendations. Do not install pipe when air temperature is below forty...
	d. Gasketed End Pipe (required on all pipe two and one-half inches (2-1/2”) or larger):  Lay pipe and make pipe-to-fitting or pipe-to-pipe joint, following the manufacturer’s recommendations.  Install joint restraint fittings and pipe restraints on al...
	3. PVC Lateral Lines:
	a. Ensure that pipe is placed at a consistent depth and on a level base free of rocks and stones. When pipe laying is not in progress, or the end of each workday, close pipe ends with tight plug or cap. Perform Work in accordance with good practices p...
	b. Install lateral lines a minimum of twelve inches (12”) off any hard surface and thirty-six inches (36”) away from swales or as shown in Contract Documents.
	c. Solvent Weld PVC Pipe (required on all lateral lines): Lay pipe and make all connections in accordance with manufacturer’s recommendations. Do not install pipe when air temperature is below forty degrees (40 ) F.
	4. All connection fittings between HDPE and PVC or any other pipe material being used are to be made a minimum of thirty-six inches (36”) away from any hard surface or tree drip line or as shown in Contract Documents.
	a. Fittings to be used as couplings between PVC shall be an epoxy coated repair coupler with joint restraints and stainless-steel pipe stiffener, installed as specified per the Contract Drawings and Manufacturer’s recommendations. For laterals 2” in d...
	E. Installation of Detectable Warning Tape:
	1. Detectable warning tape shall be installed on all irrigation mainline and lateral lines at a depth of 6” of 8” below finished grade.
	F. Joint restraints on all gasketed PVC mainline pipe two and one-half inch (2-1/2”) and larger:  Install joint restraints per the plans and or manufacturer’s recommendations.
	1. Joint restraints shall be installed as shown on the plans or per the manufacturer’s recommendations.  Prior to backfilling any joint restraints the Project Manager shall be present to verify that the restraints were installed in the proper location...
	G. PVC Pipe Deflection
	1. Solvent welded pipe will meet manufacturer’s recommendations.
	2. Gasketed pipe will not exceed one-inch (1”) or two (2) degrees offset per twenty feet (20’) in length.
	H. Control Wiring:
	1. Two-wire control wiring path may be looped, spliced, or branched.
	a. Wire run lengths
	1) The distance from the controller to the end of any one wire run shall not exceed the maximum distance specified for the gauge of wire.
	2) The distance from the controllers to the farthest device shall not exceed a distance of 5000 feet (1524 m) using 14-gauge wire or 8000 feet (2438.4 m) using 12-gauge wire.
	3) The total length of wire connected to any one controller shall not exceed 16,000 feet (4572 m) on 14-gauge or 12-gauge.
	4) The lengths of wire for DC powered systems shall reduce by half from distances above.
	b. Bury two-wire decoder cable between Automatic Irrigation Controller and electric valves in pressure supply line trenches, strung as close as possible to mainline with such cable to be consistently located to one side of pipe, or in separate trenches.
	c. Make wire/cable splices at electric control valve connections as follows:
	1) Two-wire cable to two-wire cable - watertight connectors.
	2) Two-wire cable to electric valve solenoid wires - watertight connectors.
	3) Install all two-wire decoder cable splices not occurring at control valve in a separate round valve box as noted in section “Valve Boxes”.
	2. Standard Low Voltage Control Wire:
	a. Install one control wire for each control valve on standard low voltage wire systems.
	b. On standard low voltage wire systems install a total of five spare fourteen (#14) AWG UFUL control wires and one spare twelve (#12) AWG UFUL common wire from Automatic Irrigation Controller pedestal to the end of each leg of mainline.  Label spare ...
	c. Make all splices and electric control valve connections using 3M DBR/Y connectors
	3. Bury control wiring between Automatic Irrigation Controller and electric valves in pressure supply line trenches, strung as close as possible to mainlines with such wires to be consistently located to one side of pipe, or in separate trenches.
	a. For standard low voltage wire systems bundle all twenty-four (24) volt wires at ten-foot (10’) intervals.
	4. Provide an expansion loop at every mainline change of direction, every electric control valve location (in valve box), and every five hundred feet (500’).
	a. Form expansion loop in each control valve box by wrapping twenty-four inches (24”) of wire around a one-inch (1”) pipe and withdrawing pipe.
	b. Leave seventy-two inches of extra two-wire cable in each valve box.
	5. Install all control wire splices not occurring at the control valve in a separate wire splice round valve box as noted in section “Valve Boxes”.
	6. Wire Testing:
	a. Existing wiring indicated to remain on documents is to be ohm-tested for continuity prior to construction. The Contractor shall produce the report and copy the Project Manager of the results of such testing.
	b. New wiring: All new wiring to be tested for proper resistance prior to connection to valves and controller(s) for continuity. The Contractor shall produce the report and copy the Project Manager of the results of such testing.
	7. Tracer Wire:
	a. One (1) continuous #10 AWG UL twenty-four inches (24”) looped into each valve box, gate valve and quick coupler, and terminated inside the irrigation controller cabinet.  Installed per the Contract Drawings.
	8. Detectable Warning Tape:
	a. Detectable warning tape shall be installed on wiring lines at a depth of 6” of 8” below finished grade.
	I. Installation of Valves:
	1. Electric Control Valves:  Install electric control valves as detailed on the Contract Drawings.
	a. Valve decoders shall be connected to the valve and two wire path and shall be mounted to the side of the valve box with the serial number face up.
	b. Electric Control Valves for two-wire system:  Install electric control valves as detailed on the Drawings. Install one valve decoder module (Toro SB-DAC-1) per valve box.
	2. All low volume irrigation shall be zoned independently from turf, and product applications may not be mixed within zone.
	3. Quick Coupling Valves:  Install quick coupling valves as detailed on the Contract Drawings.
	4. Drain Valves:  Install manual drain valves at all low points in pressure supply line, whether indicated on the Contract Drawings or necessitated by actual conditions, to ensure proper drainage of the mainline.
	5. Isolation/Gate Valves:  Install as detailed in locations shown on the Contract Drawings.
	6. Valve Boxes:  Install one valve box for each type of valve as detailed. Install compacted gravel leveling bed after compaction of subgrade and prior to setting of valve box.
	a. Install geotextile fabric over gravel prior to setting valves boxes.  Ensure that geotextile fabric extends a minimum of six inches (6”) from the bottom and no more than six inches (6”) from the top of box.  Secure the geotextile fabric to the side...
	b. Install valve boxes flush with finish grade and square to adjacent surface features and one another
	c. When valve boxes are grouped together, allow at least twelve inches (12”) between valve box sides.
	d. Install valve boxes a minimum of twelve inches (12”) away from any hard surface.
	e. Cutting of valve boxes to give clearance for piping or valves is not permitted, except for the Master Valve and Flow Meter boxes.
	J. Valve Box Identification Branding:
	1. Brand Lids as follows in two inch (2”) high, minimum letters:
	a. Isolation/Gate Valve  “GV”
	b. Quick Coupler Valve  “QC”
	c. Manual Drain Valve  “DV”
	d. Air Relief Valve  “AR”
	e. Master Valve   “MV”
	f. Flow Meter   “FM”
	g. Wire Splice Box  “WS”
	h. Grounding Rod  “GR”
	i. Filter    “FIL”
	3.04 BACKFLOW PREVENTION

	A. Backflow Prevention Device:  Contractor must meet all applicable laws, rules and codes, including but not limited to International Building codes and applicable amendments Plumbing Codes and State Water Regulations.  Assemblies must be installed pe...
	1. Install in strict accordance with current requirements of Denver Water.  Connections to the Denver Water System are to have an approved assembly for the type of protection they provide, either isolation or containment.
	2. Successful Testing of backflow assembly by a Certified Cross-Connection Control Technician is Contractor’s responsibility and any cost shall be considered incidental.  Test reports shall be forwarded to Denver Water in accordance with the State of ...
	3. Request for final payment will not be certified or processed until certification reports have been filed with Denver Water and received by the Project Manager.
	3.05 INSTALLATION OF SPRINKLER HEADS

	A. Install sprinkler heads where designated after the Project Manager has approved staking.  Set to finish grade as detailed.
	1. Spacing of heads shall not exceed the maximum indicated on the Contract Drawings unless re-staked or as directed by the Project Manager.  In no case shall the spacing exceed maximum recommended by manufacturer, with the exception of native areas as...
	2. Install gear driven heads on swing-joint risers as detailed.  Swing joints to non-pressure lines shall be set at no more than forty-five degrees (45 ) or less than ten degrees (10 ).
	3. Install pop-up heads on swing pipe as detailed.
	4. Adjust part circle heads for proper coverage. Adjust heads to correct height after sod is installed. Plant placement shall not interfere with intended sprinkler head coverage, piping, or other equipment.  The Project Manager may request nozzle chan...
	3.06 BACKFILLING

	A. Do not begin backfilling operations until all piping and system components have been inspected by or by the Project Manager.  Backfilling shall not be done in freezing weather unless authorized by the Project Manager.
	1. Leave trenches slightly mounded to allow for settlement after backfilling is completed.
	2. Trenches shall be finish graded prior to walk-through of system by the Project Manager.
	3. Contractor shall be responsible for providing suitable backfill if excavated to meet backfill, compaction, and final grade requirements.
	4. Do not leave trenches open. Open excavations shall be protected in accordance with City and County of Denver Right of Way Standards and OSHA regulations.
	5. Utilize flood compaction of water quality areas to meet compaction requirements of soils.
	B. Ensure backfill compaction is adequate so that settling does not occur.
	C. Repair of turfgrass areas shall be as follows:
	1. Seed is permitted for irrigation trenches up to twelve inches (12”) in width.
	2. Sod is required for any turf repair wider than twelve inches (12”) and shall be installed as full width.
	3.07 SOIL MOISTURE SENSOR

	A. Moisture Sensor:  Install in accordance with manufacturer’s instructions, and as shown on the Contract Drawings.
	1. Install sensor(s) prior to starting any irrigation schedules for new planting area programs.
	3.08 ADJUSTING

	A. Upon completion of installation, “fine-tune” entire system by regulating valves, adjusting arcs and radius, and setting pressure reducing valves at proper and similar pressure to provide optimum and efficient coverage.  Flush and adjust all sprinkl...
	B. If it is determined by the Project Manager or Denver Parks Operations Staff that irrigation adjustments will provide improved coverage and water distribution, the Contractor shall make such adjustments prior to Final Acceptance.  Adjustments may in...
	C. All sprinkler heads shall be set perpendicular to finish grade or within allowable limits shown on Contract Drawings.
	D. Areas that do not conform to designated operation requirements, due to unauthorized changes or poor installation practices, shall be immediately corrected at no additional cost to the City.
	3.09 FIELD QUALITY CONTROL

	A. Flushing:  After piping, risers, and valves are in place and connected, but prior to installation of sprinkler heads, quick coupler assemblies, and hose valves, thoroughly flush piping system under full head of water pressure from dead end fittings...
	B. Testing Pressurized Mainline:  Prior to installing any plant materials (sod, seed, trees, shrubs, perennials) arrange and conduct pressure test(s) in the presence of the Project Manager.  Arrange for testing a minimum of forty eight (48) hours in a...
	1. Set in place, cap and pressure test all piping under paving, in presence of the Project Manager prior to backfilling and paving operations.
	2. After installation and backfilling of all control valves, fill pressure supply line with water, and pressurize to forty (40) PSI over the static pressure or to one hundred twenty (120) PSI, whichever is greater, for a test period of two (2) hours. ...
	3. All isolation valves, angle valves, ball valves and zone valve flow controls are to remain open during testing.
	4. Leakage, Pressure Loss:
	a. Fused HDPE or Solvent welded PVC Pipe:  Test is acceptable if zero pounds of pressure is evident during the test period.
	b. Gasketed Pipe:  Test is acceptable if two (2) pounds of pressure or less is evident during the test period.
	5. Leaks:  Detect and repair leaks.  Replace defective PVC pipe with new full length pipe section.  No pipe splices will be accepted within pipe sleeve.  No PVC pressure couplings or slip-fix repair couplings will be allowed.
	6. Retest system until test pressure can be maintained for duration of test.
	3.10 COMPLETION INSPECTION

	A. Arrange for the Project Manager to be present.  Provide a minimum of forty-eight (48) hours of notice in advance of walk-through.
	B. Entire system shall be completely installed and operational and trenches shall be finish graded and sod and/or seed in place prior to scheduling of walk-through.
	C. Electrically operate each zone in its entirety for the Project Manager the time of walk-through.
	D. A project inspection walk through shall include but is not limited to the following:
	1. Contractor shall adjust, straighten and nozzle all heads prior to walk through. Review operation, coverage, head/nozzle adjustment, and system adjustment per specifications.
	2. Contractor shall have all valves boxes unlocked prior to walk through.  Open valve boxes to confirm materials, geotextile fabric, gravel bedding, wire splices, compaction, elevation, workspace access within boxes, clearance from lid and bedding, lo...
	3. Contractor shall provide documentation that resistance tests for all spare common and hot wires and tracer wire has been performed and the results for ohms reading on each wire tested.
	4. Confirm irrigation heads are at specified elevation and distance(s) from paved surfaces and curbs, plumb and soil compacted.
	5. Inspect concrete size and elevation of pads for backflow assembly, booster pump, and controller enclosure pads.  Confirm quality of concrete, finishes, access to the Irrigation Controller and spare conduit/sleeving as required for wiring.
	6. Review trench and related excavation repair including backfill, compaction, fine grade, seed, and sod installation.
	7. Review appropriate use of purple valve covers and other product as required for non-potable water applications.
	8. Generate a punch list of items to be corrected, prior to Substantial Completion.
	9. Furnish all materials and perform all work required to correct all inadequacies of coverage due to deviations from Contract Documents.
	3.11 CLEANING

	A. Maintain continuous cleaning operation throughout duration of Work.  Dispose of, all trash, waste materials, debris and excess soil generated by installation of irrigation system, off-site, at no additional cost to the City.  Contractor shall clear...
	3.12 PROTECTION

	A. The Contractor shall repair any damage that occurs from construction operations at no additional cost to the City.
	B. Restrict vehicular and pedestrian traffic from areas where irrigation has been installed. Erect temporary fencing or barricades and install warning signs as required or directed by the Project Manager at no additional cost to the City.
	Part 4 -  Measurement and Payment
	4.01 Bid Item


	A. Install Irrigation Line
	B. Relocate Irrigation Line
	C. Install Irrigation System
	D. Relocate Irrigation System
	E. Irrigation Appurtenances
	F. Denver Water Connection
	4.02 Price and Payment Procedures

	A. Install or Relocate Irrigation Line
	1. The measurement and payment for this item shall be the total number of linear feet of irrigation line required to be installed or relocated for construction of the proposed sewer, facility, and/or appurtenances; provided, however, no measurement sh...
	2. The unit price bid shall include all of the Contractor’s costs of whatsoever nature. The price bid shall include excavation, trenching, air spading or boring as required to save trees; removal and replacement of asphalt and/or concrete surfaces; fu...
	B. Install or Relocate Irrigation System
	1. No quantity measurement shall be made for any of the Work and materials required to install or relocate irrigation systems. Payment shall be based upon completion of the Work in accordance with the Contract Documents; provided, however, no payment ...
	2. The lump sum bid price shall include all of the Contractor’s costs of whatsoever nature for installing or relocating the irrigation system. The price bid shall include excavation, trenching, air spading, or boring as required by the Project; remova...
	3. At the option of the Construction Project Manager, up to 50% of the lump sum price for this item may be paid to the Contractor at the start of construction or relocation of the irrigation system. An additional 25% of the lump sum may be paid to the...
	C. Denver Water Connection
	1. No quantity measurement shall be made for any of the Work and materials required for the Denver Water Connections. Payment shall be based upon completion of the Work in accordance with the Contract Documents; provided, however, no payment shall be ...
	2. The unit bid price shall include all the Contractor's costs regarding completing the irrigation system connection to the Denver Water main. The bid price will include the corporation stop, type K copper service line, curb stop with stop box, water ...
	D. Denver Water Tap Fee Payment and Administration
	1. The measurement and payment for this item shall be the total number (EA) of tap fees paid, as one fee is required for each water line tap as specified on the Contract Drawings. No measurement for payment will be made for tap fees paid due to neglig...
	2. The payment will be made at the contract unit price bid per tap fee paid and shall include all of the Contractor’s costs related to the application and payment for a new tap through Denver Water.  Contractor's bid price shall include the tap fee it...
	E. Irrigation Appurtenances
	1. The measurement and payment for this item shall be each irrigation appurtenance paid for by its associated measurement unit required to be installed or relocated for construction of the proposed improvements and/or appurtenances; provided, however,...
	2. The unit bid price shall include all of the Contractor’s costs of whatsoever nature. The price bid shall include excavation, furnishing, and installation of all sprinkler system materials and materials necessary for the relocation of an existing sy...
	3. At the option of the Construction Project Manager, up to 50% of the unit price for this item may be paid to the Contractor at the start of construction of the irrigation appurtenance. An additional 25% of the unit price may be paid to the Contracto...

	GI Irrigation Controller SPECIAL
	32-84.33 Automated Irrigation Controllers - SPECIAL
	Part 1 -  General
	1.01 RELATED DOCUMENTS


	A. Contract Drawings and general provisions of the Contract, including General and Supplementary Conditions.
	B. City and County of Denver Standard Specifications for Construction General Contract Conditions (2011)
	C. City and County of Denver Engineering Division, Wastewater Capital Project Management Standard Construction Specifications, dated March 15, 2016.
	D. 2017 Transportation Standards and Details for the Engineering Division City and County of Denver Public Works
	E. Wastewater Management Division – Standard Details (2015)
	F. City and County of Denver Department of Parks and Recreation Construction Specification Division 01 Section “Tree Retention and Protection”.
	1.02 SUMMARY

	A. This Section includes requirements for the installation of automatic landscape irrigation controllers including the following:
	1. Trenching, stockpiling excavation materials, refilling and compacting excavations.
	2. Irrigation system components including but not limited to Automatic Irrigation Controller(s), associated wiring, timing and final adjustments.
	3. Testing.
	B. Related Sections:
	1. WCPM Standard Construction Specification 2.0 Section “Site Preparation”.
	2. WCPM Standard Construction Specification 4.0 “Utility Trenching and Excavation”
	3. WCPM Standard Construction Specification 5.0 “Bedding and Backfilling”.
	4. WCPM Standard Construction Specification 23.0 “Storm Water Management”
	5. WCPM Standard Construction Specification 47.0 “Construction Survey and Monumentation”.
	6. Division of Green Infrastructure Specification 32.80.00 “Irrigation Systems”.
	7. Division of Green Infrastructure Specification 32-93.00 “Trees, Plants, and Groundcovers”.
	8. City and County of Denver Department of Parks and Recreation Construction Specification Division 01 Section “Tree Retention and Protection”.
	1.03 REFERENCES

	A. Conform to requirements of reference information listed below except where more stringent requirements are shown or specified in Contract Documents.
	B. American Society for Testing and Materials (ASTM) - Specifications and Test Methods specifically referenced in this Section.
	1. Underwriters Laboratories (UL) - UL Wires and Cables
	2. National Sanitation Foundation (NSF) – Piping and backflow prevention.
	3. American Water Works Association (AWWA) Piping and backflow prevention.
	1.04 QUALITY CONTROL

	A. Special Requirements.
	1. Tolerances:  Specified depths of mains and laterals and pitch of pipes shall be installed per the Contract Drawings and specifications.
	2. Compaction:  Settlement of trenches is cause for removal of finish grade treatment, refilling, compaction, and repair of finish grade treatment.
	3. Coordination with Other Contractors:  Protect, maintain, and coordinate work with work under other Sections
	4. Damage to other Improvements:  Contractor shall replace or repair damage to grading, soil preparation, seeding, sodding, planting and/or new site features done under other Sections during Work associated with installation of irrigation system at no...
	5. Damage or Disturbance to the Existing Irrigation Components:  Damage to existing components as a result of work being performed by the Contractor will require the Contractor to replace the damaged components to the City’s current standards, at no a...
	6. Water Delivery Interruption:  When working on an existing irrigation system, the Irrigation Contractor shall contact the Project Manager and notify impacted property owners seventy-two (72) hours in advance of any water interruption that is require...
	7. Watering:  The Contractor is responsible for following all Denver Water rules and regulations for sod, plantings and seed establishment, available at http://www.denverwater.org.  The Contractor shall post signage per Denver Water requirements in a ...
	8. Permits:  Work involving plumbing for installation of copper piping, ductile iron piping, backflow preventer(s), and related Work shall be executed by licensed and bonded plumber(s).  Secure a permit at least forty-eight (48) hours prior to start o...
	B. Pre-Construction Conferences and Site Meetings:
	1. Contractor shall schedule and conduct a pre-construction conference to review in detail quality control and construction requirements for equipment and materials used to perform the Work.  Conference shall be scheduled not less than ten (10) days p...
	2. Prior to commencement of Work, the Contractor shall schedule an on-site conference with Project Manager, Denver Forestry and any other parties designated by Project Manager to discuss tree protection requirements, staging locations, traffic control...
	a. Identify on Contact Drawings all existing locations of components.
	b. Verify the operation of each component.
	c. Provide documentation of existing components and conditions to the Project Manager prior to starting Work.
	3. Contractor shall schedule on-site conferences the frequency of which is to be determined by the Project Manager and any other parties designated by the Project Manager to review project progress.
	4. Contractor shall record Minutes of each conference and distribute to all parties in attendance within three (3) days of conference.
	1.05 SUBMITTALS

	A. Prepare and make submittals in accordance with conditions of the Contract prior to installation of any irrigation equipment:
	B. Material List:  Submit a PDF file of complete list of materials, and cut sheets indicating manufacturer, model number and description of all materials and equipment to be used.  Show appropriate dimensions and adequate detail to accurately portray ...
	C. Shop Contract Drawings:  If applicable, submit shop drawings for Automatic Irrigation Controllers indicating electrical wiring design, and assembly.  Include shop drawings for Automatic Irrigation Controller foundation/support systems.
	1. Operation and Maintenance Data:  Coordinate irrigation scheduling and water application rate instructions with the City’s Operations Staff.  Submit one (1) digital copy to the Project Manager including:
	2. Cut sheets of products.
	3. Manufacturer’s maintenance and inspection instructions for Automatic Irrigation Controller and related equipment.
	D. Warranty:
	1.  Submit manufacturer five year written warranty for irrigation controller components.
	2. Contractor warranty is for 3 years from Date of Acceptance, G.C.C.1801.4A
	1.06 CONTRACT RECORD DRAWINGS

	A. Prior to the installation of irrigation system, the Contractor will provide on-site copies of original irrigation design drawings “Record Drawings”.  Contractor to revise Record Drawings in red ink as Work progresses to show any changes to the plan...
	1. Record Drawings shall encompass entire scope of work including any altered existing controllers and/or wiring.
	2. Preparation of Record Drawings:  Dimension from range points the location of the following items:
	3. Automatic Irrigation Controller location.
	a. Rain sensor/weather station
	b. Soil Moisture Sensor locations.
	c. Power service drop or solar panel and battery housing locations.
	d. Other related equipment as directed.
	4. Make dimensions accurately at the same scale used in the original drawings, or larger.  Notes and dimension lettering must be legible.
	5. The irrigation legend must be changed to accurately reflect the irrigation equipment installed, if such equipment is not the same as originally specified on the contract documents.  The Project Manager will not certify any pay request submitted by ...
	6. Final Submittal:  Upon completion of the Automatic Irrigation Controller installation, prior to final acceptance, secure digital copy of documents associated with the Automatic Irrigation Controller design from the Project Manager and record as ins...
	a. Digital Contract Record Drawings in both PDF and AutoCAD release compatible with current version used by the City and County of Denver as directed by City Project manager; bound format (include any related X-ref files, plot files and pen settings.)...
	7. Request for final payment will not be certified or processed until all Record prints and digital files have been received and approved.
	B. Controller Zone Maps and Programming Schedule:
	1. Do not prepare zone maps or irrigation controller charts until record drawings have been reviewed and approved by the Project Manager.
	2. Provide one controller zone map for each Automatic Irrigation Controller installed.
	a. Zone Map shall be reproduction of record drawing, one page sized eleven inch by seventeen inch (11” X 17”).
	b. Zone Map shall be print of actual record drawing of the system, showing the entire area covered by that Automatic Irrigation Controller on one sheet.
	c. Identify Automatic Irrigation Controller, all remote valves and lateral lines of each remote-control valve, using a distinctly different color for each zone. Include the entire area of the Automatic Irrigation Controller’s coverage.  Provide a lege...
	d. Submit digital copies in the original program format as well as PDF format to the Project Manager
	3. Provide one zone map for the entire project.
	a. Zone Map shall be reproduction of record drawing, one page maximum twenty-four by thirty-six inch (24” x 36”), photo-reduced to maximum size and legibility.
	b. Identify all Automatic Irrigation Controllers, remote valves and lateral lines using different colors to distinguish adjacent zones.
	c. Submit digital copies in the original program format as well as PDF format to the Project Manager
	4. The Contractor is responsible for programming new and modified Automatic Irrigation Controllers to operate the irrigation system in conformance with all Denver Water restrictions and establishment rules for new landscapes per Denver Water, rules an...
	5. The Contractor is responsible for the actual programming of Automatic Irrigation Controllers as needed to properly irrigate plant materials.
	6. The Contractor shall be responsible for providing an Establishment Watering Schedule, Transition Watering Schedule and a Maintenance Watering Schedule to the Project Manager, Contractor’s Superintendent, and Installer. All irrigation schedules and ...
	a. Establishment Irrigation (Days 1-21):  Plants shall be adequately watered for the first twenty-one (21) days. Exact timing of irrigation cycles will depend on weather conditions and soil conditions. Short, frequent irrigation cycles shall be used. ...
	b. Transition Irrigation (Days 21-56):  Less frequent, but longer watering cycles. Allow the surface soils to dry slightly between watering to encourage deeper rooting.  Watering shall be monitored and adjusted based on soil moisture readings and plan...
	c. Maintenance Irrigation:  Irrigate as needed to maintain an optimum plant health while minimizing water use.  Irrigation frequency shall be monitored and adjusted monthly based on soil moisture readings and plant water requirements.
	1) It is the responsibility of the Contractor to coordinate with Project Manager, Contractor’s Superintendent, Division of Green Infrastructure Operations and Performance Team manager, and Installer. The Contractor is responsible for the actual progra...
	7. Provide one Programming Schedule for each Automatic Irrigation Controller installed, one page maximum, 8-1/2- by 11-inches.
	8. Following review of Zone Maps and Schedules by the Project Manager, provide two additional color duplicates of Zone Maps and Schedules. One set of Zone Maps and Schedules shall be laminated between two layers of 3-mil plastic sheet.  Provide digita...
	9. Zone Maps and Schedules shall be completed and reviewed prior to final review of irrigation system.
	10. Request for final payment will not be certified or processed until all prints and files for Zone Maps and Schedules have been received and approved.
	1.07 DELIVERY, STORAGE AND HANDLING

	A. Packing and Shipping:  Deliver all components to job site in original unopened packaging containers prominently displaying manufacturer’s name, contents, instructions, and conformance to local, state, and federal law.  Remove and replace damaged it...
	B. Storage and Protection:  Deliver, unload, store, and handle materials, packaging and bundling products in dry, weatherproof condition in manner to prevent damage, breakage, deterioration, intrusion, ignition, and vandalism.
	C. Only materials and equipment meeting project specifications and to be used as part of Project shall be stored on site.  Project Manager may verify at any time during construction period.
	1.08 JOBSITE CONDITIONS

	A. Existing Conditions:
	1. Soil Conditions:  Investigate the type of soil and conditions in which lines are to be installed and allow for same type of soil in the proposal.  No extra payment will be allowed due to difficulty in trenching.
	2. Contractor is responsible for understanding the scope of related operations as specified and indicated in the Drawings and Specifications before beginning Work under this Section.
	3. Report unsatisfactory conditions in writing to the Project Manager within twenty four (24) hours of discovery.
	B. Protection of Property:
	1. Protect buildings, walks, walls, and other property from damage. Erect and maintain barricades, warning signs and lights, and provide guards as necessary or required to protect all persons on the site.  Damage caused to asphalt, concrete, monuments...
	2. Preserve and protect all trees and plants as shown on plans or as directed by the Project Manager or the City Forester.  In the event damage does occur, all damage to plant material shall be brought to the attention of the Project Manager immediate...
	C. Protection of Existing Trees:
	1. Where applicable, refer to City and County of Denver Department of Parks and Recreation Construction Specification Division 01 Section “Tree Retention and Protection”.
	D. Protection and Repair of Underground Lines:
	1. Request utility locates seventy-two (72) hours in advance of any excavations by calling the Utility Notification Center of Colorado at 811.  Take all precautions necessary, including pot holing to verify location and depth to protect these undergro...
	2. The Contractor is required to contact all private utility companies including Denver City Departments to locate all private utilities.  The request for locates shall be a minimum of seventy-two (72)-hours prior to proceeding with any excavation.  I...
	E. Replacement of Paving and Curbs:  Any damage due to work that occurs adjacent to or crosses existing roadways, paths, trails, curbing, sidewalks, etc. shall be restored to original condition at the contractor’s expense, and the satisfaction of the ...
	1.09 WARRANTY/GUARANTEE

	A. Per GCC 1801, the contractor shall provide a 3-year warranty from the date of Final Acceptance for material, workmanship and products related to the irrigation controller.
	B. Contractor shall utilize an authorized distributor with warranty certified personnel to inspect grounding and installation in order to provide a 10 year warranty.
	C. Losses due to vandalism before Final Acceptance shall be the contractor’s responsibility.
	D. Any settling or displacement of concrete support pad for Automatic Irrigation Controller or solar battery cabinet that occurs during warranty period shall be repaired by the contractor at no additional expense to the City, this includes complete re...
	E. Once Final Acceptance is granted, the City will maintain the Green Infrastructure during warranty period.  The Contractor is responsible to monitor and coordinate Automatic Irrigation Controller scheduling and maintenance with the Project Manager f...
	F. Contractor shall make warranty repairs and replacements within three (3) days of notification.  If Contractor fails to make repairs within three (3) days, the City will make such repairs at Contractor’s expense.
	G. The City Project Manager, reserves the right for to make temporary repairs during the warranty period as necessary to keep systems in operating condition without voiding the Contractor’s warranty, nor relieving the Contractor of their responsibilit...
	1.10 TURN OVER ITEMS

	A. Where applicable, furnish the following maintenance items to City prior to Final Acceptance:
	1. Four (4) Automatic Irrigation Controller cabinet keys. (If applicable).
	1.11 MAINTENANCE DURING PROJECT CONSTRUCTION

	A. Within Limits of Construction:  Contractor shall fence, water, and keep weed free any, trees and any plantings within the limits of construction. Contractor is responsible for maintenance which includes picking up trash and weed control within the ...
	B. Outside Limits of Construction:  Coordinate Automatic Irrigation Controller or hand water scheduling and maintenance operations with Project Manager and adjacent property owners for portions of City property unaffected by construction.
	C. Maintenance During Warranty Period:
	1. Make repairs and replacements needed due to defective workmanship and materials.
	Part 2 -  PRODUCTS
	2.01 GENERAL


	A. Equipment must have performance characteristics to operate per the design conditions indicated.  If any discrepancy or conflict exists between the quantities of equipment listed in the schedule and quantities shown on the Contract Drawings, the gre...
	B. All material shall be of the highest grade possible and where applicable, shall be marked accordingly and shall be new.
	2.02 AUTOMATIC CONTROL SYSTEM

	A. Automatic Irrigation Controller:
	1. Shall be Hunter XCH-1200-SS-PED  -SOLAR/BATTERY CONTROLLER with pedestal unless otherwise noted in the Contract Documents.
	a. Controllers may be solar powered, powered by battery, or powered by a 120-volt GFI duplex outlet, as specified on the plans.
	1) For 120-volt powered controllers, the Contractor shall purchase fully assembled enclosure including back panel, terminal strips, power supply unit, interior fused disconnect with 120-volt GFI duplex outlet, heavy duty transient surge protection boa...
	2) For solar-powered controllers, the Contractor shall purchase fully assembled enclosures with controller. Solar panels, power supply, and associated hardware shall be provided by the contractor and installed per manufacturer recommendations.
	3) Enclosures and pedestal shall be stainless steel.  Enclosure shall have a heavy-duty hasp for locking.
	2. Automatic Irrigation Controller and remote-control equipment: Manufacturer and Model shall be noted on Drawing.
	3. The Contractor shall provide concrete pad, power supply, conduits, grounding and control wire connections to controller.
	4. Concrete Pad: Comply with plan detail.
	B. Electric Control Valve Wiring: See Green Infrastructure Specification 32-80.00 IRRIGATION SYSTEMS.
	C. Two-Wire Grounding
	1. The Contractor shall ground all two-wire components per the manufacturer’s recommendations.  Ground rods and plates will be installed at a minimum of every five hundred feet (500’) or every eight (8) decoders, and at all ends of wire runs longer th...
	Part 3 -  EXECUTION
	3.01 PREPARATION


	A. Utility Locates:  Contact Utility Notification Center of Colorado at or 8-1-1 or 1-800-922-1987 prior to any excavation, for the marking of underground member utilities.  The indication of utilities on the Contract Drawings does not relieve the Con...
	B. Automatic Irrigation Controller Location: The Contractor will be held responsible for coordination between existing and proposed landscape improvements, Automatic Irrigation Controller location, and installation.  Landscape material locations shown...
	C. Inspection:
	1. Examine areas and conditions under which Work of this Section is to be performed.  Do not proceed with Work until unsatisfactory conditions have been corrected.
	2. Grading operations, with the exception of fine grading, shall be completed and approved by the Project Manager before staking or installation of any irrigation system equipment begins.
	3. Layout:  Stake Automatic Irrigation Controller location before beginning installation and obtain the Project Manager’s approval prior to installation.
	3.02 INSTALLATION OF IRRIGATION EQUIPMENT

	A. High Voltage Wiring for Automatic Irrigation Controller:
	1. Provide one hundred twenty (120) volt power connection to Automatic Irrigation Controller.
	2. Systems using DC power shall include solar panel, batteries, cables and fuses per manufacturer recommendations.
	3. All electric work shall conform to local codes, ordinances, and authorities having jurisdiction.  All high voltage electrical work shall be performed by licensed electrician.
	B. Automatic Control System:
	1. All irrigation schedules during the establishment period and Warranty period are to be submitted via email to the C.P.S Technical Services, Division of Green Infrastructure Operations and Performance Team manager, Denver Parks Water Conservation, a...
	C. Field Wiring Testing Requirements:
	1. The Contractor shall provide an Ohm test report of all field wires prior to installing any wires at the Automatic Irrigation Controller terminals.  Provide a report to the Project Manager of each zone wire tested, the Ohm readings for each wire, da...
	2. All field wiring issues must be resolved prior to the connection of wires at the Automatic Irrigation Controller terminal strips.
	3. Install Automatic Irrigation Controller and enclosure in accordance with the Contract Drawings and per the manufacturer’s instructions.  All work including but not limited to concrete pad, 120v electrical power, conduits, grounding and control wire...
	4. Automatic Irrigation Controller Grounding: Install earth ground in accordance with Article 250 of the National Electrical Code (NEC).  Earth ground shall be ten (10) OHMS or less as measured by a Megger® or similar instrument, or as per manufacture...
	a. Ground rods and ground plates are to be installed per manufacturer’s recommendations.
	b. Copper wire shall be six (6) gauge bare copper wire connected to the ground rod using a Cadweld GR1161GPLUS “Plus One Shot” welding kit.
	5. Install above ground wiring in rigid conduit in accordance with applicable codes.
	D. Coordinate controller installation with electrical work to ensure electrical power supply line(s) are provided to Automatic Irrigation Controller location(s).
	1. Permanently engrave date of installation and Xcel service pole number inside Automatic Irrigation Controller enclosure.
	E. Wire control valves as shown on Contract Drawings.
	3.03 FIELD QUALITY CONTROL

	A. Testing Controller Operations:
	1. Functional test of the controller shall be performed and demonstrate that all parts of the control system function as specified or intended.
	2. Any materials determined to be faulty as part of the installation shall be replaced or corrected by the Contractor at their expense in a manner respective to the Plans, Details, and other sections of this Specification.  In the event of a system fa...
	3.04 COMPLETION INSPECTION

	A. A project inspection walk through shall include but is not limited to the following:
	1. Confirm quality of controller enclosure and mounting (no gap allowed between Automatic Irrigation Controller and concrete), grounding, high voltage installation, low voltage wiring, ID tagging of wires in Automatic Irrigation Controller, and commun...
	2. The Contractor shall submit to the Owner written certification of testing that proper grounding for all controllers has been installed per the manufacturer’s recommendations.
	3.05 CLEANING

	A. Maintain continuous cleaning operation throughout duration of Work. Dispose of all trash, waste materials, debris, and excess soil generated by installation of the controller, off-site, at no additional cost to the City. The Contractor shall clear ...
	3.06 PROTECTION

	A. Restrict vehicular and pedestrian traffic from installation site. Erect temporary fencing or barricades and install warning signs as required or directed by the Project Manager at no additional cost to the City.
	Part 4 -  Measurement and Payment
	4.01 Bid Items


	A. Irrigation Controllers
	B. Irrigation Controller Power Drop
	4.02 Price and Payment Procedure

	A. Irrigation Controllers
	1. The measurement and payment for this item shall be the total number of irrigation controllers required to be installed or relocated for the construction of the proposed sewer, facility, and/or appurtenances; provided, however, no measurement shall ...
	2. The unit price bid shall include all of the Contractor’s costs of whatsoever nature. The price bid shall include: excavation, furnishing of materials, protection, and installation of controllers; backfilling, grading, testing, inspecting, and all o...
	B.  Irrigation Controller Power Drop
	1. No quantity measurement shall be made for any of the Work and materials required to accomplish this aspect of the Project, and payment shall be based upon the completion of the Work in accordance with the Contract Documents. No payment shall be mad...
	2. The lump sum price or allowance account cost for the irrigation controller power drop shall include all the Contractor's costs of whatsoever nature. The price bid shall include: coordination with the utility owner, procurement of necessary material...

	GI Trees Plant Groundcovers
	32-93.00 Trees, Plants, and Groundcovers
	Part 1 -  General
	1.01 RELATED DOCUMENTS


	A. Contract Drawings and general provisions of the Contract, including General and Supplementary Conditions.
	B. City and County of Denver Standard Specifications for Construction General Contract Conditions (2011)
	C. City and County of Denver Engineering Division, Wastewater Capital Project Management Standard Construction Specifications, dated March 15, 2016.
	D. 2017 Transportation Standards and Details for the Engineering Division City and County of Denver Public Works
	E. Wastewater Management Division – Standard Details (2015)
	F. City and County of Denver Division of Green Infrastructure Standard Specifications.
	1.02 SUMMARY

	A. This Section includes requirements for furnishing, installing, establishing, and maintaining live plant material and living or non-living ground cover materials.
	B. Related Sections:
	1. Green Infrastructure Specification 32-80.00 “Irrigation System”.
	2. Green Infrastructure Specification 32-84.33 “Automatic Irrigation Controllers”.
	1.03 Definitions

	A. ANSI:  American National Standards Institute.  Z60.1 is the national standard for nursery stock.
	B. Backfill:  The soil used from original excavation site or the act of placing soil in an excavation.
	C. Balled and Burlapped Stock:  Plants dug with firm, natural balls of earth in which they were grown wrapped with burlap, tied, rigidly supported, and drum laced with twine with the root flare visible at the surface of the ball as recommended by ANSI...
	D. Bare-Root Stock:  Plants with a well-branched, fibrous-root system developed by transplanting or root pruning, with soil or growing medium removed, and with not less than the minimum root spread according to ANSI Z60.1 for type and size of plant re...
	E. Caliper:  Caliper of a trunk as measured by a diameter tape at a height six-inches (6”) above the root flare for trees up to, and including, four-inch (4”) size at this height; and as measured at a height of twelve-inches (12”) above the root flare...
	F. Cane:  A cane shall be considered a primary stem which starts from the ground or at a point close to the ground at a point not higher than one-fourth (1/4) the height of the plant, and which reaches the minimum height stated in the plant size speci...
	G. Central leader:  Also referred to as leader or the dominant leader.  A continuation of the main trunk located in the center of the crown, beginning at the lowest main scaffold branch and extending to the top of the tree. Central leaders should be s...
	H. Circling root(s):  One or more roots whose diameter is greater than ten percent (10%) of the trunk caliper circling more than one-third of the trunk.  Circling roots are unacceptable.
	I. Clear Trunk:  The portion of the trunk below the main crown which may include shortened temporary branches.
	J. Co-dominant:  Two or more vigorous, upright branches or stems of relatively equal diameter that originate from a common point, usually where the leader was lost or removed.  Co-dominant stems are unacceptable.
	K. Container-Grown:  Healthy, vigorous, well-rooted plants grown in a container, with a well-established root system reaching sides of container and maintaining a firm ball when removed from container. Container shall be rigid enough to hold ball shap...
	L. Crown:  The portion of a tree beginning at the lowest main scaffold branch extending to the top of the tree.  On younger trees, the crown may be comprised of temporary branches.
	M. Cultivar:  A named plant selection from which identical or nearly identical plant characteristics can be produced, usually by vegetative propagation or cloning.
	N. Diameter Breast Height (DBH): Diameter of a trunk as measured by a diameter tape at a height 54-inches (54”) above the ground line for trees with caliper of six-inches (6”) or greater as measured at a height of twelve-inches (12”) above the root fl...
	O. Drip Zone:  The outermost edge of the tree’s canopy or branch spread.  The area within a tree’s drip line is all the ground under the total branch spread.
	P. Finish Grade:  Elevation of finished surface of planting soil.
	Q. Genus:  Biological classification name for a group of related plants that share similar characteristics or features.
	R. Included Bark:  Bark embedded in the union between a branch and the trunk or between two or more stems that prevents the formation of a normal branch bark ridge.  Included bark is unacceptable.
	S. Kinked Root:  A main root that is sharply bent.  Kinked roots are unacceptable.
	T. Pesticide:  A substance or mixture intended for preventing, destroying, repelling, or mitigating a pest. Pesticides include insecticides, miticides, herbicides, fungicides, rodenticides, and molluscicides. They also include substances or mixtures i...
	U. Pests:  Living organisms that occur where they are not desired or that cause damage to plants, animals, or people. Pests include insects, mites, grubs, mollusks (snails and slugs), rodents (gophers, moles, and mice), unwanted plants (weeds), fungi,...
	V. Root Ball: Root mass of a tree or shrub after digging or removal of the container. Depth is measured from the base of the root flare to the bottom of the root ball. Width is measured horizontally across the root ball with an approximately circular ...
	W. Root Collar:  Also referred to as the root flare.  The transition zone where the trunk and root zone meet.
	X. Root Flare: Also called “trunk flare”. The area at the base of the tree's stem or trunk where the stem or trunk broadens to form first order roots; the area of transition between the root system and the stem or trunk.
	Y. Scaffold Branches:  Large main branches originating from the trunk that form the main structure of the crown.
	Z. Species:  Biological classification name for a subgroup of plants within a genus.
	AA. Stem-girdling Root:  A circling, bent, or straight root that touches or rests on the trunk or root flare that can become a permanent root. Stem-girdling roots are unacceptable.
	BB. Subgrade:  The surface or elevation of subsoil remaining after excavation is complete, or the top surface of a fill or backfill before planting soil is placed.
	CC. Temporary Branch:  A small branch that is temporarily retained along the lower trunk of young trees to promote general health and trunk taper.
	DD. Tree Protection Zone: The zone equal to eighteen inches (18”) radially from the tree for every one inch (1”) of trunk diameter at breast height.
	EE. Trunk:  The main stem of a tree, beginning at the root collar and ending at the lowest main scaffold branch.
	FF. Taper:  The thickening of a trunk to the root flare or branch toward its parent base.
	GG. Variety:  A naturally occurring named plant selection subtype of a species.
	1.04 SUBMITTALS

	A. Product Data:  For each type of product.
	B. Plant Materials:  Include quantities, sizes, quality, and sources for plant materials.
	C. Product Samples:  At a minimum provide the following samples for approval by the Project Manager, additional product samples may be required at the direction of the Project Manager.
	1. Mulch: one (1) gallon bag minimum of each type of mulch.
	2. Rock Groundcover: one (1) gallon bag minimum of each type.
	3. Tree Stakes:  one (1) of each type.
	4. Tree Straps:  one (1) each.
	5. Guy Material:  one (1) linear foot.
	6. Guy Signal:  one (1) linear foot.
	7. Tree Wrap:  one (1) linear foot.
	D. Pesticides:  Product label, Safety Data Sheet (SDS) labels and manufacturer's application instructions specific to Project.
	E. Proper Identification:  All plants shall be true to name as ordered or shown on planting plans and shall be labeled individually or in groups by species and cultivar (as appropriate).
	F. Contractor shall provide a complete list of all plant material for approval by the Project Manager a minimum of ten (10) days prior to delivery.  Any substitutions of plant material, including but not limited to size, type, species and variety shal...
	G. Tree Planting Permit:  The contractor shall obtain a planting permit request form available at denvergov.org/Forestry and submit the completed form to the Office of the City Forester and the Project Manager.
	H. Contractor shall provide the following certificates:
	1. State Inspection Certificate from the origin nursery.
	2. Certificate from origin state.
	3. Quarantine Certificate from origin state.
	4. Any Certificates required by the USDA Animal and Plant Health Inspection Service (APHIS) and ANSI-Z-60 and accompanying Rules and Regulations.
	I. Analysis of existing soil shall be per Division 32 Sections “Topsoil” and “Soil Preparation”.
	J. Contract Close Out Submittals:
	1. Operating and Maintenance Data:  At completion of work, submit One (1) digital copy and two (2) hard copies to the Project Manager.  Include recommended procedures for continued and proper maintenance during a full calendar year.
	2. Warranty for Trees, Plants, and Groundcovers:  At completion of work, furnish written warranty to the Project Manager based upon 1.09 Warranty.
	1.05 QUALITY CONTROL

	A. All plant material shall comply with federal and state laws and regulations requiring inspection for plant diseases, pests, and weeds. Inspection certificates required by law shall accompany each shipment of plants. Clearance from the local county ...
	B. The Contractor shall arrange for the inspection of plant material upon delivery to the site for compliance with the Specifications and Contract Drawings.  The Project Manager has the right to reject plant material that does not meet Specifications ...
	C. The Project Manager have the right to cull a pre-determined quantity of plant material representative of the genus to invasively inspect for root defects.  Upon discovery of defects that will impact future health and growth, other plant material ma...
	1.06 DELIVERY, STORAGE, AND HANDLING

	A. Materials:  Deliver materials in original containers with tags showing genus, species and size.  Protect materials from damage during delivery and while stored at site.  The Project Manager reserves the right to inspect containers before or after i...
	B. Bulk Materials:
	1. Do not dump or store bulk materials near structures, utilities, walkways and pavements, or on existing turf areas or plants or in tree protection zones.
	2. Provide erosion-control measures to prevent erosion or displacement of bulk materials; discharge of soil-bearing water runoff; and airborne dust reaching adjacent properties, water conveyance systems, or walkways.
	3. Accompany each delivery of bulk materials with appropriate certificates.
	C. Trees:  Nursery stock shall be harvested and planted during the same growing season.  Do not prune, except as approved by the Office of the City Forester and the Project Manager.  Protect bark, branches, and root systems from sun scald, drying, swe...
	D. Deliver bare-root stock plants within twenty-four (24) hours of digging. Immediately after digging up bare-root stock, pack root system in wet straw, hay, or other suitable material to keep root system moist until planting. Transport in covered, te...
	E. Store bulbs, corms, and tubers in a dry place at sixty degrees to sixty-five degrees (60  to 65 ) F until planting.
	F. Handle planting stock by the root ball only, providing support to top.
	G. Deliver trees after preparations for planting have been completed and install immediately.  If planting is delayed more than six (6) hours after delivery, set planting materials in shade, protect from weather and mechanical damage, and keep roots m...
	1. Set balled stock on ground and cover ball with wood chips, or other acceptable material.
	2. Do not remove container-grown stock from containers before planting.
	3. Water root systems of trees stored on site with a fine-mist spray.  Water as often as necessary to maintain root systems in a moist condition.
	4. Root balls should be stored in shade and be covered with moist mulch if stored on site for longer than twelve (12) hours.
	1.07 PROJECT/SITE CONDITIONS

	A. Vehicular accessibility on site shall be as directed as shown on approved plans or by the Project Manager.  Repair damage to prepared topsoil and existing surfaces, caused by vehicular access and movement during work under this section, to original...
	B. Weather Limitations:  Proceed with planting only when existing and forecasted weather conditions permit planting to be performed when beneficial and optimum results may be obtained. Apply products during favorable weather conditions according to ma...
	C. Facility and soils/growing media will be protected from compaction, contaminants, and other detrimental conditions until final acceptance. This includes but is not limited to construction debris and fines.
	1.08 COORDINATION AND SCHEDULING

	A. Coordinate installation of planting materials during normal planting seasons for each type of plant material required, avoiding temperature extremes.  Planting materials should be generally planted between April 15 and October 1, or at the directio...
	B. Plant trees after final grades have been accepted and prior to seeding or sodding, unless otherwise authorized by the Project Manager.
	1.09 WARRANTY

	A. Warranty:  The warranty specified in this Article shall not deprive the City of other rights the City may have under other provisions of the Contract Documents and shall be in addition to, and run concurrently with, other warranties made by the Con...
	B. Losses due to vandalism or improper installation or insufficient plant maintenance before Substantial Completion shall be the Contractor’s responsibility. Remedial Actions:
	1. Replace any plant materials that have been excessively pruned, more than twenty percent (20%) percent die back in the central leader, or in an unhealthy or declining condition immediately upon notice from the Project Manager prior to Substantial Co...
	2. Immediately remove dead plants and replace unless required to plant in the succeeding planting season.
	C. The City of Denver’s standard warranty shall be modified to exclude all live plant material (trees, plants, or groundcover); the Contractor shall not be required to provide any warranty, guarantee, or replacement obligation for live plant stock, in...
	Part 2 -  PRODUCTS
	2.01 PLANT MATERIALS


	A. General:  Furnish and install nursery-grown trees and shrubs conforming to the requirements of ANSI-Z-60 and ANSI A300, Part 6, with healthy root systems developed by transplanting or root pruning.  Provide well shaped, symmetrical, fully branched,...
	B. Label all plants of each size, caliper genus, species cultivar or variety with a securely attached waterproof tag bearing legible designation of botanical and common name.
	C. All plants shall be the genus, species, variety or cultivar designated on the Contract Drawings.  No substitutions will be accepted without the prior written approval of the Office of the City Forester and the Project Manager.  Contractor must prov...
	2.02 TREES

	A. These specifications shall apply to deciduous, broadleaf evergreen and coniferous species.  Note that leaf characteristics will not be evident on deciduous trees during the dormant season.
	B. Crown:  The form and density of the crown shall be typical for a young specimen of the species/cultivar.  Changes in form caused by wind, pruning practices, pests, or other factors shall not substantially alter the form for the species/cultivar.  T...
	1. Trees shall have a single, relatively straight trunk, and central leader, unless noted on plans to be “Multi-trunk” or “Clump”.  They shall be free of co-dominant stems and vigorous, upright branches that compete with the central leader.  If the or...
	2. Main branches shall be evenly distributed along the central leader, not clustered together.  They shall form a balanced crown appropriate for the age of the species/cultivar.
	3. Branch diameter shall be no larger than one-half the diameter of the central leader measured one-inch (1”) above where the branch is attached.
	4. The attachment of the largest scaffold branches shall be free of included bark.
	5. Temporary branches, unless otherwise specified, should be present along the lower trunk below the lowest scaffold branch.  These branches should be no greater than three-eighths-inch (3/8”) diameter.  Clear trunk shall be no more than thirty percen...
	C. Trunk:  The tree trunk shall be relatively straight, vertical, and free of wounds, except properly made pruning cuts, which shall be closed over or less than three-quarters inch (3/4”) diameter open, sunburned areas, conks (fungal fruiting bodies),...
	1. Trunk caliper and taper shall be sufficient so that the tree will remain vertical without a stake.  Trunk caliper at six-inches (6”) above the soil media (substrate) surface shall be a minimum of two inches (2”) and a maximum of three inches (3”). ...
	2. The cut made when re-growing the top should be just above the major structural roots.  The “shank” that results from this procedure should be at a consistent height above the structural roots and no longer than five-inches (5”), to ensure that the ...
	D. Roots:  The root system shall be substantially free of injury from biotic (e. g., insects and pathogens) and abiotic (e. g., pesticide toxicity and salt injury) agents.
	1. The uppermost roots or root collar shall be within the upper two-inches (2”) of the soil media (substrate).  Depth of the root-ball shall be measured from the top of the ball, which in all cases shall begin at the root flare.  Soil above the root f...
	2. The tree shall be well rooted in the soil media (substrate).  Root distribution shall be uniform throughout the soil or media and radial from the trunk.  Structure and growth shall be appropriate for the genus, species and cultivar or variety.  Whe...
	3. The root collar and the inside portion of the root-ball shall be free of defects, including circling, kinked, and stem-girdling roots.  Soil removal or root washing near the root collar may be necessary to inspect for the aforementioned root defects.
	4. Roots on the periphery and bottom of the root-ball shall be less than one-eighth-inch (1/8”) diameter.
	5. As a general rule for young nursery-grown trees, there should be two or more structural roots within one- to three-inches (1” – 3”) of the soil surface.  “First order lateral roots” is another term that has been used for these roots.  If the roots ...
	6. Root-balls that are  undersized as specified in current edition of ANSI Z60.1. shall be rejected.  Field grown trees for balled and burlap delivery shall have the roots pruned at least six-inches (6”) inside the final root-ball size performed withi...
	7. Ball and burlap trees are acceptable per the specifications. If ball and burlap trees are not able to be procured, container trees may be substituted with the approval from the Office of the City Forester and the Project Manager.
	E. Leaves:  The size, color, and appearance of leaves shall be typical for the time of year and stage of growth of the species or cultivar.  Trees shall not show signs of prolonged stress or extended drought as indicated by under or oversized leaves, ...
	F. Branches:  Shoot growth (length and diameter) throughout the crown shall be appropriate for the age and size of the species/cultivar.  Trees shall not have dead, diseased, broken, crossing, distorted, or otherwise injured branches.
	G. All deciduous trees of one species used in formal rows or groupings shall exhibit cultural uniformity, i.e. “matched” in height, crown width and shape, height to first branch, and trunk taper.  For this reason, it is desired that these trees be pro...
	H. Collected Stock:  Do not use plants harvested from the wild, from native stands, from an established landscape planting, or not grown in a nursery unless otherwise indicated, and only if approved by the Office of the City Forester and the Project M...
	2.03 SHRUBS

	A. Container Grown Shrubs:  All specifications for container grown plants shall include both plant size and container size.  Plant size intervals and reference to height or spread shall be in accordance with the guidelines for the appropriate plant ty...
	B. Container size shall be by container classification (i.e., not by container volume) as set forth in the ANSI Z60.1 Container Class Table.
	C. In all cases, container grown nursery stock shall meet the following general requirement:
	1. All container grown nursery stock shall be healthy, vigorous, well rooted, and established in the container in which it is growing.  Container grown nursery stock shall have a well-established root system reaching the sides of the container to main...
	D. The container shall be sufficiently rigid to hold the ball shape and to protect the root mass during shipping.
	E. Minimum shrub sizes shall conform to the following standards:
	1. Tender shrubs (Type 0) that do not produce top growth that is winter hardy:
	2. Small shrubs (Type 1) that grow to a mature height of not more than three feet (3’):
	3. Intermediate shrubs (Type 2) that grow to a mature height between three feet (3’) and seven feet (7’):
	4. Large shrubs (Type 3) that grow to a mature height exceeding seven feet (7’):
	2.04 PERENNIALS, GRASSES, GROUNDCOVERS, AND VINES

	A. All container grown plants shall be healthy, vigorous, well rooted, and established in the container in which they are growing and be in conformance with ANSI Z60.1.  A container grown plant shall have a well-established root system reaching the si...
	2.05 TREE-STABILIZATION MATERIALS

	A. Trunk-Stabilization Materials:
	1. Deciduous and Evergreen Tree Stakes:  Rough-sawn, sound, new softwood with specified wood preservative treatment by pressure process, free of knots, holes, cross grain, and other defects, two-inch (2”) diameter by six feet (6’), pointed at one end.
	2. Guys and Tie Wires:  ASTM A 641/A 641M, Class 1, #14 galvanized-steel wire, two-strand, twisted. Guying must be approved by the Office of the City Forester.
	3. Tree-Tie Webbing:  UV-resistant nylon webbing with brass grommets, size as indicated.
	4. Safety Signals for Guy and Staking Wire:  One-half inch (1/2”) diameter PVC pipe, length as indicated.
	B. Tree-Wrap:
	1. Two layers of crinkled paper cemented together with bituminous material, four-inches (4”) wide minimum, with stretch factor of thirty-three percent (33%).
	2. Tree wrap tape:  Tape as approved by the Office of the City Forester and the Project Manager.
	2.06 PLANTING BACKFILL MATERIAL
	A. The plant pit backfill material shall match the materials shown on the Contract Drawings, which may vary by location.
	B. When planting directly into a Green Infrastructure water quality facility with fully imported bioretention growing media, backfill the plant pit with the imported bioretention growing media which will be specified on the Contract Drawings. Refer to...
	C. When planting outside Green Infrastructure water quality facilities, the plant pit backfill material shall consist of the following, thoroughly mixed:
	1. Soil originally excavated from the pit:  two thirds (2/3) proportion of total mix.
	2. Soil Amendment as specified in Denver Parks and Recreation’s Division 32 Section “Soil Preparation”; one-third (1/3) proportion of total mix.

	D. If imported topsoil is required for areas outside of the Green Infrastructure water quality facilities, it shall meet the requirements specified to Denver Wastewater Capital Project Management Standard Specifications for “Topsoil”.
	2.07 MULCH

	A. Organic Mulch:  Organic mulch, free from weeds, chemicals, and/or deleterious materials and suitable as a top dressing of trees and shrubs, consisting of chipped wood material not larger than four inches (4”) in length, and as specified on the Cont...
	B. Squeegee Mulch: Semi-round, one quarter inch minus (1/4”-) squeegee stone. Clean, dry, and free of organic and deleterious materials, locally sourced.
	1. Color:
	a. As specified on the Contract Documents.
	2.08 ROCK AND STONE

	A. Rock Groundcover: Round river rock. Clean, dry, and free of organic and deleterious materials, locally sourced.
	1. Size:
	a. As shown on the Contract Documents.
	2. Color:
	a. As shown on the Contract Documents.
	B. Landscape Boulders: Boulders shall have smooth faces to avoid sharp edges and shall be locally sourced.
	1. Size:
	a. As shown on the Contract Documents.
	2. Color:
	a. As shown on the Contract Documents.
	2.09 MISCELLANEOUS MATERIALS

	A. Antidesiccant:  Water-insoluble emulsion, permeable moisture retarder, film forming, for trees, as approved by the Office of the City Forester and the Project Manager.  Deliver in original, sealed, and fully labeled containers.  Mix and apply accor...
	B. Pre-Emergent Pesticide:  As approved by the Project Manager.
	C. Pesticides:  EPA registered and approved, and as approved by the Project Manager.
	Part 3 -  EXECUTION
	3.01 EXAMINATION


	A. Verify actual grade elevations and dimensions of plantings and construction contiguous with new plantings by field measurements before proceeding with planting work.
	B. Examine areas to receive landscaping for compliance with requirements and for conditions affecting performance of work of this Section.  Do not proceed with installation until unsatisfactory conditions have been corrected.
	1. When conditions detrimental to plant growth are encountered, such as rubble fill, adverse drainage conditions, obstructions, or utilities, notify the Project Manager before planting.
	2. Verify that adequate overhead clearance exists to planting locations.
	3. Suspend planting operations during periods of excessive heat, cold, and/or moisture until acceptable planting conditions exist. The contractor shall obtain approval from the Office of the City Forester and the Project Manager when planting in tempe...
	4. Uniformly moisten excessively dry soil that is not workable.
	C. Verify that no foreign or deleterious material or liquid such as, but not limited to, paint, paint washout, concrete slurry, concrete layers or chunks, cement, plaster, oils, gasoline, diesel fuel, paint thinner, turpentine, tar, roofing compound, ...
	1. If contamination is discovered during Construction the Project Manager will determine the best course of action to remediate the contamination, which may include requesting the Contractor perform the removal of contamination and replacement of clea...
	2. If contamination is determined to be the result of construction operations, Contractor is to remove contaminated material and replace with clean material at the direction of the Project Manager.
	D. Verify final grades are completed in accordance with the drawings.  Proceed with installation only after unsatisfactory conditions have been corrected and approved by the Project Manager.
	E. Cooperate with any other contractors and trades, who may be working in and adjacent to the landscape work areas.  Examine the Contract Drawings which show the development of the entire site and become familiar with the scope of all work required.
	3.02 PREPARATION

	A. Protect structures, utilities, sidewalks, pavements, and other facilities, turf areas and existing plants from damage caused by planting operations.  Repair damage to surrounding areas and site elements noted above resulting from planting operation...
	B. Utilities:  Contractor shall be responsible locating utilities and, repair of utilities damaged during the Work.  Determine location of overhead and underground utilities and perform work in a manner that will avoid damage.  Hand excavate, as requi...
	C. Layout, stake and label all individual tree locations for approval by the Project Manager prior to installing trees.
	D. Outline planting beds and mark plant locations within the bed(s) for approval by the Project Manager prior to installing any plant material or mow bands.  Make adjustments as directed by the Project Manager at no additional cost to the City.
	1. If formal arrangements or consecutive order of plants is indicated on the Contract Drawings, select stock for uniform height and spread, and number the labels to assure symmetry in planting.
	E. Prepare planting area for soil placement and mix planting soil according to Denver Parks and Recreation Division 32 Section “Soil Preparation”.
	3.03 FIELD QUALITY CONTROL

	A. Provide quantity, size, genus, species, and variety of trees indicated, complying with current applicable requirements of ANSI Z60.1 “American Standard for Nursery Stock”, and all applicable state and local rules and regulations.
	B. Inspection:   The Contractor shall arrange for the inspection of plant material upon delivery to the site for compliance with the Specifications and Contract Drawings.  The Project Manager has the right to reject plant material that does not meet S...
	1. The Contractor shall schedule inspection of the plants, at either the supplier or on-site, to be completed in one visit.  Any further inspection required due to plants being unavailable, rejected, and or not meeting specifications shall be charged ...
	C. Measurements:  Measure trees according to the requirements of the ANSI Z-160, with branches and trunks in their normal position.  Do not prune to obtain required sizes.  Measure main body of tree for height and spread; do not measure branches or ro...
	3.04 EXCAVATION FOR TREES AND SHRUBS

	A. Planting Areas:  Excavate by hand, auger or with a mini excavator.  Scarify or roughen sides of tree pit by hand to eliminate any glazing.  Tree spades may not be used to dig tree pits.
	1. Balled and Burlapped Trees:
	a. Open top of root ball burlap and carefully remove soil to expose trunk flare to first order roots. Set hole depth based on bottom of root ball and base of root flare.  The base of the root collar shall be one to two inches (1” - 2”) higher than fin...
	b. Do not excavate deeper than depth of the root ball.  If area under the plant was initially dug too deep, add soil to raise it to the correct level and thoroughly compact the soil directly under the root ball to prevent settling.
	c. Excavate a minimum two times (2X) as wide as ball diameter at base of pit.  Excavate a minimum of three to four times (3X – 4X) as wide as ball diameter at top of pit.  Slope sides of the pit as shown on the detail.
	2. Container-Grown Trees and Shrubs:
	3. Gently remove excess soil from top of root ball to expose root flare or top of first order root.  Set plumb and in center of pit with base of root flare one to two-inches (1” - 2”) above adjacent finish grades as indicated.
	4. Excavate approximately two times (2X) times as wide as container diameter at base of pit. Excavate a minimum of three to four times (3X – 4X) as wide as container diameter at top of pit.
	B. Obstructions:
	1. Utilities:  Notify the Project Manager immediately of utilities that conflict or may potentially conflict with proposed plant locations. In such cases, alternative plant locations will be determined by the Project Manager.
	2. Notify the Project Manager prior to planting if unexpected rock or obstructions detrimental to trees or shrubs are encountered in excavation.
	C. Drainage:  Notify the Project Manager if subsoil conditions show evidence of water seepage or retention in tree or shrub pits.
	3.05 PLANTING TREES AND SHRUBS

	A. Balled and Burlapped Stock:
	1. Prior to hole depth determination, open top of root ball burlap.  Gently remove excess soil from top of root ball to expose root flare or top of first order root.
	2. Set balled and burlapped stock plumb and in center of pit with base of root flare one to two-inches (1” to 2”) above adjacent finish grades as indicated.
	3. Gently remove, without damaging the root ball, all the wire basket and twine. Cut away burlap from minimum top two-thirds (2/3) of the root ball, but do not remove from under ball.  Remove pallets, if any, before setting.  Do not use planting stock...
	4. Place backfill around ball in layers.  When pit is approximately one-half backfilled, water thoroughly and allow to absorb into soil to eliminate voids and air pockets prior to placing remainder of backfill.  Repeat watering until no more is absorb...
	B. Container Grown Stock:
	1. Carefully remove containers so as not to damage root balls.
	2. Shave exterior 1” of soil and roots from root ball or until all circling roots have been removed and to promote radial fibrous roots. Use sharp spade or handsaw designed specifically for tree work to make clean, non-tearing cuts on roots.
	3. Prior to hole depth determination, gently remove excess soil from top of root ball to expose root flare or top of first order root.
	4. Set plants plumb and in center of pit with base of root flare and/or first order lateral root one to two inches (1” to 2”) above adjacent finish grades as indicated.
	5. Place backfill around ball in layers.  When pit is approximately one-half backfilled, water thoroughly and allow to absorb into soil to eliminate voids and air pockets prior to  placing remainder of backfill.  Repeat watering until no more is absor...
	C. Bare-Root Stock:  Set and support each plant in center of planting pit or trench with root flare two-inches (2”) above adjacent finished grade.
	1. Backfill:  As specified in Part 2 - Products.
	2. Remove girdled or kinked roots and/or root growth that is encircling without tangling or turning toward surface, spread roots laterally. Plumb before backfilling, and maintain plumb while working.
	3. Carefully work backfill in layers around roots by hand eliminating air pockets. Bring roots into close contact with the soil.
	4. When planting pit is approximately one-half filled, water thoroughly and allow to absorb into soil before placing remainder of backfill. Repeat watering until no more water is absorbed.
	5. Continue backfilling process. Water again after placing final layer of soil.
	D. Shrubs and perennials shall be planted outside of the root ball of trees.
	3.06 TREE WRAP

	A. Inspect tree trunks for injury, improper pruning, and insect infestation and take corrective measures required before wrapping. Inform the Office of the City Forester of conditions prior to wrapping. Wrap trees starting at the base of the trunk and...
	1. All smooth barked trees shall be wrapped with the exception of any Populus species by November 1st and removed by May 15 or per the direction of the Office of the  City Forester and the Project Manager.
	2. Contractor shall be responsible for wrapping, re-wrapping if needed, and unwrapping trees during the warranty period.
	3.07 PRUNING OF PLANTS

	A. Prune only damaged or dead branches as directed by the Office of the City Forester and the Project Manager.
	3.08 TREE STABILIZATION

	A. Install site-fabricated trunk stabilization as follows, unless otherwise indicated on Contract Drawings.
	1. Drive wood stakes into undisturbed grade within the mulched area.  Avoid penetrating root balls or root masses.
	2. Align tree stakes with the prevailing wind or parallel to hard surfaces.
	3. Securely attach specified wire to stakes.
	4. Support trees with specified wire and tree tie webbing from the tree trunk to each stake. Allow one to two inches (1” to 2”) of slack to avoid rigid restraint of the tree.
	5. For staked trees:  Attach twenty-four inch (24”) long by one-half inch (1/2”) diameter PVC pipe flagging to each wire.
	6. For guyed trees:  Must have prior approval from Office of the City Forester.
	3.09 MULCHING

	A. Trees:  Create a forty-eight-inch (48”) radius from the outside of the trunk, by three inch (3”) high formed soil berm around tree and fill with three-inch (3”) deep specified wood mulch.  Mulch shall be kept four to six-inches (4”-6”) away from tr...
	B. Shrubs, Perennials, and Grasses:
	1. Mulch backfilled surfaces of pits, planting beds areas, and other areas indicated or as directed by the Project Manager.
	2. Organic Mulch in shrub bed areas: Apply three-inch (3”) thick layer of mulch and finish level with adjacent finish grades or as shown on Contract Documents.  Do not place mulch against stems of plants.
	3. Rock groundcover in shrub bed areas - squeegee and/or crusher fines: Apply two inches to three inches (2”-3”) thick layer of mulch and finish level with adjacent finished grades or as shown on Contract Documents. Do not place mulch against the stem...
	3.10 ROCK AND STONE

	A. Rock Groundcover:
	1. Backfill excavation around rock groundcover as indicated on construction plans.
	2. Excavate for placement of rock material and any bedding materials, such that top of the rock layer will meet grade specified on the Contract Documents. Contractor shall prepare subgrade as indicated in the Contract Documents.
	3. Apply a layer of rock groundcover rock at a depth and finish level with grades as shown on Contract Documents. Provide a firm, smooth, uniform surface to the maximum extent practice. Do not place rock or stone against the stems of plants.
	3.11 ANTIDESICCANT

	A. Apply antidesiccant using power spray to provide an adequate film over trunks, branches, stems, twigs, and foliage. Apply only when directed and approved by the Office of the City Forester.
	B. When deciduous plants are moved in full leaf, the Office of the City Forester and the Project Manager may direct the use of an antidesiccant at nursery before moving and again two (2) weeks after planting. Antidessicant to be supplied and applied b...
	3.12 CLEANING

	A. Perform cleaning during installation of the work and upon completion of the Work, to the satisfaction of the Project Manager. Remove all excess materials, debris, and equipment from site. Repair any damage resulting from planting operations.
	B. Remove surplus soil, excess subsoil, unsuitable soil, and waste material including trash and debris generated during installation at no additional cost to the City.
	3.13 PROTECTION

	A. Protect existing utilities, paving and other facilities from damage caused by planting operations. The Contractor shall repair any damage at no additional cost to the City.
	B. Restrict vehicular and pedestrian traffic from planted areas.  Erect temporary protection zones with signs and/or barriers as required or directed by the Project Manager at no additional cost to the City.
	C. Erosion Control:  Take measures and furnish equipment and labor necessary to control and prevent soil erosion, blowing soil and accumulation of wind-deposited materials on the site throughout the duration of work.
	3.14 MAINTENANCE

	A. The Contractor shall be responsible for maintaining all trees, plants, and groundcovers until Substantial Completion is issued. The Contractor shall also ensure survival of the newly planted trees, plants, and groundcovers through the Warranty peri...
	B. Maintain trees by pruning as directed by the Office of the City Forester or the Project Manager, cultivating, season appropriate watering, mulching, weeding, wrapping, unwrapping, restoring planting saucers, and resetting to proper grades or vertic...
	C. During the irrigation season (generally May through September), water may be available from on-site quick couplers.  When the system is not charged, it shall be the Contractor’s responsibility to supply adequate amounts of water from a water truck ...
	1. Watering Amount:
	a. Minimum watering requirements shall be twenty-five (25) gallons of water per caliper inch of every tree when temperatures are at or above forty degrees (40 ) F.
	b. Watering frequency shall be based on the average soil moisture level throughout the planting area.
	1) An average of six (6) “Average” on a soil moisture meter shall be maintained during establishment.
	2) Readings shall be taken every two (2) weeks at a minimum during the Construction period and at a minimum of four (4) locations throughout the planting area.
	D. Readings shall be taken at a depth of eight inches (8”).At time of Substantial Completion, verify that tree-watering devices are in good working order and leave them in place. Replace improperly functioning devices.
	Part 4 -  Measurement and Payment
	4.01 Bid Item


	A. Trees; Shrubs; Plants
	B. Groundcovers (living); Groundcovers (non-living); Organic Mulch; Squeegee Mulch; Walkway (non-concrete)
	C. Landscape Boulders
	4.02 Price and Payment Procedures

	A. Trees, Plants, and Shrubs
	1. The measurement for payment for tree, shrubs, plants and landscape boulders will be the actual number of trees, shrubs, plants or boulders (each) will be the area for groundcover required to be placed and accepted per Contract Drawings for Green In...
	2. The payment will be made at the contract unit price bid per tree, shrub, plant or groundcover shall include all of the Contractor’s costs of whatsoever nature. The price bid shall include: Contractor’s Consulting Arborist, delivery, temporary prote...
	B. Groundcovers (living); Groundcovers (non-living); Organic Mulch; Squeegee Mulch; River Rock; Walkway (non-concrete)
	1. The measurement for payment for both living and non-living groundcovers will be the area for groundcover required to be placed and accepted per Contract Drawings for Green Infrastructure; provided, however, no measurement for payment will be made f...
	2. The payment will be made at the contract unit bid price for the groundcovers shall include all of the Contractor’s costs of whatsoever nature. The price bid shall include: delivery, temporary protection, storage, excavation, bedding, backfilling, m...
	C. Landscape Boulders
	1. The measurement for payment for landscape boulders will be the actual number of landscape boulders (each) required to be placed and accepted per Contract Drawings for Green Infrastructure; provided, however, no measurement for payment will be made ...
	2. The payment will be made at the contract unit price bid for landscape boulders and shall include all of the Contractor’s costs of whatsoever nature. The price bid shall include: delivery, temporary protection, storage, excavation, bedding, backfill...
	END OF SECTION 32-93.00

	GI General
	33-47.00 Green Infrastructure (General)
	Part 1 -  General
	1.01 RELATED DOCUMENTS
	A. Contract Drawings and general provisions of the Contract, including General and Supplementary Conditions.
	B. City and County of Denver Standard Specifications for Construction General Contract Conditions (2011).
	C. City and County of Denver Engineering Division, Wastewater Capital Project Management Standard Construction Specifications, dated March 15, 2016.
	D. 2017 Transportation Standards and Details for the Engineering Division City and County of Denver Public Works.
	E. Wastewater Management Division – Standard Details (Latest Edition).
	F. Denver Water Engineering Standards (Latest Edition).
	1.02 SUMMARY
	A. This Section includes requirements for construction of Green Infrastructure (also known as “water quality areas / facilities”, “streetside stormwater planter” (“SSP”), and “Level of Green”) at locations as shown in the Contract Drawings.
	B. Related Work:


	1. WCPM Standard Construction Specification 2.0 “Site Preparation”.
	2. WCPM Standard Construction Specification 4.0 "Utility Trenching and Excavation".
	3. WCPM Standard Construction Specification 5.0 "Bedding and Backfilling".
	4. WCPM Standard Construction Specification 6.0 "Surface Restoration".
	5. WCPM Standard Construction Specification 10.1 “Precast Concrete Pipe”.
	6. WCPM Standard Construction Specification 10.6 “Polyvinyl Chloride (PVC) Sewer Pipe”.
	7. WCPM Standard Construction Specification 11.0 "Structures and Appurtenances".
	8. WCPM Standard Construction Specification 47.0 “Construction Survey and Monumentation”.
	9. Division of Green Infrastructure Specification 32-80.00 “Irrigation Systems”.
	10. Division of Green Infrastructure Specification 32-84.33 “Irrigation Controllers”.
	11. Division of Green Infrastructure Specification 32-93.00 “Trees, Plants and Groundcovers”.
	A. Concrete Pre-Pour Survey:
	1. The purpose of the Pre-Pour Survey is to verify the elevations of critical features prior to concrete pour, confirming that concrete formwork aligns with the horizontal and vertical control monuments established during the project development phase...
	2. Timing: Complete the survey after facility concrete formwork is erected and before any concrete is poured for the green infrastructure.
	3. Data:   Prior to the survey, provide a redline drawing of the proposed survey points to the Project Manager for approval.  The survey points should provide exact vertical and horizontal data for all surfaces that interact with the functionality of ...
	4. Documentation: Provide redlined Contract Drawings and a brief narrative discussing the results of the Pre-Pour Survey and submit both documents to the Project Manager.
	5. Field Corrections:  In the event that the Pre-Pour Survey identifies errors in form elevations or surrounding points, the Project Manager will provide modifications to be made prior to concrete pour.
	B. Material Test Reports:
	1. Particle size distribution and chemical / nutrient analysis is required for bioretention growing media. Refer to Contract Drawings for full list of analysis parameters, test methods, and quantitative requirements. The laboratory analysis must be pe...
	2. Particle size distribution required for filter sand (AASHTO M43 Fine Aggregate).
	3. Particle size distribution required for drain gravel (AASHTO M43 No. 8 Coarse Aggregate)
	C. Product Data Sheets:
	1. Impermeable geomembrane liner product data sheet
	2. Non-woven geotextile product data sheet
	3. Underdrain piping product data sheet
	4. Prefabricated control structure product data sheet, submitted after underdrain outlet invert elevation is known ensuring structure has correct length
	D. Piping:  Submit twelve inch (12”) length of each type of underdrain piping to be used.
	1.04 CONTRACT RECORD DRAWINGS

	A. Prior to the installation of sub drainage system, the Contractor will provide on-site copies of original sub drainage design Contract Drawings “Record Contract Drawings”.  Contractor to revise Contract Drawings in red ink as Work progresses to show...
	B. Record Contract Drawings shall encompass entire scope of work.
	C. Preparation of Contract Record Drawings:  Provide dimensions from two range points for the location and elevation of the following items:
	1. Clean-outs.
	2. Bends in Underdrain and Outlet Piping.
	3. Control Structures.
	4. Spillways and overflows.
	5. Gutter flow line around intakes and overflows, including the start and end points of flow line depressions.
	6. Intake inverts.
	7. Sidewalk scuppers.
	8. Green infrastructure water surface elevation.
	9. Forebay and splashpad elevation.
	10. Finished grade of bioretention growing media.
	D. Make dimensions accurately at the same scale used in the original Contract Drawings, or larger.  Notes and dimension lettering must be legible.
	E. The City Construction Project Manager will not certify any pay request submitted by the Contractor if the Contract Record Drawings are not current.
	F. Final Submittal:  Upon completion of construction, prior to final acceptance, submit a secure digital copy of the Contract Record Drawings to the City Construction Project Manager, prepared by a qualified draftsperson.  Contract Record Drawings sha...
	1. Digital Contract Record Drawings in both PDF and AutoCAD compatible with the version currently used by the City and County of Denver;  bound format (include any related reference files, plot files and pen settings).  Make any additional changes to ...
	1.05 DELIVERY, STORAGE AND HANDLING

	A. Materials:  Deliver materials in original containers.  Protect materials from damage during delivery and while stored at site.  The City Construction Project Manager reserves the right to inspect containers before or after installation to verify co...
	B. Bulk Materials:
	1. Do not dump or store bulk materials near structures, utilities, walkways and pavements, or on existing turf areas or plants.
	2. Provide erosion-control measures to prevent erosion or displacement of bulk materials; discharge of soil-bearing water runoff; and airborne dust reaching adjacent properties, water conveyance systems, or walkways.
	3. Accompany each delivery of bulk materials with appropriate certificates.
	4. Protect piping and geotextile fabric from damage or contamination with soil or other construction materials from time of deliver to installation.
	1.06 PROJECT/SITE CONDITIONS

	A. Field Measurements: Verify actual grade elevations, service and utility locations, irrigation system components, and dimensions of plantings and related construction contiguous with proposed sub drainage installations by field measurements before p...
	Part 2 -  PRODUCTS

	A. Green infrastructure intakes
	1. Description
	a. This work consists of constructing inlets that convey stormwater from the roadway into the green infrastructure.
	2. Materials
	a. “Concrete” in accordance with WCPM Standard Construction Specification 11.0 Structures and Appurtenances.
	3. For metal intake wheel protection assemblies, headed concrete anchors shall meet the requirements of ASTM A-108, HSS 6 x 2 x 1/4 tube channel shall meet the requirements of ASTM A-500 Grade B, and end plates shall meet the requirements of ASTM A-36...
	4. For intakes with sidewalk chase drains, the inlet cover shall meet ADA accessibility requirements and comply with AASHTO H-20 loading requirements.  If a different kind of sidewalk chase drain is proposed, a detail of the proposed cover plate inclu...
	B. Sediment pads
	1. Description
	a. A concrete sediment pad is to be placed in the green infrastructure, immediately downstream of the green infrastructure intake.
	2. Materials
	a. “Concrete” in accordance with WCPM Standard Construction Specification 11.0 Structures and Appurtenances.
	b. If a material is proposed at the lip of the pad to trap sediment, a detail of sizes, material, method of connecting to the pad, manufacturer, and product number of all items must be submitted for approval.
	C. Curb & gutter
	1. Description
	a. This work includes design components that provide a level of delineation between the green infrastructure and the vehicular environment.
	2. Materials
	a. “Concrete” in accordance with WCPM Standard Construction Specification 11.0 Structures and Appurtenances.
	D. Walls
	1. Description
	a. This work includes design components that provide a level of delineation between the green infrastructure and the pedestrian environment, or any other walls associated with the green infrastructure.
	2. Materials
	a. “Concrete” in accordance with WCPM Standard Construction Specification 11.0.
	b. Additional concrete surface finishing materials will be detailed on plans.
	c. Railings or fencing placed around an green infrastructure may be made of steel, wrought iron, aluminum, or other materials; however, all materials shall comply with the City of Denver Streetscape Design Manual and the requirements of the latest Tra...
	E. Weir Walls
	1. Description
	a. This work consists of installing weir walls for green infrastructure facility separation or grade control as deemed necessary.
	2. Materials
	a. Weir walls will be constructed per the dimensions and material type shown on Contract Drawings.
	b. Concrete weir walls shall use “Concrete” in accordance with WCPM Standard Construction Specification 11.0.
	F. Impermeable Geomembrane Liners
	1. Description
	a. This work includes design components that prevent migration of infiltrated stormwater vertically, laterally, or both.
	2. Materials
	a. Batten bars for mounting liners shall be 1/4” x 2” stainless steel bars.
	b. Liners shall be 30 mil (minimum) PVC geomembrane liner with the following physical requirements
	Specified Value
	Test Method
	Properties
	30
	‐
	Gauge (mils, nominal)
	28.5
	ASTM D1593 (Par. 8.1.3)
	Thickness (mils, min.)
	1.20
	ASTM D792 (Method A)
	Specific Gravity (min.)
	Minimum Tensile Properties
	ASTM D882 (Method A or B)
	(each direction)
	73
	380
	32
	8
	ASTM D1004 (Die C)
	Tear Resistance (lbs, min)
	‐20
	ASTM D1790
	Low Temperature (deg F)
	ASTM D1204
	Dimensional Stability (% change, max.)
	3
	(100 deg. C, 15 min.)
	ASTM D3083
	0.15
	Water Extraction (% loss, max.)
	(NSF 54 Modified)
	0.7
	ASTM D1203 (Method A)
	Volatile Loss (% loss, max.)
	Resistance to Soil Burial
	ASTM D3083 (NSF 54 Modified)
	(% change, max.)
	5%
	20%
	20%
	Hydrostatic Water Resistance (psi, min.)
	100
	ASTM D751 (Method A)
	Water Vapor Transmission (cm/sec, max.)
	5.0 x 10‐9
	ASTM D814
	Pinholes (number per 10 sq. yds. Geomembrane)
	1
	Seam Requirements
	58.4
	ASTM D882
	15
	ASTM D882
	G. Bioretention growing media
	1. Description
	a. The bioretention growing media is a mixture of different soil types that are combined together to produce a fertile growing medium for vegetation in the green infrastructure while providing infiltration characteristics suitable for stormwater treat...
	2. Materials
	a. Particle size distribution, chemical attributes, and nutrient contents shall be as specified per the latest direction from the DOTI Office of Green Infrastructure, and shall be included in the Contract Drawings.
	H. Reservoir media
	1. Description
	a. The reservoir media consists of an aggregate material that can be placed in the subsurface of a green infrastructure facility, below the filter layer, to provide stormwater storage capacity by holding the water within the open space between stones.
	2. Materials
	a. Shall be a coarse aggregate, one-inch round river rock with one fractured face, uniformly graded, and double washed.
	3. If a material other than that specified above is proposed, a complete specification for the material must be submitted for review.
	I. Filter sand layer
	1. Description
	a. This work includes media layers that provide a barrier to maintain separation between the bioretention growing media and the drain gravel around the underdrain.
	2. Materials
	a. Filter sand layers shall be AASHO M 43 Fine Aggregate (Filter Sand) and meet the following requirements in the following table (Adapted from CDOT Table 703-1, modifications denoted with an asterisk):
	Mass Percent Passing Square Mesh Sieves
	Sieve Size
	100
	9.5 mm (3/8”)
	95 – 100
	4.75 mm (No. 4)
	80 – 100
	2.36 mm (No. 8)
	50 – 85
	1.18 mm (No. 16)
	25 – 60
	600 µm (No. 30)
	10 – 30
	300 µm (No. 50)
	0 – 10
	150 µm (No. 100)*
	0 – 3
	75 µm (No. 200)*
	b. If a material other than that specified above is proposed, a complete specification for the material must be submitted for review.  Geotextile fabrics are not permitted above or below the filter material layer.
	J. Drain gravel layer
	1. Description
	a. This work includes media layers that provide a bedding around the underdrain.
	2. Materials
	a. Drain gravel layers shall be AASHTO M 43 No. 8 Coarse Aggregate (Drain Gravel) and meet the following requirements in the following table (Source: CDOT Table 703-1):
	Mass Percent Passing Square Mesh Sieves
	Sieve Size
	100
	12.5 mm (1/2”)
	85 – 100
	9.5 mm (3/8”)
	10 – 30
	4.75 mm (No. 4)
	0 – 10
	2.36 mm (No. 8)
	0 – 5
	1.18 mm (No. 16)
	b. Drain gravel shall be washed prior to delivery to remove any fines
	K. Non-woven Geotextile Separator Fabric
	1. Description
	a. This work includes installing a non-woven geotextile fabric on top of the native subgrade, and below drain gravel, filter sand, or impermeable liner layers. This shall not be installed above the drain gravel or above the filter sand layers.
	2. Materials
	a. Non-woven geotextile shall be Mirafi 180N or equal, meeting the specifications in the following table:
	L. Piping & outlet works
	1. Description
	a. This work includes the underdrain system that collects (slotted pipe) and conveys (solid pipe) filtered stormwater from the subsurface of the green infrastructure to the prefabricated control structure, which then meters the stormwater to the storm...
	2. Materials
	a. Underdrain pipe shall be Schedule 40 PVC and must conform to requirements of ASTM designation F949.  There shall be no evidence of splitting, cracking, or breaking when the pipe is tested per ASTM test method D2412 in accordance with F949 section 7...
	b. Use factory-slotted pipe consisting of a minimum 4-inch (inside diameter) pipe. Do not use perforated pipe or pipe that is hand-slotted. A slotted 6-inch inside diameter Schedule 40 pipe can be used to allow larger access for video-inspecting the p...
	c. Permitted drainage-type fittings include 45 degree elbows, wyes or long turn 90s.  No short-sweep 90-degree fittings will be allowed, nor any other type of fitting that cannot be cleaned with a water jet drain cleaner.
	d. Prefabricated control structures shall be as detailed in the Contract Drawings.
	e. Prefabricated junction structure shall be as detailed in the Contract Drawings.
	f. The outlet pipe connecting the prefabricated control structure to the storm drain system shall be PVC Solid Wall Pipe, per WCPM Standard Construction Specification 10.6 “Polyvinyl Chloride (PVC) Sewer Pipe”.
	Part 3 -  EXECUTION
	3.01 PREPARATION


	A. Examine areas where the Work of this Section will be performed for compliance with requirements and conditions affecting installation and performance.
	1. Verify that no foreign or deleterious material or liquid such as paint, paint washout, concrete slurry, concrete layers or chunks, cement, plaster, oils, gasoline, diesel fuel, paint thinner, turpentine, tar, roofing compound, or acid has been depo...
	B. Proceed with installation only after unsatisfactory conditions have been corrected and approved by Project Manager.
	C. Walls
	1. Construct green infrastructure walls in accordance with dimensions, grades and elevations shown in Contract Drawings.  Place control joints every ten (10) feet (maximum).  When constructed adjacent to a sidewalk, place 0.5 inch preformed expansion ...
	2. Install railings or fencing in accordance with the dimensions shown in the Contract Drawings and in conformance with any applicable International Building Codes.
	3. Finish exposed and visible concrete surfaces with a CDOT Type 2 finish and score joints as shown in the Contract Drawings.
	4. The top of walls shall be a part of the Pre-Pour Survey (See Submittals Section 1.03) at the discretion of the Project Manager.
	D. Weir Walls
	1. Concrete:
	a. Construct green infrastructure weir walls in accordance with dimensions, grades and elevations shown in Contract Drawings.  Place control joints every ten (10) feet (maximum).  When constructed adjacent to a sidewalk, place 0.5 inch preformed expan...
	b. Finish exposed and visible concrete surfaces with a CDOT Type 2 finish and score joints as shown in the Contract Drawings.
	2. Other Materials:
	a. Weir walls made of other materials will be cut to length in the field and installed at the locations specified on the Contract Drawings. Methods for mounting will also be detailed on the Contract Drawings.
	3. Weir Walls shall be a part of the Pre-Pour Survey (See Submittals Section 1.03) at the discretion of the Project Manager.
	E. Green infrastructure intakes and spillways
	1. Construct in accordance with dimensions, grades and elevations shown in Contract Drawings.
	2. Intakes shall be formed of new concrete, not cut out of existing curb and gutter pan.
	3. Intakes with wingwalls shall be poured monolithically with the concrete sediment pad.
	4. Metal intake wheel protection assemblies (standard or modified) shall be installed as detailed in the Contract Drawings.  Where assemblies are to be installed in streets with an existing curb and gutter that has been poured monolithically with the ...
	a. Make vertical sawcuts from the top of curb to the projected gutter plan so as to knock out the curb to be removed.  The length of curb removal shall extend two feet beyond either end of the metal inlet/wheel protection assembly.
	b. Once all cuts are made and the knockout section of curb is removed, the remaining gutter plane must be ground smooth with a masonry rotary grinder.
	c. The new concrete curb on either side of the metal intlet/wheel protection assembly shall be dowelled into the gutter plane, at the midpoint between the assembly and the existing curb and gutter.  Dowels are to be epoxy coated, deformed steel bars, ...
	5. Sidewalk chase drains shall be constructed as detailed in the Contract Drawings.
	6. Intakes shall be a part of the Pre-Pour Survey (See Submittals Section 1.03) at the discretion of the Project Manager.
	F. Curb & gutter
	1. Construct standard curb & gutter per the grades and elevations shown in the Contract Drawings and Standard Drawing 5.2 of the 2017 Transportation Standards and Details for the Engineering Division City and County of Denver Public Works.
	2. Construct thickened curb & gutter in accordance with dimensions, grades and elevations shown in the Contract Drawings.  Place expansion joints per Standard Drawing 5.2 of the 2017 Transportation Standards and Details for the Engineering Division Ci...
	3. Construct step-out zones (or setbacks) per Standard Drawings 5.0 and 13.0 of the 2017 Transportation Standards and Details for the Engineering Division City and County of Denver Public Works.
	4. Curb and gutter three (3) feet on either side of any intakes and overflows shall be a part of the Pre-Pour Survey (See Submittals Section 1.03) at the discretion of the Project Manager.
	G. Sediment pads
	1. Construct in accordance with dimensions, grades and elevations shown in Contract Drawings.
	2. Sediment pads shall not be constructed on planting media.
	3. Sediment pads shall be a part of the Pre-Pour Survey (See Submittals Section 1.03) at the discretion of the Project Manager.
	H. Impermeable Geomembrane Liners
	1. If the liner has a horizontal component, prepared subgrade by and removing any large, angular rocks or debris that could puncture the liner. Emplace a non-woven geotextile separate fabric between the subgrade and the impermeable geomembrane liner a...
	2. Impermeable geomembrane liners shall be installed with at least twelve (12) inches of media cover to protect the membrane from UV deterioration.  The liner should be installed with slack to prevent tearing due to backfill, compaction and settling.
	3. The liner shall be mounted to concrete walls or curbs with a 1/4‐inch x 2‐inch stainless steel batten bar with anchor holes at 6 inches on center and should be attached using 3/8 inch x 3-inch stainless steel anchor bolt, nut, and washer.
	4. Where any pipes (underdrain, irrigation, etc.) penetrate the geomembrane liner, a boot skirt shall be field-seamed on all sides and affixed to the pipe with a stainless steel clamp and butyl tac tape to keep the penetration water tight.
	I. Non-woven Geotextile Separator Fabric
	1. Place and mount the non-woven geotextile separator fabric as shown in the Contract Drawings.
	J. Reservoir media
	1. Immediately prior to placing the reservoir media or any drainage materials below the media, the subgrade excluding that which supports any walls or structure shall be loosened to a minimum depth of three (3) inches using hand tools, a walk-behind r...
	2. After the subgrade soils have been loosened and inspected, remove any stones or debris six (6) inches or greater in size and dispose of off project site.  Do not bury large stones or debris.
	3. Place the media in accordance with the dimensions, grades and elevations shown in the Contract Drawings.
	K. Drain gravel layer
	1. Where no reservoir media is proposed, immediately prior to placing the drain gravel or any drainage materials below the drain gravel, the subgrade excluding that which supports any walls or structures shall be loosened to a minimum depth of three (...
	2. After the subgrade soils have been loosened and inspected, remove any stones or debris six (6) inches or greater in size and dispose of off project site.  Do not bury large stones or debris.
	3. Place the drain gravel in accordance with the dimensions, grades and elevations shown in the Contract Drawings.
	L. Piping & outlet works
	1. Underdrain System
	a. Install underdrain system as shown in the Contract Drawings.
	b. The minimum length of slotted underdrain shall be four feet.
	c. The underdrain cleanout shall consist of four (4) or six (6) inch diameter solid polyvinyl chloride (PVC) pipe with two 45 vertical degree bends and a threaded cap set zero to one  inches (0”-1”) above the top of the planting media.
	2. Prefabricated control structure
	a. Order control structure only after the outlet works discharge pipe invert elevations has been verified and the submittal has been approved by the project manager.
	b. Place control structure in the green infrastructure as indicated in the Contract Drawings, including the elevation of the top of riser or weir.
	c. Set the structure base on compacted soil or fill sand to provide a solid, stable base.
	d. Install proprietary control structure per manufacturer’s recommendations.
	3. Prefabricated junction structure
	a. Place junction structures as indicated in the Contract Drawings, including the rim and invert elevations.
	b. Set the structure base on compacted soil or fill sand to provide a solid, stable base.
	4. Storm system connection
	a. Install per the Contract Drawing, the Wastewater Capital Project Management Standard Construction Specifications, and the Wastewater Management Division Standard Details (2015).
	M. Filter sand layer
	1. Where no reservoir media is proposed, immediately prior to placing the sand or any drainage materials below the sand, the subgrade excluding that which supports any walls or structures shall be loosened to a minimum depth of three (3) inches using ...
	2. After the subgrade soils have been loosened and inspected, remove any stones or debris six (6) inches or greater in size and dispose of off project site.  Do not bury large stones or debris.
	3. Place the filter sand in accordance with the dimensions, grades and elevations shown on the Contract Drawings.
	N. Bioretention growing media
	1. The media shall be placed at horizontal and vertical locations as shown in the Contract Drawings, and a maximum of nine (9) inches below the WQCV water surface elevation.
	2. Immediately prior to placing the bioretention growing media or any drainage layers or components below the media, the subgrade excluding that which supports any walls or structure shall be loosened to a minimum depth of three (3) inches using hand ...
	3. After the subgrade soils have loosened be loosened and inspected, remove any stones or debris six (6) inches or greater in size and dispose of off project site.  Do not bury large stones or debris.
	4. Install a three (3) inch lift of media and blend with the loosened native subgrade to create a six (6) inch transition layer. Once the blended layer has been installed, do not store any large or heavy construction equipment within the green infrast...
	5. The maximum lift thickness of the media during placement in the green infrastructure shall be six (6) inches.  The surface area of each lift shall be scarified by raking immediately prior to placing the next lift.
	6. Once the finished grades of the media conform to the lines, grades and elevations shown on the Contract Drawings, saturate the green infrastructure using the irrigation system or other water method three times, allowing the water to pond then infil...
	Part 4 -  Measurement and Payment
	4.01 Bid Item


	A. Cast-in-place Concrete Stormwater Intake/Spillway (EA)
	B. Cast-in-place Concrete Sediment Pad (SF)
	C. Thickened Concrete Gutter With 6” Curb (LF)
	D. Thickened Concrete Gutter With 9” Curb (LF)
	E. Cast-in-place Concrete Planter Wall – Non-structural (LF)
	F. Cast-in-place Concrete Planter Wall – Structural, 18” to 36” High (LF)
	G. Cast-in-place Concrete Planter Wall – Structural, 37” to 60” High (LF)
	H. Weir Walls (EA)
	I. Impermeable Geomembrane Liner (SF)
	J. Bioretention Growing Media (TON)
	K. Reservoir Media (TON)
	L. Filter Sand (TON)
	M. Drain Gravel (TON)
	N. Underdrain System (LF)
	O. Control Structure (EA)
	P. Outlet Pipe (LF)
	Q. Junction Structure (EA)
	4.02 Price and Payment Procedures

	A. Cast-in-place Concrete Stormwater Intake/Spillway, Cast-in-place Concrete Sediment Pads
	1. The measurement for payment of each type of stormwater intake, spillway, and sediment pad will be the individual structure, complete, in place in accordance with the Contract Documents.
	2. The unit price bid per stormwater intake shall include all of the Contractor’s costs of whatsoever nature. The price bid shall include: furnishing, transporting, and installing all materials; excavation, including overexcavation to remove unsuitabl...
	B. Thickened Concrete Gutter With 6” Curb (LF),  Thickened Concrete Gutter With 9” Curb (LF)
	1. The measurement for payment for installation of this item will be the total number of linear feet for thickened concrete curb and gutter adjacent to green infrastructure.
	2. The unit price bid per linear foot placement of these items shall include: sawcutting and/or rotomilling surrounding surface to allow placement, removal of pavement or roadway surfacing; concrete sawing, furnishing and placing the concrete; forming...
	C. Cast-in-place Concrete Planter Wall – Non-structural (LF), Cast-in-place Concrete Planter Wall – Structural, 18” to 36” High (LF), Cast-in-place Concrete Planter Wall – Structural, 37” to 60” High (LF)
	1. The measurement for payment for installation of cast in place concrete planter walls will be the total number of linear feet for each wall as indicated within the Contract Documents.
	2. The unit price bid per linear feet shall include all of the Contractor’s cost of whatsoever nature. The price bid shall include: furnishing, transporting, and installing concrete materials, steel reinforcement, add mixtures and fiber reinforcement ...
	D. Weir Walls (LF)
	1. The measurement for payment of each type of weir wall will be the based on the length of the wall complete, in place in accordance with the Contract Documents.
	2. The unit price bid shall include all of the Contractor’s cost of whatsoever nature. The price bid shall include: furnishing, transporting and installing the materials as detailed in the Contract Documents; installation of fasteners; survey of criti...
	E. Impermeable Geomembrane Liner (SF)
	1. The measurement for payment for geomembrane liner will be the square feet of the type of material specified in the Contract Documents.
	2. The unit price bid shall include all of the Contractor’s cost of whatsoever nature. The price bid shall include: furnishing, transporting, handling, installing, and testing the specified material; seams, boots, overlaps, installation of fasteners, ...
	F. Bioretention Growing Media (TON), Reservoir Media, Filter Sand, Drain Gravel
	1. The measurement for payment of these items will be the number of tons of bioretention growing media, reservoir media, filter sand, or drain gravel placed and accepted for construction of the proposed Green Infrastructure.
	2. All delivery trucks shall be plainly numbered and all records of gross, tare and net weights (determined by use of a certified scale) shall be kept in detail and furnished to the Construction Project Manager upon request. These records will be used...
	G. Underdrain System (LF), Control Structure (EA), Outlet Pipe (LF)
	1. The measurement for payment of the control structure will be each. The measurement for payment of the underdrain system and each specific size of outlet pipe will be total number of linear feet of pipe.
	2. The unit price bid for placement of these items shall include: all costs for furnishing all material, labor, tools, equipment and incidentals (including pipe fittings and cleanouts); excavation, backfill, compaction, installation of cleanout includ...
	H. Junction Structure (EA)
	1. The measurement for payment for junction structures shall be the total number of structures, complete, in place, in accordance with the Contract Documents.
	2. The unit price bid for junction structures shall include all of the Contractor’s costs of whatsoever nature. The price bid shall include: furnishing, transporting and installation of all material, excavation (including overexcavation to remove unsu...

	Soil Prep
	PART 1 -  GENERAL
	1.1 RELATED DOCUMENTS
	A. Contract Drawings and general provisions of the Contract, including General and Supplementary Conditions apply to this Section.
	B. Related Report Documentation
	1. City and County of Denver - Regulated Asbestos Contaminated Soil Standard Operating Procedure (RACS SOP), Denver Department of Public Health and Environment (DDPHE) – Environmental Quality Division, May 2, 2019 (see Appendix).
	2. City and County of Denver – Guidance for Reuse of Soil on City Projects, Denver Department of Environmental Health – Environmental Quality Division, October 5, 2017 (see Appendix).


	1.2 SUMMARY
	A. This Section includes requirements for the preparation of soil for seeding, sodding, or planting operations.  Soil preparation may include by not be limited to: ripping, fertilizing, soil conditioning, aeration, topdressing, and fine grading the to...
	B. Related Sections:
	1. Contract Drawings and general provisions of the Contract, including General and Supplementary Conditions.
	2. City and County of Denver Standard Specifications for Construction General Contract Conditions (2011)
	3. City and County of Denver Engineering Division, Wastewater Capital Project Management Standard Construction Specifications, dated March 15, 2016.
	4. Division of Green Infrastructure Standard Specifications.


	1.3 DEFINITIONS
	A. Fertilizer:  A substance that is added to soil to help the growth of plants.
	B. Pesticide:  A substance or mixture intended for preventing, destroying, repelling, or mitigating a pest.  This includes insecticides, miticides, herbicides, fungicides, rodenticides, and molluscicides.  It also includes substances or mixtures inten...
	C. Soil Amendment:  Any substance which is intended to improve the physical, chemical, or other characteristics of the soil.
	D. Soil Conditioner:  A combination of slow-release fertilizer, humate, and Mycorrhiza.
	E. Top Dressing: Adding a combination of soil and soil amendments on top of existing grade.

	1.4 SUBMITTALS
	A. Pesticides:  Include product label and manufacturer's application instructions specific to each product.  Pesticide application records, per State requirements.
	B. Product Data (for each type of product):
	1. Include recommendations for application and use.
	2. Include test data substantiating that products comply with requirements.
	3. Material Certificates: For each type of soil conditioner, soil amendment, and fertilizer before delivery to the site, according to the following:
	a. Manufacturer's qualified testing agency's certified analysis of standard products.
	b. State, Federal, and other inspection certificates shall accompany invoice for materials showing source or origin.



	1.5 QUALITY CONTROL
	A. Pesticide Applicator:  Applicators shall be a Colorado State licensed, Commercial Applicator.

	1.6 DELIVERY, STORAGE, AND HANDLING
	A. Packaged Materials: Deliver packaged materials in original, unopened containers showing weight, certified analysis, name and address of manufacturer, and compliance with State and Federal laws if applicable.
	B. Bulk Materials:
	1. Do not dump or store bulk materials near structures, utilities, walkways and pavements, or on existing turf areas or plants.
	2. Provide erosion-control measures to prevent erosion or displacement of bulk materials, discharge of soil-bearing water runoff, and airborne dust reaching adjacent properties, water conveyance systems, or walkways.
	3. Do not move or handle materials when they are wet or frozen.
	4. Accompany each delivery of bulk fertilizers and soil amendments with appropriate certificates.

	C. Notify the Project Manager of delivery schedule in advance so material can be inspected upon arrival at the project site.  Immediately remove unacceptable material from the project site.

	1.7 PROJECT/SITE CONDITIONS
	A. General:  Do not perform work when climate and existing site conditions will not provide satisfactory results.
	B. Vehicular site access shall be limited to the area(s) indicated on the Contract Drawings or as defined by the Project Manager.


	PART 2 -  PRODUCTS
	2.1 MATERIALS
	A. PESTICIDES
	1. General:  Pesticide , registered and approved by EPA, acceptable to authorities having jurisdiction, and of type recommended by manufacturer for each specific problem and as required for Project conditions and application. Do not use ‘Restricted Us...
	a. Ensure that applications adhere to the product label for restrictions and landscape sites.
	b. Selective for either of the following types:
	1) Broadleaf:
	2) 2,4-D Amine,
	3) Clopyralid,
	4) Aminopyralid,
	5) Triclopyr ,
	6) Or approved equal.

	c. Grasses:
	1) Imazapic,
	2) Indaziflam,
	3) Or approved equal.

	d. Non-Selective :  Broadleaf or Grasses
	1) Glyphosate,
	2) Or approved equal.

	e. Non-selective for use near waterways
	1) Glyphosate approved for aquatic use
	2) Or approved equal.

	f. Tree Protection Zones
	1) Glyphosate.
	2) Or approved equal



	B. Topsoil:  Shall be as specified under WMD Construction Specification for “Topsoil”.
	C. Soil Conditioners:
	a. Fertilizer: a granular ammonium sulfate or custom fertilizer blend to match requirements specified on plan sheet. Product must be submitted to Project Manager for approval.



	PART 3 -  EXECUTION
	3.1 SITE EXAMINATION
	A. Examine the site for compliance with requirements and other conditions affecting performance.
	1. General:  Verify that existing site conditions are as specified and indicated on the Contract Drawings before beginning work under this Section.
	2. Grades:  Inspect to verify rough grading is within +/- one tenth of one foot (0.1’) of grades indicated and specified.
	3. Verify that no foreign or deleterious material or liquid such as paint, paint washout, concrete slurry, concrete layers or chunks, cement, plaster, oils, gasoline, diesel fuel, paint thinner, turpentine, tar, roofing compound, or acid has been depo...
	4. Unsatisfactory Conditions:  The General Contractor shall notify the Project Manager in writing of any known unsatisfactory site conditions.  If the soil is found to be unfit to support planting as described above, it is to be removed and replaced w...

	B. Locate all utilities (sewer, water, irrigation, gas, electric, phone, and other conduits and subsurface equipment) prior to commencing work. The Contractor shall be responsible for the protection of all new and existing infrastructure and repair an...
	C. Protect grade stakes set by others until removal is directed by the Project Manager.

	3.2 PREPARATION
	A. Areas of Compacted Topsoil:  Areas within the work limits, or as defined on the Contract Drawings or by the Project Manager, that have vegetation that is sparse, stunted, anemic, weedy or was used as construction staging, a parking area, and/or sub...
	B. Areas of Disturbance from Additional Construction Activities: Areas that have been disturbed for construction implementation activities shall have the vegetation removed, soil prepared per the specifications, and soil recompacted to meet the compac...
	C. Areas of Disturbed Topsoil:  Areas disturbed but not severely compacted, as determined by the Project Manager, shall be deep tine aerated or shattered to prepare the soil for revegetation.
	D. Areas of Undisturbed Natural Topsoil:  Undisturbed sites that are or were supporting healthy plant growth need only surface seedbed preparation prior to sowing seed.

	3.3 INSTALLATION OF SOIL AND SOIL AMENDMENTS
	A. Proceed with installation only after unsatisfactory conditions have been corrected and approved by the Project Manager.
	B. Beginning of installation means Acceptance of existing conditions by the Contractor.
	C. Install topsoil following WMD Construction Specification for “Topsoil”
	D. Timing:  Perform soil preparation just prior to planting operations and in accordance with final planting schedule.
	1.  Coordinate with irrigation system installation to avoid damage.

	E. Soil Preparation in Level of Green 2 green infrastructure:
	1. Thoroughly till area to depth of fifteen inches (18”) or the depth specified on the plans by plowing, ripping, rototilling, harrowing, or disking until soil is well pulverized. Avoid damaging adjacent hardscape. After initial tilling, ensure that s...
	2. Apply Soil Amendments at the following rates:
	a. Fertilizer:  Refer to Part 2 - Products. Apply fertilizer in a quantity that matches the nutrient rates listed on the contractor document, quantified as pounds of nutrient per 1000 square yard of amended area per 6” amended soil depth. Apply fertil...

	3. After applying Soil Amendments, thoroughly till area to depth of 15 inches (15”) minimum by plowing, rototilling, harrowing, or disking until soil is well pulverized and thoroughly mixed.  Avoid damaging adjacent hardscape. Soil Conditioners and Fe...
	4. Take soil samples, in similar locations to pre-construction testing, and test amended soil to ensure the final product meets the laboratory recommendations prior to planting.

	F. Soil Preparation in Turf Grass and Planting Bed Areas:
	1. Thoroughly till area to depth of nine inches (9”) or the depth specified on the plans by plowing, ripping, rototilling, harrowing, or disking until soil is well pulverized. After initial tilling, ensure that soil is not re-compacted from any heavy ...
	2. Apply Soil Amendments at the following rates:
	a. Fertilizer:  Refer to Part 2 - Products. Apply fertilizer in a quantity that matches the nutrient rates listed on the contractor document, quantified as pounds of nutrient per 1000 square yard of amended area per 6” amended soil depth. Apply fertil...

	3. After applying Soil Amendments, thoroughly till area to depth of 6 inches (6”) minimum by plowing, rototilling, harrowing, or disking until soil is well pulverized and thoroughly mixed.  Soil Conditioners and Fertilizer shall be applied once final ...
	4. Take soil samples, in similar locations to pre-construction testing, and test amended soil to ensure the final product meets the laboratory recommendations prior to planting.

	G. Fine Grading in all Landscape Areas:
	1. Complete fine grading for all areas prior to seeding or planting.  Allow for natural settlement.
	2. For ground surface areas surrounding buildings to be landscaped, maintain required positive drainage away from buildings.
	3. Establish finish grades as follows:
	a.  Lawn, Seeded, and Unpaved Areas:  Finish areas to within not more than +/- five one-hundredths (.05’) of a foot above or below required elevations.
	b. Athletic Fields and Level of Green 2 Facilities: Finish areas to within not more than +/- two one-hundredths (0.02’) of a foot from required elevation.

	4. Finish grade shall be below edge of pavement prior to sodding, seeding or planting.
	a. Sodded Areas:  Allow one and one-half inches (1-1/2”) for sod.
	b. Seeding Areas:  Allow one inch (1”) for seed.
	c. Planting Beds:  Allow four inches (2”) for mulch, or as indicated on the plans.
	d. Level of Green 2 Areas:  Allow four inches (4”): two inches (2”) for mulch plus two inches (2”) for surface water ponding, or as indicated on the plans.

	5. Compaction of Surface Grade Prior to Landscape Installation:
	a. Level of Green 2 Areas: Do not compact.
	b. All Other Areas: Firm, but not hard, eighty five percent (85%) standard Proctor density within two percent (2%) optimum moisture.

	6. Turfgrass Lawn Areas:  Prior to acceptance of grades, hand rake to smooth, even surface, free of debris, clods, rocks and organic matter greater than one inch (1”).
	7. Native Seed Areas:  Area shall not be graded smooth but left in a rough condition after tilling.  Tilling shall occur parallel to the contours only.
	8. Restore planting areas to specified condition if eroded or otherwise disturbed after fine grading and prior to planting.
	9. No grading within Tree Protection Zones as shown on Contract Drawings


	3.4 INSPECTION
	A. Provide notice to the Project Manager requesting inspection at least seventy-two (72) hours prior to anticipated date of the Work.
	B. Deficiencies:  The Project Manager will specify deficiencies to the Contractor who shall make satisfactory adjustments and shall again notify the Project Manager for an additional inspection.
	C. The Contractor shall ensure that the grade adjacent to site features, including walks follows the requirements of this Specification section prior to requesting Substantial Completion.

	3.5 CLEANING
	A. Protect areas adjacent to soil preparation and planting areas from contamination. Keep adjacent paving and construction clean and work area in an orderly condition.
	B. Remove debris and excess materials from site.  Clean out drainage inlet structures.  Clean all paved and finished surfaces that are soiled as a result of Work under this Section.

	3.6 PROTECTION AND REPAIR
	A. Provide and install barriers as required and as directed by the Project Manager to protect completed areas against damage from pedestrian and vehicular traffic until Acceptance by the City.
	B. Protect areas of in-place soil from additional compaction, disturbance, and contamination. Prohibit the following practices within these areas except as required to perform planting operations:
	1. Storage of construction materials, debris, or excavated material.
	2. Parking vehicles or equipment.
	3. Vehicle traffic.
	4. Foot traffic.
	5. Erection of sheds or structures.
	6. Impoundment of water.
	7. Excavation or other digging unless otherwise indicated.

	C. If the prepared soil or subgrade is disturbed or contaminated prior to planting or installation of sod/seed, the Contractor shall restore or replace the prepared soil or subgrade as directed by the Project Manager at no cost to the City.


	PART 4 -  MEASUREMENT AND PAYMENT
	4.1 MEASUREMENT
	A. Measurement will be made by the contract unit specified for Soil Preparation.  Measurement shall include the actual number of units of specified material(s) placed and accepted at the locations shown on the Contract Drawings, or as directed by the ...

	4.2 PAYMENT
	A. Payment will be made at the contract unit price, and shall include required materials, transportation, equipment, labor, earthwork, stockpiling, disposing, hauling off, watering, dust control, erosion and sediment control, fine grading, as required...



	Pipe and Tube Railings for Landscape
	1.1 RELATED DOCUMENTS
	A.  The General Contract Conditions, Drawings and other Division - 1 Specification sections apply to Work of this section.

	1.2 DESCRIPTION
	A. Work Included:  Work consists of furnishing all labor, material and equipment necessary for completion of the following work.
	B. All other miscellaneous angles, channels, pipes/tubes and plates as indicated.
	C. Definitions:

	1.3 SUMMARY
	A. This section includes manufactured, standard, and custom handrails as shown in the contract drawings.
	B. These include stainless steel pipe railing and cast-iron posts and railing.

	1.4 REFERENCES
	A. ASTM A167‐Standard Specification for stainless and heat resisting chromium nickel steel plate, sheet and strip
	B. ASTM A269‐Standard Specification for seamless and welded austenitic stainless steel tubing
	C. ASTM A276‐Standard Specification for stainless and heat resisting bars and shapes
	D. ASTM A312‐Standard Specification for seamless and welded austenitic stainless steel pipe, IAWS D1.1‐Structural Welding Code Steel; 2008
	E. AWS D1.6‐Structural Welding Code Stainless Steel; 2007
	F. AWS B2.1‐84‐Welding procedure and performance calculations
	G. ASTM E894‐Standard Test Methods for anchorage of permanent metal railing systems and rails for buildings
	H. ASTM E935‐Standard Test Methods for performance of permanent metal railing systems and rails for buildings
	I. ASTM E985‐Specifications for permanent metal railing systems and rails for buildings
	J. NOMMA‐Metal finishes manual
	K. ASTM A536 Grade 65-45-12 for ductile iron
	L. ASTM A36 for mild steel

	1.5 PERFORMANCE REQUIREMENTS
	A. Handrail shall be designed to withstand without permanent deflection the following loads:
	1. Concentrated load of 200 lb/ft applied at any point and any direction.
	2. Uniform load of 50 lb/ft applied horizontally and concurrently with uniform load of 100 lb/ft      applied vertically downward.
	3. Concentrated and uniform loads above need not be assumed to act concurrently.
	1. Concentrated load of 200 lb/ft applied at any point and any direction.
	2. Uniform load of 50 lb/ft applied in any direction.
	3. Concentrated and uniform loads above need not be assumed to act concurrently
	4. Concentrated horizontal load 50 lb/ft applied to 1 sq. ft. at any point is system, including intermediate rails, panels, pickets, cables or other elements making up infill area. Loads need not be assumed to act concurrently with loads on top rails ...


	1.6 SUBMITTALS
	1. Drawings shall specify material sizes, shapes, plans, sections, install details and finishes per requirements
	2. Drawings shall be of reproducible quality and prepared at an approved scale.
	3. Indicate plans, elevations, detail sections, and profile. Show jointing, anchorage and accessory items, and specify finishes. Furnish setting diagrams and templates for items set in other work. Especially, show details for tubular steel junction at...
	4. Include erection drawings, elevations, and details where applicable.
	5. Indicate welded connections using standard AWS welding symbols.  Indicate net weld lengths.
	6. Take field measurements prior to preparation of shop drawings and fabrication, where possible, to ensure proper fitting of the work. However, do not delay job progress; allow for adjustments and fittings wherever the taking of field measurements be...
	7. Steel for handrail post and rail (2 each).
	8. One section of handrail in place for review by Owner’s Representative. Show typical welds, fasteners and screws for compatible finish.

	1.7 QUALITY ASSURANCE
	A. Obtain railing through one source from a single manufacturer.
	B. Check dimensions of other construction by accurate field measurements before fabrication to insure proper rail fit up. Incorporate final dimensions into field use shop drawings. Coordinate fabrication lead times with construction progress to avoid ...
	C. Shop assembled mechanical joints shall fit to within 1/16”.
	D. Expansion joints shall fit within 1/8” to allow for thermal expansion within the handrail.
	E. Railing posts shall be plumb to within 1/8” over 3’‐0’.
	F. Welder Qualifications: Currently qualified according to AWS D1.1.  AISC Specifications for Architecturally exposed Structural Steel.
	G. Hand Rail Fabrication: Demonstrated experience with at least five projects of comparable scope.
	H. Architectural metals shall be of the best commercial quality and their various forms shall be straight and true.  All steel to be FY 36KSI, ASTM A36, all reinforced steel to be FY 60 KSI, and all tubes to be ASTM A500, (grade b). There shall be no ...
	I. Cast Iron Castings shall be free of blow holes, flashing, grind marks, and other surface blemishes.

	1.8 DELIVERY, STORAGE AND HANDLING
	A. Deliver anchor bolts and other anchorage devices that are embedded in cast-in-place concrete or masonry construction to the project site in time to be installed before the start of cast-in-place concrete operations or masonry work.
	B. Provide setting drawings, templates, and directions for the installation of anchor bolts and other similar devices.
	C. Metals that are stored at the project site shall be above ground on platforms, skids, or other supports.  Protect steel from corrosion.  Store other materials in a weather tight and dry place until ready for use.
	D. Handle in such a manner so as to protect surfaces and to prevent damage to fabricated pieces, during storage, erection and during construction.
	E. Store packaged materials in their original, unbroken package or container. Materials shall be carefully handled and stored under cover in a manner to prevent deformation and damage to the materials and to shop finishes, and prevent rusting and the ...
	F. All such work shall be repaired and cleaned before erection.

	PART 2 -
	SCHEDULE 0 -
	PRODUCT DATA SHEET 0 -
	2.1 PLANTER RAIL
	2.2 MATERIALS
	A. Provide metal free from pitting, seam marks, roller marks, grinding marks and stains at areas exposed to view on completed rail units.
	B. Steel
	1. Pipe and tubing: ASTM A 269 Type 304 or Type 316.
	2. Bar: ASTM A 276 Type 304 or Type 316.
	3. Fittings: ASTM A 276/ A 479 Type 304 or Type 316.
	4. Rails: ASTM A36 for Mild Steel.

	C. Cast Iron
	1. Post: ASTM A536 Grade 65-45-12 Ductile Iron.


	2.3 FINISHES
	1. Stainless Steel
	2. Powdercoat
	1. Powdercoat

	2.4  FABRICATION
	A. Fabricate handrails, guardrails, and planter rails in accordance to approved shop drawing and field dimensions using mitered and welded joints with bends where indicated on shop drawings.
	B. Shop fabricate in greatest possible lengths to eliminate field splicing, but not to exceed 20’-0” in length.
	C. Form bends to uniform radius, free of distortion, twists, cracks and grain separation.
	D. Top rails shall be continuous over posts for strength with splices for expansion located within 6 to 12 inches of post.
	E. Splices and expansion joints shall utilize internal splice connectors with set screws to allow for rail expansion over ambient temperature change.
	F. Weld all shop assembled connections continuous without undercut and or distortion of rail materials.
	G. Grind and or dress exposed welds smooth and flush to corner or fillet without weakening rail              connection.
	H. Remove all burrs and sharp edges from exposed ends of final rail assemblies.
	I. Lightly sand and blend with fine grit paper all light scratches prior to rail finishing.
	J. Provide drainage and weep holes within rail assemblies to prevent entrapment of water within rail assemblies. Note that caution should be used when pressure washing rails assemblies to prevent water entry to non-vented areas under pressure.
	K. Provide post inserts where required due to loading within long post spans.


	PART 3 -
	SCHEDULE 0 -
	PRODUCT DATA SHEET 0 -
	3.1 EXAMINATION
	3.2 PREPARATION
	3.3 INSTALLATION
	A. Install in accordance with shop drawings utilizing established working points.
	B. Set railings within sleeves, use anchor bolts or core drill for mounting holes. Maintain slab edge     distances and rail locations per shop drawings.
	C. Assemble rails fitting splices together to form tight hairline joints while allowing for thermal expansion as required.
	D.  Make all adjustments to alignment for satisfactory rail appearance and to plumb posts prior to final tightening of fasteners or pouring of holes.
	E. Set railings within sleeves or cored holes using a high quality anchoring grout such as Quickrete. Slope grout 1/8” up on posts for drainage.
	F. Locate wall brackets per shop drawings and set anchors within concrete.
	G. Install wall rail onto brackets using fasteners supplied per the drawings.
	H. After installation is complete clean product using non‐abrasive mild soap and water. Do not utilize any cleaners containing any type of acid. I) Use touch up paint and touch up kit to repair any areas damaged during installation.


	PART 4 -  MEASUREMENT AND PAYMENT
	4.1 MEASUREMENT
	A. Measurement will be made by the contract unit specified.  Measurement shall include the actual number of units of specified material(s) placed and accepted at the locations shown on the Contract Drawings, or as directed by the Project Manager, and ...

	4.2 PAYMENT
	A. Payment will be made at the contract unit price, and shall include required materials, transportation, equipment, labor, earthwork, stockpiling, disposing, hauling off, watering, dust control, erosion and sediment control, fine grading, welding, cu...



	Site Stone
	B. Section 02232 – Aggregate Base Course
	B. Remove and replace stone units that are broken, chipped, stained or otherwise damaged. Where directed, remove and replace units that do not match adjoining stonework. Provide new matching units; install as specified and point-up to eliminate eviden...
	B. Clean stonework not less than six days after completion. Thoroughly clean and scrub completed stone with fiber brushes, using a mild alkaline abrasive cleaner that contains no caustic or harsh fillers.  Do not use wire brushes or acid type cleaning...
	PART 4 -  MEASUREMENT AND PAYMENT
	4.1 MEASUREMENT
	A. Measurement will be made by the contract units specified.  Measurement shall include the actual number of units of specified material(s) placed and accepted at the locations shown on the Contract Drawings, or as directed by the Project Manager, and...

	4.2 PAYMENT
	A. Payment will be made at the contract unit price, and shall include required materials, transportation, equipment, labor, earthwork, stockpiling, disposing, hauling off, watering, dust control, erosion and sediment control, and fine grading, as requ...



	CABI AA
	Bid Item 01-21.19.01 CERTIFIED ASBESTOS BUILDING INSPECTOR (CABI)/AIR MONITOR (HOURLY) ALLOWANCE ACCOUNT
	This Special Provision contains the City and County of Denver’s estimate for Allowance Account Items for all allowances necessary for the hourly Certified Asbestos Building Inspector/Air Monitor. Duties of the CABI/Air monitor shall be to provide asbe...


