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CAREY STATION URBAN WATER REUSE FACILITY
0.5 MGD TO 1.5 MGD EXPANSION

CAREY STATION WRF, LLC 
GREENE COUNTY, GA

Contractor's Application for Payment
Owner: Carey Station WRF, LLC Owner's Project No.: N/A
Engineer: Goodwyn Mills Cawood, LLC (GMC) Engineer's Project No.: CAUG250007
Contractor: Lakeshore Engineering, LLC Contractor's Project No.:
Project: Carey Station Urban Water Reuse Facility 0.5 MGD to 1.5 MGD Expansion
Contract:
Application No.: Application Date:
Application Period: From to

1. Original Contract Price $ -
2. Net change by Change Orders $ -
3. Current Contract Price (Line 1 + Line 2) $ -
4. Total Work completed and materials stored to date 

(Sum of Column G Lump Sum Total and Column J Unit Price Total) $ -
5. Retainage

a. X $ - Work Completed = $ -
b. X $ - Stored Materials = $ -
c. Total Retainage (Line 5.a + Line 5.b) $ -

6. Amount eligible to date (Line 4 - Line 5.c) $ -
7. Less previous payments (Line 6 from prior application)
8. Amount due this application $ -
9. Balance to finish, including retainage (Line 3 - Line 4 + Line 5.c) $ -

Contractor's Certification
The undersigned Contractor certifies, to the best of its knowledge, the following:
(1) All previous progress payments received from Owner on account of Work done under the Contract have been
applied on account to discharge Contractor's legitimate obligations incurred in connection with the Work covered by
prior Applications for Payment;
(2) Title to all Work, materials and equipment incorporated in said Work, or otherwise listed in or covered by this
Application for Payment, will pass to Owner at time of payment free and clear of all liens, security interests, and
encumbrances (except such as are covered by a bond acceptable to Owner indemnifying Owner against any such liens,
security interest, or encumbrances); and
(3) All the Work covered by this Application for Payment is in accordance with the Contract Documents and is not
defective.

Contractor:

Signature: Date:
Recommended by Engineer Approved by Owner

By: By:

Title: Title:

Date: Date:

GOODWYN MILLS CAWOOD, LLC.
GMC PROJECT NO. CAUG250007

CONTRACTOR'S APPLICATION FOR PAYMENT
00 62 76 - 1 of 4



CAREY STATION URBAN WATER REUSE FACILITY
0.5 MGD TO 1.5 MGD EXPANSION

CAREY STATION WRF, LLC 
GREENE COUNTY, GA

Progress Estimate - Lump Sum Work Contractor's Application for Payment
Owner: Carey Station WRF, LLC Owner's Project No.: N/A
Engineer: Goodwyn Mills Cawood, LLC (GMC) Engineer's Project No.: CAUG250007
Contractor: Lakeshore Engineering, LLC Contractor's Project No.:
Project: Carey Station Urban Water Reuse Facility 0.5 MGD to 1.5 MGD Expansion
Contract:

Application No.: Application Period:  From to Application Date:

A B C D E F G H I

Item No. Description
Scheduled Value

($)

Work Completed
Materials

Currently Stored
(not in D or E)

($)

Work Completed
and Materials
Stored to Date

(D + E + F)
($)

% of Scheduled
Value (G / C)

(%)

Balance to Finish
(C - G)

($)

(D + E) From
Previous

Application
($)

This Period
($)

Original Contract
- -
- -
- -
- -
- -
- -
- -
- -
- -
- -
- -
- -
- -
- -
- -
- -
- -
- -
- -
- -

Original Contract Totals $ - $ - $ - $ - $ - $ -

GOODWYN MILLS CAWOOD, LLC.
GMC PROJECT NO. CAUG250007

CONTRACTOR'S APPLICATION FOR PAYMENT
00 62 76 - 2 of 4



CAREY STATION URBAN WATER REUSE FACILITY
0.5 MGD TO 1.5 MGD EXPANSION

CAREY STATION WRF, LLC 
GREENE COUNTY, GA

Change Orders
- -
- -
- -
- -
- -
- -
- -
- -
- -
- -
- -
- -
- -
- -
- -
- -
- -
- -
- -
- -

Change Order Totals $ - $ - $ - $ - $ - $ -

Original Contract and Change Orders
Project Totals $ - $ - $ - $ - $ - $ -

Progress Estimate - Lump Sum Work Contractor's Application for Payment
Owner: Carey Station WRF, LLC Owner's Project No.: N/A
Engineer: Goodwyn Mills Cawood, LLC (GMC) Engineer's Project No.: CAUG250007
Contractor: Lakeshore Engineering, LLC Contractor's Project No.:
Project: Carey Station Urban Water Reuse Facility 0.5 MGD to 1.5 MGD Expansion
Contract:

Application No.: Application Period:  From to Application Date:

A B C D E F G H I

Item No. Description
Scheduled Value

($)

Work Completed
Materials

Currently Stored
(not in D or E)

($)

Work Completed
and Materials
Stored to Date

(D + E + F)
($)

% of Scheduled
Value (G / C)

(%)

Balance to Finish
(C - G)

($)

(D + E) From
Previous

Application
($)

This Period
($)

GOODWYN MILLS CAWOOD, LLC.
GMC PROJECT NO. CAUG250007

CONTRACTOR'S APPLICATION FOR PAYMENT
00 62 76 - 3 of 4



CAREY STATION URBAN WATER REUSE FACILITY
0.5 MGD TO 1.5 MGD EXPANSION

CAREY STATION WRF, LLC 
GREENE COUNTY, GA

Stored Materials Summary Contractor's Application for Payment
Owner: Carey Station WRF, LLC Owner's Project No.: N/A
Engineer: Goodwyn Mills Cawood, LLC (GMC) Engineer's Project No.: CAUG250007
Contractor: Lakeshore Engineering, LLC Contractor's Project No.:
Project: Carey Station Urban Water Reuse Facility 0.5 MGD to 1.5 MGD Expansion
Contract:

Application No.: Application Period:  From to Application Date:

A B C D E F G H I J K L M

 Item No.
(Lump Sum Tab)
or Bid Item No.
(Unit Price Tab)

Supplier
Invoice No.

Submittal No.
(with

Specification
Section No.)

Description of Materials or
Equipment Stored Storage Location

Application
No. When
Materials
Placed in
Storage

Materials Stored Incorporated in Work
Materials

Remaining in
Storage

(I-L)
 ($)

Previous Amount
Stored

($)

Amount Stored
this Period

($)

Amount Stored to
Date (G+H)

($)

Amount
Previously

Incorporated in
the Work

($)

Amount
Incorporated in
the Work this

Period
($)

Total Amount
Incorporated in

the Work
(J+K)

($)
- - -
- - -
- - -
- - -
- - -
- - -
- - -
- - -
- - -
- - -
- - -
- - -
- - -
- - -
- - -
- - -
- - -
- - -
- - -
- - -

Totals $ - $ - $ - $ - $ - $ - $ -

GOODWYN MILLS CAWOOD, LLC.
GMC PROJECT NO. CAUG250007

CONTRACTOR'S APPLICATION FOR PAYMENT
00 62 76 - 4 of 4
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CAREY STATION URBAN WATER REUSE FACILITY  CAREY STATION WRF, LLC  

0.5 MGD TO 1.5 MGD EXPANSION  GREENE COUNTY, GA 

 

GOODWYN MILLS CAWOOD, LLC. PAYMENT PROCEDURES 

GMC PROJECT NO. CAUG250007 01 29 00 - 1 of 5 

SECTION 01 29 00 - PAYMENT PROCEDURES 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Section includes administrative and procedural requirements necessary to prepare and process 

Applications for Payment. 

B. Related Requirements: 

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

Conditions and other Division 01 Specification Sections, apply to this Section. 

2. Section 01 26 00 - Contract Modification Procedures for administrative procedures for 

handling changes to the Contract. 

3. Section 01 32 00 - Construction Progress Documentation for administrative requirements 

governing the preparation and submittal of the Contractor's construction schedule. 

1.2 DEFINITIONS 

A. Schedule of Values: A statement furnished by Contractor allocating portions of the Contract 

Sum to various portions of the Work and used as the basis for reviewing Contractor's 

Applications for Payment. 

1.3 SCHEDULE OF VALUES 

A. Coordination: Coordinate preparation of the schedule of values with preparation of Contractor's 

construction schedule. 

1. Coordinate line items in the schedule of values with other required administrative forms 

and schedules, including the following: 

a. Application for Payment forms with continuation sheets. 

b. Submittal schedule. 

c. Items required to be indicated as separate activities in Contractor's construction 

schedule. 

2. Submit the schedule of values to Engineer at earliest possible date, but no later than 14 

days before the date scheduled for submittal of initial Applications for Payment. 

3. Subschedules for Phased Work: Where the Work is separated into phases requiring 

separately phased payments, provide subschedules showing values coordinated with each 

phase of payment. 

4. Subschedules for Separate Elements of Work: Where the Contractor's construction 

schedule defines separate elements of the Work, provide subschedules showing values 

coordinated with each element. 



CAREY STATION URBAN WATER REUSE FACILITY  CAREY STATION WRF, LLC  

0.5 MGD TO 1.5 MGD EXPANSION  GREENE COUNTY, GA 

 

GOODWYN MILLS CAWOOD, LLC. PAYMENT PROCEDURES 

GMC PROJECT NO. CAUG250007 01 29 00 - 2 of 5 

B. Format and Content: Use Project Manual table of contents as a guide to establish line items for 

the schedule of values. Provide at least one line item for each Specification Section where a 

submittal is required. 

1. Identification: Include the following Project identification on the schedule of values: 

a. Project name and location. 

b. Name of Engineer. 

c. Engineer's project number. 

d. Contractor's name and address. 

e. Date of submittal. 

2. Arrange schedule of values consistent with format of Contract Documents used (EJCDC, 

AIA, etc.). 

3. Arrange the schedule of values in tabular form with separate columns to indicate the 

following for each item listed: 

a. Related Specification Section or Division. 

b. Description of the Work. 

c. Name of subcontractor. 

d. Name of manufacturer or fabricator. 

e. Name of supplier. 

f. Change Orders (numbers) that affect value. 

g. Dollar value of the following, as a percentage of the Contract Sum to nearest one-

hundredth percent, adjusted to total 100 percent. 

1) Labor. 

2) Materials. 

3) Equipment. 

4. Provide a breakdown of the Contract Sum in enough detail to facilitate continued 

evaluation of Applications for Payment and progress reports. Coordinate with Project 

Manual table of contents. Provide multiple line items for principal subcontract amounts 

in excess of five percent of the Contract Sum. 

a. Include separate line items under contractor and principal subcontracts for Project 

closeout requirements in an amount totaling no less than 2.5% of the Contract Sum 

and subcontract amount. 

5. Round amounts to nearest whole dollar; total shall equal the Contract Sum. 

6. Provide a separate line item in the schedule of values for each part of the Work where 

Applications for Payment may include materials or equipment purchased or fabricated 

and stored, but not yet installed. 

a. Differentiate between items stored on-site and items stored off-site. If required, 

include evidence of insurance. 

7. Provide separate line items in the schedule of values for initial cost of materials, for each 

subsequent stage of completion, and for total installed value of that part of the Work. 

8. Allowances: Provide a separate line item in the schedule of values for each allowance. 

Show line-item value of unit-cost allowances, as a product of the unit cost, multiplied by 
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GOODWYN MILLS CAWOOD, LLC. PAYMENT PROCEDURES 

GMC PROJECT NO. CAUG250007 01 29 00 - 3 of 5 

measured quantity. Use information indicated in the Contract Documents to determine 

quantities. 

9. Each item in the schedule of values and Applications for Payment shall be complete. 

Include total cost and proportionate share of general overhead and profit for each item. 

a. Temporary facilities and other major cost items that are not direct cost of actual 

work-in-place may be shown either as separate line items in the schedule of values 

or distributed as general overhead expense, at Contractor's option. 

10. Schedule Updating: Update and resubmit the schedule of values before the next 

Applications for Payment when Change Orders or Construction Change Directives result 

in a change in the Contract Sum. 

1.4 APPLICATIONS FOR PAYMENT 

A. Each Application for Payment following the initial Application for Payment shall be consistent 

with previous applications and payments as certified by engineer and contractor and paid for by 

Owner. 

1. Initial Application for Payment, Application for Payment at time of Substantial 

Completion, and final Application for Payment involve additional requirements. 

B. Payment Application Times: The date for each progress payment is indicated in the Agreement 

between Owner and Contractor. The period of construction work covered by each Application 

for Payment is the period indicated in the Agreement. 

1. Submit draft copy of Application for Payment five days prior to due date for review by 

Engineer. 

C. Application for Payment Forms: Use form consistent with Contract Documents (EJCDC, AIA, 

etc.) for Applications for Payment. 

1. Other Application for Payment forms proposed by the Contractor may be acceptable to 

Engineer and Owner. Submit forms for approval with initial submittal of schedule of 

values. 

D. Application Preparation: Complete every entry on form. Notarize and execute by a person 

authorized to sign legal documents on behalf of Contractor.  

1. Entries shall match data on the schedule of values and Contractor's construction schedule. 

Use updated schedules if revisions were made. 

2. Include amounts for work completed following previous Application for Payment, 

whether or not payment has been received. Include only amounts for work completed at 

time of Application for Payment. 

3. Include amounts of Change Orders and Construction Change Directives issued before last 

day of construction period covered by application. 

E. Stored Materials: Include in Application for Payment amounts applied for materials or 

equipment purchased or fabricated and stored, but not yet installed. Differentiate between items 

stored on-site and items stored off-site. 
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GOODWYN MILLS CAWOOD, LLC. PAYMENT PROCEDURES 

GMC PROJECT NO. CAUG250007 01 29 00 - 4 of 5 

1. Provide certificate of insurance, evidence of transfer of title to Owner, and consent of 

surety to payment, for stored materials. 

2. Provide supporting documentation that verifies amount requested, such as paid invoices. 

Match amount requested with amounts indicated on documentation; do not include 

overhead and profit on stored materials. 

3. Provide summary documentation for stored materials indicating the following: 

a. Value of materials previously stored and remaining stored as of date of previous 

Applications for Payment. 

b. Value of previously stored materials put in place after date of previous Application 

for Payment and on or before date of current Application for Payment. 

c. Value of materials stored since date of previous Application for Payment and 

remaining stored as of date of current Application for Payment. 

F. Transmittal: 

1. Deliverable: 

a. Hard Copy: Submit three (3) signed and notarized original copies of each 

Application for Payment to Engineer by a method ensuring receipt within 24 

hours. One copy shall include waivers of lien and similar attachments if required. 

b. Digital: Submit one (1) signed and notarized copy of each Application for Payment 

to Engineer by a method ensuring receipt within 24 hours. One copy shall include 

waivers of lien and similar attachments if required. 

2. Contractor’s Affidavit of Payment to Subcontractors 

a. Shall be submitted with each Application for Payment. 

3. Contractor Progress Lien Waivers – Specification Section 01 29 00 A 

a. Shall be submitted with each Application for Payment after No. 1. 

4. Subcontractor/Supplier Lien Waivers – Specification Section 01 29 00 B 

a. Shall be submitted with each Application for Payment after No. 1. 

5. Transmit each copy with a transmittal form listing attachments and recording appropriate 

information about application. 

G. Initial Application for Payment: Administrative actions and submittals that must precede or 

coincide with submittal of first Application for Payment include the following: 

1. List of subcontractors. 

2. Schedule of values. 

3. Contractor's construction schedule (preliminary if not final). 

4. Products list (preliminary if not final). 

5. List of Contractor's staff assignments. 

6. Copies of building and other local/state permits. 

7. Copies of authorizations and licenses from authorities having jurisdiction for 

performance of the Work. 
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8. Report of preconstruction conference. 

9. Certificates of insurance and insurance policies. 

10. Performance and payment bonds. 

11. Data needed to acquire Owner's insurance. 

H. Application for Payment at Substantial Completion: After Engineer issues the Certificate of 

Substantial Completion, submit an Application for Payment showing 100 percent completion 

for portion of the Work claimed as substantially complete. 

1. Include documentation supporting claim that the Work is substantially complete and a 

statement showing an accounting of changes to the Contract Sum. 

2. This application shall reflect Certificate(s) of Substantial Completion issued previously 

for Owner occupancy of designated portions of the Work. 

I. Final Payment Application: After completing Project closeout requirements, submit final 

Application for Payment with releases and supporting documentation not previously submitted 

and accepted, including, but not limited, to the following: 

1. Evidence of completion of Project closeout requirements. 

2. Insurance certificates for products and completed operations where required and proof 

that taxes, fees, and similar obligations were paid. 

3. Updated final statement, accounting for final changes to the Contract Sum. 

4. "Contractor's Affidavit of Payment of Debts and Claims." 

5. "Contractor's Affidavit of Release of Liens." 

6. "Consent of Surety to Final Payment." 

7. Evidence that claims have been settled. 

8. Final meter readings for utilities, a measured record of stored fuel, and similar data as of 

date of Substantial Completion or when Owner took possession of and assumed 

responsibility for corresponding elements of the Work. 

9. Final liquidated damages settlement statement. 

PART 2 - PRODUCTS (Not Used) 

PART 3 - EXECUTION (Not Used) 

END OF SECTION 01 29 00 
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SECTION 013300 - SUBMITTAL PROCEDURES 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

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

and other Division 01 Specification Sections, apply to this Section. 

1.2 SUMMARY 

A. Section includes requirements for the submittal schedule and administrative and procedural 

requirements for submitting Shop Drawings, Product Data, Samples, and other submittals. 

B. Related Requirements: 

1. Section 013200 "Construction Progress Documentation" for submitting schedules and 

reports, including Contractor's construction schedule. 

2. Section 017823 "Operation and Maintenance Data" for submitting operation and 

maintenance manuals. 

3. Section 017839 "Project Record Documents" for submitting record Drawings, record 

Specifications, and record Product Data. 

4. Section 017900 "Demonstration and Training" for submitting video recordings of 

demonstration of equipment and training of Owner's personnel. 

1.3 DEFINITIONS 

A. Action Submittals: Written and graphic information and physical samples that require Engineer's 

responsive action. Action submittals are those submittals indicated in individual Specification 

Sections as "action submittals." 

B. Informational Submittals: Written and graphic information and physical samples that do not require 

Engineer's responsive action. Submittals may be rejected for not complying with requirements. 

Informational submittals are those submittals indicated in individual Specification Sections as 

"informational submittals." 

C. File Transfer Protocol (FTP): Communications protocol that enables transfer of files to and from 

another computer over a network and that serves as the basis for standard Internet protocols. An 

FTP site is a portion of a network located outside of network firewalls within which internal and 

external users are able to access files. 

D. Portable Document Format (PDF): An open standard file format licensed by Adobe Systems used 

for representing documents in a device-independent and display resolution-independent fixed-layout 

document format. 
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1.4 ACTION SUBMITTALS 

A. Submittal Schedule: Submit a schedule of submittals, arranged in chronological order by dates 

required by construction schedule. Include time required for review, ordering, manufacturing, 

fabrication, and delivery when establishing dates. Include additional time required for making 

corrections or revisions to submittals noted by Engineer and additional time for handling and 

reviewing submittals required by those corrections. 

1. Coordinate submittal schedule with list of subcontracts, the schedule of values, and 

Contractor's construction schedule. 

2. Initial Submittal: Submit concurrently with startup construction schedule. Include submittals 

required during the first 60 days of construction. List those submittals required to maintain 

orderly progress of the Work and those required early because of long lead time for 

manufacture or fabrication. 

a. Submit revised submittal schedule to reflect changes in current status and timing for 

submittals. 

3. Format: Arrange the following information in a tabular format: 

a. Scheduled date for first submittal. 

b. Specification Section number and title. 

c. Submittal category: Action; informational. 

d. Name of subcontractor. 

e. Description of the Work covered. 

f. Scheduled date for Engineer's final release or approval. 

g. Scheduled date of fabrication. 

1.5 SUBMITTAL ADMINISTRATIVE REQUIREMENTS 

A. Coordination: Coordinate preparation and processing of submittals with performance of 

construction activities. 

1. Coordinate each submittal with fabrication, purchasing, testing, delivery, other submittals, 

and related activities that require sequential activity. 

2. Submit all submittal items required for each Specification Section concurrently unless partial 

submittals for portions of the Work are indicated on approved submittal schedule. 

3. Submit action submittals and informational submittals required by the same Specification 

Section as separate packages under separate transmittals. 

4. Coordinate transmittal of different types of submittals for related parts of the Work so 

processing will not be delayed because of need to review submittals concurrently for 

coordination. 

a. Engineer reserves the right to withhold action on a submittal requiring coordination 

with other submittals until related submittals are received. 

B. Processing Time: Allow time for submittal review, including time for resubmittals, as follows. Time 

for review shall commence on Engineer's receipt of submittal. No extension of the Contract Time 

will be authorized because of failure to transmit submittals enough in advance of the Work to 

permit processing, including resubmittals. 
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1. Initial Review: Allow 14 days for initial review of each submittal. Allow additional time if 

coordination with subsequent submittals is required. Engineer will advise Contractor when a 

submittal being processed must be delayed for coordination. 

2. Intermediate Review: If intermediate submittal is necessary, process it in same manner as 

initial submittal. 

3. Resubmittal Review: Allow 15 days for review of each resubmittal. 

4. Sequential Review: Where sequential review of submittals by Engineer, Owner, or other 

parties is indicated, allow 21 days for initial review of each submittal. 

C. Paper Submittals: Place a permanent label or title block on each submittal item for identification. 

1. Indicate name of firm or entity that prepared each submittal on label or title block. 

2. Provide a space on label or beside title block to record Contractor's review and approval 

markings and action taken by Engineer. 

3. Include the following information for processing and recording action taken: 

a. Project name. 

b. Date. 

c. Name of Engineer. 

d. Name of Contractor. 

e. Name of subcontractor. 

f. Name of supplier. 

g. Name of manufacturer. 

h. Submittal number or other unique identifier, including revision identifier. 

1) Submittal number shall use Specification Section number followed by a 

decimal point and then a sequential number (e.g., 061000.01). Resubmittals 

shall include an alphabetic suffix after another decimal point (e.g., 

061000.01.A). 

i. Number and title of appropriate Specification Section. 

j. Drawing number and detail references, as appropriate. 

k. Location(s) where product is to be installed, as appropriate. 

l. Other necessary identification. 

4. Additional Paper Copies: Unless additional copies are required for final submittal, and unless 

Engineer observes noncompliance with provisions in the Contract Documents, initial 

submittal may serve as final submittal. 

a. Submit one (1) copy of submittal to concurrent reviewer in addition to specified 

number of copies to Engineer. 

5. Transmittal for Paper Submittals: Assemble each submittal individually and appropriately for 

transmittal and handling. Transmit each submittal using a transmittal form. 

a. Transmittal Form for Paper Submittals: Provide locations on form for the following 

information: 

1) Project name. 

2) Date. 

3) Destination (To:). 

4) Source (From:). 

5) Name and address of Engineer. 
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6) Name of Contractor. 

7) Name of firm or entity that prepared submittal. 

8) Names of subcontractor, manufacturer, and supplier. 

9) Category and type of submittal. 

10) Submittal purpose and description. 

11) Specification Section number and title. 

12) Specification paragraph number or drawing designation and generic name for 

each of multiple items. 

13) Drawing number and detail references, as appropriate. 

14) Indication of full or partial submittal. 

15) Transmittal number. 

16) Submittal and transmittal distribution record. 

17) Remarks. 

18) Signature of transmitter. 

D. Electronic Submittals: Identify and incorporate information in each electronic submittal file as 

follows: 

1. Assemble complete submittal package into a single indexed file incorporating submittal 

requirements of a single Specification Section and transmittal form with links enabling 

navigation to each item. 

2. Name file with submittal number or other unique identifier, including revision identifier. 

a. File name shall use project identifier and Specification Section number followed by a 

decimal point and then a sequential number (e.g., LNHS-061000.01). Resubmittals 

shall include an alphabetic suffix after another decimal point (e.g., LNHS-

061000.01.A). 

3. Provide means for insertion to permanently record Contractor's review and approval 

markings and action taken by Engineer. 

4. Transmittal Form for Electronic Submittals: Use electronic form acceptable to Owner, 

containing the following information: 

a. Project name. 

b. Date. 

c. Name and address of Engineer. 

d. Name of Contractor. 

e. Name of firm or entity that prepared submittal. 

f. Names of subcontractor, manufacturer, and supplier. 

g. Category and type of submittal. 

h. Submittal purpose and description. 

i. Specification Section number and title. 

j. Specification paragraph number or drawing designation and generic name for each of 

multiple items. 

k. Drawing number and detail references, as appropriate. 

l. Location(s) where product is to be installed, as appropriate. 

m. Related physical samples submitted directly. 

n. Indication of full or partial submittal. 

o. Transmittal number. 

p. Submittal and transmittal distribution record. 

q. Other necessary identification. 

r. Remarks. 
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5. Metadata: Include the following information as keywords in the electronic submittal file 

metadata: 

a. Project name. 

b. Number and title of appropriate Specification Section. 

c. Manufacturer name. 

d. Product name. 

E. Options: Identify options requiring selection by Engineer. 

F. Deviations and Additional Information: On an attached separate sheet, prepared on Contractor's 

letterhead, record relevant information, requests for data, revisions other than those requested by 

Engineer on previous submittals, and deviations from requirements in the Contract Documents, 

including minor variations and limitations. Include same identification information as related 

submittal. 

G. Resubmittals: Make resubmittals in same form and number of copies as initial submittal. 

1. Note date and content of previous submittal. 

2. Note date and content of revision in label or title block and clearly indicate extent of revision. 

3. Resubmit submittals until they are marked with approval notation from Engineer's action 

stamp. 

H. Distribution: Furnish copies of final submittals to manufacturers, subcontractors, suppliers, 

fabricators, installers, authorities having jurisdiction, and others as necessary for performance of 

construction activities. Show distribution on transmittal forms. 

I. Use for Construction: Retain complete copies of submittals on Project site. Use only final action 

submittals that are marked with approval notation from Engineer's action stamp. 

PART 2 - PRODUCTS 

2.1 SUBMITTAL PROCEDURES 

A. General Submittal Procedure Requirements: Prepare and submit submittals required by individual 

Specification Sections. Types of submittals are indicated in individual Specification Sections. 

1. Submit electronic submittals via email as PDF electronic files. 

a. Engineer will return annotated file. Annotate and retain one copy of file as an 

electronic Project record document file. 

2. Action Submittals: Submit one paper copy of each submittal unless otherwise indicated. 

Engineer will not return paper copies. 

3. Informational Submittals: Submit one paper copy of each submittal unless otherwise 

indicated. Engineer will not return paper copies. 

4. Certificates and Certifications Submittals: Provide a statement that includes signature of 

entity responsible for preparing certification. Certificates and certifications shall be signed by 

an officer or other individual authorized to sign documents on behalf of that entity. 
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a. Provide a digital signature with digital certificate on electronically submitted 

certificates and certifications where indicated. 

B. Product Data: Collect information into a single submittal for each element of construction and type 

of product or equipment. 

1. If information must be specially prepared for submittal because standard published data are 

not suitable for use, submit as Shop Drawings, not as Product Data. 

2. Mark each copy of each submittal to show which products and options are applicable. 

3. Include the following information, as applicable: 

a. Manufacturer's catalog cuts. 

b. Manufacturer's product specifications. 

c. Standard color charts. 

d. Statement of compliance with specified referenced standards. 

e. Testing by recognized testing agency. 

f. Application of testing agency labels and seals. 

g. Notation of coordination requirements. 

h. Availability and delivery time information. 

4. For equipment, include the following in addition to the above, as applicable: 

a. Wiring diagrams showing factory-installed wiring. 

b. Printed performance curves. 

c. Operational range diagrams. 

d. Clearances required to other construction, if not indicated on accompanying Shop 

Drawings. 

5. Submit Product Data before or concurrent with Samples. 

6. Submit Product Data in the following format: 

a. PDF electronic file. 

b. One paper copy of Product Data unless otherwise indicated. Engineer will not return 

paper copies. 

C. Shop Drawings: Prepare Project-specific information, drawn accurately to scale. Do not base Shop 

Drawings on reproductions of the Contract Documents or standard printed data, unless submittal 

based on Engineer's digital data drawing files is otherwise permitted. 

1. Preparation: Fully illustrate requirements in the Contract Documents. Include the following 

information, as applicable: 

a. Identification of products. 

b. Schedules. 

c. Compliance with specified standards. 

d. Notation of coordination requirements. 

e. Notation of dimensions established by field measurement. 

f. Relationship and attachment to adjoining construction clearly indicated. 

g. Seal and signature of professional engineer if specified. 

2. Sheet Size: Except for templates, patterns, and similar full-size drawings, submit Shop 

Drawings on sheets at least 8-1/2 by 11 inches, but no larger than 30 by 42 inches. 
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3. Submit Shop Drawings in the following format: 

a. PDF electronic file. 

b. One opaque (bond) copies of each submittal. 

D. Samples: Submit Samples for review of kind, color, pattern, and texture for a check of these 

characteristics with other elements and for a comparison of these characteristics between submittal 

and actual component as delivered and installed. 

1. Transmit Samples that contain multiple, related components such as accessories together in 

one submittal package. 

2. Identification: Attach label on unexposed side of Samples that includes the following: 

a. Generic description of Sample. 

b. Product name and name of manufacturer. 

c. Sample source. 

d. Number and title of applicable Specification Section. 

e. Specification paragraph number and generic name of each item. 

3. For projects where electronic submittals are required, provide corresponding electronic 

submittal of Sample transmittal, digital image file illustrating Sample characteristics, and 

identification information for record. 

4. Disposition: Maintain sets of approved Samples at Project site, available for quality-control 

comparisons throughout the course of construction activity. Sample sets may be used to 

determine final acceptance of construction associated with each set. 

a. Samples that may be incorporated into the Work are indicated in individual 

Specification Sections. Such Samples must be in an undamaged condition at time of 

use. 

b. Samples not incorporated into the Work, or otherwise designated as Owner's property, 

are the property of Contractor. 

5. Samples for Verification: Submit full-size units or Samples of size indicated, prepared from 

same material to be used for the Work, cured and finished in manner specified, and 

physically identical with material or product proposed for use, and that show full range of 

color and texture variations expected. Samples include, but are not limited to, the following: 

partial sections of manufactured or fabricated components; small cuts or containers of 

materials; complete units of repetitively used materials; swatches showing color, texture, and 

pattern; color range sets; and components used for independent testing and inspection. 

a. Number of Samples: Submit 1 set of Samples to the Engineer and Owner for review.  

1) Submit a single Sample where assembly details, workmanship, fabrication 

techniques, connections, operation, and other similar characteristics are to be 

demonstrated. 

2) If variation in color, pattern, texture, or other characteristic is inherent in 

material or product represented by a Sample, submit at least three sets of paired 

units that show approximate limits of variations. 

E. Coordination Drawing Submittals: Comply with requirements specified in Section 013100 "Project 

Management and Coordination." 
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F. Contractor's Construction Schedule: Comply with requirements specified in Section 013200 

"Construction Progress Documentation." 

G. Application for Payment and Schedule of Values: Comply with requirements specified in 

Section 012900 "Payment Procedures." 

H. Test and Inspection Reports and Schedule of Tests and Inspections Submittals: Comply with 

requirements specified in Section 014000 "Quality Requirements." 

I. Closeout Submittals and Maintenance Material Submittals: Comply with requirements specified in 

Section 017700 "Closeout Procedures." 

J. Maintenance Data: Comply with requirements specified in Section 017823 "Operation and 

Maintenance Data." 

K. Qualification Data: Prepare written information that demonstrates capabilities and experience of 

firm or person. Include lists of completed projects with project names and addresses, contact 

information of Engineers and owners, and other information specified. 

L. Welding Certificates: Prepare written certification that welding procedures and personnel comply 

with requirements in the Contract Documents. Submit record of Welding Procedure Specification 

and Procedure Qualification Record on AWS forms. Include names of firms and personnel certified. 

M. Installer Certificates: Submit written statements on manufacturer's letterhead certifying that Installer 

complies with requirements in the Contract Documents and, where required, is authorized by 

manufacturer for this specific Project. 

N. Manufacturer Certificates: Submit written statements on manufacturer's letterhead certifying that 

manufacturer complies with requirements in the Contract Documents. Include evidence of 

manufacturing experience where required. 

O. Product Certificates: Submit written statements on manufacturer's letterhead certifying that product 

complies with requirements in the Contract Documents. 

P. Material Certificates: Submit written statements on manufacturer's letterhead certifying that 

material complies with requirements in the Contract Documents. 

Q. Material Test Reports: Submit reports written by a qualified testing agency, on testing agency's 

standard form, indicating and interpreting test results of material for compliance with requirements 

in the Contract Documents. 

R. Product Test Reports: Submit written reports indicating that current product produced by 

manufacturer complies with requirements in the Contract Documents. Base reports on evaluation of 

tests performed by manufacturer and witnessed by a qualified testing agency, or on comprehensive 

tests performed by a qualified testing agency. 

S. Research Reports: Submit written evidence, from a model code organization acceptable to 

authorities having jurisdiction, that product complies with building code in effect for Project. 

Include the following information: 

1. Name of evaluation organization. 

2. Date of evaluation. 
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3. Time period when report is in effect. 

4. Product and manufacturers' names. 

5. Description of product. 

6. Test procedures and results. 

7. Limitations of use. 

T. Preconstruction Test Reports: Submit reports written by a qualified testing agency, on testing 

agency's standard form, indicating and interpreting results of tests performed before installation of 

product, for compliance with performance requirements in the Contract Documents. 

U. Compatibility Test Reports: Submit reports written by a qualified testing agency, on testing 

agency's standard form, indicating and interpreting results of compatibility tests performed before 

installation of product. Include written recommendations for primers and substrate preparation 

needed for adhesion. 

V. Field Test Reports: Submit written reports indicating and interpreting results of field tests 

performed either during installation of product or after product is installed in its final location, for 

compliance with requirements in the Contract Documents. 

W. Design Data: Prepare and submit written and graphic information, including, but not limited to, 

performance and design criteria, list of applicable codes and regulations, and calculations. Include 

list of assumptions and other performance and design criteria and a summary of loads. Include load 

diagrams if applicable. Provide name and version of software, if any, used for calculations. Include 

page numbers. 

2.2 DELEGATED-DESIGN SERVICES 

A. Performance and Design Criteria: Where professional design services or certifications by a design 

professional are specifically required of Contractor by the Contract Documents, provide products 

and systems complying with specific performance and design criteria indicated. 

1. If criteria indicated are not sufficient to perform services or certification required, submit a 

written request for additional information to Engineer. 

B. Delegated-Design Services Certification: In addition to Shop Drawings, Product Data, and other 

required submittals, submit digitally signed PDF electronic file signed and sealed by the responsible 

design professional, for each product and system specifically assigned to Contractor to be designed 

or certified by a design professional. 

1. Indicate that products and systems comply with performance and design criteria in the 

Contract Documents. Include list of codes, loads, and other factors used in performing these 

services. 
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PART 3 - EXECUTION 

3.1 CONTRACTOR'S REVIEW 

A. Action and Informational Submittals: Review each submittal and check for coordination with other 

Work of the Contract and for compliance with the Contract Documents. Note corrections and field 

dimensions. Mark with approval stamp before submitting to Engineer. 

B. Project Closeout and Maintenance Material Submittals: See requirements in Section 017700 

"Closeout Procedures." 

C. Approval Stamp: Stamp each submittal with a uniform, approval stamp. Include Project name and 

location, submittal number, Specification Section title and number, name of reviewer, date of 

Contractor's approval, and statement certifying that submittal has been reviewed, checked, and 

approved for compliance with the Contract Documents. 

3.2 ENGINEER'S ACTION 

A. Action Submittals: Engineer will review each submittal, make marks to indicate corrections or 

revisions required, and return it. Engineer will stamp each submittal with an action stamp and will 

mark stamp appropriately to indicate action. 

B. Informational Submittals: Engineer will review each submittal and will not return it, or will return it 

if it does not comply with requirements. Engineer will forward each submittal to appropriate party. 

C. Partial submittals prepared for a portion of the Work will be reviewed when use of partial 

submittals has received prior approval from Engineer. 

D. Incomplete submittals are unacceptable, will be considered nonresponsive, and will be returned for 

resubmittal without review. 

E. Submittals not required by the Contract Documents may be returned by the Engineer without action. 

END OF SECTION 013300 
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SECTION 016000 - PRODUCT REQUIREMENTS 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

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

and other Division 01 Specification Sections, apply to this Section. 

1.2 SUMMARY 

A. Section includes administrative and procedural requirements for selection of products for use in 

Project; product delivery, storage, and handling; manufacturers' standard warranties on products; 

special warranties; and comparable products. 

1.3 DEFINITIONS 

A. Products: Items obtained for incorporating into the Work, whether purchased for Project or taken 

from previously purchased stock. The term "product" includes the terms "material," "equipment," 

"system," and terms of similar intent. 

1. Named Products: Items identified by manufacturer's product name, including make or model 

number or other designation shown or listed in manufacturer's published product literature 

that is current as of date of the Contract Documents. 

2. New Products: Items that have not previously been incorporated into another project or 

facility. Products salvaged or recycled from other projects are not considered new products. 

3. Comparable Product: Product that is demonstrated and approved through submittal process to 

have the indicated qualities related to type, function, dimension, in-service performance, 

physical properties, appearance, and other characteristics that equal or exceed those of 

specified product. 

B. Basis-of-Design Product Specification: A specification in which a specific manufacturer's product is 

named and accompanied by the words "basis-of-design product," including make or model number 

or other designation, to establish the significant qualities related to type, function, dimension, in-

service performance, physical properties, appearance, and other characteristics for purposes of 

evaluating comparable products of additional manufacturers named in the specification. 

1.4 ACTION SUBMITTALS 

A. Comparable Product Requests: Submit request for consideration of each comparable product. 

Identify product or fabrication or installation method to be replaced. Include Specification Section 

number and title and Drawing numbers and titles. 

1. Include data to indicate compliance with the requirements specified in "Comparable 

Products" Article. 

2. Engineer's Action: If necessary, Engineer will request additional information or 

documentation for evaluation within one week of receipt of a comparable product request. 
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Engineer will notify Contractor of approval or rejection of proposed comparable product 

request within 15 days of receipt of request, or 7 days of receipt of additional information or 

documentation, whichever is later. 

a. Form of Approval: As specified in Section 013300 "Submittal Procedures." 

b. Use product specified if Engineer does not issue a decision on use of a comparable 

product request within time allocated. 

B. Basis-of-Design Product Specification Submittal: Comply with requirements in Section 013300 

"Submittal Procedures." Show compliance with requirements. 

1.5 QUALITY ASSURANCE 

A. Compatibility of Options: If Contractor is given option of selecting between two or more products 

for use on Project, select product compatible with products previously selected, even if previously 

selected products were also options. 

1.6 PRODUCT DELIVERY, STORAGE, AND HANDLING 

A. Deliver, store, and handle products using means and methods that will prevent damage, 

deterioration, and loss, including theft and vandalism. Comply with manufacturer's written 

instructions. 

B. Delivery and Handling: 

1. Schedule delivery to minimize long-term storage at Project site and to prevent overcrowding 

of construction spaces. 

2. Coordinate delivery with installation time to ensure minimum holding time for items that are 

flammable, hazardous, easily damaged, or sensitive to deterioration, theft, and other losses. 

3. Deliver products to Project site in an undamaged condition in manufacturer's original sealed 

container or other packaging system, complete with labels and instructions for handling, 

storing, unpacking, protecting, and installing. 

4. Inspect products on delivery to determine compliance with the Contract Documents and to 

determine that products are undamaged and properly protected. 

C. Storage: 

1. Store products to allow for inspection and measurement of quantity or counting of units. 

2. Store materials in a manner that will not endanger Project structure. 

3. Store products that are subject to damage by the elements, under cover in a weathertight 

enclosure above ground, with ventilation adequate to prevent condensation. 

4. Protect foam plastic from exposure to sunlight, except to extent necessary for period of 

installation and concealment. 

5. Comply with product manufacturer's written instructions for temperature, humidity, 

ventilation, and weather-protection requirements for storage. 

6. Protect stored products from damage and liquids from freezing. 
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1.7 PRODUCT WARRANTIES 

A. Warranties specified in other Sections shall be in addition to, and run concurrent with, other 

warranties required by the Contract Documents. Manufacturer's disclaimers and limitations on 

product warranties do not relieve Contractor of obligations under requirements of the Contract 

Documents. 

1. Manufacturer's Warranty: Written warranty furnished by individual manufacturer for a 

particular product and specifically endorsed by manufacturer to Owner. 

2. Special Warranty: Written warranty required by the Contract Documents to provide specific 

rights for Owner. 

B. Special Warranties: Prepare a written document that contains appropriate terms and identification, 

ready for execution. 

1. Manufacturer's Standard Form: Modified to include Project-specific information and 

properly executed. 

2. Specified Form: When specified forms are included with the Specifications, prepare a written 

document using indicated form properly executed. 

3. See other Sections for specific content requirements and particular requirements for 

submitting special warranties. 

C. Submittal Time: Comply with requirements in Section 017000 "Execution and Closeout 

Requirements." 

D. Final Guarantee: 

1. All work shall be guaranteed by the Contractor for a period of one year from and after the 

date of acceptance of the Work by the Owner. 

2. If, within the guarantee period, repairs or changes are required in connection with guaranteed 

work, which, in the opinion of the Engineer, is rendered necessary as the result of the use of 

materials, equipment or workmanship which are inferior, defective, or not in accordance with 

the terms of the Contract Documents, the Contractor shall, promptly upon receipt of notice 

from the Owner and without expense to the Owner, do the following: 

3. Place in satisfactory condition in every particular all of such guaranteed work and correct all 

defects therein. 

4. Make good all damage to the building or site, or equipment or contents thereof, which in the 

opinion of the Engineer, is the result of the use of materials, equipment or workmanship 

which are inferior, defective, or not in accordance with the terms of the contract. 

5. Make good any work or material, or the equipment and contents of building, structure of site 

disturbed in fulfilling any such guarantee. 

6. If the Contractor, after notice, fails within ten days to proceed to comply with the terms of 

this guarantee, the Owner may have the defects corrected, and the Contractor and his surety 

shall be liable for all expense incurred, provided, however, that in the case of an emergency 

where, in the opinion of the Owner, delay would cause loss or damage repairs may be started 

without notice being given to the Contractor and the Contractor shall pay the cost thereof. 
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PART 2 - PRODUCTS 

2.1 PRODUCT SELECTION PROCEDURES 

A. General Product Requirements: Provide products that comply with the Contract Documents, are 

undamaged and, unless otherwise indicated, are new at time of installation. 

1. Provide products complete with accessories, trim, finish, fasteners, and other items needed 

for a complete installation and indicated use and effect. 

2. Standard Products: If available, and unless custom products or nonstandard options are 

specified, provide standard products of types that have been produced and used successfully 

in similar situations on other projects. 

3. Owner reserves the right to limit selection to products with warranties not in conflict with 

requirements of the Contract Documents. 

4. Where products are accompanied by the term "as selected," Engineer will make selection. 

5. Descriptive, performance, and reference standard requirements in the Specifications establish 

salient characteristics of products. 

6. Or Equal: For products specified by name and accompanied by the term "or equal," or "or 

approved equal," or "or approved," comply with requirements in "Comparable Products" 

Article to obtain approval for use of an unnamed product. 

B. Product Selection Procedures: 

1. Product: Where Specifications name a single manufacturer and product, provide the named 

product that complies with requirements. Comparable products or substitutions for 

Contractor's convenience will not be considered. 

2. Manufacturer/Source: Where Specifications name a single manufacturer or source, provide a 

product by the named manufacturer or source that complies with requirements. Comparable 

products or substitutions for Contractor's convenience will not be considered. 

3. Products: 

a. Restricted List: Where Specifications include a list of names of both manufacturers 

and products, provide one of the products listed that complies with requirements. 

Comparable products or substitutions for Contractor's convenience will be considered. 

4. Manufacturers: 

a. Restricted List: Where Specifications include a list of manufacturers' names, provide a 

product by one of the manufacturers listed that complies with requirements. 

Comparable products or substitutions for Contractor's convenience will be considered. 

5. Basis-of-Design Product: Where Specifications name a product, or refer to a product 

indicated on Drawings, and include a list of manufacturers, provide the specified or indicated 

product or a comparable product by one of the other named manufacturers. Drawings and 

Specifications indicate sizes, profiles, dimensions, and other characteristics that are based on 

the product named. Comply with requirements in "Comparable Products" Article for 

consideration of an unnamed product by one of the other named manufacturers. 

C. Visual Matching Specification: Where Specifications require "match Engineer's sample", provide a 

product that complies with requirements and matches Engineer's sample. Engineer's decision will be 

final on whether a proposed product matches. 
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1. If no product available within specified category matches and complies with other specified 

requirements, comply with requirements in Section 012500 "Substitution Procedures" for 

proposal of product. 

D. Visual Selection Specification: Where Specifications include the phrase "as selected by Engineer 

from manufacturer's full range" or similar phrase, select a product that complies with requirements. 

Engineer will select color, gloss, pattern, density, or texture from manufacturer's product line that 

includes both standard and premium items. 

2.2 COMPARABLE PRODUCTS 

A. Conditions for Consideration: Engineer will consider Contractor's request for comparable product 

when the following conditions are satisfied. If the following conditions are not satisfied, Engineer 

may return requests without action, except to record noncompliance with these requirements: 

1. Evidence that the proposed product does not require revisions to the Contract Documents, 

that it is consistent with the Contract Documents and will produce the indicated results, and 

that it is compatible with other portions of the Work. 

2. Detailed comparison of significant qualities of proposed product with those named in the 

Specifications. Significant qualities include attributes such as performance, weight, size, 

durability, visual effect, and specific features and requirements indicated. 

3. Evidence that proposed product provides specified warranty. 

4. List of similar installations for completed projects with project names and addresses and 

names and addresses of Engineers and owners, if requested. 

5. Samples, if requested. 

6. The Contractor shall also include in the price bid the modifications necessary for the 

comparable product to be utilized. This includes but is not limited to, electrical and 

mechanical changes, engineering time to assess the changes, modifications to buildings, 

programmable controls and structural modifications.   

PART 3 - EXECUTION (Not Used) 

END OF SECTION 016000 
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SECTION 02 41 19 - SELECTIVE DEMOLITION 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Section Includes: 

1. Demolition and removal of selected portions of building or structure. 

2. Demolition and removal of selected site elements. 

3. Salvage of existing items to be reused or recycled. 

4. Protecting existing work to remain. 

5. Cleaning soled materials that are to remain. 

6. Disconnecting and capping utilities. 

7. Removing debris and equipment. 

8. Removal of items indicated on Drawings. 

9. Salvageable items to be retained by the Owner as indicated on the Drawings and during 

pre-construction meeting.  

B. Related Requirements: 

1. Section 01 10 00 – Summary, for restrictions on use of the premises, Owner-occupancy 

requirements, and phasing requirements. 

1.2 DEFINITIONS 

A. Remove: Detach items from existing construction and dispose of them off-site unless indicated 

to be salvaged or reinstalled. 

B. Remove and Salvage: Detach items from existing construction, in a manner to prevent damage, 

and deliver to Owner ready for reuse. 

C. Remove and Reinstall: Detach items from existing construction, in a manner to prevent damage, 

prepare for reuse, and reinstall where indicated. 

D. Demolish: To forcefully tear down or take apart a structure. 

1.3 MATERIALS OWNERSHIP 

A. Unless otherwise indicated, demolition waste becomes property of Contractor. 

B. Historic items, relics, antiques, and similar objects including, but not limited to, cornerstones 

and their contents, commemorative plaques and tablets, and other items of interest or value to 

Owner that may be uncovered during demolition remain the property of Owner. 

1. Carefully salvage in a manner to prevent damage and promptly return to Owner. 
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1.4 PREINSTALLATION MEETINGS 

A. Predemolition Conference: Conduct conference at Project site. 

1. Inspect and discuss condition of construction to be selectively demolished. 

2. Review structural load limitations of existing structure. 

3. Review and finalize selective demolition schedule and verify availability of materials, 

demolition personnel, equipment, and facilities needed to make progress and avoid 

delays. 

4. Review requirements of work performed by other trades that rely on substrates exposed 

by selective demolition operations. 

5. Review areas where existing construction is to remain and requires protection. 

1.5 INFORMATIONAL SUBMITTALS 

A. Qualification Data: For refrigerant recovery technician. 

B. Engineering Survey: Submit engineering survey of condition of building. 

C. Proposed Protection Measures: Submit report, including Drawings, that indicates the measures 

proposed for protecting individuals and property, for environmental protection, for dust control 

and, for noise control. Indicate proposed locations and construction of barriers. 

D. Schedule of Selective Demolition Activities: Indicate the following: 

1. Detailed sequence of selective demolition and removal work, with starting and ending 

dates for each activity. Ensure Owner's on-site operations are uninterrupted. 

2. Interruption of utility services. Indicate how long utility services will be interrupted. 

3. Coordination for shutoff, capping, and continuation of utility services. 

4. Use of elevator and stairs. 

5. Coordination of Owner's continuing occupancy of portions of existing building and of 

Owner's partial occupancy of completed Work. 

E. Predemolition Photographs or Video: Show existing conditions of adjoining construction, 

including finish surfaces that might be misconstrued as damage caused by demolition 

operations. Comply with Section 01 32 33 - Photographic Documentation. Submit before Work 

begins. 

F. Statement of Refrigerant Recovery: Signed by refrigerant recovery technician responsible for 

recovering refrigerant, stating that all refrigerant that was present was recovered and that 

recovery was performed according to EPA regulations. Include name and address of technician 

and date refrigerant was recovered. 

G. Warranties: Documentation indicating that existing warranties are still in effect after completion 

of selective demolition. 

1.6 CLOSEOUT SUBMITTALS 

A. Inventory: Submit a list of items that have been removed and salvaged. 
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1.7 QUALITY ASSURANCE 

A. Refrigerant Recovery Technician Qualifications: Certified by an EPA-approved certification 

program. 

1.8 FIELD CONDITIONS 

A. Owner will occupy portions of building immediately adjacent to selective demolition area. 

Conduct selective demolition so Owner's operations will not be disrupted. 

B. Conditions existing at time of inspection for bidding purpose will be maintained by Owner as 

far as practical. 

C. Notify Engineer of discrepancies between existing conditions and Drawings before proceeding 

with selective demolition. 

D. Hazardous Materials: It is not expected that hazardous materials will be encountered in the 

Work. 

1. If suspected hazardous materials are encountered, do not disturb; immediately notify 

Engineer and Owner. Hazardous materials will be removed by Owner under a separate 

contract. 

E. Storage or sale of removed items or materials on-site is not permitted. 

F. Utility Service: Maintain existing utilities indicated to remain in service and protect them 

against damage during selective demolition operations. 

1. Maintain fire-protection facilities in service during selective demolition operations. 

1.9 WARRANTY 

A. Existing Warranties: Remove, replace, patch, and repair materials and surfaces cut or damaged 

during selective demolition, by methods and with materials and using approved contractors so 

as not to void existing warranties. Notify warrantor before proceeding. 

B. Notify warrantor on completion of selective demolition, and obtain documentation verifying 

that existing system has been inspected and warranty remains in effect. Submit documentation 

at Project closeout. 

1.10 COORDINATION 

A. Arrange selective demolition schedule so as not to interfere with Owner's operations. 
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PART 2 - PRODUCTS 

2.1 PERFORMANCE REQUIREMENTS 

A. Regulatory Requirements: Comply with governing EPA notification regulations before 

beginning selective demolition. Comply with hauling and disposal regulations of authorities 

having jurisdiction. 

B. Standards: Comply with ASSE A10.6 and NFPA 241. 

PART 3 - EXECUTION 

3.1 EXAMINATION 

A. Verify that utilities have been disconnected and capped before starting selective demolition 

operations. 

B. Review Project Record Documents of existing construction or other existing condition and 

hazardous material information provided by Owner. Owner does not guarantee that existing 

conditions are same as those indicated in Project Record Documents. 

C. Perform an engineering survey of condition of building to determine whether removing any 

element might result in structural deficiency or unplanned collapse of any portion of structure or 

adjacent structures during selective building demolition operations. 

1. Perform surveys as the Work progresses to detect hazards resulting from selective 

demolition activities. 

D. Steel Tendons: Locate tensioned steel tendons and include recommendations for de-tensioning. 

E. Verify that hazardous materials have been remediated before proceeding with building 

demolition operations. 

F. Survey of Existing Conditions: Record existing conditions by use of measured drawings, 

preconstruction photographs or video and survey/3D scan. 

1. Comply with requirements specified in Section 01 32 33 - Photographic Documentation. 

2. Inventory and record the condition of items to be removed and salvaged. Provide 

photographs or video of conditions that might be misconstrued as damage caused by 

salvage operations. 

3. Before selective demolition or removal of existing building elements that will be 

reproduced or duplicated in final Work, make permanent record of measurements, 

materials, and construction details required to make exact reproduction. 

3.2 PREPARATION 

A. Refrigerant: Before starting demolition, remove refrigerant from mechanical equipment 

according to 40 CFR 82 and regulations of authorities having jurisdiction. 
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3.3 UTILITY SERVICES AND MECHANICAL/ELECTRICAL SYSTEMS 

A. Existing Services/Systems to Remain: Maintain services/systems indicated to remain and 

protect them against damage. 

B. Existing Services/Systems to Be Removed, Relocated, or Abandoned: Locate, identify, 

disconnect, and seal or cap off utility services and mechanical/electrical systems serving areas 

to be selectively demolished. 

1. Owner will arrange to shut off indicated services/systems when requested by Contractor. 

2. Arrange to shut off utilities with utility companies. 

3. If services/systems are required to be removed, relocated, or abandoned, provide 

temporary services/systems that bypass area of selective demolition and that maintain 

continuity of services/systems to other parts of building. 

4. Disconnect, demolish, and remove fire-suppression systems, plumbing, and HVAC 

systems, equipment, and components indicated on Drawings to be removed. 

a. Piping to Be Removed: Remove portion of piping indicated to be removed and cap 

or plug remaining piping with same or compatible piping material. 

b. Piping to Be Abandoned in Place: Drain piping and cap or plug piping with same 

or compatible piping material and leave in place. 

c. Equipment to Be Removed: Disconnect and cap services and remove equipment. 

d. Equipment to Be Removed and Reinstalled: Disconnect and cap services and 

remove, clean, and store equipment; when appropriate, reinstall, reconnect, and 

make equipment operational. 

e. Equipment to Be Removed and Salvaged: Disconnect and cap services and remove 

equipment and deliver to Owner. 

f. Ducts to Be Removed: Remove portion of ducts indicated to be removed and plug 

remaining ducts with same or compatible ductwork material. 

g. Ducts to Be Abandoned in Place: Cap or plug ducts with same or compatible 

ductwork material and leave in place. 

3.4 PROTECTION 

A. Temporary Protection: Provide temporary barricades and other protection required to prevent 

injury to people and damage to adjacent buildings and facilities to remain. 

1. Provide protection to ensure safe passage of people around selective demolition area and 

to and from occupied portions of building. 

2. Provide temporary weather protection, during interval between selective demolition of 

existing construction on exterior surfaces and new construction, to prevent water leakage 

and damage to structure and interior areas. 

3. Protect walls, ceilings, floors, and other existing finish work that are to remain or that are 

exposed during selective demolition operations. 

4. Cover and protect furniture, furnishings, and equipment that have not been removed. 

5. Comply with requirements for temporary enclosures, dust control, heating, and cooling 

specified in Section 01 50 00 - Temporary Facilities and Controls. 

B. Temporary Shoring: Design, provide, and maintain shoring, bracing, and structural supports as 

required to preserve stability and prevent movement, settlement, or collapse of construction and 
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finishes to remain, and to prevent unexpected or uncontrolled movement or collapse of 

construction being demolished. 

1. Strengthen or add new supports when required during progress of selective demolition. 

C. Remove temporary barricades and protections where hazards no longer exist. 

3.5 SELECTIVE DEMOLITION, GENERAL 

A. General: Demolish and remove existing construction only to the extent required by new 

construction and as indicated. Use methods required to complete the Work within limitations of 

governing regulations and as follows: 

1. Proceed with selective demolition systematically, from higher to lower level. Complete 

selective demolition operations above each floor or tier before disturbing supporting 

members on the next lower level. 

2. Neatly cut openings and holes plumb, square, and true to dimensions required. Use 

cutting methods least likely to damage construction to remain or adjoining construction. 

Use hand tools or small power tools designed for sawing or grinding, not hammering and 

chopping. Temporarily cover openings to remain. 

3. Cut or drill from the exposed or finished side into concealed surfaces to avoid marring 

existing finished surfaces. 

4. Do not use cutting torches until work area is cleared of flammable materials. At 

concealed spaces, such as duct and pipe interiors, verify condition and contents of hidden 

space before starting flame-cutting operations. Maintain portable fire-suppression devices 

during flame-cutting operations. 

5. Maintain fire watch during and for at least two hours after flame-cutting operations. 

6. Maintain adequate ventilation when using cutting torches. 

7. Remove decayed, vermin-infested, or otherwise dangerous or unsuitable materials and 

promptly dispose of off-site. 

8. Remove structural framing members and lower to ground by method suitable to avoid 

free fall and to prevent ground impact or dust generation. 

9. Locate selective demolition equipment and remove debris and materials so as not to 

impose excessive loads on supporting walls, floors, or framing. 

10. Dispose of demolished items and materials promptly. 

B. Site Access and Temporary Controls: Conduct selective demolition and debris-removal 

operations to ensure minimum interference with roads, streets, walks, walkways, and other 

adjacent occupied and used facilities. 

C. Work in Historic Areas: Selective demolition may be performed only in areas of Project that are 

not designated as historic. In historic spaces, areas, and rooms, or on historic surfaces, the terms 

"demolish" or "remove" shall mean historic "removal" or "dismantling."  

D. Removed and Salvaged Items: 

1. Clean salvaged items. 

2. Pack or crate items after cleaning. Identify contents of containers. 

3. Store items in a secure area until delivery to Owner. 

4. Transport items to Owner's storage area designated by Owner. 
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5. Protect items from damage during transport and storage. 

E. Removed and Reinstalled Items: 

1. Clean and repair items to functional condition adequate for intended reuse. 

2. Pack or crate items after cleaning and repairing. Identify contents of containers. 

3. Protect items from damage during transport and storage. 

4. Reinstall items in locations indicated. Comply with installation requirements for new 

materials and equipment. Provide connections, supports, and miscellaneous materials 

necessary to make item functional for use indicated. 

F. Existing Items to Remain: Protect construction indicated to remain against damage and soiling 

during selective demolition. When permitted by Engineer, items may be removed to a suitable, 

protected storage location during selective demolition and cleaned and reinstalled in their 

original locations after selective demolition operations are complete. 

3.6 SELECTIVE DEMOLITION PROCEDURES FOR SPECIFIC MATERIALS 

A. Concrete: Demolish in small sections. Using power-driven saw, cut concrete to a depth of at 

least 3/4 inch at junctures with construction to remain. Dislodge concrete from reinforcement at 

perimeter of areas being demolished, cut reinforcement, and then remove remainder of concrete. 

Neatly trim openings to dimensions indicated. 

B. Concrete: Demolish in sections. Cut concrete full depth at junctures with construction to remain 

and at regular intervals using power-driven saw, and then remove concrete between saw cuts. 

C. Masonry: Demolish in small sections. Cut masonry at junctures with construction to remain, 

using power-driven saw, and then remove masonry between saw cuts. 

D. Concrete Slabs-on-Grade: Saw-cut perimeter of area to be demolished, and then break up and 

remove. 

3.7 DISPOSAL OF DEMOLISHED MATERIALS 

A. Remove demolition waste materials from Project site and dispose of them in an EPA-approved 

construction and demolition waste landfill acceptable to authorities having jurisdiction and/or 

recycle or dispose of them. 

1. Do not allow demolished materials to accumulate on-site. 

2. Remove and transport debris in a manner that will prevent spillage on adjacent surfaces 

and areas. 

3. Remove debris from elevated portions of building by chute, hoist, or other device that 

will convey debris to grade level in a controlled descent. 

B. Burning: Do not burn demolished materials. 
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3.8 CLEANING 

A. Clean adjacent structures and improvements of dust, dirt, and debris caused by selective 

demolition operations. Return adjacent areas to condition existing before selective demolition 

operations began. 

END OF SECTION 02 41 19 
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SECTION 033000 - CAST-IN-PLACE CONCRETE 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

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

Conditions and Division 01 Specification Sections, apply to this Section. 

1.2 SUMMARY 

A. Section includes cast-in-place concrete, including formwork, reinforcement, concrete materials, 

mixture design, placement procedures, and finishes. 

B. Related Requirements: 

1. Section 03 31 00 "Anchorage in Concrete"  

C. Cast-in-Place concrete includes the following: 

1. Foundations and footings 

2. Slabs-on-grade 

3. Foundation walls 

4. Shear walls 

5. Equipment pads and bases 

1.3 REFERENCES 

A. American Concrete Institute: 

1. ACI 301 – Specifications for Structural Concrete 

2. ACI 305R – Guide to Hot Weather Concreting 

3. ACI 306.1 – Standard Specifications for Cold Weather Concreting 

4. ACI 308.1 – Specification for Concrete Curing 

5. ACI 318 – Building Code Requirements for Structural Concrete 

1.4 SUBMITTALS 

A. General:  Submit each item in this Article according to the Conditions of the Contract and 

Division 1 Specification Sections  

B. Manufacturer shall provide, at a minimum, the following information in accordance with Section 

013300 Submittals: 

1. Product data for proprietary materials and items, including reinforcement and forming 

accessories, admixtures, patching compounds, waterstops, joint systems, curing 

compounds, dry-shake finish materials, and others if requested by Engineer. 
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2. Shop drawings for reinforcement detailing fabricating, bending, and placing concrete 

reinforcement.  Comply with ACI 315 "Manual of Standard Practice for Detailing 

Reinforced Concrete Structures" showing bar schedules, stirrup spacing, bent bar 

diagrams, and arrangement of concrete reinforcement.  Include special reinforcing required 

for openings through concrete structures. 

3. Shop drawings for formwork indicating fabrication and erection of forms for specific 

finished concrete surfaces.  Show form construction including jointing, special form joints 

or reveals, location and pattern of form tie placement, and other items that affect exposed 

concrete visually. 

4. Samples of materials as requested by Engineer, including names, sources, and descriptions, 

as follows: 

a. Normal weight aggregates 

b. Fiber reinforcement 

c. Form liners 

5. Laboratory test reports for concrete materials and mix design test. 

6. Material certificates in lieu of material laboratory test reports when permitted by Engineer.  

Material certificates shall be signed by manufacturer and Contractor, certifying that each 

material item complies with or exceeds specified requirements.  Provide certification from 

admixture manufacturers that chloride content complies with specification requirements. 

1.5 QUALITY ASSURANCE 

A. Codes and Standards: Comply with provisions of the following codes, specifications, and 

standards, except where more stringent requirements are shown or specified: 

1. American Concrete Institute (ACI) 301, "Specifications for Structural Concrete for 

Buildings." 

2. ACI 318, "Building Code Requirements for Reinforced Concrete." 

3. Concrete Reinforcing Steel Institute (CRSI) "Manual of Standard Practice." 

4. ACI 350R-89, “Environmental Engineering Concrete Structures.” 

B. Concrete Testing Service:  Engage a testing agency acceptable to Engineer to perform material 

evaluation tests and to design concrete mixes. 

C. Materials and installed work may require testing and retesting at any time during progress of 

Work.  Allowances for materials testing are set in Section 01210.  If no allowance is set, all testing 

and retesting of rejected materials for installed Work, shall be done at Contractor's expense. 

1.6 PREINSTALLATION MEETINGS 

A. Preinstallation Conference: Conduct conference at Project site to comply with requirements of 

Division 1 Section “Project Meetings” and the following: 
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1. At least 35 days prior to submitting design mixes, conduct a meeting to review detailed 

requirements for preparing concrete design mixes and to determine procedures for 

satisfactory concrete operations.  Review requirements for submittals, status of 

coordinating work, and availability of materials.  Establish preliminary work progress 

schedule and procedures for materials inspection, testing, and certifications.  Require 

representatives of each entity directly concerned with cast-in-place concrete to attend 

conference, including, but not limited to, the following: 

a. Contractor’s superintendent  

b. Agency responsible for concrete design mixtures 

c. Agency responsible for field quality control 

d. Ready-mix concrete producer 

e. Concrete subcontractor 

f. Primary admixture manufacturers 

1.7 DELIVERY, STORAGE AND HANDLING 

A. Steel reinforcement: Deliver store, and handle steel reinforcement to prevent bending and 

damage. Avoid damaging coatings on steel reinforcement. 

B. Waterstops: Store waterstops under cover to protect from moisture, sunlight, dirt, oil, and other 

contaminants. 

 

PART 2 - PRODUCTS 

2.1 FORM MATERIALS 

A. Forms for Exposed Finish Concrete: Plywood, metal, metal-framed plywood faced, or other 

acceptable panel-type materials to provide continuous, straight, smooth, exposed surfaces.  

Furnish in largest practicable sizes to minimize number of joints and to conform to joint system 

shown on drawings. 

1. Use overlaid plywood complying with U.S. Product Standard PS-1 "A-C or B-B High 

Density Overlaid Concrete Form," Class I. 

2. Use plywood complying with U.S. Product Standard PS-1 "B-B (Concrete Form) 

Plywood," Class I, Exterior Grade or better, mill-oiled and edge-sealed, with each piece 

bearing legible inspection trademark. 

B. Forms for Unexposed Finish Concrete:  Plywood, lumber, metal, or another acceptable material.  

Provide lumber dressed on at least two edges and one side for tight fit. 

C. Forms for Textured Finish Concrete:  Units of face design, size, arrangement, and configuration 

to match Engineer's control sample.  Provide solid backing and form supports to ensure stability 

of textured form liners. 
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D. Forms for Cylindrical Columns and Supports:  Metal, glass-fiber-reinforced plastic, or paper or 

fiber tubes that will produce smooth surfaces without joint indications.  Provide units with 

sufficient wall thickness to resist wet concrete loads without deformation. 

E. Pan-Type Forms:  Glass-fiber-reinforced plastic or formed steel, stiffened to support weight of 

placed concrete without deformation. 

F. Carton Forms:  Biodegradable paper surface, treated for moisture-resistance, structurally 

sufficient to support weight of plastic concrete and other superimposed loads. 

G. Form Release Agent:  Provide commercial formulation form release agent with a maximum of 

350 mg/l volatile organic compounds (VOCs) that will not bond with, stain, or adversely affect 

concrete surfaces and will not impair subsequent treatments of concrete surfaces. 

H. Form Ties: Factory-fabricated, adjustable-length, removable or snap-off metal form ties designed 

to prevent form deflection and to prevent spalling of concrete upon removal.  Provide units that 

will leave no metal closer than 1-1/2 inches to the plane of the exposed concrete surface. 

1. Provide ties that, when removed, will leave holes not larger than 1 inch in diameter in the 

concrete surface. 

2.2 REINFORCING MATERIALS 

A. Reinforcing Bars: ASTM A 615, Grade 60, deformed. 

B. Galvanized Reinforcing Bars:  ASTM A 767, Class II (2.0 oz. zinc psf), hot dip galvanized after 

fabrication and bending. 

C. Epoxy Coated Reinforcing Bars:  ASTM A 775. 

D. Steel Wire:  ASTM A 82, plain, cold drawn steel. 

E. Welded Wire Fabric:  ASTM A 185 welded steel wire fabric. 

F. Deformed Steel Welded Wire Fabric:  ASTM A 497. 

G. Epoxy Coated Welded Wire Fabric:  ASTM A 884, Class A. 

H. Supports for Reinforcement:  Bolsters, chairs, spacers, and other devices for spacing, supporting, 

and fastening reinforcing bars and welded wire fabric in place.  Use wire bar type supports 

complying with CRSI specifications. 

1. For slabs-on-grade, use supports with sand plates or horizontal runners where base material 

will not support chair legs. 

2. For exposed-to-view concrete surfaces where legs of supports are in contact with forms, 

provide supports with legs that are protected by plastic (CRSI, Class 1) or stainless steel 

(CRSI, Class 2). 
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2.3 CONCRETE MATERIALS 

A. Portland Cement: ASTM C 150, Type I or Type II.  The cement shall be low alkali, less than 0.60 

percent.  All cement used in concrete that will be in contact with wastewater shall have a 

tricalcium aluminate (C3A) content of less than 8 percent. 

1. Use one brand of cement throughout Project unless otherwise acceptable to Engineer. 

B. Fly Ash: ASTM C 618, Type F. 

C. Normal-Weight Aggregates:  ASTM C 33 and as specified.  Provide aggregates from a single 

source for exposed concrete. 

1. For exposed exterior surfaces, do not use fine or coarse aggregates that contain substances 

that cause spalling. 

2. Local aggregates not complying with ASTM C 33 that have been shown to produce 

concrete of adequate strength and durability by special tests or actual service may be used 

when acceptable to Engineer. 

D. Lightweight Aggregates: ASTM C 330. 

E. Water: Potable 

F. Fiber Reinforcement: Polypropylene fibers engineered and designed for secondary reinforcement 

of concrete slabs, complying with ASTM C 1116, Type III. 

1. Available Products: Subject to compliance with requirements, products that may be 

incorporated in the Work include, but are not limited to, the following: 

a. Gilco Fibers, Cormix Construction Chemicals. 

b. Durafiber, Durafiber Corp. 

c. Fiberstand 100, Euclid Chemical Co. 

d. Fibermesh, Fibermesh Co., Div. Synthetic Industries, Inc. 

e. Forta CR, Forta Corp. 

f. Grace Fibers, W.R. Grace & Co. 

g. Polystrand, Metalcrete Industries 

G. Admixtures, General: Provide concrete admixtures that contain not more than 0.1 percent chloride 

ions. 

H. Air-Entraining Admixture:  ASTM C 260, certified by manufacturer to be compatible with other 

required admixtures. 

1. Available Products:  Subject to compliance with requirements, products that may be 

incorporated in the Work include, but are not limited to, the following: 

a. Air Tite, Cormix Construction Chemicals. 

b. Air Mix or Perma Air, Euclid Chemical Co. 

c. Darex AEA or Daravair, W.R. Grace & Co. 

d. MB VR or Micro Air, Master Builders, Inc. 

e. Sealtight AEA, W.R. Meadows, Inc. 
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f. Sika AER, Sika Corp. 

I. Water-Reducing Admixture:  ASTM C 494, Type A. 

1. Available Products:  Subject to compliance with requirements, products that may be 

incorporated in the Work include, but are not limited to, the following: 

a. Chemtard, ChemMasters Corp. 

b. PSI N, Cormix Construction Chemicals. 

c. Eucon WR 75, Euclid Chemical Co. 

d. WRDA, W.R. Grace & Co. 

e. Pozzolith Normal or Polyheed, Master Builders, Inc. 

f. Metco W.R., Metalcrete Industries. 

g. Prokrete N, Prokrete Industries. 

h. Plastocrete 161, Sika Corp. 

J. High-Range Water-Reducing Admixture:  ASTM C 494, Type F or Type G.  High-range water 

reducing admixtures shall be in all concrete used in the construction of structures designed to hold 

water. 

1. Available Products:  Subject to compliance with requirements, products that may be 

incorporated in the Work include, but are not limited to, the following: 

a. Super P, Anti Hydro Co., Inc. 

b. Cormix 200, Cormix Construction Chemicals. 

c. Eucon 37, Euclid Chemical Co. 

d. WRDA 19 or Daracem, W.R. Grace & Co. 

e. Rheobuild or Polyheed, Master Builders, Inc. 

f. Superslump, Metalcrete Industries. 

g. PSPL, Prokrete Industries. 

h. Sikament 300, Sika Corp. 

K. Water-Reducing, Accelerating Admixture:  ASTM C 494, Type E. 

1. Available Products:  Subject to compliance with requirements, products that may be 

incorporated in the Work include, but are not limited to, the following: 

a. Q Set, Conspec Marketing & Manufacturing Co. 

b. Lubricon NCA, Cormix Construction Chemicals. 

c. Accelguard 80, Euclid Chemical Co. 

d. Daraset, W.R. Grace & Co. 

e. Pozzutec 20, Master Builders, Inc. 

f. Accel Set, Metalcrete Industries. 

L. Water-Reducing, Retarding Admixture:  ASTM C 494, Type D. 

1. Available Products:  Subject to compliance with requirements, products that may be 

incorporated in the Work include, but are not limited to, the following: 

a. SI R Plus, Cormix Construction Chemicals. 

b. Eucon Retarder 75, Euclid Chemical Co. 
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c. Daratard 17, W.R. Grace & Co. 

d. Pozzolith R, Master Builders, Inc. 

e. Protard, Prokrete Industries. 

M. High Early Strength Concrete (may only be used when authorized by Engineer): 

1. High Early Concrete shall not be used on Environmental Structures covered under ACI 

350. 

2. Shall be proprietary mix by Concrete Supplier that has documented experience with high 

early strength mix designs for a minimum of 10 years.  High early strength mix design 

Submittal shall include: design mix materials descriptions, materials 

quantities/proportions, and compressive strength at 24 hours. 

2.4 RELATED MATERIALS 

A. Reglets: Where sheet flashing or bituminous membranes are terminated in reglets, provide reglets 

of not less than 0.0217-inch-thick (26-gage) galvanized sheet steel.  Fill reglet or cover face 

opening to prevent intrusion of concrete or debris. 

B. Dovetail Anchor Slots:  Hot-dip galvanized sheet steel, not less than 0.0336 inch thick (22 gage) 

with bent tab anchors.  Fill slot with temporary filler or cover face opening to prevent intrusion 

of concrete or debris. 

C. Sand Cushion: Clean, manufactured or natural sand. 

D. Vapor Retarder:  Provide vapor retarder that is resistant to deterioration when tested according to 

ASTM E 154, as follows: 

1. Polyethylene sheet not less than 8 mils thick. 

2. Water-resistant barrier consisting of heavy kraft papers laminated together with glass-fiber 

reinforcement and overcoated with black polyethylene on each side. 

a. Product: Subject to compliance with requirements, provide Moistop by Fortifiber 

Corporation. 

E. Vapor Barrier:  Premolded seven-ply membrane consisting of reinforced core and carrier sheet 

with fortified bitumen layers, protective weathercoating, and plastic antistick sheet.  Water vapor 

transmission rate of 0.00 grains per sq. ft. per hr. when tested according to ASTM E 96, Method 

B.  Provide manufacturer's recommended mastics and gusset tape. 

1. Product: Subject to compliance with requirements, provide Sealtight Premoulded 

Membrane by W.R. Meadows, Inc. 

F. Nonslip Aggregate Finish:  Provide fused aluminum oxide granules or crushed emery as the 

abrasive aggregate for a nonslip finish, with emery aggregate containing not less than 50 percent 

aluminum oxide and not less than 25 percent ferric oxide.  Use material that is factory-graded, 

packaged, rustproof, nonglazing, and unaffected by freezing, moisture, and cleaning materials. 

G. Absorptive Cover:  Burlap cloth made from jute or kenaf, weighing approximately 9 oz. per sq. 

yd., complying with AASHTO M 182, Class 2. 
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H. Moisture-Retaining Cover:  One of the following, complying with ASTM C 171. 

1. Waterproof paper 

2. Polyethylene film 

3. Polyethylene-coated burlap 

I. Water-Based Acrylic Membrane Curing Compound:  ASTM C 309, Type I, Class B. 

1. Available Products:  Subject to compliance with requirements, products that may be 

incorporated in the Work include, but are not limited to, the following: 

a. Highseal, Conspec Marketing and Mfg. Co. 

b. Sealco VOC, Cormix Construction Chemicals. 

c. Safe Cure and Seal, Dayton Superior Corp. 

d. Aqua Cure, Euclid Chemical Co. 

e. Dress & Seal WB, L&M Construction Chemicals, Inc. 

f. Masterkure 100W, Master Builders, Inc. 

g. Vocomp 20, W.R. Meadows, Inc. 

h. Metcure, Metalcrete Industries. 

i. Stontop CS1, Stonhard, Inc. 

J. Evaporation Control:  Monomolecular film-forming compound applied to exposed concrete slab 

surfaces for temporary protection from rapid moisture loss. 

1. Available Products:  Subject to compliance with requirements, products that may be 

incorporated in the Work include, but are not limited to, the following:  

a. Aquafilm, Conspec Marketing and Mfg. Co. 

b. Eucobar, Euclid Chemical Co. 

c. E Con, L&M Construction Chemicals, Inc. 

d. Confilm, Master Builders, Inc. 

e. Waterhold, Metalcrete Industries. 

K. Underlayment Compound:  Free-flowing, self-leveling, pumpable, cement-based compound for 

applications from 1 inch thick to feathered edges. 

1. Available Products:  Subject to compliance with requirements, products that may be 

incorporated in the Work include, but are not limited to, the following: 

a. K-15, Ardex, Inc. 

b. Self-Leveling Wear Topping, W.R. Bonsal Co. 

c. Conflow, Conspec Marketing and Mfg. Co. 

d. Corlevel, Cormix Construction Chemicals. 

e. LevelLayer II, Dayton Superior Corp. 

f. Flo-Top Euclid Chemical Co. 

g. Gyp-Crete Gyp-Crete Corp. 

h. Levelex, L&M Construction Chemicals, Inc. 

i. Underlayment 110, Master Builders, Inc. 

j. Stoncrete UL1, Stonhard, Inc. 

k. Concrete Top, Symons Corp. 

l. Thoro Underlayment Self-Leveling, Thoro System Products. 

L. Bonding Agent:  Polyvinyl acetate or acrylic base. 
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1. Available Products:  Subject to compliance with requirements, products that may be 

incorporated in the Work include, but are not limited to, the following: 

a. Polyvinyl acetate or acrylic base. 

1) Superior Concrete Bonder, Dayton Superior Corp. 

2) Euco Weld, Euclid Chemical Co. 

3) Weld Crete, Larsen Products Corp. 

4) Everweld, L&M Construction Chemicals, Inc. 

5) Herculox, Metalcrete Industries. 

6) Ready Bond, Symons Corp. 

b. Acrylic or Styrene Butadiene: 

1) Acrylic Bondcrete, The Burke Co.  

2) Strongbond, Conspec Marketing and Mfg. Co. 

3) Day-Chem Ad Bond, Dayton Superior Corp. 

4) SBR Latex, Euclid Chemical Co. 

5) Daraweld C, W.R. Grace & Co. 

6) Hornweld, A.C. Horn, Inc. 

7) Everbond, L&M Construction Chemicals, Inc. 

8) Acryl-Set, Master Builders, Inc. 

9) Intralok, W.R. Meadows, Inc. 

10) Acrylpave, Metalcrete Industries. 

11) Soncrete, Sonneborn-Chemrex 

12) Stonlock LB2, Stonhard, Inc. 

13) Strong Bond, Symons Corp. 

M. Epoxy Adhesive:  ASTM C 881, two-component material suitable for use on dry or damp 

surfaces.  Provide material type, grade, and class to suit Project requirements. 

1. Products:  Subject to compliance with requirements, products that may be incorporated in 

the Work include, but are not limited to, the following: 

a. Burke Epoxy M.V., The Burke Co. 

b. Spec Bond 100, Conspec Marketing and Mfg. Co. 

c. Resi Bond (J 58), Dayton Superior. 

d. Euco Epoxy System #452 or #620, Euclid Chemical Co. 

e. Epoxtite Binder 2390, A.C. Horn, Inc. 

f. Epabond, L&M Construction Chemicals, Inc. 

g. Concresive Standard Liquid, Master Builders, Inc. 

h. Rezi Weld 1000, W.R. Meadows, Inc. 

i. Metco Hi Mod Epoxy, Metalcrete Industries. 

j. Sikadur 32 Hi Mod, Sika Corp. 

k. Stonset LV5, Stonhard, Inc. 

l. R-600 Series, Symons Corp. 

2.5 PROPORTIONING AND DESIGNING MIXES 

A. Prepare design mixes for each type and strength of concrete by either laboratory trial batch or 

field experience methods as specified in ACI 301.  For the trial batch method, use an independent 

testing agency acceptable to Engineer for preparing and reporting proposed mix designs. 
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1. Do not sue the same testing agency for field quality control testing. 

2. Limit use of fly ash to not exceed 25 percent of cement content by weight. 

B. Submit written reports to Engineer of each proposed mix for each class of concrete at least 15 

days prior to start of Work.  Do not begin concrete production until proposed mix designs have 

been approved by Engineer. 

C. Design mixes to provide normal weight concrete with the following properties as indicated on 

drawings and schedules: 

1. Class A 4000-psi, 28-day compressive strength; 0.45 maximum with 6% air-entrainment 

(± 1%).  Use for all structures designed to be watertight.  Use of HRWR (High-range water 

reducer) may be used with approved mix design. 

2. Class B 3000-psi, 28-day compressive strength; water-cement ratio, 0.54 maximum 

(air-entrained). 

3. Mud-mat 2500-psi, 28-day compressive strength; water-cement ratio, 0.58 maximum 

D. Water-Cement Ratio:  Provide concrete for following conditions with maximum water-cement 

(W/C) ratios as follows: (W/C ratio is defined by weight as the maximum water/cementitious 

material ratio, including the use of flyash as a cementitious component. 

1. Subjected to freezing and thawing:  W/C 0.45. 

2. Subjected to deicers/watertight: WC 0.40. 

3. Subjected to brackish water, salt spray, or deicers:  W/C 0.40. 

E. Slump Limits:  Proportion and design mixes to result in concrete slump at point of placement as 

follows: 

1. Ramps, slabs, and sloping surfaces:  Not more than 3 inches. 

2. Reinforced foundation systems: Not less than 1 inch and not more than 4 inches. 

3. Concrete containing high-range water-reducing admixture (superplasticizer): Not more 

than 8 inches after adding admixture to site-verified 2-to-4 inch slump concrete. 

4. Other concrete: Not more than 4 inches. 

F. Lightweight Structural Concrete:  Lightweight aggregate and concrete shall conform to ASTM C 

330.  Proportion mix to produce concrete with a minimum compressive strength of 3000 psi at 28 

days and a calculated equilibrium unit weight of 110 pcf plus or minus 3 pcf as determined by 

ASTM C 567.  Concrete slump at the point of placement shall be the minimum necessary for 

efficient mixing, placing, and finishing.  Maximum slump shall be 6 inches for pumped concrete 

and 5 inches elsewhere.  Air entrain concrete exposed to weather according to ACI 301 

requirements. 

G. Adjustment to Concrete Mixes:  Mix design adjustments may be requested by Contractor when 

characteristics of materials, job conditions, weather, test results, or other circumstances warrant, 

as accepted by Engineer.  Laboratory test data for revised mix design and strength results must 

be submitted to and accepted by Engineer before using in Work. 

H. Fiber Reinforcement:  Add to mix at rate of 1.5 lb per cu. yd. unless otherwise recommended by 

manufacturer. 
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2.6 ADMIXTURES 

A. Use water-reducing admixture or high-range water-reducing admixture (superplasticizer) in 

concrete, as required, for placement and workability. 

B. Use accelerating admixture in concrete slabs placed at ambient temperatures below 50 deg F (10 

deg C). 

C. Use high-range water-reducing admixture in pumped concrete, concrete for heavy-use industrial 

slabs, Engineering concrete, parking structure slabs, concrete required to be watertight, and 

concrete with water-cement ratios below 0.50. 

D. Use air-entraining admixture in exterior exposed concrete unless otherwise indicated.  Add 

air-entraining admixture at manufacturer's prescribed rate to result in concrete at point of 

placement having total air content with a tolerance of plus or minus 1-1/2 percent within the 

following limits. 

1. Concrete structures and slabs exposed to freezing and thawing, deicer chemicals, or 

hydraulic pressure: 

a. 4.5 percent (moderate exposure); 5.5 percent (severe exposure) for 1-1/2-inch 

maximum aggregate. 

b. 4.5 percent (moderate exposure); 6.0 percent (severe exposure) for 1-inch maximum 

aggregate. 

c. 5.0 percent (moderate exposure); 6.0 percent (severe exposure) for 3/4-inch 

maximum aggregate. 

d. 5.5 percent (moderate exposure); 7.0 percent (severe exposure) for 1/2-inch 

maximum aggregate. 

 

2. Other concrete not exposed to freezing, thawing, or hydraulic pressure, or to receive a 

surface hardener:  2 to 4 percent air. 

E. Use admixtures for water reduction and set accelerating or retarding in strict compliance with 

manufacturer's directions. 

2.7 CONCRETE MIXING 

A. Job-Site Mixing: Mix concrete materials in appropriate drum-type batch machine mixer.  For 

mixers of 1 cu. yd. or smaller capacity, continue mixing at least 1-1/2 minutes, but not more than 

5 minutes after ingredients are in mixer, before any part of batch is released.  For mixers of 

capacity larger than 1 cu. yd., increase minimum 1. 

1. Provide batch ticket for each batch discharged and used in the Work, indicating Project 

identification name and number, date, mix type, mix time, quantity, and amount of water 

introduced. 

B. Ready-Mixed Concrete: Comply with requirements of ASTM C 94, and as specified. 
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1. When air temperature is between 85 deg F (30 deg C) and 90 deg F (32 deg C), reduce 

mixing and delivery time from 1-1/2 hours to 75 minutes, and when air temperature is 

above 90 deg F (32 deg C), reduce mixing and delivery time to 60 minutes. 

2. All batch plants and equipment including mixer trucks or other delivery equipment shall 

meet requirements of the NRMCA and be certified by the Georgia Department of 

Transportation as a class A or Class B plant. 

PART 3 - EXECUTION 

3.1 GENERAL 

A. Coordinate the installation of joint materials, vapor retarder/barrier, and other related materials 

with placement of forms and reinforcing steel. 

B. Samples shall be collected from each pour made and test certificates shall be furnished to the 

Engineer by an approved commercial testing laboratory.  All concrete samples shall be clearly 

identified so the location in which the sampled concrete was placed can be determined in the 

event of a compressive strength less than that specified.  The cost of all concrete and other material 

testing shall be included in the lump sum bid for the work. 

C. Unless otherwise specified, the floors of all structures holding water, the entrance stoops of the 

buildings, the sidewalks, walkways and other surfaces on which operating personnel will walk, 

shall be provided with a brush or broom finish. 

D. A detailed layout of the reinforcing steel in the several structures shall be submitted to the 

Engineer for approval prior to fabrication. 

E. All exterior concrete surfaces that are not wetted or subject to splash shall be rubbed to remove 

all voids and form marks, and then coated with a two coat modified epoxy concrete paint, Indurall. 

F. All surfaces to be coated shall first be cured for at least 40 days, and then inspected for any signs 

of any remaining moisture.  Concrete surfaces shall be swept clean and dry prior to application 

of the paint. 

G. Each of the two coats shall be applied to an 8 mil DFT per coat and cured in strict accordance 

with the manufacturers directions.  A representative of the paint company shall visit the site to 

give specific instructions prior to beginning the work. 

3.2 FORMS 

A. General: Design, erect, support, brace, and maintain formwork to support vertical, lateral, static, 

and dynamic loads that might be applied until concrete structure can support such loads.  

Construct formwork so concrete members and structures are of correct size, shape, alignment, 

elevation, and position.  Maintain formwork construction tolerances and surface irregularities 

complying with the following ACI 347 limits:  

1. Provide Class A tolerances for concrete surfaces exposed to view. 
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2. Provide Class C tolerances for other concrete surfaces. 

B. Construct forms to sizes, shapes, lines, and dimensions shown and to obtain accurate alignment, 

location, grades, level, and plumb work in finished structures.  Provide for openings, offsets, 

sinkages, keyways, recesses, moldings, rustications, reglets, chamfers, blocking, screeds, 

bulkheads, anchorages and inserts, and other features required in the Work.  Use selected 

materials to obtain required finishes. Solidly butt joints and provide backup at joints to prevent 

cement paste from leaking. 

C. Fabricate forms for easy removal without hammering or prying against concrete surfaces.  

Provide crush plates or wrecking plates where stripping may damage cast concrete surfaces.  

Provide top forms for inclined surfaces where slope is too steep to place concrete with bottom 

forms only.  Kerf wood inserts for forming keyways, reglets, recesses, and the like for easy 

removal. 

D. Provide temporary openings for clean-outs and inspections where interior area of formwork is 

inaccessible before and during concrete placement.  Securely brace temporary openings and set 

tightly to forms to prevent losing concrete mortar.  Locate temporary openings in forms at 

inconspicuous locations. 

E. Chamfer exposed corners and edges as indicated, using wood, metal, PVC, or rubber chamfer 

strips fabricated to produce uniform smooth lines and tight edge joints. 

F. Provisions for Other Trades:  Provide openings in concrete formwork to accommodate work of 

other trades.  Determine size and location of openings, recesses, and chases from trades providing 

such items.  Accurately place and securely support items built into forms. 

G. Cleaning and Tightening:  Thoroughly clean forms and adjacent surfaces to receive concrete.  

Remove chips, wood, sawdust, dirt, or other debris just before placing concrete.  Retighten forms 

and bracing before placing concrete, as required, to prevent mortar leaks and maintain proper 

alignment. 

3.3 VAPOR RETARDER/BARRIER INSTALLATION 

A. General: Place vapor retarder/barrier sheeting in position with longest dimension parallel with 

direction of pour. 

B. Lap joints 6 inches and seal with manufacturer's recommended mastic or pressure-sensitive tape 

3.4 PLACING REINFORCEMENT 

A. General: Comply with Concrete Reinforcing Steel Institute's recommended practice for "Placing 

Reinforcing Bars," for details and methods of reinforcement placement and supports and as 

specified. 

1. Reinforcing steel shall be placed in accordance with the drawings and reviewed shop 

drawings and the applicable requirements of the “Codes and Standards” herein before 

specified. 
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2. Avoiding cutting or puncturing vapor retarder/barrier during reinforcement placement and 

concreting operations.  Repair damages before placing concrete. 

B. Clean reinforcement of loose rust and mill scale, earth, ice, and other materials that reduce or 

destroy bond with concrete. 

C. Accurately position, support, and secure reinforcement against displacement.  Locate and support 

reinforcing by metal chairs, runners, bolsters, spacers, and hangers, as approved by Engineer. 

D. Place reinforcement to maintain minimum coverages as indicated for concrete protection.  

Arrange, space, and securely tie bars and bar supports with 16 gauge steel tie wire to hold 

reinforcement in position during concrete placement operations.  Set wire ties so ends are directed 

into concrete, not toward exposed concrete surfaces.  In all structures, the horizontal reinforcing 

bars shall be wrapped around the corners of the wall and the horizontal baffles, weirs, beams and 

other transverse members shall be doweled into the walls. 

E. Splices: 

1. Laps of splices, where indicated on the drawings, shall be adequate to transfer stress by 

bond. 

2. Lap Splices: 

a. For Environments Structure: Lap bars according to ACI 350, Class B. 

b. For Other Structures: Lap bars according to ACI 318, Class B unless otherwise 

noted. 

c. For Masonry: Lap bars according to ACI 350. 

3. Wherever possible, splices of adjacent bars shall be staggered. 

4. All splices not indicated shall be subject to acceptance by the Engineer. 

5. Mechanical connections for reinforcing bars may be used subject to acceptance by the 

Engineer. 

6. Welded wire fabric shall be overlapped wherever successive mats are continuous in such a 

way that the overlap measured between outermost cross wires of each fabric sheet is not 

less than the spacing of the cross wires plus 2 inches. 

F. Install welded wire fabric in lengths as long as practicable.  Lap adjoining pieces at least one full 

mesh and lace splices with wire.  Offset laps of adjoining widths to prevent continuous laps in 

either direction. 

3.5 JOINTS 

A. Construction Joints:  Locate and install construction joints so they do not impair strength or 

appearance of the structure, as acceptable to Engineer. 

B. Provide keyways at least 1-1/2 inches deep in construction joints in walls and slabs and between 

walls and footings.  Bulkheads designed and accepted for this purpose may be used for slabs. 

C. Place construction joints perpendicular to main reinforcement.  Continue reinforcement across 

construction joints except as indicated otherwise.  Do not continue reinforcement through sides 

of strip placements. 
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D. Use bonding agent on existing concrete surfaces that will be joined with fresh concrete. 

E. Isolation Joints in Slabs-on-Grade:  Construct isolation joints in slabs-on-grade at points of 

contact between slabs-on-grade and vertical surfaces, such as column pedestals, foundation walls, 

grade beams, and other locations, as indicated. 

F. Contraction (Control) Joints in Slabs-on-Grade:  Construct contraction joints in slabs-on-grade to 

form panels of patterns as shown.  Use saw cuts 1/8 inch wide by one-fourth of slab depth or 

inserts 1/4 inch wide by one-fourth of slab depth, unless otherwise indicated. 

1. Form contraction joints by inserting premolded plastic, hardboard, or fiberboard strip into 

fresh concrete until top surface of strip is flush with slab surface.  Tool slab edges round 

on each side of insert.  After concrete has cured, remove inserts and clean groove of loose 

debris. 

2. Contraction joints in unexposed floor slabs may be formed by saw cuts as soon as possible 

after slab finishing as may be safely done without dislodging aggregate. 

3. If joint pattern is not shown, provide joints not exceeding 15 feet in either direction and 

located to conform to bay spacing wherever possible (at column centerlines, half bays, third 

bays). 

3.6 INSTALLING EMBEDDED ITEMS 

A. General: Set and build into formwork anchorage devices and other embedded items required for 

other work that is attached to or supported by cast-in-place concrete.  Use setting drawings, 

diagrams, instructions, and directions provided by suppliers of items to be attached. 

B. Install reglets to receive top edge of foundation sheet waterproofing and to receive through-wall 

flashings in outer face of concrete frame at exterior walls, where flashing is shown at lintels, 

relieving angles, and other conditions. 

C. Install dovetail anchor slots in concrete structures as indicated on drawings. 

D. Forms for Slabs:  Set edge forms, bulkheads, and intermediate screed strips for slabs to achieve 

required elevations and contours in finished surfaces.  Provide and secure units to support screed 

strips using strike-off templates or compacting-type screeds. 

3.7 PREPARING FORM SURFACES 

A. Forms shall be set and braced to provide exterior surfaces that are straight and true both 

horizontally and vertically, within a maximum tolerance of + ¼” in a length of 40 feet. 

B. General Coat contact surfaces of forms with an approved, nonresidual, low-VOC, form-coating 

compound before placing reinforcement. 

C. Do not allow excess form-coating material to accumulate in forms or come into contact with 

in-place concrete surfaces against which fresh concrete will be placed.  Apply according to 

manufacturer's instructions. 
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1. Coat steel forms with a nonstaining, rust-preventative material.  Rust-stained steel 

formwork is not acceptable. 

D. All exposed surface corners and edges shall be provided with a formed 1” chamfer in all directions 

3.8 CONCRETE PLACEMENT 

A. Inspection: Before placing concrete, inspect and complete formwork installation, reinforcing 

steel, and items to be embedded or cast in.  Notify other trades to permit installation of their work. 

B. General: Comply with ACI 304, "Guide for Measuring, Mixing, Transporting, and Placing 

Concrete," and as specified. 

C. Deposit concrete continuously or in layers of such thickness that no new concrete will be placed 

on concrete that has hardened sufficiently to cause seams or planes of weakness.  If a section 

cannot be placed continuously, provide construction joints as specified.  Deposit concrete to avoid 

segregation at its final location.  Tremies shall be used where required in order to prevent 

segregation and splashing.  Concrete that has splashed and dried on reinforcing prior to 

embedment shall be removed by acceptable methods.  Fresh concrete shall be protected from 

rains, running water and damage.  The Contractor shall always have available for prompt use 

sufficient protective covering. 

D. Placing Concrete in Forms:  Deposit concrete in forms in horizontal layers no deeper than 24 

inches and in a manner to avoid inclined construction joints.  Where placement consists of several 

layers, place each layer while preceding layer is still plastic to avoid cold joints. 

1. Consolidate placed concrete by mechanical vibrating equipment supplemented by 

hand-spading, rodding, or tamping.  Use equipment and procedures for consolidation of 

concrete complying with ACI 309. 

2. Do not use vibrators to transport concrete inside forms.  Insert and withdraw vibrators 

vertically at uniformly spaced locations no farther than the visible effectiveness of the 

machine.  Place vibrators to rapidly penetrate placed layer and at least 6 inches into 

preceding layer.  Do not insert vibrators into lower layers of concrete that have begun to 

set.  At each insertion, limit duration of vibration to time necessary to consolidate concrete 

and complete embedment of reinforcement and other embedded items without causing mix 

to segregate. 

E. Placing Concrete Slabs:  Deposit and consolidate concrete slabs in a continuous operation, within 

limits of construction joints, until completing placement of a panel or section. 

1. Consolidate concrete during placement operations, so concrete is thoroughly worked 

around reinforcement and other embedded items and into corners. 

2. Bring slab surfaces to correct level with a straightedge and strike off.  Use bull floats or 

darbies to smooth surface free of humps or hollows.  Do not disturb slab surfaces prior to 

beginning finishing operations 

3. Maintain reinforcement in position on chairs during concrete placement. 

F. Cold-Weather Placement:  Comply with provisions of ACI 306 and as follows.  Protect concrete 

work from physical damage or reduced strength that could be caused by frost, freezing actions, 

or low temperatures. 
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G. When air temperature has fallen to or is expected to fall below 40 deg F (4 deg C), uniformly heat 

water and aggregates before mixing to obtain a concrete mixture temperature of not less than 50 

deg F (10 deg C) and not more than 80 deg F (27 deg C) at point of placement. 

1. Do not use frozen materials or materials containing ice or snow.  Do not place concrete on 

frozen subgrade or on subgrade containing frozen materials. 

2. Do not use calcium chloride, salt, or other materials containing antifreeze agents or 

chemical accelerators unless otherwise accepted in mix designs. 

H. Hot-Weather Placement:  When hot weather conditions exist that would impair quality and 

strength of concrete, place concrete complying with ACI 305 and as specified. 

1. Cool ingredients before mixing to maintain concrete temperature at time of placement to 

below 90 deg F (32 deg C).  Mixing water may be chilled or chopped ice may be used to 

control temperature, provided water equivalent of ice is calculated to total amount of 

mixing water.  Using liquid nitrogen to cool concrete is Contractor's option. 

2. Cover reinforcing steel with water-soaked burlap if it becomes too hot, so that steel 

temperature will not exceed the ambient air temperature immediately before embedding in 

concrete. 

3. Fog spray forms, reinforcing steel, and subgrade just before placing concrete.  Keep 

subgrade moisture uniform without puddles or dry areas.. 

4. Use water-reducing retarding admixture when required by high temperatures, low 

humidity, or other adverse placing conditions, as acceptable to Engineer. 

3.9 FINISHED FORMED SURFACES 

A. Rough-Formed Finish:  Provide a rough-formed finish on formed concrete surfaces not exposed 

to view in the finished Work or concealed by other construction.  This is the concrete surface 

having texture imparted by form-facing material used, with tie holes and defective areas repaired 

and patched, and fins and other projections exceeding 1/4 inch in height rubbed down or chipped 

off. 

3.10 MONOLITHIC SLAB FINISHES  

A. Scratch Apply scratch finish to monolithic slab surfaces to receive concrete floor topping or 

mortar setting beds for tile, Portland cement terrazzo, and other bonded applied cementitious 

finish flooring material, and where indicated. 

1. After placing slabs, finish surface to tolerances of F(F) 15 (floor flatness) and F(L) 13 

(floor levelness) measured according to ASTM E 1155.  Slope surfaces uniformly to drains 

where required.  After leveling, roughen surface before final set with stiff brushes, brooms, 

or rakes. 

B. Float Finish: Apply float finish to monolithic slab surfaces to receive trowel finish and other 

finishes as specified; slab surfaces to be covered with membrane or elastic waterproofing, 

membrane or elastic roofing, or sand-bed terrazzo; and where indicated. 

1. After screeding, consolidating, and leveling concrete slabs, do not work surface until ready 

for floating.  Begin floating, using float blades or float shoes only, when surface water has 
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disappeared, or when concrete has stiffened sufficiently to permit operation of 

power-driven floats, or both.  Consolidate surface with power-driven floats or by 

hand-floating if area is small or inaccessible to power units.  Finish surfaces to tolerances 

of F(F) 18 (floor flatness) and F(L) 15 (floor levelness) measured according to ASTM E 

1155.  Cut down high spots and fill low spots.  Uniformly slope surfaces to drains.  

Immediately after leveling, refloat surface to a uniform, smooth, granular texture. 

C. Trowel Finish: Apply a trowel finish to monolithic slab surfaces exposed to view and slab surfaces 

to be covered with resilient flooring, carpet, ceramic or quarry tile, paint, or another thin 

film-finish coating system. 

1. After floating, begin first trowel-finish operation using a power-driven trowel.  Begin final 

troweling when surface produces a ringing sound as trowel is moved over surface.  

Consolidate concrete surface by final hand-troweling operation, free of trowel marks, 

uniform in texture and appearance, and finish surfaces to tolerances of F(F) 20 (floor 

flatness) and F(L) 17 (floor levelness) measured according to ASTM E 1155.  Grind 

smooth any surface defects that would telegraph through applied floor covering system. 

D. Trowel and Fine Broom Finish: Where ceramic or quarry tile is to be installed with thin-set 

mortar, apply a trowel finish as specified, then immediately follow by slightly scarifying the 

surface with a fine broom. 

E. Nonslip Broom Finish: Apply a nonslip broom finish to exterior concrete platforms, steps, and 

ramps, and elsewhere as indicated. 

1. Immediately after float finishing, slightly roughen concrete surface by brooming with 

fiber-bristle broom perpendicular to main traffic route.  Coordinate required final finish 

with Engineer before application. 

F. Nonslip Aggregate Finish: Apply nonslip aggregate finish to concrete stair treads, platforms, 

ramps, sloped walks, and where indicated. 

1. After completing float finishing and before starting trowel finish, uniformly spread 25 lb 

of dampened nonslip aggregate per 100 sq. ft. of surface.  Tamp aggregate flush with 

surface using a steel trowel, but do not force below surface.  After broadcasting and 

tamping, apply trowel finishing as specified. 

2. After curing, lightly work surface with a steel wire brush or an abrasive stone, and water 

to expose nonslip aggregate. 

G. Colored Wear-Resistant Finish: Apply a colored wear-resistant finish to monolithic slab surface 

indicated. 

1. Apply dry shake materials for the colored wear-resistant finish at a rate of 100 lb per 100 

sq. ft., unless a greater amount is recommended by material manufacturer. 

2. Cast a trial slab approximately 10 feet square to determine actual application rate, color, 

and finish, as acceptable to Engineer. 

3. Immediately following the first floating operation, uniformly distribute with mechanical 

spreader approximately two-thirds of the required weight of the dry shake material over 

the concrete surface, and embed by power floating.  Follow floating operation with second 

shake application, uniformly distributing remainder of dry shake material with overlapping 

applications to ensure uniform color, and embed by power floating. 
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4. After broadcasting and floating, apply a trowel finish as specified.  Cure slab surface with 

a curing compound recommended by the dry shake material manufacturer.  Apply the 

curing compound immediately after the final finishing. 

3.11 MISCELLANEOUS CONCRETE ITEMS 

A. Filling In: Fill in holes and openings left in concrete structures for passage of work by other 

trades, unless otherwise shown or directed, after work of other trades is in place.  Mix, place, and 

cure concrete as specified to blend with in-place construction.  Provide other miscellaneous 

concrete filling shown or required to complete Work. 

B. Curbs: Provide monolithic finish to interior curbs by stripping forms while concrete is still green 

and by steel-troweling surfaces to a hard, dense finish with corners, intersections, and 

terminations slightly rounded. 

C. Equipment Bases and Foundations: Provide machine and equipment bases and foundations as 

shown on drawings.  Set anchor bolts for machines and equipment to template at correct 

elevations, complying with diagrams or templates of manufacturer furnishing machines and 

equipment. 

D. Steels Pan Stairs: Provide concrete fill for steel pan stair treads, landings, and associated items.  

Cast-in safety inserts and accessories as shown on drawings.  Screed, tamp, and trowel-finish 

concrete surfaces. 

E. Pipe Penetrations: provide pipe sleeves or collars wherever pipe penetrations of walls or slabs are 

required. 

3.12 CONCRETE CURING AND PROTECTION 

A. General: All concrete shall be cured in accordance with ACI Standard 308, “Recommended 

Practice for Curing Concrete” except that the concrete shall be protected from direct rays of sun 

for at least a three-day period.  Protect freshly placed concrete from premature drying and 

excessive cold or hot temperatures.  In hot, dry, and windy weather protect concrete from rapid 

moisture loss before and during finishing operations with an evaporation-control material.  Apply 

according to manufacturer's instructions after screeding and bull floating, but before power 

floating and troweling. 

B. Start initial curing as soon as free water has disappeared from concrete surface after placing and 

finishing.  Weather permitting, keep continuously moist for not less than 7 days. 

C. All concrete surfaces on hydraulic structures shall be kept continuously moist for a period of not 

less than seven days by direct application of potable water by means of sprinklers or perforated 

piping.  The water shall be clean and free from any elements that might cause permanent 

discoloration of the concrete.  Application of plastic film or liquid membrane forming curing 

compounds is not acceptable for use on concrete structures designed to contain water. 

D. Curing Methods: Cure concrete by curing compound, by moist curing, by moisture-retaining 

cover curing, or by combining these methods, as specified. 
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E. Provide moisture curing by the following methods: 

1. Keep concrete surface continuously wet by covering with water. 

2. Use continuous water-fog spray 

3. Cover concrete surface with specified absorptive cover, thoroughly saturate cover with 

water, and keep continuously wet.  Place absorptive cover to provide coverage of concrete 

surfaces and edges, with a 4-inch lap over adjacent absorptive covers. 

F. Provide moisture-retaining cover curing as follows: 

1. Cover concrete surfaces with moisture-retaining cover for curing concrete, placed in widest 

practicable width with sides and ends lapped at least 3 inches and sealed by waterproof 

tape or adhesive.  Immediately repair any holes or tears during curing period using cover 

material and waterproof tape. 

G. Apply curing compound on exposed interior slabs and on exterior slabs, walks, and curbs as 

follows: 

1. Apply curing compound to concrete slabs as soon as final finishing operations are complete 

(within 2 hours and after surface water sheen has disappeared).  Apply uniformly in 

continuous operation by power spray or roller according to manufacturer's directions.  

Recoat areas subjected to heavy rainfall within 3 hours after initial application.  Maintain 

continuity of coating and repair damage during curing period. 

2. Use membrane curing compounds that will not affect surfaces to be covered with finish 

materials applied directly to concrete. 

H. Curing Formed Surfaces:  Cure formed concrete surfaces, including underside of beams, 

supported slabs, and other similar surfaces, by moist curing with forms in place for the full curing 

period or until forms are removed.  If forms are removed, continue curing by methods specified 

above, as applicable. 

I. Curing Unformed Surfaces:  Cure unformed surfaces, including slabs, floor topping, and other 

flat surfaces, by applying the appropriate curing method. 

1. Final cure concrete surfaces to receive finish flooring with a moisture-retaining cover, 

unless otherwise directed. 

J. The Contractor shall protect finish surfaces from damage, stains and abrasions.  The concrete 

surfaces including floors and stairs or edges likely to be marred during construction shall be 

protected by leaving the forms in place or covering the concrete in a manner satisfactory to the 

Engineer 

3.13 REMOVING FORMS 

A. General: Formwork not supporting weight of concrete, such as sides of beams, walls, columns, 

and similar parts of the work, may be removed after cumulatively curing at not less than 50 deg 

F (10 deg C) for 3 days after placing concrete, provided concrete is sufficiently hard to not be 

damaged by form-removal operations, and provided curing and protection operations are 

maintained. 
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B. The Engineer will accept a reduction to 24 hours so long as the contractor can demonstrate that 

the concrete will not be damaged by the form removal and the wet curing requirements are 

maintained. 

C. Formwork supporting weight of concrete, such as beam soffits, joists, slabs, and other structural 

elements, may not be removed in less than 14 days or until concrete has attained at least 75 percent 

of design minimum compressive strength at 28 days.  Determine potential compressive strength 

of in-place concrete by testing field-cured specimens representative of concrete location or 

members. 

D. Form-facing material may be removed 4 days after placement only if shores and other vertical 

supports have been arranged to permit removal of form-facing material without loosening or 

disturbing shores and supports. 

3.14 CONCRETE SURFACE REPAIRS 

A. Patching Defective Areas:  Repair and patch defective areas with cement mortar immediately 

after removing forms, when acceptable to Engineer. 

B. Mix dry-pack mortar, consisting of one part Portland cement to 2-1/2 parts fine aggregate passing 

a No. 16 mesh sieve, using only enough water as required for handling and placing. 

1. Cut out honeycombs, rock pockets, voids over 1/4 inch in any dimension, and holes left by 

tie rods and bolts down to solid concrete but in no case to a depth less than 1 inch.  Make 

edges of cuts perpendicular to the concrete surface.  Thoroughly clean, dampen with water, 

and brush-coat the area to be patched with bonding agent.  Place patching mortar before 

bonding agent has dried. 

2. For surfaces exposed to view, blend white Portland cement and standard Portland cement 

so that, when dry, patching mortar will match surrounding color.  Provide test areas at 

inconspicuous locations to verify mixture and color match before proceeding with 

patching.  Compact mortar in place and strike-off slightly higher than surrounding surface. 

C. Repairing Formed Surfaces:  Remove and replace concrete having defective surfaces if defects 

cannot be repaired to satisfaction of Engineer.  Surface defects include color and texture 

irregularities, cracks, spalls, air bubbles, honeycomb, rock pockets, fins and other projections on 

the surface, and stains and other discolorations that cannot be removed by cleaning.  Flush out 

form tie holes and fill with dry-pack mortar or precast cement cone plugs secured in place with 

bonding agent.  Ridges and bulges shall be removed by careful chipping or tooling, followed by 

rubbing with a grinding stone. 

1. Repair concealed formed surfaces, where possible, containing defects that affect the 

concrete's durability.  If defects cannot be repaired, remove and replace the concrete. 

D. Repairing Unformed Surfaces: Unformed Surfaces:  Test unformed surfaces, such as monolithic 

slabs, for smoothness and verify surface tolerances specified for each surface and finish.  Correct 

low and high areas as specified.  Test unformed surfaces sloped to drain for trueness of slope and 

smoothness by using a template having the required slope. 

1. Repair finished unformed surfaces containing defects that affect the concrete's durability.  

Surface defects include crazing and cracks in excess of 0.01 inch wide or that penetrate to 
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the reinforcement or completely through nonreinforced sections regardless of width, 

spalling, popouts, honeycombs, rock pockets, and other objectionable conditions. 

2. Correct high areas in unformed surfaces by grinding after concrete has cured at least 14 

days. 

3. Correct low areas in unformed surfaces during or immediately after completing surface 

finishing operations by cutting out low areas and replacing with patching mortar.  Finish 

repaired areas to blend into adjacent concrete.  Proprietary underlayment compounds may 

be used when acceptable to Engineer. 

4. Repair defective areas, except random cracks and single holes not exceeding 1 inch in 

diameter, by cutting out and replacing with fresh concrete.  Remove defective areas with 

clean, square cuts and expose reinforcing steel with at least 3/4-inch clearance all around.  

Dampen concrete surfaces in contact with patching concrete and apply bonding agent.  Mix 

patching concrete of same materials to provide concrete of same type or class as original 

concrete.  Place, compact, and finish to blend with adjacent finished concrete.  Cure in 

same manner as adjacent concrete. 

E. Repair isolated random cracks and single holes 1 inch or less in diameter by dry-pack method.  

Groove top of cracks and cut out holes to sound concrete and clean of dust, dirt, and loose 

particles.  Dampen cleaned concrete surfaces and apply bonding compound.  Place dry-pack 

before bonding agent has dried.  Compact dry-pack mixture in place and finish to match adjacent 

concrete.  Keep patched area continuously moist for at least 72 hours. 

F. Perform structural repairs with prior approval of Engineer for method and procedure, using 

specified epoxy adhesive and mortar.  If in the process of cutting out defective areas, reinforcing 

bars are exposed, the chipping shall continue until a depth of 2 " behind the exposed 

reinforcement.  The grout shall be installed in strict accordance with the recommendations of the 

manufacturer. 

G. Repair methods not specified above may be used, subject to acceptance of Engineer. 

3.15 CONCRETE STRUCTURES SHRINKAGE CRACK REPAIR PROCEDURE 

A. All concrete structures that are to hold water shall first be cured for 30 days, and then filled with 

clean water and allowed to stand for at least 10 days.  Then, the structure shall be carefully 

examined on the floor and inside and outside surfaces for shrinkage cracks, and other sources of 

seepage or leaks.  All sources of seepage and obvious cracks shall then be repaired. 

B. The repair procedure to be used shall be to drill 5/8” diameter holes diagonally along each crack 

to intercept the crack near the center of the wall.  A high pressure packer shall then be fitted into 

each drill hole, and high pressure water pumped into the packer to clean out the interior of the 

crack, and to minimize the number of holes that must be drilled.  When all the holes that are 

necessary have been drilled and flushed with water, plural component pumping equipment shall 

then be used to inject a dense polyurethane resin to seal the crack. 

C. The repairs shall be conducted by a skilled and experienced contractor that is familiar with this 

procedure, such as Structural Solutions, Wedowee, Alabama. 

D. Within 30 days of the expiration of the one year warranty period on the plant, the Contractor shall 

return to the site, re-inspect all crack repairs, and then rub the entire exterior area where the 
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cracking occurred with neat cement grout and carborumdum stone to remove all visible evidence 

of leaks, cracks, and repairs.  

3.16 QUALITY CONTROL TESTING DURING CONSTRUCTION 

A. General: The Contractor will employ a testing agency to perform tests and to submit test reports 

to the Engineer. 

B. Sampling and testing for quality control during concrete placement may include the following, as 

directed by Engineer. 

1. Sampling Fresh Concrete:  ASTM C 172, except modified for slump to comply with ASTM 

C 94. 

a. Slump: ASTM C 143; one test at point of discharge for each day's pour of each type 

of concrete; additional tests when concrete consistency seems to have changed. 

b. Air Content: ASTM C 173, volumetric method for lightweight or normal weight 

concrete; ASTM C 231, pressure method for normal weight concrete; one for each 

day's pour of each type of air-entrained concrete. 

c. Concrete Temperature: ASTM C 1064; one test hourly when air temperature is 40 

deg F (4 deg C) and below, when 80 deg F (27 deg C) and above, and one test for 

each set of compressive-strength specimens. 

d. Compression Test Specimen: ASTM C 31; one set of four standard cylinders for 

each compressive-strength test, unless otherwise directed.  Mold and store cylinders 

for laboratory-cured test specimens except when field-cured test specimens are 

required. 

e. Compressive-Strength Tests: ASTM C 39; one set for each day's pour exceeding 5 

cu. yd. plus additional sets for each 50 cu. yd. more than the first 25 cu. yd. of each 

concrete class placed in any one day; one specimen tested at 7 days, two specimens 

tested at 28 days, and one specimen retained in reserve for later testing if required. 

2. When frequency of testing will provide fewer than five strength tests for a given class of 

concrete, conduct testing from at least five randomly selected batches or from each batch 

if fewer than five are used. 

3. When total quantity of a given class of concrete is less than 50 cu. yd., Engineer may waive 

strength testing if adequate evidence of satisfactory strength is provided/ 

4. When strength of field-cured cylinders is less than 85 percent of companion 

laboratory-cured cylinders, evaluate current operations and provide corrective procedures 

for protecting and curing the in-place concrete. 

5. Strength level of concrete will be considered satisfactory if averages of sets of three 

consecutive strength test results equal or exceed specified compressive strength and no 

individual strength test result falls below specified compressive strength by more than 500 

psi. 

C. Test results will be reported in writing to Engineer, Structural Engineer, ready-mix producer, and 

Contractor within 24 hours after tests.  Reports of compressive strength tests shall contain the 

Project identification name and number, date of concrete placement, name of concrete testing 

service, concrete type and class, location of concrete batch in structure, design compressive 

strength at 28 days, concrete mix proportions and materials, compressive breaking strength, and 

type of break for both 7-day tests and 28-day tests. 
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D. Nondestructive Testing: Impact hammer, sonoscope, or other nondestructive device may be 

permitted but shall not be used as the sole basis for acceptance or rejection. 

E. Additional Tests: The testing agency will make additional tests of in-place concrete when test 

results indicate specified concrete strengths and other characteristics have not been attained in the 

structure, as directed by Engineer.  Testing agency may conduct tests to determine adequacy of 

concrete by cored cylinders complying with ASTM C 42, or by other methods as directed. 

F. Contractor shall “Wet-Test” all water retaining structures in accordance with Section 01030 

before the structure is backfilled. 

END OF SECTION 03 30 00 
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SECTION 04 00 10 – UNIT MASONRY ASSEMBLIES 

PART 1 - GENERAL 

1.1      SUMMARY 

A. The extent of each type of masonry work is indicated on the Drawings and Schedules. 

B. This Section includes the following: 

1. Concrete unit masonry. 

2. Decorative concrete masonry units. 

3. Standard grey color mortar at painted interior and concealed locations and custom colored 

mortar at exposed exterior and other locations. 

4. Anchors, ties, reinforcing, insulation, masonry accessories, concealed flashings, and steel 

lintels. 

5. Cavity Drainage Material. 

6. Water Repellents: 

a. Field mixed as integral component of all exterior mortar and grout. 

b. Field applied to all completed exterior masonry work. 

1.2      RELATED DOCUMENTS: 

A. Related work specified elsewhere includes: 

1. Section 03 30 00 – Cast-in-Place Concrete 

2. Section 07 21 19 – Foamed-In-Place Insulation 

3. Section 07 92 00 – Joint Sealants 

4. Section 09 96 00 - High-Performance Coatings 

1.3      SYSTEM PERFORMANCE REQUIREMENTS 

A. Provide concrete unit masonry that develops the following installed compressive strengths 

(f'm):   f'm = 1,500 psi. 

1.4      SUBMITTALS 

A. General: 

1. Submit the following in accordance with Conditions of the Contract. 

2. Manufacturer's product data for each different masonry unit, accessory, water repellents, 

and other manufactured product indicated, including certifications that each item and type 

complies with specified requirements. 

a. Include instructions for handling, storage, installation, and protection. 
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B. Shop drawings for reinforcing, if any, detailing fabrication, bending, and placement of unit 

masonry reinforcing bars.  Comply with ACI 315 "Details and Detailing of Concrete 

Reinforcing" showing bar schedules, stirrup spacing, diagrams of bent bars, and arrangement 

of masonry reinforcement. 

C. Samples for initial verification purposes, the following: 

1. Colored masonry mortar samples to coordinate with brick color scheme selected by Owner. 

2. Split face CMU color samples, showing full extent of colors and variations anticipated, for 

each standard and special shape unit. 

1.5      QUALITY ASSURANCE 

A. Fire Performance Characteristics: Where indicated, provide materials and construction identical 

to those of assemblies whose fire resistance has been determined per ASTM E 119 by a testing 

and inspecting organization, by equivalent concrete masonry thickness, or by another means, as 

acceptable to authorities having jurisdiction. 

B. Single-Source Responsibility for Masonry Units: Obtain exposed masonry units of uniform 

texture and color, or a uniform blend within the ranges accepted for these characteristics, from 

one manufacturer for each different product required for each continuous surface or visually 

related surfaces. 

C. Single-Source Responsibility for Mortar Materials: Obtain mortar ingredients of uniform 

quality, including color for exposed masonry, from one manufacturer for each cementitious 

component and from one source and producer for each aggregate. 

D. Single-Source Responsibility for Water Repellents: Obtain integrated applied water repellents 

from a single manufacturer for the entire project. 

1. Verify full compatibility with any other coatings, fluid applied waterproofing, etc., prior to 

application of this and other products.  Notify Engineer in writing and in detail, of any 

incompatible products, prior to any application, and await Engineer’s written direction on 

how to proceed. 

E. Field-Constructed Mock-Ups:   Prior to installation of unit masonry (min 30 days), erect 

sample wall panels to further verify selections made under sample submittals and to 

demonstrate aesthetic effects as well as qualities of materials and execution.  Build mock-ups 

to comply with the following requirements, using materials indicated for final unit of Work: 

1. Locate mock-ups on site in locations indicated or, if not indicated, as directed by Engineer. 

2. Build mock-ups for the following types of masonry in sizes of approximately 4 feet long by 

4 feet high by full thickness, including face and backup wythes as well as accessories. 

a. Each type of exposed unit masonry construction, utilizing mortar color and joint detail 

selected and/or specified. 

b. Incorporate integral and applied water repellents, the same as required for the 

completed work. 

3. Notify Engineer one week in advance of the dates and times when mock-ups will be 

erected. 
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4. Protect mock-ups from the elements with weather-resistant membrane. 

5. Retain and maintain mock-ups during construction in undisturbed condition as standard for 

judging completed unit masonry construction. 

a. When directed, demolish and remove mock-ups from Project site. 

F. Subcontractors: 

1. Subcontractors shall have been established in their own firms for at least 5 verifiable years 

and shall have successfully completed at least 4 verifiable projects of this size, scope, and 

complexity.  Furnish names and telephone numbers of General Contractors for each project 

submitted for consideration of experience requirements. 

1.6      DELIVER, STORAGE, AND HANDLING 

A. Deliver masonry materials to project in undamaged condition. 

B. Store and handle masonry units off the ground, under cover, and in a dry location to prevent 

their deterioration or damage due to moisture, temperature changes, contaminants, corrosion, 

and other causes.  If units become wet, do not place until units are in an air-dried condition. 

C. Store cementitious materials and insulation off the ground, under cover, and in dry location. 

D. Store aggregates where grading and other required characteristics can be maintained and 

contamination avoided. 

E. Store masonry accessories including metal items to prevent corrosion and accumulation of 

dirt and oil. 

F. Store water repellents in strict accordance with manufacturer's written recommendations, off of 

ground, under cover, and otherwise as required to protect from damage, contamination, etc. 

1.7      PROJECT CONDITIONS 

A. Protection of Masonry: 

1. During erection, cover tops of walls, projections, and sills with waterproof sheeting at end 

of each day's work.  Cover partially completed masonry when construction is not in 

progress. 

2. Extend cover a minimum of 24 inches down both sides and hold cover securely in place. 

3. Where one wythe of multi-wythe masonry walls is completed in advance of other wythes, 

secure cover a minimum of 24 inches down face next to unconstructed wythe and hold 

cover in place. 

B. Do not apply uniform floor or roof loads for at least 12 hours and concentrated loads for at 

least 3 days after building masonry walls or columns. 

C. Stain Prevention: 
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1. Prevent grout, mortar, and soil from staining the face of masonry to be left exposed, 

painted, and/or to receive any other coatings.  Remove immediately any grout, mortar, and 

soil that come in contact with such masonry. 

2. Protect base of walls from rain-splashed mud and mortar splatter by means of coverings 

spread on ground and over wall surface, until landscaping or other improvements indicated 

adjacent to completed masonry work are in place. 

3. Protect sills, ledges, and projections from mortar droppings. 

4. Protect surfaces of window and door frames, as well as similar products with painted and 

integral finishes from mortar droppings, coatings, water repellents, and/or any other 

damage. 

D. Clean Air Space: 

1. Prevent grout and mortar from occurring in, bridging, forming ledges, and/or filling air 

space between masonry and back-up walls. 

2. Remove excess grout and mortar flush with back side of masonry as work progresses, using 

trowel, board pulled up through air space, or other effective and acceptable method(s), pre-

approved by Engineer. 

E. Cold-Weather Construction: Comply with referenced unit masonry standard for cold-weather 

construction and the following: 

1. Do not lay masonry units that are wet or frozen. 

2. Remove masonry damaged by freezing conditions. 

F. Hot-Weather Construction: Comply with referenced unit masonry standard, or applicable 

Building Code requirements. 

G. Thoroughly clean and rinse all masonry prior to application of water repellents, water-

proofing, coatings, paint, etc.  Comply with written recommendations of each manufacturer of 

products to be applied to masonry work. 

PART 2 - PRODUCTS  

2.1      MATERIALS, GENERAL 

A. Comply with referenced unit masonry standard and other requirements specified in this 

Section applicable to each material indicated. 

2.2      CONCRETE MASONRY UNITS 

A. General: 

1. Comply with requirements indicated below applicable to each form of concrete masonry 

unit required. 

2. Provide special shapes where indicated and as follows: 

a. For lintels, corners, jambs, sash, control joints, headers, bonding, and other special 

conditions. 
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b. Square-edged units for outside corners, except where indicated as bullnose, or 

otherwise required. 

3. Size: Provide concrete masonry units complying with requirements indicated below for size 

that are manufactured to specified face dimensions within tolerances specified in the 

applicable referenced ASTM specification for concrete masonry units. 

4. Concrete Masonry Units: 

a. Manufacturer's standard 16-inches long x 8-inches x 8-inches nominal dimension, 

unless indicated otherwise on Drawings. 

b. Provide manufactured 1/4-notched foundation block and other preformed shapes, if 

any, as indicated on the Drawings. 

5. Concrete Building Brick: Standard Modular, 3-5/8-inches wide by 2-1/4-inches high by 

7-5/8-inches long. 

6. Exposed Faces: Manufacturer's standard color and texture, unless otherwise indicated. 

B. Hollow Load-Bearing Concrete Masonry Units - (CMU): 

1. ASTM C 90, Grade N, Type 1. 

2. Unit Compressive Strength:   Provide units with minimum average net area compressive 

strength of 1,900 psi. 

3. Weight Classification:   Lightweight, at above-grade locations. 

4. Weight Classification:   Normal weight, at below-grade locations. 

C. Concrete Building Brick: 

1. ASTM C 55, Grade N, Type 1. 

2. Unit Compressive Strength:   Provide units with minimum average net area compressive 

strength of 3,500 psi. 

3. Weight Classification:   Lightweight. 

B. Decorative CMUs: ASTM C90. 

1. Density Classification: Normal weight. 

2. Size (Width): Manufactured to dimensions specified in "CMUs" Paragraph. 

3. Pattern and Texture: 

1. Standard pattern, split-face finish. 

(ii) Colors: As selected by Engineer from manufacturer's full range. 

2.3      MORTAR AND GROUT MATERIALS 

A. Portland Cement for Grout: ASTM C 150, Type I or II, except Type III may be used for 

cold-weather construction. Provide natural color or white cement as required to produce 

required mortar color. 

B. Masonry Cement: 

1. ASTM C 91. 
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2. For colored pigmented mortars use premixed colored masonry cements of formulation 

required to produce color to match that at existing facilities indicated. 

C. Sand:   ASTM C 144. 

D. Hydrated Lime:   ASTM C 207, Type S. 

E. Aggregate for Mortar: 

1. ASTM C 144, except for joints less than 1/4 inch use aggregate graded with 100 percent 

passing the No. 16 sieve. 

2. White Mortar Aggregates:  Natural white sand or ground white stone. 

F. Aggregate for Grout:  ASTM C 404. 

G. Colored Mortar Pigments: Natural and synthetic iron oxides and chromium oxides, 

compounded for use in mortar mixes.  Use only pigments with record of satisfactory 

performance in masonry mortars. 

H. Water:  Clean and potable. 

2.4      REINFORCING STEEL 

A. General:   Provide reinforcing steel complying with requirements of referenced unit masonry 

standard and this article. 

B. Steel Reinforcing Bars:   Billet steel complying with ASTM A 615. 

2.5      JOINT REINFORCEMENT 

A. General: 

1. Provide joint reinforcement complying with requirements of referenced unit masonry 

standards and this article, formed from the following: 

2. Galvanized carbon steel wire, coating class as required by referenced unit masonry standard 

for application indicated, complying with ASTM A 82, hot-dipped galvanized after 

fabrication to comply with ASTM A 153, class B-2 coating (1.5 ounces per square foot). 

B. Description: Provide welded-wire units prefabricated with deformed continuous side rods and 

plain cross rods into straight lengths of not less than 10 feet in widths approximately 2 inches 

less than nominal width of walls and partitions, as required for full mortar embedment and 

mortar coverage of not less than 5/8 inch at exterior sides and not less than 1/2 inch elsewhere; 

with prefabricated corner and tee units, and complying with requirements indicated below, 

unless otherwise indicated: 

1. Wire Diameter for Side Rods:  09 gage 

2. Wire Diameter for Cross Rods:  0.1483 inch (9 gage). 

3. For single-wythe CMU masonry provide type as follows with single pair of side rods: 

a. Truss design with continuous diagonal cross rods spaced not more than 16 inches o.c. 
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4. For multi-wythe masonry provide type as follows: 

a. Truss design with diagonal cross rods spaced not more than 16 inches o.c. and number 

of side rods as follows: 

1) Number of Side Rods for Multi-wythe Concrete Masonry:  One side rod for each 

face shell of hollow masonry units more than 4 inches in nominal width plus one 

side rod for each wythe of masonry 4 inches or less in nominal width. 

C. Manufacturers:   Subject to compliance with requirements, provide joint reinforcement by one 

of the following: 

1. AA Wire Products Co. 

2. Dur-O-Wal, Inc. 

3. Heckman Building Products, Inc. 

4. Hohmann & Barnard, Inc. 

5. Masonry Reinforcing Corp. of America. 

6. National Wire Products Industries. 

7. Southern Construction Products, Inc. 

2.6      TIES AND ANCHORS, GENERAL 

A. General: Provide ties and anchors specified in subsequent articles that comply with 

requirements for metal and size of referenced unit masonry standards and of this article. 

B. Galvanized Carbon Steel Wire: 

1. ASTM A 82, coating class as required by referenced unit masonry standard for application 

indicated. 

2. Wire Diameter:  0.1875 inch. 

C. Galvanized Steel Sheet as follows: ASTM A 366 (commercial quality) cold-rolled carbon steel 

sheet hot-dip galvanized after fabrication to comply with ASTM A 153, Class B2 (for unit 

lengths over 15 inches) and Class B3 (for unit lengths under 15 inches), for sheet metal ties and 

anchors exposed to the weather and not completely embedded in mortar and grout. 

D. Thickness of Steel Sheet Galvanized After Fabrication: Uncoated thickness of steel sheet 

hot-dip galvanized after fabrication: 

1. 0.0598 inch (16 gage). 

E. Steel Plates and Bars: ASTM A 36, hot-dip galvanized to comply with ASTM A 123 or ASTM 

A 153, Class B3, as applicable to size and form indicated. 

F. Manufacturers: Subject to compliance with requirements, provide products by one of the 

following: 

1. AA Wire Products Co. 

2. Dur-O-Wal, Inc. 

3. Heckman Building Products, Inc. 

4. Hohmann & Barnard, Inc. 
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5. Masonry Reinforcing Corp. of America. 

6. National Wire Products Industries. 

7. Southern Construction Products, Inc. 

2.7      ADJUSTABLE ANCHORS, FOR CONNECTING MASONRY TO STRUCTURAL 

FRAMEWORK 

A. General: Two-piece assemblies as described below allowing vertical or horizontal differential 

movement between wall and framework parallel to plane of wall, but resisting tension and 

compression forces perpendicular to it. 

B. For anchorage to new concrete, provide manufacturer's standard with dovetail anchor section 

formed from sheet metal and triangular-shaped wire tie section sized to extend within 1-inch of 

masonry face and 16-inches o.c. vertically and 24-inches o.c. horizontally (minimum). 

C. For anchorage to steel framework provide manufacturer's standard anchors with crimped 

1/4-inch-diameter wire anchor section for welding to steel and triangular-shaped wire tie section 

sized to extend within 1-inch of masonry face and 24-inches o.c. vertical (minimum): 

1. Wire Diameter:  0.1875 inch. 

2.8      RIGID ANCHORS AT LOCATIONS INDICATED OR REQUIRED 

A. Provide straps of form and length indicated, or required (if any), fabricated from metal strips 

1-1/2-inches wide by 1/4-inch thick. 

2.9      MISCELLANEOUS ANCHORS AT LOCATIONS INDICATED OR AS REQUIRED BY 

PROJECT CONDITIONS 

A. Unit Type Masonry Inserts new in Concrete: Cast iron or malleable iron inserts of type and size 

indicated. 

B. Dovetail Slots for New Concrete:   Furnish dovetail slots, with filler strips, of slot size indicated, 

fabricated from 0.0336-inch (22-gage) galvanized sheet metal. 

C. Anchor Bolts: Steel bolts complying with A 307, Grade A; with ASTM A 563 hex nuts and, 

where indicated, flat washers; hot-dip galvanized to comply with ASTM A 153, Class C; of 

diameter and length indicated and in the following configurations, as indicated on the Drawings, 

or if not indicated, as required for the intended use: 

1. Headed bolts. 

2. Nonheaded bolts, straight. 

3. Nonheaded bolts, bent in manner indicated. 

2.10      ADJUSTABLE MASONRY VENEER ANCHORS FOR CONNECTING MASONRY TO 

METAL STUDS AND WHERE THRU-WALL JOINT REINFORCING CANNOT BE USED 
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A. General: Provide 2-piece assemblies where required (if any), allowing vertical or horizontal 

differential movement between wall and framework parallel to plane of wall, but resisting 

tension and compression forces perpendicular to it; for attachment over sheathing to metal 

studs or masonry back-up and with the following structural performance characteristics: 

1. Structural Performance Characteristics:    Capable of withstanding a 100-lbf load in either 

tension or compression without deforming over, or developing play in excess of, 0.05-

inch. 

B. Screw-Attached (to studs) and expansion anchor attached (to existing masonry back-up) 

Masonry Veneer Anchors: 

1. Units consisting of wire tie section and metal anchor section complying with the 

following requirements: 

a. Wire Tie Shape:  Z-shaped pintel. 

b. Wire Tie Length:  As required to extend 1-1/2-inches into masonry wythe of veneer 

face. 

2. Anchor Section:  16-gauge sheet metal plate, with screw hole(s) at top and outward legs 

bent to form leg to bridge insulation and abut studs, or masonry; of overall size as 

required for intended application. 

C. Steel Drill Screws for Steel Studs or Masonry: ASTM C 954 except manufactured with hex 

washer head and neoprene washer, #10 diameter by length required to penetrate steel stud 

flange by not less than 3-exposed threads, and masonry but not less than 1-inch, and with 

corrosion protective coating; as recommended by manufacturer for the intended use. 

D. Products: Subject to compliance with requirements, provide products of one of the following 

manufacturers: 

1. Jim Taylor, Inc./Ty-wal. 

2. National Wire Products Industries/Pos-i-tie. 

3. Elco Industries/Tapcon 

4. Hilti Corporation 

5. Rawl Plug Co., Inc. (Zamac Nail-in anchor system, additional acceptable fasteners for 

masonry veneer and some other anchors). 

E. Galvanize all components 

2.11      POST-INSTALLED ANCHORS, WHERE INDICATED OR AS REQUIRED 

A. Anchors as described below, with capability to sustain, without failure, load imposed within 

factors of safety indicated, as determined by testing per ASTM E 488, conducted by a qualified 

independent testing laboratory. 

1. Type:  Expansion anchors. 

2. Material: Zinc-plated carbon steel, hot-dipped galvanized after fabrication, or Zamac, or 

other non-corrosive or coated material in compliance with requirements and submitted for 

prior approval. 
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3. For post-installed anchors in grouted concrete masonry units:  Capability to sustain, without 

failure, a load equal to 6-times loads imposed by masonry. 

2.12      EMBEDDED FLASHING MATERIALS 

A. Rubberized Asphalt and Cross-Laminated Polyethylene Film Composite Sheet Flashing: 

1. Flexible sheet flashings especially formulated from rubberized asphalt and composite with 

materials, to remain flexible and waterproof in concealed masonry applications, black in 

color and of thickness indicated below: 

a. Thickness:  40-mils. 

2. Product/Manufacturer:  "Perm-A-Barrier," as manufactured by W. R. Grace & Co., or pre-

approved equivalent submitted at least 14-days prior to original Bid Date and subsequently 

approved, including mastic, and where required companion surface conditioner product, 

and all other materials and components required. 

3. Application:  Use where flashing is fully concealed in masonry, including in part, wall 

flashing, below parapets, wall caps and sills, at lintels, above grade weeps at base of 

exterior walls, etc. 

B. Adhesive for Flashings: Bituthene mastic, except when other type recommended by 

manufacturer of flashing material for use indicated. 

2.13      MISCELLANEOUS MASONRY ACCESSORIES 

A. Nonmetallic Expansion Joint Strips: Pre-molded filler strips complying with ASTM D 1056, 

Type 2 (closed cell), Class A (cellular rubber and rubber-like materials with specific resistance 

to petroleum base oils), Grade 1 (compression-deflection range of 2-5 psi), compressible up to 

35 percent, of width and thickness indicated, formulated from the following material: 

1. Flexible Cellular Neoprene. 

B. Preformed Control Joint Gaskets: 

1. Material as indicated below, designed to fit standard sash block and to maintain lateral 

stability in masonry wall; size and configuration as indicated, or if not indicated, T-shape 

(or other special shapes required by project conditions to fit inside sash block, and of depth 

through joint to allow proper sealant application with only one backer rod. 

2. Styrene-Butadiene Rubber Compound:   ASTM D 2000, Designation 2AA-805. 

C. Bond Breaker Strips: Asphalt-saturated organic roofing felt complying with ASTM D 226, 

Type I (No. 15 asphalt felt). 

D. Weep Holes, provide the following: Cotton sash cord; 3/8-inch outside diameter by length(s) as 

required to overlap cord 2-inches past adjacent weep hole at bottom of air space at interior wall 

cavity, extend through exterior wythe(s), and 4-inches on exterior side - until water repellent is 

applied and excess is trimmed flush with raked mortar joint at flashing. 

1. Wet cord prior to embedding in mortar. 
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2.14      MASONRY CLEANERS 

C. Proprietary Buffered Acidic Cleaner: Manufacturer's standard-strength cleaner designed for 

removing mortar/grout stains, efflorescence, and other new construction stains from new 

masonry without discoloring or damaging masonry surfaces. Use product expressly approved 

for intended use by cleaner manufacturer and manufacturer of masonry units being cleaned. 
 

1. Manufacturers: Subject to compliance with requirements, provide products by one of the 

following: 

1) Diedrich Technologies, Inc. 

2) EaCo Chem, Inc. 

3) ProSoCo, Inc. 

4) Or Approved Equal. 

B. Chemical Applicator must be trained and use equipment approved by the chemical 

manufacturer 

2.15      MORTAR AND GROUT MIXES 

A. General: 

1. Do not add admixtures including coloring pigments, air-entraining agents, accelerators, 

retarders, water repellent agents, antifreeze compounds, or other admixtures, unless 

otherwise indicated. 

2. Do not use calcium chloride in mortar or grout. 

B. Mixing:  Combine and thoroughly mix cementitious, water and aggregates in a mechanical 

batch mixer; comply with referenced ASTM standards for mixing time and water content. 

C. Mortar for Unit Masonry: 

1. Comply with ASTM C 270, Proportion Specification, for types of mortar required, unless 

indicated otherwise. 

2. Use type M mortar for masonry below grade and in contact with earth, and where indicated. 

3. Use type S mortar for reinforced masonry and where indicated. 

4. Use type S mortar for exterior, above-grade load-bearing and non-loadbearing walls and 

parapet walls; for interior load-bearing walls; for interior non-loadbearing partitions, and for 

other applications where another type is not indicated. 

D. Mortar Colors: To coordinate with brick and block veneer color selections as approved by 

Owner. 

E. Grout for Unit Masonry: 

1. Comply with ASTM C 476 for grout for use in construction of reinforced and 

nonreinforced unit masonry.  Use grout of consistency indicated or if not otherwise 

indicated, of consistency (fine or coarse) at time of placement which will completely fill all 

spaces intended to receive grout. 

2. Use fine grout in grout spaces less than two inches (2") in horizontal direction, unless 

otherwise indicated. 

http://www.specagent.com/LookUp/?uid=123456895187&amp;mf&amp;src=wd
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3. Use coarse grout in grout spaces two inches (2") or more in least horizontal dimension, 

unless otherwise indicated. 

2.16      DRAINAGE FILL FOR CAVITY WALLS 

A. General: 

1. Provide drainage fill at flashing locations in cavity walls and where shown. 

B. Manufacturers: 

1. Spycor Building Products – Mount Pleasant, SC (MBII Mortar Break) 

2. MasonPro – Northville, MI (Pronet DT) 

3. Approved Equal 

B. Drainage Fill System. 

1. Polymer Core geomatrix woven into a 1.5” thick mat with approximate installed depth 

of  10 inches. 

2.17      WATER REPELLENT 

A. Provide from a manufacturer and by an applicator complying with experience requirements in 

"Special Conditions," as follows:   40% Silane Solution in alcohol carrier. 

B. Submit for approval prior to application. 

C. Application rate not to exceed 125 SF per gallon. 

PART 3 - EXECUTION  

3.1      EXAMINATION 

A. Examine conditions, with Installer present, for compliance with requirements for installation 

tolerances and other specific conditions, and other conditions affecting performance of unit 

masonry. 

1. For the record, prepare written report, endorsed by Installer, listing conditions detrimental 

to performance of unit masonry, if any. 

B. Examine rough-in and built-in construction to verify actual locations of other or related work, 

prior to installation. 

C. Do not proceed until any unsatisfactory conditions have been corrected. 

3.2      INSTALLATION, GENERAL 
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A. Comply with referenced unit masonry standards and other requirements indicated, applicable to 

each type of installation included in Project. 

B. Thickness: Build cavity and composite walls and other masonry construction to the full 

thickness shown.  Build single-wythe walls to the actual thickness of the masonry units, using 

units of nominal thickness indicated. 

C. Build chases and recesses as shown or required to accommodate items specified in this and 

other Sections of the Specifications.  Provide not less than 8 inches of masonry between chase 

or recess and jamb of openings and between adjacent chases and recesses. 

D. Leave openings for equipment to be installed before completion of masonry.  After installation 

of equipment, complete masonry to match construction immediately adjacent to the opening. 

E. Cut masonry units with motor-driven saws to provide clean, sharp, unchipped edges.  Cut units 

as required to provide continuous pattern and to fit adjoining construction.  Use full-size units 

without cutting where possible. 

1. Use dry cutting saws to cut concrete masonry units. 

F. Wetting Clay Brick:  Wet brick made from clay or shale which have ASTM C 67 initial rates of 

absorption (suction) of much than 30 grams per 30 sq. in. per minute.  Use wetting methods 

which ensure each clay masonry unit being nearly saturated but surface dry when laid. 

G. Do not wet concrete masonry units. 

H. Cleaning Reinforcing: Before placing, remove loose rust, ice and other coatings from 

reinforcing. 

I. Wet sash cord weeps prior to embedding in mortar, so it will not draw water out of mortar. 

3.3      CONSTRUCTION TOLERANCES – REQUIRED FOR ACCEPTANCE 

A. Comply with construction tolerances of referenced unit masonry standards. 

B. Variation from Plumb: For vertical lines and surfaces of columns, walls and arises do not 

exceed 1/4-inches in 10-feet, or 3/8-inches in a story height not to exceed 20-feet, nor 1/2-

inches in 40-feet or more.  For external corners, expansion joints, control joints, and other 

conspicuous lines, do not exceed 1/4-inches in any story or 20-feet maximum, nor 1/2-inch in 

40-feet or more.  For vertical alignment of head joints do not exceed plus or minus 1/4-inches in 

10-feet, 1/2-inch maximum. 

C. Variation from Level:  For bed joints and lines of exposed lintels, sills, parapets, horizontal 

grooves and other conspicuous lines, do not exceed 1/4-inches in any bay or 20-feet maximum, 

nor 1/2-inches in 40' or more.  For top surface of bearing walls do not exceed 1/8-inches 

between adjacent floor elements in 10' or 1/16" within width of a single unit. 

D. Variation of Linear Building Line:    For position shown in plan and related portion of columns, 

walls and partitions, do not exceed 1/2" in any bay or 20' maximum, nor 3/4" in 40' or more. 
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E. Variation in Cross Sectional Dimensions:   Do not exceed bed joint thickness indicated by more 

than plus or minus 1/8".  Do not exceed head joint thickness indicated by more than plus or 

minus 1/8". 

3.4      LAYING MASONRY WALLS 

A. Lay out walls in advance for accurate spacing of surface bond patterns with uniform joint 

widths and for accurate locating of openings, movement-type joints, returns, and offsets.  

Avoid the use of less-than-half-size units at corners, jambs, and where possible at other 

locations. 

B. Layup walls to comply with specified construction tolerances, with courses accurately spaced 

and coordinated with other construction. 

C. Bond Pattern for Exposed Masonry:  Lay exposed masonry in the following bond pattern; do 

not use units with less that nominal 4-inch horizontal face dimensions at corners or jambs. 

1. Running bond, unless otherwise indicated on Drawings. 

D. Lay concealed masonry with all units in a wythe in running bond or bonded by lapping not less 

than 2 inches.  Bond and interlock each course of each wythe at corners.  Do not use units with 

less than nominal 4-inch horizontal face dimensions at corners or jambs. 

E. Stopping and Resuming Work: In each course, rack back 1/2-unit length in each course; do not 

tooth.  Clean exposed surfaces of set masonry, wet masonry units lightly (if required), and 

remove loose masonry units and mortar prior to laying fresh masonry. 

F. Built-In Work: 

1. As construction progresses, build-in items specified under this and other Sections of the 

Specifications.  Fill in solidly with masonry around built-in items. 

2. Fill space between hollow metal frames and masonry solidly with mortar, unless 

otherwise indicated. 

3. Where built-in items are to be embedded in cores of hollow masonry units, place a layer 

of zinc expanded metal lath in the joint below and rod mortar or grout into core. 

4. Fill cores in hollow concrete masonry units with grout 3 courses (24 inches) under 

bearing plates, beams, lintels, posts, and similar items, unless otherwise indicated. 

G.  Build non-load-bearing interior partitions full height of story to underside of sold floor or roof 

structure above unless otherwise indicated. 

1. Install compressible filler in joint between top of partition and underside of structure 

above. 

2. Fasten partition top anchors to structure above and building into top of partition. Grout 

cells of CMUs solidly around plastic tubes down into grout to provide ½-in clearance 

between end of anchor rod and end of tube. Space anchors 48 inches o.c. unless 

otherwise indicated.  

3.5      MORTAR BEDDING AND JOINTING 
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A. Lay hollow concrete masonry units as follows: 

1. With full mortar coverage on horizontal and vertical face shells and cross webs. 

2. Bed webs in mortar in starting course on footings and in all courses of walls, piers, 

columns, and pilasters, and where adjacent to cells or cavities to be filled with grout. 

3. For starting course on footings where cells are not grouted, spread out full mortar bed 

including areas under cells. 

B. Cut joints flush for masonry walls to be concealed or to be covered by base, crown moulding, 

and/or other materials, unless otherwise indicated. 

C. Tool all joints in exposed exterior work as follows: 

1. Tooled slightly concave with a tool of at least 50% but no more than 100% larger than joint 

width, at CMU and concealed masonry. 

D. Tool all joints in all interior work as follows: 

1. Tooled same as for CMU and concealed masonry at exterior. 

2. Struck smooth behind base and crown mouldings. 

E. Maintain joint widths of 3/8 inch, except for minor variations required to maintain bond 

alignment, or as otherwise required to align with or mach adjacent existing work. 

F. Collar Joints:   After each coarse is laid, fill vertical longitudinal joint between wythes solidly 

with mortar, for the following work: 

1. Exterior walls, except where clear air space above flashing is indicated. 

2. Interior bearing walls. 

3.6      STRUCTURAL BONDING OF MULTI-WYTHE MASONRY 

A. Use continuous horizontal joint reinforcement installed in horizontal mortar joints for bond tie 

between wythes, at 16 inches o.c. vertically (maximum) at running bond and 8 inches o.c. 

(maximum) at stacked bond. 

B. Corners: 

1. Provide interlocking masonry unit bond in each course at corners, unless otherwise shown. 

2. Provide continuity with horizontal joint reinforcement at corners using prefabricated "L" 

units, in addition to masonry bonding. 

C. Intersecting and Abutting Walls: 

1. Unless vertical expansion or control joints are shown or necessary at juncture, provide same 

type of bonding specified for structural bonding between wythes and space as follows: 

2. Provide individual metal ties to columns and stud walls, at 16 inches o.c. vertically 

(maximum). 

a. Provide additional anchors within 1'-0" of openings and at intervals around perimeter 

not exceeding 3'-0" o.c. 
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3. Provide continuity with horizontal joint reinforcement using prefabricated "T" units. 

4. Provide continuous dovetail slots, with anchors at 16 inches o.c. maximum vertically and 

24 inches o.c., at new concrete back-up walls, columns, etc. 

3.7      MASONRY CAVITY WALL AND MASONRY – CELL INSULATION 

A. Provide a thermal and acoustical amino-plast foam insulation inside unit masonry cells 

according to Section 07 21 19 – Foamed-In-Place Insulation. 

3.8      CAVITIES/AIR SPACES 

A. Keep cavities/air spaces clean of mortar droppings and other materials during construction.  

Strike joints facing cavities/air spaces flush. 

1. Where not possible and at metal studs, tie exterior wythe to backup with individual metal 

ties spaced not more than 16 inches o.c. vertically and 24" o.c. horizontally.  Stagger 

alternate courses. 

B. Provide weepholes in exterior wythe of new cavity walls, located immediately above ledges and 

flashing, spaced 32 inches o.c. unless otherwise indicated. 

C. Tie exterior wythe to backup and multi-wythe walls with continuous horizontal joint reinforcing 

at 16 inches o.c. vertically. 

3.9      HORIZONTAL JOINT REINFORCEMENT 

A. General: Provide continuous horizontal joint reinforcement as indicated and as required by 

Code, but not more than 16 inches o.c. vertically at running bond and 8 inches o.c. vertically at 

stacked bond.  Install longitudinal side rods in mortar for their entire length with a minimum 

cover of 5/8 inch on exterior side of walls, 1/2 inch elsewhere.  Lap reinforcing a minimum of 6 

inches. 

B. Cut or interrupt joint reinforcement at control and expansion joints, unless otherwise indicated. 

C. Provide continuity at corners and wall intersections by use of prefabricated "L" and "T" 

sections.  Cut and bend reinforcement units as directed by manufacturer for continuity at 

returns, offsets, column fireproofing, pipe enclosures, and other special conditions. 

D. Reinforce masonry openings greater than 1'-0" wide, with horizontal joint reinforcement placed 

in 2 horizontal joints approximately 8" apart, immediately above the lintel and immediately 

below the sill.  Extend reinforcement a minimum of 2’-0" beyond jambs of the opening except 

at control joints. 

3.10      ANCHORING MASONRY WORK 

A. Anchor masonry to structural members where masonry abuts or faces structural members to 

comply with the following: 
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1. Provide an open space not less than 1 inch in width between masonry and structural 

member, unless otherwise indicated.  Keep open space free of mortar or other rigid 

materials. 

2. Anchor masonry to structural members with flexible anchors which allow 4-way movement 

embedded in masonry joints and attached to structure. 

3. Space anchors as indicated, but not more than 16 inches o.c. vertically and 24 inches o.c. 

horizontally. 

B. Anchor single-wythe masonry veneer to studs with masonry veneer anchors to comply with the 

following requirements: 

1. Fasten each anchor section through sheathing to studs with 2 metal fasteners of type 

indicated. 

2. Embed tie section in masonry joints.  Provide not less than 1-inch air space between back of 

masonry veneer wythe and face of sheathing. 

3. Locate anchor section relative to course in which tie section is embedded to allow 

maximum vertical differential movement of tie up and down. 

4. Space anchors as indicated but not more than 16 inches o.c. vertically and 24 inches o.c. 

horizontally with not less than one anchor for each 2 sq. ft. of wall area.  Install additional 

anchors within 1'-0" of openings and at intervals around perimeter not exceeding 3'-0" o.c. 

3.11      CONTROL AND EXPANSION JOINTS 

A. General: Install control and expansion joints in unit masonry where existing in floor slabs, 

walls, and roof, and as required (or otherwise indicated).  Build in related items as the masonry 

progresses.  Do not form a continuous span through movement joints unless provisions are 

made to prevent in-plane restraint of wall or partition movement. 

B. Form control joints in concrete masonry as follows: Install preformed control joint gaskets 

designed to fit standard sash block.  Fill recesses with backer rod and flexible sealant, as 

specified in Section 07 92 00 - Joint Sealers. 

C. Where not otherwise indicated, provide control joints at straight runs of masonry walls, not to 

exceed 30'-0" o.c. at exterior walls and 40'-0" o.c. at interior walls.  Obtain prior approval from 

Engineer for specific locations. 

3.12      LINTELS 

A. Install galvanized steel lintels where indicated. 

B. Provide masonry lintels where shown and wherever openings of more than 1'-0" for brick size 

units and 2'-0" for block size units are shown without structural steel or other supporting lintels.  

Provide precast or formed-in-place masonry lintels.  Cure precast lintels before handling and 

installation.  Temporarily support formed-in-place lintels. 

1. For hollow concrete masonry unit walls, use specially formed bond beam units with 

reinforcement bars placed as indicated and filled with coarse grout. 

C. Provide minimum bearing of 8 inches at each jamb, unless otherwise indicated. 
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1. Unless indicated otherwise, fill jamb cells with concrete, from structure below up to bottom 

of lintel bearing, 8 inches wide x wall thickness minimum. 

3.13      FLASING/WEEP HOLES 

A. General: Install embedded concealed flashing and weep holes in masonry at shelf angles, lintels, 

ledges, other obstructions to the downward flow of water in exterior walls, and where indicated. 

B. Prepare masonry surfaces so that they are smooth and free from projections that could puncture 

flashing.  Place through-wall flashing on sloping bed of mortar and cover with mortar.  Seal 

penetrations in flashing with adhesive/sealant/tape, as recommended by flashing manufacturer 

before covering with mortar. 

1. Where indicated or required by manufacturer, provide continuous seal at top edge, using 

their recommended materials. 

C. Install flashings as follows: 

1. At lintels and shelf angles, extend flashing a minimum of 4 inches (nominal) into masonry 

at exterior end.  Extend flashing from exterior face of outer wythe of masonry, through the 

outer wythe, turned up a minimum of 4 inches, and seal to the interior face of the back-up 

wall. 

2. At heads and sills, extend flashing as specified above unless otherwise indicated but turn up 

ends not less than 2 inches to form a pan. 

3. Cut off flashing 1/2-inch from exterior face of wall and rake joint in accordance with 

flashing manufacturer's requirements. 

4. Comply with manufacturer's instructions and recommendations. 

5. Seal top edge of flashing with manufacturer's recommended product. 

D. Install weep holes, in the head joints in exterior wythes of the first course of masonry 

immediately above embedded flashings and as follows: 

1. Form weep holes with product specified in 2.14. 

2. Space weep holes 32 inches o.c., unless otherwise indicated. 

3. Wet cotton sash cord prior to embedding in mortar. 

 

3.14      INSTALLATION OF REINFORCED UNIT MASONRY 

A. General:  Install reinforced unit masonry to comply with requirements of referenced unit 

masonry standards, and as indicated on the Drawings. 

3.15      REPARING, POINTING, AND CLEANING 

A. Remove and replace masonry units that are loose, chipped, broken, stained, or otherwise 

damaged or if units do not match adjoining units.  Install new units to match adjoining units and 

in fresh mortar or grout, pointed to eliminate evidence of replacement. 
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B. Pointing: During the tooling of joints, enlarge any voids or holes, except weep holes, and 

completely fill with mortar.  Point-up all joints including corners, openings, and adjacent 

construction to provide a neat, uniform appearance, prepared for application of sealants. 

C. Final Cleaning - After mortar is thoroughly set and cured, clean exposed masonry as follows:  

1. Remove large mortar particles by hand with wooden paddles and nonmetallic scrape hoes 

or chisels. 

2. Test cleaning methods on sample wall panel; leave 1/2 panel un-cleaned for comparison 

purposes.  Obtain Engineer’s approval of sample cleaning before proceeding with cleaning 

of masonry. 

3. Protect adjacent stone and non-masonry surfaces from contact with cleaner by covering 

them with liquid strippable masking agent, polyethylene film, or waterproof masking tape. 

4. Saturate wall surfaces with water prior to application of cleaners; remove cleaners promptly 

by rinsing thoroughly with clear water. 

5. Clean brick by means of bucket and brush hand-cleaning method described in BIA 

"Technical Note No. 20 Revised", to clean brick masonry made of clay or shale, except use 

detergent as the masonry cleaner. 

6. Clean concrete masonry by means of cleaning method indicated in NCMA TEK 45 

applicable to type of stain present on exposed surfaces. 

a. Comply with masonry manufacturer's instructions. 

3.16      WATER REPELLENTS 

A. Apply water repellents to all exterior masonry after thorough cleaning and rinsing, prior to any 

backfill or any other concealment. 

B. Install in strict accordance with manufacturer's written recommendations. 

3.17      PROTECTIONS 

A. Trim excess sash cord flush with cured mortar joint at exterior side of walls. 

B. Protection:  Provide final protection and maintain conditions, in a manner acceptable to 

Installer, that ensure unit masonry is without damage and deterioration at time of Substantial 

Completion. 

 

END OF SECTION 04 00 10 
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SECTION 05 44 00 - COLD-FORMED METAL TRUSSES 

PART 1 - GENERAL 

1.1 SUMMARY 
 

A. Section Includes: 
 

1. Cold-formed steel trusses for roofs. 
 

B. Related Requirements: 
 

1. Section 05 35 15 - Cold-Formed Metal Framing for cold-formed steel studs. 

 

1.2 PREINSTALLATION MEETINGS 
 

A. Preinstallation Conference: Conduct conference at Project site. 

 

1.3 ACTION SUBMITTALS 
 

A. Product Data: For each type of product. 
 

B. Shop Drawings: 
 

1. Include layout, spacings, sizes, thicknesses, and types of cold-formed steel trusses; 

fabrication; and fastening and anchorage details, including mechanical fasteners. 

2. Indicate reinforcing channels, opening framing, supplemental framing, strapping, bracing, 

bridging, splices, accessories, connection details, and attachment to adjoining work. 
 

C. Delegated-Design Submittal: For cold-formed steel trusses. 

 

1.4 INFORMATIONAL SUBMITTALS 
 

A. Qualification Data: For testing agency. 
 

B. Welding certificates. 
 

C. Product test reports. 
 

D. Field quality-control reports. 

 

1.5 QUALITY ASSURANCE 
 

A. Testing Agency Qualifications: Qualified according to ASTM E 329 for testing indicated. 
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B. Product Tests: Mill certificates or data from a qualified testing agency indicating steel sheet 

complies with requirements, including base-metal thickness, yield strength, tensile strength, total 

elongation, chemical requirements, and metallic-coating thickness. 
 

C. Welding Qualifications: Qualify procedures and personnel according to the following: 
 

1. AWS D1.1, "Structural Welding Code - Steel." 

2. AWS D1.3, "Structural Welding Code - Sheet Steel." PART 

2 - PRODUCTS 

2.1 MANUFACTURERS 
 

A. Manufacturers: Subject to compliance with requirements, provide products by one of the 

following: 
 

1. MarinoWARE. 

2. TrusSteel; an ITW company. 

3. USA Frametek. 

4. Or Approved Equal. 

 

2.2 PERFORMANCE REQUIREMENTS 
 

A. Delegated Design: Engage a qualified professional engineer, as defined in Section 01 40 00 - 

Quality Requirements," to design cold-formed steel trusses. 
 

B. Structural Performance: Provide cold-formed steel trusses capable of withstanding design loads 

within limits and under conditions indicated. 
 

1. Design Loads: As indicated on Drawings. 

2. Deflection Limits: Design trusses to withstand design loads without deflections greater 

than the following: 
 

a. Roof Trusses: Vertical deflection of 1/360 of the span. 
 

3. Design framing systems to provide for movement of framing members located outside the 

insulated building envelope without damage or overstressing, sheathing failure, connection 

failure, undue strain on fasteners and anchors, or other detrimental effects when subject to 

a maximum ambient temperature change of 120 deg F. 
 

C. Cold-Formed Steel Framing Design Standards: 
 

1. Roof Trusses: Design according to AISI S214. 

 

2.3 COLD-FORMED STEEL TRUSS MATERIALS 
 



CAREY STATION URBAN WATER REUSE FACILITY  CAREY STATION WRF, LLC 

0.5 MGD TO 1.5 MGD EXPANSION  GREENE COUNTY, GA 

 

 

GOODWYN MILLS CAWOOD, LLC. COLD-FORMED METAL TRUSSES 

GMC PROJECT NO. CAUG250007 05 44 00 - 3 of 6  

A. Steel Sheet: ASTM A 1003, structural grade, Type H, metallic coated, of grade and coating 

weight as follows: 

1. Grade: As required by structural performance. 

2. Coating: G60, A60, AZ50, or GF30. 

 

2.4 ROOF TRUSSES 
 

A. Roof Truss Members: Manufacturer's standard C-shaped steel sections. 
 

1. Connecting Flange Width: 1-5/8 inches, minimum at top and bottom chords connecting to 

sheathing or other directly fastened construction. 
2. Minimum Base-Metal Thickness: 0.0329 inch. 

3. Section Properties: As designed. 

 

2.5 TRUSS ACCESSORIES 
 

A. Fabricate steel-framing accessories from steel sheet, ASTM A 1003, structural grade, Type H, 

metallic coated, of same grade and coating weight used for truss members. 
 

B. Provide accessories of manufacturer's standard thickness and configuration unless otherwise 

indicated. 

 

2.6 ANCHORS, CLIPS, AND FASTENERS 
 

A. Steel Shapes and Clips: ASTM A 36, zinc coated by hot-dip process according to ASTM A 123. 
 

B. Post-Installed Anchors: Fastener systems with bolts of same basic metal as fastened metal, if 

visible, unless otherwise indicated; with working capacity greater than or equal to the design load, 

according to an evaluation report acceptable to authorities having jurisdiction, based on ICC- 

ES AC193 as appropriate for the substrate. 
 

1. Uses: Securing cold-formed steel trusses to structure. 

2. Type: Torque-controlled expansion anchor. 

3. Material for Exterior or Interior Locations and Where Stainless Steel Is Indicated: Alloy 

Group 1 stainless-steel bolts, ASTM F 593, and nuts, ASTM F 594. 
 

C. Power-Actuated Fasteners: Fastener systems with working capacity greater than or equal to the 

design load, according to an evaluation report acceptable to authorities having jurisdiction, based 

on ICC-ES AC70. 
 

D. Mechanical Fasteners: ASTM C 1513, corrosion-resistant-coated, self-drilling, self-tapping steel 

drill screws. 
 

1. Head Type: Low-profile head beneath sheathing; manufacturer's standard elsewhere. 
 

E. Welding Electrodes: Comply with AWS standards. 



CAREY STATION URBAN WATER REUSE FACILITY  CAREY STATION WRF, LLC 

0.5 MGD TO 1.5 MGD EXPANSION  GREENE COUNTY, GA 

 

 

GOODWYN MILLS CAWOOD, LLC. COLD-FORMED METAL TRUSSES 

GMC PROJECT NO. CAUG250007 05 44 00 - 4 of 6  

 

 

2.7 MISCELLANEOUS MATERIALS 
 

A. Galvanizing Repair Paint: SSPC-Paint 20 or MIL-P-21035B. 
 

B. Shims: Load bearing, of high-density multimonomer plastic, nonleaching; or of cold-formed steel 

of same grade and coating as framing members supported by shims. 

 

2.8 FABRICATION 
 

A. Fabricate cold-formed steel trusses and accessories plumb, square, and true to line, and with 

connections securely fastened, according to referenced AISI's specifications and standards, 

manufacturer's written instructions, and requirements in this Section. 
 

1. Fabricate trusses using jigs or templates. 

2. Cut truss members by sawing or shearing; do not torch cut. 

3. Fasten cold-formed steel truss members by welding, screw fastening, clinch fastening, 

pneumatic pin fastening, or riveting as standard with fabricator. 
 

a. Comply with AWS D1.3 requirements and procedures for welding, appearance and 

quality of welds, and methods used in correcting welding work. 
 

4. Fasten other materials to cold-formed steel trusses by welding, bolting, pneumatic pin 

fastening, or screw fastening, according to Shop Drawings. 
 

B. Reinforce, stiffen, and brace trusses to withstand handling, delivery, and erection stresses. Lift 

fabricated trusses to prevent damage or permanent distortion. 
 

C. Fabrication Tolerances: Fabricate assemblies level, plumb, and true to line to a maximum 

allowable tolerance variation of 1/8 inch in 10 feet and as follows: 
 

1. Spacing: Space individual framing members no more than plus or minus 1/8 inch from plan 

location. Cumulative error shall not exceed minimum fastening requirements of sheathing 

or other finishing materials. 

2. Squareness: Fabricate each cold-formed metal framing assembly to a maximum out-of- 

square tolerance of 1/8 inch. 

 

PART 3 - EXECUTION 

 

3.1 INSTALLATION 
 

A. Install bridge, and brace cold-formed  steel  trusses  according  to  AISI S200,  AISI S202,  AISI 

S214, and manufacturer's written instructions unless more stringent requirements are indicated. 
 

1. Coordinate with wall framing to align webs of bottom chords and load-bearing studs or 

continuously reinforce track to transfer loads to structure. 

2. Anchor trusses securely at all bearing points. 
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3. Install continuous bridging and permanently brace trusses as indicated on Shop Drawings 

and designed according to CFSEI's Technical Note 551e, "Design Guide: Permanent 

Bracing of Cold-Formed Steel Trusses." 
 

B. Install cold-formed steel trusses and accessories plumb, square, and true to line, and with 

connections securely fastened. 
 

1. Erect trusses with plane of truss webs plumb and parallel to each other. Align and 

accurately position trusses at required spacings. 

2. Fasten cold-formed steel trusses by welding or mechanical fasteners. 
 

a. Comply with AWS D1.3 requirements and procedures for welding, appearance and 

quality of welds, and methods used in correcting welding work. 

b. Locate mechanical fasteners and install according to Shop Drawings; comply with 

requirements for spacing, edge distances, and screw penetration. 
 

C. Install temporary bracing and supports to secure trusses and support loads equal to those for which 

structure was designed. Maintain braces and supports in place, undisturbed, until entire integrated 

supporting structure has been completed and permanent connections to trusses are secured. 
 

D. Truss Spacing: As indicated. 
 

E. Do not alter, cut, or remove framing members or connections of trusses. 
 

F. Erection Tolerances: Install cold-formed steel framing level, plumb, and true to line to a 

maximum allowable tolerance variation of 1/8 inch in 10 feet and as follows: 
 

1. Space individual trusses no more than plus or minus 1/8 inch from plan location. 

Cumulative error shall not exceed minimum fastening requirements of sheathing or other 

finishing materials. 

 

3.2 FIELD QUALITY CONTROL 
 

A. Field and shop welds will be subject to testing and inspecting. 
 

B. Prepare test and inspection reports. 

 

3.3 REPAIRS AND PROTECTION 
 

A. Galvanizing Repairs: Prepare and repair damaged galvanized coatings on fabricated and installed 

cold-formed metal framing with galvanized repair paint according to ASTM A 780 and 

manufacturer's written instructions. 
 

B. Provide final protection and maintain conditions, in a manner acceptable to manufacturer and 

Installer that ensure that cold-formed metal trusses are without damage or deterioration at time of 

Substantial Completion. 

END OF SECTION 05 44 00 
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SECTION 055000 – METAL FABRICATIONS  

PART 1 - GENERAL 

1.1 SUMMARY: 

A. This Section includes, but is not limited to, furnishing and installation of all miscellaneous metals 

and/or related items as necessary and indicated on the Drawings for proper and complete 

performance of this work. 

 

1. Shop fabricated steel and aluminum or items requiring special fabrication. 

2. Miscellaneous angle and channel supports, flat bars and fastenings, all as shown on the 

Drawings and not provided under structural steel frame. 

3. Brackets and supports for millwork and counters. 

4. Cleanout doors and wheel guards. 

5. Anchor bolts. 

1.2 RELATED DOCUMENTS: 

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

and Division 1 Specification Sections, apply to this Section. 

B. Related work specified elsewhere includes: 

1. Section 099113 – Exterior Painting 

1.3 REFERENCES: 

A. AA DAF-45 - Designation System for Aluminum Finishes; The Aluminum Association, Inc. 

B. AAMA 611 - Voluntary Specification for Anodized Architectural Aluminum; American 

Architectural Manufacturers Association. 

C. AAMA 2603 - Voluntary Specification, Performance Requirements and Test Procedures for 

Pigmented Organic Coatings on Aluminum Extrusions and Panels. 

D. AAMA 2604 - Voluntary Specification, Performance Requirements and Test Procedures for High 

Performance Organic Coatings on Aluminum Extrusions and Panels. 

E. AAMA 2605 - Voluntary Specification, Performance Requirements and Test Procedures for 

Superior Performing Organic Coatings on Aluminum Extrusions and Panels. 

F. ANSI A14.3 - American National Standard for Ladders -- Fixed -- Safety Requirements. 

G. ASTM A 36/A 36M - Standard Specification for Carbon Structural Steel. 

H. ASTM A 53/A 53M - Standard Specification for Pipe, Steel, Black and Hot-Dipped, Zinc-Coated, 

Welded and Seamless. 
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I. ASTM A 123/A 123M - Standard Specification for Zinc (Hot-Dip Galvanized) Coatings on Iron 

and Steel Products. 

J. ASTM A 153/A 153M - Standard Specification for Zinc Coating (Hot-Dip) on Iron and Steel 

Hardware. 

K. ASTM A 283/A 283M - Standard Specification for Low and Intermediate Tensile Strength 

Carbon Steel Plates. 

L. ASTM A 307 - Standard Specification for Carbon Steel Bolts and Studs, 60,000 PSI Tensile 

Strength. 

M. ASTM A 325 / 325M - Standard Specification for Structural Bolts, Steel, Heat Treated, 120/105 

KSI Minimum Tensile Strength. 

N. ASTM A 500 - Standard Specification for Cold-Formed Welded and Seamless Carbon Steel 

Structural Tubing in Rounds and Shapes. 

O. ASTM A 501 - Standard Specification for Hot-Formed Welded and Seamless Carbon Steel 

Structural Tubing. 

P. ASTM B 26/B 26M - Standard Specification for Aluminum-Alloy Sand Castings. 

Q. ASTM B 85 - Standard Specification for Aluminum-Alloy Die Castings. 

R. ASTM B 177 - Standard Guide for Chromium Electroplating on Steel for Engineering Use. 

S. ASTM B 209 / 209M - Standard Specification for Aluminum and Aluminum-Alloy Sheet and 

Plate. 

T. ASTM B 210 / 210M - Standard Specification for Aluminum and Aluminum-Alloy Drawn 

Seamless Tubes. 

U. ASTM B 211 / 211M - Standard Specification for Aluminum and Aluminum-Alloy Bar, Rod, and 

Wire. 

V. ASTM B 221 / 221M - Standard Specification for Aluminum and Aluminum-Alloy Extruded 

Bars, Rods, Wire, Profiles, and Tubes. 

W. AWS A2.4 - Standard Symbols for Welding, Brazing, and Nondestructive Examination. 

X. AWS D1.1 - Structural Welding Code – Steel. 

Y. AWS D1.2 – Structural Welding Code – Aluminum. 

Z. AWS D1.3 – Structural Welding Code – Stainless Steel. 

AA. SSPC-Paint 15 - Steel Joist Shop Primer; Society for Protective Coatings. 

BB. SSPC-Paint 20 - Zinc-Rich Primers (Type I, "Inorganic," and Type II, "Organic"); Society for 

Protective Coatings. 
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CC. SSPC-SP 2 - Hand Tool Cleaning; Society for Protective Coatings. 

1.4 SUBMITTALS 

A. See Section 013300 – Submittals 

B. Product Data and Shop Drawings shall show dimensions, sizes, thickness, gauges, finishes, 

joining, attachments and relationship of work to adjoining construction. Indicate profiles, 

connection attachments, reinforcing, anchorage, size and type of fasteners, and any accessories.  

Include erection drawings, elevations, and details where applicable. Where items must fit, and 

coordinate with finished surfaces and/or constructed spaces, measurements from the site shall 

control. 

1. Indicate welded connections using standard AWS A2.4 welding symbols.  Indicate net weld 

lengths. 

C. Welders’ Certificates:  Submit certification for welders employed on the project, verifying AWS 

qualification within the previous 12 months 

D. Provide samples for anchors 

1.5 QUALITY ASSURANCE 

A. Design by or under direct supervision of a Professional Structural Engineer experienced in design 

of this Work and licensed in the State of work being performed. 

1.6 DELIVERY, STORAGE, AND HANDLING: 

A. Deliver materials in coordination with erection schedule. 

B. Store materials above ground and under cover.  Keep dry and clean. 

PART 2 - PRODUCTS  

2.1 MATERIALS 

A. Materials shall be new, top quality of their respective kinds, standard sizes and fabricated in a 

shop whose principal business is manufacturing the items specified in this Section. Materials shall 

be free of defect impairing strength, durability or appearance. Miscellaneous anchors, plates, 

clips, bolts, nuts and the like shall be provided as necessary to complete the work, whether or not 

they appear on the Drawings or in the Specifications. 

B. Steel: 

1. Steel Sections: ASTM A 36/A 36M. 

2. Steel Tubing: ASTM A 500, Grade B cold-formed structural tubing. 

3. Plates: ASTM A 283. 

4. Pipe: ASTM A 53/A, Grade B Schedule 40, black finish. 



 
 

 

GOODWYN MILLS CAWOOD, LLC METAL FABRICATIONS 

GMC PROJECT NO. CAUG25007 055000 - 4 of 8 

CAREY STATION URBAN WATER REUSE FACILITY CAREY STATION WRF, LLC 

0.5 MGD TO 1.5 MGD EXPANSION                                                          GREENE COUNTY, GA 

5. Fasteners: As specified elsewhere and shown on the drawings. 

6. Bolts, Nuts, and Washers: ASTM A 325 (ASTM A 325M) galvanized to ASTM A 153/A 

153M for galvanized components. 

7. Welding Materials: AWS D1.1; type required for materials being welded. 

8. Shop and Touch-Up Primer: SSPC-Paint 15, Type I – Red Oxide. 

9. Touch-Up Primer for Galvanized Surfaces: SSPC-Paint 20, Type 1 – Inorganic. 

C. Aluminum: 

1. Extruded Aluminum:  ASTM B 221 (ASTM B 221M), 6063 alloy, T6 temper. 

2. Sheet Aluminum:  ASTM B 209 (ASTM B 209M), 5052 alloy, H32 temper. 

3. Aluminum-Alloy Drawn Seamless Tubes:  ASTM B 210 (ASTM B 210M), 6063 alloy, T6 

temper. 

4. Aluminum-Alloy Bars:  ASTM B 211 (ASTM B 211M), 6061 alloy, T6 temper. 

5. Aluminum-Alloy Sand Castings:  ASTM B 26. 

6. Aluminum-Alloy Die Castings:  ASTM B 85. 

7. Bolts, Nuts, and Washers:  Stainless steel. 

8. Welding Materials:  AWS D1.1; type required for materials being welded. 

2.2 MANUFACTURED UNITS 

A. Bumper Posts and Guard Rails:  As detailed; ship with prime paint finish. 

B. Bollards: Steel pipe, concrete filled with crowned cap, as detailed; ship with prime paint finish. 

C. Joint and Equipment Pipe Hangers:  Strap anchors, fabricated with minimum of 18 gauge (1.21 

mm) steel; galvanized finish. 

D. Inserts and sleeves:  Provide all necessary inserts and sleeves of type and manufacturer best suited 

for work. 

E. Ledge Angles, Shelf Angles, Channels, and Plates Not Attached to Structural Framing:  For 

support of metal decking; ship with prime paint finish. 

F. Lintels: Steel Plate:  ASTM A 514/A.  As detailed; prime paint finish. 

G. Sill Angles for Tempered Glass Railing Assemblies:  ASTM A 36/A 36M steel angles with 

anchoring devices, prime paint finish. 

H. Door Frames for Overhead Door Openings, Wall Openings, and Lintels:  Channel sections; prime 

paint finish. 

I. Foot Scrapers, Mud and Foot Grilles, and Pans:  As detailed; aluminum, mill finish. 

J. Elevator Hoistway Divider Beams:  Beam sections; prime paint finish. 

K. Toilet Partition Suspension Members:  Steel channel sections; prime paint finish. 

L. Anchors: Shall be cast in place unless otherwise shown and approved by Engineer.  Provide two 

nuts, a jam nut, and a washer for all anchor bolts indicated to have locknuts.  Provide two nuts 

and a washer for all other anchor bolts.  Provide anti-seize lubricant for stainless steel anchor bolts 

before tightening of nuts.  Provide sufficient threads and thread length for full assembly of nuts.  
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The diameter of the bolts, if unspecified, shall be 1/8” less than the taps on the equipment base 

plate. 

1. Anchor Bolt Material: 

a. Carbon Steel:  ASTM A307 

b. Stainless Steel:  Bolts, ASTM F593, Alloy Group 1 or 2; nuts, ASTM F594, Alloy 

Group 1 or 2. 

c. Galvanized Steel:  Carbon steel bolts and nuts; hot-dip galvanized, ASTM A153 and 

A385. 

2. Threaded Rod Anchor and Nut Material: 

a. Carbon Steel: ASTM A307 or A36. 

b. Stainless Steel:  Bolts, ASTM F593, Alloy Group 1 or 2; nuts, ASTM F594, Alloy 

Group 1 or 2. 

c. Galvanized Steel:  Carbon steel bolts and nuts, dot-dipped galvanized, ASTM A153 

and A385. 

d. Where indicated on the Drawings and approved by Engineer, threaded rod anchors 

may be drill (or core-drill, as required) and epoxy in place in lieu of cast in place 

anchors.  The embedment depth shall be a minimum 15 rod diameters.  The concrete 

shall be hardened and cured prior to drilling operations.  The diameter of drilled 

holes shall match epoxy manufacturer’s recommendations.  The epoxy shall be 

moisture-insensitive and shall be NSF approved for use in drinking water treatment 

processes, where applicable.  The drilled holes shall be cleaned and free of cuttings.  

Epoxy shall meet following requirements: 

1) Floors and Horizontal Surfaces: 

a) Low Viscosity – Sika Sikadur 35, Hi Mod LV 

b) Medium Viscosity -   Sika Sikadur 32, Hi-Mod 

2) Vertical Surfaces and Overhead Applications: 

a) Sika Sikadur 31, Hi-Mod Gel 

3. Adhesive Anchors (for grout filled masonry): 

a. System: Hilti “HIT C-100 System, ITW Ramset/Redhead “Epcon Ceramic 6 

System”, or Rawlplug “Foil Fast Injection Gel System.” 

b. Threaded Rod Anchors and Nuts:  As specified for threaded rod anchors. 

c. Adhesive: Two-component liquid, moisture-insensitive epoxy adhesive with 

viscosity appropriate for the location and application.  Components shall be 

packaged at the factory in a dual chambered cartridge. 

4. Adhesive Anchors (for hollow masonry): 

a. ITW Ramset/Redhead “Epcon Ceramic 6 System” or Rawlplug “Foil Fast Injection 

Gel System.” 

b. Threaded Rod Anchors and Nuts:   As specified for threaded rod anchors. 

c. Adhesive: Two-component liquid, moisture-insensitive epoxy adhesive with 

viscosity appropriate for the location and application.  Components shall be 

packaged at the factory in a dual chambered cartridge. 

5. Flat Washers: 

a. ANSI B18.22.1; of the same material as anchor bolts and nuts. 

6. Expansion Anchors (Where shown and approved by Engineer) 

a. Hilti “Kwik-Bolt II”, ITW Ramset/Red Head “Trubolt Wedge Anchor” or Rawlplug 

“Rawl-Stud Anchor.” 

7. Base Plate Preparation: 

a. All equipment base plates, unless shown or required otherwise, shall be leveled by 

non-shrink grout, minimum 1-1/2” thickness, and leveling nuts. 
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2.3 FABRICATION 

A. General: Fabricate metals of unused mill of foundry products, free from defects impairing 

strength, durability and appearance.  Form metals clean and straight with smooth finished 

surfaces.  Furnish al parts necessary for securing metal work to other construction.  Wherever 

possible, fit and assemble work in shop, ready for erection assemble items in largest practical 

sections, for delivery to site.  Shop attach all miscellaneous metals to structural steel by welding 

or bolting, unless a field attachment is indicated.  Grind all exposed welds smooth.  If flush welds 

are indicated, grind welds flush with adjacent surfaces. 

B. Fabricate items with joints tightly fitted and secured. Make exposed joints butt tight, flush, and 

hairline.  Ease exposed edges to small uniform radius. 

C. Continuously seal joined members by intermittent welds and plastic filler. 

D. Exposed Mechanical Fastenings:  Flush countersunk screws or bolts; unobtrusively located; 

consistent with design of component, except where specifically noted otherwise. 

E. Supply components required for anchorage of fabrications.  Fabricate anchors and related 

components of same material and finish as fabrication, except where specifically noted otherwise. 

2.4 FINISHES 

A. Steel: 

1. Shop Primers: 

a. Primer for structural steel in areas to receive epoxy finish: 

Manufacturer    Product 

Tnemec Co., Inc.    66-1211 

Induron 

b. Primer for structural steel in other areas: Select one of the following: 

Manufacturer    Product 

PPG Industries    G9366 

Porter Paint Co.    274 (Gray) 

Tnemec Co., Inc.    10-1009 

2. Prime paint all steel items. 

a. Exceptions: Galvanize items to be embedded in concrete or masonry and items 

specified for galvanized finish. 

b. Exceptions: Do not prime surfaces in direct contact with concrete, where field 

welding is required, and items to be covered with sprayed fireproofing. 

3. Prepare surfaces to be primed in accordance with SSPC-SP2. 

4. Clean surfaces of rust, scale, grease, and foreign matter prior to finishing. 

5. Prime Painting:   One coat. 

6. Galvanizing of Structural Steel Members:  Galvanize after fabrication to ASTM A 123/A 

123M.  Provide minimum 1.3 oz/sq ft (390 g/sq m) galvanized coating. 

7. Galvanizing: of Non-structural Items:  Galvanize after fabrication to ASTM A 123/A 

123M.  Provide minimum 1.3 oz/sq ft (390 g/sq m) galvanized coating 

B. Aluminum: 

1. Exterior Aluminum Surfaces:  Class I natural anodized. 

2. Interior Aluminum Surfaces:  Class I natural anodized. 

3. Comply with AA DAF-45 for aluminum finishes required. 
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4. Class I Natural Anodized Finish:  AAMA 611 AA-M12C22A41 Clear anodic coating not 

less than 0.7 mils (0.018 mm) thick. 

5. Class II Natural Anodized Finish:  AAMA 611 AA-M12C22A31 Clear anodic coating not 

less than 0.4 mils (0.01 mm) thick. 

6. Class I Color Anodized Finish:  AAMA 611 AA-M12C22A42 Integrally colored anodic 

coating not less than 0.7 mils (0.018 mm) thick; light bronze. 

7. Class I Color Anodized Finish:  AAMA 611 AA-C22A44 Electrolytically deposited 

colored anodic coating not less than 0.7 mils (0.018 mm) thick; light bronze. 

8. Class II Color Anodized Finish:  AAMA 611 AA-M12C22A32 Integrally colored anodic 

coating not less than 0.4 mils (0.01 mm) thick; light bronze. 

9. Class II Color Anodized Finish:  AAMA 611 AA-M12C22A34 Electrolytically deposited 

colored anodic coating not less than 0.4 mils (0.01 mm) thick; light bronze. 

10. Pigmented Organic Coating System:  AAMA 2603 polyester or acrylic baked enamel 

finish; color as scheduled. 

11. High Performance Organic Coating System: AAMA 2604 multiple coat, thermally cured 

fluoropolymer system; color as scheduled. 

12. Superior Performance Organic Coating System: AAMA 2605 multiple coat, thermally 

cured polyvinylidene fluoride system; color as scheduled. 

13. Apply one coat of bituminous paint to concealed aluminum surfaces in contact with 

cementations or dissimilar materials. 

2.5 SOURCE QUALITY CONTROL 

A. Squareness: 1/8 inch (3 mm) maximum difference in diagonal measurements. 

B. Maximum Offset Between Faces:  1/16 inch (1.5 mm). 

C. Maximum Misalignment of Adjacent Members:  1/16 inch (1.5 mm). 

D. Maximum Bow:  1/8 inch (3 mm) in 48 inches (1.2 m). 

E. Maximum Deviation From Plane:  1/16 inch (1.5 mm) in 48 inches (1.2 m). 

PART 3 - EXECUTION  

3.1 EXAMINATION 

A. Verify that field conditions are acceptable, ready to receive work and measurements at the jobsite 

have been verified. 

3.2 PREPARATION 

A. Clean and strip primed steel items to bare metal where site welding is required. 

B. Supply setting templates to the appropriate entities for steel items required to be cast into concrete 

or embedded in masonry. 
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3.3 INSTALLATION 

A. General: Erect miscellaneous metals plumb, straight, true and accurately fitted with even, close 

joints and connections.  Coordinate all metal work with adjoining work for details of attachment, 

fittings, etc. Grind all field welds smooth.  If flush welds are indicated, grind welds flush with 

adjacent surfaces.  Tighten bolted connections and nick threads to prevent loosening.  Insulate 

dissimilar metals in contact with each other by methods and materials as approved by the 

Engineer.  Protect from galvanic corrosion by pressure tapes, coatings or isolators as approved. 

Do not drill or punch holes; do not use cutting torch. 

B. Install items plumb and level, accurately fitted, free from distortion or defects. Conceal all 

fastenings where practicable. Joints exposed to weather shall be formed to exclude water. 

C. Provide for erection loads, and for sufficient temporary bracing to maintain true alignment until 

completion of erection and installation of permanent attachments. 

D. Field weld components indicated in accordance with AWS D1.1, AWS D1.2, AWS D1.3. 

E. Obtain approval prior to site cutting or making adjustments not scheduled. 

F. After erection, prime welds, abrasions, and surfaces not shop primed or galvanized, except 

surfaces to be in contact with concrete. 

3.4 FIELD QUALITY CONTROL 

A. Maximum Variation From Plumb:  1/4 inch (6 mm) per story, non-cumulative. 

B. Maximum Offset From True Alignment:  1/4 inch (6 mm). 

C. Maximum Out-of-Position:  1/4 inch (6 mm). 

END OF SECTION 055000 
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SECTION 05 51 19 - METAL GRATING STAIRS 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Section includes industrial-type, straight-run stairs with aluminum-grating treads and railings 

attached to aluminum grating stairs. 

B. Related Requirements 

1. Section 05 52 13 – Pipe and Tube Railings 

1.2 COORDINATION 

A. Coordinate installation of anchorages for metal stairs. Furnish setting drawings, templates, and 

directions for installing anchorages, including sleeves, concrete inserts, anchor bolts, and items 

with integral anchors, that are to be embedded in concrete or masonry. Deliver such items to 

Project site in time for installation. 

B. Coordinate pipes and other various mechanical devices that may conflict with the structural 

stairway.  Modify stair structure to accommodate and approve modifications with the Engineer. 

1.3 ACTION SUBMITTALS 

A. Product Data: For metal grating stairs 

B. Shop Drawings: Include plans, elevations, sections, details, and attachments. 

C. Delegated-Design Submittal: For stairs, including analysis data signed and sealed by the 

qualified professional Engineer responsible for their preparation. 

1.4 QUALITY ASSURANCE 

A. Welding Qualifications: Qualify procedures and personnel according to AWS D1.1, "Structural 

Welding Code - Steel." 

PART 2 - PRODUCTS 

2.1 PERFORMANCE REQUIREMENTS 

A. Delegated Design: Engage a qualified professional Engineer, as defined in Section 01 40 00 - 

Quality Requirements, to design stairs and railings. 
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B. Structural Performance of Stairs: Metal stairs shall withstand the effects of gravity loads and the 

following loads and stresses within limits and under conditions indicated: 

1. Uniform Load: 100 lbf/sq. ft. 

2. Concentrated Load: 300 lbf applied on an area of 4 sq. in. 

3. Uniform and concentrated loads need not be assumed to act concurrently. 

4. Stair Framing: Capable of withstanding stresses resulting from railing loads in addition to 

loads specified above. 

5. Limit deflection of treads, platforms, and framing members to L/360. 

2.2 METALS 

A. Metal Surfaces, General: Provide materials with smooth, flat surfaces unless otherwise 

indicated. For components exposed to view in the completed Work, provide materials without 

seam marks, roller marks, rolled trade names, or blemishes. 

B. Aluminum Plates, Shapes, and Bars: ASTM A 429, Alloy 6063-T5. 

C. Corrugated Nosings: Extruded aluminum, with an integral corrugated non-slip finish. 

2.3 FASTENERS 

A. General: Provide type 316 stainless steel fasteners with coating complying with ASTM F 593. 

Select fasteners for type, grade, and class required. 

B. Bolts and Nuts: Regular hexagon-head bolts, ASTM F 593; with hex nuts, ASTM F 594; and, 

where indicated, flat washers. 

C. Post-Installed Anchors: Torque-controlled expansion anchors or chemical anchors capable of 

sustaining, without failure, a load equal to six times the load imposed when installed in unit 

masonry and four times the load imposed when installed in concrete, as determined by testing 

according to ASTM E 488, conducted by a qualified independent testing agency. 

1. Alloy Group 1 (A1) stainless-steel bolts, ASTM F 593, and nuts, ASTM F 594. 

2.4 MISCELLANEOUS MATERIALS 

A. Bituminous Paint: Cold applied asphalt emulsion complying with ASTM D1187. 

B. Nonshrink, Nonmetallic Grout: Factory-packaged, nonstaining, noncorrosive, nongaseous grout 

complying with ASTM C 1107. Provide grout specifically recommended by manufacturer for 

interior and exterior applications. 

2.5 FABRICATION, GENERAL 

A. Provide complete stair assemblies, including metal framing, hangers, clips, brackets, bearing 

plates, and other components necessary to support and anchor stairs and platforms on 

supporting structure. 
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1. Join components by welding unless otherwise indicated. 

2. Use connections that maintain structural value of joined pieces. 

B. Form exposed work with accurate angles and surfaces and straight edges. 

C. Weld connections to comply with the following: 

1. Use materials and methods that minimize distortion and develop strength and corrosion 

resistance of base metals. 

2. Obtain fusion without undercut or overlap. 

3. Remove welding flux immediately. 

4. Weld exposed corners and seams continuously unless otherwise indicated. 

5. At exposed connections, finish exposed welds to comply with NOMMA's "Voluntary 

Joint Finish Standards" for Type 4 welds: good quality, uniform undressed weld with 

minimal splatter. 

D. Fabricate joints that are exposed to weather in a manner to exclude water. Provide weep holes 

where water may accumulate. 

2.6 ALUMINUM-FRAMED STAIRS 

A. NAAMM Stair Standard: Comply with "Recommended Voluntary Minimum Standards for 

Fixed Metal Stairs" in NAAMM AMP 510, "Metal Stairs Manual," Industrial Class, unless 

more stringent requirements are indicated. 

B. Stair Framing: 

1. Fabricate stringers of structural aluminum channels. 

a. Provide closures for exposed ends of channel stringers. 

2. Construct platforms of aluminum channel headers and miscellaneous framing members 

as needed to comply with performance requirements. 

3. Weld or bolt stringers to headers; weld or bolt framing members to stringers and headers. 

C. Metal Bar-Grating Stairs: Form treads and platforms to configurations shown from metal bar 

grating; fabricate to comply with NAAMM MBG 531, "Metal Bar Grating Manual." 

1. Fabricate treads and platforms from pressure-locked aluminum grating with 1-1/4-by-

3/16-inch bearing bars at 15/16 inch o.c. and crossbars at 4 inches o.c. 

2. Fabricate treads and platforms from pressure-locked steel grating with openings in 

gratings no more than 1/2 inch in least dimension. 

3. Surface: Serrated. 

4. Finish: Mill finish. 

5. Fabricate grating treads with non-slip nosing and with aluminum angle or aluminum plate 

carrier at each end for stringer connections. Secure treads to stringers with bolts. 

6. Fabricate grating platforms with nosing matching that on grating treads. Provide toeplates 

at open-sided edges of grating platforms. Mechanically attach grating to platform 

framing. 
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2.7 STAIR RAILINGS 

A. Comply with applicable requirements in Section 05 52 13 - Pipe and Tube Railings. 

PART 3 - EXECUTION 

3.1 INSTALLATION, GENERAL 

A. Fastening to In-Place Construction: Provide anchorage devices and fasteners where necessary 

for securing metal stairs to in-place construction. Include threaded fasteners for concrete and 

masonry inserts, through-bolts, lag bolts, and other connectors. 

B. Cutting, Fitting, and Placement: Perform cutting, drilling, and fitting required for installing 

metal stairs. Set units accurately in location, alignment, and elevation, measured from 

established lines and levels and free of rack. 

3.2 INSTALLING METAL STAIRS WITH GROUTED BASEPLATES 

A. Clean concrete and masonry bearing surfaces of bond-reducing materials, and roughen to 

improve bond to surfaces. Clean bottom surface of baseplates. 

B. Set steel-stair baseplates on wedges, shims, or leveling nuts. After stairs have been positioned 

and aligned, tighten anchor bolts. Do not remove wedges or shims, but if protruding, cut off 

flush with edge of bearing plate before packing with grout. 

1. Use nonmetallic, nonshrink grout unless otherwise indicated. 

2. Pack grout solidly between bearing surfaces and plates to ensure that no voids remain. 

END OF SECTION 05 51 19 
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SECTION 06 60 00 – FRP WEIR PLATES, SCUM BAFFLES AND BRACKETS 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Section Includes: 

1. Glass-fiber-reinforced, resin Weir Plates. 

2. Glass-fiber-reinforced, resin Scum Baffles 

3. Reinforcing brackets, members, fasteners, anchors, and like, for the completion of this 

Work. 

1.2 REFERENCE STANDARDS 

A. ASTM International:  

1. ASTM E84 - Standard Test Method for Surface Burning Characteristics of Building 

Materials. 

B. FM Global: 

1. FM - Approval Guide, A Guide to Equipment, Materials & Services Approved By 

Factory Mutual Research For Property Conservation. 

C. Intertek Testing Services (Warnock Hersey Listed): 

1. WH - Certification Listings. 

D. National Fire Protection Association: 

1. NFPA 286 - Standard Methods of Fire Tests for Evaluating Contribution of Wall and 

Ceiling Interior Finish to Room Fire Growth. 

E. Underwriters Laboratories Inc.: 

1. UL - Fire Resistance Directory. 

1.3 SUBMITTALS 

A. Section 013300 - Submittal Procedures: Requirements for submittals. 

B. Product Data: Submit data on specified component products. 

C. Shop Drawings: Indicate design load parameters, dimensions, adjacent construction, materials, 

thicknesses, fabrication details, required clearances, field jointing, tolerances, colors, finishes, 

methods of support, and anchorages. 
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D. Manufacturer's Certificate: Certify that products meet or exceed specified requirements. 

1.4 CLOSEOUT SUBMITTALS 

A. Section 017000 - Execution and Closeout Requirements: Requirements for closeout procedures. 

1.5 EXISTING CONDITIONS 

A. Field Measurements: Verify field measurements prior to fabrication. Indicate field 

measurements on Shop Drawings. 

PART 2 - PRODUCTS 

2.1 MANUFACTURER 

A. The weir plates and scum baffles shall be manufactured by: 

1. Warminster Fiberglass Company; Southampton, PA 

2. NEFCO Inc., Palm Beach Gardens, FL 

3. Approved Equivalent. 

2.2 WEIR PLATES, SCUM BAFFLES AND BRACKETS 

A. Weir Plates, Scum Baffles, Brackets, and Plates: Fiberglass reinforced polyester resin, 

compression molded in matched metal die molds; provide all required lap plates, cover plates, 

and support brackets. 

1. Plates fabricated from cut plate stock with cut edges, notches, etc., will not be accepted. 

B. Fiberglass Laminate Construction: Sheet Molding Compound (SMC) for use in water treatment 

systems. 

1. Glass content of laminate; 20 percent plus/minus 3 percent by weight. Resin fillers: 40 

percent plus/minus 2 percent of resin mixture. 

2. Final laminate thickness: Plus/minus 10 percent of nominal specified thickness. 

3. Tensile strength (ASTM D 638): 10,000 psi. 

4. Flexural strength (ASTM D 790): 20,000 psi. 

5. Flexural modulus (ASTM D 790): 800,000 psi. 

6. Impact, notched, Izod (ASTM D 256): 10 ft-lb 

7. Barcol hardness (resin-rich surface) (ASTM D 2583): 35 minimum, average. 

8. Water absorption (ASTM D 570): 0.2 percent at 24 hrs. 

9. Coefficient of thermal expansion, ave. (ASTM D 696): 0.0000105 in/in/degree F. 

10. Test coupons prepared in accordance with ASTM D 618. 

11. Chemical resistance: Comply with ANSI/AWWA F102, Type II classification. 

C. Weir Plates: 

1. 1/4 inch nominal thickness. 

2. Color: White 

3. Height: 9-1/8 inches. 
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4. Notches: 2-5/8 inches deep by 90 degrees on 6 inch centers. 

5. Length: As required for installation. 

6. Mounting holes on round tanks: 2-1/2 inches square at 20 inches on center to provide a 

minimum 2 inches vertical or horizontal adjustment. 

7. Mounting: 1/2 inch diameter stainless steel anchor bolts and 5 inch square fiberglass 

cover plates to prevent short circuiting of water. 

8. Ends secured with 6 by 4 inch high lap plates to allow for horizontal expansion. 

9. Provide stainless steel anchor bolts. 

D. Scum Baffle Plates: 

1. 1/4 inch nominal thickness. 

2. Color: White. 

3. Height: 12 inches. 

4. Mounting holes: As required to attach to support brackets. 

5. Lengths as required to suit project conditions, up to 12 feet maximum each. 

E. Lap Plates: 

1. Size: 6 by 12 inches. 

2. Provide as required to secure ends of baffle plates. 

3. Provide stainless steel hardware to secure baffle plates to support brackets and to lap 

plates. 

F. Assembly Hardware: 

1. Stainless steel, Type 316. 

PART 3 - EXECUTION 

3.1 EXAMINATION 

A. Verify that dimensions are correct and project conditions are suitable for installation. Do not 

proceed with installation until unsatisfactory conditions have been corrected. 

3.2 INSTALLATION, GENERAL 

A. Install products in accordance with manufacturer's instructions. 

B. Ensure that products are installed plumb and true, free of warp or twist, within tolerances 

specified by the manufacturer and as indicated in the contract documents. 

C. Install in accordance with approved shop drawings and in true and proper alignment. 

D. Adjust weir plate elevation for flow indicated or as directed by the Engineer. 

E. When necessary to adjust lengths of plates due to field conditions and when approved by the 

Engineer, seal cut or machined edges thus exposed with polyester resin. Excessive cutting will 

not be acceptable. 
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3.3 ADJUST AND CLEAN 

A. Clean surfaces in accordance with manufacturer's instructions. 

B. Remove trash and debris, and leave the site in a clean condition. 

END OF SECTION 066000 
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SECTION 08 11 13 - HOLLOW METAL DOORS AND FRAMES 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

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

Conditions and Division 01 Specification Sections, apply to this Section. 

1.2 SUMMARY 

A. Section includes hollow-metal work. 

B. Related Requirements: 

1. Section 08 71 00 - Door Hardware for Hollow-Metal Doors. 

1.3 DEFINITIONS 

A. Minimum Thickness: Minimum thickness of base metal without coatings according to 

NAAMM-HMMA 803 or SDI A250.8. 

1.4 COORDINATION 

A. Coordinate anchorage installation for hollow-metal frames. Furnish setting drawings, templates, 

and directions for installing anchorages, including sleeves, concrete inserts, anchor bolts, and 

items with integral anchors. Deliver such items to Project site in time for installation. 

1.5 PREINSTALLATION MEETINGS 

A. Preinstallation Conference: Conduct conference at Project site. 

1.6 ACTION SUBMITTALS 

A. Product Data: For each type of product. 

1. Include construction details, material descriptions, core descriptions, fire-resistance 

ratings, temperature-rise ratings, and finishes. 

B. Shop Drawings: Include the following: 

1. Elevations of each door type. 

2. Details of doors, including vertical- and horizontal-edge details and metal thicknesses. 

3. Frame details for each frame type, including dimensioned profiles and metal thicknesses. 

4. Locations of reinforcement and preparations for hardware. 
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5. Details of each different wall opening condition. 

6. Details of anchorages, joints, field splices, and connections. 

7. Details of accessories. 

8. Details of moldings, removable stops, and glazing. 

9. Details of conduit and preparations for power, signal, and control systems. 

C. Samples for Initial Selection: For units with factory-applied color finishes. 

D. Samples for Verification: 

1. For each type of exposed finish required, prepared on Samples of not less than 3” x 5”. 

2. For "Doors" and "Frames", prepare Samples approximately 8” x 10” to demonstrate 

compliance with requirements for quality of materials and construction: 

a. Doors: Show vertical-edge, top, and bottom construction; core construction; and 

hinge and other applied hardware reinforcement. Include separate section showing 

glazing if applicable. 

b. Frames: Show profile, corner joint, floor and wall anchors, and silencers. Include 

separate section showing fixed hollow-metal panels and glazing if applicable. 

E. Schedule: Provide a schedule of hollow-metal work prepared by or under the supervision of 

supplier, using same reference numbers for details and openings as those on Drawings. 

Coordinate with final Door Hardware Schedule. 

1.7 INFORMATIONAL SUBMITTALS 

A. Product Test Reports: For each type of hollow-metal door and frame assembly, for tests 

performed by a qualified testing agency. 

B. Oversize Construction Certification: For assemblies required to be fire rated and exceeding 

limitations of labeled assemblies. 

1.8 DELIVERY, STORAGE, AND HANDLING 

A. Deliver hollow-metal work palletized, packaged, or crated to provide protection during transit 

and Project-site storage. Do not use non-vented plastic. 

1. Provide additional protection to prevent damage to factory-finished units. 

B. Deliver welded frames with two (2) removable spreader bars across bottom of frames, tack 

welded to jambs and mullions. 

C. Store hollow-metal work vertically under cover at Project site with head up. Place on minimum 

4”-high wood blocking. Provide minimum 1/4-inch space between each stacked door to permit 

air circulation. 
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PART 2 - PRODUCTS 

2.1 MANUFACTURERS 

A. Manufacturers: Subject to compliance with requirements, provide products by one of the 

following: 

1. Republic Doors and Frames 

2. Steelcraft; an Allegion brand 

3. Or Approved Equal 

B. Source Limitations: Obtain hollow-metal work from single source from single manufacturer. 

2.2 REGULATORY REQUIREMENTS 

A. Fire-Rated Assemblies: Complying with NFPA 80 and listed and labeled by a qualified testing 

agency acceptable to authorities having jurisdiction for fire-protection ratings and temperature-

rise limits indicated, based on testing at positive pressure according to NFPA 252 or UL 10C. 

1. Smoke- and Draft-Control Assemblies: Provide an assembly with gaskets listed and 

labeled for smoke and draft control by a qualified testing agency acceptable to authorities 

having jurisdiction, based on testing according to UL 1784 and installed in compliance 

with NFPA 105. 

B. Fire-Rated, Borrowed-Lite Assemblies: Complying with NFPA 80 and listed and labeled by a 

testing and inspecting agency acceptable to authorities having jurisdiction for fire-protection 

ratings indicated, based on testing according to NFPA 257 or UL 9. 

2.3 EXTERIOR HOLLOW-METAL DOORS AND FRAMES 

A. Construct exterior doors and frames to comply with the standards indicated for materials, 

fabrication, hardware locations, hardware reinforcement, tolerances, and clearances, and as 

specified. 

B. Heavy-Duty Doors and Frames: SDI A250.8, Level 2. At locations indicated in the Door and 

Frame Schedule. 

1. Physical Performance: Level B according to SDI A250.4 

2. Doors: 

a. Type: As indicated in the Door and Frame Schedule 

b. Thickness: 1-3/4 inches 

c. Face: Metallic-coated steel sheet, minimum thickness of 0.042 inch, with 

minimum A40 coating. 

d. Edge Construction:  Model 2, Seamless 

e. Core:  Polyurethane with vertical steel stiffener 
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1) Thermal-Rated Doors: Provide doors fabricated with thermal-resistance 

value (R-value) of not less than 2.1 °F x h x sq. ft./Btu when tested 

according to ASTM C 1363. 

3. Frames: 

a. Materials: Metallic-coated steel sheet, minimum thickness of 0.053 inch, with 

minimum A40 coating. 

b. Construction:   

1) Knock down - for frames in gypsum board partitions, except fire rated 

frames 

2) Full profile welded - frames in masonry and concrete walls, fire rated frames 

over 7’-0” in gypsum board. 

4. Exposed Finish:  Prime Factory 

C. Hollow-Metal Doors and Frames: NAAMM-HMMA 860. At locations indicated in the Door 

and Frame Schedule. 

1. Physical Performance: Level A according to SDI A250.4 

2. Doors: 

a. Type: As indicated in the Door and Frame Schedule. 

b. Thickness: 1-3/4 inches 

c. Face: Metallic-coated steel sheet, minimum thickness of 0.042 inch, with 

minimum G60A60 coating. 

d. Edge Construction:  Continuously welded with no visible seam. 

e. Core: Steel stiffened. 

1) Thermal-Rated Doors: Provide doors fabricated with thermal-resistance 

value (R-value) of not less than 2.1 °F x h x sq. ft./Btu when tested 

according to ASTM C 1363. 

3. Frames: 

a. Materials: Metallic-coated steel sheet, minimum thickness of 0.053 inch, with 

minimum G60A60 coating. 

b. Construction:   

1) Knock down - for frames in gypsum board partitions, except fire rated 

frames 

2) Full profile welded - frames in masonry and concrete walls, fire rated frames 

over 7’-0” in gypsum board. 

4. Exposed Finish: Prime 

2.4 BORROWED LITES 

A. Hollow-metal frames of metallic-coated steel sheet, minimum thickness of 0.053 inch. 
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B. Construction:  Full profile welded 

2.5 HOLLOW-METAL PANELS 

A. Provide hollow-metal panels of same materials, construction, and finish as adjacent door 

assemblies. 

2.6 FRAME ANCHORS 

A. Jamb Anchors: 

1. Masonry Type: Adjustable strap-and-stirrup or T-shaped anchors to suit frame size, not 

less than 0.042 inch thick, with corrugated or perforated straps not less than 2” wide x 

10” long; or wire anchors not less than 0.177 inch thick. 

2. Stud-Wall Type: Designed to engage stud, welded to back of frames; not less than 0.042 

inch thick. 

3. Compression Type for Drywall Slip-on Frames: Adjustable compression anchors. 

4. Post-installed Expansion Type for In-Place Concrete or Masonry: Minimum 3/8-inch- 

diameter bolts with expansion shields or inserts. Provide pipe spacer from frame to wall, 

with throat reinforcement plate, welded to frame at each anchor location. 

B. Floor Anchors: Formed from same material as frames, minimum thickness of 0.042 inch, and as 

follows: 

1. Monolithic Concrete Slabs: Clip-type anchors, with two holes to receive fasteners. 

2. Separate Topping Concrete Slabs: Adjustable-type anchors with extension clips, allowing 

not less than 2-inch height adjustment. Terminate bottom of frames at finish floor 

surface. 

2.7 MATERIALS 

A. Cold-Rolled Steel Sheet: ASTM A 1008, Commercial Steel (CS), Type B; suitable for exposed 

applications. 

B. Hot-Rolled Steel Sheet: ASTM A 1011, Commercial Steel (CS), Type B; free of scale, pitting, 

or surface defects; pickled and oiled. 

C. Metallic-Coated Steel Sheet: ASTM A 653, Commercial Steel (CS), Type B. 

D. Frame Anchors: ASTM A 879, Commercial Steel (CS), 04Z coating designation; mill 

phosphatized. 

1. For anchors built into exterior walls, steel sheet complying with ASTM A 1008 or 

ASTM A 1011, hot-dip galvanized according to ASTM A 153, Class B. 

E. Inserts, Bolts, and Fasteners: Hot-dip galvanized according to ASTM A 153. 
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F. Power-Actuated Fasteners in Concrete: Fastener system of type suitable for application 

indicated, fabricated from corrosion-resistant materials, with clips or other accessory devices for 

attaching hollow-metal frames of type indicated. 

G. Grout: ASTM C 476, except with a maximum slump of 4”, as measured according to 

ASTM C 143. 

H. Mineral-Fiber Insulation: ASTM C 665, Type I (blankets without membrane facing); consisting 

of fibers manufactured from slag or rock wool; with maximum flame-spread and smoke-

developed indexes of 25 and 50, respectively; passing ASTM E 136 for combustion 

characteristics. 

I. Bituminous Coating: Cold-applied asphalt mastic, compounded for 15-mil dry film thickness 

per coat. Provide inert-type noncorrosive compound free of asbestos fibers, sulfur components, 

and other deleterious impurities. 

2.8 FABRICATION 

A. Fabricate hollow-metal work to be rigid and free of defects, warp, or buckle. Accurately form 

metal to required sizes and profiles, with minimum radius for metal thickness. Where practical, 

fit and assemble units in manufacturer's plant. To ensure proper assembly at Project site, clearly 

identify work that cannot be permanently factory assembled before shipment. 

B. Hollow-Metal Doors: 

1. Steel-Stiffened Door Cores: Provide minimum thickness 0.026 inch, steel vertical 

stiffeners of same material as face sheets extending full-door height, with vertical webs 

spaced not more than six (6) inches apart. Spot weld to face sheets no more than five (5) 

inches o.c. Fill spaces between stiffeners with glass- or mineral-fiber insulation. 

2. Fire Door Cores: As required to provide fire-protection and temperature-rise ratings 

indicated. 

3. Vertical Edges for Single-Acting Doors:  Bevel edges 1/8 inch in 2 inches. 

4. Top Edge Closures: Close top edges of doors with inverted closures of same material as 

face sheets. 

5. Bottom Edge Closures: Close bottom edges of doors where required for attachment of 

weather stripping with end closures or channels of same material as face sheets. 

6. Exterior Doors: Provide weep-hole openings in bottoms of exterior doors to permit 

moisture to escape. Seal joints in top edges of doors against water penetration. 

7. Astragals: Provide overlapping astragal on one leaf of pairs of doors where required by 

NFPA 80 for fire-performance rating or where indicated. Extend minimum 3/4 inch 

beyond edge of door on which astragal is mounted or as required to comply with 

published listing of qualified testing agency. 

C. Hollow-Metal Frames: Where frames are fabricated in sections due to shipping or handling 

limitations, provide alignment plates or angles at each joint, fabricated of same thickness metal 

as frames. 
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1. Sidelite and Transom Bar Frames: Provide closed tubular members with no visible face 

seams or joints, fabricated from same material as door frame. Fasten members at 

crossings and to jambs by butt welding. 

2. Provide countersunk, flat- or oval-head exposed screws and bolts for exposed fasteners 

unless otherwise indicated. 

3. Grout Guards: Weld guards to frame at back of hardware mortises in frames to be 

grouted. 

4. Floor Anchors: Weld anchors to bottoms of jambs with at least four (4) spot welds per 

anchor; however, for slip-on drywall frames, provide anchor clips or countersunk holes at 

bottoms of jambs. 

5. Jamb Anchors: Provide number and spacing of anchors as follows: 

a. Masonry Type: Locate anchors not more than 16” from top and bottom of frame. 

Space anchors not more than 32” o.c., to match coursing, and as follows: 

1) Two (2) anchors per jamb up to 60” high. 

2) Three (3) anchors per jamb from 60” – 90” high. 

3) Four (4) anchors per jamb from 90” – 120” high. 

4) Four (4) anchors per jamb plus one additional anchor per jamb for each 24” 

or fraction thereof above 120” high. 

b. Stud-Wall Type: Locate anchors not more than 18” from top and bottom of frame. 

Space anchors not more than 32” o.c. and as follows: 

1) Three (3) anchors per jamb up to 60” high. 

2) Four (4) anchors per jamb from 60” – 90” high. 

3) Five (5) anchors per jamb from 90” – 96” high. 

4) Five (5) anchors per jamb plus one (1) additional anchor per jamb for each 

24” or fraction thereof above 96” high. 

c. Compression Type: Not less than two (2) anchors in each frame. 

d. Post-Installed Expansion Type: Locate anchors not more than six (6) inches from 

top and bottom of frame. Space anchors not more than 26” o.c. 

6. Head Anchors: Two (2) anchors per head for frames more than 42” wide and mounted in 

metal-stud partitions. 

7. Door Silencers: Except on weather-stripped frames, drill stops to receive door silencers 

as follows. Keep holes clear during construction. 

a. Single-Door Frames: Drill stop in strike jamb to receive three (3) door silencers. 

b. Double-Door Frames: Drill stop in head jamb to receive two (2) door silencers. 

D. Fabricate concealed stiffeners and edge channels from either cold- or hot-rolled steel sheet. 

E. Hardware Preparation: Factory prepare hollow-metal work to receive templated mortised 

hardware; include cutouts, reinforcement, mortising, drilling, and tapping according to 

SDI A250.6, the Door Hardware Schedule, and templates. 

1. Reinforce doors and frames to receive non-templated, mortised, and surface-mounted 

door hardware. 
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2. Comply with applicable requirements in SDI A250.6 and BHMA A156.115 for 

preparation of hollow-metal work for hardware. 

F. Stops and Moldings: Provide stops and moldings around glazed lites and louvers where 

indicated. Form corners of stops and moldings with mitered hairline joints. 

1. Single Glazed Lites: Provide fixed stops and moldings welded on secure side of hollow-

metal work. 

2. Multiple Glazed Lites: Provide fixed and removable stops and moldings so that each 

glazed lite is capable of being removed independently. 

3. Provide fixed frame moldings on outside of exterior and on secure side of interior doors 

and frames. 

4. Provide loose stops and moldings on inside of hollow-metal work. 

5. Coordinate rabbet width between fixed and removable stops with glazing and installation 

types indicated. 

2.9 STEEL FINISHES 

A. Prime Finish: Clean, pretreat, and apply manufacturer's standard primer. 

1. Shop Primer: Manufacturer's standard, fast-curing, lead- and chromate-free primer 

complying with SDI A250.10; recommended by primer manufacturer for substrate; 

compatible with substrate and field-applied coatings despite prolonged exposure. 

B. Factory Finish: Clean, pretreat, and apply manufacturer's standard two-coat, baked-on finish 

consisting of prime coat and thermosetting topcoat, complying with SDI A250.3. 

1. Color and Gloss:  As selected by Engineer from manufacturer's full range. 

2.10 ACCESSORIES 

A. Louvers: Provide louvers for interior doors, where indicated, which comply with SDI 111C, 

with blades or baffles formed of 0.020-inch-thick, cold-rolled steel sheet set into 0.032-inch- 

thick steel frame. 

1. Sightproof Louver: Stationary louvers constructed with inverted-V or inverted-Y blades. 

2. Lightproof Louver: Stationary louvers constructed with baffles to prevent light from 

passing from one side to the other. 

3. Fire-Rated Automatic Louvers: Louvers constructed with movable blades closed by 

actuating fusible link, and listed and labeled for use in fire-rated door assemblies of type 

and fire-resistance rating indicated by same qualified testing and inspecting agency that 

established fire-resistance rating of door assembly. 

B. Mullions and Transom Bars: Join to adjacent members by welding or rigid mechanical anchors. 

C. Grout Guards: Formed from same material as frames, not less than 0.016 inch thick. 
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PART 3 - EXECUTION 

3.1 EXAMINATION 

A. Examine substrates, areas, and conditions, with Installer present, for compliance with 

requirements for installation tolerances and other conditions affecting performance of the Work. 

B. Examine roughing-in for embedded and built-in anchors to verify actual locations before frame 

installation. 

C. Prepare written report, endorsed by Installer, listing conditions detrimental to performance of 

the Work. 

D. Proceed with installation only after unsatisfactory conditions have been corrected. 

3.2 PREPARATION 

A. Remove welded-in shipping spreaders installed at factory. Restore exposed finish by grinding, 

filling, and dressing, as required to make repaired area smooth, flush, and invisible on exposed 

faces. 

B. Drill and tap doors and frames to receive non-templated, mortised, and surface-mounted door 

hardware. 

3.3 INSTALLATION 

A. General: Install hollow-metal work plumb, rigid, properly aligned, and securely fastened in 

place. Comply with Drawings and manufacturer's written instructions. 

B. Hollow-Metal Frames: Install hollow-metal frames for doors, transoms, sidelites, borrowed 

lites, and other openings, of size and profile indicated. Comply with SDI A250.11 or NAAMM-

HMMA 840 as required by standards specified. 

1. Set frames accurately in position; plumbed, aligned, and braced securely until permanent 

anchors are set. After wall construction is complete, remove temporary braces, leaving 

surfaces smooth and undamaged. 

a. At fire-rated openings, install frames according to NFPA 80. 

b. Where frames are fabricated in sections because of shipping or handling 

limitations, field splice at approved locations by welding face joint continuously; 

grind, fill, dress, and make splice smooth, flush, and invisible on exposed faces. 

c. Install frames with removable stops located on secure side of opening. 

d. Install door silencers in frames before grouting. 

e. Remove temporary braces necessary for installation only after frames have been 

properly set and secured. 

f. Check plumb, square, and twist of frames as walls are constructed. Shim as 

necessary to comply with installation tolerances. 
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g. Field-apply bituminous coating to backs of frames that will be filled with grout 

containing anti-freezing agents. 

2. Floor Anchors: Provide floor anchors for each jamb and mullion that extends to floor, 

and secure with post-installed expansion anchors. 

a. Floor anchors may be set with power-actuated fasteners instead of post-installed 

expansion anchors if so indicated and approved on Shop Drawings. 

3. Metal-Stud Partitions: Solidly pack mineral-fiber insulation inside frames. 

4. Masonry Walls: Coordinate installation of frames to allow for solidly filling space 

between frames and masonry with grout. 

5. Concrete Walls: Solidly fill space between frames and concrete with mineral-fiber 

insulation. 

6. In-Place Concrete or Masonry Construction: Secure frames in place with post-installed 

expansion anchors. Countersink anchors, and fill and make smooth, flush, and invisible 

on exposed faces. 

7. In-Place Metal or Wood-Stud Partitions: Secure slip-on drywall frames in place 

according to manufacturer's written instructions. 

8. Installation Tolerances: Adjust hollow-metal door frames for squareness, alignment, 

twist, and plumb to the following tolerances: 

a. Squareness: ± 1/16 inch, measured at door rabbet on a line 90° from jamb 

perpendicular to frame head. 

b. Alignment: ± 1/16 inch, measured at jambs on a horizontal line parallel to plane of 

wall. 

c. Twist: ± 1/16 inch, measured at opposite face corners of jambs on parallel lines, 

and perpendicular to plane of wall. 

d. Plumbness: ± 1/16 inch, measured at jambs at floor. 

C. Hollow-Metal Doors: Fit hollow-metal doors accurately in frames, within clearances specified 

below. Shim as necessary. 

1. Non-Fire-Rated Steel Doors: 

a. Between Door and Frame Jambs and Head: 1/8 inch ± 1/32 inch. 

b. Between Edges of Pairs of Doors: 1/8 inch to 1/4 inch ± 1/32 inch. 

c. At Bottom of Door:  5/8 inch ± 1/32 inch. 

d. Between Door Face and Stop: 1/16 inch to 1/8 inch ± 1/32 inch. 

2. Fire-Rated Doors: Install doors with clearances according to NFPA 80. 

3. Smoke-Control Doors: Install doors and gaskets according to NFPA 105. 

D. Glazing: Comply with hollow-metal manufacturer's written instructions. 

1. Secure stops with countersunk flat- or oval-head machine screws spaced uniformly not 

more than 9” o.c. and not more than 2” o.c. from each corner. 
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3.4 ADJUSTING AND CLEANING 

A. Final Adjustments: Check and readjust operating hardware items immediately before final 

inspection. Leave work in complete and proper operating condition. Remove and replace 

defective work, including hollow-metal work that is warped, bowed, or otherwise unacceptable. 

B. Remove grout and other bonding material from hollow-metal work immediately after 

installation. 

C. Prime-Coat Touchup: Immediately after erection, sand smooth rusted or damaged areas of 

prime coat and apply touchup of compatible air-drying, rust-inhibitive primer. 

D. Metallic-Coated Surface Touchup: Clean abraded areas and repair with galvanizing repair paint 

according to manufacturer's written instructions. 

E. Factory-Finish Touchup: Clean abraded areas and repair with same material used for factory 

finish according to manufacturer's written instructions. 

F. Touchup Painting: Cleaning and touchup painting of abraded areas of paint are specified in 

painting Sections. 

END OF SECTION 08 11 13 
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SECTION 08 33 23 - OVERHEAD COILING DOORS 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

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

Conditions and Division 01 Specification Sections, apply to this Section. 

1.2 SUMMARY 

A. Section Includes: 

1. Service Doors 

2. Insulated Acoustical Service Doors 

B. Related Requirements: 

1. Section 02 41 19 – Selective Demolition 

2. Section 05 50 00 – Metal Fabrications 

3. Section 07 92 00 – Joint Sealants 

1.3 ACTION SUBMITTALS 

A. Product Data: For each type and size of overhead coiling door and accessory. 

1. Include construction details, material descriptions, dimensions of individual components, 

profiles for slats, and finishes. 

B. Shop Drawings: For each installation and for special components not dimensioned or detailed in 

manufacturer's product data. 

1. Include plans, elevations, sections, and mounting details. 

2. Include details of equipment assemblies, and indicate dimensions, required clearances, 

method of field assembly, components, and location and size of each field connection. 

3. Include points of attachment and their corresponding static and dynamic loads imposed 

on structure. 

4. For exterior components, include details of provisions for assembly expansion and 

contraction and for excluding and draining moisture to the exterior. 

5. Show locations of controls, locking devices, detectors or replaceable fusible links, and 

other accessories. 

6. Include diagrams for power, signal, and control wiring. 

C. Samples for Initial Selection: Manufacturer's finish charts showing full range of colors and 

textures available for units with factory-applied finishes. 

1. Include similar Samples of accessories involving color selection. 
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D. Samples for Verification: For each type of exposed finish on the following components, in 

manufacturer's standard sizes: 

1. Curtain Slats 

2. Bottom Bar 

3. Guides 

4. Brackets 

5. Hood 

6. Locking Device(s) 

7. Include similar Samples of accessories involving color selection. 

E. Certifications: 

1. Submit manufacturer’s Underwriters Laboratories (UL), Warnock Hersey (WH) or 

Factory Mutual Research (FM) laboratory test report verifying product compliance in 

accordance with the required fire and smoke ratings. 

2. Provide certification from an accredited acoustical testing laboratory of product 

compliance noting a minimum 34 STC rating. Assembly shall have been tested in 

accordance with Laboratory Sound Transmission Loss (ASTM E-90) and STC 

determination (ASTM E-413). 

1.4 INFORMATIONAL SUBMITTALS 

A. Qualification Data: For Installer 

B. Oversize Construction Certification: For door assemblies required to be fire-rated and that 

exceed size limitations of labeled assemblies. 

1.5 CLOSEOUT SUBMITTALS 

A. Maintenance Data: For overhead coiling doors to include in maintenance manuals. 

1.6 QUALITY ASSURANCE 

A. Installer Qualifications: An entity that employs installers and supervisors who are trained and 

approved by manufacturer for both installation and maintenance of units required for this 

Project. 

B. Fire-Rated Door Assemblies: Assemblies complying with NFPA 80 that are listed and labeled 

by a qualified testing agency, for fire-protection ratings indicated, based on testing at as close to 

neutral pressure as possible according to NFPA 252 and UL 10B. 

1. Oversize Fire-Rated Door Assemblies: For units exceeding sizes of tested assemblies, 

provide certification by a qualified testing agency that doors comply with standard 

construction requirements for tested and labeled fire-rated door assemblies except for 

size. 
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2. Temperature-Rise Limit: At exit enclosures and exit passageways, provide doors that 

have a maximum transmitted temperature end point of not more than 450 °F above 

ambient after 30 minutes of standard fire-test exposure. 

3. Smoke Control: In corridors and smoke barriers, provide doors that are listed and labeled 

with the letter "S" on the fire-rating label by a qualified testing agency for smoke- and 

draft-control based on testing according to UL 1784; with maximum air-leakage rate of 

3.0 cfm/sq. ft. of door opening at 0.10-inch for both ambient and elevated temperature 

tests. 

C. Sound-Control Doors: Assemblies tested in a laboratory for sound-transmission-loss 

performance according to ASTM E 90, calculated according to ASTM E 413, and rated for not 

less than the STC value indicated. 

D. Regulatory Requirements: Comply with applicable provisions in the U.S. Architectural & 

Transportation Barriers Compliance Board's ADA-ABA Accessibility Guidelines and 

ICC A117.1. 

PART 2 - PRODUCTS 

2.1 MANUFACTURERS 

A. Source Limitations: Obtain overhead coiling doors from single source from single 

manufacturer. 

1. Obtain operators and controls from overhead coiling door manufacturer. 

2.2 PERFORMANCE REQUIREMENTS 

A. Structural Performance, Exterior Doors: Capable of withstanding the design wind loads. 

1. Design Wind Load: Uniform pressure (velocity pressure) per the IBC acting inward and 

outward. 

2. Testing: According to ASTM E 330 or DASMA 108 for garage doors and meeting the 

acceptance criteria of DASMA 108. 

3. Deflection Limits: Design overhead coiling doors to withstand design wind load without 

evidencing permanent deformation or disengagement of door components. 

4. Operability under Wind Load: Design overhead coiling doors to remain operable under 

design wind load, acting inward and outward. 

B. Windborne-Debris Impact Resistance: Provide glazed and impact-protective overhead coiling 

doors that pass missile-impact and cyclic-pressure tests according to ASTM E 1996 for Wind 

Zone 3 or DASMA 115. 

2.3 DOOR ASSEMBLY 

A. Service Door: Overhead coiling door formed with curtain of interlocking metal slats. 
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1. Manufacturers: Subject to compliance with requirements, provide products by one of the 

following: 

a. McKeon Rolling Steel Door Company 

b. Alpine Overhead Doors 

c. Overhead Door Corporation 

d. Cornell Iron Works, Inc. 

e. Or Approved Equal 

B. Operation Cycles: Door components and operators capable of operating for not less than 10,000 

cycles and for ten (10) cycles per day. One operation cycle is complete when a door is opened 

from the closed position to the fully open position and returned to the closed position. 

1. Include tamperproof cycle counter 

C. Air Infiltration: Maximum rate of 1.0 cfm/sq. ft. at 15 and 25 mph when tested according to 

ASTM E 283 or DASMA 105. 

D. STC Rating: Minimum of 34 

E. Curtain R-Value: 4.5 °F x h x sq. ft./Btu. 

F. Door Curtain Material: Aluminum: ASTM B 209 sheet or ASTM B 221 extrusions, alloy and 

temper standard with manufacturer for type of use and finish indicated; thickness of 0.050 inch; 

and as required. 

G. Door Curtain Slats: Curved or Flat profile slats of 1-7/8-inch - 3-1/4-inch center-to-center 

height. 

1. General: Fabricate overhead coiling-door curtain of interlocking metal slats, designed to 

withstand wind loading indicated, in a continuous length for width of door without 

splices. Unless otherwise indicated, provide slats of thickness and mechanical properties 

recommended by door manufacturer for performance, size, and type of door indicated 

2. Perforated Slats: Approximately 1/16-inch - 3/32-inch pinholes, 7/8-inch wide x 3/8-inch 

high slots 25% of total door opening. 

a. Perforated slats are only required if shown on the Drawings. 

3. Fenestrated Slats: Approximately 3- x 5/8-inch or 4- x 5/8-inch openings spaced 

approximately 1-1/2 inches apart and beginning 12” from jamb guides or 17% of total 

door opening. 

a. Fenestrated slats are only required if shown on the Drawings. 

4. Vision Panels: Approximately 10- x 1-5/8-inch openings spaced approximately 2” apart 

and beginning 12” from end guides; in two (2) rows of slats at height indicated on 

Drawings; installed with insulated vision-panel glazing. 

a. Vision panels are only required if shown on the Drawings. 

5. Insulated-Slat Interior Facing: Match metal of exterior curtain-slat face, with minimum 

steel thickness of 0.010 inch and minimum aluminum thickness of 0.032 inch. 

6. Gasket Seal. Manufacturer's standard continuous gaskets between slats. 
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H. Insulation: Fill slats for insulated doors with manufacturer's standard thermal insulation 

complying with maximum flame-spread and smoke-developed indexes of 75 and 450, 

respectively, according to ASTM E 84 or UL 723. Enclose insulation completely within slat 

faces. 

I. Bottom Bar: Two (2) angles, each not less than 1-1/2 x 1-1/2 x 1/8 inch thick; fabricated from 

hot-dip galvanized steel, stainless steel or aluminum extrusions and finished to match door. 

J. Curtain Jamb Guides: Galvanized steel, Stainless steel or Aluminum with exposed finish 

matching curtain slats. 

1. Manufacturer's standard angles or channels and angles of same material and finish as 

curtain slats unless otherwise indicated, with sufficient depth and strength to retain 

curtain, to allow curtain to operate smoothly, and to withstand loading. Slot bolt holes for 

guide adjustment. Provide removable stops on guides to prevent overtravel of curtain. 

K. Hood: Match curtain material and finish. 

1. Shape: Round 

2. Mounting: As shown on Drawings 

3. General: Form sheet metal hood to entirely enclose coiled curtain and operating 

mechanism at opening head. Contour to fit end brackets to which hood is attached. Roll 

and reinforce top and bottom edges for stiffness. Form closed ends for surface-mounted 

hoods and fascia for any portion of between-jamb mounting that projects beyond wall 

face. Equip hood with intermediate support brackets as required to prevent sagging. 

a. Galvanized Steel: Nominal 0.028-inch thick, hot-dip galvanized steel sheet with 

G90 zinc coating, complying with ASTM A 653. 

b. Stainless Steel: 0.025-inch-thick stainless-steel sheet, Type 304, complying with 

ASTM A 666. 

c. Aluminum: 0.040-inch-thick aluminum sheet complying with ASTM B 209, of 

alloy and temper recommended by manufacturer and finisher for type of use and 

finish indicated. 

4. Exterior-Mounted Doors: Fabricate hood to act as weather protection and with a 

perimeter sealant-joint-bead profile for applying joint sealant. 

L. Locking Devices: Equip door with slide bolt for padlock. 

1. Locking Device Assembly: Locking by padlock, located on both left and right jamb 

sides, operable from coil side.  

2. Slide Bolt: Fabricate with side-locking bolts to engage through slots in tracks for locking 

by padlock, located on both left and right jamb sides, operable from coil side. 

3. Chain Lock Keeper: Suitable for padlock. 

M. Manual Door Operator: Push-up operation. 

1. General: Equip door with manual door operator by door manufacturer. 

2. Provide manual chain hoist operators unless electric door operators are indicated. 

3. Required lifts or pull for door operation does not exceed 25 lbf. 

4. Provide operator with through-wall shaft operation. 
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5. Provide operator with manufacturer's standard removable operating arm. 

6. Provide manual chain-hoist operator consisting of endless steel hand chain, chain pocket 

wheel and guard, and gear-reduction unit with a maximum 35-lbf force for door 

operation.  Provide alloy steel hand chain with chain holder secured to operator guide. 

N. Counterbalancing Mechanism 

1. General: Counterbalance doors by means of manufacturer's standard mechanism with an 

adjustable-tension, steel helical torsion spring mounted around a steel shaft and contained 

in a spring barrel connected to top of curtain with barrel rings. Use grease-sealed bearings 

or self-lubricating graphite bearings for rotating members. 

2. Counterbalance Barrel: Fabricate spring barrel of manufacturer's standard hot-formed, 

structural-quality, seamless or welded carbon-steel pipe, of sufficient diameter and wall 

thickness to support rolled-up curtain without distortion of slats and to limit barrel 

deflection to not more than 0.03 in./ft. of span under full load. 

3. Counterbalance Spring: One or more oil-tempered, heat-treated steel helical torsion 

springs. Size springs to counterbalance weight of curtain, with uniform adjustment 

accessible from outside barrel. Secure ends of springs to barrel and shaft with cast-steel 

barrel plugs. 

4. Torsion Rod for Counterbalance Shaft: Fabricate of manufacturer's standard cold-rolled 

steel, sized to hold fixed spring ends and carry torsional load. 

5. Brackets: Manufacturer's standard mounting brackets of either cast iron or cold-rolled 

steel plate. 

O. Curtain Accessories: Equip door with smoke seals, weatherseals, and push/pull handles. 

1. Smoke Seals: Equip each fire-rated door with replaceable smoke-seal perimeter gaskets 

or brushes for smoke and draft control as required for door listing and labeling by a 

qualified testing agency. 

2. Weatherseals for Exterior Doors: Equip each exterior door with weather-stripping gaskets 

fitted to entire exterior perimeter of door for a weather-resistant installation unless 

otherwise indicated. 

a. At door head, use 1/8-inch-thick, replaceable, continuous-sheet baffle secured to 

inside of hood or field- installed on the header. 

b. At door jambs, use replaceable, adjustable, continuous, flexible, 1/8-inch-thick 

seals of flexible vinyl, rubber, or neoprene. 

3. Push/Pull Handles: Equip each push-up-operated or emergency-operated door with lifting 

handles on each side of door, finished to match door. 

P. Door Finish: 

1. General: 

a. Comply with NAAMM/NOMMA's "Metal Finishes Manual for Architectural and 

Metal Products (AMP 500-06)" for recommendations for applying and designating 

finishes. 

b. Appearance of Finished Work: Noticeable variations in same piece are not 

acceptable. Variations in appearance of adjoining components are acceptable if 

they are within the range of approved Samples and are assembled or installed to 

minimize contrast. 
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Q. Baked-Enamel or Powder-Coat Finish:  

1. AAMA 2603. Comply with coating manufacturer's written instructions for cleaning, 

conversion coating, application, and baking. 

2. Baked-Enamel or Powder-Coated Finish: Manufacturer's standard baked-on finish 

consisting of prime coat and thermosetting topcoat. Comply with coating manufacturer's 

written instructions for cleaning, pretreatment, application, and minimum dry film 

thickness. 

3. Factory Prime Finish: Manufacturer's standard primer, compatible with field-applied 

finish. Comply with coating manufacturer's written instructions for cleaning, 

pretreatment, application, and minimum dry film thickness 

4. Stainless-Steel Finish: No. 2B (bright, cold rolled) or No. 4 (polished directional satin). 

a. Surface Preparation: Remove tool and die marks and stretch lines, or blend into 

finish. 

b. Polished Finishes: Grind and polish surfaces to produce uniform finish, free of 

cross scratches. 

1) Run grain of directional finishes with long dimension of each piece. 

2) When polishing is completed, passivate and rinse surfaces. Remove 

embedded foreign matter and leave surfaces chemically clean. 

3) Directional Satin Finish: No. 4. 

c. Bright, Cold-Rolled, Unpolished Finish: No. 2B 

5. Interior Curtain-Slat Facing: Finish as indicated by manufacturer's designations. 

PART 3 - EXECUTION 

3.1 EXAMINATION 

A. Examine substrates areas and conditions, with Installer present, for compliance with 

requirements for substrate construction and other conditions affecting performance of the Work. 

B. Examine locations of electrical connections. 

C. Proceed with installation only after unsatisfactory conditions have been corrected. 

3.2 INSTALLATION 

A. Install overhead coiling doors and operating equipment complete with necessary hardware, 

anchors, inserts, hangers, and equipment supports; according to manufacturer's written 

instructions and as specified. 

B. Install overhead coiling doors, hoods, controls, and operators at the mounting locations 

indicated for each door. 

C. Accessibility: Install overhead coiling doors, switches, and controls along accessible routes in 

compliance with regulatory requirements for accessibility. 
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D. Fire-Rated Doors: Install according to NFPA 80. 

E. Smoke-Control Doors: Install according to NFPA 80 and NFPA 105. 

3.3 STARTUP SERVICE 

A. Engage a factory-authorized service representative to perform startup service. 

1. Perform installation and startup checks according to manufacturer's written instructions. 

2. Test and adjust controls and safety devices. Replace damaged and malfunctioning 

controls and equipment. 

3. Test door closing when activated by detector or alarm-connected fire-release system. 

Reset door-closing mechanism after successful test. 

3.4 ADJUSTING 

A. Adjust hardware and moving parts to function smoothly so that doors operate easily, free of 

warp, twist, or distortion. 

1. Adjust exterior doors and components to be weather-resistant. 

B. Lubricate bearings and sliding parts as recommended by manufacturer. 

C. Adjust seals to provide tight fit around entire perimeter. 

3.5 MAINTENANCE SERVICE 

A. Initial Maintenance Service: Beginning at Substantial Completion, maintenance service shall 

include 12 months' full maintenance by skilled employees of coiling-door Installer. Include 

quarterly preventive maintenance, repair or replacement of worn or defective components, 

lubrication, cleaning, and adjusting as required for door operation. Parts and supplies shall be 

manufacturer's authorized replacement parts and supplies. 

1. Perform maintenance, including emergency callback service, during normal working 

hours. 

2. Include 24-hour-per-day, seven-day-per-week, emergency callback service. 

3.6 DEMONSTRATION 

A. Engage a factory-authorized service representative to train Owner's maintenance personnel to 

adjust, operate, and maintain overhead coiling doors. 

END OF SECTION 08 33 23 
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SECTION 08 71 00 - DOOR HARDWARE 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

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

Conditions and Division 01 Specification Sections, apply to this Section. 

1.2 SUMMARY 

A. Section Includes: 

1. Mechanical door hardware for the following: 

a. Swinging Doors 

b. Sliding Doors 

c. Folding Doors 

2. Cylinders for door hardware specified in other Sections. 

3. Electrified door hardware. 

B. Related Requirements: 

1. Coordinate products specified in Part 2 with Division 08 Sections in subparagraphs 

below. Astragals, silencers, and cylinders can be specified in this Section or with doors 

and frames. 

2. Division 8 – Openings 

3. Division 13 – Special Construction 

1.3 COORDINATION 

A. Floor-Recessed Door Hardware: Coordinate layout and installation with floor construction. 

1. Cast anchoring inserts into concrete. 

B. Installation Templates: Distribute for doors, frames, and other work specified to be factory 

prepared. Check Shop Drawings of other work to confirm that adequate provisions are made for 

locating and installing door hardware to comply with indicated requirements. 

C. Security: Coordinate installation of door hardware, keying, and access control with Owner's 

security consultant. 

D. Electrical System Roughing-In: Coordinate layout and installation of electrified door hardware 

with connections to power supplies and building safety and security systems. 
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E. Existing Openings: Where hardware components are scheduled for application to existing 

construction or where modifications to existing door hardware are required, field verify existing 

conditions and coordinate installation of door hardware to suit opening conditions and to 

provide proper door operation. 

1.4 PREINSTALLATION MEETINGS 

A. Preinstallation and Keying Conference: Conduct conference at Project site. 

1. Conference participants shall include Installer's Architectural Hardware Consultant. 

2. Incorporate conference decisions into keying schedule after reviewing door hardware 

keying system including, but not limited to, the following: 

a. Flow of traffic and degree of security required 

b. Preliminary key system schematic diagram 

c. Requirements for key control system 

d. Requirements for access control 

e. Address for delivery of keys 

1.5 ACTION SUBMITTALS 

A. Product Data: For each type of product 

1. Include construction details, material descriptions, dimensions of individual components 

and profiles, and finishes. 

B. Shop Drawings: For electrified door hardware 

1. Include diagrams for power, signal, and control wiring. 

2. Include details of interface of electrified door hardware and building safety and security 

systems. 

C. Samples: For each exposed product in each finish specified, in manufacturer's standard size. 

1. Tag Samples with full product description to coordinate Samples with door hardware 

schedule. 

D. Samples for Initial Selection: For each type of exposed finish 

E. Samples for Verification: For each type of exposed product, in each finish specified. 

1. Sample Size: Full-size units or minimum 2” x 4” Samples for sheet and 4-inch-long 

Samples for other products. 

a. Full-size Samples will be returned to Contractor. Units that are acceptable and 

remain undamaged through submittal, review, and field comparison process may, 

after final check of operation, be incorporated into the Work, within limitations of 

keying requirements. 
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2. Tag Samples with full product description to coordinate Samples with door hardware 

schedule. 

F. Door Hardware Schedule: Prepared by or under the supervision of Installer's Architectural 

Hardware Consultant. Coordinate door hardware schedule with doors, frames, and related work 

to ensure proper size, thickness, hand, function, and finish of door hardware. 

1. Submittal Sequence: Submit door hardware schedule after or concurrent with 

submissions of Product Data, Samples, and Shop Drawings. Coordinate submission of 

door hardware schedule with scheduling requirements of other work to facilitate the 

fabrication of other work that is critical in Project construction schedule. 

2. Format: Use same scheduling sequence and format and use same door numbers as in door 

hardware schedule in the Contract Documents. 

3. Content: Include the following information: 

a. Identification number, location, hand, fire rating, size, and material of each door 

and frame. 

b. Locations of each door hardware set, cross-referenced to Drawings on floor plans 

and to door and frame schedule. 

c. Complete designations, including name and manufacturer, type, style, function, 

size, quantity, function, and finish of each door hardware product. 

d. Description of electrified door hardware sequences of operation and interfaces with 

other building control systems. 

e. Fastenings and other installation information. 

f. Explanation of abbreviations, symbols, and designations contained in door 

hardware schedule. 

g. Mounting locations for door hardware. 

h. List of related door devices specified in other Sections for each door and frame. 

G. Keying Schedule: Prepared by or under the supervision of Installer's Architectural Hardware 

Consultant, detailing Owner's final keying instructions for locks. Include schematic keying 

diagram and index each key set to unique door designations that are coordinated with the 

Contract Documents. 

1.6 INFORMATIONAL SUBMITTALS 

A. Qualification Data: For Installer and Architectural Hardware Consultant. 

B. Product Certificates: For each type of electrified door hardware. 

1. Certify that door hardware for use on each type and size of labeled fire-rated doors 

complies with listed fire-rated door assemblies. 

C. Product Test Reports: For compliance with accessibility requirements, for tests performed by 

manufacturer and witnessed by a qualified testing agency, for door hardware on doors located in 

accessible routes. 

D. Field quality-control reports. 

E. Sample Warranty: For special warranty 
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1.7 CLOSEOUT SUBMITTALS 

A. Maintenance Data: For each type of door hardware to include in maintenance manuals. 

B. Schedules: Final door hardware and keying schedule. 

1.8 MAINTENANCE MATERIAL SUBMITTALS 

A. Furnish extra materials that match products installed and that are packaged with protective 

covering for storage and identified with labels describing contents. 

1.9 QUALITY ASSURANCE 

A. Installer Qualifications: Supplier of products and an employer of workers trained and approved 

by product manufacturers and of an Architectural Hardware Consultant who is available during 

the course of the Work to consult Contractor, Architect, and Owner about door hardware and 

keying. 

1. Warehousing Facilities: In Project's vicinity 

2. Scheduling Responsibility: Preparation of door hardware and keying schedule. 

3. Engineering Responsibility: Preparation of data for electrified door hardware, including 

Shop Drawings, based on testing and engineering analysis of manufacturer's standard 

units in assemblies similar to those indicated for this Project. 

B. Architectural Hardware Consultant Qualifications: A person who is experienced in providing 

consulting services for door hardware installations that are comparable in material, design, and 

extent to that indicated for this Project and who is currently certified by DHI as an Architectural 

Hardware Consultant (AHC). 

1.10 DELIVERY, STORAGE, AND HANDLING 

A. Inventory door hardware on receipt and provide secure lock-up for door hardware delivered to 

Project site. 

B. Tag each item or package separately with identification coordinated with the final door 

hardware schedule, and include installation instructions, templates, and necessary fasteners with 

each item or package. 

C. Deliver keys to manufacturer of key control system for subsequent delivery to Owner. 

D. Deliver keys and permanent cores to Owner by registered mail or overnight package service. 

1.11 WARRANTY 

A. Special Warranty: Manufacturer agrees to repair or replace components of door hardware that 

fail in materials or workmanship within specified warranty period. 

1. Failures include, but are not limited to, the following: 
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a. Structural failures including excessive deflection, cracking, or breakage. 

b. Faulty operation of doors and door hardware. 

c. Deterioration of metals, metal finishes, and other materials beyond normal 

weathering and use. 

2. Warranty Period:  Three (3) years from date of Substantial Completion unless otherwise 

indicated below: 

a. Exit Devices:  Two (2) years from date of Substantial Completion. 

b. Manual Closers:  Ten (10) years from date of Substantial Completion. 

c. Concealed Floor Closers:  Five (5) years from date of Substantial Completion. 

PART 2 - PRODUCTS 

2.1 MANUFACTURERS 

A. Source Limitations: Obtain each type of door hardware from single manufacturer. 

1. Provide electrified door hardware from same manufacturer as mechanical door hardware 

unless otherwise indicated. Manufacturers that perform electrical modifications and that 

are listed by a testing and inspecting agency acceptable to authorities having jurisdiction 

are acceptable. 

2.2 PERFORMANCE REQUIREMENTS 

A. Means of Egress Doors: Latches do not require more than 15 lbf to release the latch. Locks do 

not require use of a key, tool, or special knowledge for operation. 

B. Accessibility Requirements: For door hardware on doors in an accessible route, comply with the 

ABA standards of the Federal agency having jurisdiction. 

1. Provide operating devices that do not require tight grasping, pinching, or twisting of the 

wrist and that operate with a force of not more than 5 lbf. 

2. Comply with the following maximum opening-force requirements: 

a. Interior, Non-Fire-Rated Hinged Doors: 5 lbf applied perpendicular to door. 

b. Sliding or Folding Doors: 5 lbf applied parallel to door at latch. 

c. Fire Doors: Minimum opening force allowable by authorities having jurisdiction. 

3. Bevel raised thresholds with a slope of not more than 1:2. Provide thresholds not more 

than 1/2 inch high. 

4. Adjust door closer sweep periods so that, from an open position of 90°, the door will take 

at least five (5) seconds to move to a position of 12° from the latch. 

5. Adjust spring hinges so that, from an open position of 70°, the door will take at least 1.5 

seconds to move to the closed position. 
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2.3 SCHEDULED DOOR HARDWARE 

A. Provide products for each door that comply with requirements indicated in Part 2 and door 

hardware schedule. 

1. Door hardware is scheduled in Part 3. 

2.4 HINGES 

A. Hinges: BHMA A156.1. Provide template-produced hinges for hinges installed on hollow-metal 

doors and hollow-metal frames. 

1. Manufacturers: Subject to compliance with requirements, provide products by one of the 

following: 

a. Hager Companies 

b. Stanley Commercial Hardware; a division of Stanley Security Solutions 

c. Or approved equal 

2.5 SELF-CLOSING HINGES AND PIVOTS 

A. Self-Closing Hinges and Pivots: BHMA A156.17 

1. Manufacturers: Subject to compliance with requirements, provide products by one of the 

following: 

a. Hager Companies 

b. Stanley Commercial Hardware; a division of Stanley Security Solutions 

c. Or approved equal 

2.6 CENTER-HUNG AND OFFSET PIVOTS 

A. Center-Hung and Offset Pivots: BHMA A156.4 

1. Manufacturers: Subject to compliance with requirements, provide products by the 

following: 

a. Hager Companies 

b. Stanley Commercial Hardware; a division of Stanley Security Solutions 

c. Or approved equal 

2.7 CONTINUOUS HINGES 

A. Continuous Hinges: BHMA A156.26; minimum 0.120-inch-thick, hinge leaves with minimum 

overall width of 4”; fabricated to full height of door and frame and to template screw locations; 

with components finished after milling and drilling are complete. 

B. Pin-and-Barrel-Type Hinges: 
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1. Manufacturers: Subject to compliance with requirements, provide products by one of the 

following: 

a. Hager Companies 

b. Select Products Limited 

c. Stanley Commercial Hardware; a division of Stanley Security Solutions 

d. Or approved equal 

2.8 MECHANICAL LOCKS AND LATCHES 

A. Lock Functions: As indicated in door hardware schedule. 

B. Lock Throw: Comply with testing requirements for length of bolts required for labeled fire 

doors, and as follows: 

1. Bored Locks: Minimum 1/2-inch latch bolt throw. 

2. Mortise Locks: Minimum 3/4-inch latch bolt throw. 

3. Deadbolts: Minimum 1-inch bolt throw. 

C. Lock Backset: 2-3/4 inches unless otherwise indicated. 

D. Strikes: Provide manufacturer's standard strike for each lock bolt or latch bolt complying with 

requirements indicated for applicable lock or latch and with strike box and curved lip extended 

to protect frame; finished to match lock or latch. 

E. Locks and Latches: BHMA A156.2, BHMA A156.12, BHMA A156.13, BHMA A156.16 

1. Manufacturers: Subject to compliance with requirements, provide products by one of the 

following: 

a. Best Access Systems; Stanley Security Solutions, Inc. 

b. Corbin Russwin, Inc.; an ASSA ABLOY Group company 

c. Stanley Commercial Hardware; a division of Stanley Security Solutions 

d. Yale Security Inc; an ASSA ABLOY Group company 

e. Or approved equal 

2.9 EXIT LOCKS AND EXIT ALARMS 

A. Exit Locks and Alarms: BHMA A156.29, Grade 1 

1. Manufacturers: Subject to compliance with requirements, provide products by one of the 

following: 

a. Precision Hardware, Inc.; a Stanley company 

b. SARGENT Manufacturing Company; ASSA ABLOY 

c. Or approved equal 
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2.10 SURFACE BOLTS 

A. Surface Bolts: BHMA A156.16 

1. Manufacturers: Subject to compliance with requirements, provide products by one of the 

following: 

a. Allegion plc 

b. Trimco 

c. Or approved equal 

2.11 MANUAL FLUSH BOLTS 

A. Manual Flush Bolts: BHMA A156.16; minimum 3/4-inch throw; designed for mortising into 

door edge. 

1. Manufacturers: Subject to compliance with requirements, provide products by one of the 

following: 

a. Allegion plc 

b. Trimco 

c. Or approved equal 

2.12 EXIT DEVICES AND AUXILIARY ITEMS 

A. Exit Devices and Auxiliary Items: BHMA A156.3 

1. Manufacturers: Subject to compliance with requirements, provide products by one of the 

following: 

a. Precision Hardware, Inc.; a Stanley company 

b. SARGENT Manufacturing Company; ASSA ABLOY 

c. Yale Security Inc; an ASSA ABLOY Group company 

d. Or approved equal 

2.13 LOCK CYLINDERS 

A. Lock Cylinders: Tumbler type, constructed from brass or bronze, stainless steel, or nickel 

silver. Provide cylinder from same manufacturer of locking devices. 

1. Manufacturers: Subject to compliance with requirements, provide products by one of the 

following: 

a. Best Access Systems; Stanley Security Solutions, Inc. 

b. Corbin Russwin, Inc.; an ASSA ABLOY Group company 

c. Hager Companies 

d. SARGENT Manufacturing Company; ASSA ABLOY 

e. Stanley Commercial Hardware; a division of Stanley Security Solutions 
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f. Yale Security Inc; an ASSA ABLOY Group company 

g. Or approved equal 

B. Standard Lock Cylinders: BHMA A156.5; Grade 2 permanent cores; face finished to match 

lockset. 

1. Core Type:  Interchangeable 

C. Construction Master Keys: Provide cylinders with feature that permits voiding of construction 

keys without cylinder removal. Provide ten (10) construction master keys. 

D. Construction Cores: Provide construction cores that are replaceable by permanent cores. 

Provide ten (10) construction master keys. 

2.14 KEYING 

A. Keying System: Factory registered, complying with guidelines in BHMA A156.28, appendix. 

Provide one (1) extra key blank for each lock. Supplier is to closely coordinate with owner and 

architect all keying requirements.  All lock cylinders shall be construction master keyed using 

split key method. Incorporate decisions made in keying conference. 

1. Master Key System: Change keys and a master key operate cylinders. 

a. Provide three (3) cylinder change keys and five (5) master keys. 

2. Existing System: 

a. Master key or grand master key locks to Owner's existing system. 

b. Re-key Owner's existing master key system into new keying system. 

3. Keyed Alike: Key all cylinders to same change key. 

B. Keys:  Nickel silver. 

1. Stamping: Permanently inscribe each key with a visual key control number and include 

the following notation: 

a. Notation:  "DO NOT DUPLICATE." 

2.15 OPERATING TRIM 

A. Operating Trim: BHMA A156.6; aluminum or stainless steel unless otherwise indicated. 

1. Manufacturers: Subject to compliance with requirements, provide products by one of the 

following: 

a. Allegion plc 

b. Hager Companies 

c. Trimco 

d. Or approved equal 
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2.16 ACCESSORIES FOR PAIRS OF DOORS 

A. Coordinators: BHMA A156.3; consisting of active-leaf, hold-open lever and inactive-leaf 

release trigger; fabricated from steel with nylon-coated strike plates; with built-in, adjustable 

safety release. 

B. Carry-Open Bars: BHMA A156.3; prevent the inactive leaf from opening before the active leaf; 

provide polished brass or bronze carry-open bars with strike plate for inactive leaves of pairs of 

doors unless automatic or self-latching bolts are used. 

C. Astragals: BHMA A156.22 

2.17 SURFACE CLOSERS 

A. Surface Closers: BHMA A156.4; rack-and-pinion hydraulic type with adjustable sweep and 

latch speeds controlled by key-operated valves and forged-steel main arm. Comply with 

manufacturer's written instructions for size of door closers depending on size of door, exposure 

to weather, and anticipated frequency of use. Provide factory-sized closers, adjustable to meet 

field conditions and requirements for opening force. 

1. Manufacturers: Subject to compliance with requirements, provide products by one of the 

following: 

a. SARGENT Manufacturing Company; ASSA ABLOY 

b. Stanley Commercial Hardware; a division of Stanley Security Solutions 

c. Yale Security Inc; an ASSA ABLOY Group company 

d. Or approved equal 

2.18 CONCEALED CLOSERS 

A. Concealed Closers: BHMA A156.4; rack-and-pinion hydraulic type with adjustable sweep and 

latch speeds controlled by key-operated valves. Comply with manufacturer's written instructions 

for size of door closers depending on size of door, exposure to weather, and anticipated 

frequency of use. Provide factory-sized closers, adjustable to meet field conditions and 

requirements for opening force. 

1. Manufacturers: Subject to compliance with requirements, provide products by the 

following: 

a. SARGENT Manufacturing Company; ASSA ABLOY 

b. Or approved equal 

2.19 MECHANICAL STOPS AND HOLDERS 

A. Wall- and Floor-Mounted Stops: BHMA A156.16. 

1. Manufacturers: Subject to compliance with requirements, provide products by one of the 

following: 



CAREY STATION URBAN WATER REUSE FACILITY CAREY STATION WRF, LLC 

0.5 MGD TO 1.5 MGD EXPANSION  GREENE COUNTY, GA 
 

GOODWYN MILLS CAWOOD, LLC. DOOR HARDWARE 

GMC PROJECT NO. CAUG250007 08 71 00 - 11 of 16 

a. Hager Companies 

b. Rockwood Manufacturing Company; an ASSA ABLOY Group company 

c. Trimco 

d. Or approved equal 

2.20 OVERHEAD STOPS AND HOLDERS 

A. Overhead Stops and Holders: BHMA A156.8 

1. Manufacturers: Subject to compliance with requirements, provide products by the 

following: 

a. Allegion plc 

b. Or approved equal 

2.21 DOOR GASKETING 

A. Door Gasketing: BHMA A156.22; with resilient or flexible seal strips that are easily replaceable 

and readily available from stocks maintained by manufacturer. 

1. Manufacturers: Subject to compliance with requirements, provide products by one of the 

following: 

a. Hager Companies 

b. Reese Enterprises, Inc. 

c. Zero International, Inc. 

d. Or approved equal 

B. Maximum Air Leakage: When tested according to ASTM E 283 with tested pressure 

differential of 0.3-inch, as follows: 

1. Smoke-Rated Gasketing: 0.3 cfm/sq. ft. of door opening 

2. Gasketing on Single Doors: 0.3 cfm/sq. ft. of door opening 

3. Gasketing on Double Doors: 0.50 cfm per foot of door opening 

2.22 THRESHOLDS 

A. Thresholds: BHMA A156.21; fabricated to full width of opening indicated. 

1. Manufacturers: Subject to compliance with requirements, provide products by one of the 

following: 

a. Hager Companies 

b. National Guard Products, Inc. 

c. Reese Enterprises, Inc. 

d. Zero International, Inc. 

e. Or approved equal 
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2.23 AUXILIARY DOOR HARDWARE 

A. Auxiliary Hardware: BHMA A156.16 

1. Manufacturers: Subject to compliance with requirements, provide products by the 

following: 

a. Allegion plc 

b. Or approved equal 

2.24 FABRICATION 

A. Manufacturer's Nameplate: Do not provide products that have manufacturer's name or trade 

name displayed in a visible location except in conjunction with required fire-rating labels and as 

otherwise approved by Architect. 

1. Manufacturer's identification is permitted on rim of lock cylinders only. 

B. Base Metals: Produce door hardware units of base metal indicated, fabricated by forming 

method indicated, using manufacturer's standard metal alloy, composition, temper, and 

hardness. Furnish metals of a quality equal to or greater than that of specified door hardware 

units and BHMA A156.18. 

C. Fasteners: Provide door hardware manufactured to comply with published templates prepared 

for machine, wood, and sheet metal screws. Provide screws that comply with commercially 

recognized industry standards for application intended, except aluminum fasteners are not 

permitted. Provide Phillips flat-head screws with finished heads to match surface of door 

hardware unless otherwise indicated. 

1. Concealed Fasteners: For door hardware units that are exposed when door is closed, 

except for units already specified with concealed fasteners. Do not use through bolts for 

installation where bolt head or nut on opposite face is exposed unless it is the only means 

of securely attaching the door hardware. Where through bolts are used on hollow door 

and frame construction, provide sleeves for each through bolt. 

2. Spacers or Sex Bolts: For through bolting of hollow-metal doors. 

3. Gasketing Fasteners: Provide noncorrosive fasteners for exterior applications and 

elsewhere as indicated. 

2.25 FINISHES 

A. Provide finishes complying with BHMA A156.18 as indicated in door hardware schedule. 

B. Protect mechanical finishes on exposed surfaces from damage by applying a strippable, 

temporary protective covering before shipping. 

C. Appearance of Finished Work: Variations in appearance of abutting or adjacent pieces are 

acceptable if they are within 1/2 of the range of approved Samples. Noticeable variations in the 

same piece are not acceptable. Variations in appearance of other components are acceptable if 
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they are within the range of approved Samples and are assembled or installed to minimize 

contrast. 

PART 3 - EXECUTION 

3.1 EXAMINATION 

A. Examine doors and frames, with Installer present, for compliance with requirements for 

installation tolerances, labeled fire-rated door assembly construction, wall and floor 

construction, and other conditions affecting performance of the Work. 

B. Examine roughing-in for electrical power systems to verify actual locations of wiring 

connections before electrified door hardware installation. 

C. Proceed with installation only after unsatisfactory conditions have been corrected. 

3.2 PREPARATION 

A. Steel Doors and Frames: For surface-applied door hardware, drill and tap doors and frames 

according to ANSI/SDI A250.6. 

B. Wood Doors: Comply with door and hardware manufacturers' written instructions. 

3.3 INSTALLATION 

A. Mounting Heights: Mount door hardware units at heights indicated on Drawings unless 

otherwise indicated or required to comply with governing regulations. 

1. Standard Steel Doors and Frames: ANSI/SDI A250.8 

2. Custom Steel Doors and Frames: HMMA 831 

3. Wood Doors: DHI's "Recommended Locations for Architectural Hardware for Wood 

Flush Doors." 

B. Install each door hardware item to comply with manufacturer's written instructions. Where 

cutting and fitting are required to install door hardware onto or into surfaces that are later to be 

painted or finished in another way, coordinate removal, storage, and reinstallation of surface 

protective trim units with finishing work. Do not install surface-mounted items until finishes 

have been completed on substrates involved. 

1. Set units level, plumb, and true to line and location. Adjust and reinforce attachment 

substrates as necessary for proper installation and operation. 

2. Drill and countersink units that are not factory prepared for anchorage fasteners. Space 

fasteners and anchors according to industry standards. 

C. Hinges: Install types and in quantities indicated in door hardware schedule, but not fewer than 

the number recommended by manufacturer for application indicated or one (1) hinge for every 
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30” of door height, whichever is more stringent, unless other equivalent means of support for 

door, such as spring hinges or pivots, are provided. 

D. Intermediate Offset Pivots: Where offset pivots are indicated, provide intermediate offset pivots 

in quantities indicated in door hardware schedule, but not fewer than one (1) intermediate offset 

pivot per door and one (1) additional intermediate offset pivot for every 30” of door height 

greater than. 

E. Lock Cylinders: Install construction cores to secure building and areas during construction 

period. 

1. Replace construction cores with permanent cores as directed by Owner. 

2. Furnish permanent cores to Owner for installation. 

F. Thresholds: Set thresholds for exterior doors and other doors indicated in full bed of sealant 

complying with requirements specified in Section 07 92 00 "Joint Sealants." 

G. Stops: Provide floor stops for doors unless wall or other type stops are indicated in door 

hardware schedule. Do not mount floor stops where they will impede traffic. 

H. Perimeter Gasketing: Apply to head and jamb, forming seal between door and frame. 

1. Do not notch perimeter gasketing to install other surface-applied hardware. 

I. Meeting Stile Gasketing: Fasten to meeting stiles, forming seal when doors are closed. 

J. Door Bottoms: Apply to bottom of door, forming seal with threshold when door is closed. 

3.4 FIELD QUALITY CONTROL 

A. Independent Architectural Hardware Consultant:  Engage a qualified independent Architectural 

Hardware Consultant to perform inspections and to prepare inspection reports. 

1. Independent Architectural Hardware Consultant will inspect door hardware and state in 

each report whether installed work complies with or deviates from requirements, 

including whether door hardware is properly installed and adjusted. 

3.5 ADJUSTING 

A. Initial Adjustment: Adjust and check each operating item of door hardware and each door to 

ensure proper operation or function of every unit. Replace units that cannot be adjusted to 

operate as intended. Adjust door control devices to compensate for final operation of heating 

and ventilating equipment and to comply with referenced accessibility requirements. 

1. Door Closers: Adjust sweep period to comply with accessibility requirements and 

requirements of authorities having jurisdiction. 

2. Spring Hinges: Adjust to achieve positive latching when door is allowed to close freely 

from an open position of 70° and so that closing time complies with accessibility 

requirements of authorities having jurisdiction. 
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3. Electric Strikes: Adjust horizontal and vertical alignment of keeper to properly engage 

lock bolt. 

B. Occupancy Adjustment: Approximately three (3) months after date of Substantial Completion, 

Installer's Architectural Hardware Consultant shall examine and readjust each item of door 

hardware, including adjusting operating forces, as necessary to ensure function of doors, door 

hardware, and electrified door hardware. 

3.6 CLEANING AND PROTECTION 

A. Clean adjacent surfaces soiled by door hardware installation. 

B. Clean operating items as necessary to restore proper function and finish. 

C. Provide final protection and maintain conditions that ensure that door hardware is without 

damage or deterioration at time of Substantial Completion. 

3.7 MAINTENANCE SERVICE 

A. Maintenance Tools and Instructions: Furnish a complete set of specialized tools and 

maintenance instructions for Owner's continued adjustment, maintenance, and removal and 

replacement of door hardware. 

B. Maintenance Service: Beginning at Substantial Completion, maintenance service shall include 

six (6) months' full maintenance by skilled employees of door hardware Installer. Include 

quarterly preventive maintenance, repair or replacement of worn or defective components, 

lubrication, cleaning, and adjusting as required for proper door and door hardware operation. 

Parts and supplies shall be manufacturer's authorized replacement parts and supplies. 

3.8 DOOR HARDWARE SCHEDULE 

A. Nomenclature 

1. Manufacturer List 

 

Code Name 

BE Best Access Systems 

DM Dorma Door Controls 

NA National Guard 

PR Precision 

ST Stanley 

TR Trimco 

2. Option List 

 

Code Name 

36" 36" Door Width 

3RO Prefix option for 2000 Apex Series 

B4E-HEAVY-KP BEVELED 4 EDGES - KICK PLATES 
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CSK COUNTER SINKING OF KICK and MOP PLATES 

NFHD Narrow Frame Bracket - Heavy Duty Arms 

SNB (2) SEX BOLTS (2) 

VIB Double Visual Indictor Option 

3. Finish List 

 

Code Name 

600 Primed for Painting 

603 Zinc Plated 

619 Satin Nickel Plated, Clear Coated 

626 Satin Chromium Plated 

630 Satin Stainless Steel 

689 Aluminum Painted 

AL Aluminum 

B. Hardware Set #1 

1. Door #: 301A, 302A 

2. Doors: Typical exterior single door 

Qty Unit Product Description Color Manufacturer 

1 ea Continuous Hinge HD1100A x LAR 
 

NA 

1 ea Lockset-Dormitory 45H-7T14H PATD 630 BE 

1 ea Closer w/ Spring Stop 8916 S-DS NFHD 689 DM 

1 ea Kick Plate K0050 8" x 2" LDW B4E CSK 630 TR 

1 ea Door Sweep w/ Drip C627 A x LAR 
 

NA 

1 ea Drip Cap 16 A +4" ODW 
 

NA 

1 ea Perimeter Gasketing 2525 C x LAR 
 

NA 

1 ea Threshold 896 S x LAR AL NA 

C. Hardware Set #2 

1. Door #: 301B 

2. Doors: Typical exterior pair of doors 

Qty Unit Product Description Color Manufacturer 

2 ea Continuous Hinge HD1100A x LAR 
 

NA 

1 ea Keyed Removable Mullion KR822 x LAR 600 PR 

1 ea Mullion Seal 5100N x LAR 
 

NA 

1 ea Exit Device-Exit Only 3RO 2101 36" SNB (2) 630 PR 

1 ea Exit Device-Storeroom 3RO 2103 X 4903D 36" SNB (2) 630 PR 

2 

ea 

Rim Cylinder-Exit 

Trim/Mullion 

12E-72 PATD 626 BE 

2 ea Kick Plate K0050 8" x 2" LDW B4E CSK 630 TR 

1 ea Perimeter Gasketing 2525 C x LAR 
 

NA 

1 ea Drip Cap 16 A +4" ODW  NA 

2 ea Door Sweep w/ Drip C627 A x LAR  NA 

1 ea Threshold 896 S x LAR AL NA 

END OF SECTION 08 71 00 
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SECTION 09 96 00 - HIGH-PERFORMANCE COATINGS 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Section Includes: High-performance coatings and special preparation of surfaces. 

1. Use high performance coating systems specified in this section to finish components, 

unless otherwise indicated. Without restricting volume or generality, work to be 

performed under this section may include, but is not limited to: 

a. Exterior steel 

b. Interior steel 

c. Exterior concrete 

d. Interior concrete 

e. Piping, hangers, and supports 

f. Exposed bare pipes (including color coding) 

2. Painting or finishing is not needed for following: 

a. Surfaces or materials specifically scheduled or shown on Drawings to remain 

unfinished 

b. Items provided with factory finish. 

c. Equipment nameplates, fire rating labels, and operating parts of equipment 

3. Materials and products having factory-applied primer shall not be considered factory 

finished. 

1.2 REFERENCE STANDARDS 

A. American Society for Testing and Materials: 

 

1. ASTM D16 - Terminology Relating to Paint, Varnish, Lacquer, and Related Products 

2. ASTM D522 – Test Methods for Mandrel Bend Test of Attached Organic Coatings 

3. ASTM D6386 – Preparation of Zinc (Hot-Dip Galvanized) Coated Iron and Steel Product 

4. ASTM D3359 – Test Methods for Rating Adhesion by Tape Test 

B. SSPC: The Society for Protective Coatings: 

1. SSPC - Painting Manual, Volume 2: Systems and Specifications. 

2. SSPC-Paint 16 - Coal Tar Epoxy-Polyamide Black (or Dark Red). 

3. SSPC-SP 2 - Hand Tool Cleaning. 

4. SSPC-SP 3 - Power Tool Cleaning. 

5. SSPC-SP 5 - White Metal Blast Cleaning. 

6. SSPC-SP 6/NACE 3 - Commercial Blast Cleaning. 

7. SSPC-SP 7/NACE 4 - Brush-Off Blast Cleaning. 
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8. SSPC-SP 10/NACE 2 - Near-White Metal Blast Cleaning. 

9. SSPC-SP 11 - Power Tool Cleaning to Bare Metal. 

10. SSPC-SP13/NACE 6 – Surface Preparation of Concrete 

C. National Association of Pipe Fabricators 

1. NAPF 500-03-01 Solvent Cleaning 

2. NAPF 500-03-02 Hand Tool Cleaning 

3. NAPF 500-03-03 Power Tool Cleaning 

4. NAPF 500-03-04 Abrasive Blast Cleaning of Ductile Iron Pipe 

5. NAPF 500-03-05 Abrasive Blast Cleaning of Cast Ductile Iron Fittings 

D. International Concrete Repair Institute 

1. ICRI-CSP 2 – Grinding 

2. ICRI-CSP 3 – Light Shotblast 

3. ICRI-CSP 4 – Light Scarification 

4. ICRI-CSP 5 – Medium Shotblast 

5. ICRI-CSP 6 – Medium Scarification 

E. NSF International 

1. ANSI / NSF 600: Health Effects Evaluation and Criteria for Chemicals in Drinking 

Water 

1.3 PREINSTALLATION MEETINGS 

A. Section 01 31 00 – Project Management and Coordination. 

B. Convene minimum two weeks prior to commencing Work of this Section. 

C. Schedule a conference and inspection to be held on-site before field application of coating 

systems begins. 

D. Conference shall be attended by Contractor, [CLIENT]'s Representative, Engineer, coating 

applicators, and a representative of coating material manufacturer. 

E. Topics to be discussed at meeting shall include: 

1. A review of Contract Documents and accepted shop drawings shall be made and 

deviations or differences shall be resolved. 

2. Review items such as environmental conditions, surface conditions, surface preparation, 

application procedures, and protection following application. 

3. Establish which areas on-site will be available for use as storage areas and working area 

F. Pre-construction conference and inspection shall serve to clarify Contract Documents, 

application requirements and what work should be completed before coating application can 

begin. 
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1.4 SUBMITTALS 

A. Section 01 33 00 - Submittal Procedures: Requirements for submittals. 

B. Product Data: 

1. Submit manufacturer information indicating coating materials, manufacturer’s name, 

product name, product number, performance ratings, curing times, mixing, thinning and 

application requirements. 

a. Provide material analysis, including vehicle type and percentage by weight and by 

volume of vehicle, resin and pigment. 

b. Submit manufacturer's Material Safety Data Sheets (MSDS) and other safety 

requirements. 

C. Samples: Submit one color chart/color samples, illustrating colors for selection. 

D. Schedule: Contractor shall submit a schedule of items that will receive high-performance 

coatings per Specification 09 96 00.  

E. Color: Contractor shall submit a schedule of colors based on Color System Material 

Identification.  

F. Manufacturer's Certificate: Certify that products meet or exceed specified requirements. 

G. Manufacturer Instructions: Submit special procedures, perimeter conditions requiring special 

attention. 

H. Quality Assurance Submittals:  

1. Certificates: 

a. Coatings manufacturer shall certify that coating materials utilized are "non-lead" 

(less than 0.06% lead by weight in dried film) as defined in Part 1303 of Consumer 

Product Safety Act. 

b. Provide certification that specialized equipment as may be required by 

manufacturer for proper application of coating materials shall be utilized for work 

of this Section. 

c. Provide manufacturer's certification that products to be used comply with specified 

requirements and are suitable for intended application. 

2. Manufacturer's Instructions: 

a. Submit manufacturer's installation procedures which shall be basis for accepting or 

rejecting actual installation procedures. 

I. Qualifications Statements: 

1. Submit qualifications for manufacturer and applicator. 

2. Submit manufacturer's approval of applicator. 
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1.5 CLOSEOUT SUBMITTALS 

A. Section 01 70 00 - Execution and Closeout Requirements: Requirements for submittals. 

B. Operation and Maintenance Data: Submit maintenance and cleaning requirements for coatings, 

repair and patching techniques. 

1.6 MAINTENANCE MATERIAL SUBMITTALS 

A. Section 01 70 00 - Execution and Closeout Requirements: Requirements for maintenance 

materials. 

B. Extra Stock Materials: 

1. Furnish 1 gal of each color of each type of coating specified, for [CLIENT]'s 

maintenance use. 

2. Label each container with manufacturer's name, product number, color number, and room 

names and numbers where used. 

1.7 QUALITY ASSURANCE 

A. Conform to applicable codes and ordinances for flame, fuel, smoke, and volatile organic 

compound (VOC) ratings requirements for finishes at time of application. 

1.8 QUALIFICATIONS 

A. Provide products from a company specializing in manufacture of high-performance coatings 

with a minimum of 10 years experience. 

B. Applicator shall be trained in application techniques and procedures of coating materials and 

shall demonstrate a minimum of 2 years successful experience in such application. 

1. Maintain, throughout duration of application, a crew of painters who are fully qualified to 

satisfy specified qualifications. 

C. Single Source Responsibility: 

1. Materials shall be products of a single manufacturer or items standard with manufacturer 

of specified coating materials. 

2. Provide secondary materials which are produced or are specifically recommended by 

coating system manufacturer to ensure compatibility of system. 

1.9 DELIVERY, STORAGE, AND HANDLING 

A. Section 01 60 00 - Product Requirements: Requirements for transporting, handling, storing, and 

protecting products. 

B. Container Labeling: Include manufacturer's name, type of coating, brand name, lot number, 

brand code, coverage, surface preparation, drying time, cleanup requirements, color designation, 

and instructions for mixing and reducing. 
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C. Inspection: 

1. Accept materials on Site in manufacturer's sealed and labeled containers. 

2. Inspect for damage and to verify acceptability. 

D. Store materials in ventilated area and otherwise according to manufacturer instructions. 

E. Protection: 

1. Protect materials from moisture and dust by storing in clean, dry location remote from 

construction operations areas. 

2. Provide additional protection according to manufacturer instructions. 

1.10 AMBIENT CONDITIONS 

A. Section 01 50 00 - Temporary Facilities and Controls: Requirements for ambient condition 

control facilities for product storage and installation. 

B. Minimum Conditions: Do not install materials when temperature is below 35°F or above 110°F. 

C. Refer to specific product information sheets for minimum surface temperature requirements. 

Surface temperatures shall be at least 5°F (3°C) above dew point and in a rising mode. 

D. Subsequent Conditions: Maintain above temperature range, 24 hours before, during, and 72 

hours after installation of coating. 

E. Relative humidity shall be no higher than 85%. 

F. For exterior spray application, wind velocity shall be less than 15 mph (25 kph). 

G. Atmosphere shall be relatively free of airborne dust. 

H. Restrict traffic from area where coating is being applied or is curing. 

1.11 WARRANTY 

A. Section 01 70 00 - Execution and Closeout Requirements: Requirements for warranties. 

B. Include coverage for bond to substrate, and degradation of chemical resistance. 

PART 2 - PRODUCTS 

2.1 HIGH-PERFORMANCE COATINGS 

A. Manufacturers: 

1. Tnemec Company, Inc. 

2. Sherwin Williams Company 

3. Or Approved Equal. 



CAREY STATION URBAN WATER REUSE FACILITY CAREY STATION WRF, LLC  

0.5 MGD TO 1.5 MGD EXPANSION                                                         GREENE COUNTY, GA 

 

GOODWYN MILLS CAWOOD, LLC HIGH PERFORMANCE COATINGS 

GMC PROJECT NO. CAUG250007 09 96 00 - 6 of 14 

2.2 COMPONENTS 

A. Coating System: 

1. Shop Primed: See schedule 

2. Surface Preparation: See schedule for SSPC / NACE, NAPF, ICRI, or ASTM standard. 

3. Coating Type: 

a. Complete multicoat systems formulated and recommended by manufacturer for 

intended applications and in indicated thicknesses. 

b. Specified number of coats does not include primer, stripe, or filler coat. 

4. Chromium Content as Zinc Chromate or Strontium Chromate: None. 

5. Colors: Selected from manufacturer's standard colors based on Color System Material 

Identification 

6. Minimum Dry Film Thickness Per Coat: See schedule.  

7. Primer: Per manufacturer’s recommendation. 

 

B. Epoxy Coating: 

1. Modified Polyamine Epoxy 

a. Finish: Gloss. 

b. Minimum Solids Content: 100% (mixed). 

c. Vendor Reference 

1) Tnemec: Series 237 Power-Tread 

2) Sherwin Williams: DuraPlate 5900 

2. Modified Polyamine Epoxy Mortar 

a. Finish: Gloss. 

b. Minimum Solids Content: 100% (mixed). 

c. Vendor Reference 

1) Tnemec: Series 434 Perma-Shield H2S 

2) Sherwin Williams: DuraPlate 5900 Mortar 

3. Waterborne Modified Polyamine Epoxy  

a. Finish: Gloss. 

b. Minimum Solids Content: 17.0 ± 2.0%. 

c. Vendor Reference 

1) Tnemec: Series 151-1051 Elasto-Grip FC 

4. Glass Flake Modified Polyamine Epoxy 

a. Finish: N/A 

b. Minimum Solids Content: 67.0 ± 2.0%  

c. Vendor Reference 
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1) Tnemec: Series N69 Hi-Build Epoxoline II 

2) Sherwin Williams: Macropoxy 5500 LT 

5. Modified Polyamine Ceramic Epoxy  

a. Finish: N/A 

b. Minimum Solids Content: 100% (mixed)  

c. Vendor Reference 

1) Tnemec: Series 431 Perma-Shield PL 

2) Sherwin Williams: Duraplate 6000 

6. Surface Tolerant Modified Polyamidoamine Epoxy 

a. Finish: Semi-gloss. 

b. Minimum Solids Content: 84.0 ± 2.0% (mixed). 

c. Vendor Reference 

1) Tnemec: Series 135 Chembuild 

2) Sherwin Williams: Macropoxy 5500 LT 

7. Polyamide Epoxy 

a. Finish: N/A 

b. Minimum Solids Content: 56.0 ± 2.0%  

c. Vendor Reference 

1) Tnemec: Series 66 Epoxoline (Non-NSF) or Series 20 Pota-Pox (NSF) 

2) Sherwin Williams: Macropoxy 646 PW 

8. Polyamidoamine Epoxy 

a. Finish: N/A 

b. Minimum Solids Content: 67.0 ± 2.0% (mixed). 

c. Vendor Reference 

1) Tnemec: L140 Pota-Pox (Interior) & N69 Pota-Pox (Exterior) 

2) Sherwin Williams: SherPlate 600 (Interior) & Macropoxy 646 (Exterior) 

 

9. High-Build Epoxy Coating – Pure Polyamide Epoxy 

a. Finish: Satin. 

b. Minimum Solids Content: 56.0% ± 2.0% (mixed). 

c. Vendor Reference 

1) Tnemec: Series 66 or 66HS Hi-Build Epoxoline 

2) Sherwin Williams: Macropoxy 646 Fast Cure 

 

 

10. Waterborne Acrylic Epoxy  

a. Finish: Satin. 

b. Minimum Solids Content: 44.0 ± 2.0% (mixed) 

c. Vendor Reference 

1) Tnemec: Series 113 H.B. Tneme-Tufcoat 
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2) Sherwin Williams: Pro Industrial Water Based Epoxy 

3) PPG / Raven Lining Systems: Raven 155 

 

11. Modified Polyamine Epoxy - Primer 

a. Finish: N/A 

b. Minimum Solids Content: 100% (mixed). 

c. Vendor Reference 

1) Tnemec: Series 201 Epoxoprime 

2) Sherwin Williams: General Polymers 3746 

3) PPG / Raven Lining Systems: Raven 175 

 

11. Modified Polyamine Epoxy - Wastewater 

a. Finish: N/A 

b. Minimum Solids Content: 100% (mixed). 

c. Vendor Reference 

1)  Tnemec: Series 435 Perma-Glaze Series 

4)  Sherwin Williams: DuraPlate 5900 

2) PPG / Raven Lining Systems: Raven 405 

 

12. Modified Novolac Epoxy 

a. Finish: N/A 

b. Minimum Solids Content: 100% (mixed) 

c. Vendor Reference 

1) Tnemec: Series 239SC Chembloc 

2) Sherwin Williams: Cor-Cote HCR 

3) PPG / Raven Lining Systems: Raven 410 

C. Polyurethane Coating: 

1. Modified Aromatic Polyurethane Primer 

a. Finish: N/A 

b. Minimum Solids Content: 61.0 ± 2.0% (mixed). 

c. Vendor Reference 

1) Tnemec: Series 1 Omnithane 

2) Sherwin Williams: Corothane 1 GalvaPac 1K or 2K Zinc Primer 

2. Aromatic Urethane, Zinc-Rich Primer 

a. Finish: N/A 

b. Minimum Solids Content: 63.0 ± 2.0% (mixed); Metallic Zinc Content: 83% 

minimum in dried film. ASTM D 522 Type III Zinc dust. 

c. Vendor Reference 

1) Tnemec: Series 91/94-H2O Hydro-Zinc 

2) Sherwin Williams: Corothane 1 GalvaPac 1K or 2K Zinc Primer 

3. Aliphatic Acrylic Polyurethane 
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a. Finish: Semi-Gloss. 

b. Minimum Solids Content: 66.0 ± 2.0% (mixed). 

c. Vendor Reference 

1) Tnemec: Series 73 Endura Shield 

2) Sherwin Williams: Acrolon 218 HS Polyurethane 

 

4. Aliphatic Moisture Cured Urethane 

a. Finish: Semi-gloss. 

b. Minimum Solids Content: 92.0 ± 2.0% (clear mixed). 

c. Vendor Reference 

1)  Tnemec: Series 248 Everthane 

2)  Sherwin Williams: Amorseal Rexthane 1 

 

5. Polyurethane Modified Concrete 

a. Finish: Matte. 

b. Minimum Solids Content: 100%. 

c. Vendor Reference 

1)  Tnemec: Series 241 MVT Everthane 

2)  Sherwin Williams: General Polymers FasTop 12S 

6. Urethane Fluoropolymer  

a. Finish: Matte. 

b. Minimum Solids Content:. 

c. Vendor Reference 

1)  Tnemec: 700 Hydro-flon 

2)  Sherwin Williams: FluoroKem HS 

7. Advanced Thermoset Solution Fluoropolymer 

a. Finish: Matte. 

b. Minimum Solids Content: 60.0 ± 2.0% 

c. Vendor Reference 

1)  Tnemec: Series 1072 Fluoronar 

2) Sherwin Williams: FluoroKem HS 100 

3) Or Equal.  

D. Acrylate Coatings: 

1. Waterborne Cementitious Acrylic 

a. Finish: Flat 

b. Minimum Solids Content 68.0 ± 2.0% (mixed). 

c. Vendor Reference 

1) Tnemec: Series 130 Environfill 

2) Sherwin Williams: Cement-Plex 875 

 

2. Modified Waterborne Acrylate 

a. Finish: Matte - Smooth 

b. Minimum Solids Content: 50.9 ± 2.0%. 
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c. Vendor Reference 

1)  Tnemec: Series 156 Enviro-Crete 

2)  Sherwin Williams: Loxon  

3. Acrylic Insulation Coating 

a. Finish: Matte 

b. Minimum Solids Content: 76 ± 2.0% (practical) 

1) Tnemec: Series 971 Aerolon Acrylic 

2) Sherwin Williams: Heat-flex AEB 

3) Or Equal 

4. Acrylic Masonry Primer 

a. Finish: Flat, smooth 

b. Minimum Solids Content: 41 ± 5.0%  

1) Tnemec: 161HS-15BL TnemeFascure 

2) Sherwin Williams: Loxon Primer 

5. Waterproof Masonry Coating 

a. Finish: Flat, smooth 

b. Minimum Solids Content: 45 ± 2.0%  

1) Tnemec: Series 180 WB Tneme-Crete 

2) Sherwin Williams: Loxon XP 

E. Alkyd Coatings: 

1. Phenolic Alkyd 

a. Finish: N/A 

b. Minimum Solids Content: 53 ± 5.0%. 

c. Vendor Reference 

1) Tnemec: Series 37H Chem-Prime H.S. 

2) Sherwin Williams: Kem Kromik  

 

2. Alkyd Coating 

a. Finish: Gloss or Semi-Gloss 

b. Minimum Solids Content: N/A 

c. Vendor Reference 

1) Tnemec: Series 82HS Versatone  

2) Sherwin Williams: B55-100 Series  

F. Other Coatings 

1. Silicate Blend 

a. Finish: N/A 

b. Minimum Solids Content: 24% 

c. Vendor Reference 

1) Sika: Sikafloor 957 SSD 

2) W.R. Meadows: Sil-Crete 

3) Sherwin Williams: Cemlack Densifier 
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PART 3 - EXECUTION 

3.1 EXAMINATION 

A. Section 01 70 00 - Execution and Closeout Requirements: Requirements for application 

examination. 

B. Examine areas and conditions under which application of coating systems shall be performed 

for conditions that will adversely affect execution, permanence, or quality of coating system 

application. 

C. Measure moisture content of surfaces using an electronic moisture meter. Do not apply finishes 

until moisture content of surface is below following limits: 

1. Masonry Surfaces: 12% maximum 

2. Vertical Concrete Surfaces: 12% maximum 

3. Horizontal Concrete Surfaces: 8% maximum 

D. Correct conditions detrimental to timely and proper execution of Work. 

E. Do not proceed until unsatisfactory conditions have been corrected. 

F. Commencement of installation constitutes acceptance of conditions and responsibility for 

satisfactory performance. 

3.2 PREPARATION 

A. Section 01 70 00 - Execution and Closeout Requirements: Requirements for application 

preparation. 

B. Protection: 

1. Take precautionary measures to prevent fire hazards and spontaneous combustion. 

Remove empty containers from Site. 

2. Place cotton waste, cloths and hazardous materials in containers, and remove from Site 

daily. 

3. Provide drop cloths, shields, and other protective equipment. 

4. Protect elements surrounding work of this section from damage or disfiguration. 

5. As Work proceeds, promptly remove spilled, splashed, or splattered materials from 

surfaces. 

6. During application of coating materials, post Wet Paint signs. 

7. During application of solvent-based materials, post No Smoking signs. 

C. Clean surfaces of loose foreign matter. 

D. Remove substances that would bleed through finished coatings; if removal is not possible, seal 

surface with shellac. 
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E. Remove hardware, covers, plates, and similar items already in place that are removable and are 

not to be painted. If removal is impractical or impossible because of size or weight of item, 

provide surface-applied protection before surface preparation and painting. 

1. After completing painting operations, use workers skilled in the trades involved to 

reinstall items that were removed. Remove surface-applied protection if any. 

F. Existing Painted and Sealed Surfaces: 

1. Remove loose, flaking, and peeling paint, and feather edge and sand smooth edges of 

chipped paint. 

2. Clean with mixture of trisodium phosphate and water to remove surface grease and 

foreign matter. 

G. Galvanized Surfaces: Remove surface contamination and oils and wash with solvent. Surfaces 

shall be mechanically cleaned to remove passivation and to provide a uniform 1.0 mil anchor 

profile.  

H. Ferrous Metal: 

1. Surfaces shall be free of residual deposits of grease, rust, scale, dirt, dust, and oil. 

a. Immersion Service: SSPC-SP 10 Near White Blast Cleaning 

b. Non-Immersion Service: SSPC-SP 6 Commercial Blast Cleaning. 

2. Field Repair of Shop Primed Surfaces:  

 

a. Non-Immersion Service: Remove all dirt, dust, chalk, oil, grease, as well as any 

other foreign matter by solvent cleaning (SSPC-SP 1) and/or power washing. All 

areas damaged during transportation, construction or installation shall be cleaned 

in accordance with SSPC-SP 11 Power Tool Cleaning to Bare Metal or SSPC-SP 6 

Commercial Blast Cleaning. All edges shall be feathered. All surfaces shall be 

clean and dry prior to coating 

b. Immersion Service: Remove all dirt, dust, chalk, oil, grease, as well as any other 

foreign matter by solvent cleaning (SSPC-SP 1) and/or power washing. All areas 

damaged during transportation, construction or installation shall be cleaned in 

accordance with SSPC-SP 10 Near White Blast Cleaning. All edges shall be 

feathered. The remainder of the intact shop primer shall be cleaned in accordance 

with SSPC-SP 7 Brush-Off Blast Cleaning to provide a minimum, uniform, anchor 

profile of at least 1.0 mil. In order to prevent injury to surrounding painted areas, 

blast cleaning may necessitate use of lower air pressure, small nozzle and abrasive 

particle sizes, short blast nozzle distance from surface, shielding and masking. If 

damage is too extensive to touch-up, item shall be re-cleaned and coated or 

painted. All surfaces shall be clean and dry prior to receiving the specified finish 

coat(s).  

3. For surfaces not shop primed, surfaces shall be cleaned in compliance with specifications 

of Steel Structures Painting Council as indicated in Schedule of Coating Systems below. 

3.3 APPLICATION 

A. Comply with MPI - Architectural Painting Manual. 
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B. Apply primer to each surface, unless specifically not required by coating manufacturer. 

C. Apply coating systems in compliance with manufacturer's instructions and using application 

method best suited for obtaining full, uniform coverage of surfaces to be coated. 

D. Apply primer, intermediate, and finish coats to comply with wet and dry film thickness and 

spreading rates for each type of material as recommended by manufacturer. 

1. Application rates in excess of those recommended and fewer numbers of coats than 

specified shall not be accepted. 

E. Number of coats specified shall be minimum number acceptable. Apply additional coats as 

needed to provide a smooth, even application. 

1. Closely adhere to re-coat times recommended by manufacturer. Allow each coat to dry 

thoroughly before applying next coat. Provide adequate ventilation for interior to carry 

off solvents during drying phase. 

F. Employ only application equipment that is clean, properly adjusted, and in good working order, 

and of type recommended by coating manufacturer. 

G. After surface preparation, interior weld seams shall receive a stripe coat applied by brush. 

H. Make edges of paint adjoining other materials or colors sharp and clean, without overlapping. 

I. Apply coatings to specified thicknesses. 

J. Apply in uniform thickness coats, without runs, drips, pinholes, brush marks, or variations in 

color, texture, or finish. 

K. Finish edges, crevices, corners, and other changes in dimension with full coating thickness. 

3.4 FIELD QUALITY CONTROL 

A. Section 01 40 00 - Quality Requirements: Requirements for inspecting and testing. 

B. Section 01 70 00 - Execution and Closeout Requirements: Requirements for testing, adjusting, 

and balancing. 

C. Inspecting and Testing: Comply with MPI - Architectural Painting Manual. 

3.5 CLEANING 

A. Section 01 70 00 - Execution and Closeout Requirements: Requirements for cleaning. 

B. Collect waste material that may constitute fire hazard, place in closed metal containers, and 

remove daily from Site. 

C. Clean surfaces immediately of overspray, splatter, and excess material. 
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D. After coating has cured, clean and replace finish hardware, fixtures, and fittings previously 

removed. 

E. COLOR SYSTEM MATERIAL IDENTIFICATION 

1. A schedule, approved by Engineer and [CLIENT], shall be submitted prior to any 

material receiving color coatings. 

2. The high-performance coating manufacturer shall submit their color selection along with 

manufacturer’s color numbers. 

3.6 SCHEDULE 

1. See plans.  

END OF SECTION 09 96 00 
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SECTION 13 31 00 – FIBERGLASS REINFORCED BUILDING ENCLOSURE 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Section Includes: 

1. Pre-engineered shelters 

2. Electrical wiring and devices for pre-engineered structures 

3. Heating equipment for pre-engineered structures 

4. Ventilation equipment for pre-engineered structures 

5. Air conditioning equipment for pre-engineered structures 

B. Related Requirements: 

1. Section 03 30 00 – Cast-in-place concrete: Concrete pad 

2. Division 26 – Electrical connections 

1.2 REFERENCE STANDARDS 

A. ASTM C 518 – Standard Test Method for Steady-State Heat Flux Measurements and Thermal 

Transmission Properties by Means of the Heat Flow Meter Apparatus. 

B. ASTM D 256 – Standard Test Method for Determining the Pendulum Impact Resistance of 

Notched Specimens of Plastics. 

C. ASTM D 618 – Standard Practice for Conditioning Plastics for Testing. 

D. ASTM D 638 – Standard Test Method for Tensile Properties of Plastics. 

E. ASTM D 732 – Standard Test Method for Shear Strength Plastics by Punch Tool. 

F. ASTM D 790 – Standard Test Methods for Flexural Properties of Unreinforced and Reinforced 

Plastics and Electrical Insulating Materials. 

G. ASTM D 792 – Standard Test Method for Specific Gravity (Relative Density) and Density of 

Plastics by Displacement. 

H. ASTM D 1622 – Standard Test Method for Apparent Density of Rigid Cellular Plastics. 

I. ASTM D 2583 – Standard Test Method for Indentation Hardness of Rigid Plastics by Means of 

a Barcol Impressor. 

1.3 SUBMITTALS 

A. Section 01 33 00 - Submittal Procedures: Requirements for submittals. 
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B. Product Data: Certified independent test results of representative wall laminate. 

C. Shop Drawings: 

1. Critical dimensions, jointing and connections, fasteners and anchors. 

2. Materials of construction. 

3. Sizes, spacing, and location of structural members, connections, attachments, openings, 

and fasteners. 

4. Color. 

D. Manufacturer’s installation instructions 

E. Structural design calculations, sealed by an independent licensed Professional Engineer.  

1.4 CLOSEOUT SUBMITTALS 

A. Section 01 70 00 - Execution and Closeout Requirements: Requirements for closeout 

procedures. 

B. Project Record Documents: Record actual locations and final orientation of equipment and 

accessories. 

C. Operation and Maintenance Data: Submit maintenance instructions for equipment and 

accessories. 

1.5 DELIVERY, STORAGE, AND HANDLING 

A. Section 01 60 00 - Product Requirements: Requirements for transporting, handling, storing, and 

protecting products. 

B. Store products indoors or in weather protected area until installation.  Protect from construction 

traffic and damage. 

1.6 WARRANTY  

A. Section 01 70 00 - Execution and Closeout Requirements: Requirements for warranties. 

B. Furnish one-year manufacturer's warranty against defects in materials and workmanship. 

PART 2 - PRODUCTS 

2.1 MANUFACTURERS 

A. The fiberglass reinforced building enclosure shall be manufactured by: 

1. TRACOM, Inc., Alpharetta, GA 

2. Or Pre-Approved Equal. 
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2.2 SYSTEM DESCRIPTION 

A. Provide one-piece molded construction FRP shelter of the following type: 

1. Size: 12’-0” W x 16’-0” D x 7’-11” H. 

2.3 MATERIALS 

A. One-piece Molded Composite Construction:   

1. General Construction:  The shelter shall be provided with a smooth interior and exterior 

satin finish.  The walls and roof shall be integral with smooth radii for all corners.  No 

roof overhang shall be allowed.  External section connection flanges shall only be 

allowed in those instances where the shelter is oversized. 

2. Laminate:  Isophthalic polyester resin with high performance, chopped, commercial 

grade glass strand fiber reinforcement with a suitable coupling agent.    

a. Minimum glass content:  30%. 

b. Exterior surface:  15 mil (minimum) gel coat with U.V. inhibitors and a satin finish 

lightly textured and free from fiber pattern, roughness, or other irregularities. 

c. Exterior laminate:  1/8 inch thick (minimum); chemically bonded to the surface gel 

coat and encapsulating the foam core. 

d. Foam core (2.2.A.2) 

e. Interior laminate:  1/8 inch thick (minimum); chemically bonded to the interior gel 

coat and encapsulating the foam core. 

f. Interior surface:  15 mil (minimum) gel coat with U.V. inhibitors and a textured 

finish, free from exposed glass or other irregularities. 

g. Laminate properties: 

1) Tensile strength (ASTM D 638):    14,000 psi 

2) Flexural strength (ASTM D 790):    27,000 psi 

3) Flexural modulus (ASTM D790):      1,000,000 psi 

4) Shear strength (ASTM D 732):     12,000 psi 

5) Barcol hardness (ASTM D 2583):    40 

6) Density / specific gravity (ASTM D792)  93.6 pcf/1.5 

3. Core: 

a. Rigid closed cell, self-extinguishing (Class 1), polyisocyanurate foam with a 

density of 2.5 pounds per cubic foot.  Foam shall be P250 Elfoam without 

exception.  Lower density foams shall not be acceptable.  

1) 1 inch thick with an initial insulating value of R~7. 

b. Core properties: 

1) Thermal conductivity  

a) (ASTM C 518):   0.145 BTU inch/hr/SF/°F 
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2) Density / specific gravity 

a) (ASTM D 1622):  2.5 PCF 

3) Shear Strength 

a) (ASTM C 273):   25 lb/in2 

4) Tensile Strength 

a) (ASTM D 1623):  45 lb/in2 

5) Compressive Strength (7% deflection/yield) 

a) (ASTM D 1621):   35 

2.4 COMPONENTS 

A. Doors 

1. Quantity 

a. 72” double door with viewing window. 

2. Construction 

a. One-piece molded fiberglass construction 78 inches high, 1-3/4 inches thick, and 

36” wide (each). 

b. Mount door with two T-304 stainless steel laminated strap hinges, 5 inches long.  

Door must be readily replaceable – the use of continuous piano hinges or fastening 

methods other than bolting shall not be acceptable. 

c. Rubber bulb gasket with flexible lock to retain permanent grip. 

d. One-piece, purpose built, 3 inches deep fiberglass drip cap over doors; drip cap to 

extend 2 inches each side past door.  Cut angle shall not be acceptable. 

e. Full threshold, heavy duty black vinyl, 4-1/2 inches deep x 1/2 inch high. 

f. Schlage stainless steel single-point key locked classroom style ball knob.  To 

facilitate entry and exit from the building, raised or integral door sills shall not be 

acceptable.  

g. Heavy duty stainless steel, dual compression spring cushioned overhead door stop, 

designed for BHMA L52231 and ANSI A156.16. 

h. Provide single-flap neoprene insert style door sweep. 

B. Lifting Eyes 

1. Provide a minimum of two removable, 3/4 inch – 10 partially threaded, eye bolts with 6 

inch shank lengths. 

a. Steel (5,200 lbs. work load limit) 

C. Mounting Flange 
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1. 3 inches wide x 1/4 inch thick (minimum) with closed cell neoprene sponge rubber gasket 

1-1/4 inches wide x 3/8 inch thick to provide a weather tight seal around the building 

perimeter. 

a. Internal 

2.5 EQUIPMENT 

A. Electrical 

1. Receptacles: GFCI receptacle 15A 125V, 20 A 125V feed-through, with 5mA +/- 1mA 

trip threshold. 

a. Interior. As required for the polymer equipment. Number of interior receptacles to 

be confirmed during submittals. 

b. Exterior: Include two (1) exterior mounted receptacle with extra-duty in-use 

weatherproof cover. 

B. Shutter 

1. FRP, gravity operated, 304 stainless steel screen 

2. Size: 10”x10” 

C. Lighting: See electrical drawings 

2.6 CORROSION ENVIRONMENT ACCESSORY PACKAGE 

A. Pre-wired (12 gauge THHN in Sch. 40 PVC conduit) 

B. Load Center, NEMA 1, 125A, Main Lug, 120/240 VAC, 1 phase, 8 branch 

C. Load Center Casing, NEMA 4X, FRP 

D. Circuit Breakers, 15A/20A, 1P (for provided electrical only) 

E. Duplex outlet, commercial grade, 15 A, GFCI, weatherproof cover 

F. Switch, weatherproof, single toggle (light & fan on same switch) 

G. Light Fixture, Jelly Jar type, NEMA 4X, A21 bulb accepted, 150W maximum 

H. Fan, exhaust, corrosion resistant, 10" 524 CFM, shutter-mounted 

I. Heater, 1,500 watt, 304 stainless steel, surface mount, 95 CFM, thermostat 

J. Shutter, FRP, gravity operated, 304 S.S. insect screen, 10" x 10" 

K. Mounting panel, marine-grade plywood, embedded in-wall, 42" x 48" x ¾" T 

L. (2) Hoods, Small, fiberglass, 14" W x 7" D x 14" H (for fan and shutter) 
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2.7 FINISHES 

A. Exterior Color: #2445 Gray Cloud 

B. Interior Color: #2445 Gray Cloud 

PART 3 - EXECUTION 

3.1 EXAMINATION 

A. Section 01 70 00 - Execution and Closeout Requirements: Requirements for installation 

examination. 

B. Verify that the concrete slab is level, true to plane, and of the correct dimensions to receive the 

structure.  Correct all deficiencies before proceeding. 

3.2 INSTALLATION 

A. Install products in accordance with engineer’s instructions, plans, blueprints, local codes, etc.  

and in a manner consistent with the installation instruction and recommendation of the 

manufacturer. 

3.3 ADJUSTING AND CLEANING 

A. Clean surfaces in accordance with the manufacturer’s instructions. 

B. Remove trash and debris and leave the site in a clean condition. 

END OF SECTION 13 31 00 
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SECTION 26 08 00 

COMMISSIONING OF ELECTRICAL SYSTEMS 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Requirements specified within this section apply to the commissioning of electrical systems. 

B. Safety: Ensure work areas are restricted to any non-authorized commissioning professionals. 

Areas undergoing commissioning shall be taped off and indicated as restricted areas. 

C. Sequencing and scheduling: 

1. Perform inspection and electrical tests after equipment here in listed has been installed.  

2. Perform tests with apparatus de-energized whenever feasible.  

3. Inspection and electrical tests on energized equipment shall be:  

a. Scheduled with Engineer and Owner prior to de-energization.  

b. Minimized to avoid extended period of interruption to the operating plant 

equipment.  

4. Notify Engineer and Owner at least 24 hours prior to performing tests on energized 

electrical equipment. 

1.2 INFORMATIONAL SUBMITTALS 

A. Provide the following: 

1. Submit 30 days prior to performing inspections or tests:  

a. Schedule for performing inspection and tests.  

b. List of references to be used for each test.  

c. Sample copy of equipment and materials inspection form(s).  

d. Sample copy of individual device test form.  

e. Sample copy of individual system test form.  

2. Submit test or inspection reports and certificates for each electrical item tested within 30 

days after completion of test:  

3. Operation and Maintenance Data:  

a. In accordance with Division 01, General Requirements.  

b. After test or inspection reports and certificates have been reviewed by Engineer 

and returned, insert a copy of each in Operation and Maintenance Manual.   

1.3 REFERENCES 

A. The following is a list of standards which may be referenced in this section: 

1. ASTM International (ASTM):  

a. D665, Standard Test Method for Rust-Preventing Characteristics of Inhibited 

Mineral Oil in the Presence of Water.  

b. D877, Standard Test Method for Dielectric Breakdown Voltage of Insulating 

Liquids Using Disk Electrodes.  

c. D923, Standard Practices for Sampling Electrical Insulating Liquids.  
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d. D924, Standard Test Method for Dissipation Factor (or Power Factor) and Relative 

Permittivity (Dielectric Constant) of Electrical Insulating Liquids.  

e. D971, Standard Test Method for Interfacial Tension of Oil Against Water by the 

Ring Method.  

f. D974, Standard Test Method for Acid and Base Number by Color-Indicator 

Titration.  

g. D1298, Standard Test Method for Density, Relative Density (Specific Gravity), or 

API Gravity of Crude Petroleum and Liquid Petroleum Products by Hydrometer 

Method.  

h. D1500, Standard Test Method for ASTM Color of Petroleum Products (ASTM 

Color Scale).  

i. D1524, Standard Test Method for Visual Examination of Used Electrical 

Insulating Oils of Petroleum Origin in the Field.  

j. D1533, Standard Test Method for Water in Insulating Liquids by Coulometric Karl 

Fischer Titration.  

k. D1816, Standard Test Method for Dielectric Breakdown Voltage of Insulating Oils 

of Petroleum Origin Using VDE Electrodes.  

l. D2285, Standard Test Method for Interfacial Tension of Electrical Insulating Oils 

of Petroleum Origin Against Water by the Drop Weight Method. 

2. Insulated Cable Engineers Association (ICEA): 

a. S-93-639, Shielded Power Cables 5,000V-4,600V.  

b. S-94-649, Concentric Neutral Cables Rated 5 through 46 kV.  

c. S-97-682, Utility Shielded Power Cables Rated 5 through 46 kV. 

3. Institute of Electrical and Electronics Engineers (IEEE): 

a. 43, Recommended Practice for Testing Insulating Resistance of Rotating 

Machinery. 

b. 48, Standard Test Procedures and Requirements for High-Voltage Alternating-

Current Cable Terminators 2.5 kV through 765 kV.  

c. 81, Guide for Measuring Earth Resistivity, Ground Impedance, and Earth Surface 

Potentials of a Ground System (Part 1): Normal Measurements.  

d. 95, Recommended Practice for Insulation Testing of AC Electric Machinery 

(2300V and Above) with High Direct Voltage.  

e. 386, Separable Insulated Connector Systems for Power Distribution Systems 

Above 600V.  

f. 400, Guide for Making High-Direct-Voltage Tests on Power Cable Systems in the 

Field.  

g. 450, Recommended Practice for Maintenance, Testing, and Replacement of 

Vented Lead-Acid Batteries for Stationary Applications.  

h. C2, National Electrical Safety Code.  

i. C37.20.1, Standard for Metal-Enclosed Low Voltage Power Circuit Breaker 

Switchgear.  

j. C37.20.2, Standard for Metal-Clad Switchgear.  

k. C37.20.3, Standard for Metal-Enclosed Interrupter Switchgear.  

l. C62.33, Test Specifications for Varistor Surge-Protective Devices. 

4. National Electrical Testing Association (NETA): Acceptance Testing Specifications for 

Electrical Power Distribution Equipment and Systems (ATS). 

5. National Electrical Manufacturers Association (NEMA):  

a. AB 4, Guidelines for Inspection and Preventive Maintenance of Molded Case 

Circuit Breakers Used in Commercial and Industrial Applications.  

b. PB 2, Deadfront Distribution Switchboards.  
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c. WC 74, 5-46 kV Shielded Power Cable for Use in the Transmission and 

Distribution of Electric Energy. 

6. National Fire Protection Association (NFPA):  

a. 70, National Electrical Code (NEC).  

b. 70E, Standard for Electrical Safety Requirements for Employee Workplaces.  

c. 101, Life Safety Code. 

7. National Institute for Certification in Engineering Technologies (NICET).  

8. Occupational Safety and Health Administration (OSHA): CFR 29, Part 1910, 

Occupational Safety and Health Standards. 

1.4 QUALITY ASSURANCE 

A. Testing firm qualifications: 

1. Corporately and financially independent organization functioning as an unbiased testing 

authority.  

2. Professionally independent of manufacturers, suppliers, and installers of electrical 

equipment and systems being tested.  

3. Employer of engineers and technicians regularly engaged in testing and inspecting of 

electrical equipment, installations, and systems.  

4. Supervising engineer accredited as Certified Electrical Test Technologist by NICET or 

NETA and having a minimum of 5 years testing experience on similar projects.  

5. Technicians certified by NICET or NETA.  

6. Assistants and apprentices assigned to project at ratio not to exceed two certified to one 

noncertified assistant or apprentice.  

7. Registered Professional Engineer to provide comprehensive project report outlining 

services performed, results of such services, recommendations, actions taken, and 

opinions.  

8. In compliance with OSHA CFR 29, Part 1910.7 criteria for accreditation of testing 

laboratories or a full member company of NETA.  

B. Test equipment shall have an operating accuracy equal to or greater than requirements 

established by NETA ATS.  

C. Test instrument calibration shall be in accordance with NETA ATS. 

PART 2 - PRODUCTS (NOT USED) 

PART 3 - EXECUTION 

3.1 GENERAL 

A. Tests specified in this section shall be performed in accordance with requirements of Division 

01, General Requirements.  

B. Tests and inspections shall establish:  

1. Electrical equipment is operational within industry and manufacturer’s tolerances and 

standards.  
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2. Installation operates properly.  

3. Equipment is suitable for energization.  

4. Installation conforms to requirements of Contract Documents and NFPA 70, NFPA 70E, 

NFPA 101, and IEEE C2.  

C. Perform inspection and testing in accordance with NETA ATS, industry standards, and 

manufacturer’s recommendations.  

D. Set, test, and calibrate protective relays, circuit breakers, fuses power monitoring meters, and 

other applicable devices in accordance with values established by the short circuit, coordination 

and harmonics studies as specified in Section 26 05 70, Electrical Systems Analysis.  

E. Adjust mechanisms and moving parts of equipment for free mechanical movement. 

F. Adjust and set electromechanical electronic relays and sensors to correspond to operating 

conditions, or as recommended by manufacturer.  

G. Verify nameplate data for conformance to Contract Documents and approved Submittals.  

H. Realign equipment not properly aligned and correct unlevelness.  

I. Properly anchor electrical equipment found to be inadequately anchored.  

J. Tighten accessible bolted connections, including wiring connections, with calibrated torque 

wrench/screw driver to manufacturer’s recommendations, or as otherwise specified in NETA 

ATS.  

K. Clean contaminated surfaces with cleaning solvents as recommended by manufacturer.  

L. Provide proper lubrication of applicable moving parts.  

M. Inform Engineer of working clearances not in accordance with NFPA 70.  

N. Investigate and repair or replace:  

1. Electrical items that fail tests.  

2. Active components not operating in accordance with manufacturer’s instructions.  

3. Damaged electrical equipment.  

O. Electrical Enclosures:  

1. Remove foreign material and moisture from enclosure interior.  

2. Vacuum and wipe clean enclosure interior.  

3. Remove corrosion found on metal surfaces.  

4. Repair or replace, as determined by Engineer door and panel sections having dented 

surfaces.  

5. Repair or replace, as determined by Engineer poor fitting doors and panel sections.  

6. Repair or replace improperly operating latching, locking, or interlocking devices.  

7. Replace missing or damaged hardware.  

8. Finish:  

a. Provide matching paint and touch up scratches and mars.  

b. If required due to extensive damage, as determined by Engineer, refinish entire 

assembly.  
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P. Replace fuses and circuit breakers that do not conform to size and type required by the Contract 

Documents or approved Submittals. 

3.2 CHECKOUT AND STARTUP 

A. Voltage Field Test:  

1. Check voltage at point of termination of power company supply system to project when 

installation is essentially complete and is in operation.  

2. Check voltage amplitude and balance between phases for loaded and unloaded 

conditions.  

3. Unbalance Corrections:  

a. Make written request to power company to correct condition if balance (as defined 

by NEMA) exceeds 1 percent, or if voltage varies throughout the day and from 

loaded to unloaded condition more than plus or minus 4 percent of nominal.  

b. Obtain a written certification from a responsible power company official that 

voltage variations and unbalance are within their normal standards if corrections 

are not made.  

B. Equipment Line Current Tests:  

1. Check line current in each phase for each piece of equipment.  

2. Make line current check after power company has made final adjustments to supply 

voltage magnitude or balance.  

3. If any phase current for any piece of equipment is above rated nameplate current, prepare 

Equipment Line Phase Current Report that identifies cause of problem and corrective 

action taken.  

3.3 SWITCHGEAR AND SWITCHBOARD ASSEMBLIES  

A. Visual and Mechanical Inspection:  

1. Insulator damage and contaminated surfaces.  

2. Proper barrier and shutter installation and operation.  

3. Proper operation of indicating devices.  

4. Improper blockage of air-cooling passages.  

5. Proper operation of drawout elements.  

6. Integrity and contamination of bus insulation system.  

7. Check door and device interlocking system by:  

a. Closure attempt of device when door is in OFF or OPEN position.  

b. Opening attempt of door when device is in ON or CLOSED position.  

8. Check key interlocking systems for:  

a. Key captivity when device is in ON or CLOSED position.  

b. Key removal when device is in ON or CLOSED position.  

c. Closure attempt of device when key has been removed.  

d. Correct number of keys in relationship to number of lock cylinders. 

e. Existence of other keys capable of operating lock cylinders: Destroy duplicate sets 

of keys. 

9. Check nameplates for proper identification of:  

a. Equipment title and tag number with latest one-line diagram.  

b. Pushbutton.  

c. Control switch.  
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d. Pilot light.  

e. Control relay.  

f. Circuit breaker.  

g. Indicating meter.  

10. Verify that fuse and circuit breaker ratings, sizes, and types conform to those specified.  

11. Check bus and cable connections for high resistance by low resistance ohmmeter and 

calibrated torque wrench and thermographic survey applied to bolted joints.  

a. Ohmic value to be zero.  

b. Bolt torque level in accordance with NETA ATS, Table 100.12, unless otherwise 

specified by manufacturer.  

c. Thermographic survey temperature gradient of 2 degrees C, or less.  

12. Check operation and sequencing of electrical and mechanical interlock systems by:  

a. Closure attempt for locked open devices.  

b. Opening attempt for locked closed devices.  

c. Key exchange to operate devices in OFF-NORMAL positions.  

13. Verify performance of each control device and feature.  

14. Control Wiring:  

a. Compare wiring to local and remote control and protective devices with 

elementary diagrams.  

b. Proper conductor lacing and bundling.  

c. Proper conductor identification.  

d. Proper conductor lugs and connections.  

15. Exercise active components.  

16. Perform phasing check on double-ended equipment to ensure proper bus phasing from 

each source.  

B. Electrical Tests:  

1. Insulation Resistance Tests:  

a. Applied megohmmeter dc voltage in accordance with NETA ATS, Table 100.1.  

b. Each phase of each bus section.  

c. Phase-to-phase and phase-to-ground for 1 minute.  

d. With breakers open.  

e. With breakers closed. 

f. Control wiring except that connected to solid state components.  

g. Insulation resistance values equal to, or greater than, ohmic values established by 

manufacturer. 

2. Overpotential Tests:  

a. Applied ac or dc voltage and test procedure in accordance with IEEE C37.20.1 and 

NEMA PB 2.   

b. Each phase of each bus section.  

c. Phase-to-phase and phase-to-ground for 1 minute.  

d. Test results evaluated on a pass/fail basis.  

3. Current Injection Tests:  

a. For entire current circuit in each section.  

b. Secondary injection for current flow of 1 ampere.  

c. Test current at each device.  

4. Control Wiring:  

a. Apply secondary voltage to control power and potential circuits.  

b. Check voltage levels at each point on terminal boards and each device terminal.  

5. Operational Test:  

a. Initiate control devices.  
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b. Check proper operation of control system in each section. 

3.4 PANELBOARDS 

A. Visual and Mechanical Inspection: Include the following inspections and related work:  

1. Inspect for defects and physical damage, labeling, and nameplate compliance with 

requirements of up-to-date drawings and panelboard schedules.  

2. Exercise and perform operational tests of mechanical components and other operable 

devices in accordance with manufacturer’s instruction manual.  

3. Check panelboard mounting, area clearances, and alignment and fit of components.  

4. Check tightness of bolted electrical connections with calibrated torque wrench. Refer to 

manufacturer’s instructions for proper torque values.  

5. Perform visual and mechanical inspection for overcurrent protective devices.  

B. Electrical Tests: Include the following items performed in accordance with manufacturer’s 

instruction:  

1. Insulation Resistance Tests:  

a. Applied megohmmeter dc voltage in accordance with NETA ATS, Table 100.1.  

b. Each phase of each bus section. 

c. Phase-to-phase and phase-to-ground for 1 minute.  

d. With breakers open.  

e. With breakers closed.  

f. Control wiring except that connected to solid state components.  

g. Insulation resistance values equal to, or greater than, ohmic values  

h. established by manufacturer.  

2. Ground continuity test ground bus to system ground. 

3.5 DRY TYPE TRANSFORMERS 

A. Visual and Mechanical Inspection: 

1. Physical and insulator damage.  

2. Proper winding connections.  

3. Bolt torque level in accordance with NETA ATS, Table 100.12, unless otherwise 

specified by manufacturer.  

4. Defective wiring.  

5. Proper operation of fans, indicators, and auxiliary devices.  

6. Removal of shipping brackets, fixtures, or bracing.  

7. Free and properly installed resilient mounts.  

8. Cleanliness and improper blockage of ventilation passages.  

9. Verify that tap-changer is set at correct ratio for rated output voltage under normal 

operating conditions.  

10. Verify proper secondary voltage phase-to-phase and phase-to-ground after energization 

and prior to loading. 

B. Electrical Tests:  

1. Insulation Resistance Tests:  

a. Applied megohmmeter dc voltage in accordance with NETA ATS, Table 100.5 for 

each:  

1) Winding-to-winding.  
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2) Winding-to-ground.  

b. 10-minute test duration with resistances tabulated at 30 seconds, 1 minute, and 10 

minutes.  

c. Results temperature corrected in accordance with NETA ATS, Table 100.14.  

d. Temperature corrected insulation resistance values equal to, or greater than, ohmic 

values established by manufacturer.  

e. Insulation resistance test results to compare within 1 percent of adjacent windings.  

2. Perform tests and adjustments for fans, controls, and alarm functions as suggested by 

manufacturer. 

3.6 LOW VOLTAGE CABLES, 600V MAXIMUM 

A. Visual and Mechanical Inspection:  

1. Inspect each individual exposed power cable for:  

a. Physical damage.  

b. Proper connections in accordance with single-line diagram.  

c. Cable bends not in conformance with manufacturer’s minimum allowable bending 

radius where applicable.  

d. Color coding conformance with Specifications.  

e. Proper circuit identification.  

2. Mechanical Connections For:  

a. Proper lug type for conductor material.  

b. Proper lug installation.  

c. Bolt torque level in accordance with NETA ATS, Table 100.12, unless otherwise 

specified by manufacturer.  

3. Shielded Instrumentation Cables For:  

a. Proper shield grounding.  

b. Proper terminations.  

c. Proper circuit identification.  

4. Control Cables For:  

a. Proper termination.  

b. Proper circuit identification.  

5. Cables Terminated Through Window Type CTs: Verify neutrals and grounds are 

terminated for correct operation of protective devices.  

B. Electrical Tests for Conductors No. 6 and Larger:  

1. Insulation Resistance Tests:  

a. Utilize 1,000-volt dc megohmmeter for 600-volt insulated conductors.  

b. Test each conductor with respect to ground and to adjacent conductors for 1 

minute.  

c. Evaluate ohmic values by comparison with conductors of same length and type.  

d. Investigate values less than 50 megohms.  

2. Continuity test by ohmmeter method to ensure proper cable connections.  

C. Low voltage cable tests may be performed by installer in lieu of independent testing firm.  

3.7 MEDIUM VOLTAGE CABLES, 15 KV MAXIMUM  

A. Visual and Mechanical Inspection: 
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1. Inspect each individual exposed cable for:  

a. Physical damage plus jacket and insulation condition.  

b. Proper connections in accordance with single-line diagram or approved Submittals.  

c. Proper shield grounding.  

d. Proper cable support.  

e. Proper cable termination.  

f. Cable bends not in conformance with manufacturer’s minimum allowable bending 

radius.  

g. Proper arc and fireproofing in common cable areas.  

h. Proper circuit and phase identification.  

2. Mechanical Connections:  

a. Proper lug type for conductor material.  

b. Proper lug installation.  

c. Bolt torque level in accordance with NETA ATS, Table 100.12, unless otherwise 

specified by manufacturers.  

3. Conductors Terminated Through Window Type CTs: Verify neutrals and grounds are 

terminated for correct operation of protective devices.  

4. Cables for adjustable frequency drive need to be unterminated from their connection 

point to prevent static discharge. 

5. All cables shall have the numbers and labels left on them when they are unterminated in 

the case they are to be reused. 

6. Any frayed or damaged cable or terminals shall be repaired or replaced. 

B. Electrical Tests:  

1. Insulation Resistance Tests:  

a. Utilize 2,500-volt megohmmeter for 5 kV conductors.  

b. Test each cable individually with remaining cables and shields grounded.  

c. Test each conductor with respect to ground and to adjacent conductors for 1 

minute.  

d. Evaluate ohmic values by comparison with conductors of same length and type.  

e. Investigate values less than 50 megohms.  

2. Shield Continuity Tests:  

a. By ohmmeter method on each section of conductor.  

b. Investigate values in excess of 10 ohms per 1,000 feet of conductors.  

3. Acceptance Tests:  

a. In accordance with IEEE 400, ICEA S-93-639/NEMA WC 74, ICEA S-94-649, 

and ICEA S-97-682 for insulated conductors.  

b. Each conductor section tested with:  

1) Splices and terminations in-place but disconnected from equipment.  

2) Remaining conductors and shields grounded in accordance with IEEE 400.  

c. Apply maximum test voltage per NETA ATS Table 100.6 based on method (DC, 

AC, PD or VLF) used.  

d. Measure only the leakage current associated with conductor. 

e. Utilize guard ring or field reduction sphere to suppress corona at disconnected 

terminations.  

f. Maximum test voltage shall not exceed limits for terminators specified in IEEE 48, 

IEEE 386, or manufacturer’s specifications.  

g. Apply test voltage in a minimum of five equal increments until maximum 

acceptable test voltage is reached.  

1) Increments not to exceed ac voltage rating of conductor.  
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2) Record dc leakage current at each step after a constant stabilization time 

consistent with system charging current.  

h. Raise conductor to specified maximum test voltage and hold for 15 minutes or as 

specified by conductor manufacturer. Record leakage current at 30 seconds and 1 

minute, and at 1-minute intervals, thereafter.  

i. Immediately following test, ground conductor for adequate time period to drain 

insulation stored charge.  

j. Test results evaluated on a pass/fail basis.  

4. New Conductors Spliced to Existing Conductors:  

a. Prior to performing splices, high potential dc test new conductor sections.  

b. After splicing new conductors to existing conductors, disconnect the existing 

conductors and perform the following tests:  

1) Shield continuity test.  

2) Insulation resistance test.  

3) High potential test with test voltage not to exceed 60 percent of applied 

acceptance dc test voltage.  

3.8 SAFETY SWITCHES, 600 VOLTS MAXIMUM  

A. Visual and Mechanical Inspection:  

1. Proper blade pressure and alignment.  

2. Proper operation of switch operating handle.  

3. Adequate mechanical support for each fuse.  

4. Proper contact-to-contact tightness between fuse clip and fuse.  

5. Cable connection bolt torque level in accordance with NETA ATS, Table 100.12.  

6. Proper phase barrier material and installation.  

7. Verify fuse sizes and types correspond to one-line diagram or approved Submittals.  

8. Perform mechanical operational test and verify electrical and mechanical interlocking 

system operation and sequencing.  

B. Electrical Tests:  

1. Insulation Resistance Tests: 

a. Applied megohmmeter dc voltage in accordance with NETA ATS, Table 100.1.  

b. Phase-to-phase and phase-to-ground for 1 minute on each pole.  

c. Insulation resistance values equal to, or greater than, ohmic values established by 

manufacturer.  

2. Contact Resistance Tests:  

a. Contact resistance in microhms across each switch blade and fuse holder.  

b. Investigate deviation of 50 percent or more from adjacent poles or similar 

switches. 

3.9 MOLDED AND INSULATED CASE CIRCUIT BREAKERS 

A. General: Inspection and testing limited to circuit breakers rated 100 amperes and larger and to 

motor circuit protector breakers rated 50 amperes and larger.  

B. Visual and Mechanical Inspection:  

1. Proper mounting.  

2. Proper conductor size.  



CAREY STATION URBAN WATER REUSE FACILITY  CAREY STATION WRF, LLC 

0.5 MGD TO 1.5 MGD EXPANSION  GREENE COUNTY, GA 

 

 

GOODWYN MILLS CAWOOD, LLC COMMISSIONING OF ELECTRICAL SYSTEMS 

GMC PROJECT NO. CAUG250007 260800 - 11 of 23 

3. Feeder designation according to nameplate and one-line diagram.  

4. Cracked casings.  

5. Connection bolt torque level in accordance with NETA ATS, Table 100.12.  

6. Operate breaker to verify smooth operation.  

7. Compare frame size and trip setting with circuit breaker schedules or one-line diagram.  

8. Verify that terminals are suitable for 75 degrees C rated insulated conductors.  

C. Electrical Tests:  

1. Insulation Resistance Tests:  

a. Utilize 1,000-volt dc megohmmeter for 480-volt and 600-volt circuit breakers.  

b. Pole-to-pole and pole-to-ground with breaker contacts opened for 1 minute.  

c. Pole-to-pole and pole-to-ground with breaker contacts closed for 1 minute.  

d. Test values to comply with NETA ATS, Table 100.1.  

2. Contact Resistance Tests:  

a. Contact resistance in microhms across each pole.  

b. Investigate deviation of 50 percent or more from adjacent poles and similar 

breakers.  

3. Primary Current Injection Test to Verify:  

a. Long-time minimum pickup and delay. 

b. Short-time pickup and delay.  

c. Ground fault pickup and delay.  

d. Instantaneous pickup by run-up or pulse method.  

e. Trip characteristics of adjustable trip breakers shall be within manufacturer’s 

published time-current characteristic tolerance band, including adjustment factors.  

f. Trip times shall be within limits established by NEMA AB 4, Table 5-3. 

Alternatively, use NETA ATS Table 100.7.  

g. Instantaneous pickup value shall be within values established by NEMA AB 4, 

Table 5-4. Alternatively, use NETA ATS Table 100.8.   

3.10 MEDIUM VOLTAGE AIR CIRCUIT BREAKERS 

A. Visual and Mechanical Inspection: 

1. Proper cell fit and element alignment.  

2. Proper operation of cubicle shutters and racking mechanism.  

3. Proper contact condition.  

4. Bolt torque level in accordance with NETA ATS, Table 100.12.  

5. Perform mechanical operator and contact alignment tests on breaker and it’s operating 

mechanism in accordance with manufacturer’s instructions.  

6. Verify primary and secondary contact wipe, gap setting, and other dimensions vital to 

breaker operations are correct.  

7. Ensure maintenance devices are available for servicing and operating breaker.  

8. Check for adequate lubrication on contact, moving, and sliding parts.  

9. Check condition of brushes and limit switches on charging and lifting motors.  

10. With breaker in TEST position:  

a. Trip and close breaker with control switch.  

b. Trip breaker by manually operating each protective relay.  

11. Perform breaker travel and velocity analysis in accordance with manufacturer’s 

instructions; values shall be in accordance with manufacturer’s acceptable limits. 

B. Electrical Tests: 
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1. Insulation Resistance Tests: 

a. Utilize 2,500-volt dc megohmmeter for 5-kV circuit breakers.  

b. Pole-to-pole and pole-to-ground with breaker contacts opened for 1 minute.  

c. Pole-to-pole and pole-to-ground with breaker contacts closed for 1 minute.  

d. d. Test values to comply with NETA ATS, Table 100.1. 

2. Contact Resistance Tests:  

a. Contact resistance in microhms across each pole.  

b. Investigate deviation of 50 percent or more from adjacent poles and similar 

breakers.  

3. Overpotential Tests:  

a. Maximum applied ac or dc voltage in accordance with NETA ATS, Table 100.19.  

b. Each pole-to-ground with other poles grounded and contacts closed for 1 minute.  

c. Test results evaluated on pass/fail basis.  

4. Minimum pickup voltage tests on trip and close coils.  

5. Control Wiring Tests: Insulation resistance test at 1,000 volts dc on control wiring except 

that connected to solid state components. Insulation resistance to be 1 megohm minimum.  

6. Power factor test on each phase with breaker in both OPEN and CLOSED positions. 

Compare power factor and arc chute watt loss with adjacent poles or manufacturer’s 

published data.  

7. Power factor test on each bushing utilizing conductive straps and hot collar procedures if 

bushings are not equipped with power factor tap. Power factor and capacitance test 

results within nameplate rating of bushings. 

3.11 MEDIUM VOLTAGE VACUUM CIRCUIT BREAKERS 

A. Visual and Mechanical Inspection: 

1. Check for proper element alignment.  

2. Check for proper operation of cubicle shutters and racking mechanism.  

3. Bolt torque level in accordance with NETA ATS, Table 100.12.  

4. Perform mechanical operational tests on breaker and it’s operating mechanism in 

accordance with manufacturer’s instructions, plus check:  

a. Pull rod adjustment.  

b. Trip latch clearance.  

c. Overtravel stops.  

d. Wipe and gap setting.  

5. Perform breaker travel and velocity analysis in accordance with manufacturer’s 

instructions; values shall be in accordance with manufacturer’s acceptable limits.  

6. Check contact erosion indicators in accordance with manufacturer’s instructions.  

7. With breaker in TEST position:  

a. Trip and close breaker with control switch.  

b. Trip breaker by manually operating each protective relay.  

B. Electrical Tests: 

1. Insulation Resistance Tests:  

a. Utilize 2,500-volt dc megohmmeter for 5-kV circuit breakers.  

b. Pole-to-pole and pole-to-ground with breaker contacts opened for1 minute.  

c. Pole-to-pole and pole-to-ground with breaker contacts closed for1 minute.  

d. Test values to comply with NETA ATS, Table 100.1.  

2. Contact Resistance Tests:  
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a. Between the line and load stab of closed contact resistance in microhms across 

each pole.  

b. Investigate deviation of 50 percent or more from adjacent poles and similar 

breakers.  

3. Overpotential Tests:  

a. Maximum applied ac or dc voltage in accordance with NETA ATS, Table 100.19.  

b. Each pole-to-ground with other poles grounded and contacts closed for 1 minute.  

c. Test results evaluated on pass/fail basis.  

4. Minimum pickup voltage tests on trip and close coils.  

5. Control Wiring Tests:  

a. Insulation resistance test at 1,000-volts dc on control wiring, except that connected 

to solid state components.  

b. Insulation resistance to be 1 megohm minimum.  

6. Vacuum bottle overpotential integrity test across each vacuum bottle with breaker in 

OPEN position, in accordance with manufacturer’s instructions.  

7. Power Factor Test (Each Phase):  

a. With breaker in both OPEN and CLOSED position.  

b. Compare power factor and arc chute watt loss with adjacent poles or 

manufacturer’s published data.  

8. Power Factor Test (Each Bushing):  

a. Utilize conductive straps and hot collar procedures if bushings are not equipped 

with power factor tap.  

b. Power factor and capacitance test results within nameplate rating of bushings. 

3.12 PROTECTIVE RELAYS 

A. Visual and Mechanical Inspection: 

1. Visually check each relay for: 

a. Tight cover gasket and proper seal.  

b. Unbroken cover glass.  

c. Condition of spiral spring and contacts.  

d. Disc clearance. 

e. Condition of case shorting contacts if present.  

2. Mechanically check each relay for:  

a. Freedom of movement.  

b. Proper travel and alignment.  

3. Verify each relay:  

a. Complies with Contract Documents, approved Submittal, and application.  

b. Is set in accordance with recommended settings from Coordination Study.   

4. Any changes required to relay programming shall be furnished by the equipment 

manufacturer. For the adjustable frequency drive, the drive manufacturer shall provide 

new settings as required. 

B. Electrical Tests: 

1. Insulation resistance test on each circuit to frame, except for solid state devices.  

2. Test on nominal recommended setting for:  

a. Pickup parameters on each operating element.  

b. Timing at three points on time-current curve.  

c. Pickup target and seal-in units.  



CAREY STATION URBAN WATER REUSE FACILITY  CAREY STATION WRF, LLC 

0.5 MGD TO 1.5 MGD EXPANSION  GREENE COUNTY, GA 

 

 

GOODWYN MILLS CAWOOD, LLC COMMISSIONING OF ELECTRICAL SYSTEMS 

GMC PROJECT NO. CAUG250007 260800 - 14 of 23 

d. Special tests as required to check operation of restraint, directional, and other 

elements in accordance with manufacturer’s instruction manual.  

3. Phase angle and magnitude contribution tests on differential and directional relays after 

energization to vectorially verify proper polarity and connections.  

4. Current Injection Tests:  

a. For entire current circuit in each section.  

b. Secondary injection for current flow of 1 ampere.  

c. Test current at each device. 

3.13 INSTRUMENT TRANSFORMERS 

A. Visual and Mechanical Inspection: 

1. Visually check current, potential, and control transformers for:  

a. Cracked insulation.  

b. Broken leads or defective wiring.  

c. Proper connections.  

d. Adequate clearances between primary and secondary circuit wiring.  

2. Verify mechanically:  

a. Grounding and shorting connections have good contact.  

b. Withdrawal mechanism and grounding operation, when applicable, operate 

properly.  

3. Verify proper primary and secondary fuse sizes for potential transformers. 

B. Electrical Tests: 

1. Current Transformer Tests:  

a. Insulation resistance test of transformer and wiring-to-ground at 1,000 volts dc for 

30 seconds.  

b. Polarity test.  

2. Potential Transformer Tests:  

a. Insulation resistance test at test voltages in accordance with NETA ATS, Table 

100.9 for 1 minute on:  

1) Winding-to-winding.  

2) Winding-to-ground.  

b. Polarity test to verify polarity marks or H1-X1 relationship as applicable.  

3. Insulation resistance measurement on instrument transformer shall not be less than that 

shown in NETA ATS, Table 100.5. 

3.14 METERING 

A. Visual and Mechanical Inspection: 

1. Verify meter connections in accordance with appropriate diagrams.  

2. Verify meter multipliers.  

3. Verify meter types and scales conform to Contract Documents.  

4. Check calibration of meters at cardinal points.  

5. Check calibration of electrical transducers. 
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3.15 GROUNDING SYSTEMS 

A. Visual and Mechanical Inspection: 

1. Equipment and circuit grounds in motor control center, panelboard, switchboard, and 

switchgear assemblies for proper connection and tightness.  

2. Ground bus connections in motor control center, panelboard, switchboard, and 

switchgear assemblies for proper termination and tightness.  

3. Effective transformer core and equipment grounding.  

4. Accessible connections to grounding electrodes for proper fit and tightness.  

5. Accessible exothermic-weld grounding connections to verify that molds were fully filled 

and proper bonding was obtained. 

B. Electrical Tests: 

1. Fall-of-Potential Test:  

a. In accordance with IEEE 81, Section 8.2.1.5 for measurement of main ground 

system’s resistance.  

b. Main ground electrode system resistance to ground to be no greater than 5 ohm(s).  

2. Two-Point Direct Method Test:  

a. In accordance with IEEE 81, Section 8.2.1.1 for measurement of ground resistance 

between main ground system, equipment frames, and system neutral and derived 

neutral points.  

b. Equipment ground resistance shall not exceed main ground system resistance by 

0.50 ohm. 

3.16 GROUND FAULT SYSTEM 

A. Inspection and testing limited to:  

1. Zero sequence grounding systems.  

2. Residual ground fault systems.  

B. Visual and Manual Inspection:  

1. Neutral main bonding connection to assure:  

a. Zero sequence sensing system is grounded ahead of neutral disconnect link.  

b. Ground strap sensing system is grounded through sensing device.  

c. Neutral ground conductor is solidly grounded.  

2. Verify control power has adequate capacity for system.  

3. Manually operate monitor panels for:  

a. Trip test.  

b. No trip test.  

c. Nonautomatic rest.  

4. Zero sequence system for symmetrical alignment of core balance transformers about 

current carrying conductors.  

5. Relay check for pickup and time under simulated ground fault conditions.  

6. Verify nameplate identification by device operation.  

C. Electrical Tests:  

1. Test system neutral insulation resistance with neutral ground link removed. System 

neutral insulation resistance minimum 1 megohm.  

2. Determine relay pickup by primary current injection at the sensor. Relay pickup current 

within plus or minus 10 percent of device dial or fixed setting. 
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3. Test relay timing by injecting 300 percent of pick-up current or as specified by 

manufacturer. Relay operating time in accordance with manufacturer’s time-current 

characteristic curves.  

4. Test system operation at 55 percent rated control voltage, if applicable.  

5. Test zone interlock system by simultaneous sensor current injection and monitoring zone 

blocking functions. 

3.17 AC INDUCTION MOTORS 

A. General: Inspection and testing limited for existing raw water pump motors and new raw water 

pump No. 5 motor.  

B. Visual and Mechanical Inspection: 

1. Proper electrical and grounding connections.  

2. Shaft alignment.  

3. Blockage of ventilating air passageways.  

4. Operate motor and check for:  

a. Excessive mechanical and electrical noise.  

b. Overheating.  

c. Correct rotation.  

d. Check vibration detectors, resistance temperature detectors, or motor inherent 

protectors for functionality and proper operation.  

e. Excessive vibration, in excess of values in NETA ATS Table 100.10.  

5. Check operation of space heaters.  

6. Check Ohmic valve of RTDs. 

C. Electrical Tests: 

1. Insulation Resistance Tests: 

a. In accordance with IEEE 43 at test voltages established by NETA ATS, Table 

100.1 for:  

1) Motors above 200 hp for 10-minute duration with resistances tabulated at 30 

seconds, 1 minute, and 10 minutes.  

2) Motors 200 hp and less for 1-minute duration with resistances tabulated at 

30 and 60 seconds.  

b. Insulation resistance values equal to, or greater than, ohmic values established by 

manufacturers. 

2. Calculate polarization index ratios for motors above 200 hp. Investigate index ratios less 

than 1.5 for Class A insulation and 2.0 for Class B insulation.  

3. Insulation resistance test on insulated bearings in accordance with manufacturer’s 

instructions. 

4. Measure running current and voltage, and evaluate relative to load conditions and 

nameplate full-load amperes.  Measure and record RTD temperature using MPR display 

during running.  

5. Overpotential Tests:  

a. Applied dc voltage in accordance with IEEE 95.  

b. Limited to 4,000-volt motors rated 1,000 hp and greater.  

c. Test results evaluated on pass/fail basis. 



CAREY STATION URBAN WATER REUSE FACILITY  CAREY STATION WRF, LLC 

0.5 MGD TO 1.5 MGD EXPANSION  GREENE COUNTY, GA 

 

 

GOODWYN MILLS CAWOOD, LLC COMMISSIONING OF ELECTRICAL SYSTEMS 

GMC PROJECT NO. CAUG250007 260800 - 17 of 23 

3.18 MEDIUM VOLTAGE MOTOR CONTROL CENTERS 

A. Visual and Mechanical Inspection: 

1. Insulator damage and contaminated surfaces.  

2. Proper barrier and shutter installation and operation.  

3. Proper operation of indicating devices.  

4. Proper overload protection.  

5. Blockage of air-cooling passages.  

6. Proper operation of drawout elements.  

7. Integrity and contamination of bus insulation system.  

8. Check door and device interlocking system by:  

a. Closure attempt of device when door is in OFF or OPEN position.  

b. Opening attempt of door when device is in ON or CLOSED position.  

9. Check nameplates for proper identification of each:  

a. Equipment title and tag number with latest one-line diagram.  

b. Pushbutton.  

c. Control switch.  

d. Pilot light.  

e. Control relay.  

f. Circuit breaker.  

g. Indicating meter.  

10. Verify fuse sizes and types conform to Contract Documents or approved Submittal.  

11. Check bus connections for high resistance by low resistance ohmmeter and calibrated 

torque wrench applied to bolted joints, and thermographic survey:  

a. Ohmic value to be zero.  

b. Bolt torque level in accordance with NETA ATS, Table 100.12, unless otherwise 

specified by manufacturer.  

c. Thermographic survey temperature gradient of 2 degrees C, or less per NETA ATS 

Table 100.18.   

12. Check operation and sequencing of electrical and mechanical interlock systems by:  

a. Closure attempt for locked open devices.  

b. Opening attempt for locked closed devices. 

c. Key exchange to operate devices in OFF-NORMAL positions.  

13. Verify performance of each control device and feature furnished as part of motor control 

center.  

14. Control Wiring:  

a. Compare wiring to local and remote control, and protective devices with 

elementary diagrams.  

b. Check for proper conductor lacing and bundling.  

c. Check for proper conductor identification.  

d. Check for proper conductor lugs and connections.  

15. Exercise active components.  

16. Inspect magnetic contactors for:  

a. Correct mechanical operations.  

b. Correct contact gap, wipe, alignment, and pressure.  

c. Correct torque of connections.  

17. Perform phasing check on double-ended motor control centers to ensure proper bus 

phasing from each source.  

B. Electrical Tests:  

1. Insulation Resistance Tests:  
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a. Applied megohmmeter dc voltage in accordance with NETA ATS, Table 100.2.  

b. Bus section phase-to-phase and phase-to-ground for 1 minute on each phase.  

c. Contactor phase-to-ground and across open contacts for 1 minute on each phase.  

d. Starter section phase-to-phase and phase-to-ground on each phase with starter 

contacts closed and protective devices open.  

e. Test values to comply with NETA ATS, Table 100.1.  

2. Overpotential Tests:  

a. Maximum applied ac or dc voltage in accordance with NETA ATS, Table 100.9.  

b. Phase-to-phase and phase-to-ground for 1 minute for each phase of each bus 

section.  

c. Test results evaluated on pass/fail basis.  

3. Bottle integrity test for vacuum contactors in accordance with manufacturer’s procedure.  

4. Test by Primary Current Injection:  

a. Overload units at sensors using 300 percent of motor full-load current: Overload 

trip times to be in accordance with manufacturer’s published data.  

b. Check voltage levels at each point on terminal boards and each device terminal.  

5. Control Wiring Tests:  

a. Apply secondary voltage on control power and potential circuits. 

b. Check voltage levels at each point on terminal boards and at each device terminal.  

c. Insulation resistance test at 1,000-volts dc on control wiring, except that connected 

to solid state components: Insulation resistance to be 1 megohm minimum.  

6. Test indicating and monitoring devices for proper operation.  

7. Perform setup and testing of solid state relays and multifunction protective devices in 

accordance with manufacturer’s instructions.  

8. Measure Contact and Power Fuse Resistances:  

a. Contact resistance shall not exceed manufacturer’s recommended values.  

b. Resistance of power fuses not to deviate more than 15 percent between identical 

fuses. 

3.19 LOW VOLTAGE MOTOR CONTROL 

A. Visual and Mechanical Inspection: 

1. Proper barrier and shutter installation and operation.  

2. Proper operation of indicating and monitoring devices.  

3. Proper overload protection for each motor.  

4. Improper blockage of air-cooling passages.  

5. Proper operation of drawout elements.  

6. Integrity and contamination of bus insulation system.  

7. Check door and device interlocking system by:  

a. Closure attempt of device when door is in OFF or OPEN position.  

b. Opening attempt of door when device is in ON or CLOSED position.  

8. Check key interlocking systems for:  

a. Key captivity when device is in ON or CLOSED position.  

b. Key removal when device is in OFF or OPEN position.  

c. Closure attempt of device when key has been removed.  

d. Correct number of keys in relationship to number of lock cylinders.  

e. Existence of other keys capable of operating lock cylinders; destroy duplicate sets 

of keys.  

9. Check nameplates for proper identification of:  

a. Equipment title and tag number with latest one-line diagram.  
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b. Pushbuttons.  

c. Control switches.  

d. Pilot lights.  

e. Control relays.  

f. Circuit breakers.  

g. Indicating meters. 

10. Verify fuse and circuit breaker sizes and types conform to Contract Documents.  

11. Verify current and potential transformer ratios conform to Contract Documents.  

12. Check bus connections for high resistance by low resistance ohmmeter and calibrated 

torque wrench applied to bolted joints:  

a. Ohmic value to be zero.  

b. Bolt torque level in accordance with NETA ATS, Table 100.12, unless otherwise 

specified by manufacturer.  

13. Check operation and sequencing of electrical and mechanical interlock systems by:  

a. Closure attempt for locked open devices.  

b. Opening attempt for locked closed devices.  

c. Key exchange to operate devices in OFF-NORMAL positions.  

14. Verify performance of each control device and feature furnished as part of motor control 

center.  

15. Control Wiring:  

a. Compare wiring to local and remote control, and protective devices with 

elementary diagrams.  

b. Check for proper conductor lacing and bundling.  

c. Check for proper conductor identification.  

d. Check for proper conductor lugs and connections.  

16. Exercise active components.  

17. Inspect contactors for:  

a. Correct mechanical operations.  

b. Correct contact gap, wipe, alignment, and pressure.  

c. Correct torque of all connections.  

18. Compare overload heater rating with full-load current for proper size.  

19. Compare motor protector and circuit breaker with motor characteristics for proper size.  

20. Perform phasing check on double-ended motor control centers to ensure proper bus 

phasing from each source. 

B. Electrical Tests: 

1. Insulation Resistance Tests: 

a. Applied megohmmeter dc voltage in accordance with NETA ATS, Table 100.1.  

b. Bus section phase-to-phase and phase-to-ground for 1 minute on each phase.  

c. Contactor phase-to-ground and across open contacts for 1 minute on each phase.  

d. Starter section phase-to-phase and phase-to-ground on each phase with starter 

contacts closed and protective devices open.  

e. Test values to comply with NETA ATS, Table 100.1. 

2. Current Injection through Overload Unit at 300 Percent of Motor Full Load Current and 

Monitor Trip Time:  

a. Trip time in accordance with manufacturer’s published data.  

b. Investigate values in excess of 120 seconds.  

3. Control Wiring Tests:  

a. Apply secondary voltage to control power and potential circuits.  

b. Check voltage levels at each point on terminal boards and each device terminal.  
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c. Insulation resistance test at 1,000 volts dc on control wiring except that connected 

to solid state components: Insulation resistance to be 1 megohm minimum.  

4. Operational test by initiating control devices to affect proper operation. 

3.20 BATTERY SYSTEM 

A. Visual and Mechanical Inspection: 

1. Physical damage and electrolyte leakage.  

2. Evidence of corrosion.  

3. Intercell bus link integrity.  

4. Battery cable insulation damage and contaminated surfaces.  

5. Operating conditions of ventilating equipment.  

6. Visual check of electrolyte level. 

B. Electrical Tests: 

1. Measure: 

a. Bank charging voltage.  

b. Individual cell voltage.  

c. Electrolyte specific gravity in each cell.  

d. Measured test values to be in accordance with manufacturer’s published data. 

2. Verify during recharge mode: 

a. Charging rates from charger.  

b. Individual cell acceptance of charge. 

3. Load tests for integrity and capacity; test values in accordance with IEEE 450. 

3.21 LOW VOLTAGE SURGE ARRESTORS 

A. Visual and Mechanical Inspection:  

1. Adequate clearances between arrestors and enclosures.  

2. Ground connections to ground bus or electrode. 

B. Electrical Tests: 

1. Varistor Type Arrestors:  

a. Clamping voltage test.  

b. Rated RMS voltage test.  

c. Rated dc voltage test.  

d. Varistor arrestor test values in accordance with IEEE C62.33, Sections 4.4 and 4.9. 

3.22 MEDIUM VOLTAGE SURGE ARRESTORS AND SURGE CAPACITORS 

A. Visual Inspection: 

1. Ground connections to ground bus.  

2. Shortest practical jumper connections to line. 

B. Electrical Tests: 

1. Grounding electrode resistance test in accordance with IEEE 81, Section 8.2.1.5 using 

three-point fall-of-potential method.  

2. Insulation power factor.  
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3. Insulation resistance.  

4. RF noise test using Stodard Noise Test set with applied voltage of 1.18 times maximum 

continuous operating voltage.  

5. Insulation power factor leakage current, watts loss, and insulation resistance tests in 

accordance with manufacturer’s test values. RIV value not to exceed 10 microvolts above 

background noise.  

6. Leakage current and watts loss tests. 

3.23 STANDBY AND EMERGENCY GENERATOR SYSTEMS 

A. Visual and Mechanical Inspection: 

1. Proper grounding.  

2. Blockage of ventilating passageways.  

3. Proper operation of jack water heaters.  

4. Integrity of engine cooling and fuel supply systems.  

5. Excessive mechanical and electrical noise.  

6. Overheating of engine or generator.  

7. Proper installation of vibration isolators.  

8. Proper cooling liquid type and level.  

9. Operate engine-generator and check for:  

a. Excessive mechanical and electrical noise.  

b. Overheating.  

c. Correct rotation.  

d. Check resistance temperature detectors or generator inherent thermal protectors for 

functionality and proper operation.  

e. Excessive vibration. 

10. Verify voltage regulator and governor operation will cause unit speed and output voltage 

to stabilize at proper values within reasonable length of time.  

11. Proper operation of meters and instruments.  

12. Compare generator nameplate rating and connection with one-line diagram or approved 

Submittal.  

13. Verify engine-generator operation with adjustable frequency drives energized and 

operating under normal load conditions. 

B. Electrical and Mechanical Tests: 

1. Cold start test by interrupting normal power source with test load consisting of connected 

building load to verify:  

a. Transfer switch operation.  

b. Automatic starting operation.  

c. Operating ability of engine-generator.  

d. Overcurrent devices capability to withstand inrush currents.  

2. Phase rotation tests.  

3. Test engine protective shutdown features for:  

a. Low oil pressure.  

b. Overtemperature.  

c. Overspeed.  

4. Vibration base-line test on generator sets; levels in accordance with manufacturer’s 

recommendations.  
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5. Load bank test with reactors and resistors adjusted to 80 percent power factor for each 

load step. Record voltage, frequency, load current, oil pressure, and engine coolant 

temperature at 15-minute intervals:  

a. 25 percent applied load for 30 minutes.  

b. 50 percent applied load for 30 minutes.  

c. 75 percent applied load for 30 minutes.  

d. 100 percent applied load for 3 hours.  

e. Load test results to demonstrate ability of unit to deliver rated load for test period.  

6. One-Step Rated kW Load Pickup Test:  

a. Perform test immediately after performing load bank test.  

b. Apply rated load, minus largest rated hp motor, to generator.  

c. Start largest rated hp motor and record voltage drop for 20 cycles minimum with 

high-speed chart recorder or digital storage oscilloscope.  

d. Compare voltage drop with maximum allowable voltage dip for specified starting 

situation. 

3.24 THERMOGRAPHIC SURVEY 

A. Provide a thermographic survey per NETA ATS Table 100.18 of connections associated with 

incoming service conductors, bus work, and branch feeder conductors No. 2 and larger at each:   

1. Medium voltage switchgear.  

2. Switchboard.  

3. Medium and low voltage motor control center.  

4. Panelboard. 

B. Provide a thermographic survey of feeder conductors terminating at: 

1. Motors rated 600 hp and larger.  

2. Engine-generators. 

C. Remove necessary enclosure metal panels and covers prior to performing survey. 

D. Perform with equipment energized during periods of maximum possible loading per NFPA 

70B, Section 20.17.  

E. Do not perform survey on equipment operating at less than 20 percent of rated load. If plant 

load is insufficient, perform test with supplemental load bank producing rated load on item 

being measured.  

F. Utilize thermographic equipment capable of:  

1. Detecting emitted radiation.  

2. Converting detected radiation to visual signal.  

3. Detecting 1 degree C temperature difference between subject area and reference point of 

30 degrees C.  

G. Temperature Gradients:  

1. 3 degrees C to 7 degrees C indicates possible deficiency that warrants investigation.  

2. 7 degrees C to 15 degrees C indicates deficiency that is to be corrected as time permits.  

3. 16 degrees C and above indicates deficiency that is to be corrected immediately.  

H. Provide written report of:  
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1. Areas surveyed and the resultant temperature gradients.  

2. Locations of areas having temperature gradients of 3 degrees C or greater. 

3. Cause of heat rise and actions taken to correct the cause of heat rise.  

4. Detected phase unbalance. 

 

END OF SECTION 
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SECTION 26 29 23 

VARIABLE FREQUENCY MOTOR CONTROLLERS 

PART 1 - GENERAL 

1.1 REFERENCES 

 

A. The following is a list of standards which may be referenced in this section: 

 

1. Electronic Industries Alliance (EIA): 359-A-1, Special Colors. 

2. Hydraulic Institute Standards (HIS). 

3. Institute of Electrical and Electronics Engineers (IEEE): 

a. 112, Standard Test Procedure for Polyphase Induction Motors and 

Generators. 

b. 519, Recommended Practices and Requirements for Harmonic 

Control in Electrical Power Systems. 

c. C62.41, Recommended Practice on Surge Voltages in Low- 

Voltage AC Power Circuits. 

4. National Electrical Manufacturer’s Association (NEMA): 

a. 250, Enclosures for Electrical Equipment (1,000 Volts 

Maximum). 

b. CP 1, Shunt Capacitors. 

c. MG 1, Motors and Generators. 

d. WC 57, Standard for Control, Thermocouple Extensions, and 

Instrumentation Cables. 

5. National Fire Protection Association (NFPA): 79, Electrical Standard 

for Industrial Machinery. 

 

1.2 DEFINITIONS 

 

A. Terms that may be used in this section: 

 

1. AFD: Adjustable frequency drive. 

2. CMOS: Complementary metal oxide semiconductor. 

3. CSI: Current source inverter. 

4. EMU: Energy monitoring unit. 

5. GTO: Gate turn-off thyristor. 

6. MPR: Motor protection relay. 

7. MTBF: Mean time between failure. 

8. PWM: Pulse width modulation. 

9. ROM: Read only memory. 

10. RTD: Resistance temperature detector. 

11. RTU: Remote Telemetry Unit. 

12. Rated Load: Load specified for equipment. 
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13. Rated Speed: Nominal rated (100 percent) speed specified for 

equipment. 

14. TDD: Total demand distortion. 

15. THD: Total harmonic distortion. 

16. TTL: Transistor transistor logic. 

 

1.3 AFD MANUFACTURER REQUIREMENTS 

 

A. All adjustable frequency drives shall be of the same manufacturer selected as 

listed under acceptable manufacturers. The Contractor shall also be responsi-

ble for coordinating with his various subcontractors to ensure that the same 

AFD manufacturer is provided in all vendor control panels that are provided 

as part of this project.  AFDs from alternate manufacturers will not be consid-

ered. 

 

1.4 SPECIAL PROJECT REQUIREMENTS 

 

A. The Contractor shall be responsible for coordinating the drive requirements 

with the manufacturer of the load which the AFD shall operate in order to 

ensure that the correct type of drive (i.e. constant torque or variable torque) is 

provided for each application. In order to ensure that the Contactor has 

properly coordinated the specific type of drive to be provided for each par-

ticular process, the submittals for all adjustable frequency drives shall in-

clude a letter from the manufacturer of the specific load that will be ener-

gized from the AFD to indicate if the specific application requires a constant 

torque drive or a variable torque drive. 

 

B. The Contractor shall be responsible for coordinating with the AFD manufac-

turer on the actual feeder distances required in order to ensure that the appro-

priate type of output filters, or dv/dt filters, are provided, where required. In 

order to ensure that the Contactor has properly coordinated with the AFD 

manufacturer, all submittals for AFDs shall include a letter from the AFD 

manufacturer that indicates that they have coordinated with the Contractor on 

the actual feeder lengths required and that the appropriate type of output fil-

ters, or dv/dt filters, are provided as proposed within the submittal. 



CAREY STATION URBAN WATER REUSE FACILITY  CAREY STATION WRF, LLC 

0.5 MGD TO 1.5 MGD EXPANSION  GREENE COUNTY, GA  

GOODWYN MILLS CAWOOD, LLC VARIABLE FREQUENCY MOTOR CONTROLLERS 

GMC PROJECT NO. CAUG250007 262923 - 3 of 15 

 

1.5 SYSTEM DESCRIPTION 

 

A. Performance Requirements: 

 

1. Composite drive/motor efficiency (CE) is defined as ratio of motor shaft 

kW to drive input kW. AFD system minimum requirements: 

a. At 60-Hz drive output and 100 percent load, CE equals 

92 percent. 

b. At 50-Hz drive output and 60 percent load CE equals 89 percent. 

c. At 40-Hz drive output and 30 percent load CE equals 84 percent. 

d. At 30-Hz drive output and 12.5 percent load CE equals 

77 percent. 

2. Rated Continuous Operation Capacity: All adjustable frequency drives 

provided shall be sized not less than 1.15 times full load current rating 

of driven motor, as indicated on motor nameplate, and suitable for con-

tinuous operation at continuous overload which may be imposed on mo-

tor by driven pump operating over specified speed range. As part of the 

AFD submittal, the manufacturer shall include the ampacity ratings of 

the each proposed AFD as well as the motor nameplate FLA for the as-

sociated motor. 

3. Basis for Harmonic Computations: Using Contract Drawings for current 

and voltage distortion computations, furnish harmonic filters, line reac-

tors, isolation transformers, or higher pulse converter arrangements re-

quired to meet current/voltage distortion limits. 

4. Normal and Standby Source Current Harmonic Distortion: 

a. Compute normal and Standby source individual and total current 

harmonic distortion at the bus of low voltage switchgear SWBD-

IPS-1. The bus of switchboard shall be defined at the point of 

common coupling (PCC1) in accordance with IEEE 519. 

b. Individual current harmonic distortion and total demand distortion 

expressed as percent of maximum demand load current IL shall 

not exceed values specified in Table 1 below: 
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c. Limits specified in Table 1 above are for drives utilizing 6-pulse 

rectifiers. Should manufacturer propose higher pulse rectifiers, 

limits for characteristic harmonics listed in Table 1 can be in-

creased accordingly as indicated in IEEE 519 depending on the 

pulse drive that is proposed. 

d. The harmonic analysis for each distribution system shall be 

performed under each of the possible modes of operation: 

1) Normal mode of operation  

2) Emergency mode of operation  

 

5. Normal and Standby Source Voltage Harmonic Distortion: Compute 

normal and standby source voltage harmonic distortion at location 

identified as PCC1. THD shall not exceed 5 percent, and individual 

voltage harmonic distortion shall not exceed 3 percent. 

6. Furnish isolating transformers or series reactors, harmonic filters, or 

other devices necessary for proper system operation. Furnish necessary 

devices and circuits to prevent operation of one drive from adversely af-

fecting operation of other drives supplied from same transformer or 

same bus. The final number and ratings of the harmonic filters required 

shall be determined by the manufacturer based on the results of the 

harmonics study specified herein. 

7. When isolation transformers are used, design to meet K-factor 

requirements of drive(s) connected. 

 

B. Design Requirements: 

 

1. Drive system consisting of adjustable frequency controller, drive motor, 

auxiliary items, and components necessary for complete operating sys-

tem. 

Table 1 

 

Individual Harmonic Order 

(Odd Harmonics) 

Harmonic Current 

Distortion 

Percent of Max. Demand 

Load Current IL 

h <11 4.0 

11 h <17 2.0 

17 h <23 1.5 

23 h <35 0.6 

35 h 0.3 

Total Demand Distortion (TDD) 5.0 
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2. Other equipment is being powered from same bus as adjustable fre-

quency drives. Ensure proper operation of drives and other loads 

under normal and emergency conditions. 

 

3. Furnish AFDs rated on basis of actual motor full load nameplate current 

rating times the service factor. 

4. Drive System: Convert incoming three-phase, 60-Hz ac power to vari-

able voltage, adjustable frequency output for adjustable speed opera-

tion of a standard ac induction squirrel-cage motor, using pulse- 

width-modulation (PWM) technique to produce adjustable frequency 

output. 

5. System rated for continuous industrial duty and suitable for use with 

NEMA MG 1, Design B motors. 

6. Incoming Line Circuit Breaker: Provide positive means of discon-

necting incoming power, and overcurrent protection for drive sys-

tem. 

7. Incoming Line Reactor: All 6-pulse AFDs shall include a 5 percent in-

put line reactor. Design to minimize harmonic distortion on incoming 

power feeder. 

 

C. Specific AFD Requirements: 

 

1. Effluent Pumps AFD’s: 

a. 6-pulse AFD with 5 percent input line reactor. AFD shall be 

located within the pumps control panel. 

b. Output filters – Standard. 

c. Feeder Distance between the AFD and the associated motor: 

~50 feet. 

d. Ethernet communication with Plant Control System via Ether-

Net/IP protocol and/or hardwired connections. See Control Dia-

grams for specific control logic interfaces between the AFDs and 

the plant control system. 

e. AFD shall be sized a minimum of 1.15 x the motor nameplate 

FLA. 

 

1.6 SUBMITTALS 

 

A. Action Submittals: 

 

1. Overall drive system operating data, including efficiencies, input cur-

rents, and power factors, at driven equipment actual load and rated 

system input voltage, at 0, 40, 60, 80, 100, and 110 percent of rated 

speed. 

2. Individual and total harmonic content (voltage and current) reflected in 

system normal source supply at driven equipment actual load at 

70 percent and 100 percent of rated speed at locations specified in Sim-
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plified Plant One-Line Diagram and load conditions specified. Use TDD 

and THD factors as defined in IEEE 519 to designate total harmonic con-

tent. 

3. Individual and total current and voltage harmonic content reflected in 

standby power source, at locations specified in this section, at driven 

equipment actual load at 70 percent and 100 percent of rated speed de-

termined by using actual size and subtransient reactance of standby sys-

tem obtained from standby source manufacturer. Use TDD and THD 

factors as defined in IEEE 519 to designate total harmonic content. 

4. AFD output pulse maximum peak voltage, pulse rise time, and pulse rate 

of rise including justification for proposed deviation from specified val-

ues. Include motor manufacturer’s certification motor insulation will 

withstand long-term overvoltages caused at motor terminals due to spec-

ified output pulse data or proposed deviation from this data. 

5. Data on shelf life of “dc link” capacitor. 

6. Complete system rating, including nameplate data, continuous operation 

load capability throughout speed range of 0 percent to 120 percent of rat-

ed speed. 

7. Complete adjustable frequency controller rating coordinated with motor 

full load nameplate current rating; list controller special features being 

supplied. 

8. Controller, reactor, harmonic filter, and isolating transformer (if appli-

cable) dimensional drawings; information on size and location of 

space for incoming and outgoing conduit. 

9. Maximum heat dissipation from enclosure. 

10. Should separate enclosures and equipment be necessary for filter ele-

ments, provide complete dimensional information including location of 

space for incoming and outgoing conduit, weight, maximum heat loss, 

and minimum current carrying capacity and recommended wire size for 

required interconnecting circuits. 

11. Layout of controller face showing pushbuttons, switches, instruments, 

and indicating lights. 

12. Complete system operating description. 

13. Complete system schematic (elementary) wiring diagrams. 

14. Complete system interconnection diagrams between controller, drive 

motor, and related components or controls external to system, including 

wire numbers and terminal board point identification. 

15. One-line diagram of system, including component ratings. 

16. Description of diagnostic features being provided. 

17. Descriptive literature for control devices such as relays and timers. 

18. Itemized bill-of-materials listing system components. 

19. Specific description of provisions, such as filtering and harmonic sup-

pression, being made to ensure proper system operation when system is 

supplied from either the normal utility source or the standby generation. 

Additionally, the AFD manufacturer shall coordinate the sizing of the ac-

tive harmonic filters required to meet the requirements of IEEE 519. 
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B. Informational Submittals: 

 

1. Statement of Supplier qualifications. 

2. Seismic anchorage and bracing calculations as required by 

Section 01 88 15, Anchorage and Bracing. 

3. Special shipping, storage and protection, and handling instructions. 

4. Manufacturer’s printed installation instructions. 

5. Factory functional test reports. 

6. Certified copy of test report for identical motor tested in accordance with 

NEMA MG 1-12.53a and IEEE 112, Test Method B, showing rated load, 

rated speed efficiency meeting or exceeding specified values; motors not 

as specified will be rejected. 

7. Field test reports. 

8. Component and attachment testing seismic certificate of compliance as 

required by Section 01 45 33, Special Inspection, Observation, and 

Testing. 

9. Suggested spare parts list to maintain equipment in service for period of 

1 year and 5 years. Include list of special tools required for checking, 

testing, parts replacement, and maintenance with current price infor-

mation. 

10. List special tools, materials, and supplies furnished with equipment for 

use prior to and during startup and for future maintenance. 

11. Operation and Maintenance Data: As specified in Section 01 78 23, 

Operation and Maintenance Data. 

12. Manufacturer’s Certificate of Proper Installation, in accordance with 

Section 01 43 33, Manufacturers’ Field Services. 

 

1.7 QUALITY ASSURANCE 

 

A. Supplier: Minimum 5 years’ experience in furnishing similar size and type 

adjustable frequency, controlled speed, drive systems. 

 

1.8 EXTRA MATERIALS 

 

A. Furnish for each drive unit: 

 

1. Complete set of components likely to fail in normal service. 

2. Plug-in subassemblies. 

3. Printed circuit boards. 

4. SCRs. 

5. Potentiometers. 

6. Integrated circuits. 

7. One complete power bridge and one spare printed circuit card for each 

modular, plug-in type card in controller. 

8. One spare fan for each type AFD package. 
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PART 2 - PRODUCTS 

2.1 MANUFACTURERS 

A. Square D 

B. Eaton 

C. Allen-Bradley 

D. ABB 

E. Or approved equal. 

2.2 SYSTEM DESCRIPTION 

A. General Requirements for VFCs: 

1. VFCs and Accessories: Listed and labeled as defined in NFPA 70, by a qualified 

testing agency, and marked for intended location and application. 

2. Comply with NEMA ICS 7, NEMA ICS 61800-2, and UL 508A. 

B. Application: Variable torque. 

C. VFC Description: Variable-frequency motor controller, consisting of power converter 

that employs pulse-width-modulated inverter, factory built and tested in an enclosure, 

with integral disconnecting means and overcurrent and overload protection; listed and 

labeled by an NRTL as a complete unit; arranged to provide self-protection, protection, 

and variable-speed control of one or more three-phase induction motors by adjusting 

output voltage and frequency. 

1. Units suitable for operation of NEMA MG 1 motors. 

2. Listed and labeled for integrated short-circuit current (withstand) rating by an 

NRTL acceptable to authorities having jurisdiction. 

D. Design and Rating: Match load type, such as fans, blowers, and pumps; and type of 

connection used between motor and load such as direct or through a power-transmission 

connection. 

E. Output Rating: Three phase; 10 to 60 Hz, with voltage proportional to frequency 

throughout voltage range; maximum voltage equals input voltage. 

F. Unit Operating Requirements: 

1. Input AC Voltage Tolerance: Plus 10 and minus 10 percent of VFC input voltage 

rating. 

2. Input AC Voltage Unbalance: Not exceeding 5 percent. 
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3. Input Frequency Tolerance: Plus or minus 3 percent of VFC frequency rating. 

4. Minimum Efficiency: 96 percent at 60 Hz, full load. 

5. Minimum Displacement Primary-Side Power Factor: 96 percent under any load or 

speed condition. 

6. Minimum Short-Circuit Current (Withstand) Rating: 42 kA. 

7. Ambient Temperature Rating: Not less than 32 deg F and not exceeding 104 

deg F. 

8. Humidity Rating: Less than 95 percent (noncondensing). 

9. Altitude Rating: Not exceeding 3300 feet. 

10. Vibration Withstand: Comply with NEMA ICS 61800-2. 

11. Overload Capability: 1.1 times the base load current for 60 seconds; minimum of 

1.8 times the base load current for three seconds. 

12. Starting Torque: Minimum 100 percent of rated torque from 3 to 60 Hz. 

13. Speed Regulation: Plus or minus 5 percent. 

14. Output Carrier Frequency: Selectable; 0.5 to 15 kHz. 

15. Stop Modes: Programmable; includes fast, free-wheel, and dc injection braking. 

G. Inverter Logic: Microprocessor based, 32 bit, isolated from all power circuits. 

H. Isolated Control Interface: Allows VFCs to follow remote-control signal over a 

minimum 40:1 speed range. 

1. Signal: Electrical. 

I. Internal Adjustability Capabilities: 

1. Minimum Speed: 5 to 25 percent of maximum rpm. 

2. Maximum Speed: 80 to 100 percent of maximum rpm. 

3. Acceleration: 0.1 to 10 seconds. 

4. Deceleration: 0.1 to 10 seconds. 

5. Current Limit: 30 to minimum of 150 percent of maximum rating. 

J. Self-Protection and Reliability Features: 

1. Surge Suppression: Factory installed as an integral part of the VFC, complying 

with UL 1449 SPD, Type 1 or Type 2. 

2. Surge Suppression: Field-mounted surge suppressors complying with UL 1449 

SPD, Type 2. 

3. Loss of Input Signal Protection: Selectable response strategy, including speed 

default to a percent of the most recent speed, a preset speed, or stop; with alarm. 

4. Under- and overvoltage trips. 

5. Inverter overcurrent trips. 

6. VFC and Motor-Overload/Overtemperature Protection: Microprocessor-based 

thermal protection system for monitoring VFCs and motor thermal characteristics, 

and for providing VFC overtemperature and motor-overload alarm and trip; 

settings selectable via the keypad. 

7. Critical frequency rejection, with three selectable, adjustable deadbands. 
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8. Instantaneous line-to-line and line-to-ground overcurrent trips. 

9. Loss-of-phase protection. 

10. Reverse-phase protection. 

11. Short-circuit protection. 

12. Motor-overtemperature fault. 

K. Automatic Reset/Restart: Attempt three restarts after drive fault or on return of power 

after an interruption and before shutting down for manual reset or fault correction; 

adjustable delay time between restart attempts. 

L. Power-Interruption Protection: To prevent motor from re-energizing after a power 

interruption until motor has stopped, unless "Bidirectional Autospeed Search" feature is 

available and engaged. 

M. Bidirectional Autospeed Search: Capable of starting VFC into rotating loads spinning in 

either direction and returning motor to set speed in proper direction, without causing 

damage to drive, motor, or load. 

N. Torque Boost: Automatically varies starting and continuous torque to at least 1.5 times 

the minimum torque to ensure high-starting torque and increased torque at slow speeds. 

O. Motor Temperature Compensation at Slow Speeds: Adjustable current fall-back based 

on output frequency for temperature protection of self-cooled, fan-ventilated motors at 

slow speeds. 

P. Integral Input Disconnecting Means and OCPD: UL 489, instantaneous-trip circuit 

breaker with pad-lockable, door-mounted handle mechanism. 

1. Disconnect Rating: Not less than 115 percent of VFC input current rating. 

2. Disconnect Rating: Not less than 115 percent of NFPA 70 motor full-load current 

rating or VFC input current rating, whichever is larger. 

3. Auxiliary Contacts: NO or NC, arranged to activate before switch blades open. 

4. Auxiliary contacts "a" and "b" arranged to activate with circuit-breaker handle. 

5. NC/NO alarm contact that operates only when circuit breaker has tripped. 

2.3 PERFORMANCE REQUIREMENTS 

A. Seismic Performance: VFCs shall withstand the effects of earthquake motions 

determined according to ASCE/SEI 7. The designated VFCs shall be tested and 

certified by an NRTL as meeting the ICC-ES AC 156 test procedure requirements. 

1. The term "withstand" means "the unit will remain in place without separation of 

any parts when subjected to the seismic forces specified". 

B. Provide 3% load reactors when the distance between the VFD and the motor exceeds 50 

feet, 5% load reactors when it exceeds 150 feet, and dV/dT filters when it exceeds 250 

feet. 
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2.4 CONTROLS AND INDICATION 

A. Status Lights: Door-mounted LED indicators displaying the following conditions: 

1. Power on. 

2. Run. 

3. Overvoltage. 

4. Line fault. 

5. Overcurrent. 

6. External fault. 

B. Panel-Mounted Operator Station: Manufacturer's standard front-accessible, sealed 

keypad and plain-English-language digital display; allows complete programming, 

program copying, operating, monitoring, and diagnostic capability. 

1. Keypad: In addition to required programming and control keys, include keys for 

HAND, OFF, and AUTO modes. 

2. Security Access: Provide electronic security access to controls through 

identification and password with at least one level of access: View only; view and 

operate; and view, operate, and service. 

a. Control Authority: Supports at least four conditions: Off, local manual 

control at VFC, local automatic control at VFC, and automatic control 

through a remote source. 

C. Historical Logging Information and Displays: 

1. Real-time clock with current time and date. 

2. Running log of total power versus time. 

3. Total run time. 

4. Fault log, maintaining last four faults with time and date stamp for each. 

D. Indicating Devices: Digital display and additional readout devices as required, mounted 

flush in VFC door and connected to display VFC parameters including, but not limited 

to: 

1. Output frequency (Hz). 

2. Motor speed (rpm). 

3. Motor status (running, stop, fault). 

4. Motor current (amperes). 

5. Motor torque (percent). 

6. Fault or alarming status (code). 

7. PID feedback signal (percent). 

8. DC-link voltage (V dc). 

9. Set point frequency (Hz). 

10. Motor output voltage (V ac). 

E. Control Signal Interfaces: 
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1. Electric Input Signal Interface: 

a. A minimum of two programmable analog inputs: 4- to 20-mA dc. 

b. A minimum of six multifunction programmable digital inputs. 

2. Remote Signal Inputs: Capability to accept any of the following speed-setting 

input signals from the DDC system for HVAC or other control systems: 

a. 0- to 10-V dc. 

b. 4- to 20-mA dc. 

c. Potentiometer using up/down digital inputs. 

d. Fixed frequencies using digital inputs. 

3. Output Signal Interface: A minimum of one programmable analog output signal 

(4- to 20-mA dc), which can be configured for any of the following: 

a. Output frequency (Hz). 

b. Output current (load). 

c. DC-link voltage (V dc). 

d. Motor torque (percent). 

e. Motor speed (rpm). 

f. Set point frequency (Hz). 

F. PID Control Interface: Provides closed-loop set point, differential feedback control in 

response to dual feedback signals. Allows for closed-loop control of fans and pumps for 

pressure, flow, or temperature regulation. 

1. Number of Loops: One. 

G. Each VFD shall be equipped with EtherNet communication port for interface with the 

plant SCADA system or with MCC EtherNet switch. The protocol shall be TCP/IP and 

shall be coordinated with the plant system integrator. 

2.5 ENCLOSURES 

A. VFC Enclosures: NEMA 250, to comply with environmental conditions at installed 

location. 

1. Wet and Corrosive Locations: Type 4X Stainless Steel. 

B. Plenum Rating: UL 1995; NRTL certification label on enclosure, clearly identifying 

VFC as "Plenum Rated." 

2.6 ACCESSORIES 

A. General Requirements for Control-Circuit and Pilot Devices: NEMA ICS 5; factory 

installed in VFC enclosure cover unless otherwise indicated. 
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1. Push Buttons: Unguarded. 

2. Pilot Lights: Push to test. 

3. Selector Switches: Rotary type. 

B. Control Relays: Auxiliary and adjustable solid-state time-delay relays. 

C. Phase-Failure, Phase-Reversal, and Undervoltage and Overvoltage Relays: Solid-state 

sensing circuit with isolated output contacts for hard-wired connections. Provide 

adjustable undervoltage, overvoltage, and time-delay settings. 

1. Current Transformers: Continuous current rating, basic impulse insulating level 

(BIL) rating, burden, and accuracy class suitable for connected circuitry. Comply 

with IEEE C57.13. 

D. Supplemental Digital Meters: 

1. Elapsed-time meter. 

2. Kilowatt meter. 

3. Kilowatt-hour meter. 

E. Air Conditioner: For NEMA 250, Type 4X; UL 508 component; 120V ac obtained from 

integral CPT. 

PART 3 - EXECUTION 

3.1 INSTALLATION 

A. Wall-Mounting Controllers: Install with tops at uniform height and with disconnect 

operating handles not higher than 79 inches above finished floor, unless otherwise 

indicated, and by bolting units to wall or mounting on lightweight structural-steel 

channels bolted to wall. 

B. Seismic Bracing: Comply with requirements as required for local seismic conditions. 

C. Temporary Lifting Provisions: Remove temporary lifting eyes, channels, and brackets 

and temporary blocking of moving parts from enclosures and components. 

D. Install fuses in each fusible-switch VFC. 

E. Install fuses in control circuits if not factory installed. 

F. Install heaters in thermal-overload relays. Select heaters based on actual nameplate full-

load amperes after motors are installed. 

G. Install, connect, and fuse thermal-protector monitoring relays furnished with motor-

driven equipment. 
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H. Comply with NECA 1. 

3.2 CONTROL WIRING INSTALLATION 

A. Install wiring between VFCs and remote devices. Comply with requirements in 

Section 260523 "Control-Voltage Electrical Power Cables." 

B. Bundle, train, and support wiring in enclosures. 

3.3 IDENTIFICATION 

A. Identify VFCs, components, and control wiring.  

1. Identify field-installed conductors, interconnecting wiring, and components; 

provide warning signs. 

2. Label each VFC with engraved nameplate. 

3. Label each enclosure-mounted control and pilot device. 

3.4 FIELD QUALITY CONTROL 

A. Perform tests and inspections as required. 

B. Acceptance Testing Preparation: 

1. Test insulation resistance for each VFC element, bus, component, connecting 

supply, feeder, and control circuit. 

2. Test continuity of each circuit. 

C. Tests and Inspections: 

1. Inspect VFC, wiring, components, connections, and equipment installation. Test 

and adjust controllers, components, and equipment. 

2. Test insulation resistance for each VFC element, component, connecting motor 

supply, feeder, and control circuits. 

3. Test continuity of each circuit. 

4. Verify that voltages at VFC locations are within 10 percent of motor nameplate 

rated voltages. If outside this range for any motor, notify Engineer before starting 

the motor(s). 

5. Test each motor for proper phase rotation. 

6. Perform tests according to the Inspection and Test Procedures for Adjustable 

Speed Drives stated in NETA Acceptance Testing Specification. Certify 

compliance with test parameters. 

7. Correct malfunctioning units on-site, where possible, and retest to demonstrate 

compliance; otherwise, replace with new units and retest. 



CAREY STATION URBAN WATER REUSE FACILITY  CAREY STATION WRF, LLC 

0.5 MGD TO 1.5 MGD EXPANSION  GREENE COUNTY, GA  

GOODWYN MILLS CAWOOD, LLC VARIABLE FREQUENCY MOTOR CONTROLLERS 

GMC PROJECT NO. CAUG250007 262923 - 15 of 15 

8. Test and adjust controls, remote monitoring, and safeties. Replace damaged and 

malfunctioning controls and equipment. 

D. VFCs will be considered defective if they do not pass tests and inspections. 

E. Prepare test and inspection reports, including a certified report that identifies the VFC 

and describes scanning results. Include notation of deficiencies detected, remedial 

action taken, and observations made after remedial action. 

3.5 ADJUSTING 

A. Program microprocessors for required operational sequences, status indications, alarms, 

event recording, and display features. Clear events memory after final acceptance 

testing and prior to Substantial Completion. 

B. Set field-adjustable switches, auxiliary relays, time-delay relays, timers, and overload-

relay pickup and trip ranges. 

C. Adjust the trip settings of instantaneous-only circuit breakers and thermal-magnetic 

circuit breakers with adjustable, instantaneous trip elements. Initially adjust to 6 times 

the motor nameplate full-load amperes and attempt to start motors several times, 

allowing for motor cool-down between starts. If tripping occurs on motor inrush, adjust 

settings in increments until motors start without tripping. Do not exceed 8 times the 

motor full-load amperes (or 11 times for NEMA Premium Efficient motors if required). 

Where these maximum settings do not allow starting of a motor, notify Engineer before 

increasing settings. 

D. Set field-adjustable circuit-breaker trip ranges as required. 

3.6 DEMONSTRATION 

A. Train Owner's maintenance personnel to adjust, operate, reprogram, and maintain 

VFCs. 

END OF SECTION  
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SECTION 311000 – SITE CLEARING  

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

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

Division 01 Specification Sections, apply to this Section. 

1.2 SUMMARY 

A. Section Includes: 

1. Clearing and grubbing. 

2. Stripping and stockpiling topsoil. 

3. Stripping and stockpiling rock. 

4. Removing above- and below-grade site improvements. 

5. Temporary erosion and sedimentation control. 

B. Related Requirements: 

1. Section 015000 "Temporary Facilities and Controls" for temporary erosion- and sedimentation-

control measures. 

1.3 DEFINITIONS 

A. Subsoil: Soil beneath the level of subgrade; soil beneath the topsoil layers of a naturally occurring soil 

profile, typified by less than 1 percent organic matter and few soil organisms. 

B. Surface Soil: Soil that is present at the top layer of the existing soil profile. In undisturbed areas, surface soil 

is typically called "topsoil," but in disturbed areas such as urban environments, the surface soil can be 

subsoil. 

C. Topsoil: Top layer of the soil profile consisting of existing native surface topsoil or existing in-place surface 

soil; the zone where plant roots grow. 

D. Plant-Protection Zone: Area surrounding individual trees, groups of trees, shrubs, or other vegetation to be 

protected during construction as indicated on the Drawings or as directed by the Owner or Engineer. 

E. Tree-Protection Zone: Area surrounding individual trees or groups of trees to be protected during 

construction as indicated on the Drawings or as directed by the Owner or Engineer. 

F. Vegetation: Trees, shrubs, groundcovers, grass, and other plants. 

1.4 MATERIAL OWNERSHIP 

A. Except for materials indicated to be stockpiled or otherwise remain Owner's property, cleared materials shall 

become Contractor's property and shall be removed from Project site. 
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1.5 INFORMATIONAL SUBMITTALS 

A. Existing Conditions: Documentation of existing trees and plantings, adjoining construction, and site 

improvements that establishes preconstruction conditions that might be misconstrued as damage caused by 

site clearing. 

1. Use sufficiently detailed photographs and/or video recordings. 

2. Include plans and notations to indicate specific wounds and damage conditions of each tree or other 

plant designated to remain. 

B. Topsoil stripping and stockpiling program. 

C. Rock stockpiling program. 

D. Record Drawings: Identifying and accurately showing locations of capped utilities and other subsurface 

structural, electrical, and mechanical conditions. 

E. Burning: Documentation of compliance with burning requirements and permitting of authorities having 

jurisdiction. Identify location(s) and conditions under which burning will be performed. 

1.6 FIELD CONDITIONS 

A. Traffic: Minimize interference with adjoining roads, streets, walks, and other adjacent occupied or used 

facilities during site-clearing operations. 

1. Do not close or obstruct streets, walks, or other adjacent occupied or used facilities without 

permission from Owner and authorities having jurisdiction. 

2. Provide alternate routes around closed or obstructed traffic ways if required by Owner or authorities 

having jurisdiction. 

B. Improvements on Adjoining Property: Authority for performing site clearing indicated on property 

adjoining Owner's property will be obtained by Owner before award of Contract. 

1. Do not proceed with work on adjoining property until directed by Engineer. 

C. Utility Locator Service: Notify utility locator service for area where Project is located before site clearing. 

D. Do not commence site clearing operations until temporary erosion- and sedimentation-control measures are 

in place. 

E. Soil Stripping, Handling, and Stockpiling: Perform only when the soil is dry or slightly moist. 

PART 2 - PRODUCTS 

2.1 MATERIALS 

A. Satisfactory Soil Material: Requirements for satisfactory soil material are specified in Section 312000 

"Earth Moving." 
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1. Obtain approved borrow soil material off-site when satisfactory soil material is not available on-site. 

PART 3 - EXECUTION 

3.1 PREPARATION 

A. The Contractor is required to contact the Utilities Protection Center, Inc. (Know what’s below.  Call 

before you dig.  Dial 811) prior to any excavation or construction. 

B. Protect and maintain benchmarks and survey control points from disturbance during construction. 

C. Protect existing site improvements to remain from damage during construction. 

1. Restore damaged improvements to their original condition, as acceptable to Owner. 

3.2 TEMPORARY EROSION AND SEDIMENTATION CONTROL 

A. Provide temporary erosion- and sedimentation-control measures to prevent soil erosion and discharge of 

soil-bearing water runoff or airborne dust to adjacent properties and walkways, according to erosion- and 

sedimentation-control Drawings and requirements of authorities having jurisdiction. 

B. Inspect, maintain, and repair erosion- and sedimentation-control measures during construction until 

permanent vegetation has been established. 

C. Remove erosion and sedimentation control measures following restoration and stabilization of areas 

disturbed during construction. 

3.3 EXISTING UTILITIES 

A. Owner will arrange for disconnecting and sealing indicated utilities that serve existing structures before site 

clearing, when requested by Contractor. 

1. Verify that utilities have been disconnected and capped before proceeding with site clearing. 

B. Locate, identify, disconnect, and seal or cap utilities indicated to be removed or abandoned in place. 

1. Owner will arrange to shut off indicated utilities when requested by Contractor. 

C. Interrupting Existing Utilities: Do not interrupt utilities serving facilities occupied by Owner or others, 

unless permitted under the following conditions and then only after arranging to provide temporary utility 

services according to requirements indicated: 

1. Notify Engineer not less than two days in advance of proposed utility interruptions. 

2. Do not proceed with utility interruptions without Engineer's written permission. 

D. Excavate for and remove underground utilities indicated to be removed. 
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E. Removal of underground utilities is included in earthwork sections; in applicable fire suppression, 

plumbing, HVAC, electrical, communications, electronic safety and security, and utilities sections; and in 

Section 024116 "Structure Demolition" and Section 024119 "Selective Demolition." 

3.4 CLEARING AND GRUBBING 

A. Remove obstructions, trees, shrubs, and other vegetation to permit installation of new construction. 

1. Do not remove trees, shrubs, and other vegetation indicated to remain or to be relocated. 

2. Grind down stumps and remove roots larger than 3 inches in diameter, obstructions, and debris to a 

depth of 18 inches below exposed subgrade. 

3. Chip removed tree branches and dispose of off-site. 

B. Fill depressions caused by clearing and grubbing operations with satisfactory soil material unless further 

excavation or earthwork is indicated. 

1. Place fill material in horizontal layers not exceeding a loose depth of 8 inches, and compact each 

layer to a density equal to adjacent original ground. 

3.5 TOPSOIL STRIPPING 

A. Remove sod and grass before stripping topsoil. 

1. Remove subsoil and non-soil materials from topsoil, including clay lumps, gravel, rocks, and other 

objects larger than 2 inches in diameter; trash, debris, weeds, roots, and other waste materials. 

B. Stockpile topsoil away from edge of excavations without intermixing with subsoil or other materials. Grade 

and shape stockpiles to drain surface water. Cover to prevent windblown dust and erosion by water. 

3.6 STOCKPILING ROCK 

A. Remove from construction area naturally formed rocks that measure more than 1 foot across in least 

dimension. Do not include excavated or crushed rock. 

3.7 SITE IMPROVEMENTS 

A. Remove existing above-grade and below-grade improvements as indicated and necessary to facilitate new 

construction. 

3.8 DISPOSAL OF SURPLUS AND WASTE MATERIALS 

A. Remove surplus soil material, unsuitable topsoil, obstructions, demolished materials, and waste materials 

including trash and debris, and legally dispose of them off Owner's property. 

B. Burning trees, shrubs, and other vegetation waste is permitted according to burning requirements and 

permitting of authorities having jurisdiction. Control such burning to produce the least smoke or air 
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pollutants and minimum annoyance to surrounding properties. Burning of other waste and debris is 

prohibited. 

 

END OF SECTION 311000 



CAREY STATION URBAN WATER REUSE FACILITY                                                   CAREY STATION WRF, LLC 

0.5 MGD TO 1.5 MGD EXPANSION                                                                                                      GREENE COUNTY, GA 
 

GOODWYN MILLS CAWOOD, LLC SITE CLEARING  

GMC PROJECT NO. CAUG250007 311000 - 6 of 6 

 

 

 

 

 

 

 

THIS PAGE INTENTIONALLY LEFT BLANK 

 

 



CAREY STATION URBAN WATER REUSE FACILITY                                                   CAREY STATION WRF, LLC 

0.5 MGD TO 1.5 MGD EXPANSION                                                                                                   GREENE COUNTY, GA 
 

 

GOODWYN MILLS CAWOOD, LLC EARTH MOVING 

GMC PROJECT NO. CAUG250007 312000 - 1 of 18 

SECTION 312000 - EARTH MOVING 

PART 1 - GENERAL 

1.1 GENERAL 

A. The elevations shown on the Drawings as existing are taken from the best existing data and are intended to 

provide reasonably accurate information about the existing topographic elevations.  The Contractor shall 

perform field measurements as to the exact quantities of excavation and fill required. 

B. Earthwork operations shall be performed in a safe and proper manner with appropriate precautions taken 

to protect against all hazards.  All earthwork operations shall comply with the requirements of OSHA 

Construction Standards, Part 1926, Subpart P, Excavations, Trenching, and Shoring, and Subpart O, Motor 

Vehicles, Mechanized Equipment, and Marine Operations. 

C. Perform all trench excavation and backfilling activities in accordance with the requirements of OSHA (PL 

91-596), as amended. 

D. The Contractor shall make a thorough investigation of the surface and subsurface conditions of the site for 

any special construction problems which might arise as a result of nearby watercourses and floodplains. 

E. The Contractor shall be responsible for providing all services, labor, equipment, and materials necessary to 

complete the work on the Drawings and in these Contract Documents. 

1.2 RELATED DOCUMENTS 

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

Division 01 Specification Sections, apply to this Section. 

1.3 SUMMARY 

A. Section Includes: 

1. Excavating and filling for rough grading the Site. 

2. Preparing subgrades for: slabs-on-grade, sidewalks, pavements, turf and grasses, and plants. 

3. Excavating and backfilling for buildings and structures. 

4. Drainage course for concrete slabs-on-grade. 

5. Subbase course for concrete walks and pavements. 

6. Subbase course and base course for asphalt paving. 

7. Subsurface drainage backfill for walls and trenches. 

8. Excavating and backfilling trenches for utilities and pits for buried utility structures. 

9. Excavating well hole to accommodate elevator-cylinder assembly. 

10. Excavating and preparation of holding pond bentonite liner for floor and slopes. 

B. Related Requirements: 

1. Section 013200 "Construction Progress Documentation", Section 013233 "Photographic 

Documentation" for recording pre-excavation and earth-moving progress. 
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2. Section 033000 "Cast-in-Place Concrete" for granular course if placed over vapor retarder and 

beneath the slab-on-grade. 

3. Section 311000 "Site Clearing" for site stripping, grubbing, stripping and stockpiling topsoil, and 

removal of above- and below-grade improvements and utilities. 

4. Section 312319 "Dewatering" for lowering and disposing of ground water during construction. 

5. Section 329200 "Turf and Grasses" for finish grading in turf and grass areas, including preparing 

and placing planting soil for turf areas. 

1.4 DEFINITIONS 

A. Backfill: Soil material or controlled low-strength material used to fill an excavation. 

1. Initial Backfill: Backfill placed beside and over pipe in a trench, including haunches to support 

sides of pipe. 

2. Final Backfill: Backfill placed over initial backfill to fill a trench. 

B. Base Course: Aggregate layer placed between the subbase course and hot-mix asphalt paving. 

C. Bedding Course: Aggregate layer placed over the excavated subgrade in a trench before laying pipe. 

D. Borrow Soil: Satisfactory soil imported from off-site for use as fill or backfill. 

E. Drainage Course: Aggregate layer supporting the slab-on-grade that also minimizes upward capillary flow 

of pore water. 

F. Excavation: Removal of material encountered above subgrade elevations to the lines and dimensions 

indicated. 

1. Authorized Additional Excavation: Excavation below subgrade elevations or beyond indicated lines 

and dimensions as directed by Architect. Authorized additional excavation and replacement 

material will be paid for according to Contract provisions for changes in the Work. 

2. Unauthorized Excavation: Excavation below subgrade elevations or beyond indicated lines and 

dimensions without direction by Engineer. Unauthorized excavation, as well as remedial work 

directed by Engineer, shall be without additional compensation. 

G. Fill: Soil or other materials as approved by the Engineer used to raise existing grades. 

H. Rock: Rock material in beds, ledges, unstratified masses, conglomerate deposits, and boulders of rock 

material that exceed 1 cu. yd. in volume or 3/4 cu. yd. in volume for footing, trench, and pit excavation 

that cannot be removed by rock-excavating equipment equivalent to the following in size and performance 

ratings, without systematic drilling, ram hammering, ripping, or blasting, when permitted: 

1. Equipment for Footing, Trench, and Pit Excavation: Late-model, track-mounted hydraulic 

excavator; equipped with a 42-inch- (1065-mm-) maximum-width, short-tip-radius rock bucket; 

rated at not less than 138-hp (103-kW) flywheel power with bucket-curling force of not less than 

28,700 lbf (128 kN) and stick-crowd force of not less than 18,400 lbf (82 kN) with extra-long reach 

boom. 

2. Equipment for Bulk Excavation: Late-model, track-mounted loader; rated at not less than 230-hp 

(172-kW) flywheel power and developing a minimum of 47,992-lbf (213.3-kN) breakout force with 

a general-purpose bare bucket. 
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I. Rock: Rock material in beds, ledges, unstratified masses, conglomerate deposits, and boulders of rock 

material 3/4 cu. yd. (0.57 cu. m) or more in volume that exceed a standard penetration resistance of 100 

blows/2 inches (97 blows/50 mm) when tested by a geotechnical testing agency, according to 

ASTM D 1586. 

J. Structures: Buildings, footings, foundations, retaining walls, slabs, tanks, curbs, mechanical and electrical 

appurtenances, or other man-made stationary features constructed above or below the ground surface. 

K. Subbase Course: Aggregate layer placed between the subgrade and base course for hot-mix asphalt 

pavement, or aggregate layer placed between the subgrade and a cement concrete pavement or a cement 

concrete or hot-mix asphalt walk. 

L. Subgrade: Uppermost surface of an excavation or the top surface of a fill or backfill immediately below 

subbase, drainage fill, drainage course, or topsoil materials. 

M. Utilities: On-site underground pipes, conduits, ducts, and cables as well as underground services within 

buildings. 

1.5 PREINSTALLATION MEETINGS 

A. Preinstallation Conference: Conduct pre-excavation conference at Project site. 

1. Review methods and procedures related to earthmoving, including, but not limited to, the 

following: 

a. Personnel and equipment needed to make progress and avoid delays. 

b. Coordination of Work with utility locator service. 

c. Coordination of Work and equipment movement with the locations of tree- and plant-

protection zones. 

d. Extent of trenching by hand or with air spade. 

e. Field quality control. 

1.6 ACTION SUBMITTALS 

A. Product Data: For each type of the following manufactured products required: 

1. Geotextiles. 

2. Controlled low-strength material, including design mixture. 

3. Geofoam. 

4. Warning tapes. 

B. Samples for Verification: For the following products, in sizes indicated below: 

1. Geotextile: 12 by 12 inches (300 mm by 300 mm). 

2. Warning Tape: 12 inches (300 mm) long; of each color. 

1.7 INFORMATIONAL SUBMITTALS 

A. Material Test Reports: For each soil material proposed for fill and backfill as follows: 
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1. Classification according to ASTM D 2487. 

2. Laboratory compaction curve according to ASTM D 698, ASTM D 1557. 

B. Blasting plan. 

C. Pre excavation Photographs or Videotape: Show existing conditions of adjoining construction and site 

improvements, including finish surfaces that might be misconstrued as damage caused by earth-moving 

operations. Submit before earth moving begins. 

1.8 QUALITY ASSURANCE 

A. Blasting: Comply with applicable requirements in NFPA 495, "Explosive Materials Code," and prepare a 

blasting plan reporting the following: 

1. Types of explosive and sizes of charge to be used in each area of rock removal, types of blasting 

mats, sequence of blasting operations, and procedures that will prevent damage to site 

improvements and structures on Project site and adjacent properties. 

2. Seismographic monitoring during blasting operations. 

1.9 FIELD CONDITIONS 

A. Traffic: Minimize interference with adjoining roads, streets, walks, and other adjacent occupied or used 

facilities during earth-moving operations. 

1. Do not close or obstruct streets, walks, or other adjacent occupied or used facilities without 

permission from Owner and authorities having jurisdiction. 

2. Provide alternate routes around closed or obstructed traffic ways if required by Owner or authorities 

having jurisdiction. 

B. Improvements on Adjoining Property: Authority for performing earth moving indicated on property 

adjoining Owner's property will be obtained by Owner before award of Contract. 

1. Do not proceed with work on adjoining property until directed by Engineer. 

C. Utility Locator Service: Notify "Call Before You Dig" for area where Project is located before beginning 

earth-moving operations. 

D. Do not commence earth-moving operations until temporary site fencing and erosion- and sedimentation-

control measures specified in Section 015000 "Temporary Facilities and Controls" and Section 311000 

"Site Clearing" are in place. 

E. Do not commence earth-moving operations until plant-protection measures specified in Section 015639 

"Temporary Tree and Plant Protection" are in place. 

F. The following practices are prohibited within protection zones: 

1. Storage of construction materials, debris, or excavated material. 

2. Parking vehicles or equipment. 

3. Foot traffic. 

4. Erection of sheds or structures. 
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5. Impoundment of water. 

6. Excavation or other digging unless otherwise indicated. 

7. Attachment of signs to or wrapping materials around trees or plants unless otherwise indicated. 

G. Prohibit heat sources, flames, ignition sources, and smoking within or near protection zones. 

PART 2 - PRODUCTS 

2.1 SOIL MATERIALS 

A. General: Provide borrow soil materials when sufficient satisfactory soil materials are not available from 

excavations. 

B. Satisfactory Soils: Soil Classification Groups GW, GP, GM, SW, SP, and SM according to 

ASTM D 2487, Groups A-1, A-2-4, A-2-5, and A-3 according to AASHTO M 145, or a combination of 

these groups; free of rock or gravel larger than 3 inches (75 mm) in any dimension, debris, waste, frozen 

materials, vegetation, and other deleterious matter. 

C. Unsatisfactory Soils: Soil Classification Groups GC, SC, CL, ML, OL, CH, MH, OH, and PT according to 

ASTM D 2487, Groups A-2-6, A-2-7, A-4, A-5, A-6, and A-7 according to AASHTO M 145, or a 

combination of these groups. 

1. Unsatisfactory soils also include satisfactory soils not maintained within 2 percent of optimum 

moisture content at time of compaction. 

D. Subbase Material: Naturally or artificially graded mixture of natural or crushed gravel, crushed stone, and 

natural or crushed sand; ASTM D 2940/D 2940M; with at least 90 percent passing a 1-1/2-inch (37.5-mm) 

sieve and not more than 12 percent passing a No. 200 (0.075-mm) sieve. 

E. Base Course: Naturally or artificially graded mixture of natural or crushed gravel, crushed stone, and 

natural or crushed sand; ASTM D 294/D 2940M 0; with at least 95 percent passing a 1-1/2-inch (37.5-

mm) sieve and not more than 8 percent passing a No. 200 (0.075-mm) sieve. 

F. Engineered Fill: Naturally or artificially graded mixture of natural or crushed gravel, crushed stone, and 

natural or crushed sand; ASTM D 2940/D 2940M; with at least 90 percent passing a 1-1/2-inch (37.5-mm) 

sieve and not more than 12 percent passing a No. 200 (0.075-mm) sieve. 

G. Bedding Course: Naturally or artificially graded mixture of natural or crushed gravel, crushed stone, and 

natural or crushed sand; ASTM D 2940/D 2940M; except with 100 percent passing a 1-inch (25-mm) 

sieve and not more than 8 percent passing a No. 200 (0.075-mm) sieve. 

H. Drainage Course: Narrowly graded mixture of washed crushed stone, or crushed or uncrushed gravel; 

ASTM D 448; coarse-aggregate grading Size 57; with 100 percent passing a 1-1/2-inch (37.5-mm) sieve 

and zero to 5 percent passing a No. 8 (2.36-mm) sieve. 

I. Filter Material: Narrowly graded mixture of natural or crushed gravel, or crushed stone and natural sand; 

ASTM D 448; coarse-aggregate grading Size 67; with 100 percent passing a 1-inch (25-mm) sieve and 

zero to 5 percent passing a No. 4 (4.75-mm) sieve. 

J. Sand: ASTM C 33/C 33M; fine aggregate. 
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K. Impervious Fill: Clayey gravel and sand mixture capable of compacting to a dense state. 

2.2 HOLDING POND LINER 

A. General: 

1. Pond shall consist of a compacted soil-bentonite mixture to reduce seepage losses from ponds for 

water conservation and environmental problems. 

2. Bentonite treated soil liners shall comply with all federal, state, and local laws, rules and 

regulations. 

3. Lined structures shall meet all applicable NRCS, ADEM and EPA regulatory standard 

requirements. 

4. Bentonite treated soil liners shall be filter compactable with the natural foundation material on 

which they are compacted. 

5. The bentonite should be high-swelling and free-flowing and have a particle size distribution 

favorable for uniform application and minimizing of wind drift. 

6. The bentonite shall be a sodium bentonite with a free swell of at least 22 mm as measured by 

ASTM Standard Test Method D5890. 

B. Bentonite Application Rates: 

1.        Pervious Soil Description   Application Rate (lb/ft3) 

Silts (ML, CL-ML)    0.375 

Silty Sands (SM, SC-SM, SP-SM)  0.50 

Clean Sands (SP, SW)   0.625 

2. At least 12 inches of compacted soil cover shall be placed over the bentonite layer to protect against 

desiccation cracking, the effects of water surface fluctuations, wave action, surface erosion, erosion 

from pip inlets, agitation equipment, animals, or items installed through the liner. 

3. The minimum thickness of the finished compacted liner shall be 12 inch in all areas. 

2.3 PIPE BEDDING CLASSES 

A. Class A Bedding shall consist of a continuous concrete arch cradle as determined by the Engineer.  Cure 

concrete 3 days before backfill. 

B. Class B Bedding: The pipe shall be bedded with sand or crushed stone bedding material placed on the 

trench foundation.  The bedding shall have a minimum thickness beneath the pipe of 4 inches or one-

eighth of the outside diameter of the pipe, whichever is greater, and shall extend up the side to the spring 

line.  Initial backfill from the pipe horizontal centerline to a level not less than 12 inches above the top of 

the pipe and shall be bedding material or carefully placed earth fill, hand equipment compacted to 90% of 

standard proctor maximum dry density.  The final backfill of the soil to ground surface shall be compacted 

to the specified density per the Earthwork Specifications. 

C. Class C Bedding: The pipe shall be bedded in sand or crushed stone bedding material placed on the trench 

foundation.  The bedding shall have a minimum thickness beneath the pipe of 4 inches or one-eighth of the 

outside diameter of the pipe, whichever is greater, and shall extend up the sides of the pipe one-sixth the 

outside diameter of the pipe.  Initial backfill between the top of haunching and a point 12 inches above the 

top of pipe shall be hand equipment compacted to 90% of the standard proctor maximum dry density.  The 
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final backfill of the soil to ground surface shall be compacted to the specified density per the Earthwork 

Specifications. 

D. Pipe Encasement: All pipe under structures or buildings shall be encased to a minimum of depth of 6-inches 

around the pipe.  Encasement shall extend to 2-ft beyond structure.  Protect pipe from buoyancy and cure 

concrete 3 days before backfill.  Install concrete in the vertical and horizontal planes.  Encasement shall 

extend up to bottom of slab of building or structure. 

2.4 GEOTEXTILES 

A. Subsurface Drainage Geotextile: Nonwoven needle-punched geotextile, manufactured for subsurface 

drainage applications, made from polyolefins or polyesters; with elongation greater than 50 percent; 

complying with AASHTO M 288 and the following, measured per test methods referenced: 

1. Survivability: Class 2; AASHTO M 288. 

2. Survivability: As follows: 

a. Grab Tensile Strength: 157 lbf (700 N); ASTM D 4632. 

b. Sewn Seam Strength: 142 lbf (630 N); ASTM D 4632. 

c. Tear Strength: 56 lbf (250 N); ASTM D 4533. 

d. Puncture Strength: 56 lbf (250 N); ASTM D 4833. 

3. Apparent Opening Size: No. 40 (0.425-mm), No. 60 (0.250-mm), No. 70 (0.212-mm) sieve, 

maximum; ASTM D 4751. 

4. Permittivity: 0.5, 0.2, or 0.1 per second as required/shown on the Drawings, minimum; 

ASTM D 4491. 

5. UV Stability: 50 percent after 500 hours' exposure; ASTM D 4355. 

B. Separation Geotextile: Woven geotextile fabric, manufactured for separation applications, made from 

polyolefins or polyesters; with elongation less than 50 percent; complying with AASHTO M 288 and the 

following, measured per test methods referenced: 

1. Survivability: Class 2; AASHTO M 288. 

2. Survivability: As follows: 

a. Grab Tensile Strength: 247 lbf (1100 N); ASTM D 4632. 

b. Sewn Seam Strength: 222 lbf (990 N); ASTM D 4632. 

c. Tear Strength: 90 lbf (400 N); ASTM D 4533. 

d. Puncture Strength: 90 lbf (400 N); ASTM D 4833. 

3. Apparent Opening Size: No. 60 (0.250-mm) sieve, maximum; ASTM D 4751. 

4. Permittivity: 0.02 per second, minimum; ASTM D 4491. 

5. UV Stability: 50 percent after 500 hours' exposure; ASTM D 4355. 

2.5 ACCESSORIES 

A. Warning Tape: Acid- and alkali-resistant, polyethylene film warning tape manufactured for marking and 

identifying underground utilities, 6 inches (150 mm) wide and 4 mils (0.1 mm) thick, continuously 

inscribed with a description of the utility; colored as follows: 
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1. Red: Electric. 

2. Yellow: Gas, oil, steam, and dangerous materials. 

3. Orange: Telephone and other communications. 

4. Blue: Potable water systems. 

5. Pantone Purple: Reclaimed water systems 

6. Green: Sewer systems. 

B. Detectable Warning Tape: Acid- and alkali-resistant, polyethylene film warning tape manufactured for 

marking and identifying underground utilities, a minimum of 6 inches (150 mm) wide and 4 mils (0.1 mm) 

thick, continuously inscribed with a description of the utility, with metallic core encased in a protective 

jacket for corrosion protection, detectable by metal detector when tape is buried up to 30 inches (750 mm) 

deep; colored as follows: 

1. Red: Electric. 

2. Yellow: Gas, oil, steam, and dangerous materials. 

3. Orange: Telephone and other communications. 

4. Blue: Potable water systems. 

5. Pantone Purple: Reclaimed water systems 

6. Green: Sewer systems. 

PART 3 - EXECUTION 

3.1 PREPARATION 

A. Protect structures, utilities, sidewalks, pavements, and other facilities from damage caused by settlement, 

lateral movement, undermining, washout, and other hazards created by earth-moving operations. 

B. Protect and maintain erosion and sedimentation controls during earth-moving operations. 

C. Protect subgrades and foundation soils from freezing temperatures and frost. Remove temporary 

protection before placing subsequent materials. 

3.2 DEWATERING 

A. Prevent surface water and ground water from entering excavations, from ponding on prepared subgrades, 

and from flooding Project site and surrounding area. 

B. Protect subgrades from softening, undermining, washout, and damage by rain or water accumulation. 

1. Reroute surface water runoff away from excavated areas. Do not allow water to accumulate in 

excavations. Do not use excavated trenches as temporary drainage ditches. 

3.3 EXPLOSIVES 

A. Explosives: Do not use explosives. 

B. Explosives: Obtain written permission from authorities having jurisdiction before bringing explosives to 

Project site or using explosives on Project site. 
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1. Perform blasting without damaging adjacent structures, property, or site improvements. 

2. Perform blasting without weakening the bearing capacity of rock subgrade and with the least-

practicable disturbance to rock to remain. 

3.4 EXCAVATION, GENERAL 

A. Unclassified Excavation: Excavate to subgrade elevations regardless of the character of surface and 

subsurface conditions encountered. Unclassified excavated materials include: rock, soil materials, and 

below existing grade obstructions. No changes in the Contract Sum or the Contract Time will be 

authorized for rock excavation or removal of obstructions. 

1. If excavated materials intended for fill and backfill include unsatisfactory soil materials and rock, 

replace with satisfactory soil materials. 

2. Remove rock to lines and grades indicated to permit installation of permanent construction without 

exceeding the following dimensions: 

a. 24 inches (600 mm) outside of concrete forms other than at footings. 

b. 12 inches (300 mm) outside of concrete forms at footings. 

c. 6 inches (150 mm) outside of minimum required dimensions of concrete cast against grade. 

d. Outside dimensions of concrete walls indicated to be cast against rock without forms or 

exterior waterproofing treatments. 

e. 6 inches (150 mm) beneath bottom of concrete slabs-on-grade. 

f. 6 inches (150 mm) beneath pipe in trenches and the greater of 24 inches (600 mm) wider 

than pipe or 42 inches (1065 mm) wide. 

B. Classified Excavation: Excavate to subgrade elevations. Material to be excavated will be classified as earth 

and rock. Do not excavate rock until it has been classified and cross sectioned by Engineer. The Contract 

Sum will be adjusted for rock excavation according to unit prices included in the Contract Documents. 

Changes in the Contract Time may be authorized for rock excavation subject to approval by the Engineer. 

1. Earth excavation includes excavating pavements and obstructions visible on surface; underground 

structures, utilities, and other items indicated to be removed; and soil, boulders, and other materials 

not classified as rock or unauthorized excavation. 

a. Intermittent drilling; blasting, if permitted; ram hammering; or ripping of material not 

classified as rock excavation is earth excavation. 

2. Rock excavation includes removal and disposal of rock. Remove rock to lines and subgrade 

elevations indicated to permit installation of permanent construction without exceeding the 

following dimensions: 

a. 24 inches (600 mm) outside of concrete forms other than at footings. 

b. 12 inches (300 mm) outside of concrete forms at footings. 

c. 6 inches (150 mm) outside of minimum required dimensions of concrete cast against grade. 

d. Outside dimensions of concrete walls indicated to be cast against rock without forms or 

exterior waterproofing treatments. 

e. 6 inches (150 mm) beneath bottom of concrete slabs-on-grade. 

f. 6 inches (150 mm) beneath pipe in trenches and the greater of 24 inches (600 mm) wider 

than pipe or 42 inches (1065 mm) wide. 
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3.5 EXCAVATION FOR STRUCTURES 

A. Excavate to indicated elevations and dimensions in a such a manner to provide ample room for bracing, 

sheeting, form work, placing subgrade stone, installation of other trades, and dewatering (if required) for 

construction of the structure.  Notify Engineer for inspection of excavation prior to placing subgrade stone 

or other work. 

1. Excavations for Footings and Foundations: Do not disturb bottom of excavation. Excavate bottoms 

to required lines and grades to leave solid base to receive other work. 

2. Pile Foundations: Stop excavations 6 to 12 inches (150 to 300 mm) above bottom of pile cap before 

piles are placed. After piles have been driven, remove loose and displaced material. Excavate to 

final grade, leaving solid base to receive concrete pile caps. 

3. Excavation for Underground Tanks, Basins, and Mechanical or Electrical Utility Structures: 

Excavate to elevations and dimensions indicated. Do not disturb bottom of excavations intended as 

bearing surfaces. 

B. Excavations at Edges of Tree- and Plant-Protection Zones: 

1. Excavate by hand or with an air spade to indicated lines, cross sections, elevations, and subgrades. 

If excavating by hand, use narrow-tine spading forks to comb soil and expose roots. Do not break, 

tear, or chop exposed roots. Do not use mechanical equipment that rips, tears, or pulls roots. 

2. Cut and protect roots according to requirements in Section 015639 "Temporary Tree and Plant 

Protection." 

3.6 EXCAVATION FOR WALKS AND PAVEMENTS 

A. Excavate surfaces under walks and pavements to indicated lines, cross sections, elevations, and subgrades. 

3.7 EXCAVATION FOR UTILITY TRENCHES 

A. Excavate trenches to indicated neat: gradients, lines, depths, and elevations. 

B. Excavate trenches to uniform widths to provide the following clearance on each side of pipe or conduit.  

1. Clearance: 12 inches (300 mm) each side of pipe or conduit or as indicated on the Drawings if 

different. 

C. Trench Bottoms: Excavate and shape trench bottoms to provide uniform bearing and support of pipes and 

conduit. Shape subgrade to provide continuous support for bells, joints, and barrels of pipes and for joints, 

fittings, and bodies of conduits. Remove projecting stones, sharp objects, and loose material along trench 

subgrade.  Provide pipe bedding as shown on the Drawing details or required otherwise. 

1. For pipes and conduit less than 6 inches (150 mm) in nominal diameter, hand-excavate trench 

bottoms and support pipe and conduit on an undisturbed subgrade unless shown or required 

otherwise. 

2. For pipes and conduit 6 inches (150 mm) or larger in nominal diameter, shape bottom of trench to 

support bottom 90 degrees of pipe or conduit circumference. Excavate for pipe bells for ample 

depth and width to permit proper joint assembly and relieve the pipe bell of any load.   
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3. For flat-bottomed, multiple-duct conduit units, hand-excavate trench bottoms and support conduit 

on an undisturbed subgrade or subgrade bedding course as shown the Drawings or required 

otherwise. 

4. Excavate trenches 6 inches (150 mm) deeper than elevation required in rock or other unyielding 

bearing material to allow for bedding course. 

5. Excavate trenches 6 inches (150 mm) deeper than elevation required in rock or other unyielding 

bearing material to allow for bedding course. 

D. Trenches in Tree- and Plant-Protection Zones: 

1. Hand-excavate to indicated lines, cross sections, elevations, and subgrades. Use narrow-tine 

spading forks to comb soil and expose roots. Do not break, tear, or chop exposed roots. Do not use 

mechanical equipment that rips, tears, or pulls roots. 

2. Do not cut main lateral roots or taproots; cut only smaller roots that interfere with installation of 

utilities. 

3. Cut and protect roots according to requirements in Section 015639 "Temporary Tree and Plant 

Protection." 

3.8 SUBGRADE INSPECTION 

A. Notify Engineer when excavations have reached required subgrade. 

B. If Engineer determines that unsatisfactory soil is present, continue excavation and replace with compacted 

backfill or fill material as directed. 

C. Proof-roll subgrade below pavements with a pneumatic-tired compactor and loaded 10-wheel, tandem-axle 

dump truck weighing not less than 15 tons to identify soft pockets and areas of excess yielding. Do not 

proof-roll wet or saturated subgrades. 

1. Completely proof-roll subgrade in one direction, repeating proof-rolling in direction perpendicular 

to first direction. Limit vehicle speed to 3 mph (5 km/h). 

2. Excavate soft spots, unsatisfactory soils, and areas of excessive pumping or rutting, as determined 

by Engineer, and replace with compacted backfill or fill as directed. 

D. Authorized additional excavation and replacement material will be paid for according to Contract 

provisions. 

E. Reconstruct subgrades damaged by freezing temperatures, frost, rain, accumulated water, or construction 

activities, as directed by Engineer, without additional compensation. 

3.9 UNAUTHORIZED EXCAVATION 

A. Fill unauthorized excavation under foundations or wall footings by extending bottom elevation of concrete 

foundation or footing to excavation bottom, without altering top elevation. Lean concrete fill, with 28-day 

compressive strength of 2500 psi, may be used when approved by Engineer. 

1. Fill unauthorized excavations under other construction, pipe, or conduit as directed by Engineer. 
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3.10 STORAGE OF SOIL MATERIALS 

A. Stockpile borrow soil materials and excavated satisfactory soil materials without intermixing. Place, grade, 

and shape stockpiles to drain surface water. Cover to prevent windblown dust or soil erosion/migration 

due to rainfall events. 

1. Stockpile soil materials away from edge of excavations. Do not store within drip line of remaining 

trees. 

3.11 BACKFILL 

A. Place and compact backfill in excavations promptly, but not before completing the following: 

1. Construction below finish grade including, where applicable, subdrainage, dampproofing, 

waterproofing, and perimeter insulation. 

2. Surveying locations of underground utilities for Record Documents. 

3. Testing and inspecting underground utilities. 

4. Removing concrete formwork. 

5. Removing trash and debris. 

6. Removing temporary shoring, bracing, and sheeting. 

7. Installing permanent or temporary horizontal bracing on horizontally supported walls. 

B. Place backfill on subgrades free of standing water, mud, frost, snow, or ice. 

3.12 UTILITY TRENCH BACKFILL 

A. Place backfill on subgrades free of mud, frost, snow, or ice. 

B. Place and compact bedding course on trench bottoms and where indicated. Shape bedding course to 

provide continuous support for bells, joints, and barrels of pipes and for joints, fittings, and bodies of 

conduits. 

C. Trenches under Footings: Backfill trenches excavated under footings and within 18 inches of bottom of 

footings with satisfactory soil; fill with concrete to elevation of bottom of footings. Concrete is specified 

in Section 033000 "Cast-in-Place Concrete". 

D. Trenches under Roadways: Provide concrete encasement for piping or conduit less than 30 inches below 

surface of roadways. Encasement shall be a minimum of 4 inches of concrete below and above the pipe or 

conduit before backfilling or placing roadway subbase course. Concrete is specified in Section 033000 

"Cast-in-Place Concrete". 

E. Backfill voids with satisfactory soil while removing shoring and bracing. 

F. Initial Backfill: 

1. Soil Backfill: Place and compact initial backfill free of particles larger than 2 inches to a height of 1 

foot over the pipe or conduit. 
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a. Carefully compact initial backfill under pipe haunches and compact evenly up on both sides 

and along the full length of piping or conduit to avoid damage or displacement of piping or 

conduit. Coordinate backfilling with utilities testing. 

2. Controlled Low-Strength Material: Place initial backfill of controlled low-strength material to a 

height of 1 foot over the pipe or conduit. Coordinate backfilling with utilities testing. 

G. Final Backfill: 

1. Soil Backfill: Place and compact final backfill of satisfactory soil to final subgrade elevation. 

2. Controlled Low-Strength Material: Place final backfill of controlled low-strength material to final 

subgrade elevation. 

H. Warning Tape: Install warning tape directly above utilities, 20 inches below finished grade, except 6 

inches (150 mm) below subgrade under pavements and slabs. 

3.13 SOIL FILL 

A. Plow, scarify, bench, or break up sloped surfaces steeper than 1 vertical to 4 horizontal so fill material will 

bond with existing material. 

B. Place and compact fill material in layers to required elevations as follows: 

1. Under grass and planted areas, use satisfactory soil material. 

2. Under walks and pavements, use satisfactory soil material. 

3. Under steps and ramps, use engineered fill. 

4. Under building slabs, use engineered fill. 

5. Under footings and foundations, use engineered fill. 

C. Place soil fill on subgrades free of mud, frost, snow, or ice. 

3.14 SOIL MOISTURE CONTROL 

A. Uniformly moisten or aerate subgrade and each subsequent fill or backfill soil layer before compaction to 

within 2 percent of optimum moisture content. 

1. Do not place backfill or fill soil material on surfaces that are muddy, frozen, or contain frost or ice. 

2. Remove and replace, or scarify and air dry, otherwise satisfactory soil material that exceeds 

optimum moisture content by 2 percent and is too wet to compact to specified dry unit weight. 

3.15 COMPACTION OF SOIL BACKFILLS AND FILLS 

A. Place backfill and fill soil materials in layers not more than 8 inches (200 mm) in loose depth for material 

compacted by heavy compaction equipment and not more than 4 inches (100 mm) in loose depth for 

material compacted by hand-operated tampers. 

B. Place backfill and fill soil materials evenly on all sides of structures to required elevations and uniformly 

along the full length of each structure. 
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C. Compact soil materials to not less than the following percentages of maximum dry unit weight according 

to ASTM D 698, ASTM D 1557: 

1. Under structures, building slabs, steps, and pavements, scarify and recompact top 12 inches (300 

mm) of existing subgrade and each layer of backfill or fill soil material at 95 percent. 

2. Under walkways, scarify and recompact top 6 inches (150 mm) below subgrade and compact each 

layer of backfill or fill soil material at 92 percent. 

3. Under turf or unpaved areas, scarify and recompact top 6 inches (150 mm) below subgrade and 

compact each layer of backfill or fill soil material at 85percent. 

4. For utility trenches, compact each layer of initial and final backfill soil material at 90 percent. 

3.16 HOLDING POND LINER 

A. For protection against bentonite dust, personnel onsite during bentonite application and mixing shall wear 

mask and goggles. 

B. The bentonite liner shall be applied with specifically designed spreading equipment. 

C. The application should be split so that one-half is applied in one direction and the other half in a 

perpendicular direction. 

D. The bentonite shall be mixed into the soil to a uniform depth of at least 3 inches. 

E. The liner should be compacted at the proper water content to at least 90 percent of Standard Proctor 

Density (specifically excluding use of a sheepsfoot roller). 

F. The completed seal should be covered with at least 12 inches of soil in addition to necessary erosion 

control. 

G. The completed liner should be hydrated with fresh water prior to introduction of wastewater and kept at or 

above the optimum water content until the pond is prefilled. 

3.17 GRADING 

A. General: Uniformly grade areas to a smooth surface, free of irregular surface changes. Comply with 

compaction requirements and grade to cross sections, lines, and elevations indicated. 

1. Provide a smooth transition between adjacent existing grades and new grades. 

2. Cut out soft spots, fill low spots, and trim high spots to comply with required surface tolerances. 

B. Site Rough Grading: Slope grades to direct water away from buildings and to prevent ponding. Finish 

subgrades to elevations required to achieve indicated finish elevations, within the following subgrade 

tolerances: 

1. Turf or Unpaved Areas: Plus or minus 1 inch. 

2. Walks: Plus or minus 1 inch. 

3. Pavements: Plus or minus 1/2 inch. 

C. Grading inside Building Lines: Finish subgrade to a tolerance of 1/2 inch when tested with a 10-foot 

straightedge. 
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3.18 SUBSURFACE DRAINAGE 

A. Subdrainage Pipe: Specified in Section 334600 "Subdrainage." 

B. Subsurface Drain: Place subsurface drainage geotextile around perimeter of subdrainage trench. Place a 6-

inch (150-mm) course of filter material on subsurface drainage geotextile to support subdrainage pipe. 

Encase subdrainage pipe in a minimum of 12 inches (300 mm) of filter material, placed in compacted 

layers 6 inches (150 mm) thick, and wrap in subsurface drainage geotextile, overlapping sides and ends at 

least 6 inches (150 mm). 

1. Compact each filter material layer to 85 percent of maximum dry unit weight according to 

ASTM D 698 with a minimum of two passes of a plate-type vibratory compactor. 

C. Drainage Backfill: Place and compact filter material over subsurface drain, in width indicated, to within 12 

inches (300 mm) of final subgrade, in compacted layers 6 inches (150 mm) thick. Overlay drainage 

backfill with one layer of subsurface drainage geotextile, overlapping sides and ends at least 6 inches (150 

mm). 

1. Compact each filter material layer to 85 percent of maximum dry unit weight according to 

ASTM D 698 with a minimum of two passes of a plate-type vibratory compactor. 

2. Place and compact impervious fill over drainage backfill in 6-inch (150-mm) thick compacted 

layers to final subgrade. 

3.19 SUBBASE AND BASE COURSES UNDER PAVEMENTS AND WALKS 

A. Place subbase course and base course on subgrades free of standing water, mud, frost, snow, or ice. 

B. On prepared subgrade, place subbase course and base course under pavements and walks as follows: 

1. Install separation geotextile on prepared subgrade according to manufacturer's written instructions, 

overlapping sides and ends. 

2. Place base course material over subbase course under hot-mix asphalt pavement. 

3. Shape subbase course and base course to required crown elevations and cross-slope grades. 

4. Place subbase course and base course 6 inches (150 mm) or less in compacted thickness in a single 

layer. 

5. Place subbase course and base course that exceeds 6 inches (150 mm) in compacted thickness in 

layers of equal thickness, with no compacted layer more than 6 inches (150 mm) thick or less than 3 

inches (75 mm) thick. 

6. Compact subbase course and base course at optimum moisture content to required grades, lines, 

cross sections, and thickness to not less than 98 percent of maximum dry unit weight according to 

ASTM D 698, ASTM D 1557. 

C. Pavement Shoulders: Place shoulders along edges of subbase course and base course to prevent lateral 

movement. Construct shoulders, at least 12 inches (300 mm) wide, of satisfactory soil materials and 

compact simultaneously with each subbase and base layer to not less than 95 percent of maximum dry unit 

weight according to ASTM D 698, ASTM D 1557. 

3.20 DRAINAGE COURSE UNDER CONCRETE SLABS-ON-GRADE 

A. Place drainage course on subgrades free of standing water, mud, frost, snow, or ice. 
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B. On prepared subgrade, place and compact drainage course under cast-in-place concrete slabs-on-grade as 

follows: 

1. Install subdrainage geotextile on prepared subgrade according to manufacturer's written 

instructions, overlapping sides and ends. 

2. Place drainage course 6 inches (150 mm) or less in compacted thickness in a single layer. 

3. Place drainage course that exceeds 6 inches (150 mm) in compacted thickness in layers of equal 

thickness, with no compacted layer more than 6 inches (150 mm) thick or less than 3 inches (75 

mm) thick. 

4. Compact each layer of drainage course to required cross sections and thicknesses to not less than 95 

percent of maximum dry unit weight according to ASTM D 698. 

3.21 FIELD QUALITY CONTROL 

A. Special Inspections: Owner will engage a qualified special inspector to perform the following special 

inspections: 

1. Determine prior to placement of fill that site has been prepared in compliance with requirements. 

2. Determine that fill material classification and maximum lift thickness comply with requirements. 

3. Determine, during placement and compaction, that in-place density of compacted fill complies with 

requirements. 

B. Testing Agency: Owner will engage a qualified geotechnical engineering testing agency to perform tests 

and inspections. 

C. Allow testing agency to inspect and test subgrades and each fill or backfill layer. Proceed with subsequent 

earth moving only after test results for previously completed work comply with requirements. 

D. Footing Subgrade: At footing subgrades, at least one test of each soil stratum will be performed to verify 

design bearing capacities. Subsequent verification and approval of other footing subgrades may be based 

on a visual comparison of subgrade with tested subgrade when approved by Architect. 

E. Testing agency will test compaction of soils in place according to ASTM D 1556, ASTM D 2167, 

ASTM D 2937, and ASTM D 6938, as applicable. Tests will be performed at the following locations and 

frequencies: 

1. Paved and Building Slab Areas: At subgrade and at each compacted fill and backfill layer, at least 

one test for every 2000 sq. ft. (186 sq. m) or less of paved area or building slab but in no case fewer 

than three tests. 

2. Foundation Wall Backfill: At each compacted backfill layer, at least one (1) test for every 100 feet 

(30 m) or less of wall length but no fewer than two (2) tests. 

3. Trench Backfill: At each compacted initial and final backfill layer, at least one (1) test for every 150 

feet (46 m) or less of trench length but no fewer than two (2) tests. 

F. When testing agency reports that subgrades, fills, or backfills have not achieved degree of compaction 

specified, scarify and moisten or aerate, or remove and replace soil materials to depth required; recompact 

and retest until specified compaction is obtained. 
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3.22 PROTECTION 

A. Protecting Graded Areas: Protect newly graded areas from traffic, freezing, and erosion. Keep free of trash 

and debris. 

B. Repair and reestablish grades to specified tolerances where completed or partially completed surfaces 

become eroded, rutted, settled, or where they lose compaction due to subsequent construction operations 

or weather conditions. 

1. Scarify or remove and replace soil material to depth as directed by Architect; reshape and 

recompact. 

C. Where settling occurs before Project correction period elapses, remove finished surfacing, backfill with 

additional soil material, compact, and reconstruct surfacing. 

1. Restore appearance, quality, and condition of finished surfacing to match adjacent work, and 

eliminate evidence of restoration to greatest extent possible. 

3.23 DISPOSAL OF SURPLUS AND WASTE MATERIALS 

A. Remove surplus satisfactory soil and waste materials, including unsatisfactory soil, trash, and debris, and 

legally dispose of them off Owner's property. 

B. Transport surplus satisfactory soil to designated storage areas on Owner's property. Stockpile or spread 

soil as directed by Architect. 

1. Remove waste materials, including unsatisfactory soil, trash, and debris, and legally dispose of 

them off Owner's property. 

 

 

END OF SECTION 31 20 00 
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SECTION 312319 - DEWATERING 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

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

Division 01 Specification Sections, apply to this Section. 

1.2 SUMMARY 

A. Section includes construction dewatering. 

B. Related Requirements: 

1. Section 013100 “Project Management and Coordination” for Informational Submittals  

2. Section 013233 "Photographic Documentation" for recording preexisting conditions and dewatering 

system progress. 

3. Section 013300 “Submittal Procedures” for Action Submittals 

4. Section 312000 "Earth Moving" for excavating, backfilling, site grading, and controlling surface-

water runoff and ponding. 

1.3 PREINSTALLATION MEETINGS 

A. Pre-installation Conference: Conduct conference at Project site. 

1. Verify availability of Installer's personnel, equipment, and facilities needed to make progress and 

avoid delays. 

2. Review condition of site to be dewatered including coordination with temporary erosion-control 

measures and temporary controls and protections. 

3. Review geotechnical report. 

4. Review proposed site clearing and excavations. 

5. Review existing utilities and subsurface conditions. 

6. Review observation and monitoring of dewatering system. 

1.4 ACTION SUBMITTALS 

A. Shop Drawings: For dewatering system, prepared by or under the supervision of a qualified professional 

engineer. 

1. Include plans, elevations, sections, and details. 

2. Show arrangement, locations, and details of wells and wellpoints; locations of risers, headers, 

filters, pumps, power units, and discharge lines; and means of discharge, control of sediment, and 

disposal of water. 

3. Include layouts of piezometers and flow-measuring devices for monitoring performance of 

dewatering system. 
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4. Include written plan for dewatering operations including sequence of well and well-point placement 

coordinated with excavation shoring and bracings and control procedures to be adopted if 

dewatering problems arise. 

1.5 INFORMATIONAL SUBMITTALS 

A. Qualification Data: For Installer. 

B. Field quality-control reports. 

C. Existing Conditions: Using photographs or video recordings, show existing conditions of adjacent 

construction and site improvements that might be misconstrued as damage caused by dewatering 

operations. Submit before Work begins. 

D. Record Drawings: Identify locations and depths of capped wells and well points and other abandoned-in-

place dewatering equipment. 

1.6 QUALITY ASSURANCE 

A. Installer Qualifications: An experienced installer that has specialized in dewatering work. 

1.7 FIELD CONDITIONS 

A. Project-Site Information: A geotechnical report has been prepared for this Project and is available for 

information only. The opinions expressed in this report are those of a geotechnical engineer and represent 

interpretations of subsoil conditions, tests, and results of analyses conducted by a geotechnical engineer. 

Owner is not responsible for interpretations or conclusions drawn from this data. 

1. Make additional test borings and conduct other exploratory operations necessary for dewatering 

according to the performance requirements. 

2. The geotechnical report is included Section 003200 “Information Available to Bidders”. 

B. Survey Work: Engage a qualified land surveyor to survey adjacent existing buildings, structures, and site 

improvements; establish exact elevations at fixed points to act as benchmarks. Clearly identify 

benchmarks and record existing elevations. 

PART 2 - PRODUCTS 

2.1 PERFORMANCE REQUIREMENTS 

A. Dewatering Performance: Design, furnish, install, test, operate, monitor, and maintain dewatering system 

of sufficient scope, size, and capacity to control hydrostatic pressures and to lower, control, remove, and 

dispose of ground water and permit excavation and construction to proceed on dry, stable subgrades. 

1. Design dewatering system, including comprehensive engineering analysis by a qualified 

professional engineer. 
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2. Continuously monitor and maintain dewatering operations to ensure erosion control, stability of 

excavations and constructed slopes, prevention of flooding in excavation, and prevention of damage 

to subgrades and permanent structures. 

3. Prevent surface water from entering excavations by grading, dikes, or other means. 

4. Accomplish dewatering without damaging existing buildings, structures, and site improvements 

adjacent to excavation. 

5. Remove dewatering system when no longer required for construction. 

B. Regulatory Requirements: Comply with governing EPA notification regulations before beginning 

dewatering. Comply with water and debris disposal regulations of authorities having jurisdiction. 

PART 3 - EXECUTION 

3.1 PREPARATION 

A. Protect structures, utilities, sidewalks, pavements, and other facilities from damage caused by settlement, 

lateral movement, undermining, washout, and other hazards created by dewatering operations. 

1. Prevent surface water and subsurface or ground water from entering excavations, from ponding on 

prepared subgrades, and from flooding site or surrounding area. 

2. Protect subgrades and foundation soils from softening and damage by rain or water accumulation. 

B. Install dewatering system to ensure minimum interference with roads, streets, walks, and other adjacent 

occupied and used facilities. 

1. Do not close or obstruct streets, walks, or other adjacent occupied or used facilities without 

permission from Owner and authorities having jurisdiction. Provide alternate routes around closed 

or obstructed traffic ways if required by authorities having jurisdiction. 

C. Provide temporary grading to facilitate dewatering and control of surface water. 

D. Protect and maintain temporary erosion and sedimentation controls, which are specified in Section 015000 

"Temporary Facilities and Controls," Section 311000 "Site Clearing," during dewatering operations. 

3.2 INSTALLATION 

A. Install dewatering system utilizing wells, well points, or similar methods complete with pump equipment, 

standby power and pumps, filter material gradation, valves, appurtenances, water disposal, and surface-

water controls. 

1. Space well points or wells at intervals required to provide sufficient dewatering. 

2. Use filters or other means to prevent pumping of fine sands or silts from the subsurface. 

B. Place dewatering system into operation to lower water to required levels for the work to be constructed. 

C. Provide sumps, sedimentation tanks, and other flow-control devices as required by authorities having 

jurisdiction. 
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D. Provide standby equipment on-site, installed and available for immediate operation, to maintain 

dewatering on continuous basis if any part of system becomes inadequate or fails. 

3.3 OPERATION 

A. Operate system continuously until drains, sewers, and structures have been constructed and fill materials 

have been placed or until dewatering is no longer required. 

B. Operate system to lower and control ground water to permit excavation, construction of structures, and 

placement of fill materials on dry subgrades. Drain water-bearing strata above and below bottom of 

foundations, drains, sewers, and other excavations. 

1. Do not permit open-sump pumping that leads to loss of fines, soil piping, subgrade softening, and 

slope instability. 

2. Reduce hydrostatic head in water-bearing strata below subgrade elevations of foundations, drains, 

sewers, and other excavations. 

C. Dispose of water removed by dewatering in a manner that avoids endangering public health, property, and 

portions of work under construction or completed. Dispose of water and sediment in a manner that avoids 

inconvenience to others. 

D. Remove dewatering system from Project site on completion of dewatering. Plug or fill well holes with 

sand or cut off and cap wells a minimum of 36 inches (900 mm) below overlying construction. 

3.4 FIELD QUALITY CONTROL 

A. Observation Wells: Provide observation wells or piezometers, take measurements, and maintain at least 

the minimum number indicated; additional observation wells may be required by authorities having 

jurisdiction. 

1. Observe and record daily elevation of ground water and piezometric water levels in observation 

wells. 

2. Repair or replace, within 24 hours, observation wells that become inactive, damaged, or destroyed. 

In areas where observation wells are not functioning properly, suspend construction activities until 

reliable observations can be made. Add or remove water from observation-well risers to 

demonstrate that observation wells are functioning properly. 

3. Fill observation wells, remove piezometers, and fill holes when dewatering is completed. 

B. Survey-Work Benchmarks: Resurvey benchmarks regularly during dewatering and maintain an accurate 

log of surveyed elevations for comparison with original elevations. Promptly notify Engineer if changes in 

elevations occur or if cracks, sags, or other damage is evident in adjacent construction. 

C. Provide continual observation to ensure that subsurface soils are not being removed by the dewatering 

operation. 

D. Prepare reports of observations. 
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3.5 PROTECTION 

A. Protect and maintain dewatering system during dewatering operations. 

B. Promptly repair damages to adjacent facilities caused by dewatering. 

 

 

 

END OF SECTION 31 23 19 
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SECTION 329113 - SOIL PREPARATION 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

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

Conditions and Division 01 Specification Sections, apply to this Section. 

1.2 SUMMARY 

A. Section includes planting soils and layered soil assemblies specified by composition of the 

mixes. 

B. Related Requirements: 

1. Division 31 - Earthwork 

2. Section 329200 "Turf and Grasses" for placing planting soil for turf and grasses. 

1.3 DEFINITIONS 

A. AAPFCO: Association of American Plant Food Control Officials. 

B. Backfill: The earth used to replace or the act of replacing earth in an excavation. This can be 

amended or unamended soil as indicated. 

C. CEC: Cation exchange capacity. 

D. Compost: The product resulting from the controlled biological decomposition of organic 

material that has been sanitized through the generation of heat and stabilized to the point that it 

is beneficial to plant growth. 

E. Duff Layer: A surface layer of soil, typical of forested areas, that is composed of mostly 

decayed leaves, twigs, and detritus. 

F. Imported Soil: Soil that is transported to Project site for use. 

G. Layered Soil Assembly: A designed series of planting soils, layered on each other, that together 

produce an environment for plant growth. 

H. Manufactured Soil: Soil produced by blending soils, sand, stabilized organic soil amendments, 

and other materials to produce planting soil. 

I. NAPT: North American Proficiency Testing Program. An SSSA program to assist soil-, plant-, 

and water-testing laboratories through interlaboratory sample exchanges and statistical 

evaluation of analytical data. 
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J. Organic Matter: The total of organic materials in soil exclusive of undecayed plant and animal 

tissues, their partial decomposition products, and the soil biomass; also called "humus" or "soil 

organic matter." 

K. Planting Soil: Existing, on-site soil; imported soil; or manufactured soil that has been modified 

as specified with soil amendments and perhaps fertilizers to produce a soil mixture best for 

plant growth. 

L. RCRA Metals: Hazardous metals identified by the EPA under the Resource Conservation and 

Recovery Act. 

M. SSSA: Soil Science Society of America. 

N. Subgrade: Surface or elevation of subsoil remaining after excavation is complete, or the top 

surface of a fill or backfill before planting soil is placed. 

O. Subsoil: Soil beneath the level of subgrade; soil beneath the topsoil layers of a naturally 

occurring soil profile, typified by less than 1 percent organic matter and few soil organisms. 

P. Surface Soil: Soil that is present at the top layer of the existing soil profile. In undisturbed areas, 

surface soil is typically called "topsoil"; but in disturbed areas such as urban environments, the 

surface soil can be subsoil. 

Q. USCC: U.S. Composting Council. 

1.4 PREINSTALLATION MEETINGS 

A. Preinstallation Conference: Conduct conference at Project site. 

1.5 ACTION SUBMITTALS 

A. 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. Include sieve analyses for aggregate materials. 

4. Material Certificates: For each type of imported soil and 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. Analysis of fertilizers, by a qualified testing agency, made according to AAPFCO 

methods for testing and labeling and according to AAPFCO's SUIP #25. 

c. Analysis of nonstandard materials, by a qualified testing agency, made according 

to SSSA methods, where applicable. 
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1.6 INFORMATIONAL SUBMITTALS 

A. Preconstruction Test Reports: For preconstruction soil analyses specified in "Preconstruction 

Testing" Article. 

B. Field quality-control reports. 

1.7 QUALITY ASSURANCE 

A. Testing Agency Qualifications: An independent, state-operated, or university-operated 

laboratory; experienced in soil science, soil testing, and plant nutrition; with the experience and 

capability to conduct the testing indicated; and that specializes in types of tests to be performed. 

1.8 PRECONSTRUCTION TESTING 

A. Preconstruction Testing Service:  Owner will engage a qualified testing agency to perform 

preconstruction soil analyses on existing, on-site soil. 

1. Notify Engineer seven days in advance of the dates and times when the contractor 

requests samples will be taken. 

B. Preconstruction Soil Analyses: For each unamended soil type, perform testing on soil samples 

and furnish soil analysis and a written report containing soil-amendment and fertilizer 

recommendations by a qualified testing agency performing the testing according to "Soil-

Sampling Requirements" and "Testing Requirements" articles. 

1. Have testing agency identify and label samples and test reports according to sample 

collection and labeling requirements. 

1.9 SOIL-SAMPLING REQUIREMENTS 

A. General: Extract soil samples according to requirements in this article. 

B. Sample Collection and Labeling: Have samples taken and labeled by Contractor in presence of 

Engineer under the direction of the testing agency. 

1. Number and Location of Samples: Minimum of three representative soil samples from 

varied locations for each soil to be used or amended for landscaping purposes. 

2. Procedures and Depth of Samples:  According to USDA-NRCS's "Field Book for 

Describing and Sampling Soils." 

3. Division of Samples: Split each sample into two, equal parts. Send half to the testing 

agency and half to Owner for its records. 

4. Labeling: Label each sample with the date, location keyed to a site plan or other location 

system, visible soil condition, and sampling depth. 

1.10 TESTING REQUIREMENTS 

A. General: Perform tests on soil samples according to requirements in this article. 
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B. Physical Testing: 

1. Soil Texture: Soil-particle, size-distribution analysis by[ one of] the following methods 

according to SSSA's "Methods of Soil Analysis - Part 1-Physical and Mineralogical 

Methods": 

a. Sieving Method: Report sand-gradation percentages for very coarse, coarse, 

medium, fine, and very fine sand; and fragment-gradation (gravel) percentages for 

fine, medium, and coarse fragments; according to USDA sand and fragment sizes. 

b. Hydrometer Method: Report percentages of sand, silt, and clay. 

2. Total Porosity: Calculate using particle density and bulk density according to SSSA's 

"Methods of Soil Analysis - Part 1-Physical and Mineralogical Methods." 

3. Water Retention: According to SSSA's "Methods of Soil Analysis - Part 1-Physical and 

Mineralogical Methods." 

4. Saturated Hydraulic Conductivity: According to SSSA's "Methods of Soil Analysis - 

Part 1-Physical and Mineralogical Methods"; at 85% compaction according to 

ASTM D 698 (Standard Proctor). 

C. Chemical Testing: 

1. CEC: Analysis by sodium saturation at pH 7 according to SSSA's "Methods of Soil 

Analysis - Part 3- Chemical Methods." 

2. Clay Mineralogy: Analysis and estimated percentage of expandable clay minerals using 

CEC by ammonium saturation at pH 7 according to SSSA's "Methods of Soil Analysis - 

Part 1- Physical and Mineralogical Methods." 

D. Fertility Testing: Soil-fertility analysis according to standard laboratory protocol of 

SSSA NAPT SERA-6, including the following: 

1. Percentage of organic matter. 

2. CEC, calcium percent of CEC, and magnesium percent of CEC. 

3. Soil reaction (acidity/alkalinity pH value). 

4. Buffered acidity or alkalinity. 

5. Nitrogen ppm. 

6. Phosphorous ppm. 

7. Potassium ppm. 

8. Manganese ppm. 

9. Manganese-availability ppm. 

10. Zinc ppm. 

11. Zinc availability ppm. 

12. Copper ppm. 

13. Sodium ppm. 

14. Soluble-salts ppm. 

15. Presence and quantities of problem materials including salts and metals cited in the 

Standard protocol. If such problem materials are present, provide additional 

recommendations for corrective action. 

16. Other deleterious materials, including their characteristics and content of each. 

E. Organic-Matter Content: Analysis using loss-by-ignition method according to SSSA's "Methods 

of Soil Analysis - Part 3- Chemical Methods." 
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F. Recommendations: Based on the test results, state recommendations for soil treatments and soil 

amendments to be incorporated to produce satisfactory planting soil suitable for healthy, viable 

plants indicated. Include, at a minimum, recommendations for nitrogen, phosphorous, and 

potassium fertilization, and for micronutrients. 

1. Fertilizers and Soil Amendment Rates: State recommendations in weight per 1000 sq. ft. 

for 6-inchdepth of soil. 

2. Soil Reaction: State the recommended liming rates for raising pH or sulfur for lowering 

pH according to the buffered acidity or buffered alkalinity in weight per 1000 sq. ft. for 

6-inchdepth of soil. 

1.11 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. 

PART 2 - PRODUCTS 

2.1 PLANTING SOILS SPECIFIED BY COMPOSITION 

A. General: Soil amendments, fertilizers, and rates of application specified in this article are 

guidelines that may need revision based on testing laboratory's recommendations after 

preconstruction soil analyses are performed. 

B. Planting-Soil Type: Provide offsite topsoil or amend existing, on-site surface soil, with the duff 

layer, if any, retained; modified to produce viable planting soil. Blend existing, on-site surface 

soil with the soil amendments and fertilizers required for the topsoil to have the following 

qualities or provide from offsite as follows: 

1. Fertile, friable, naturally occurring.  Free of stones, clay, lumps, hardpan, roots, stumps, 

branches, sticks and other debris larger than one inches in any dimension; free of noxious 

weeds, grasses, seeds, plants, extraneous matter and any substance harmful to plant 

growth.  Topsoil from open fields will not be accepted. 

2. Ph:     5.0 to 7.0 

3. Organic Matter:  5% to 10% 

4. Sand:    50% to 70% 

5. Silt:    less than 30% 
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6. Clay:    10% to 25% 

7. Permeability Rate of 5 x 10 <-3> centimeters or greater at 85% compaction. 

8. Sources: Take imported, unamended soil from sources that are naturally well-drained 

sites where topsoil occurs at least 4 inches deep, not from bogs, or marshes; and that do 

not contain undesirable organisms; disease-causing plant pathogens; or obnoxious weeds 

and invasive plants including, but not limited to, quackgrass, Johnsongrass, poison ivy, 

nutsedge, nimblewill, Canada thistle, bindweed, bentgrass, wild garlic, ground ivy, 

perennial sorrel, and bromegrass. 

9. Unacceptable Properties: Clean soil of the following: 

a. Unacceptable Materials: Concrete slurry, concrete layers or chunks, cement, 

plaster, building debris, oils, gasoline, diesel fuel, paint thinner, turpentine, tar, 

roofing compound, acid, and other extraneous materials that are harmful to plant 

growth. 

2.2 INORGANIC SOIL AMENDMENTS 

A. Lime: ASTM C 602, agricultural liming material containing a minimum of 80 percent calcium 

carbonate equivalent and as follows: 

1. Class: T, with a minimum of 99 percent passing through a No. 8 sieve and a minimum of 

75 percent passing through a No. 60 sieve. 

2. Class: O, with a minimum of 95 percent passing through a No. 8 sieve and a minimum of 

55 percent passing through a No. 60 sieve. 

3. Form: Provide lime in form of ground dolomitic limestone or calcitic limestone. 

B. Sulfur: Granular, biodegradable, and containing a minimum of 90 percent elemental sulfur, with 

a minimum of 99 percent passing through a No. 6 sieve and a maximum of 10 percent passing 

through a No. 40 sieve. 

C. Iron Sulfate: Granulated ferrous sulfate containing a minimum of 20 percent iron and 10 percent 

sulfur. 

D. Perlite: Horticultural perlite, soil amendment grade. 

E. Agricultural Gypsum: Minimum 90 percent calcium sulfate, finely ground with 90 percent 

passing through a No. 50 sieve. 

F. Sand: Clean, washed, natural or manufactured, free of toxic materials, and according to 

ASTM C 33/C 33M. 

2.3 ORGANIC SOIL AMENDMENTS 

A. Compost: Well-composted, stable, and weed-free organic matter produced by composting 

feedstock, and bearing USCC's "Seal of Testing Assurance," and as follows: 

1. Feedstock:  May include sewage sludge. 

2. Reaction:  pH of 5.5 to 8. 
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3. Moisture Content:  35 to 55 percent by weight. 

4. Particle Size: Minimum of 98 percent passing through a 1-inch sieve. 

B. Sphagnum Peat: Partially decomposed sphagnum peat moss, finely divided or of granular 

texture with 100 percent passing through a 1/2-inch sieve, a pH of 3.4 to 4.8, and a soluble-salt 

content measured by electrical conductivity of maximum 5 dS/m. 

C. Muck Peat: Partially decomposed moss peat, native peat, or reed-sedge peat, finely divided or 

of granular texture with 100 percent passing through a 1/2-inch sieve, a pH of 6 to 7.5, a 

soluble-salt content measured by electrical conductivity of maximum 5 dS/m, having a water-

absorbing capacity of 1100 to 2000 percent, and containing no sand. 

D. Manure: Well-rotted, unleached, stable or cattle manure containing not more than 25 percent by 

volume of straw, sawdust, or other bedding materials; free of toxic substances, stones, sticks, 

soil, weed seed, debris, and material harmful to plant growth. 

2.4 FERTILIZERS 

A. Superphosphate: Commercial, phosphate mixture, soluble; a minimum of 20 percent available 

phosphoric acid. 

B. Commercial Fertilizer: Commercial-grade complete fertilizer of neutral character, consisting of 

fast- and slow-release nitrogen, 50 percent derived from natural organic sources of urea 

formaldehyde, phosphorous, and potassium in the following composition: 

1. Composition:  1 lb/1000 sq. ft. of actual nitrogen, 4 percent phosphorous, and 2 percent 

potassium, by weight. 

2. Composition: Nitrogen, phosphorous, and potassium in amounts recommended in soil 

reports from a qualified testing agency. 

C. Slow-Release Fertilizer: Granular or pelleted fertilizer consisting of 50 percent water-insoluble 

nitrogen, phosphorus, and potassium in the following composition: 

1. Composition: 20 percent nitrogen, 10 percent phosphorous, and 10 percent potassium, by 

weight. 

2. Composition: Nitrogen, phosphorous, and potassium in amounts recommended in soil 

reports from a qualified testing agency. 

D. Chelated Iron: Commercial-grade FeEDDHA for dicots and woody plants, and commercial-

grade FeDTPA for ornamental grasses and monocots. 

PART 3 - EXECUTION 

3.1 GENERAL 

A. Place planting soil and fertilizers according to requirements in other Specification Sections. 
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B. 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 planting soil. 

C. Proceed with placement only after unsatisfactory conditions have been corrected. 

3.2 PREPARATION OF UNAMENDED, ON-SITE SOIL BEFORE AMENDING 

A. Excavation: Excavate soil from designated area(s) to a depth of 6 inches and stockpile until 

amended. 

B. Unacceptable Materials: Clean soil of concrete slurry, concrete layers or chunks, cement, 

plaster, building debris, oils, gasoline, diesel fuel, paint thinner, turpentine, tar, roofing 

compound, acid, and other extraneous materials that are harmful to plant growth. 

C. Unsuitable Materials: Clean soil to contain a maximum of 5 percent by dry weight of stones, 

roots, plants, sod, clay lumps, and pockets of coarse sand. 

D. Screening: Pass unamended soil through a 2-inch sieve to remove large materials. 

3.3 PLACING AND MIXING PLANTING SOIL OVER EXPOSED SUBGRADE 

A. General: Apply and mix unamended soil with amendments on-site to produce required planting 

soil. Do not apply materials or till if existing soil or subgrade is frozen, muddy, or excessively 

wet. 

B. Subgrade Preparation: Till subgrade to a minimum depth of 6. Remove stones larger than 2 

inches in any dimension and sticks, roots, rubbish, and other extraneous matter and legally 

dispose of them off Owner's property. 

1. Apply, add soil amendments, and mix approximately half the thickness of unamended 

soil over prepared, loosened subgrade according to "Mixing" Paragraph below. Mix 

thoroughly into top 2 inches of subgrade. Spread remainder of planting soil. 

C. Mixing: Spread unamended soil to total depth of 4 inches, but not less than required to meet 

finish grades after mixing with amendments and natural settlement. Do not spread if soil or 

subgrade is frozen, muddy, or excessively wet. 

1. Amendments: Apply soil amendments and fertilizer, if required, evenly on surface, and 

thoroughly blend them with unamended soil to produce planting soil. 

a. Mix lime with dry soil before mixing fertilizer. 

b. Mix fertilizer with planting soil no more than seven days before planting. 

2. Lifts: Apply and mix unamended soil and amendments in lifts not exceeding 8 inches in 

loose depth for material compacted by compaction equipment, and not more than in loose 

depth for material compacted by hand-operated tampers. 



CAREY STATION URBAN WATER REUSE FACILITY CAREY STATION WRF, LLC  

0.5 MGD TO 1.5 MGD EXPANSION                                                         GREENE COUNTY, GA 

 

GOODWYN MILLS CAWOOD, LLC SOIL PREPARATION 

GMC PROJECT NO. CAUG250007 329113 - 9 of 10 

D. Compaction: Compact each blended lift of planting soil to 75 to 82 percent of maximum 

Standard Proctor density according to ASTM D 698 and tested in-place except where a different 

compaction value is required due to use or as directed by the Engineer. 

E. Finish Grading: Grade planting soil to a smooth, uniform surface plane with loose, uniformly 

fine texture. Roll and rake, remove ridges, and fill depressions to meet finish grades. 

3.4 PLACING MANUFACTURED PLANTING SOIL OVER EXPOSED SUBGRADE 

A. General: Apply manufactured soil on-site in its final, blended condition. Do not apply materials 

or till if existing soil or subgrade is frozen, muddy, or excessively wet. 

B. Subgrade Preparation: Till subgrade to a minimum depth of 6 inches. Remove stones larger than 

2 inches in any dimension and sticks, roots, rubbish, and other extraneous matter and legally 

dispose of them off Owner's property. 

1. Apply approximately half the thickness of planting soil over prepared, loosened 

subgrade. Mix thoroughly into top 4 inches of subgrade. Spread remainder of planting 

soil. 

C. Application: Spread planting soil to total depth of 4 inches, but not less than required to meet 

finish grades after natural settlement. Do not spread if soil or subgrade is frozen, muddy, or 

excessively wet. 

1. Lifts: Apply planting soil in lifts not exceeding 8 inches in loose depth for material 

compacted by compaction equipment, and not more than 6 inches in loose depth for 

material compacted by hand-operated tampers. 

D. Compaction: Compact each blended lift of planting soil to 75 to 82 percent of maximum 

Standard Proctor density according to ASTM D 698 and tested in-place except where a different 

compaction value is required due to use or as directed by the Engineer. 

E. Finish Grading: Grade planting soil to a smooth, uniform surface plane with loose, uniformly 

fine texture. Roll and rake, remove ridges, and fill depressions to meet finish grades. 

3.5 APPLYING COMPOST TO SURFACE OF PLANTING SOIL 

A. Application: Apply compost component of planting-soil mix 4 inches of compost to surface of 

in-place planting soil. Do not apply materials or till if existing soil or subgrade is frozen, 

muddy, or excessively wet. 

B. Finish Grading: Grade surface to a smooth, uniform surface plane with loose, uniformly fine 

texture. Roll and rake, remove ridges, and fill depressions to meet finish grades. 

3.6 FIELD QUALITY CONTROL 

A. Testing Agency:  Owner will engage a qualified testing agency to perform tests and inspections. 
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B. Perform the following tests and inspections: 

1. Compaction: Test planting-soil compaction after placing each lift and at completion using 

a densitometer or soil-compaction meter calibrated to a reference test value based on 

laboratory testing according to ASTM D 698. Space tests at no less than one for each 

2000 sq. ft. of in-place soil or part thereof. 

C. Soil will be considered defective if it does not pass tests and inspections. 

D. Prepare test and inspection reports. 

E. Label each sample and test report with the date, location keyed to a site plan or other location 

system, visible conditions when and where sample was taken, and sampling depth. 

3.7 PROTECTION 

A. 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. 

B. If planting soil or subgrade is over-compacted, disturbed, or contaminated by foreign or 

deleterious materials or liquids, remove the planting soil and contamination; restore the 

subgrade as directed by Engineer and replace contaminated planting soil with new planting soil. 

3.8 CLEANING 

A. Protect areas adjacent to planting-soil preparation and placement areas from contamination. 

Keep adjacent paving and construction clean and work area in an orderly condition. 

B. Remove surplus soil and waste material including excess subsoil, unsuitable materials, trash, 

and debris and legally dispose of them off Owner's property unless otherwise indicated. 

1. Dispose of excess subsoil and unsuitable materials on-site where directed by Owner. 

END OF SECTION 329113 
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SECTION 33 05 26 - UTILITY IDENTIFICATION 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Section Includes: 

1. Pipeline marker posts. 

2. Ribbon tape for placement above direct-buried utility. 

3. Trace wire for placement above direct-buried utility. 

B. Related Requirements: 

1. Section 33 31 11 – Public Sanitary Utility Sewerage Gravity Piping 

2. Section 33 31 23 - Sanitary Sewerage Force Main Piping 

 

1.2 SUBMITTALS 

A. Section 01 33 00 - Submittal Procedures: Requirements for submittals. 

B. Product Data: Submit manufacturer's catalog information for each product required. 

C. Manufacturer's Certificate: Certify that products meet or exceed specified requirements. 

 

1.3 CLOSEOUT SUBMITTALS 

A. Section 01 70 00 - Execution and Closeout Requirements: Requirements for submittals. 

B. Project Record Documents: Record actual locations of tagged valves. 

1.4 MAINTENANCE MATERIAL SUBMITTALS 

A. Section 01 70 00  - Execution and Closeout Requirements: Requirements for maintenance 

materials. 

1.5 QUALIFICATIONS 

A. Manufacturer: Company specializing in manufacturing products specified in this Section with 

minimum three years' experience. 
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PART 2 - PRODUCTS 

2.1 PIPELINE MARKER POSTS 

A. Description: 

1. Material: High-density polypropylene. 

2. Diameter: 3-1/2 inches.  

3. Length: 72 inches.  

4. Color: White. 

5. Embedment: T-anchor. 

B. Visibility Enhancer: 

1. Material: Polyethylene. 

2. Length: 24 inches. 

3. Diameter: 3-3/4 inches. 

4. Color: As required by utility. 

5. Text: As required by utility. 

2.2 RIBBON TAPE 

A. Description: 

1. Reef Industries Terra Tape Standard 

2. Material: 100% virgin pigmented polyolefin film, brightly colored, continuously printed. 

3. Minimum Size: 6 inches wide by 4 mils thick. 

4. Manufactured for direct burial service. 

5. Imprint: In large letters with message printed at least every 30 inches; Sanitary Sewer 

Gravity “CAUTION SEWER LINE BURIED BELOW”; Reuse Water Lines 

“CAUTION REUSE WATER LINE BURIED BELOW”; Sewer Force Main Lines 

“CAUTION SEWER FORCE MAIN BURIED BELOW” 

2.3 TRACE WIRE 

 

1. Description: 

a. Conductor: No.12 AWG HS-CCS high strength copper clad steel tracer wire. 

b. Covering: 30 mils of Green HMWPE insulation. 

PART 3 - EXECUTION 

3.1 INSTALLATION 

A. Pipeline Marker Posts: As recommended by manufacturer. 

B. Ribbon Tape: 
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1. Tape shall be installed a minimum of 24 inches above the top of the pipe for its full 

length. 

2. If multiple pipes occur in common trench, locate ribbon tape above centerline of trench. 

C. Trace Wire: 

1. Attach locator wire to the top of pipe every 5 feet with duct tape. 

2. All wire splices shall be made using copper wire “U” bolt assemblies and then wrapping 

with electrical tape. 

END OF SECTION 33 05 26  
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SECTION 33 31 00 - SANITARY UTILITY SEWERAGE PIPING 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Section Includes: 

1. PVC Pipe 

2. Ductile Iron Pipe 

3. Ductile Iron Fittings 

4. Concrete Pipe 

5. HDPE Pipe 

6. HDPE Fittings 

7. Plug Valves 

8. Gate Valves 

9. Accessories 

B. Standards 

1. Standards:   Supply all products and perform all work in accordance with applicable 

American Society of Testing and Material (ASTM), American Water Works Associations 

(AWWA), American National Standards Institute (ANSI), or other recognized standards.   

2. Latest revisions of all standards are applicable. 

C. Related Sections 

1. Division 01 Specifications 

2. 31 23 16.13 Excavation & Trenching 

3. 33 01 30.13 Sewer and Manhole Testing 

4. 33 05 13 Manholes and Structures 

1.2 SUBMITTALS 

A. Product Data: Manufacturer information indicating pipe material to be used, and pipe 

accessories. 

B. Manufacturer's Certificate: Products meet or exceed specified requirements. 

C. Certified mill certificate showing conformance to all requirements specified herein. 

D. Manufacturer Instructions: Special procedures required to install specified products. 

E. Field Quality-Control Submittals: Indicate results of Contractor-furnished tests and inspections. 

F. General arrangement and dimensional drawings. 
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G. Laboratory Approval – Ductile Iron Pipe shall be tested by an independent laboratory, approved 

by the Engineer, in accordance with AWWA C151. 

1.3 QUALITY ASSURANCE 

A. Perform Work according to applicable SCDHEC, OSHA, AWWA, and ASTM standards. 

B. All pipes shall be first quality, with smooth interior and exterior surfaces, free from cracks, 

blisters, “honeycombs,” and other imperfections, and true theoretical shapes and forms 

throughout the full length. 

C. All pipes shall be subject to the inspection of the Engineer at the pipe plant, trench, or other 

points of delivery, for the purpose of culling and rejecting pipe, independent of the laboratory 

test which does not conform to the requirements of these specifications. Such pipe shall be 

marked by the Engineer, and the Contractor shall remove it from the project site upon notice of 

its rejection being received. 

PART 2 - PRODUCTS 

2.1 PVC PIPE 

A. General 

1. All PVC pipe and fittings shall be clearly marked as to size, ASTM, Company, SDR or 

DR, and date of manufacture.  No pipe shall be accepted that is more than 120 days old 

when delivered to the job site. 

2. Pipe shall be manufactured of PVC having a cell classification of 12454 or 12364 as 

defined in ASTM D 1784.  Additives and fillers including but not limited to stabilizers, 

antioxidants, lubricants, colorants, etc. shall not exceed 10 parts by weight per 100 parts 

of PVC resin in the compound. 

3. A certified mill certificate showing conformance to all requirements specified above shall 

be provided to the Engineer with each shipment of pipe delivered to the job site. 

4. All PVC pipe shall be green in color and stenciled “SANITARY SEWER.” 

5. PVC pipe shall not be used in locations where the pipe has a cover less than four feet, 

where crossing creek or ravine bottoms where the pipe may be exposed, or where sewers 

are laid under railroads, powerline easements, or roadway rights of way unless noted in 

Drawings. 

B. PVC Pipe for Gravity Sewers 

1. PVC pipe for gravity sewers shall be manufactured in accordance with ASTM D 3034 for 

4” through 15” SDR 35 minimum and F679 for 18” through 36” 46PS/115PS sewer pipe 

as indicated on the drawings. 

2. Joints shall be of the rubber gasket slip on type conforming to ASTM D 3212 under both 

pressure and vacuum. The bell shall be an integral part of the pipe with the same strength.  

Spigot ends shall be beveled. 

3. Elastomeric gaskets shall meet the requirements of ASTM F477.  Gaskets shall be locked 

in, NAPCO, HARCO, or approved equal.  
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4. PVC pipe material at different depth of burial, as defined from the final ground surface to 

the bottom of the pipe, shall conform to the following schedule: 

a. 4’ to 15’ SDR 35 with a minimum pipe stiffness of 46 PSI 

b. 15’ to 20’ SDR 26 with a minimum pipe stiffness of 115PSI 

c. > 20’ use Ductile Iron or other alternate material, as directed by the Engineer. 

5. Transitions from PVC pipe to Ductile Iron pipe shall be made only at manholes unless 

noted on Drawings. 

C. PVC Pipe for Low Pressure Sewer 

1. PVC pipe for force mains shall conform to the requirements of AWWA C900.  Pipe shall 

be green in color and marked with the nominal pipe size, PVC dimension ratio, AWWA 

pressure class, AWWA designation number (AWWA C900), manufacturer’s name and 

labeled “Sewer Force Main”. 

2. The pressure rating shall be selected based upon the design requirements of the system.  

The minimum wall thickness shall be DR 18, Class 150. 

3. Pipe shall be Type I, Grade I and shall be manufactured from virgin material.   

4. All gaskets shall meet ASTM F477 standards. 

5. PVC joints shall be restrained where specified on the drawings.  

a. Restrained joints shall be provided by a clamping ring and an additional ring 

designed to seat on the bell end of the pipe. The rings shall be connected with T-

Head bolts or rods.  

b. Restraining devices shall provide full (360°) support around the circumference of 

the pipe. No point loading shall be permitted. Restraint of mechanical joint fittings 

shall be provided by a clamping ring installed on the PVC pipe and connected to 

the mechanical joint fitting with T-Head bolts or rods.  

c. Restraining devices shall be EBAA Series 1600 or approved equal. 

d. For PVC lines smaller than 4 inches, use thrust blocks or additional restraint as 

shown on Drawings. 

e. The use of solvent weld PVC pipe and fittings in low pressure sewer mains is 

prohibited. 

2.2 DUCTILE-IRON PIPE 

A. General 

1. Pipe laying lengths shall be provided in 18 or 20 feet nominal lengths with allowable trim 

pipe lengths in accordance with AWWA C151 and special shorter lengths provided as 

required by the Drawings. 

2. All ductile iron pipes and fittings, installed in a trench conditions shall receive a shop-

applied bituminous coating 1-mil thick, minimum in accordance with AWWA 

C151/ANSI A21.51. 

3. All exposed pipe and fittings shall be provided with a shop prime and painted as 

specified. 

4. Where flexible joint iron pipe is called for on the plans, it shall conform to the same 

specifications as ductile iron.  The joints shall be of the ball and socket type either bolted 

or keyed and, if of the bolted type, the bolts and nuts shall be made of stainless steel.  The 
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trench in which this pipe is installed shall be excavated to a depth that will provide a 

cover of not less than 3' over the top of the pipe when it is in place. 

5. All ductile iron sewer main pipes shall be color coded green by painting a 3” green stripe 

along the crown of the pipe barrel. 

B. Joints: 

1. Provide ductile iron pipe with push-on joints conforming to ANSI A21.11/AWWA C111, latest 

revision. 

2. Joints shall be restrained where indicated on the drawings. Use American Fast-Grip 

Gaskets, or approved equal for restrained joints.  Provide a boltless, integral restraining 

system rated for the design pressure in accordance with the performance requirements of 

ANSI/AWWA C111/A21.11, unless noted otherwise on the Drawings. 

3. Gauge pipe ends (spigot end, bell, and socket) for all pipe with suitable gauges at 

sufficiently frequent intervals to ensure compliance to the standard dimensions of 

ANSI/AWWA C151/A1.5, latest addition.  Manufacturer must have a recommended 

ovality tolerance for 18 inches and larger size pipe.  Each end of each pipe 18 inches and 

larger shall be measured and approved by manufacturer’s quality assurance inspector to 

meet such out of round tolerances. Provide manufacturer’s certification that ovality has 

been measured and controlled in accordance with manufacturer's standard. 

C. Flanged Joint Pipe 

1. Provide flange fittings as required for above ground applications or exposed piping in 

vaults. 

2. Flanges conforming to AWWA C110 can be joined with Class 125 B16.1 flanges shown 

in ANSI B16.1 but not with Class 250 B16.1 flanges. 

3. Flange joints should be fitted so that the contact faces bear uniformly on the gasket.  The 

joint should be made with relatively uniform bolt stress. 

4. Bolts and nuts shall be type 316 stainless steel, conforming to ASTM A 193, Grade B8M, 

for bolts and ASTM A 194, Grade 8M, for nuts. 

5. Set flange bolts beyond finger tightness with an indicating torque wrench to insure equal 

tension in all bolts.  Tighten bolts such that those 180 degrees apart or directly opposite 

are torqued in sequence. 

6. Provide at minimum one (1) restrained dismantling joint or flange coupling adaptor for 

disassembly in each linear run of flanged piping. 

2.3 DUCTILE-IRON FITTINGS 

A. Ductile iron fittings shall be provided in locations as shown on the plans or in locations deemed 

necessary by the Engineer. Ductile iron fittings 12” and smaller shall be rated for 350 psi 

working pressure and fittings larger than 12” shall be rated for 250 psi working pressure.  

B. Fittings shall be manufactured in accordance with AWWA C153 and provided with mechanical 

joints. All fittings shall be provided with a thin cement lining in accordance with AWWA C104 

unless noted otherwise on plans.  If DIP is to be epoxy lined, all fittings shall be epoxy lined in 

lieu of cement lining.    

C. Use Tee-head or non-hex head bolts and hex head nuts for joint makeup and gasket seating, 

bolts and nuts shall be carbon steel coated with corrosion inhibiting fluoropolymer composite 
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material.  Mechanical joint fittings shall be furnished with sufficient quantities of accessories as 

required for each joint.  All mechanical joints shall be restrained. 

D. Ductile Iron fittings with retainer glands shall be provided. 

E. Concrete thrust block/restraints shall be 2500 psi concrete poured in place against undisturbed 

soil at each fitting location.  

F. Where 90 degree deflections occur along the route of the force main, two (2) 45 degree bends 

shall be used where possible. 

2.4 POLYETHYLENE PIPE 

A. All polyethylene pipe and fittings shall be molded from Virgin PE4710 High Density 

Polyethylene Pipe (HDPE) resins in accordance with the requirements of ASTM D3035 and 

manufactured to comply with ASTM F714. 

B. Unless otherwise specified, the nominal size and DR shall be as shown on the Drawings.  HDPE 

fittings shall be fully pressure rated. 

C. Gravity Sewer - Profile wall polyethylene pipe and fittings for gravity sewers shall be of the 

spiral wound type. The pipe shall be made of high density, high molecular weight polyethylene 

pipe material meeting the requirements of Type III, Class C, Category 5, Grade P34, as defined 

in ASTM D-1248.  The pipe shall be provided with rubber gasket joints that meet the non-

pressure requirements of ASTM F477.  Special heavy wall pipe sections having a smooth 

outside wall shall be supplied for all manholes and connections to other types of pipe. 

D. Pressure Mains – HDPE pipe and fittings shall have a nominal DIPS (ductile iron pipe size) 

outside diameter per ASTM F714.  Pipe sections shall be joined on the job site above ground 

into continuous length by the butt-fusion method in accordance with ASTM F2620, and be 

performed in strict accordance with the manufacturer’s recommendations.  Butt-fusion fittings 

shall comply with ASTM D3261. 

E. HDPE pipe shall be joined to ductile iron valves and fitting with a DIPS size MJ adapter kit.  

Pipe stiffeners shall be used to maintain roundness of the pipe.  MJ adapter and stiffeners shall 

be installed in strict accordance with the manufacturer’s recommendations. 

F. Pipe shall be supplied in lengths not less than 40 feet long, of the size and wall thickness as 

shown on the plans. The combined soil pipe system shall be reviewed and approved by the pipe 

manufacturer to ensure an installation limiting maximum deflection of the pipe to less than five 

percent of base diameter, when both soil and maximum water loads are applied.  The pipe shall 

be handled and installed in strict accordance with the recommendations of the manufacturer. 

2.5 VALVES 

A. Gate Valves  

1. Manufacturers: 
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a. Mueller Co 

b. American 

c. Or Approved Equal 

2. Description: 

a. Comply with AWWA C509. 

b. Body: Ductile iron. 

c. Seats: Resilient. 

d. Style: 

1) Buried service:  Mechanical joint ends in accordance with AWWA C111. 

2) Above ground service:  Flanged ends with 125 lb. flanged ends faced and 

drilled per ANSI B16.1 standard for cast iron flanges. 

e. Stem: 

1) Type: Non-rising. 

2) Material: Bronze. 

f. Operation: 

1) 2-inch operating nut for buried applications 

2) Handwheel for above ground applications 

3) Opening Direction: Counterclockwise. 

3. Provide gate valves smaller than 3 inches in diameter that are all bronze, threaded, 

meeting the requirements of Federal Specification WW-V-54C, as manufactured by 

Crane, or Walworth, or equivalent, and suitable for the service required. 

B. Plug Valves  

1. Manufacturers: 

a. Milliken 

b. Henry Pratt Company 

c. DeZurick 

d. Val-Matic 

e. Or Approved Equal 

2. Description: 

a. Type: 

1) Non-lubricated 

2) Eccentric 

3) 90 Degree Turn 

4) Resilient faced Plug 

3. Working Pressure: 175 psig for valves through 12” and 150 psig for valves for 14” 

through 72”. 

4. Ports: 
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a. Configuration: Rectangular. 

b. Minimum Port Area: 100 percent of nominal pipe area for valves. 

5. Stem Bearings: Self-lubricating. 

6. Stem Seals: 

a. Type: V-ring. 

b. Material: Neoprene. 

7. Packing and Gland: Accessible and externally adjustable. 

8. End Connections: 

a. Buried service:  Mechanical joint ends in accordance with AWWA C111. 

b. Above ground service:  Flanged ends with 125 lb. flanged ends faced and drilled 

per ANSI B16.1 standard for cast iron flanges. 

9. Operation: 

a. 2-inch operating nut for buried applications. 

b. Handwheel for above ground applications. 

c. Opening Direction: Counterclockwise. 

10. Materials: 

a. Body: 

1) Cast iron, ASTM A126 Class B. 

2) Lining: As recommended by valve manufacturer for service conditions. 

b. Plug: 

1) Ductile iron, ASTM A126 Class B. 

2) Lining: Synthetic viton compound of a minimum of 70 durometer hardness. 

c. Seats: 1/8”, welded, 90% pure Nickel. 

d. Stem: Type 316 stainless steel. 

e. Stem Bearings: Type 316L stainless steel. 

f. Seals: Buna-N. 

g. Connecting Hardware: Type 316 stainless steel. 

h. Plugs shall be on top when open and on pressure side when closed. 

C. Check Valves  

1. Manufacturers: 

a. GA Industries, Inc. 

b. Henry Pratt Company 

c. Kennedy Valve Company 

d. Or Approved Equal 

2. Description: 
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a. Comply with AWWA C508. 

b. Minimum Working Pressure: 200 psig for 2” - 12” and 150 psig for 14” - 30”. 

c. Check valves 6 inches and larger: Furnish with adjustable air cushion chambers. 

d. Type: Swing, resilient seated with outside lever and adjustable weight. 

e. Mounting: Horizontal or vertical. 

f. End Connections: Integral flange ends shall be ANSI B16.1 Class 125, suitable for 

horizontal or vertical installation. 

3. Materials: 

a. Body and Cover: Ductile iron, ASTM A536. 

b. Disc, Disc Arm: Ductile iron, ASTM A536 

c. Body Seat: Replaceable, Type 316 ASTM A276 with Buna-N renewable seat ring 

d. Shaft: Type 303 Stainless Steel ASTM A582 

e. Disc Seat: Buna-N 

f. Lever and Counterweight: Ductile Iron, ASTM A536 

g. Hinge Pin and Key: Type 316 Stainless Steel 

h. Rubber Components: Buna-N  

i. Connecting Hardware: Type 304 stainless steel. 

4. Finishes: As specified in Section 09 96 00 High-Performance Coatings. 

D. Air Vacuum Valves  

1. Manufacturers: 

a. ARI Flow Control Accessories 

b. Or Approved Equal 

2. All air release and vacuum valves shall be sized per the manufacturer and approved by 

the engineer prior to installation based on the owner’s preferences and the anticipated line 

pressures. 

3. Wastewater air and vacuum valves shall permit unrestricted passage of air during filling 

of the distribution piping.  The valve body shall be stainless steel with stainless steel 

screws, unless indicated (stainless steel) in the plan set.  The float and all internal metal 

parts shall be stainless steel, and the valve shall be designed so that the venting 

mechanism does not come into contact with sewage. The air and vacuum combination 

valves for sewage shall be ARI Model D-020 or equal.  The valve shall have a NPT inlet 

sized by the manufacturer and shall be fitted with a back flushing device.  

4. The air release valve shall be installed as shown in details. 

5. No galvanized nipples shall be used. 

6. Install Air Vacuum valves as shown on plans. 

2.6 MATERIALS 

A. Bedding and Cover: 

1. Bedding:  

a. Ductile Iron Pipe – Type 2 or Type 3 Trench per AWWA C151 as required. 

b. PVC/HDPE – Type 2 Trench per AWWA C151 
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2. Cover: Provide a minimum of 4 feet of cover unless shown otherwise on Drawings. 

3. Soil Backfill from Above Pipe to Finish Grade: 

a. Subsoil with no rocks greater than 6 inches in diameter, frozen earth, or foreign 

matter. 

b. Back-fill material shall be tamped in layers around the pipe and to a sufficient 

height above the pipe to adequately support and protect the pipe. 

2.7 ACCESSORIES 

A. Polyethylene Encasement 

1. Where indicated on the drawings ductile iron pipe shall be wrapped in 6 mil polyethylene 

encasement in accordance with AWWA C105. All fittings shall be wrapped in 6 mil 

polyethylene encasement extending 6” beyond the connection. 

B. Zinc Coating: Where indicated on the drawings, ductile iron pipe for buried service shall be 

coated with a layer of arc-sprayed zinc.  The mass of the zinc applied shall be 200 g/m2 of pipe 

surface area.  A finishing layer topcoat shall be applied to the zinc.  The mean dry film 

thickness of the finishing layer shall not be less than 3 mils with a local minimum not less than 

2 mils. 

1. The zinc coating system shall conform to ISO 8179 standard. 

2. All pipe shall be manufactured and zinc coated in the United States at the pipe 

manufacturer’s facility. 

C. Protective Lining: The Contractor shall provide interior protective lining where indicated on the 

drawings or specified below. 

1. Ductile iron pipe and fittings shall receive an epoxy lining of the interior surface where 

indicated on the drawings. The interior protective liner shall be an amine cured novalac 

epoxy applied to a dry film thickness of 40 mils minimum, and shall be Protecto 401™ 

Ceramic Epoxy or approved equal.  Ductile iron pipe to be lined shall not be cement 

mortar lined.   

D. Pipe Weights  

1. Unless otherwise noted in the Specifications, all gravity sewer pipe installed with less 

than three diameters of cover over the top of the pipe barrel shall be provided with 

concrete weights to prevent flotation.  

2. The weights shall be spaced at ten feet centers, with each weight weighing not less than 

800 pounds. The weights may be constructed of a cast iron bolt on design, or they may be 

of the concrete cast in place type for below ground installations.  Cast in place weights 

shall each contain two No. 3 rebars bent over and around the pipe barrel to provide 

adequate tensile strength to the upper part of the weight.  Above ground portions of 

concrete weights shall be neatly formed and rubbed upon completion of the work. 

E. Trench Plugs 

1. Provide trench plugs where shown on drawings and at all creek crossings. 
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2. Trench plug consists of an impervious clay or concrete ditch check installed on the 

downstream side of all stream crossings.  Ditch check shall be constructed for a length of 

3 feet as measured along the centerline of the pipe and the full width of the trench 

excavation. 

3. Backfill shall exhibit the characteristics of a “GC” soil rating as classified by the unified 

soil classification system (ASTM D2487) and shall have a coefficient of permeability no 

greater than .001 cm/sec.   

4. The material utilized may vary from the above requirements if approved by Engineer; 

however, in any case the contractor shall furnish an approved independent testing facility 

utilizing the above methods.   

5. The minimum percentage of compaction for the backfill shall be 95% proctor density 

(ASTM D1557). 

F. Tracer Wire  

1. Insulated copper wire shall be installed on all non-metallic pipe force mains. The wire 

shall be 10 gauge stranded type TW copper marker wire with electronically continuous 

joints with blue or purple thermoplastic insulation recommended for direct burial.  The 

marker wire shall be brought up to all in-line valves and at 500’ increments along the 

forcemain alignment to be readily available to system operators. All wire connections and 

splices shall be connected with underground wire nuts, tied, and tightly taped with 

insulated electrical tape. All costs associated with the installation of the marker wire shall 

be included in the price bid for the pipe. 

G. Detection Tape  

1. Green metallic detection tape shall be provided for all PVC pipes.  

2. Detection tape shall be composed of a solid aluminum foil encased in a protective plastic 

jacket.  Tape shall be marked “CAUTION SEWER MAIN BURIED BELOW.” 

3. Tape shall be permanently printed with no surface printing allowed.  Tape width shall be 

a minimum of 3-inches and have a minimum thickness of 5 mil.   

4. Tape shall be marked “CAUTION SEWER MAIN BURIED BELOW.” 

5. All tracer wire termination points will use a test station.  Test stations shall be Lite Duty 

Snakepit test station (LD14*TP) green in color, as manufactured by Copperhead 

industries LLC, Rhino TracerPed Triview Green (P692TGI), or equal. 

H. Valve Boxes  

1. Manufacturers: 

a. Mueller Co 

b. Ford Meter Box Company, Inc. 

c. Sigma 

d. Or Approved Equal 

2. Description 

a. Material:  Cast iron 

b. Type:  One Piece 

1) Material: Cast iron. 
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2) Provide 6-inch Class 200 PVC riser 

c. Installation:  Support valve box and PVC riser on minimum of 2 cement bricks.  

Install tracer wire on outside of riser pipe and loop inside of valve box. 

3. Lid Inscription: SEWER 

I. Pressure Gauges  

1. Gauges shall be furnished as shown on the drawings.  Gauges shall be bourdon tube type, 

with bronze movement, plexiglass covers and shall be 4½ inches in diameter with not less 

than 90 percent glycerin filled cast phenolic cases.  Each gauge shall have a range such 

that the normal operating pressure shall be approximately at half the range.  The gauges 

shall be provided with diaphragm protectors and ¼ inch NPT liquid flushing connection 

with brass lever handle blow-off pet cock.  The diaphragm and surfaces exposed to the 

liquid shall be of stainless steel.  Gauges shall be calibrated in pounds per square inch.  

PART 3 - EXECUTION 

3.1 GENERAL 

A. Watertight Construction – It is imperative that all sewers and manholes be built watertight and 

that the Contractor rigidly adheres to the specifications for material and workmanship. After 

completion, the sewers or section thereof will be tested and gauged; and if infiltration is 

observed, the sewer will be rejected.  

B. Inspection – All work done and materials furnished shall be subject to the inspection of the 

Engineer and the Inspector, and all improper work shall be reconstructed. All materials which 

do not conform to the requirements of the specifications shall be removed from the worksite 

upon notice being received from the Engineer of the rejection of such materials. The Engineer 

shall have the right to mark rejected materials and to distinguish them as such. 

3.2 EXAMINATION 

A. Verify that trench cut is ready to receive Work. 

B. Verify that excavations, dimensions, and elevations are as indicated on Drawings. 

3.3 PREPARATION 

A. Perform trenching operations per Section 31 23 16.13 

B. Protect and support existing sewer lines, utilities, and appurtenances in accordance with Section 

31 23 16.13 and the Occupational safety and health act (OSHA) of 1970 (PL 91-596), as 

amended. 

C. Utilities: 
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1. Coordinate with other utilities and the Engineer to eliminate interference. 

2. Notify Engineer if crossing conflicts occur. 

3.4 INSTALLATION 

A. The Contractor shall assume responsibility for all materials and equipment stored, protection of 

his product and compliance with all federal, state and local safety regulations. 

B. Care shall be takin in loading, transporting, and unloading to prevent damage to pipe or fittings.  

Pipe or fittings shall not be dropped.  All pipe and fittings shall be examined before laying, and 

the Engineer notified of any defect.  No piece shall be installed which is defective.  Only 

outside slings shall be used for lifting.  Under no conditions shall lifting be from interior 

surfaces.  The Contractor shall be responsible for all materials furnished by him and shall 

replace all such material found defective in manufacture of damaged in handling after deliver at 

no additional cost to the Owner. 

C. Gravity sewer pipes, structures and manholes shall be installed and tested as specified to the 

grades, elevations, alignments, and orientations shown on the drawings within the following 

tolerances: 

1. Pipe center line horizontal position at any point: ±0.50 feet 

2. Pipe center line horizontal position difference between any 

two joints (maximum): 
0.10 feet 

3. Elevations of bases, openings, appurtenances, and tops of 

any structure or manhole (except pipe invert elevations): 
±0.10 feet 

4. Horizontal orientation (rotation) of any structure or 

manhole or any pipe penetration face: 
±2.0 degrees 

D. Under no circumstances should installation of sewer pipes, structures, and manholes to the 

tolerances specified herein results in a reverse grade.  Any pipe, structures, and manholes 

outside of these tolerances or at an inverse grade shall be removed and replaced with correct 

work.  Materials may be reinstalled only as approved in writing by the Engineer.  Otherwise, 

removed pipe and manholes shall be removed from the site and replaced at no additional cost to 

the Owner. 

E. All PVC gravity sewer pipe shall be laid in strict accordance with ASTM 2321, and only 

crushed stone bedding as described elsewhere in these specifications shall be used  

F. All HDPE Force mains shall be installed in accordance with the requirements of ASTM D2321.  

Class IV and Class V materials shall not be used in the pipe zone. 

G. All ductile iron pipe and fittings shall be installed in conformance with AWWA C600. 

H. A laser beam device shall be used to ensure correct horizontal and vertical alignment for all 

gravity sewer pipe.  The laser beam shall be of a type approved by the Engineer.  Each laser 

beam shall be calibrated at the factory before being used for this work.  At 30 day intervals, 

each laser beam device shall be field checked and recalibrated if necessary by the manufacturer 

and a certificate authenticating its accuracy provided to the Engineer. 
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I. Before the pipe is placed in position, the bottom of the trench shall be uniformly graded and 

bedding stone placed so that the pipe will have a bearing for its full length.  As each section of 

pipe is set in place a small excavation shall be made to provide a place for the bell. 

J. All sewer pipe shall be laid upgrade with the spigots pointing downgrade. The pipe and specials 

shall be so laid in the trench that after the sewer is completed the interior surface shall conform 

on the bottom accurately to the grades and alignment fixed or given by the Engineer.  

K. All pipe shall be carefully examined for cracks or other defects, and no pipe shall be laid which 

is found defective. If any pipe is found to be defective after being laid, it shall be removed and 

replaced with sound pipe without further charge. 

L. The interior of the pipe shall be carefully freed of all dirt and superfluous material of every 

description as the work proceeds.  

M. No pipe shall be laid on blocking of any kind except by express permission of the Engineer, and 

then only at manholes or other structures where temporary blocking may facilitate installation 

of the pipe. After installation of the pipe, such blocking shall be carefully removed, and all 

voids left by the blocking shall be filled with selected materials and tamped.  

N. The bell of each joint shall be wiped clean before the gasket is inserted in it and the gasket 

covered with lubricant meeting the requirements of AWWA C111 before the pipe sections are 

jointed together. 

1. No joints shall be made where surfaces of pipe and bell to be joined have been soiled by 

earth in handling until such soiled surfaces are so thoroughly cleaned by brushing and 

wiping that all traces of the earth are removed.  

2. The surfaces of pipe to be joined, as well as the gaskets, shall be cleaned and lubricated. 

Whatever lubricating agent is used, it shall not be injurious or detrimental to the gasket.  

O. After each joint is installed, the gasket shall be checked for proper position prior to installation 

of the succeeding length of pipe.  

P. Where pipe laying is suspended at the lunch hour, at night, during inclement weather or at any 

other time, the open end of the pipe line shall be provided with a tight-fitting plug-in order to 

prevent the entrance of dirt, mud and animals. 

Q. The Contractor shall be responsible for removing and cleaning any foreign debris that enters the 

sewer system. 

R. Wye-branches shall be installed in the line opposite every house, and in other locations if so 

directed by the Engineer. Any omission of these appurtenances shall be corrected by the 

Contractor without additional cost to the Owner. The Contractor shall maintain a complete and 

accurate record showing the location of each wye-branch installed. The locations will be given 

as a distance upgrade from each manhole. The written record may be kept on the cut sheet 

provided by the Engineer and shall be given to him on completion of each line.  The record 

shall state whether the wye-branch is facing right or left when looking up grade and if riser pipe 

is installed, the amount shall be recorded. In each instance the Contractor will make every effort 

to install the wye-branch at the location requested by the property owner. 
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S. Backfill trench as shown on the Drawings and in accordance with Section 31 23 16.13 of these 

specifications. 

1. Unless otherwise shown on the Drawings, ductile iron pipe shall be installed in a Type 4 

standard laying condition per AWWA C151. 

T. All disturbed areas along the pipeline shall be grassed as soon as possible after backfilling 

operations have been completed. 

1. The maximum length of area disturbed before soil stabilization techniques will be 

required shall be 500 feet.   

2. Seeding and Restorations shall be per Section 32 92 19 of these specifications. 

3.5 OBSTRUCTIONS 

A. Each building, wall, fence, pole, bridge, railroad, driveway or other property or improvement 

encountered is to be carefully protected from all injury, and in the event that any of the 

foregoing are damaged or removed during the progress of the work the same shall be repaired or 

replaced within a reasonable time, and before final acceptance of the work shall be returned to 

as good condition as before the work started.  Special care must be exercised in trenching under 

or near railroads in order to avoid or minimize delays and the danger of injury resulting 

therefrom, and the Contractor must use care in all phases of the construction work, for he will 

be held liable for damages caused by carelessness. 

B. In excavating, backfilling and laying pipe care must be taken not to remove, disturb or injure 

any water or sewer pipes or other conduits or structures.  If necessary, the Contractor, at his own 

expense, shall sling, shore up and maintain such structures in operation, and within a reasonable 

time shall repair any damage done to them.  Before final acceptance of the work, he shall return 

all such structures to as good condition as before the work started. 

C. Unless otherwise specifically addressed on the drawings, sewers shall be laid at least ten (10) 

feet horizontally from any existing or proposed potable water main. The distance shall be 

measured edge to edge. 

D. Sewers crossing potable water mains shall be laid to provide a minimum vertical separation of 

eighteen (18) inches between the outside of the potable water main and the outside of the sewer. 

This shall be the case where the potable water main is either above or below the sewer. 

Whenever possible, the potable water main shall be located above the sewer main. Where a new 

sewer line crosses a new potable water main, a full length of pipe shall be used for both the 

sewer line and potable water main and the crossing shall be arranged so that the joints of each 

line shall be as far as possible from the point of crossing and each other. Where a potable water 

main crosses under a sewer, adequate structural support shall be provided for the sewer line to 

prevent damage to the potable water main while maintaining line and grade. 

E. When necessary, the Contractor shall give sufficient notice to the interested utility of his 

intention to remove or disturb any pipes, conduits, etc., and shall abide by their regulations 

governing such work.  In the event that any subsurface structure becomes broken or damaged in 

the prosecution of the work, the Contractor shall immediately notify the proper authorities, and 

shall be responsible for all damage to persons or property caused by such breaks.  Failure of the 
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Contractor to promptly notify the affected authorities shall make him liable for any needless 

loss or for interference with the normal operation of the utility. 

F. When pipes or conduits providing service to adjoining buildings are broken during the progress 

of the work, the Contractor shall repair them at once at his own expense, or if required by the 

utility involved, shall pay the utility the proper charges for having such repairs made by the 

utility's own forces.  Delays, such as would result in buildings being without service overnight 

or for a needlessly long period during the day, will not be tolerated, and the Owner reserves the 

right to make repairs at the Contractor's expense without prior notice.  Should it become 

necessary to move the position of a pipe, conduit or structure it will be done by the Contractor 

in strict accordance with the instructions given by the Engineer or utility involved. 

G. The Contractor shall notify all utilities involved of his intention to excavate in the locations 

specified and request that any underground utilities be located in advance of the construction 

work.  Where ordered by the Engineer, the Contractor shall uncover subsurface obstructions in 

advance of construction so that the method of avoiding them may be determined before pipe 

laying reaches the obstruction. 

3.6 CONNECTIONS TO EXISTING SANITARY SEWERS OR MANHOLES 

A. Connections to gravity sewers shall be made by core drilling a hole (no sledge hammer) in the 

wall of the existing structure of the proper size to insert the required rubber boot, and a length of 

sewer pipe into the hole, filling around pipe and boot with non-shrink vinyl-based grout or 

water plug, and troweling the inside and outside surfaces of the joint to a smooth finish. The 

bottom of the manhole shall be rebuilt and formed as necessary to fit the invert of the sewer as 

shown on the drawings for new manholes. High-early strength cement mortar mixed with an 

approved non-shrink epoxy grout shall be used to minimize interruptions in sewer service. The 

Contractor shall perform any work needed to temporarily block or divert waste flows to 

complete the connection without spillage of the waste.  

B. All existing connections to shall be tightly plugged and blocked to prevent the entrance of 

construction debris (cement, rocks, mud, silt, flushing water, etc.). The discharge of these 

materials to the Sanitary Sewer System during construction is prohibited. It is the Contractor’s 

responsibility to secure and plug the system during the construction period to prevent entrance 

of unexpected rainwater, mud, and silt. 

3.7 PIPELINES UNDER PAVEMENT 

A. Where sewers are to be laid under pavement, and the installation of casing pipe or the use of 

cast iron pipe inserted in a bored hole is not required or specified, the Contractor will be 

permitted to cut and replace this pavement.  In the event that subsurface operations result in 

injury or damage to the pavement, the necessary repairs shall be made by the Contractor at no 

additional cost to the Owner.  In the event of the pavement on either side of the pipe line 

cracking or otherwise becoming disturbed or broken due to Contractor's operations, he shall 

repair or replace same at his own expense and without additional compensation. 

B. In the event of the State Highway Department requiring a bond or certified check to guarantee 

the replacement of highway paving, the Contractor shall furnish this security at his own 

expense. 
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C. Where pipelines are to be laid underneath paved sidewalks, the Contractor will be required to 

install them by; means of tunneling, and where it becomes necessary to cut and replace the 

sidewalk it shall be replaced as soon as practicable after the trench has been backfilled and 

tamped.  The replaced surface shall be 12 inches wider than the width of the trench; the excess 

width being equally distributed on both sides. 

D. The Contractor will receive no additional compensation for laying sewers under pavement 

unless this item of work is set up as a separate item in the Proposal. 

3.8 TRAFFIC CONTROL 

A. It shall be the responsibility of the Contractor for all traffic control along any portion of the job. 

Where required, all necessary flagmen, traffic cones and traffic control plans shall be in place 

on both County roads and State highways to meet road department specifications. 

B. Traffic control plan shall be in conformance with the Manual on Uniform Traffic Control 

Devices. In the event actual physical conditions warrant additional traffic control devices, they 

shall be installed in conformance with the M.U.T.C.D. as directed by the Georgia Department 

of Transportation District Engineer. 

C. It should be noted that work for this project takes place along a very busy section of four-lane 

highway. The contractor shall be familiar with the project area prior to bid and implement an 

effective traffic control plan in accordance with the M.U.T.C.D.  

3.9 FIELD QUALITY CONTROL 

A. Test Pipe per Section 33 01 30.13 

B. Compaction Testing per Section 31 23 16.13 

C. As each section of the work is completed it shall be thoroughly cleaned and all excess mortar, 

earth, brick or other foreign matter removed.  Before acceptance of the work the system as a 

whole shall be cleaned and inspected and a full circle of light shall show in all sewer between 

manholes. 

D. The Contractor will be responsible for supplying the Engineer with accurate record drawings 

per Section 01 78 39 at the conclusion of the project. The Contractor will be responsible for 

keeping “asbuilt” drawings current throughout the duration of the project. Pay requests will not 

be approved unless “asbuilt” drawings are accurate and are kept current with the work that has 

been performed.  

E. Final CCTV Inspection: The Contractor shall perform a detailed closed-circuit television 

inspection in accordance with ASTM standards, in the presence of the Owner after installation 

of all new sewer pipes. A digital copy of the final inspection shall be provided to the owner and 

to the engineer. All costs associated with the final CCTV Inspection shall be included in the 

price bid for pipe.  
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3.10 PROTECTION 

A. Protect pipe and aggregate cover from damage or displacement until backfilling operation is in 

progress.  

B. Wherever possible, topsoil shall be removed from all areas to be disturbed by construction, and 

stockpiled.  Land exposure shall be minimized in terms of area and time.  All exposed areas 

subject to erosion shall be covered as quickly as possible by the grassing and seeding specified 

elsewhere or by mulching or vegetation.  Natural vegetation shall be retained whenever 

possible. 

C. Reasonable care shall be taken during construction to avoid damage to vegetation.  Ornamental 

shrubbery and tree branches shall be temporarily tied back, where appropriate, to minimize 

damage.  Trees which receive damage to branches shall be trimmed of those branches to 

improve the appearance of the tree.  Tree trunks receiving damage from equipment shall be 

treated with a tree dressing. 

END OF SECTION 33 31 00 
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SECTION 400519 - DUCTILE IRON PROCESS PIPE 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Section Includes: 

1. Ductile-iron pipe and fittings. 

2. Accessories. 

B. Conform to the requirements of Section 400513 – Common Requirements for Process Piping 

C. Related Requirements: 

1. Section 099113 – Exterior Painting 

2. Section 331116 - Site Water Utility Distribution Piping 

3. Division 40 – Process Integration 

1.2 REFERENCE STANDARDS 

A. American Water Works Association: 

1. AWWA C104/A21.4 - Cement-Mortar Lining for Ductile-Iron Pipe and Fittings. 

2. AWWA C105/A21.5 - Polyethylene Encasement for Ductile-Iron Pipe Systems. 

3. AWWA C110/A21.10 - Ductile-Iron and Gray-Iron Fittings. 

4. AWWA C111/A21.11 - Rubber-Gasket Joints for Ductile-Iron Pressure Pipe and Fittings. 

5. AWWA C150/A21.50 - Thickness Design of Ductile-Iron Pipe. 

6. AWWA C151/A21.51 - Ductile-Iron Pipe, Centrifugally Cast. 

7. AWWA C153/A21.53 - Ductile-Iron Compact Fittings. 

8. AWWA C600 - Installation of Ductile-Iron Water Mains and Their Appurtenances. 

B. ASME International: 

1. ASME B16.1 - Gray Iron Pipe Flanges and Flanged Fittings: Classes 25, 125, and 250. 

2. ASME B31.3 - Process Piping. 

C. ASTM International: 

1. ASTM A48/A48M - Standard Specification for Gray Iron Castings. 

D. SSPC - The Society for Protective Coatings: 

1. SSPC SP 6/NACE No. 3 - Commercial Blast Cleaning. 
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PART 2 - PRODUCTS 

2.1 DUCTILE-IRON PIPE AND FITTINGS 

A. Manufacturers: 

1. US Pipe. 

2. American. 

3. Or Approved Equal. 

B. Piping: 

1. Comply with AWWA C151. 

2. Diameter and Class: As indicated below: 

 

Pipe Size (in) Pressure Class 

12” and Smaller 350 

14” – 24” 250 

30” and Larger 150 

 

C. Joints: 

1. Pressure Rating: Same as that of connected piping. 

2. Mechanical: 

a. Comply with AWWA C110 and AWWA C111. 

b. Glands: Ductile iron with asphaltic coating. 

c. Use Tee-head or non-hex head bolts and head head nuts for joint makeup and 

gasket seating.  Bolts & Nuts shall be carbon steel coated with corrosion inhibiting 

fluoropolymer composite material. 

d. Mechanical joint fittings hall be furnished with sufficient quantities of accessories 

as required for each joint. 

e. All mechanical joints shall be restrained. 

3. Push On: Comply with AWWA C111. 

4. Flanged: Comply with AWWA C115 with gaskets and bolts conforming to AWWA 

C115, Appendix A. 

5. Gaskets for mechanical and push-on type joints shall conform to ANSI A21.11 and 

AWWA C111, Gaskets shall be SBR, neoprene, or EPDM.   

6. Gaskets for flange joints shall conform to ANSI A21.15 and AWWA C115.  Gaskets 

shall be neoprene or EPDM.  

7. Gaskets for joints above 250 psi shall be Toruseal gaskets as manufactured by American 

specially designed for a working pressure of 350 psi. 

 

D. Fittings: 

1. Comply with AWWA C153, ductile iron. 
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2. Pressure Rating, Pipes 12 Inches and Smaller: 250 psig. 

 

E. Specials: 

1. Comply with AWWA C110, C111, C115, C153 

2.2 FINISHES 

A. Interior Coating 

1. Cement-mortar lining, AWWA C104; standard thickness.  

2. Glass-lined SR-14 or equal for grit and scum piping. 

3. Ceramic epoxy for gravity and pumped raw wastewater. 

4. Ductile Iron Pipe and Fittings used for air service shall be unlined pipe 

B. Outside Coating: 

1. Buried: Asphaltic; 1-mil thick, minimum, in accordance with AWWA C151 / ANSO 

A21.51. 

2. Exposed: As specified in Section 099113 – Exterior Painting. 

2.3 ACCESSORIES 

A. Jackets: 

1. AWWA C105, polyethylene jacket. 

2. All buried ductile iron pipe shall receive polyethylene jacketing. 

B. Dielectric Fittings: Provide between dissimilar metals. 

C. Pipe Identification Labels 

1. Identification for Process Piping: As specified in Section 400553 - Identification for 

Process Piping. 

PART 3 - EXECUTION 

3.1 EXAMINATION 

A. As specified in Section 400513 – Common Requirements for Process Piping 

3.2 INSTALLATION 

A. Buried Service: Install pipe as specified in: 

1. Section 331116 - Site Water Utility Distribution Piping. 

2. Section 400513 – Common Requirements for Process Piping. 

3. AWWA C600 – Installation of Ductile Iron Water Mains and their Appurtenances. 
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B. Exposed Service: Install pipe as specified in: 

1. Section 400513 – Common Requirements for Process Piping. 

2. Install according to ASME B31.3. 

3. Fittings: 

a. Clean gasket seats thoroughly and wipe gaskets clean prior to installation. 

b. Install fittings according to manufacturer instructions. 

c. Tighten bolts progressively, drawing up bolts on opposite sides until bolts are 

uniformly tight; use torque wrench to tighten bolts to manufacturer 

recommendations. 

4. Provide required upstream and downstream clearances from devices as indicated. 

C. Tap ductile-iron piping only with service saddle, tapping boss of a fitting or valve body, or 

equipment casting. 

D. At times when pipe laying is not in progress, the open ends of the pipe shall be closed by a 

watertight plug or other means acceptable to the Engineer. 

E. The cutting of pipe for inserting valves, fittings, or closure pieces shall be done in a neat and 

workmanlike manner without damage to the pipe or lining so as to leave a smooth end at right 

angles to the axis of the pipe. 

F. Where pipe is laid on a grade of ten (10) percent or greater, the laying shall start at the bottom 

and shall proceed upward with the bell ends of the pipe upgrade. 

3.3 JOINING OF PIPE 

A. Flanged Joints 

1. Flanges conforming to AWWA C110 can be joined with Class 125 B16.1 flanges shown 

in ANSI B16.1 but not with Class 250 B16.1 flanges. 

2. Flange joints should be fitted so that the contact faces bear uniformly on the gasket.  The 

joint should be made with relatively uniform bolt stress. 

3. Flanged joints shall be bolted together according AWWA C207 and related 

specifications. 

B. Push-On Joint 

1. Push-on joints shall be made in strict accordance with the manufacturer’s instructions.  

Pipe shall be laid with bell ends upstream. 

2. Pipe 8 inches in diameter and larger shall be socketed by fork tools or jacks. 

3. Pipe cutting shall be done by machine, leaving a smooth cut at right angles to the axis of 

the pipe.  The spigot ends of field cut pipe shall be tapered back 1/8 inch at an angle of 

about 30 degrees to the barrel of the pipe with a coarse file or portable grinder.  All sharp 

or rough edges that may injure the rubber gasket shall be removed in this operation. 

4. Whenever it is desirable to deflect push-on joint pie, the amount of deflection shall not 

exceed the maximum limits according to Table 4 in AWWA C600. 
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C. Mechanical Joints: 

1. Mechanical joints shall be in accordance with AWWA C600 and the manufacturer’s 

instructions. 

2. Bell ends shall be laid upstream for gravity flow pipe. 

3. Bolts shall be tightened to the specified torque.  Under no condition shall extension 

wrenches or pipe over handle of ordinary ratchet wrench be used to obtain greater 

leverage. 

4. Final tightening of bolts shall be with a torque wrench to insure equal tension in all bolts. 

5. Bolts shall not be over-stressed to compensate for poor assembly. 

D. Restrained Joints: 

1. Mechanical restrained joint glands shall be EBAA Ironworks Megalug Series 1100, as 

manufactured by EBAA Iron, or Engineer approved alternate. 

2. Integral bell restrained joint pipe shall be ACIPCO “FLEX-RING” or U.S. Pipe “TR-

FLEX” for piping larger than 36-inches. 

3. Integral bell restrained joint pipe shall be ACIPCO “Fast-Grip” or U.S. Pipe “Field-Lok 

Gasket”. 

3.4 PLACEMENT OF FITTINGS 

1. Pipeline fittings, plugs, and caps shall be furnished and installed of the type indicated and 

at the location shown on the Drawings or as directed by the Engineer.  It shall be the 

responsibility of the Contractor to furnish and install all proper size pipe bends for both 

horizontal and vertical deflections that are required to construct the pipeline to the line 

and grade as shown on the construction drawings or as set by the Engineer. 

3.5 POLYETHYLENE ENCASEMENT 

A. The Contractor shall use Method A of ANSI/AWWA A21.5/C105 to install polyethylene 

encasement. 

3.6 FIELD QUALITY CONTROL 

A. Section 014000 - Quality Requirements: Requirements for inspecting and testing. 

B. Test Pipe (other than air lines) per Section 400513 – Common Requirements for Process Piping. 

 

C. Pressure Testing - Air 

1. All pressure pipelines conveying process air, flume air or primary air shall be tested by 

the CONTRACTOR in a manner satisfactory to and witnessed by the ENGINEER. 

2. The section under test shall be isolated by airtight plugs or valves from the air blowers 

and the diffuser headers which shall be tested separately. 

3. The pressure and leakage test shall first consist of filling the test section with compressed 

air to a pressure of 12 psig.  The air inlet point shall be sealed and with no further 

introduction of air, the pipeline shall maintain a pressure of 12 psig for one hour.  A 
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pressure gage supplied by the CONTRACTOR and scaled to twice the test pressure shall 

be used to indicate the pressure. 

4. If the pipeline fails the above test, the CONTRACTOR shall locate and correct all leaks 

and retest the pipe section until it satisfactorily passes the test. 

3.7 DISINFECTION OF POTABLE WATERLINES 

A. Following the testing procedure and after all corrections and adjustments have been made, all 

potable waterlines, both hot and cold water systems, shall be disinfected in strict accordance 

with the following procedure: 

1. Water shall be introduced with a chlorine concentration of at least 50 mg/L.  Chlorine 

shall be added with either a solution feed chlorinator or a hypochlorite feeder.  Chlorine 

application shall continue until the system is filled with the chlorine solution. 

2. The chlorinated water shall remain in the system for a minimum of 24 hr while all valves 

along the system are operated to insure their disinfection.  Following the 24 hr period, a 

residual chlorine test shall be conducted on a fresh sample taken at a point farthest from 

the point the solution was introduced.  If less than 25 mg/L of chlorine is indicated, the 

system shall be drained and the disinfection procedure repeated. 

3. After a chlorine residual of at least 25 mg/L is obtained, the system shall be flushed until 

the chlorine concentration is equal to or less than 1 mg/L. 

4. Disinfection shall conform to ANSI/AWWA C-651, latest revision.  The ENGINEER 

and OWNER shall be notified 48 hours in advance of the disinfection procedure.  Also, 

the flushed solution shall be disposed of as directed by the ENGINEER and OWNER. 

 

END OF SECTION 400519 
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SECTION 400531 - THERMOPLASTIC PROCESS PIPE 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Section Includes: 

1. PVC pipe, tube, and fittings. 

2. Chlorinated polyvinyl chloride (CPVC) pipe and fittings. 

3. Acrylonitrile-butadiene-styrene (ABS) pipe and fittings. 

4. High Density Polyethylene (HDPE) pipe, tube, and fittings. 

5. Accessories for plastic piping and fittings. 

 

B. Related Requirements: 

1. Section 331116 - Site Water Utility Distribution Piping: Pipe laying requirements and 

tolerances, excavation, backfill, and thrust restraints. 

2. Section 400513 - Common Work Results for Process Piping: Piping components, 

appurtenances, and identification requirements common to process piping systems. 

3. Section 400523 - Common Work Results for Process Valves: Common product 

requirements for valves for placement by this Section. 

4. Section 400507 - Hangers and Supports for Process Piping and Equipment: Hangers, 

anchors, sleeves, and sealing of piping to adjacent structures. 

1.2 REFERENCE STANDARDS 

A. American Society of Mechanical Engineers: 

1. ASME B1.1 - Unified Inch Screw Threads (UN and UNR Thread Form). 

2. ASME B1.20.1 - Pipe Threads, General Purpose (Inch). 

3. ASME B16.1 - Cast Iron Pipe Flanges and Flanged Fittings, Class 25, 125, 250 and 800 

4. ASME B16.5 - Pipe Flanges and Flanged Fittings, Steel Nickel Alloy and Other Special 

Alloys. 

5. ASME B16.20 - Metallic Gaskets for Pipe Flanges. 

6. ASME B16.21 - Nonmetallic Flat Gaskets for Pipe Flanges. 

7. ASME B31.3 - Process Piping Guide. 

B. ASTM International: 

1. ASTM A193 - Standard Specification for Alloy-Steel and Stainless Steel Bolting for 

High Temperature or High Pressure Service and Other Special Purpose Applications. 

2. ASTM A194 - Standard Specification for Carbon and Alloy Steel Nuts for Bolts for High 

Pressure or High Temperature Service, or Both. 

3. ASTM D1527 - Standard Specification for Acrylonitrile-Butadiene-Styrene (ABS) 

Plastic Pipe, Schedules 40 and 80. 
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4. ASTM D1784 - Standard Specification for Rigid Poly(Vinyl Chloride) (PVC) 

Compounds and Chlorinated Poly(Vinyl Chloride) (CPVC) Compounds. 

5. ASTM D1785 - Standard Specification for Poly(Vinyl Chloride) (PVC) Plastic Pipe, 

Schedules 40, 80, and 120. 

6. ASTM D2235 - Standard Specification for Solvent Cement for Acrylonitrile-Butadiene-

Styrene (ABS) Plastic Pipe and Fittings. 

7. ASTM D2241 - Standard Specification for Poly(Vinyl Chloride) (PVC) Pressure-Rated 

Pipe (SDR Series). 

8. ASTM D2321 – Standard Practice for Underground installation of Thermoplastic Pipe 

for Sewers and Other Gravity-Flow Applications. 

9. ASTM D2464 - Standard Specification for Threaded Poly(Vinyl Chloride) (PVC) Plastic 

Pipe Fittings, Schedule 80. 

10. ASTM D2466 - Standard Specification for Poly(Vinyl Chloride) (PVC) Plastic Pipe 

Fittings, Schedule 40. 

11. ASTM D2467 - Standard Specification for Poly(Vinyl Chloride) (PVC) Plastic Pipe 

Fittings, Schedule 80. 

12. ASTM D2564 - Standard Specification for Solvent Cements for Poly(Vinyl Chloride) 

(PVC) Plastic Piping Systems. 

13. ASTM D2609 - Standard Specification for Plastic Insert Fittings for Polyethylene (PE) 

Plastic Pipe. 

14. ASTM D2657 - Standard Practice for Heat Fusion Joining of Polyolefin Pipe and 

Fittings. 

15. ASTM D2737 - Standard Specification for Polyethylene (PE) Plastic Tubing. 

16. ASTM D2837 - Standard Test Method for Obtaining Hydrostatic Design Basis for 

Thermoplastic Pipe Materials or Pressure Design Basis for Thermoplastic Pipe Products. 

17. ASTM D2855 - Standard Practice for Making Solvent-Cemented Joints with Poly(Vinyl 

Chloride) (PVC) Pipe and Fittings. 

18. ASTM D3035 - Standard Specification for Polyethylene (PE) Plastic Pipe (DR-PR) 

Based on Controlled Outside Diameter. 

19. ASTM D3139 - Standard Specification for Joints for Plastic Pressure Pipes Using 

Flexible Elastomeric Seals. 

20. ASTM D3222 - Standard Specification for Unmodified Poly(Vinylidene Fluoride) 

(PVDF) Molding Extrusion and Coating Materials. 

21. ASTM D3261 – Standard Specification for Butt Heat Fusion Polyethylene (PE) Plastic 

Fittings for Polyethylene (PE) Plastic Pipe and Tubing. 

22. ASTM D3350 - Standard Specification for Polyethylene Plastics Pipe and Fittings 

Materials. 

23. ASTM D3892 - Standard Practice for Packaging/Packing of Plastics. 

24. ASTM F437 - Standard Specification for Threaded Chlorinated Poly(Vinyl Chloride) 

(CPVC) Plastic Pipe Fittings, Schedule 80. 

25. ASTM F438 - Standard Specification for Socket-Type Chlorinated Poly(Vinyl Chloride) 

(CPVC) Plastic Pipe Fittings, Schedule 40 

26. ASTM F439 - Standard Specification for Chlorinated Poly (Vinyl Chloride) (CPVC) 

Plastic Pipe Fittings, Schedule 80. 

27. ASTM F441 - Standard Specification for Chlorinated Poly(Vinyl Chloride) (CPVC) 

Plastic Pipe, Schedules 40 and 80. 

28. ASTM F442 - Standard Specification for Chlorinated Poly(Vinyl Chloride) (CPVC) 

Plastic Pipe (SDR-PR). 

29. ASTM F477 - Standard Specification for Elastomeric Seals (Gaskets) for Joining Plastic 

Pipe. 
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30. ASTM F493 - Standard Specification for Solvent Cements for Chlorinated Poly(Vinyl 

Chloride) (CPVC) Plastic Pipe and Fittings. 

31. ASTM F656 - Standard Specification for Primers for Use in Solvent Cement Joints of 

Poly(Vinyl Chloride) (PVC) Plastic Pipe and Fittings. 

32. ASTM F714 - Standard Specification for Polyethylene (PE) Plastic Pipe (DR-PR) Based 

on Outside Diameter. 

33. ASTM F876 - Standard Specification for Crosslinked Polyethylene (PEX) Tubing. 

34. ASTM F1055 - Standard Specification for Electrofusion Type Polyethylene Fittings for 

Outside Diameter Controlled Polyethylene and Crosslinked Polyethylene (PEX) Pipe and 

Tubing. 

35. ASTM F1290 - Standard Practice for Electrofusion Joining Polyolefin Pipe and Fittings. 

36. ASTM F2620 – Standard Practice for Heat Fusion Joining of Polyethylene Pipe and 

Fittings. 

C. American Water Works Association: 

1. AWWA C900 - Polyvinyl Chloride (PVC) Pressure Pipe and Fabricated Fittings, 4 In. 

Through 12 In. (100 mm Through 300 mm), for Water Transmission and Distribution. 

2. AWWA C901 - Polyethylene (PE) Pressure Pipe and Tubing, 1/2 In. (13 mm) Through 3 

In. (76 mm), for Water Service. 

3. AWWA C905 – Polyvinyl Chloride (PVC) Pressure Pipe and Fabricated Fittings, 14 In. 

Through 48 In. 

4. AWWA C906 - Polyethylene (PE) Pressure Pipe and Fittings, 4 In. (100 mm) Through 

63 In. (1,600 mm), for Water Distribution and Transmission. 

D. NSF 

1. NSF / ANSI 14 – Plastic Piping and Components and Related Materials 

2. NSF/ANSI 61 – Drinking Water System Components – Health Effects. 

E. PVC Pipe Association 

1. UNI-B-06-Recommended Low-Pressure Air Testing of Installed Sewer Pipe. 

1.3 AMBIENT CONDITIONS 

A. Section 015000 - Temporary Facilities and Controls: Requirements for ambient condition 

control facilities for product storage and installation. 

B. Temperature: Do not install pipe when temperature is below 40 degrees F (4.4 degrees C) or 

above 90 degrees F (32.2 degrees C) if pipe is exposed to direct sunlight. 

C. Ultraviolet (UV) Protection: Provide pipe installed above ground or outside with UV protection. 
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PART 2 - PRODUCTS 

2.1 PVC PIPE, TUBE, AND FITTINGS 

A. Manufacturers: 

1. Eslon Thermoplastics; Charlotte, NC 

2. R&G Sloane, Sun Valley, CA 

3. Harvel Plastics, Easton, PA 

4. LCP Chemicals & Plastics, Colfax, NC 

5. Bristol Corp., Bristol, IN. 

6. Or Approved Equal. 

B. PVC Pipe and Fittings (for non-potable service): 

1. PVC Pipe shall be ASTM D2241, SDR-21 for pressure service and SDR-26 for gravity 

service, calculated according to ASTM D2837. 

2. Fittings: ASTM D2466, Schedule 40 for gravity service and ASTM D2467, Schedule 80 

for pressure service. 

3. Joints:  

a. Above ground service will be solvent-welded per ASTM D2855 or threaded or 

flanged if later removal is required. 

b. Below ground service will be gasketed joint per ASTM D-3139, and the gasket 

shall be per ASTM F477. 

c. Below ground service for 1.5 inch diameter and smaller shall be solvent-welded 

per ASTM D2855. 

4. Materials: ASTM D1784, minimum cell classification 12545-C. 

C. PVC Pipe and Fittings (for potable water service) 

1. Pipe: AWWA C900 / AWWA C905, Class 235. 

2. Fittings: AWWA C111, cast iron. 

3. Joints: ASTM D3139, compression gasket ring. 

4. Materials: ASTM D1784, minimum cell classification 12454-C per ASTM D1784. 

D. PVC Tube and Fittings: 

1. Tube: 

a. Clear. 

b. Size and Wall Thickness: As indicated on Drawings or piping schedule. 

c. Pressure Rating: As indicated on Drawings or piping schedule. 

2. Fittings: Compression type; materials suitable for application. 

3. Threads: Straight; ASME B1.1. 

E. Pipe shall be colored based on applications as follows: 

1. Purple – Reclaimed Water 

2. Green – Sanitary Sewer Force Main and Gravity Lines 

3. White – Non-potable Water 
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4. Blue – Potable Water 

2.2 CPVC PIPE AND FITTINGS 

A. Manufacturers: 

1. Eslon Thermoplastics; Charlotte, NC 

2. R&G Sloane, Sun Valley, CA 

3. Harvel Plastics, Easton, PA 

4. LCP Chemicals & Plastics, Colfax, NC 

5. Bristol Corp., Bristol, IN. 

6. Or Approved Equal. 

B. CPVC Pipe and Fittings: 

1. Pipe: ASTM F442, SDR 13.5 minimum. 

2. Fittings: 

a. Flanged: ASME B16.1, ASME B16.5, Class 125. 

b. Socket Welded: ASTM F439, Schedule 80. 

c. Threaded: ASTM F437, Schedule 80; ASME B1.20.1. 

3. Joints:  Flanged for above ground service, Push-on for below ground service; threaded or 

flanged if later removal is required. 

4. Materials: ASTM D1784, minimum cell classification 23447. 

2.3 ABS PIPE AND FITTINGS 

A. Manufacturers: 

1. Mueller Industries 

2. NIBCO Inc. 

3. Or Approved Equal. 

B. ABS Pipe and Fittings: 

1. Pipe: ASTM D1527, Schedule 40 for up to 4” and Schedule 80 for diameters greater than 

4”. 

2. Fittings: 

a. ASTM D2661; molded; solvent cemented. 

b. Flanged Fittings: ASME B16.1, ASME B16.5, Class 125. 

c. Threaded Fittings: ASME B1.1. 

3. Joints: Solvent welded; flanged if later removal is required. 

4. Materials: ASTM D3965, minimum cell classification 42222. 
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2.4 PE PIPE, TUBE, AND FITTINGS 

A. Manufacturers: 

1. Performance Pipe 

2. United States Plastic Corporation 

3. Or Approved Equal. 

B. Polyethylene Pipe and Fittings (for non-potable service): 

1. Pipe: ASTM D2447, SDR 9, calculated according to ASTM D3035. 

 

2. Fittings: Molded; ASTM D3261, butt welded or ASTM D2683, F1056, socket welded. 

3. Joints: Socket heat fusion or Butt fusion; threaded or flanged if later removal is required. 

4. Materials: ASTM D3350, manufactured from virgin resins with minimum cell 

classification 324433-C. No recycled compound shall be used except that generated in 

the manufacturer's own plant from resin of the same specification from the same raw 

material supplier. 

C. Polyethylene Pipe and Fittings (for Potable Water Service): 

1. Pipe: AWWA C901 /AWWA C906, DR 13.5 for 160 psig pressure rating. 

2. Fittings: AWWA C901, AWWA C906, molded or fabricated. 

3. Joints: Butt fusion; threaded or flanged if later removal is required. 

4. Materials: ASTM D3350, minimum cell classification 324433-C. 

D. Polyethylene Tube and Fittings: 

1. Tube: 

a. AWWA C901. 

b. Size and Wall Thickness: ASTM D2737 or; as indicated on piping schedule. 

c. Pressure Rating: As indicated on Drawings or piping schedule. 

2. Fittings: Compression type; materials suitable for application. 

3. Threads: Straight; ASME B1.1. 

2.5 HDPE PIPE, AND FITTINGS 

A. Manufacturers: 

1. ISCO. 

2. JM Eagle. 

3. Or Approved Equal. 

B. HDPE Pipe and Fittings: 

1. Pipe: ASTM F714 or ASTM D3035.  DR as shown on the Drawings. 

2. Fittings: ASTM D3261, butt welded and fully pressure rated for the same service 

condition as the pipe. 



CAREY STATION URBAN WATER REUSE FACILITY CAREY STATION WRF, LLC  

0.5 MGD TO 1.5 MGD EXPANSION                                                         GREENE COUNTY, GA 

 

 
GOODWYN MILLS CAWOOD, LLC THERMOPLASTIC PROCESS PIPE 

GMC PROJECT NO. CAUG250007 40 05 31 - 7 of 10 

3. Joints: Butt fusion per ASTM F2620; threaded or flanged if later removal is required. 

4. Materials: ASTM D3350, manufactured from virgin resins PE4710 cell classification 

PC445474C.  

5. All HDPE pipe and fittings for potable water service shall be of nominal DIPS (ductile 

iron pipe size) outside diameter per AWWA C900/C905.  The nominal size and DR shall 

be as shown on the Drawings. 

2.6 ACCESSORIES 

A. Flange Bolting: Stainless steel, ASTM A193 Grade 8B hex head bolts and ASTM A194 Grade 

8 hex head nuts. 

B. Flange Gaskets: Full faced, ethylene propylene diene monomer (EPDM), according to ASME 

B16.21. 

C. Push-On Joint Seals: Neoprene rubber gasket, according to ASTM D2241. Manufacturer shall 

certify that gasket material, solvent cement, and primer are resistant to the chemical being 

conveyed, where applicable. 

D. Solvent Cement:  

1. PVC Piping: ASTM D2564. 

2. CPVC Piping: ASTM F493. 

3. ABS Piping: ASTM D2235 

E. Insert Fittings for PE Piping: ASTM D2609. 

F. Couplings for PE Piping: ASTM F1055. 

G. Tracer Wire: #12 AWG copper clad steel insulated wire, insulation color per pipe service. 

H. Detectible Underground Marking Tape: underground marking tape shall be a minimum 3” 

width, detectable marking tape, with a minimum 5.0 mil overall thickness. Tape shall be 

manufactured using a 0.8 mil clear virgin polypropylene film, reverse printed and laminated to a 

0.35 mil solid aluminum foil core, and then laminated to a 3.75 mil clear virgin polyethylene 

film. Tape shall be printed using a diagonally striped design for maximum visibility, and meet 

the APWA Color-Code standard for identification of buried utilities. Detectable marking tape 

shall be Pro-Line Safety Products or approved equal and made in the USA. 

PART 3 - EXECUTION 

3.1 INSTALLATION 

A. Install piping and components according to the following: 

1. Section 400513 – Common Requirements for Process Piping 

2. ASME B31.3 for above ground service 

3. AWWA C605 for potable water service 
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4. ASTM D2774 for non-potable underground pressure service 

5. ASTM D2321 for non-potable underground gravity service 

 

B. Joining: 

1. HDPE pipe sections shall be joined on the jobsite above ground into continuous lengths 

by the Butt-Fusion Method in accordance with ASTM F2620, and in strict accordance 

with the Manufacturer’s Recommendations.  Maximum joined drag length is 600-ft. 

2. HDPE pipe shall be joined to ductile iron valves and fittings with a DIPS size MJ 

Adapter Kit.  Pipe Stiffeners shall be used to maintain roundness of the pipe.  MJ adapter 

and stiffeners shall be installed in strict accordance with the manufacturer’s instructions. 

3. Perform heat joining according to ASTM D2657. 

4. Perform electrofusion joining according to ASTM F 1290. 

5. Primers and Cleaners: ASTM F402. 

6. PVC Solvent-Cemented Joints: ASTM D2855. 

C. Tracer Wire shall be installed on all non-metallic lines.  The contractor shall perform a 

continuity test on all tracer wire in the presence of the engineer.  Tracer wire shall be run along 

the top of the pipe and secured at intervals of 10’ with wire or tape.  The tracer wire shall be 

brought up into all valve and meter boxes so as to be readily accessible to system operators.  All 

wire splices and connections shall be tied and tightly taped with insulated electrical tape. 

3.2 A detectable marking tape shall be installed over all nonmetallic lines by the CONTRACTOR.  

Care will be taken to insure that the buried marking tape will bear the words "CAUTION-PIPE 

LINE BURIED BELOW."  The detectable marking tape will be buried 4 to 6 in. below finish 

grade.  The tape should be placed into backfill and allowed to settle into place in the backfill.  

3.3 TESTING: 

A. Clean lines by flushing or other means before testing begins. 

B. Testing may be dangerous if a line is improperly prepared.  The Contractor shall develop and 

put in place proper safety procedures when performing testing. 

C. PE and HDPE pipe for pressure service will be tested in accordance with ASTM F2164-13. 

D. PVC pipe for pressure service will be tested in accordance with AWWA C600. 

E. Tests for Gravity Service shall include: 

1. Infiltration Test:  

a. All lines below the water table shall be checked for infiltration 

b. If at any time prior to expiration of the correction period stipulated in the General 

Condition, infiltration exists, that is any inflow, and the pipe fails. 

c. The Contractor shall locate the leaks and make repairs as necessary to remove the 

infiltration. 
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2. Deflection Testing 

a. Conduct deflection test prior to low-pressure air test. 

b. Perform deflection testing after the final backfill and compaction has been in place 

at least thirty (30) calendar days and prior to placing lines into operation. 

c. Each reach of pipe shall be checked for excessive deflection by pulling a mandrel 

through the pipe.  The mandrel shall be cylindrical in shape and constructed with 9 

evenly spaced arms.  The critical dimensions of the mandrel shall have a +/- 0.01 

inch tolerance. 

d. Deflection shall not exceed 5% of initial diameter 

e. Pipe failing the deflection test shall be uncovered, and the bedding and backfill 

replaced to prevent excessive deflection.  Repaired pipe shall be retested. 

3. Low Pressure Air Testing 

a. Test each reach with maximum 5 psi 

b. The time elapsed for a 0.5 psi drop in air pressure shall be not less than 10 minutes 

or as specified in ASTM F1417 or UNI B-6-90 whichever is greater. 

4. Joint Testing 

a. For pipes large enough to enter (27” in diameter or larger), individual joints may 

be pressure tested with a portable tester to 5 psi maximum, with air or water in lieu 

of low pressure air testing. 

b. Joint Testing shall be performed in accordance with ASTM C1103. 

 

END OF SECTION 400531 
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SECTION 400557 - ACTUATORS FOR PROCESS VALVES AND GATES 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Section Includes: 

1. Manual actuators. 

2. Pneumatic actuators. 

3. Electric motor actuators. 

B. Related Requirements: 

1. Section 055000 - Metal Fabrications 

2. Section 099600 - High-Performance Coatings 

3. Division 40 - Process Integration 

1.2 REFERENCE STANDARDS 

A. American Bearing Manufacturers Association: 

1. ABMA 9 - Load Ratings and Fatigue Life for Ball Bearings. 

2. ABMA 11 - Load Ratings and Fatigue Life for Roller Bearings. 

B. American Water Works Association: 

1. AWWA C500 - Metal-Seated Gate Valves for Water Supply Service. 

2. AWWA C541 - Hydraulic and Pneumatic Cylinder and Vane-Type Actuators for Valves 

and Slide Gates. 

3. AWWA C542 - Electric Motor Actuators for Valves and Slide Gates. 

C. NFPA: 

1. NFPA 70 - National Electrical Code. 

1.3 COORDINATION 

A. Section 013100 - Project Management and Coordination: Requirements for coordination. 

B. Coordinate Work of this Section with installation of valves and accessories. 

1.4 SUBMITTALS 

A. Section 013300 - Submittal Procedures: Requirements for submittals. 
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B. Product Data: Submit manufacturer information for actuator with model number and size 

indicated. 

C. Shop Drawings: 

1. Indicate parts list, materials, sizes, position indicators, limit switches, actuator mounting, 

wiring diagrams, control system, and control system schematics on assembly drawings. 

2. Submit actuator Shop Drawings with valve and gate submittal. 

D. Manufacturer's Certificate: Certify that products meet or exceed specified requirements. 

E. Manufacturer Instructions: Submit special procedures and placement requirements. 

F. Source Quality-Control Submittals: Indicate results of shop/factory tests and inspections. 

G. Field Quality-Control Submittals: Indicate results of Contractor-furnished tests and inspections. 

H. Qualifications Statements: 

1. Submit qualifications for manufacturer and installer. 

2. Submit manufacturer's approval of installer. 

1.5 CLOSEOUT SUBMITTALS 

A. Section 017000 - Execution and Closeout Requirements: Requirements for submittals. 

B. Project Record Documents: Record actual locations and types of actuators. 

1.6 QUALITY ASSURANCE 

A. Valve Actuators in NEC Class I, Group D, Division 1 for areas where flammable gases, vapors 

or liquids can exist all of the time or some of the time under normal operating conditions. 

B. Valve Actuators in NEC Class I, Group D, Division 2 for areas where flammable gases, vapors 

or liquids are not likely to exist under normal operating conditions. 

C. Locations: Comply with NFPA 70. 

1.7 QUALIFICATIONS 

A. Manufacturer: Company specializing in manufacturing products specified in this Section with 

minimum five years' documented experience. 

B. Installer: Company specializing in performing Work of this Section with minimum three years' 

documented experience and approved by manufacturer. 
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1.8 DELIVERY, STORAGE, AND HANDLING 

A. Section 016000 - Product Requirements: Requirements for transporting, handling, storing, and 

protecting products. 

B. Inspection: Accept materials on Site in manufacturer's original packaging and inspect for 

damage. 

C. Store materials according to manufacturer instructions. 

D. Protection: 

1. Protect materials from moisture and dust by storing in clean, dry location remote from 

construction operations areas. 

2. Furnish temporary end caps and closures on piping and fittings and maintain in place 

until installation. 

3. Provide additional protection according to manufacturer instructions. 

1.9 EXISTING CONDITIONS 

A. Field Measurements: 

1. Verify field measurements prior to fabrication. 

2. Indicate field measurements on Shop Drawings. 

1.10 WARRANTY 

A. Section 017000 - Execution and Closeout Requirements: Requirements for warranties. 

B. The Manufacturer and Contractor shall furnish a warranty extending twelve (12) months after 

substantial completion date.  

PART 2 - PRODUCTS 

2.1 MANUFACTURER 

A. Manufacturers: 

1. Dezurik 

2. Valmatic 

3. Trumbull 

4. Clow 

5. EIM Limitorque 

6. Approved Equivalent 
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2.2 DESCRIPTION 

A. Furnish gear and power actuators with position indicators. 

2.3 MANUAL ACTUATORS 

A. Gate Valves: Gave valves shall be fitted with cast iron hand wheels of suitable size or gear and 

hand wheel operators in accordance with AWWA C500. 

B. Butterfly Valves: Butterfly valves 3 inches and smaller shall be lever and locking ratchet 

operated. Butterfly valves 4 inches and larger shall be equipped with gear and hand wheel 

operators. The operators shall be furnished by the manufacturer of the valve, in accordance with 

AWWA C504, who shall be responsible for the compatibility and adequacy of both the valve 

and operator. Valve operator shall be sized for the maximum torque developed by the maximum 

pressure in the pipeline in which the valve is to be used. 

C. Plug and Ball Valves: Plug and ball valves 3 inches and smaller shall be lever and locking 

ratchet operated. Plug and ball valves 4 inches and larger shall be provided with gear and hand 

wheel operators. 

D. Provide gear and power actuators with position indicators. 

E. Gear-Assisted Manual Actuators: 

1. Drive Type: Worm gear except where otherwise shown or specified 

2. Provide totally enclosed gears. 

3. Gearing: Designed for 100 percent overload. 

4. Bearings: 

a. Type: Ball or Roller; comply with ABMA 9 or ABMA 11. 

b. Permanently lubricated bronze. 

c. Minimum L10 Life: 100,000 hours. 

5. Maximum Operating Force: 60 lbf. 

6. Handwheel: Minimum 12-inch diameter. 

7. Packing: Accessible for adjustment without requiring removal of actuator from valve. 

 

F. Chain Actuators: 

1. Description: 

a. Chain actuators for shutoff valves mounted 7 feet and greater above operating floor 

level. 

b. Chain guides and hot-dip galvanized operating chain extending to 5-1/2 feet above 

operating floor level. 

2. Chain Wheels: Sprocket rim type. 

3. Furnish chain storage if chains may interfere with pedestrian traffic. 

G. Buried Valves: 
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1. Comply with AWWA C500. 

2. Floors: 

a. Furnish extension stems to grade, and square nuts or floor stands with position 

indicators. 

b. Cast-iron/Steel pipe extensions with valve boxes, covers, and operating keys. 

c. Floor Boxes: Hot-dip galvanized cast iron or steel, with bronze cover. 

d. Lid Inscription: An arrow at least 2" long showing direction of opening. The word 

OPEN shall also be cast on the flange. 

3. Valve Boxes: 

a. Material: Cast iron. 

b. 12 Inch Diameter Valves and Smaller: Two-piece, screw type. 

c. Valves Larger than 12 Inch Diameter: Three-piece, screw type. 

d. Lid Inscription: An arrow at least 2" long showing direction of opening. The word 

OPEN shall also be cast on the flange. 

2.4 ELECTRIC MOTOR ACTUATORS 

A. Manufacturers: 

1. Auma Actuators, Inc.; Canonsburg, PA 

2. EIM Limitorque 

3. Beck Actuators; Newtown, PA 

4. Approved Equivalent 

B. Description: 

1. Motor, reduction gearing, torque switches, limit switches, auxiliary hand wheel, starter, 

mechanical position indicator, and accessories. 

2. Comply with AWWA C542. 

3. Open-close operation or modulation, as specified, or as shown on the Drawings. 

4. Valve closing time will be 60 seconds, unless otherwise noted. 

5. Actuators will be capable of operating in an ambient temperature range of -20 to +175 

degrees F. 

6. All actuators in open/close service will be furnished with integral, motor controls 

consisting of reversing starters, control transformer, phase discriminator, monitor relay, 

positioner, “open-stop-close” pushbuttons, “local-off-remote” selector switch in addition 

to red and green indicating lights.  The positioner shall be capable of accepting a 4~20 

mADC signal from the controller and positioning the valve by comparing the command 

signal with the present valve position as indicated by the feedback potentiometer 

mounted inside the actuator.  The positioner shall be field adjustable to fail in the “open”, 

“closed” or “last” position on loss of 4~20 mADC command signal. 

C. Enclosure: 

1. Minimum NEMA 250 Type 4. When specified, motor and all electrical enclosure shall be 

available to meet NEMA 6 submersible, or NEMA 7 hazardous requirements. 

2. Mounting: Attached actuator housing using flanged motor adapter. 
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D. Motors: 

1. As specified in Section 400593 - Common Motor Requirements for Process Equipment. 

2. Type: 

a. Reversing or modulating, as specified, or as shown on the Drawings. 

b. Totally enclosed, non-ventilated, high starting torque, low starting current. 

c. Full-voltage starting. 

3. Electrical Characteristics: 

a. Connections: As specified in Division 26 – Electrical. 

b. Torque: A running torque per valve manufacturer’s recommendation. 

c. Sufficient horsepower to open or close a valve against the maximum specified 

differential pressure when voltage to the motor is ±10% of nominal voltage with a 

factor of safety of 1.5. 

d. Voltage: 480 V, three phase, 60 Hz. 

e. Lubrication: Pre-lubricated. 

f. Bearings Type: Anti-friction 

g. Motor Rating: 30 minute duty. 

E. Reduction Gearing: 

1. Description: Single- or double-reduction unit of spur or helical gears and worm-gearing. 

2. Lubrication: Grease or oil. 

3. Bearings: 

a. Type: Ball or Roller; comply with ABMA 9 or ABMA 11. 

b. Minimum L10 Life: 100,000 hours. 

F. Limit Switches: 

1. Type: Heavy duty, open contact. 

2. Actuation: Rotor cam. 

3. Compartment: Totally enclosed and equipped with a heater and thermostat to prevent 

build-up of moisture and contamination. 

4. Switches shall be SPDT and rated 10A at 120 VAC or as specified. 

5. Actuating Point: Adjustable at any point of valve between fully open and fully closed. 

6. Adjustment: Capable of quick adjustment requiring no more than five (5) turns of the 

adjustment spindle. 

7. Contacts: One set of normally open and one set of normally closed contacts will be 

furnished and available for use by the plant control system at each end of travel where 

indicated. Contact shall be of silver and capable of reliably switching a low voltage DC 

source from the control system furnished by other. 

G. Torque Limiting Switches: 

1. Torque limiting switches shall be provided. 

2. Torque limiting switches shall be responsive to the mechanical torque developed in 

seating, backseating, or by obstruction. 

3. Accuracy: Within ±5% 
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4. Calibration: The use of torque wrenches for calibration shall not be required. Calibrated 

by use of a dynamometer in order to accurately predict the output of the actuator. 

5. A calibration tag stating the maximum torque output of each torque switch at 100% 

setting shall be permanently affixed to the torque switch dial. 

H. Hand Wheel Operation:  

1. A permanently attached hand wheel shall be provided for emergency manual operation. 

2. A seized or inoperable motor shall not prevent manual operation. 

3. The hand wheel shall not rotate during electrical operation. 

4. Maximum Torque Required: 60 lb-ft. 

5. Maximum Force Required: 60 lbs. 

6. Inscription: An arrow and either the work OPEN or CLOSE shall be cast in the hand 

wheel to indicate the direction to turn hand wheel. 

7. Minimum Diameter: 8 inches. 

2.5 SOURCE QUALITY CONTROL 

A. Section 014000 - Quality Requirements: Requirements for testing, inspection, and analysis. 

B. Provide shop inspection and testing of completed assemblies. 

C. Certificate of Compliance: 

1. If manufacturer is approved by authorities having jurisdiction, submit certificate of 

compliance indicating Work performed at manufacturer's facility conforms to Contract 

Documents. 

2. Specified shop tests are not required for Work performed by approved manufacturer. 

PART 3 - EXECUTION 

3.1 EXAMINATION 

A. Section 017000 - Execution and Closeout Requirements: Requirements for installation 

examination. 

B. Verify that field dimensions are as indicated on Shop Drawings. 

3.2 INSTALLATION 

A. Securely mount actuators using brackets or hardware specifically designed for attachment to 

valves. 

B. Extend chain actuators to 5-1/2 feet above operating floor level. 
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3.3 FIELD QUALITY CONTROL 

A. Section 014000 - Quality Requirements: Requirements for inspecting and testing. 

B. Section 017000 - Execution and Closeout Requirements: Requirements for testing, adjusting, 

and balancing. 

C. After installation, inspect for proper supports and interferences. 

D. Repair damaged coatings with material equal to original coating as specified in Section 099600 

- High-Performance Coatings. 

END OF SECTION 400557 
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SECTION 40 70 00 

INSTRUMENTATION DEVICES  

PART 1  - GENERAL 

 

1.1 SECTION INCLUDES 

A. Primary elements. 

B. Transmitters. 

C. Receivers. 

D. Analytical instruments. 

E. Devices. 

F. Cables. 

 

1.2 SYSTEM DESCRIPTION 

A. System consists of all field and panel mounted instrumentation devices as noted, complete with all 

necessary signal converters, isolators, amplifiers, power supplies, cables and other appurtenances 

necessary for interfacing with other components. 

B. Except as noted, scale all indicators in engineering units. 

 

1.3 SUBMITTALS 

A. Submit product data. 

 

1.4 MAINTENANCE AND TEST EQUIPMENT 

A. In addition to the tools and test equipment, provide the following complete with carrying cases, patch 

cords, etc. 

1. One portable admittance tester with rechargeable batteries as manufactured by Drexelbrook or 

 equal, to calibrate the admittance instruments provided. 

2. One pneumatic calibrator as manufactured by Wallace & Tiernan, Meriam Instrument, or equal. 

3. One (1) hand held smart transmitter calibrators shall be provided by the transmitter 

manufacturer to calibrate all smart field transmitters provided. 

B. Spare Parts  

1. Miscellaneous Spare Parts 

a. One year supply of items recommended by the Manufacturer of the equipment for each 

component. 

2. The spares shall be packed in a manner suitable for long-term storage and shall be adequately 

protected against corrosion, humidity and temperature. 

3. Provide other spare parts as indicated on the individual device specifications. 
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PART 2  - PRODUCTS 

 

2.1 INSTRUMENTS AND DEVICES 

A. Level Transmitters (Flow Measurements) – Ultrasonic 

1. Type: Microprocessor based ultrasonic level transmitter.  Unit shall have input or output filter 

capability. 

2. Sensor: Sensors shall have minimum 26 foot range and shall be supplied with sufficient cable 

length for arrangement indicated. Sensor shall have a NEMA 4X (minimum) enclosure.  Unit 

shall be supplied with automatic temperature compensation as required below. Sensor face 

material shall be Kynar or Teflon as required. 

3. Accuracy:   ± 1.0 percent of calibrated range or better for ranges greater than 25-inches (with 

temperature compensation). 

4. Output: Isolated 4-20 mADC into loop loads of 0 to 500 ohms (minimum), two (2) Form “C” 

Relay Contacts rated at 5A, 250 VAC, non-inductive.  

5. Enclosure: NEMA 4X, polycarbonate or fiberglass. 

6. Power Supply: 120 VAC 

7. Mounting: The System Manufacturer shall coordinate mounting to ensure that the sensor is 

mounted away from vessel walls and other obstructions in accordance with the manufacturer's 

recommendations. All chemical storage tank sensors shall have Teflon face suitable for 4” flange 

mounting. The System Manufacturer shall provide appropriate standoff distance for sensor face 

from the highest liquid level to accommodate blanking distance.  

8. Acceptable Manufacturers: Equal to Milltronics (Hydro-Ranger 200), Endress & Hauser 

(Prosonic), Systematic Controls, or STI. 

 

B. Level Transmitter (Submersible Head-Type)  

1. Type: Pressure sensor  

2. Transmitter: Control box with Local LED display of level in Feet and built-in power supply to 

convert 110/1/60 to 24 VDC for pressure sensor loop power. Control box to have one or two 

displays as required.   

a. Outputs: one or two 4-20 mA outputs  

b. Accuracy: 0.3% of full range 

c. Enclosure: NEMA 4X, polycarbonate housing  

d. Power Supply: 120VAC, 1 PH, 60 HZ 

3. Sensor: 316SS sensor housing and pressure sensor diaphragm with 33’ of viton cable.  

Polarity independent leads for 24 VDC powered loop from transmitter.  Atmospheric 

compensation tube built into cable.  Range as specified on instrument chart.   

4. Cleaning: Not required 

5. Transmitter (Control Box) Mounting:  mounted to 1/8” aluminum mounting plate with drip lid 

and SS hinged opaque sun shield.   

6. Sensor Mountings:  
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a. PVC hanger with minimum of 4” of cable contact and SS cable for hanging to eye bolt on 

side of tank or as specified on instrument chart.   

b. Slide Rail Mounting: Sensor supplied with two SS clips and 19” long SS Slide rail for 

wall mounting  

7. Start-Up: provide minimum of 2 hours/meter of service by factory-authorized representative 

for system start-up plus ½ day of training. 

8. Acceptable Manufacturer:  Endress & Hauser Waterpilot FMX 21 model of approved equal. 

 

C. Level Switch (Float Type) 

1. Type: Submersible coated 316 stainless steel, polypropylene, or polyethylene body; non-

mercury switch contact rated 4 amps at 120 VAC; normally open, normally closed, or Form C 

(N.O. and N.C.) contact configuration as indicated. Mercury float switches are unacceptable. 

2. Cable: Minimum 18 gauge, 300 volt (minimum) rated; heavy-duty type SOW or equivalent. 

Provide sufficient length for mounting at the elevations indicated. 

3. Junction Box:  Provide NEMA 4X stainless steel junction box, mounted near the switch, for 

terminating vendor supplied cable and discrete control wiring to control panel. 

4. Switch Mounting: The System Manufacturer shall provide 3/4 or 1 inch Schedule 40 PVC, 

316 stainless steel pipe, or 1.25 inch cable for mounting the floats for a particular tank or well. 

The pipe shall extend from two feet above the highest switch setting (up to the top of the 

vessel) to two feet below the lowest level setting (down to the vessel bottom) for the vessel or 

well and allow for adjustment of the switch or switches anywhere along the length of the pipe. 

The method for fixing the float to the pipe shall be easily adjustable and shall provide for 

protection and strain relief for the float switch cable. Provide a minimum of two mounting 

brackets for fixing the pipe to the vessel wall while maintaining appropriate standoff distance. 

The System Manufacturer shall ensure mounting is in accordance with the manufacturer's 

recommendations. 

5. Spare Parts: Provide 2 spare float switches. 

6. Acceptable Manufacturers:  Equal to Warrick Series M, Anchor Scientific. 

D. Pressure and Vacuum Gauges 

1. General: Pressure and vacuum gauges shall, unless otherwise specified, conform to the 

following. Gauges shall be of the stem-mounting type unless panel-mounted type is shown on 

the Schedule.  Refer to Section 15100 – Valves, for additional requirements. 

2. Construction: Gauges shall be of the bourdon tube or bellows type with 270 degrees clockwise 

pointer travel. Dials shall be white with black numerals. Dial size shall be 4 1/2-inch. 

Panel-mounted gauges shall have round bezels for flush mounting and rear connection, others 

shall have a stem-mounting bottom connection. Connections for all gauges shall be male 1/2-

inch NPT with square wrench flats. Wetted parts shall be corrosion-resistant to the process 

fluid shown in the Table A and unless specified in the Table A shall be the manufacturer's best 

quality standard. All dials shall be glycerin filled, hermetically sealed.  Cases shall be black 

phenolic. Accuracy shall be ±0.5% of span. 

3. Chemical Seal: Where used for sewage or sludge service, the gauge shall be furnished with a 

diaphragm seal unless specified elsewhere. Diaphragm seals shall consist of bottom housing, 

lower ring, diaphragm capsule, fill screw, flushing connection, and a top housing. The 

diaphragm seal shall attach to the inlet connection of a pressure instrument to isolate its 
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measuring element from the process fluid. The space between the diaphragm and the 

instruments pressure element shall be completely filled with a suitable fill liquid – defaulting 

to silicone oil. Displacement of the liquid fill in the pressure element through the movement of 

the diaphragm shall transmit process pressure changes directly to a gauge, transmitter, switch 

or any other pressure instrument. The diaphragm seal shall have a removable bottom housing 

to permit the servicing of the need to refill. All exposed surfaces, top and bottom housings, 

and diaphragm shall be constructed of Type 316 stainless steel as a minimum and shall be 

compatible with the process fluid. The process connection shall be a 3/4-inch threaded 

connection with a flushing connection. 

4. Manufacturers: The gauges shall be as manufactured by Ashcroft Duraguage, U.S. Gauge, or 

user approved equal. The diaphragm seals shall be as manufactured by Ashcroft 200 series, 

Mansfield and Green SG Series, or approved equal. 

E. In-Line Pressure Seal 

1. Where specified provide a pressure isolating ring that uses a elastomer membrane to isolate a 

pressure measurement from the process fluid in the pipeline. The membrane/diaphragm shall 

be provide direct contact with the process fluid but shall isolate the pressure measurement 

from the effects of solids, abrasives and slurries in the pipe line that would clog standard 

pressure sensing lines. 

2. The pressure sensed by the membrane shall be transmitted to the associated pressure sensor, 

gauges, and/or transmitter via use of a suitable fill fluid – defaulting to silicone oil. Any air 

between the membrane and the associated pressure devices shall be fully evacuated during the 

filling process. 

3. Inside diameter of the measuring membrane shall match the inside diameter of the associated 

pipeline. 

4. Manufacturers: The in-line pressure seal shall be manufactured by Onxy Valve, Red Valve, or 

approved equal. 

 

2.2 CABLES 

A. Fiber Optic Cable 

1. Fiber optic cable shall be optic multimode, loose tube, all-dielectric cable, Siemens, 

Nordx/CDT, Belden, or approved equal, and meet the following specifications: 

Cladding Diameter 125.0 Microns 

Core Diameter 62.5 Microns 

Attenuation Range ≤0.8 dB/KM at 1300 NM 

≤3.1 dB/KM at 850 NM 

Bandwidth Range ≥600 Mhz-KM at 1300 NM 

≥200 Mhz at 850 NM 

Cable Construction Splitable outdoor cable 

Core Type Hollow core, filled 

Materials  

− basic element PVC, gray 

− strain relief Kevlar fibers and impregnated glass 
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− outer sheath/cable color PVC black 

Mechanical Characteristics  

− dimensions of basic element (3.5 ± 0.2) mm dia 

− cable dimensions (6.3 X 9.8) ± 0.4 mm 

− cable weight approx. 65 kg/km 

− permissible tensile load ≤ 500 N (short time) 

− bending radii ≥ 100 mm Over flat side only 

Permissible Ambient Conditions  

− laying and installation temp. -5°C to +50°C 

− operating temperature -25°C to +60°C 

− storage temperature -25°C to +70°C 

Cable shall be compliant with EIA, ANSI Standards, graded index.  All fibers must be color coded for 

easy identification with all-dielectric construction.  All cables shall be of an insulation type rated for the 

purpose of installation. Where shown on Contract Drawings all fiber optic conduit run shall contain 

redundant 24 strand fiber optic cables as specified in this section.  

2. Connector Type BFOC 

3. Coordinate the exact fiber cable requirement with the SCADA system integrator. 

B. Industrial Twisted Pair (ITP) 100 Mb Fast Ethernet Cables  

1. ITP cable shall have two cores stranded with two dummy elements to form a pair. 

2. Each pair shall be sheathed in plastic film and shielded with two plastic-clad aluminum foils. 

3. The outer shield braid shall be made of tinned copper wires around all pairs. 

4. The plastic sheath shall be PVC. 

5. The ITP cable shall be a standard 9 pin cable with RJ45 type connectors. 

6. ITP Cables shall be Siemens Industrial Twisted Pair standard cable or equal by AT&T or Belden. 

 

PART 3  - EXECUTION 

 

3.1 INSTALLATION 

A. Instrument Tagging 

1. Provide stainless steel identification tags attached with stainless steel wire or screws for all 

field instruments. 

 

3.2 FIELD QUALITY CONTROL 

A. Tests And Calibration 

1. Perform continuity and insulation resistance tests on instrumentation conductors. 
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2. Calibrate each instrument to its published accuracy.  Submit calibration sheets including the 

instrument tag number or name, the date, name of individual performing calibration, 

procedures and equipment used, and results obtained. 

 

END OF SECTION 
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SECTION 40 73 13 - PRESSURE AND DIFFERENTIAL PRESSURE GAUGES 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Section Includes: Pressure gauges. 

B. Related Requirements: 

1. Section 40 73 64 – Annular Pressure Seals: Isolation of gauges from process fluid. 

1.2 REFERENCE STANDARDS 

A. ASME International: 

1. ASME B40.100 - Pressure Gauges and Gauge Attachments. 

B. NSF International: 

1. NSF 61 - Drinking Water System Components - Health Effects. 

2. NSF 372 - Drinking Water System Components - Lead Content. 

1.3 SUBMITTALS 

A. Section 01 33 00 - Submittal Procedures: Requirements for submittals. 

B. Product Data: Submit manufacturer information for system materials and component 

equipment, including connection requirements. 

C. Shop Drawings: 

1. Indicate system materials and component equipment. 

2. Submit installation requirements and other details. 

D. Manufacturer's Certificate: Certify that products meet or exceed specified requirements. 

E. Source Quality-Control Submittals: Indicate results of factory tests and inspections. 

F. Field Quality-Control Submittals: Indicate results of Contractor-furnished tests and inspections. 

1.4 CLOSEOUT SUBMITTALS 

A. Section 01 70 00 - Execution and Closeout Requirements: Requirements for submittals. 

B. Project Record Documents: Record actual locations of equipment and accessories. 
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1.5 MAINTENANCE MATERIAL SUBMITTALS 

A. Section 01 70 00 - Execution and Closeout Requirements: Requirements for maintenance 

materials. 

1.6 QUALITY ASSURANCE 

A. Ensure that materials of construction of wetted parts are compatible with process liquid. 

B. Materials in Contact with Potable Water: Certified to NSF 61 and NSF 372. 

1.7 DELIVERY, STORAGE, AND HANDLING 

A. Section 01 60 00 - Product Requirements: Requirements for transporting, handling, storing, and 

protecting products. 

B. Inspection: Accept materials on Site in manufacturer's original packaging and inspect for 

damage. 

C. Store materials according to manufacturer instructions. 

D. Protection: 

1. Protect materials from moisture and dust by storing in clean, dry location remote from 

construction operations areas. 

2. Provide additional protection according to manufacturer instructions. 

1.8 WARRANTY 

A. Section 01 70 00 - Execution and Closeout Requirements: Requirements for warranties. 

B. Furnish one-year manufacturer's warranty for pressure gauges. 

PART 2 - PRODUCTS 

2.1 PRESSURE GAUGES 

A. Manufacturers: 

1. Ashcroft; Model Series T5500 

2. Ametek; Model Series 1550 

3. Wika; Model Series 716 

 

B. Type: Differential - Compound. 

C. Dials: 
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1. Nominal Diameter: 4 inches. 

2. Face: White, laminated plastic dials with black graduations. 

3. Scale: Extend over arc not less than 270 degrees. 

4. Ranges and Graduation Units: As indicated on Instrument Schedule. 

D. Cases: 

1. Liquid filled. 

2. Stainless Steel case and wetted parts. 

3. Windows: 

a. Material: Clear, shatterproof glass. 

b. Thickness: 1/8 inch. 

c. Provide gasket. 

E. Connection: 

1. Location: Bottom. 

2. Socket: 

a. 1/4-inch NPT male thread. 

b. Extend minimum 1-1/4 inches below gauge cases. 

c. Provide wrench flats. 

3. Mounting: Stem. 

F. Measuring Element: 

1. Bourdon Tubes: 

a. Material: Stainless steel to brass socket. 

b. Provide welded, stress-relieved joints. 

2. Movement: 

a. Rotary. 

b. Material: Stainless steel. 

3. Accuracy: 

a. Comply with ASME B40.100. 

b. ±0.5 percent of full-scale range. 

G. Adjustment: 

1. Provide for zero-reading adjustment. 

2. Adjusting Screws: Accessible from rear of case without need for disassembly. 

H. Accessories: 

1. Shutoff Cocks: Furnished by gauge manufacturer. 
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2.2 SOURCE QUALITY CONTROL 

A. Section 01 40 00 - Quality Requirements: Requirements for testing, inspection, and analysis. 

B. Provide shop inspection and testing of completed assembly. 

PART 3 - EXECUTION 

3.1 EXAMINATION 

A. Section 01 70 00 - Execution and Closeout Requirements: Requirements for installation 

examination. 

B. Verify that items provided by other Sections of Work are ready to receive Work of this Section. 

3.2 INSTALLATION 

A. According to manufacturer instructions. 

B. Coordinate location and orientation of gauges and seal assemblies with final piping and 

equipment installations. 

C. Ensure that gauges are located to be easily read during operation and easily accessible for 

maintenance. 

3.3 FIELD QUALITY CONTROL 

A. Section 01 70 00 - Execution and Closeout Requirements: Requirements for testing, adjusting, 

and balancing. 

B. Equipment Acceptance: 

1. Adjust, repair, modify, or replace components failing to perform as specified and rerun 

tests. 

2. Make final adjustments to equipment under direction of manufacturer's representative. 

3.4 DEMONSTRATION 

A. Section 01 70 00 - Execution and Closeout Requirements: Requirements for demonstration and 

training. 

B. Demonstrate equipment startup, shutdown, routine maintenance, and emergency repair 

procedures to Owner's personnel. 

END OF SECTION 40 73 13 
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SECTION 40 90 00 

INSTRUMENTATION AND CONTROL FOR PROCESS SYSTEMS 

PART 1 - GENERAL 

1.01 SCOPE 

A. Requirements 

Requirements specified in Division 01 of these Specifications form a part of Division 26.  
This Section covers the general requirements for furnishing and installation of the 
instrumentation, control and monitoring (ICM) system complete in every detail for the 
purposes specified and shall form a part of the other Sections of Division 26 unless 
otherwise specified.  The other Sections of this Division shall supplement this Section as 
necessary. 

1. Work Included 

a. The intent of Division 40 is to require that the complete Instrumentation, 
Control and Monitoring System, including other Sections of Division 40 shall be 
furnished by a single Control Systems Integrator (CSI) to assure system 
uniformity, subsystem compatibility and coordination of system interfaces.  

b. The new SCADA system shall deliver a complete and functional system as 
described herein, as per the Contract Documents, and as shown on the Contract 
Drawings.  The SCADA system shall be capable of monitoring and performing 
controls (as indicated on the drawings) of Homesteads Pollution Control Facility 
equipment. And shall be capable of communication with the existing Piedmont 
Water master SCADA workstation to depict the new facility I/O points and new 
HMI graphics. All equipment, materials, incidentals, software, supervision, and 
labor shall be provided under this Contract. 

c. Furnish the tools, equipment, materials, and supplies and perform the labor 
required to complete the furnishing and installation of, including instrumentation 
signal and power conduit and wiring not specifically shown on the electrical 
drawings, validation, start-up and operational testing of a complete and operable 
ICM system as indicated on the Contract Drawings and as specified herein. 

d. Provide the equipment components, interconnections and the services of the 
manufacturers' engineering representatives for the engineering, implementation, 
startup, operation, and instruction, to ensure that the Owner receives an 
integrated and operational ICM system as herein specified. 

e. Coordinate with the requirements of Division 26 – Electrical, and provide for 
operator restart of all equipment on restoration of loss-of-power condition.  
Sequence automatically equipment restart and provide for time delays as 
necessary to prevent breaker trips on inrush from multiple equipment concurrent 
starting. 

2. As a minimum, the CSI shall perform the following work: 

a. Implementation of the ICM system: 

i. Prepare shop drawing submittals. 
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ii. Design, develop, and electronically draft loop drawings and control panel 
designs. 

iii. Prepare the test plan, the training plan, and the spare parts submittals. 

iv. Procure hardware. 

v. Fabricate panels. 

vi. Program the ICM system as shown on the Contract Drawings. 

vii. Perform factory tests on panels. 

viii. Perform bench calibration and verify calibration after installation. 

ix. Oversee and certify installation. 

x. Oversee, document, and certify loop testing. 

xi. Oversee, document, and certify system commissioning. 

xii. Conduct the performance test. 

xiii. Prepare operations and maintenance manuals. 

xiv. Conduct training classes. 

xv. Prepare record drawings. 

xvi. Prepare calibration sheets. 

xvii. Certify the installation of the ICM system.  

b. Integration of the ICM system with instrumentation and control devices being 
provided under other Sections: 

i. Develop all requisite loop drawings and record loop drawings associated 
with equipment provided under other Divisions and Owner equipment. 

ii. Resolve signal, power, or functional incompatibilities between the ICM 
system and interfacing devices. 

3. Work Not Included 

a. Process piping, installation of in-line instrumentation, i.e., final control elements 
in process pipelines, air compressors, main air supply headers, and mechanical 
work as specified in other Divisions. 

b. Electrical power distribution specifically included under Division 26, circuit 
protection devices, power conduit and wiring indicated, local equipment control 
stations, and miscellaneous electrical requirements as specified in Division 26. 

B. System Responsibility 

1. The ICM system as specified in Division 40 is an integrated system and therefore 
shall be provided by a competent, qualified CSI who shall have total responsibility 
for the Work of Division 40. Entire system installation including calibration, 
validation, start-up, operational testing, and training shall be performed by qualified 
personnel, possessing all the necessary equipment and who have had experience 
performing similar installations.  The System shall be integrated using the CSI's 
latest, most modern proven design and shall, as far as practical, be by one 
manufacturer. 

2. The Contractor shall perform the Work under this Division 40, through the use of a 
qualified CSI who shall perform said Work but it shall be understood that this shall 
not relieve the Contractor from any responsibility under the Contract. 
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3. The Contractor shall be responsible for the correct installation of all hardware and 
systems specified in Division 40. 

4. The Contractor shall be responsible to see that all instrumentation components of 
other Divisions, including primary measuring, indicating, transmitting, receiving, 
recording, totalizing, controlling, alarming devices and appurtenances are compatible 
and shall function as outlined, and he shall furnish and install such additional 
equipment, accessories and appurtenances as are necessary to meet these objectives 
at no additional cost to the Owner. 

5. The Contractor shall use the instrument tag and equipment numbering scheme as 
shown in Contract Documents, for identifying components which are part of this 
system. 

6. Due to the complexities associated with the interfacing of numerous control system 
devices, the CSI or vendor shall be responsible to the Contractor for the integration 
of the ICM system with existing devices and devices provided under other Divisions 
and provide a completely–integrated control system free of signal incompatibilities; 
this includes providing review and comment to other vendor equipment submittals 
and overall coordination of the system. 

C. Certification of Intent: 

1. Fifteen days after notice to proceed, the Contractor shall submit a certification from 
the selected CSI.  The certification shall be typed on letterhead paper of the CSI. The 
certification shall be signed by an authorized representative of the CSI.  The 
certification shall include the following statements: 

a. (Company name) "hereby certifies intent to assume and execute full 
responsibility to the Contractor to perform all tasks defined under Paragraph 
1.01 Scope, in full compliance with the requirements of the Contract 
Documents." 

b. “It is certified that the quotation to the Contractor includes full and complete 
compliance with the requirements of the Contract Documents without 
exception." 

D. Documentation of Instrumentation Subcontractor Qualifications: 

1. General  

a. The entire control system installation including panel building, calibration, 
validation, start-up, operational testing, and training shall be performed by a 
control systems integrator (CSI) staffed with qualified personnel, possessing 
necessary equipment and experience in performing similar installations. 

b. The system shall be integrated using the latest, most modern proven design and 
shall, as far as practical, be of one manufacturer. 

c. The equipment, level of detail, and overall quality of the control system shall be 
consistent a typical industrial type control system. 

d. Overall system performance shall be guaranteed. 

e. Software packages shall be latest versions available. 

2. System Integrator qualifications: 

a. The following system integrator is pre-qualified to perform the control system 
work described in Division 40: 
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i. Southern Flow Inc., Alpharetta, GA 

3. Training and Certification: 

a. Completion of the following training courses (or appropriate portions thereof) or 
possession of the following certifications may be substituted for portions of the 
System Integrator’s personnel experience requirements described above. 

b. Project manager:  Control System Engineer (CSE) registration, Professional 
Engineer (PE) registration, or completion of the relevant core courses in the 
Engineering Skills Training program. 

c. Systems engineer:  Control System Engineer (CSE) registration, Professional 
Engineer (PE) registration, or completion of the relevant core courses in the 
Engineering Skills Training program. 

d. Programmer:  Control System Engineer (CSE) registration, Professional 
Engineer (PE) registration, or completion of the relevant core courses in the 
Technical Skills Training program. 

e. Field instrument technician:  Certified Control Systems Technician (CCST) 
registration or completion of the relevant core courses in the Technical Skills 
Training program. 

f. Training program curriculums as offered by ISA. 

g. Training or certification does not satisfy the related project experience 
requirements described above. 

h. Submit training and registration evidence with the above experience evidence. 

E. Contract Drawings 

1. Information on the Drawings 

a. The following information relative to the Work of Division 40 is indicated on 
the Division 26 Contract Drawings.  

i. Location of primary elements, control panels, and final control elements. 

ii. Instrumentation signal and power conduit runs between control panels and 
field instruments and devices. 

iii. Quantity and sizes of instrumentation conductors and cables are indicated 
on the drawings, but shall be verified by the Contractor. 

iv. Location of all equipment having alarm and equipment status contacts. 

v. Major instrument conduit runs. 

2. Information Not on the Drawings 

a. The following information relative to the Work of Division 40 may not be 
shown on the Drawings, but shall be the responsibility of the Contractor to 
determine, furnish, coordinate with other Trades, and submit for acceptance, 
based upon the systems specified. 

i. Tubing for pneumatic signals, and/or power between main headers and 
control panels, field mounted primary elements, field instruments and final 
control elements. 

ii. Number or sizes of tubing required for pneumatic and hydraulic signals. 

iii. Point of connection to any hydraulic or pneumatic supply lines. 
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1.02 REFERENCES 

A. Publications listed below form a part of this Section to the extent referenced.  The 
publications are referred to in the text by basic designations only. 

1. Instrument Society of American (ISA). 

a. ISA S5.4 – Instrument Loop Diagrams. 

2. National Electrical Manufacturers Associations (NEMA). 

a. NEMA – Electrical Code. 

3. American Standard Code for Information Interchange (ASCII). 

4. Institute of Electrical and Electronic Engineers (IEEE). 

a. IEEE C62.41 – Recommended Practice on Characterization of Surges in Low-
Voltage (1000V and Less) AC Power Circuits. 

1.03 SUBMITTALS 

A. General.   

Refer to the General Conditions of the Contract Documents for required method of 
preparation and transmittal and conform to requirements herein. 

1. Pre-submittal Conference 

a. Arrange a conference with CSI, the Engineer, and the Owner within thirty (30) 
days after award of the Contract for the purpose of informally discussing in 
detail and verifying the correctness of the CSI's system engineering methods and 
equipment and to generally provide a framework for communication and 
coordination.  This conference shall be attended by CSI, and duly authorized 
representatives of the Contractor, Engineer, and Owner. 

b. Submit 4 copies of the following items for discussion at the Pre-submittal 
Conference:  

i. A list of equipment and materials required for the ICM system and the 
manufacturer’s name and model number for each proposed item.  Identify 
items by tag number, description, function, manufacturer, model number, 
descriptive literature and statement as to whether item is "as specified" or 
"equivalent."  Items identified as "equivalent" shall be accompanied by a 
comparative listing of the published specifications for the item specified 
and for the item proposed.  Equivalent items shall only be accepted by the 
Engineer if the specified item is no longer manufactured. 

ii. A list of proposed clarifications to the Contract Documents along with a 
brief explanation of each.  Resolution shall be subject to a separate formal 
submittal and review by the Engineer. 

iii. A sample of each type of submittal specified herein. 

iv. A flow chart showing the steps to be taken in preparing and coordinating 
each submittal. 

v. A bar-chart type schedule for all system related activities from the Pre-
submittal Conference through start-up and training.  Dates of submittals, 
design fabrication, programming, factory testing, deliveries, installation, 
field testing, and training shall be shown.  The schedule shall be subdivided 
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to show activities relative to each major item or group of items when 
everything in a given group is on the same schedule. 

vi. An overview of the proposed training plan.  The Engineer will review the 
overview and may request changes.  All changes to the proposed training 
shall be resolved at the Pre-submittal Conference.  The overview shall 
include the following for each proposed course: 

a) Course title and objectives. 

b) Prerequisite training and experience of attendees. 

c) Course content – a topical outline. 

d) Course duration. 

e) Course format – lecture, laboratory demonstration, etc. 

vii. A preliminary copy of the ICSI Qualification submittal. 

c. Take minutes of the Pre-submittal Conference, including all events, questions, 
and resolutions.  Before adjournment, all parties must concur with the accuracy 
of the minutes and sign accordingly. 

B. Shop Drawings 

Before proceeding with any manufacturing, submit Shop Drawings for acceptance in 
complete bound sets indexed by specification number.  Describe the items being 
submitted. Manufacturer's specification or data sheets shall be clearly marked to delineate 
the options or styles to be furnished.  Submit only complete systems, not pieces of 
equipment from various systems.  Show dimensions, physical configurations, methods of 
connecting instruments together, mounting details, and wiring schematics.  Schematics 
shall be complete with tag and terminal numbers.  Submit fabrication drawings, 
nameplate legends, and control panel internal wiring and piping schematic drawings 
clearly showing equipment and tag numbers on panels.  Submit panel graphic drawings 
where applicable.  Include material specifications lists where applicable.  Include a draft 
of the theory of operation for relay logic circuits including those implemented via 
programmable controllers. Submit detailed field instrument installation drawings for each 
instrument. 

C. Design Related Submittals 

1. In accordance with the requirements of Section 01 - Submittals, provide the 
following submittals: 

a. Catalog Cuts 

i. Catalog information, descriptive literature, wiring diagrams, and shop 
drawings shall be provided for all devices, whether electrical or mechanical, 
furnished under Division 40. This includes, but is not limited to, primary 
elements, transmitters, analytical equipment, gauges, valves, controllers, 
indicators, power supplies, switches, lights, relays, timers, etc. 

2. Component Data Sheets 

a. Data sheets, specification sheets, and an instrument list shall be provided for 
components provided under this Section. The purpose of this material is to 
supplement the generalized catalog information by providing the specifics of 
each component (e.g., part numbers, scales, ranges, service, materials of 
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construction, component location, options, and the individual tag number as 
noted in the Contract Drawings and in Contract Documents. 

b. Include such other necessary data as would provide a complete and adequate 
specification for reordering an exact duplicate of the original item from the 
manufacturer at some future date. More than one tag numbered item may be 
included on a sheet. 

3. Sizing Calculations 

a. Complete sizing calculations shall be provided for all flow elements. The 
calculations shall include the process data used, minimum and maximum values, 
permanent head loss and all assumptions made. Equations shall be submitted for 
all computing modules and function generating modules and shall include the 
actual scaling factors and units used. 

4. Panel Construction Drawings 

a. Shop Drawings and Catalog Cuts 

i. Provide detailed shop drawings and catalog cuts for panels, instrument 
racks, and enclosures.  Drawings shall show the location of front panel and 
internal sub-panel mounted devices to scale and shall include a panel legend 
and bill of materials. Layout drawings shall show major dimensions as well 
as elevations, in inches from the base up, of the rows of components. 

ii. Shop drawings shall indicate location and size of available spare mounting 
space for rear-of-panel devices.  

iii. The panel legend shall list and identify front of panel devices by their 
assigned tag numbers, nameplate inscriptions, service legends, and 
annunciator inscriptions. 

iv. The bill of materials shall include devices mounted within the panel that are 
not listed in the panel legend, and shall include the device tag number, 
description, manufacturer, and complete model number. 

b. Color Schedule 

i. Provide a color schedule with color samples for control panels for the 
Owner’s selection/approval. 

5. Power Requirement and Heat Dissipation 

a. Provide a summary of the power requirements and heat dissipation for control 
panels. Power requirements shall state required voltages, currents, and phase(s) 
Heat dissipations shall be maximums and shall be given in BTU/Hr. Summary 
shall be supplemented with calculations. 

6. Panel Wiring Diagrams 

a. Wiring diagrams shall be similar to those diagrams shown in the Contract 
Drawings, but with the addition of all auxiliary devices such as additional relays, 
alarms, fuses, lights, hand switches and interlocks. 

b. Provide complete terminal identification of external primary elements, panels, 
and junction boxes that interface directly to the panel wiring being shown.  
Polarity of analog signals shall be shown at each terminal. 

c. External wiring that the electrical contractor must provide and wire shall be 
shown as a dotted line.  Special cables that are provided with the instrument 
shall be clearly identified. 



CAREY STATION URBAN WATER REUSE FACILITY  CAREY STATION WRF, LLC 

0.5 MGD TO 1.5 MGD EXPANSION  GREENE COUNTY, GA 

 

GOODWYN MILLS CAWOOD, LLC INSTRUMENTATION AND CONTROL FOR PROCESS SYSTEMS 

GMC PROJECT NO. CAUG250007 409000 - 8 of 26 

d. Panel wiring diagrams shall identify wire numbers and types, terminal numbers, 
and tag numbers. Wiring diagrams shall show each circuit individually.  
Common or typical diagrams shall not be allowed. 

e. Provide panel power wiring diagrams for panels. The diagrams shall include 
grounding requirements. 

7. Interconnecting Wiring Diagrams 

a. Diagrams shall show component and terminal board identification numbers, 
external wire and cable numbers. The drawings shall show intermediate 
terminations between field elements and panels (e.g., terminal junction boxes) 
This diagram shall be coordinated with the Contractor and shall bear his mark 
showing that this has been done. 

8. Loop Diagrams 

a. Provide an individual wiring diagram for each analog loop showing terminal 
numbers, the location of the DC power supply, the location of any dropping 
resistors, the location and connection of the surge protection devices.  The loop 
diagrams shall meet the minimum requirements of ISA S5.4 plus the following 
requirements: 

b. Each loop diagram shall be divided into three areas for identification of device 
locations: panel face, back-of-panel, and field respectively.  Each loop diagram 
shall list (1) Transmitter Drive Capability, (2) Loop Impedance, (3) Transmitter 
Reserve Drive Capability.  Loop diagrams shall be on 11-inch by 17-inch 
Drawings. 

9. Instrument Installation Details 

a. The CSI shall review the Contract Documents and develop and submit for 
review, complete installation details for each field mounted device and panel 
prior to shipment and installation.  Common details, not requiring any 
modification, may be referenced by an index showing the complete instrument 
tag number, service, location, and device description. Installation details shall be 
provided as required to adequately define the installation of the ICM system 
components. 

10. Operator Interface Submittal 

a. This submittal shall cover the specific plant control schemes as well as the 
details of the plant reports and process graphic displays. 

b. The submittal shall contain the semi-final details of all logs, reports, and process 
graphic displays.  The specifics of what shall appear on each display and what 
calculations are required to support them shall be developed and submitted. 

c. Submitted process graphic displays shall be no smaller than 8.5-inches by 11-
inches and in full color. 

d. A complete listing of all signals to be collected for long term historical 
information shall be provided.  This listing shall also include frequency of data 
sampling and duration for which the data shall be immediately accessible. 

e. A complete listing of all signals to be collected for trend display shall be 
provided.  This listing shall also include frequency of data sampling and 
duration for which the data shall be immediately accessible. 

11. Process Control Strategy Submittal: 
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a. The process control schemes shall be developed in a ladder logic diagram or 
functional block (logic) diagram presentation based on information from the 
Contract Documents.  Included with each diagram shall be: 

i. Brief Scope of the Control Function. 

ii. Listing of all scanned inputs to the control function. 

iii. A short narrative of the control strategy. 

iv. Any assumptions made in developing the program. 

v. Listing of all inputs and outputs (i.e., AI, DI, AO. DO) from the control 
function. 

vi. Cross reference list of all I/O showing to which I/O modules or software 
modules they are linked. 

vii. Listing of all operator inputs/outputs to and from the control function.  Any 
special CRT displays related to the function shall be illustrated.  A 
description of the operation of any panels shall be described as it relates to 
the control function. 

viii. Failure contingencies shall be described in detail. 

ix. A flowchart representing the control strategy. 

b. This submittal shall cover all of the associated logic developed under the CSI 
required to implement the control functions specified. 

c. The System Integrator shall submit annotated logic on 8-1/2-inch x 11-inch 
format and as an ASCII file on compact diskettes for all logic developed.  
Annotation shall be 3 lines of 6 characters each for every logic contact.  In 
addition, each network or rung shall be annotated so that a non-technical person 
can read and easily comprehend what control function the rung or network is 
performing. 

d. This submittal shall also include copies of the PLC I/O configuration tables, I/O 
reference usage table, complete cross reference to specific rung used of all 
inputs, outputs, internal coils, data registers, and special purpose coils.  In 
addition, any special switch settings or hardware configuration requirements 
such as com port configurations shall be described in detail and submitted. 

D. Test Related Submittals 

Provide five (5) copies of the following: 

1. Operational Field Acceptance Test (OAT) Documentation. 

The CSI shall submit an example of each type of Instrument Calibration Sheet and 
Loop Status Report that will be used for the OAT. 

After acceptance of the examples, the CSI shall prepare Loop Status Report Sheet(s) 
for each loop and an Instrument Calibration Sheet for each active ICM system 
element (except simple hand switches, lights, etc.) These sheets shall be submitted 
after the tests are completed. 

a. Instrument Calibration Sheets. 

i. Provide a written report to the Engineer on each instrument certifying that it 
has been calibrated to its published specified accuracy.  This report shall 
include all applicable data as listed below plus any defects noted, correction 
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action required, and correction made. Data shall be recorded on prepared 
forms and shall include not less than the following items: 

a) Facility identification (Name, location, etc.) 

b) Loop identification (Name or function) 

c) Equipment tag and serial numbers. 

d) Scale Ranges and units. 

e) Test mode or type of test. 

f) Input values or settings. 

g) Expected outputs and tolerances 

h) Actual readings at 10%, 50%, and 90% of span. 

i) Explanations or special notes as applicable. 

j) Date, time, and weather. 

k) Tester's certification with name and signature. 

2. Functional Acceptance Test Documentation.   

The CSI shall prepare two types of test procedures and forms as follows. 

a. Loop Test Documentation 

For functions that can be demonstrated on a loop-by-loop basis, the form shall 
include: 

i. Project Name. 

ii. Loop number. 

iii. Loop description. 

iv. Test procedure description, with a space after each specific test to facilitate 
sign off on completion of each test. 

v. For each component: tag number, description, manufacturer, and data sheet 
number. 

vi. Space for sign off and date by the CSI, the Contractor,  and the Engineer. 

b. Functional Test Documentation 

For those functions that cannot be demonstrated on a loop-by-loop basis, the test 
form shall be a listing of the specific tests to be conducted.  With each test 
description the following information shall be included: 

i. Specification page and paragraph of function demonstrated. 

ii. Description of Function. 

iii. Test procedure description. 

iv. Space after each specific test to facilitate signoff on completion of each test. 

E. Testing 

1. Factory Testing, field Testing, and Final Acceptance Testing shall be provided. 

2. System Commissioning Assistance. 

a. Provide the services of a factory trained and field experienced instrumentation 
engineer to assist Owner's personnel during each startup of the various systems. 
Purpose of this assistance is to support in making final adjustments of settings 
on the instrument systems. 
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F. Operation & Maintenance Manuals.   

Furnish Instruction Manuals and Parts Lists for instrumentation equipment in accordance 
with the requirements of Division 1 and as noted herein. 

1. Schedule. 

a. Deliver manuals not later than the equipment shipment date. After installation is 
complete, update the manuals to reflect any changes which occurred during 
installation and deliver balance of manuals to Engineer. 

2. Material Content.   Include in the manuals not less than the following applicable 
information for each instrument, equipment, subsystem and/or control loop. The 
O&M Manuals shall consist of, at least, the following material: 

a. Bill of Materials. 

i. A listing of all the panels, racks, instruments, components, and devices 
supplied.  Components shall be grouped by component type, with the 
component types identified in a similar manner to the component 
identification code used in these specifications.  The list shall contain, as a 
minimum: 

a) Instrument, panel, rack or device tag number. 

b) Description. 

c) Quantity supplied. 

d) Reference to component data sheet and/or catalog cut. 

e) Component type. 

b. Component Data Sheets. 

i. See Paragraph 1.03 C.2 specified herein before. 

c. Catalog Cuts. 

i. See Paragraph 1.03 C specified herein before. 

d. Component O&M Manuals. 

i. An O&M manual shall be submitted for instruments and devices supplied.  
The O&M manuals shall contain, as a minimum: 

a) Operating procedures. 

b) Installation procedures. 

c) Maintenance procedures. 

d) Troubleshooting procedures. 

e) Calibration procedures. 

f) Internal device schematics and wiring diagrams. 

g) Shut-down procedures. 

h) Component parts list. 

i) Detailed circuit operational description including annotated 

programmable controller ladder diagrams. 

e. Spare Parts and Expendables List 



CAREY STATION URBAN WATER REUSE FACILITY  CAREY STATION WRF, LLC 

0.5 MGD TO 1.5 MGD EXPANSION  GREENE COUNTY, GA 

 

GOODWYN MILLS CAWOOD, LLC INSTRUMENTATION AND CONTROL FOR PROCESS SYSTEMS 

GMC PROJECT NO. CAUG250007 409000 - 12 of 26 

i. The spare parts and expendables list shall include not only those items 
supplied, but also the additional items recommended for successful long 
term operation. 

f. "As-Shipped" Drawings 

i. Drawings shall be a record of work "As-Shipped" from the factory and shall 
be labeled as "As-Shipped".  One copy of applicable schematics and 
diagrams shall be placed in each control panel in a protective envelope or 
binder.  Provide the following "As-Shipped" drawings as a minimum: 

a) Panel Fabrication Drawings. 

b) Panel Wiring and Interconnection Drawings. 

G. Final Record Documentation’s 

1. Reproducible Drawings.   Contractor shall submit reproducible's of finished 
schematics, wiring diagrams and installation drawings to include installed field and 
panel instruments, mounting details, point to point diagrams with a cable, wire, and 
termination numbers.  Drawings shall be a record of work as actually constructed 
and shall be labeled as "RECORD DOCUMENTS", in accordance with the 
requirements of Section 01 – Contract Closeout.  One copy of applicable schematics 
and diagrams shall be placed in each control panel in a protective envelope or binder. 

a. Loop Diagrams. 

1) See Paragraph 1.03 C.8 specified herein before. 

b. Panel Fabrication and Wiring diagrams. 

1) See Paragraph 1.03 C.4 and 1.03 C.6 specified herein before. 

c. Interconnecting Wiring Diagrams. 

1) See Paragraph 1.03 C.7 specified herein before. 

d. Instrument Installation Details. 

1) See Paragraph 1.03 C.9 herein before. 

2. Process and Instrumentation Diagrams (P&ID's).  

a. The Engineer will supply the Contractor with P&ID's on magnetic media for 
revisions to reflect the final installed system.   

b. The P&ID's shall be updated by the Contractor who may use these drawings for 
producing the final documentation. 

3. Software Documentation.   In addition to the reproducible hard copy of drawings and 
literature generated specifically for the project, Contractor shall submit electronic 
copy to the Engineer with all custom files specifically created to generate the 
drawings, data sheets, bill of materials, operating procedures etc.  Drawing format 
shall be compatible with AutoCad ver. 2018 or newer.  

H. Training Requirements. 

1. General: 

a. Contractor shall provide the services of a CSI factory trained and field 
experienced instrumentation engineer to conduct group training of Owner's 
designated personnel in the operation of each instrument system.  Obtain 
Owner’s written consent that the training has been adequate.  Include instruction 
covering basic system theory, operating principles and adjustments, routine 
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maintenance and repair, and "hands on" operation.  The text for this training 
shall be the P & ID's, graphic operation interface, PLC and SCADA software, 
panel wiring diagrams and layouts, and the operation and maintenance manuals 
furnished under these Specifications. 

2. Duration: 

a. Training specific to the system control panel hardware and software.  This 
training shall be for a minimum time period of 30-8-hour days and 6 trips.  This 
training shall be separate from start-up and testing.  

3. Operator Training: 

a. Operator training shall include instruction in the use of Control Panels and Field 
Panels furnished. 

4. Maintenance Training: 

a. Maintenance training shall include instruction in the calibration, maintenance, 
and repair required for all instruments. 

I. Post-Contract System Support. 

1. Maintenance Contract: 

a. Duration. 

i. Provide a 1 year maintenance contract for components furnished starting 
from the date of acceptance. 

b. Schedule. 

i. Develop a program of preventive maintenance visits that includes 
verification of instrument performance on a monthly basis and complete 
calibration of instruments on a semi-annual basis. After every visit, submit 
to the Owner records of instrument verification and calibration on 
appropriate forms. 

J. Guarantee and Warranties 

1. The equipment manufacturers shall warrant and guarantee against defective 
equipment, workmanship, and materials under normal use, operation and services, 
unless otherwise noted in other Division 40 Sections shall be for a period of 2 years 
after acceptance from the final date or final resolution of the Owner acceptance of 
Work as substantially complete.  For equipment bearing a manufacturer's warranty in 
excess of two years, furnish a copy of the warranty to Engineer with Owner named 
as beneficiary. 

PART 2 - PRODUCTS 

2.01 HARDWARE REQUIREMENTS 

A. Job Conditions. 

1. Contract Drawings are diagrammatic and show the intended arrangement for system 
operation, piping, and appurtenances.  Conform to Contract Drawings as closely as 
possible and exercise care (1) to secure neat arrangement of piping, valves, conduit, 
and like items, and (2) to accommodate structural features.  Verify dimensions and 
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conditions at the project site, and install materials and equipment in the available 
spaces. 

B. Materials and Standard Specifications. 

1. Provide instruments, equipment and materials suitable for service conditions and 
meeting standard specifications such as Instrument Society of America (ISA). The 
intent of this Specification is to secure instruments and equipment of a uniform 
quality and manufacture throughout the facilities, instruments supplied by the 
Contractor, of the same type shall be by the same manufacturer. All panel mounted 
instruments shall have matching style and general appearance. All meters, 
instruments, and other components shall be the most recent field-proven models 
marketed by their manufacturers at the time of submittal of the shop drawings unless 
otherwise required to match existing equipment.  This allows the stocking of the 
minimum number of spare parts. 

C. Product Delivery, Storage, and Handling. 

1. Box, crate, or otherwise enclose and protect instruments and equipment during 
shipment, handling, and storage.  Keep all equipment dry and covered from exposure 
to weather, moisture, corrosive liquids and gases or any element which could 
degrade the equipment.  Protect painted surfaces against impact, abrasion, 
discoloration, and other damage.  Repair any damage as directed and approved. 

D. Mountings. 

1. Mount and install equipment as indicated.  Where not shown, mount field 
instruments according to best standard practice on pipe mounts, pedestal mounts, or 
other similar means in accordance with suppliers recommendation.  Unless specified 
otherwise all mounting hardware shall be stainless steel.  Where mounted in control 
panels, mount according to manufacturer recommendations. 

2. Equipment specified for field mounting shall be suitable for direct pipe mounting, 
pedestal mounting, or surface mounting.  Non in-line indicators and equipment with 
calibration adjustments or requiring periodic inspection shall be mounted not lower 
than three (3) feet nor higher than five (5) feet above walkways, platforms, and 
catwalks.  Such equipment shall be weather and splash proof, and corrosion resistant 
and electrical equipment shall be in Type 316 stainless steel NEMA 4X cases unless 
otherwise noted. 

E. Instrument Identification. 

1. Components provided under this Section, both field and panel mounted, shall be 
provided with permanently mounted name tags bearing the entire ISA tag number of 
the component. Panel mounted tags shall be plastic; field mounted tags shall be 
stamped stainless steel. 

2. Nameplates for panels and panel mounted equipment shall be as specified on the 
design documents. 

3. Field mounted tags shall be 16-gauge, Type 304 stainless steel with 3/16-inch high 
characters. 

4. Tags shall be attached to equipment with a commercial tag holder using a stainless 
steel band with a worm screw clamping device or by a holder fabricated with 
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standard stainless steel hose clamps and meeting the same description.  In some 
cases where this would be impractical, use 20 gage stainless steel wire. 

5. For field panels or large equipment cases use stainless steel screws, however, such 
permanent attachment shall not be on an ordinarily replaceable part.  In each case, 
the tag shall be plainly visible to a standing observer and not obscure adjustment 
ports or impair the function of the instrument.  Field mounted control stations, 
recorders or indicators shall have a nameplate indicating their function and the 
variable controlled or displayed.  Nameplate shall be attached by one of the above 
methods. 

F. Electronic Equipment. 

1. If the equipment is electronic in nature, provide solid state equipment to the greatest 
extent practicable.  Select components of construction for their suitability and 
reliability.  Employ adequate component derating to preclude failures because of 
transients and momentary overloads reasonably expected in normal operation.  
Where conduit connection is provided for mounting a surge/lightning suppresser 
directly to the instrument, the arrestor shall be so mounted.  Field equipment shall 
have a Joslyn (or accepted equal) surge suppresser mounted on the instrument 
housing, if such mounting is provided on the instrument, otherwise a threaded surge 
suppresser connection shall be provided on the conduit as close as practical to the 
instrument.  See Section 16473 – Low Voltage Surge Suppression Devices. 

G. Equipment Operating Conditions. 

1. Equipment shall be rated for normal operating performance with varying operating 
conditions over the following minimum ranges: 

2. Power: 

a. Electrical.  115 VAC +/- 10%, 60 Hz +/-1 Hz except where specifically stated 
otherwise on the drawings or in the specifications. 

3. Field Instruments: 

a. Atmospheric contaminants (All Areas): 

i. Hydrogen Sulfide:  0.1 mg/l. 

ii. Chlorine:   0.01 mg/l. 

iii. Ammonia:  0.5 mg/l. 

iv. Dust:  50.0 µg/m3. 

b. Outdoor Areas: 

i. Ambient Temperature: -20oF to +120oF. 

ii. Ambient Relative Humidity: 10% to 100%. 

iii. Weather: Rain, wind, sun and blowing sand. 

4. Indoor Environmentally Uncontrolled Areas: 

a. Ambient Temperature: 40oF to +105oF. 

b. Ambient Relative Humidity: 20% to 80%. 

5. Indoor Environmentally Controlled Areas: 

a. Ambient Temperature: 55oF to +85oF. 

b. Ambient Relative Humidity: 20% to 80%. 
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c. Short term excursions to temperature limits for non-environmental controlled 
areas. 

6. Provide, as necessary, enclosures, heat tracing, heaters and sunshields, etc. to assure 
normal operations under these conditions. 

7. Corrosive Areas: Provide instrument enclosures and hardware suitable for the 
corrosive location. 

8. Hazardous Areas: All equipment used in areas designated as hazardous shall be 
designed for the Class, Group, and Division as required on the Contract Drawings for 
the locations.  All Work shall be in strict accordance with codes and local rulings, 
should any work be performed contrary to said rulings, ordinances and regulations, 
the Contractor shall bear full responsibility for such violations and assume all Owner 
costs arising there from. 

H. Power Supplies. 

1. Provide electrical instruments and control devices for operation on 120 VAC, 60 Hz 
current. Protect each device power supply with properly sized fuses.  

2. Unless otherwise indicated provide battery backed up Uninterruptable Power Supply 
(UPS) with AC inversion for each control panel and PLC.  UPS shall be sized to run 
the peak tributary load for a period of not less than 30 minutes.  UPS shall be 
mounted in the respective panel.  Minimum UPS size shall be 990 watt-hour.  
Provide bypass switch for panels to run directly from power source or through UPS 
with front of panel mounted indicator light showing current models. 

3. Output overvoltage and overcurrent protective devices shall be provided for DC 
power supplies to protect instruments from damage due to power supply failure and 
to power supply from damage due to external failure. Power supplies shall be 
provided with NEMA 1 enclosures.  Power supplies shall be mounted such that 
dissipated heat does not adversely affect other components.  Source of operating 
power shall be 120 VAC, 60 Hz commercial power.  Units shall be mounted within 
the control panels.  Power supply fusing shall be provided with blown fuse 
indicators. 

I. Signal Isolators, Converters and Conditioners. 

1. Insure that input-output signals of all instruments and control devices (new and 
existing) are compatible.  Analog signals between field and panels shall be 4-20 mA 
unless specifically accepted otherwise. Granting such acceptance does not relieve the 
Contractor from the compatibility requirement above.  Provide signal isolators and 
converters as necessary to obtain the required system performance.  Mount the 
devices behind control panels or in the field at point of application, as required for 
accurate signal acquisition. 

J. Auxiliary Contacts by Others. 

1. Provide instruments and equipment to connect to auxiliary contacts provided by 
others for alarms, status of equipment, interlocking, and other functions as indicated 
and as specified herein. 

K. Painting. 

1. Provide factory paint for instruments and equipment except where in pipelines. 
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L. Electrical. 

1. Work shall include the power supply wiring, instrumentation wiring, interconnecting 
wiring and equipment grounding as indicated, specified and required and not 
specifically included under Division 26. 

2. Wiring installations shall include cables, conductors, terminals, connectors, wire 
markers, conduits, conduit fittings, supports, hardware and all other required 
materials not specifically included in the Work of other Divisions. 

3. Provide the materials and complete the required installations for equipment 
grounding as specified in Division 26 of these Specifications and indicated on the 
Contract Drawings. 

4. Incidental items not specifically included in the Contract Documents that can 
legitimately and reasonably be inferred to belong in the instrumentation work shall 
be provided and installed by the Contractor at no additional cost to the Owner. 

5. Field Wiring.  For wiring materials, refer to Division 26 and Details on the Contract 
Drawings.  Test signal wiring for continuity prior to termination.  Provide wire 
number tags marked in indelible waterproof form of slip-on type heat shrink label or 
equal for each termination.  

M. Process Connections. 

1. Provide instrument piping, tubing, and capillary tubing to meet the intended process 
service and ambient environmental condition for corrosion resistance, etc. All 
instrument pneumatic tubing shall be Type 316 stainless steel. Slope lines according 
to service to promote self draining or venting back to the process.  Terminate 
connection to process lines or vessels in a service rated block valve that will permit 
closing off the sense line or removal of the element without requiring shut down of 
the process.  Include drip legs and blow-down valves for terminations of sense lines 
at the instruments when mounted such that condensation can accumulate. Process 
vessels, line penetrations, connecting fittings, and block valves shall be furnished 
and installed under other Divisions of these Specifications but coordinated by 
Division 40. 

N. Electrical Transient Protection. 

1. Instrument and control equipment mounted outside of protective structures (field 
mounted equipment) shall be equipped with surge-arresting devices to protect the 
equipment from damage due to electrical transients induced in the interconnecting 
lines from lightning discharges or nearby electrical devices.  Both power and signal 
circuits shall be protected with surge and transient protectors installed at the source 
and destination ends of the circuits.  Protective devices used on 120 VAC inputs to 
field mounted equipment shall be secondary surge protectors conforming to the 
requirements of IEEE C62.41 8/20µs wave form. 

2. Surge and transient protectors shall be normally connected to the electrical system 
ground.  When an electrical system ground is not available near the device, the 
protectors shall be connected to a ground rod located within 10 feet of the device.  
The ground rod shall meet all the requirements of Section 26 05 26 -  Grounding and 
Bonding, in Division 26, Electrical. 
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3. Protectors for analog signal circuits on or near field instrument housings shall be 
Innovative Technology Model OEM D22TX, Phoenix Contact Surge Trab Series, or 
accepted equal. 

4. Protectors shall be provided for conductors penetrating panel enclosures for power 
circuits protectors shall be Innovative Technology Model HS-P-5P secondary 
arrestor, Phoenix Contact PT Series, or accepted equal.  For analog and data circuits 
protectors shall be rail mounted Innovative Technology Model HS, or accepted 
equal.  Protectors for data utilizing coaxial connections shall be Innovative 
Technology, or accepted equal.  Provide multi-stage gas tube and solid state 
Innovative Technology, or accepted equal, protectors for digital circuits. 

O. Spares and Maintenance Materials. 

1. Furnish the following items as specified herein. Deliver to Engineer, as directed, 
with itemized list in a letter of transmittal accompanying each shipment. 

2. Materials shall be delivered in the manufacturer's original containers labeled to 
completely describe contents and equipment for which it is furnished. 

3. One Fuse of each size and type for every five used but no less than five of each type. 

4. One Relay of each type for every five used but no less than two of each type. 

5. One Panel Indicating Light Bulb for every five used but no less than four of each 
type. 

6. One Transient Protector for every five used but no less than four of each type. 

PART 3 - EXECUTION 

3.01 PRODUCT HANDLING 

A. Shipping Precautions:  After completion of shop assembly, factory test, and acceptance, 
all equipment, cabinets, panels, and consoles shall be packed in protective crates and 
enclosed in heavy duty polyethylene envelopes or secured sheeting to provide complete 
protection from damage, dust, and moisture.  Dehumidifiers shall be placed inside the 
polyethylene coverings.  The equipment shall then be skid-mounted for final transport.  
Lifting rings shall be provided for moving without removing protective covering.  Boxed 
weight shall be shown on shipping tags together with instructions for unloading, 
transporting, storing, and handling at the job site. 

B. Special Instructions:  Special instructions for proper field handling, storage, and 
installation required by the Manufacturer shall be securely attached to each piece of 
equipment before packaging and shipment. 

C. Tagging:  Each component shall be tagged to identify its location, instrument tag number, 
and function in the system.  A permanent stainless steel or other non-corrosive material 
tag firmly attached and permanently and indelibly marked with the instrument tag 
number, as given in the tabulation, shall be provided on each piece of equipment in the 
ICM system. Identification shall be prominently displayed on the outside of the package. 

D. Storage:  Equipment shall not be stored outdoors.  Equipment shall be stored in dry 
permanent shelters, including in-line equipment, and shall be adequately protected 
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against mechanical injury.  If any apparatus has been damaged, such damage shall be 
repaired by the Contractor at no additional cost to the Owner.  If any apparatus has been 
subject to possible damage by water, it shall be thoroughly dried out and put through tests 
as directed by the Engineer.  Such tests shall be at no additional cost to the Owner, and if 
the equipment fails the tests, it shall be replaced at no additional cost to the Owner. 

E. Protection during Construction:  Instrumentation and Controls shall at all times during 
construction be adequately protected against mechanical injury, water damage, corrosion, 
dirt, dust and foreign material.  Equipment equipped with internal electrical heaters shall 
have them energized to keep the equipment dry.  Doors to control panels and cabinets 
shall be kept closed at all times when work on them is not being done.  Control Panels, 
Analyzers, sensitive electronic or computer equipment and/or controls or other materials 
not sealed and/or suitable for continuous outdoors storage shall not be stored out-of-
doors.  Such Instrumentation and Controls shall be stored in dry permanent shelters. 

F. Paint Finish:  Any damage to factory applied paint finish shall be repaired using touch-up 
paint furnished by the instrument or equipment manufacturer. 

3.02 MANUFACTURER'S SERVICES 

A. Furnish the following Manufacturer's services for all instrumentation provided: 

1. Perform bench calibration. 

2. Oversee installation. 

3. Verify installation of installed instrument. 

4. Certify installation and reconfirm Manufacturer's accuracy statement. 

5. Oversee loop testing, prepare loop validation sheets, and certify loop testing. 

6. Oversee pre-commissioning, prepare pre-commissioning validation sheets, and 
certify pre-commissioning. 

7. Train the Owner's personnel. 

3.03 INSTALLATION 

A. General: 

1. All instrumentation, including instrumentation furnished under other Divisions, shall 
be installed per the manufacturers' instructions and Division 40. 

2. Equipment Locations:  The monitoring and control system configurations indicated 
are diagrammatic.  The locations of equipment are approximate.  The exact locations 
and routing of wiring and cables shall be governed by structural conditions and 
physical interferences and by the location of electrical terminations on equipment.  
All equipment shall be located and installed so that it will be readily accessible for 
operation and maintenance.  Where job conditions require reasonable changes in 
approximated locations and arrangements, or when the Owner exercises the right to 
require changes in location of equipment that do not impact material quantities or 
cause material rework, make such changes without additional cost to the Owner. 

B. Conduit, Cables, and Field Wiring 

1. All conduit shall be provided, in accordance with Section 26 05 33. 
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2. All 4-20 mA signal circuits, process equipment control wiring, signal wiring to field 
instruments, remote I/O,  PLC I/O, and other non-specialty field wiring and cables 
shall be provided and installed, in accordance with Section 26 05 05. 

3. All ICM system specialty cables, data highway fiber optic cable and specialty cable 
termination devices shall be provided under Division 40 and installed, in accordance 
with Section 26 05 05.. 

4. All field cables and wiring terminations and wire identification at ICM system 
equipment furnished under this or any other Division shall be provided in accordance 
with the requirements of Section 26 05 05.  All terminations shall be checked by the 
equipment supplier and the electrical contractor. 

C. Instrumentation Tie-Downs:  All instruments, control panels, and equipment shall be 
anchored by methods that comply with seismic requirements that apply to the site. 

D. Existing Instrumentation:  Each existing instrument to be removed and reinstalled shall 
be cleaned, reconditioned and recalibrated by an authorized service facility of the 
instrument Manufacturer.  Provide certification of this Work before reinstallation of each 
instrument. Provide replacement for interim period as required. 

E. Ancillary Devices:  The Contract Documents show all necessary conduit and instruments 
required to make a complete instrumentation system.  The Contractor shall be responsible 
for providing any additional or different type connections as required by the instruments 
and specific installation requirements at no additional cost to the Owner.  All such 
additions and all such changes, including the proposed method of installation, shall be 
submitted to the Engineer for acceptance before commencing the Work.  Such changes 
shall not be a basis of claims for extra work or delay. 

F. Installation Criteria and Validation:  All field-mounted components and assemblies shall 
be installed and connected according to the requirements below: 

1. Installation personnel have been instructed on installation requirements of the 
Contract Documents. 

2. Technical assistance is available to installation personnel at least by telephone. 

3. Installation personnel have at least one copy of the accepted and approved shop 
drawings and data. 

4. Instrument process sensing lines shall be installed similar to conduit.  Individual 
tubes shall run parallel and near the surfaces from which they are supported.  
Supports shall be used at intervals of not more than 3-feet of rigid tubing. 

5. Bends shall be formed to uniform radii with the proper tool without deforming or 
thinning the walls of the tubing.  Plastic clips shall be used to hold individual plastic 
tubes parallel.  Ends of tubing shall be square-cut and cleaned before being inserted 
in the fittings.  Bulkhead fittings shall be provided at all panels requiring pipe or 
tubing entries. 

6. All differential pressure elements shall have three valve manifolds. 

7. All flexible cables and capillary tubing shall be installed in flexible conduits.  The 
lengths shall be sufficient to withdraw the element for periodic maintenance. 

8. All power and signal wires shall be terminated with crimped type lugs. 

9. All connectors shall be, as a minimum, water tight. 
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10. All wires shall be mounted clearly with an identification tag that is of a permanent 
and reusable nature. 

11. All wire and cable shall be arranged in a neat manner and securely supported in cable 
groups and connected from terminal to terminal without splices unless specifically 
accepted by the Engineer.  All wiring shall be protected from sharp edges and 
corners. 

12. All mounting stands and bracket materials and workmanship shall comply with 
requirements of the Contract Documents. 

13. Verify the correctness of each installation, including polarity of electric power and 
signal connections, and making sure all process connections are free of leaks.  
Certify in writing that for each loop or system checked out, all discrepancies have 
been corrected.  

14. The Owner will not be responsible for any additional cost of rework attributable to 
actions of the Contractor or the CSI.  

3.04 CALIBRATION 

A. General:  All devices provided under the instrumentation Sections shall be calibrated 
according to the manufacturer's recommended procedures to verify operational readiness 
and ability to meet the indicated functional and tolerance requirements. 

B. Calibration Points:  Each instrument shall be calibrated at 20, 40, 60, 80 and 100% of 
span using test instruments to simulate inputs.  The test instruments shall have accuracies 
traceable to National Institute of Testing Standards. 

C. Bench Calibration:  Instruments that have been bench-calibrated shall be examined in the 
field to determine whether any of the calibrations are in need of adjustment.  Such 
adjustments, if required, shall be made only after consultation with the Engineer. 

D. Field Calibration:  Instruments that were not bench-calibrated shall be calibrated in the 
field to insure proper operation in accordance with the instrument loop diagrams or 
specification data sheets. 

E. Analyzer Calibration:  Each analyzer system shall be calibrated and tested as a workable 
system after installation.  Testing procedures shall be directed by the manufacturers' 
technical representatives.  All samples and sample gases shall be furnished by the 
manufacturers. 

F. Calibration Tags:  A calibration and testing tag shall be attached to each piece of 
equipment or system at a location determined by the Engineer.  Have the Instrumentation 
Supplier sign the tag when calibration is complete.  The Engineer will sign the tag when 
the calibration and testing has been accepted. 

3.05 LOOP TESTING 

A. General:  Individual instrument loop diagrams per ISA Standard S5.4 - Instrument Loop 
Diagrams, expanded format, shall be submitted to the Engineer for review before the loop 
tests.  The Contractor shall notify the Engineer of scheduled tests a minimum of 30 days 
before the estimated completion date of installation and wiring of the ICM.  After the 
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Engineer’s review of the submitted loop diagrams for correctness and compliance with 
the specifications, loop testing shall proceed.  The loop check shall be witnessed by the 
Engineer. 

B. Control Valve Tests:  All control valves, cylinders, drives and connecting linkages shall 
be stroked from the operator interface units as well as local control devices and adjusted 
to verify proper control action, hand switch action, limit switch settings, torque settings, 
remote control actions, and remote feedback of valve status and position.  Control valve 
actions and positioner settings shall be checked with the valves in place to ensure that no 
changes have occurred since the bench calibration. 

C. Interlocks:  All hardware and software interlocks between the instrumentation and the 
motor control circuits, control circuits of variable-speed controllers and packaged 
equipment controls shall be checked to the maximum extent possible. 

D. Instrument and Instrument Component Validation:  Each instrument shall be field tested, 
inspected, and adjusted to its indicated performance requirement in accordance its 
Manufacturer's specifications and instructions.  Any instrument that fails to meet any 
Contract requirement, or, in the absence of a Contract requirement, any published 
manufacturer performance specification for functional and operational parameters, shall 
be repaired or replaced, at the direction of the Engineer at no additional cost to the 
Owner. 

E. Loop Validation:  Controllers and electronic function modules shall be field tested and 
exercised to demonstrate correct operation.  All control loops shall be checked under 
simulated operating conditions by impressing input signals at the primary control 
elements and observing appropriate responses of the respective control and monitoring 
elements, final control elements, and the graphic displays associated with the SCADA 
and PLC.  Actual signals shall be used wherever available.  Following any necessary 
corrections, the loops shall be retested.  Specified accuracy tolerances for each analog 
network are defined as the root-mean-square-summation of individual component 
accuracy requirements.  Individual component accuracy requirements shall be as 
indicated by Contract requirements or by published manufacturer accuracy specifications, 
whenever Contract accuracy requirements are not indicated.  Each analog network shall 
be tested by applying simulated analog or discrete inputs to the first element of an analog 
network. For networks that incorporate analog elements, simulated sensor inputs 
corresponding to 20, 40, 60, 80 and 100% of span shall be applied, and the resulting 
element outputs monitored to verify compliance to calculated 
root-mean-square-summation accuracy tolerance requirements. Continuously variable 
analog inputs shall be applied to verify the proper operation and setting of discrete 
devices. Provisional settings shall be made on controllers and alarms during analog loop 
tests. All analog loop test data shall be recorded on test that include calculated 
root-mean-square-summation system accuracy tolerance requirements for each output. 

F. Loop Validation Sheets:  Prepare loop confirmation sheets for each loop covering each 
active instrumentation and control device except simple hand switches and lights.  Loop 
confirmation sheets shall form the basis for operational tests and documentation.  Each 
loop confirmation sheet shall cite the following information and shall provide spaces for 
sign-off on individual items and on the complete loop provided by the CSI: 
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1. Project name. 

2. Loop number. 

3. Tag number, description, manufacturer and model number for each element. 

4. Installation bulletin number. 

5. Specification sheet number. 

6. Loop description number 

7. Adjustment check. 

8. Space for comments. 

9. Space for loop sign-off by Instrumentation Supplier and date. 

10. Space for Engineer witness signature and date. 

G. Loop Certifications:  When installation tests have been successfully completed for all 
individual instruments and all separate analog control networks, a certified copy of all 
test forms signed by the Engineer as a witness, with test data entered, shall be submitted 
to the Engineer together with a clear and unequivocal statement that all instrumentation 
has been successfully calibrated, inspected, and tested. 

3.06 PRE-COMMISSIONING 

A. General: Pre-commissioning shall start after acceptance of all wire test, calibration tests 
and loop tests, and all inspections have demonstrated that the instrumentation and control 
system complies with all Contract requirements. Pre-commissioning shall demonstrate 
proper operation of all systems with process equipment operating over full operating 
ranges under conditions as closely resembling actual operating conditions as possible. 

B. Pre-commissioning Procedures and Documentation:  All pre-commissioning and test 
activities shall follow detailed test procedures and check lists accepted by the Engineer as 
submitted by the CSI.  All test data shall be acquired using equipment as required and 
shall be recorded on test forms accepted by the Engineer, that include calculated 
tolerance limits for each step.  Completion of all system pre-commissioning and test 
activities shall be documented by a certified report, including all test forms with test data 
entered, delivered to the Engineer with a clear and unequivocal statement that all system 
pre-commissioning and test requirements have been satisfied. 

C. Operational Validation:   Where feasible, system pre-commissioning activities shall 
include the use of water to establish service conditions that simulate, to the greatest 
extent possible, normal final control element operating conditions in terms of applied 
process loads, operating ranges, and environmental conditions. Final control elements, 
control panels, and ancillary equipment shall be tested under start-up and steady-state 
operating conditions to verify that proper and stable control is achieved using motor 
control center and local field mounted control circuits.  All hardwired and software 
control circuit interlocks and alarms shall be operational.  The control of final control 
elements and ancillary equipment shall be tested using both manual and automatic (where 
provided) control circuits.  The stable steady-state operation of final control elements 
running under the control of field mounted automatic analog controllers or software 
based controllers shall be assured by adjusting the controllers as required to eliminate 
oscillatory final control element operation.  The transient stability of final control 
elements operating under the control of field mounted, and software based automatic 



CAREY STATION URBAN WATER REUSE FACILITY  CAREY STATION WRF, LLC 

0.5 MGD TO 1.5 MGD EXPANSION  GREENE COUNTY, GA 

 

GOODWYN MILLS CAWOOD, LLC INSTRUMENTATION AND CONTROL FOR PROCESS SYSTEMS 

GMC PROJECT NO. CAUG250007 409000 - 24 of 26 

analog controllers shall be verified by applying control signal disturbances, monitoring 
the amplitude and decay rate of control parameter oscillations (if any) and making 
necessary controller adjustments as required to eliminate excessive oscillatory amplitudes 
and decay rates. 

D. Loop Tuning:  All electronic control stations incorporating proportional, integral or 
differential control circuits shall be optimally tuned, experimentally, by applying control 
signal disturbances and adjusting the gain, reset, or rate settings as required to achieve a 
proper response.  Measured final control element variable position/speed set point 
settings shall be compared to measured final control element position/speed values at 20, 
40, 60, 80 and 100% of span and the results checked against indicated accuracy 
tolerances. 

E. Pre-commissioning Validation Sheets:  Pre-commissioning shall be documented on one 
of two types of test forms as follows: 

1. For functions that can be demonstrated on a loop-by-loop basis, the form shall 
include: 

a. Project name. 

b.  Loop number. 

c. Loop description. 

d. Tag number, description, manufacturer and data sheet number for each 
component. 

e. Space for sign-off and date by both the CSI and the Engineer. 

2. For functions that cannot be demonstrated on a loop-by-loop basis, the test form 
shall be a listing of the specific tests to be conducted.  With each test description, the 
following information shall be included: 

a.  Specification page and paragraph of function demonstrated. 

b. Description of function. 

c. Space for sign-off and date by both the CSI and the Engineer. 

F. Pre-commissioning Certification:  Submit an ICM system pre-commissioning completion 
report that shall state that all Contract requirements have been met and shall include a 
listing of all instrumentation and control system maintenance and repair activities 
conducted during the pre-commissioning testing. Acceptance of the instrumentation and 
control system pre-commissioning testing must be provided in writing by the Engineer 
before the performance testing may begin.  Final acceptance of the control system shall 
be based upon plant completion as stated in the General Conditions. 

3.07 ONSITE SUPERVISION 

A. Furnish the services of an on-site service engineer to supervise and coordinate 
installation, adjustment, testing, and start-up of the ICM system.  The Engineer will be 
present during the total period required to affect a complete operating system. A qualified 
team of the Instrumentation Subcontractor personnel shall be on site as required to check 
all equipment, perform the tests indicated in this Section, and furnish startup services.  
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3.08 PERFORMANCE TEST 

A. The entire ICM system shall operate for 30 days without failure. 

B. Furnish all necessary support staff as required to maintain the system and to satisfy the 
repair or replacement requirements. 

C. If any component fails during the performance test, it shall be repaired or replaced within 
4 hours and the ICM system shall be restarted.  If the system is not repaired and running 
within four (4) hours or more than six component failures within the four (4) hour repair 
period, the system shall be restarted and operate for an additional 30 days without failure. 

3.09 TRAINING 

A. Test entire ECM system. 

B. General: Train the Owner's personnel on the maintenance, calibration and repair of all 
instruments provided under this Contract. 

C. Instructions:  The training shall be performed by qualified representatives of the 
equipment manufacturers and shall be specific to each piece of equipment. 

D. Duration: Each training class shall be a minimum of 8 hours in duration and shall cover, 
as a minimum, operational theory, maintenance, troubleshooting/repair, and calibration of 
instruments.  Include a minimum of 4 hours training per instrument or control device; for 
PLC, and software include 8 hours for each type supplied. 

E. Schedule:  Training shall be performed during the pre-commissioning phase of the 
project and 30 days after acceptance.  The training sessions shall be scheduled a 
minimum of 3 weeks in advance of when the courses are to be initiated.  The Owner and 
Engineer will review the course outline and the training manual as submitted by the CSI 
for suitability and provide comments that shall be incorporated. 

F. Agenda:  The training shall include operation and maintenance procedures, trouble 
shooting with necessary test equipment, and changing set points, and calibration for that 
specific piece of equipment. 

G. Documentation:  Within 10 days after the completion of each session the Contractor shall 
submit the following: 

1. List of all Owner personnel who attended the session. 

2. Evaluation of Owner personnel via written testing or equivalent evaluation. 

3. Copy of the training materials used including all notes, diagrams, and comments. 

3.10 ACCEPTANCE 

A. For the purpose of this Section, the following conditions shall be fulfilled before the 
Work is considered substantially complete: 

1. All submittals have been completed and accepted. 

2. The ICM system has been calibrated, loop tested and pre-commissioned. 
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3.  The Owner training has been performed. 

4. All required spare parts and expendable supplies and test equipment have been 
delivered to the Owner. 

5. The performance test has been successfully completed. 

6. All punch-list items have been corrected. 

7. All record drawings in both hard copy and electronic format have been submitted. 

8. Revisions to the operations and maintenance manuals information that may have 
resulted from the field tests have been made and reviewed. 

9. All debris associated with installation of instrumentation has been removed. 

10. All probes, elements, sample lines, transmitters, tubing, and enclosures have been 
cleaned and are in like-new condition. 

3.11 WARRANTY 

A. Supplier shall warrant design, materials, and workmanship for customary period 
applicable for the equipment involved, but in no case for less than 24 months from date 
of acceptance, in accordance with the requirements of Paragraph 1.03, J, 1. 

B. During warranty period, if mechanical defects occur, or equipment fails to perform in 
accordance with specified performance requirements under conditions of normal use 
within the design limitations of the equipment, supplier shall, upon request of the 
company, repair or replace equipment or parts as required and shall place equipment in 
proper working condition, assuming all expenses involved. 

C. A written prepaid maintenance contract executed by the CSI shall be provided to the 
Owner for on-site warranty and travel maintenance services, in accordance with the 
requirements of Paragraph 1.03, H, and Paragraph I, 1.  This maintenance contract shall 
include all travel and living expenses, labor, parts, and emergency calls providing on-site 
response within 4 hours, to provide complete system maintenance for a period of one 
year after the date of final acceptance of the system. 

D. The maintenance contract shall include a minimum of 4 (quarterly) preventive 
maintenance visits by a qualified serviceman of the Supplier who is familiar with the type 
of equipment and software provided for this project.  Each preventive maintenance visit 
shall include routine adjustment, calibration, cleaning, and lubrication of system 
equipment and written verification of calibration and correct software operation. 

E. An annual fee shall be quoted 90 days before completion of the first year maintenance 
contract for annual maintenance subsequent to the first year of operation.  Standard per 
diem rates for providing breakdown service shall be set forth in the contract.  Such rates 
shall be fair and reasonable and reflect the lowest rates offered to most favored 
customers.  The fee quoted shall be firm for a minimum of 90 days from day of issue. 

END OF SECTION 40 90 00 
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SECTION 40 94 03 
PROGRAMMABLE LOGIC CONTROLLER SUBSYSTEM (PLCS) 

PART 1 - GENERAL 

1.01 SCOPE 

A. General - This section describes the Programmable Logic Controller (PLC), Input/Output (I/O) 

equipment, Operator Interface Terminal (OIT), fiber optic industrial Gigabit Ethernet and 

associated network communication equipment, and associated hardware and equipment, PLC 

programming software, Human Machine Interface (HMI) SCADA application software including 

all engineering and programming and development required for monitoring and control.  All 

devices, accessories, programming, and appurtenances required for proper operation of a 

complete and functional Instrumentation Control and Monitoring (ICM) system shall be provided. 

1. The SCADA system shall be designed, coordinated, and supplied by a Control System 

Integrator (CSI) consisting of PLC based data acquisition and operator interface graphic 

display systems, who shall guarantee satisfactory operation of the installed ICM system. 

2. Develop and provide the PLC and SCADA HMI and OIT graphic display applications 

programs and hardware configuration needed to monitor and control the process equipment 

to perform the functional requirements as specified in Division 40 Sections or as required by 

the process equipment manufacturers and as required by and described in these Contract 

Documents. 

3. SCADA PLC’s shall be configured and provided with hardware necessary to communicate 

with Ethernet enabled process instrumentation and equipment as required in these 

specifications. 

4. In general, communication network from structure to structure shall be via industrial 

redundant, self-healing Ethernet optical fiber network. Each PLC and Operator Workstation 

shall be provided with a UPS with a 30-minutes full load minimum.  In the event of local 

power failure, the PLC shall automatically stop fault sequencing, PID windup, and continue 

accumulation of data and process calculations while notifying the operator via the HMI 

screens. Communication shall continue with PLC and workstations. 

1.02 REFERENCES 

A. The publications listed below form a part of this specification to the extent referenced.  The 

publications are referred to in the text by basic designation only. 

1. National Electrical Manufacturers Association (NEMA). 

2. Instrument Society of America (ISA). 

1.03 SUBMITTALS 

A. The Contractor shall make submittals in accordance with Divisions 01 and 40. 

B. The following information shall be provided: 

1. Electronic copy of each of the following shall be submitted: 

a. Manufacturers complete data. 

b. Shop drawings, which include the following: 
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i. Outline drawings of all components and a composite drawing. 

ii. Schematic drawings of auxiliary piping and wiring. 

2. Electronic copy of each of the following shall be submitted: 

a. Operation and maintenance manual. 

b. Training documentation. 

1.04 TESTING 

A. Factory testing, field testing, and final acceptance testing of computers and programmable logic 

controllers shall conform to the requirements of Section 40 90 00. 

1.05 WARRANTY 

A. Conform to warranty requirements of Division 40. 

B. The equipment manufacturers shall warrant and guarantee against defective equipment, 

workmanship, and materials under normal use, operation and service, for a period of 2 years after 

acceptance from the final date or resolution of the Owner accepting Work as substantially 

complete. 

1.06 TOOLS, SUPPLIES AND SPARE PARTS 

A. Tools, supplies and spare parts shall be provided as required.  In addition, the following specific 

spare parts items shall be provided: 

1. One of each type of CPU and co-processor module for PLC equipment furnished under this 

Contract. 

2. One of each type of input/output module for PLC equipment furnished under this Contract. 

3. One of each type and size of PLC and equipment power supply furnished under this 

Contract. 

PART 2 - PRODUCTS 

2.01 MANUFACTURER 

A. Provide Programmable Logic Controller including necessary equipment and appurtenances as 

manufactured by the following acceptable manufacturer: 

1. Allen Bradley – CompactLogix. 

2.02 PROGRAMMABLE LOGIC CONTROLLER AND I/O HARDWARE 

A. General 

1. Provide PLC hardware including processors, power supplies, rack assemblies, 

interconnecting cables, grounding system, communication modules, hot standby modules, 

and accessories required to perform the control and monitoring functions. 

B. Programmable Logic Controller (PLC) 

1. The PLC shall be provided with the following minimum features: 
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a. The processor shall be the slot mount type, include at least 2MB available user memory.  

Minimum CPU shall be CompactLogix series. 

b. The PLC system shall be able to accommodate the quantity and type of I/O points 

shown and described including future I/O points.  In addition, provide 20% spare I/O 

points for each type, where a certain type of I/O is not required such as analog output, 

provide at least one such I/O module. 

c. The PLC system shall include one Ethernet communication module. Ethernet 

communication module shall be used for permanent system-type communications from 

PLC to PLC and to HMI operator workstations throughout the plant. Data transfer rate 

shall be up to 100Mbit/s.  

d. The PLC system shall operate over 0 to 60 degree Celsius temperature range, and a 0 to 

95% (non-condensing) humidity range. 

e. The processor shall include diagnostic indicators for power, mode, low battery, 

communications ports, and memory and I/O errors. 

f. The PLC system shall allow on-line and off-line programming. 

g. The CPU’s shall have executive firmware which may be upgraded in the field using an 

upgrade/download procedure which does not require the removal and/or insertion of IC 

chip. 

h. The PLC system shall be capable of communicating with third party devices such as 

Motor Control Centers, including Variable Frequency Drives (VFD), and packaged 

vendor equipment systems via Ethernet IP. 

2. The PLC system in each control panel shall include a single or redundant processor (when 

shown on the drawings), power supply, and hot standby module.  If the primary PLC system 

fails the standby PLC system shall assume primary control functions within 48 milliseconds 

of the failure.  A failed component shall be able to be removed, replaced, and reloaded (with 

software) without shutting the on-line PLC system down.  No special application 

programming shall be required to implement the hot standby PLC systems. 

3. A power supply (quantity and size as required) shall be provided to supply power to the 

processor and I/O modules.  The supply voltage to the power supply shall originate within 

the control panel and shall be 120 VAC.  A separate 24 VDC power supply shall be provided 

to power the analog loops. 

4. I/O modules shall be provided as required to accommodate the types and quantities of I/O 

points identified.  Sample I/O point types include; dry contact outputs, 4-20 mAdc analog 

inputs, 4-20 mAdc analog outputs, and 120 VAC discrete inputs.  Discrete inputs shall use 

120 VAC as the voltage signal, and analog loop signals that leave the control panel shall use 

a 4-20 mAdc current signal.  I/O module point density shall not exceed 16 points per 

module.  Each I/O module shall include front panel mounted diagnostic indicators for point 

status, fault conditions, and active conditions.  The I/O modules shall be able to be replaced 

while under power and shall be keyed to prevent the wrong type of module from being 

inserted in the wrong slot.  All I/O modules shall have removable terminal blocks for 

termination of field wiring. All terminal blocks shall be ‘keyed’ to prevent application of 

terminal block to wrong I/O module.  All I/O modules shall report to the CPU should a 

terminal block fail or be removed. 

5. The PLC and I/O modules rack assemblies shall be housed in the control panels as specified. 

6. The control panels shall be provided with sufficient I/O modules to allow 20% spare 

installed and wired I/O points.  Spares shall be provided for each different type of I/O. 
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7. The PLC and I/O equipment shall be a standard industrial grade product mechanically and 

electrically suitable for use in an industrial environment with a satisfactory product history 

of at least five years. 

2.03 PROGRAMMABLE CONTROLLER APPLICATION & DEVELOPMENT SOFTWARE 

A. The PLC programming and configuration software shall be the manufacturer's latest version, and 

compatible with the Windows 10 operating system. The software package shall consist of all 

programming, configuration, and documentation software needed to place the control and 

information system in satisfactory operation.  The software shall allow on-line and off-line 

program development and documentation.  Programming shall be accomplished through the use 

of ladder logic and other IEC 1131.3 languages.  PLC programming software shall include 

electronic documentation. 

B. Third-party programming software shall be acceptable if recommended by the manufacturer and 

if that software exceeds the capabilities of the PLC manufacturer's standard software package. 

C. All configuration and programming software necessary shall be provided on each operator 

workstation computer specified, including the Portable Laptop Programming Terminal, for 

connection to any PLC processor on the Ethernet network or via direct connection to the 

processor communications port.  All necessary hardware drivers required to perform PLC 

configuration and programming shall be provided. 

D. If available, the configuration and programming software shall support communication over the 

network to implement its functions remotely from an operator workstation.  All configuration and 

programming software necessary to implement this functionality shall be provided on the 

SCADA System Operator Workstations.  All necessary hardware and software drivers required to 

allow the operator workstation to perform PLC configuration and programming shall be provided. 

E. The ladder logic instruction set for the PLC shall include the following, as a minimum: 

1. Relay type instructions. 

2. Counter and timer instructions. 

3. Comparison instructions (equal, greater than, limit tests, etc.). 

4. Integer and floating point mathematical instructions. 

5. Advanced math and trigonometric functions. 

6. Statistical instructions. 

7. Matrix and array instructions. 

8. Logical instructions (and, not, or, etc.). 

9. BCD conversion instructions. 

10. Bit modification, moving, and shift instructions. 

11. File instructions (search, copy, fill, etc.). 

12. Diagnostic instructions. 

13. Sequencer instructions. 

14. Program control instructions (jump, goto, subroutine, etc.). 

15. PID control loops. 

16. Block read and write capability. 
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17. Send/receive messages. 

18. Immediate I/O and communications update instructions. 

F. The PLC programming & configuration software shall be the latest version of RSLogix as 

required. 

2.04 SCADA HMI APPLICATION SOFTWARE 

A. Provide an operator interface software package that, when combined with the operator station 

computer hardware, will gather, display, and store real-time operating information.  The operator 

interface software package shall be sized according to the appropriate I/O point count and shall be 

able to accommodate 20% additional I/O in the future, but as a minimum shall accommodate 

10,000 I/O. 

B. HMI Application Software 

1. The operator interface software package shall provide the following minimum functions: 

a. Compatible with Windows 10 Pro operating system. 

b. The software package shall be provided with the appropriate Ethernet driver software,   

Ethernet hardware interfaces, and required Ethernet communication/configuration 

interface software as required. 

c. The SCADA software shall utilize existing HMI software package. 

d. Database management shall be performed using Microsoft SQL Server Database. The 

ability to store historical data (analog or digital) to daily, weekly, or monthly files and 

the ability to archive historical data to tape. 

e. Report writing software shall be the latest version of XLReporter by SyTech, Inc., or 

accepted equal. The system integrator shall coordinate directly with the owner on types 

of required report as well as the reports format, etc. 

f. Analog data shall be configured to be stored as average, minimum, maximum, or 

instantaneous values, in the proper engineering units. 

g. A complete alarm handling package shall be provided that shall annunciate alarms in an 

alarm queue and allow them to be displayed on the process graphic displays with 

messages or by changing colors or otherwise massaging graphic display symbols.  An 

alarm summary screen shall be provided.  Alarms shall be able to be acknowledged by 

an operator at the operator station CRT on an individual or screen basis and nuisance 

alarms shall be able to be disabled.  Alarms shall be logged to the alarm printer. 

h. Password protection for the various levels of access (day-to-day functions versus 

configuration changes), Log in and Log out at all times and Auto log off with set time. 

i. The data base points shall be identifiable by tag numbers. 

j. The entire system configuration, including database, shall be able to be backed up on 

Cloud Storage (cloud services shall be prepaid by the system integrator for at least 3 

years) as well as a local External Drive. 

2. Real Variables Processing. 

a. Real Variables shall represent process data for which there are analog signal inputs to 

the system.  The system shall sample each of these input signals at their selected scan 

frequency, and perform the proper conversions and scaling to obtain the instantaneous 
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engineering values.  These values then shall be used to update real-time data on CRT 

displays, check for alarm conditions, and store for use in the historical files. 

3. Calculated Variables Processing: 

a. Calculated variables shall represent process parameters for which there are no direct 

analog inputs to the system.  These variables shall utilize Real Variables, and manually 

entered constants or laboratory data to compute their value. 

b. There shall be two types of calculated variables defined: 

i. Calculated Variables that utilize one or more Real Variables and/or manually 

entered constants.  These variables shall be treated in the same manner as Real 

Variables and shall have the same attributes as Real Variables (including alarming 

and control), with the exception that the calculation shall be performed 

automatically every 5 seconds. 

ii. Calculated Variables which are used only for the Daily, Monthly, and Annual 

Operation Summary reports, and which utilize laboratory input data shall be 

computed once a day for inclusion in the Daily report and stored for use in the 

Monthly and Annual reports.  The capability to display these variables shall be 

provided. 

c. The System shall provide for a minimum of 4096 calculated variables. 

4. Manual Input Data Handling. 

a. The application software shall provide the capability to enter data manually from any 

operator’s keyboard.  This data shall consist of additional values for the current data file 

(e.g., laboratory analyses), inserting alarm limits, set point changes, adjustments to 

process constants, control system set point changes and system tuning parameter 

adjustments. 

b. All manually entered data shall be entered and stored in the appropriate engineering 

units.  All data entered shall be displayed for confirmation on the data entry device prior 

to incorporation to the data base. 

2.05 MANAGED ETHERNET SWITCHES 

A. The managed Ethernet switch will be IEEE 802.3 compliant. 

B. The switch shall be powered by a nominal 24VDC supply. 

C. The switch will have a permissible voltage range of 18.5 VDC to 30.2 VDC 

D. Switch will support redundant power inputs that allow immediate switchover without switch 

operation interruption. 

E. The switch shall have an operating temperature range of 0°C to +55°C. 

F. The permissible storage temperature range for the switch will be -20°C to +70°C. 

G. The switch will withstand a maximum continuous operating humidity of 95% without 

condensation. 

H. Units should be of fan-less design to increase reliability 
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I. Switching Capabilities: 

1. Auto-negotiation. 

a. All Copper TX ports will support auto negotiation. 

b. Each TX port will be able to interface to 10/100/1000 Mbps or full/half duplex devices. 

c. Fiber optic ports will support continuous 10/100/1000 Mbps full duplex 

communications. 

2. Auto Cross. 

a. All TX ports will support MDIX providing cable autocross capability. 

3. Auto Polarity. 

a. The switch will support automatic port polarity change in the event a pair of twisted 

pair receive cables (RD+/RD-) are connected incorrectly. 

4. Serial Interface. 

a. The device will have a V.24 RS232 communications interface. 

5. Accuracy & Capacity of switching table. 

a. The switch will only forward valid Ethernet frames using the store and forward, or 

equivalent method. 

b. The MAC address table will have a storage capacity of 8000 addresses. 

6. Configurations. 

a. The switch will support a removable memory device for the storing of switch settings, 

and the ability to share settings among like switches. 

J. Diagnostics: 

1. Port Status LED’s. 

a. Link:  Each port will have an LED indication that there is a proper electrical connection 

to the attached device as well as providing indication that there is port activity. 

b. Communication:  Each port will have an LED indication for detection of packet 

collisions, and showing communication duplex mode. 

c. To simplify the process of troubleshooting, the status indication of heavy 

communications traffic vs. the status of an active link with no communications traffic 

will be unambiguous. 

2. LED Display. 

a. The switch will employ a multi-position diagnostic display for reporting various startup 

and operational states, or error conditions that may occur. 

3. Alarm Contact. 

a. Switch to be equipped with an alarm contact to enable automatic audible or visual alarm 

in the event of loss of port communication, or either (or both) power supply inputs. 

b. Switch to be equipped with an LED to indicate the status of the alarm contact. 

4. Power Supply LED. 

a. Switch will have a separate power indication LED for each power supply connection. 

K. Internal Switch Functions: 

1. Simple Network Management Protocol (SNMP). 

a. The switch will support SNMP v1, v2 for network monitoring and configuration. 
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b. The switch will operate with any industry MIB browser. 

c. Switch will have a system of fully configurable SNMP Trap messages. 

2. Device Addressing. 

a. The switch will, by default, support dynamic device addressing via BootP. 

b. The switch will be capable of operation with a static IP address assignment. 

c. Support for switch IP address assignment via DHCP will be available. 

d. Switch address can be set via serial port connection. 

3. Redundancy. 

a. Rapid Spanning Tree Protocol (RSTP). 

i. The switch will conform to the IEEE standard 802.1w for redundancy. 

ii. The switch will support redundant port connections and loops without causing 

network operation failure 

iii. The system of redundancy will be applicable for any network topology 

iv. Entire redundancy method will be integral to the individual switch and not 

dependent upon a separate management device. 

b. Fast Ring Detection (FRD). 

i. The Switch shall support the RSTP extension Fast Ring Detection to enable data 

channel recovery times faster than standard RSTP. 

c. Media Redundancy Protocol (MRP). 

i. Switch will support MRP in accordance with the IEC protocol 62439. 

4. Web-Based Management. 

a. The switch will be programmed with an embedded web server. 

b. The web server will provide a comprehensive configuration, and diagnostic mechanism 

for the switch. 

5. Security. 

a. The switch will provide the user the ability to entirely disable the Web-based 

management interface. 

b. Switch will support an IP address based method for restriction of Web server access. 

c. Modifications to switch settings will be protected by a user selectable/changeable 

password. 

d. The switch will support an optional MAC address based mechanism for controlling port 

access. 

6. Port Mirroring. 

a. The switch will have the capability to send a copy of all network packets seen on one 

switch port to a network monitoring connection on another switch port. 

b. The switch will support mirroring of both ingress and egress traffic. 

7. Firmware Administration. 

a. The switch will be structured so that future functionalities can be added through 

firmware upgrades. 

b. The switch will have the capability to receive firmware upgrades as a field serviceable 

process. 
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c. Firmware upgrades will be performed via the integrated web server in conjunction with 

any TFTP server software, or via the serial connection. 

8. IGMP Snooping and Query. 

a. The switch will be capable of passively monitoring IGMP (multicast) messages and 

dynamically creating appropriate groups for proper message forwarding. 

b. The query interval and snoop aging times will be user configurable to up to 60 minutes. 

c. The switch will support up to 128 multicast groups. 

9. Large Ring Networks. 

a. The switch will support a configurable "Large Tree" extension to the Rapid Spanning 

Tree option, making a ring topology suitable for 28 switches along the relevant path 

from the Root. 

b. This support option will provide the capability of constructing an RSTP ring topology 

of up to 57 switches, when all switches are configured with same function. 

10. Traffic Prioritization. 

a. The switch will support multiple priority queues for adjusting the internal packet 

processing sequence. 

b. The switch will employ "Strict Priority" for transmitting data telegrams to ensure all 

high-priority data packets are transmitted. 

c. Switch will have a user settable internal prioritization for individual ports, so that the 

processing of Ethernet data for a particular port can be optimized. 

11. Power over Ethernet (PoE). 

a. Switch shall provide support of Power over Ethernet  in compliance with IEEE standard 

802.3af. 

12. Virtual LAN (VLAN). 

a. The switch is able to maintain up to 32 concurrent VLANs. 

b. The switch will support GARP VLAN Registration Protocol (GVRP) for dynamic 

VLAN implementation. 

13. Link Layer Discovery Protocol (LLDP). 

a. The switch will support LLDP according to IEEE 802.1ab, for topology detection of 

devices that also have LLDP activated. 

L. Managed Ethernet switches shall be Allen Bradley, N-Tron, Cisco, Phoenix Contact, Hirschman, 

or accepted equal. 

2.06 UNMANAGED ETHERNET SWITCH SPECIFICATION 

A. Ethernet Interfacing & Switching Capabilities 

1. The Unmanaged Ethernet switch will be IEEE 802.3 compliant. 

2. The switches must be capable of reading and processing high priority Ethernet packets 

before low priority during times of heavy network traffic in accordance with the priority 

levels of IEEE 802.1P/Q. 

3. Auto-negotiation: 

a. All Copper TX  ports will support auto negotiation. Each TX port will be able to 

interface to 10/100 meg or full/half duplex devices.  
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4. Auto Cross:  

a. All TX ports will provide cable autocross capability.  

5. Accuracy & Capacity of switching table. 

a. The switch will only forward valid Ethernet frames using the store and forward or 

equivalent method.  

b. The address table will have a minimum capacity of 4000 addresses. 

B. Diagnostics. 

1. Port Status LED’s. 

a. Link Active: Each port will have a LED indication that there is a proper electrical 

connection to the attached device. 

b. Communications Status: Each port will have an LED indication of communications 

activity. 

c. To simplify the process of troubleshooting, the status indication of heavy 

communications traffic vs. the status of an active link with no communications traffic 

will be unambiguous. 

C. Installation Requirements. 

1. Mounting. 

a. The Switch will be din rail mountable out of the box and without the need to 

add/assemble adaptor or similar mounting plates. 

b. All power connections will be wired using removable connectors. 

2. Port Security. 

a. The switch will be configured to accept optional security frames.  When installed, these 

frames will lock inserted cables or plugs into place, then requiring the use of a small 

mechanical key for cable or plug removal.  

D. Environmental Specifications & Agency Approvals. 

1. Temperature & Humidity. 

a. The Switch will have an operating temperature range of 0 to 60c or greater. For 

extended application life, the maximum temperature will be a minimum of 10 degrees C 

lower than the specified operating temperature of the internal switch chips.  

b. The switch will withstand a maximum continuous operating humidity of 95% without 

condensation. 

2. Electrical Noise Immunity. 

a. The switch will conform to the IEC61000-4-2 to 4-8 series of noise specifications as 

specified below: 

i. IEC 61000-4-2 Electrostatic Discharge: Criterion B. 

ii. IEC 61000-4-3 Radiated Noise Immunity: Criterion A. 

iii. IEC 61000-4-4 Fast Transient (Burst) Withstand: Criterion B. 

iv. IEC 61000-4-5 Surge Voltage: Criterion B. 

v. IEC 61000-4-6 Conducted Noise Interference: Criterion A. 

vi. IEC 61000-4-8  Electromagnetic Field withstand: Criterion A. 
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3. Shock & Vibration. 

a. The operating shock rating will conform to IEC60068-2-27 and withstand a  shock 

pulse of 25G or more for 11ms. 

b. The operating vibration spec will conform to IEC60068-2-6 (Criterion 3) at 5G 150Hz, 

in all 3 axis. 

4. Agency Certifications. 

a. The switch will be certified for UL/Cul 508. 

E. Unmanaged Ethernet switches shall be Allen-Bradley, N-Tron, Hirschman, Phoenix Contact, 

Weidmuller, or accepted equal. 

2.07 ETHERNET COMMUNICATION NETWORKS 

A. General 

1. Ethernet links shall be provided to connect all PLC’s to Network Interface Panels (NIP), 

Motor Starters (MCC), and Control Panels as shown on the Contract Drawings. The Ethernet 

communication system shall use modular rack or back of panel mounted components for 

interfacing with required field connections.  Provide necessary racks, interface modules, 

gateways, segment couplers, power supplies, Fiber-to-Ethernet converters, fiber patch panels 

and all other components as necessary for a complete and operable Ethernet communications 

system. 

PART 3 - EXECUTION 

3.01 PROGRAMMABLE LOGIC CONTROLLER APPLICATION SOFTWARE & 

DEVELOPMENT 

A. Provide programming to produce completely annotated application programs.  Application 

programs shall be produced on equipment supplied by the Contractor as part of the Work.  The 

application programming shall be developed as follows: 

1. The application programs shall be developed in a neat, professional, logical, and efficient 

manner such that the available PLC memory is not wasted.  The application programming 

shall be completely documented with detailed rung comments and address comments that 

correspond to tag numbers provided on the Contract Drawings or in the description of 

operation.  Application programming that manipulates analog signals shall utilize values that 

are scaled in the proper engineering units and are of the correct magnitude. Formulas utilized 

shall be described in detail. 

2. Use the system descriptions from Contract Drawings, process equipment manufacturer 

supplied information, and other application-oriented documents to develop the application 

programs. 

3. The application programming shall account for the fact that an HMI operator interface will 

be communicating with the PLC.  The programming and addressing schemes shall allow 

efficient and logical block mapping of points between the various pieces of equipment. 

4. Provide programming package software and hardware tools at the conclusion of the Project, 

including USB Memory drives and reference manuals. 

B. The manufacturer's license agreements for software packages shall be made out to the Owner. 



CAREY STATION URBAN WATER REUSE FACILITY  CAREY STATION WRF, LLC  

0.5 MGD TO 1.5 MGD EXPANSION  GREENE COUNTY, GA 

 

 

GOODWYN MILLS CAWOOD, LLC PROGRAMMABLE LOGIC CONTROLLER SUBSYSTEM (PLCS) 

GMC PROJECT NO. CAUG250007 409403 - 12 of 26 

3.02 SCADA HMI APPLICATION SOFTWARE DEVELOPMENT 

A. Data Management. 

1. The workstations shall scan the PLC's on demand and as necessary to retrieve and send 

analog, discrete and virtual input information for displays, control and related operator 

workstation functions.  The current database shall be resident in the distributed network 

devices as appropriate. 

2. Elapsed running time values shall be maintained in the database for all process drives.  This 

data shall be expressed in hours and tenths of hours and shall be updated every sixty seconds 

using the last scanned value for each associated discrete input.  Accumulated runtime data 

shall be periodically updated (once per hour) in disk memory.  The exact time and date of 

initiation shall be maintained for each runtime accumulation.  The operator may, at any time, 

from any operator workstation, access historical or current accumulated runtime values and 

either display or print reports containing accumulated runtime for certain specified 

equipment (i.e., sorted by accumulated hours, equipment ID, etc. within a user specified 

range) or all equipment.  The operator shall be able to selectively reset any or all runtime 

accumulations to zero (or other legal values).  The specified spreadsheet and database 

software shall be furnished with all required macros/applications to perform the reporting 

functions. 

3. For reporting purposes, the database shall perform averaging and integration on a point basis 

over the following time periods: 

a. Five second – derived from readings accumulated at scan rates, stored for 3 days. 

b. Five minutes – derived from above 5-second valves, stored for 3 days. 

c. Hourly – derived from above five-minute values, stored for 1 year. 

d. Daily – derived from above one-hour values, stored for 1 year. 

e. Monthly – derived from above shift values, stored for 1 year. 

f. Annually – derived from above monthly values, stored for 1 year. 

B. Graphic Display Organization - General 

1. The display system described in the following paragraphs only defines those types of 

displays commonly used during normal operations and overall display organization.  

Displays shall be based upon information contained on the process flow diagrams, 

mechanical sheets, electrical drawings, other related drawings, and written narrative 

descriptions contained in the Specifications.  The Contractor shall provide sufficient displays 

to satisfy all specified plant instrumentation and control system requirements 

2. The description of the workstation operation in the remainder of this Section is based on the 

use of a mouse with screen icons.  Should an alternate device be provided, operation shall be 

functionally equivalent to the procedures outlined below. 

3. Alternative, but equivalent, graphic display formats and organization may be submitted for 

acceptance by the Engineer.  However, any such substitutions shall conform to all functional 

requirements specified herein. 

4. Each display format may consist of more than one page.  If so, the display shall contain the 

message MORE (or other suitable descriptive text) as an icon on the bottom line and the next 

page shall be obtained by a strike on the "page forward" (PF) or the MORE icon.  

Backpaging shall be accomplished by a strike in the "page back" (PB) icon. 
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5. The Page Forward (FRWD) and Page Back (BACK) icons shall permit the user to page 

forward and backpage on a multipage listing.  If a listing is larger than the capacity of a 

single CRT page, a MORE icon shall appear on the display.  MORE means that there is 

more data for this display which can be accessed a page at a time with the MORE or FRWD 

icon.  The BACK icon shall be used to reverse the forward display sequence, a page at a 

time. FRWD or BACK icons shall not be used on a single page display. 

6. For map based and/or site plan displays, system pan/zoom features as well as system vertical 

horizontal and vertical scroll bars may be used for this purpose. 

7. Vector targets shall be employed to move vertically and laterally between related displays 

or, alternatively, the vertical and horizontal window can be used, where appropriate. 

8. The formats for all schematic diagrams (e.g., unit process, process partition and control 

strategy diagrams) shall be based on the site plan, mechanical and electrical power 

distribution drawings and shall be submitted to the Engineer for review.  Process displays 

shall generally be site plan oriented, unless otherwise accepted by the Engineer. 

9. The operator screens shall be made of any number of the following components, as 

appropriate: 

a. Static and dynamic alphanumeric information. 

b. Static and dynamic graphic objects. 

c. Dynamic bar graph displays. 

d. Dynamic analog trending displays. 

e. Password protected operator actions. 

f. Screen navigation commands. 

10. Dynamic analog information shall be capable of at least eight value related color changes 

with or without flashing in response to a change in value, state, or alarm condition for linked 

tags.  Dynamic displays linked to digital tags shall be capable of displaying at least three 

states with corresponding color/flash indications. 

11. All data displayed in operator screens on each workstation shall be valid and current.  

Current values displayed in operator screens shall be instantly replaced with an error 

indication for "bad" data, loss of data or loss of communications for each individual tag.  

These conditions shall be treated as alarms, with specified reporting and routing. 

12. When communications are restored and/or errors are cleared, data displays shall 

automatically display actual values, and "change in status" messages shall be routed to all 

alarm reports and files. 

13. While viewing screens, and through password access, operator interaction with individual, 

modifiable data points shall include: value changes; placing points on/off scan; 

manual/automatic mode changes; alarm acknowledge; alarm enable/disable; etc. 

14. A "pick" point in an operator screen indicates possible operator interaction for data entry, 

screen navigation or task switching.  When the mouse pointer is "dragged" across operator 

"pick" points, a highlight box shall appear around each.  In addition to pointing and clicking, 

the operator may press the "down" arrow key, to select a "pick" point and then press enter. 

15. Point-click procedures shall be available for all operator/screen interface for navigation, data 

entry, etc.  Operator data entry procedures shall be configured as keyboard entry; point-click 

calculator; multiple choice point-click, up/down ramping or data value slide. 
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16. Provide user changeable lower, upper and rate-of-change limits on all screen setpoint entry 

points.  Initial limits shall be set at: lower = 10%, upper = 85% and rate-of-change = 10% of 

value.  The user shall not be able to enter setpoint changes beyond these valid limits. 

17. Configure the software at each workstation to check, verify and require appropriate 

password login prior to each start/stop action, setpoint change, tuning parameter change or 

any other equipment control or functional change. 

18. The system shall respond to each operator request to perform any of these actions in the 

following manner: 

a. Present a "pop up" start/stop faceplate screen with start and stop push buttons for each 

individually or grouped equipment start/stop system requirement. 

b. Present a "pop up" setpoint entry faceplate screen for each system setpoint change 

requirement. 

c. Present a "pop up" control parameter tuning faceplate screen for each system control 

parameter tuning requirement. 

d. English language operator prompting prior to any system response to operator request.  

Prompting shall inform the operator of the action about to be taken and provide a 

confirming "proceed" or "quit" choice. 

e. Each action and system response shall be clearly displayed in the appropriate "pop up" 

screen. 

f. System response indication shall be the most positive feedback required by this 

specification.  At a minimum, the actual PLC register containing the data to be verified 

shall be displayed and shall be used for any sequential, interlocked or other related 

control scheme. 

g. At a minimum, each "pop up" screen shall provide for operator input/action and 

positive feedback indication.  Each digital and feedback control display shall provide an 

English word rather than a digital number indicating conditions.  These shall be: start, 

stop, enable, disable, etc. 

h. Each variable input shall allow operator keyboard or vertical slide bar data entry.  Each 

variable, input, and feedback shall be displayed in number and bar graph formats, both 

individually and in color-coded multiple bar chart for system evaluation. 

19. Objects in screens shall indicate field status, such as "stopped" or "running" by appropriate 

animation, positioning and color coding. 

20. The software at all workstations shall be configured to allow password protected user screen 

configuration without the use of dedicated programmers, the need to change or reconfigure 

hardware or cabling, or the need to reboot. 

C. Graphic Screen Navigation 

1. Each operator screen display shall be configured with a multiple choice Menubar at the top 

of the screen.  Each selection button shall display a related pull down menu of additional 

selections, screen navigation, system administration, diagnostics and task switching with 

appropriate password protection. 

2. Each selection shall be made by a single point-click or by pressing the "down" arrow to the 

appropriate selection and then pressing [ENTER].  None of these selections shall cause 

screen updating, database updating, data collection, alarm monitoring or any other system 

function to pause or stop. 
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3. When a Menubar selection is made, the Menubar button and text for that selection shall 

protrude and become bold to positively indicate user's selection, and the pull-down menu 

shall be displayed.  When pull-down menus are closed or when a new operator screen is 

displayed, Menubar selections return to previous, normal states. 

4. Menubar selections and related pushbutton menu selections and functions shall include: 

a. SYSTEM Menubar selection: shall display a pull down menu with the following 

selections: 

i. SECURITY LOGIN selection: shall display a password login dialogue box, 

enabling the system user to login by entering an assigned login name and 

password. 

ii. SYSTEM ADMINISTRATION selection: shall provide a pull down menu with the 

following selections: 

a) SECURITY CONFIGURATION selection: shall display workstation security 

configuration dialogue boxes enabling the user, through password protection, 

to modify or disable/enable workstation security functions. 

b) FILE MANAGEMENT selection: shall provide the user with password 

protected access to Windows file manager. 

c) TASK MANAGER selection: shall provide the user with password protected 

access to the Windows Task Manager through which any Windows program 

can be run. 

d) HISTORICAL CHART CONFIGURATION selection: shall provide 

password protected access to workstation historical chart, pen and time group 

configuration through which the user shall be able to view, add and modify 

historical data charts. 

e) SYSTEM BACKUP selection: shall provide password protected access to the 

workstation on-board CD-ROM or tape drive backup function, through which 

the user shall be able to partially or totally backup workstation software files. 

iii. MESSAGE CENTER selection: shall provide access to a personal message center, 

through which users shall be able to provide brief messages to other users at any 

workstation on the network. 

iv. DIAGNOSTICS selection: shall display a pull down menu providing the following 

selections: 

a) NETWORK STATUS selection: shall provide workstation network 

diagnostics indicating status of all network sessions, activity and trouble. 

b) I/O COMMUNICATION STATUS selection (available on the field I/O server 

workstations): shall provide password protected interactive display indicating 

data request/transmit communications status and error conditions between the 

field I/O server workstation and the PLC data highway. 

c) COMPUTER DIAGNOSTICS selection: shall provide password protected 

total workstation review and diagnoses of computer hardware, memory, 

drives, ports, etc.  This function shall also provide hard copy reporting of the 

entire diagnostics review or any portion thereof. 

v. FIELD I/O AND PLC CONFIGURATION selection: shall provide a set of screens 

for each PLC including: 

a) Manufacturer 
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b) Model Number 

c) Rack I.D. 

d) Model number, type and location for each rack module. 

e) I/O device, associated database tag, and module position for all field I/O 

points. 

vi. SYSTEM ACTIVITY selection: shall provide a password protected pop-up display 

of live system activity including alarms, alarm resets, operator entries, 

communication errors, system messages and database configuration activity. This 

display shall be used to provide real time feedback for operator requests, 

troubleshooting, alarm management assistance, etc.  This pop-up display shall be 

sized, moved, closed and set to be always "on-top" during screen navigation by 

user request and at any time without pausing or stopping data updates, data 

collection or alarm monitoring. 

b. ALARM Menubar selection; shall provide user interactive alarm summary screen as 

specified in the alarms section of this specification. 

c. HELP Menubar selection: shall provide project-specific full-function Microsoft 

Windows help including:  "contents", "search", "back", etc.   

d. TREND Menubar selection: shall provide a pull down menu selection listing for: 

i. LIVE TREND choice: shall provide a multiple trend menu of predefined live 

trends. 

ii. HISTORICAL TREND selection: shall provide a menu selection listing of 

predefined historical trends. 

e. REPORTS Menubar selection: shall provide access to a menu listing for all configured 

reports with features as described herein. 

f. DISPLAY MENU Menubar selection: shall display a menu of all plant area displays for 

screen navigation. 

g. OVERVIEW Menubar selection: shall display the plant overview screen. 

h. PRINT Menubar selection: shall print the current display. 

i. CONTROL PANEL Menubar selection: shall provide date and time display and access 

to Microsoft Windows Control Panel.  A single point-click action from a supervisor's 

security level or above shall display the Control Panel icon group through which 

modification can be made for: 

i. System Date and Time. 

ii. System Fonts. 

iii. Printers Setup. 

iv. Other Standard Windows Control Panel Functions. 

D. Process Overview Display(s) 

1. The process overview graphic display shall be obtained by selecting the OVERVIEW icon. 

One or more targets or icons shall be provided for each unit process and shall permit the 

operator to directly access an associated unit process display.  The plant site plan layout shall 

be used as the basis for the process overview display, which shall provide display vectoring 

functions to subordinate unit process displays.  A separate display containing a text-based 

listing of all system graphic displays shall also be provided, accessible from the Overview 

Display or a separate Menubar selection. 
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2. Intermediate process overviews shall be provided to summarize information from a number 

of similar or identical unit process equipment items (e.g., filter overview showing all filters, 

aeration system overview, etc.).  These intermediate overview displays shall allow vectoring 

to/from the plant overview(s) and the individual equipment detail displays, and shall show 

appropriate summary process data. 

E. Functional Area Display (s) 

1. Functional Area Display(s) Unit Process Graphic Displays shall be provided to show all 

plant process areas and equipment in detail.  Except where specified otherwise, all operator 

control actions shall be performed at the Unit Process Display level. Any unit process 

display shall be selectable from the process overview display or from an adjacent process 

area or otherwise related process display.  A unit process display shall be a schematic 

representation of a process and use standard symbols to represent process equipment such as 

pumps, tanks, motors, etc.  Process status shall be indicated using both color and 

alphanumeric annotations.  Symbol color coding for all displays shall be based on the 

following convention: 

2. All text shall be shown in white except alarm condition statements that are illuminated in 

either yellow or magenta. 

a. Yellow blinking = device has a noncritical alarm not yet acknowledged. 

b. Yellow = device has a noncritical alarm that has been acknowledged. 

c. Magenta blinking = device has critical alarm not yet acknowledged. 

d. Magenta = device has a critical alarm that has been acknowledged. 

e. Cyan = device off or not available.  This may represent future equipment or equipment 

that has been taken off line for maintenance purposes. 

f. Red = device is on, running, energized, open. 

g. Green = device is available, ready to run, de-energized, closed. 

h. White with a black target background = device is in automatic (or semi-automatic) 

control mode. 

i. White with a blue target background = device is in manual mode. 

3. The displays shall show all ID number, current status values and setpoints associated with a 

given process display and shall be updated with current values every five seconds or less.  

4. The control status of each controllable device shall be modifiable and shall be displayed in 

text adjacent to that device.  Control status shall be AUTO, MANUAL, AVAILABLE, etc., 

and shall be updated continuously.  When the operator wishes to take control of the device or 

modify setpoints, the procedure shall be as follows: 

a. The operator shall click on the device symbol with the mouse. 

b. A dialog box shall appear which provides the current state or setpoint and enables the 

operator to make the appropriate change. 

c. For two-state devices, the dialog box shall allow the operator to start or stop, open or 

close, or otherwise change the state of the device. 

d. For setpoints and modulating final control devices (analog outputs), the dialog box shall 

display the old value, and shall allow the operator to enter a new value using standard 

Windows editing techniques.  It shall also be possible for the operator to ramp the 

current value up and down by clicking on ramp targets. 
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e. Prior to the execution of the operator-commanded action, a confirmation message and 

target shall be displayed stating the old and new values and asking the operator to 

confirm the modification. 

f. Control strategies shall be changed from AUTO to MAN or OFF (or vice versa) in the 

same manner as two-state devices. 

F. Alarm & Event configuration 

1. The operator workstation software shall be configured to provide alarm handling, reporting 

and archiving. Alarm grouping, printing and display shall be coordinated with Engineer and 

Owner prior to configuration. 

2. Alarm management shall be provided for each database field input and shall include: 

a. Alarm reporting enable or disable. 

b. Alarm suppression to avoid nuisance alarms such as start up spiking. 

c. Re-alarming. 

d. Alarm routing to specific workstations and printers as appropriate. 

e. Alarm grouping for specific visual and audible group notification. 

f. Analog alarm types to include at least: low low; low; high; high high; rate of change; 

deviation; deadband; bad input; and off scan. 

g. Discrete alarm types to include at least: change from normal; return to normal; change 

of state; bad input; and off scan. 

h. Alarm acknowledgement and condition clear format. 

3. The operator workstation software shall provide date and time stamped alarm reporting to at 

least five destinations.  These destinations shall be: 

a. Operator screen alarm summaries. 

b. Alarm printers. 

c. System alarm and history file. 

d. System alarm and history display. 

e. Workstation network. 

4. All points or modules that have the capability of being alarmed for amplitude or rate of 

change limit violations, and all discrete alarm inputs shall be linked to an associated discrete 

point for alarm suppression under specified conditions.  For example, when there is no flow 

through a flow meter, the "not running" signal from the associated prime mover shall be used 

to suppress all alarms associated with the flow signal.  Time delays shall be provided as 

necessary to eliminate transient alarm annunciation under start-up/shutdown conditions. 

5. All alarms shall be OLE and Windows Sound System enabled.  Sound files shall be 

individually assigned to each alarm point. 

6. The system shall provide an alarm summary display as a pre-defined dynamic link within the 

graphics package.  This alarm summary display shall show a list of the pending alarms in the 

system.  As new alarms are detected, entries shall be made to the display list.  As the alarm 

conditions clear, the entries shall be removed from the list. 

7. The alarm summary display shall be user-configurable to the extent that the user can select 

the placement of tag name, current value, descriptor, time of alarm, and alarm status on the 

line as well as the color codes to be used to indicate the various alarm conditions. 



CAREY STATION URBAN WATER REUSE FACILITY  CAREY STATION WRF, LLC  

0.5 MGD TO 1.5 MGD EXPANSION  GREENE COUNTY, GA 

 

 

GOODWYN MILLS CAWOOD, LLC PROGRAMMABLE LOGIC CONTROLLER SUBSYSTEM (PLCS) 

GMC PROJECT NO. CAUG250007 409403 - 19 of 26 

8. Only alarms, including the loss of network, data highway and individual field I/O point 

communications, shall be reported to operator screen alarm summaries, which shall allow 

the operator to sort alarms in descending or ascending time order.  The operator shall also be 

allowed to apply various priority level filters and to reconfigure alarm summary columns for 

detailed analyses, while viewing. 

9. Alarms shall be acknowledged from the alarm summary display either individually (by 

clicking on an alarm acknowledgement field) or by a full page using a menu pull-down.  The 

system shall support up to twenty (adjustable) alarm messages in the summary display. 

10. Each graphic display shall be configured with the indication of the last three alarms at the 

bottom of the screen. 

11. An unacknowledged alarm shall flash in configured foreground/background colors until it is 

acknowledged.  When an alarm is acknowledged, it shall stop flashing but remain displayed 

until the alarm condition is cleared. 

12. When an alarm condition has been both acknowledged and cleared, the alarm statement shall 

be removed from the alarm summary. 

13. Alarm summaries shall use system colors and provide at least the following column 

information: 

a. Date and time. 

b. Workstation name. 

c. Tag number. 

d. Tag description. 

e. Alarm condition. 

f. Tag value. 

14. Configure alarm summaries with a distinctive color format for: 

a. Background color. 

b. High value alarms. 

c. Low value alarms. 

d. Rate-of-change alarms. 

e. Digital status alarms such as change of state, change from normal, etc. 

f. Plant area/access alarms. 

15. The following color codes shall be used in conjunction with alarm displays: 

a. Cyan = normal. 

b. Yellow, blinking = noncritical, not acknowledged alarm. 

c. Yellow = noncritical, acknowledged alarm. 

d. Magenta, blinking = critical, not acknowledged alarm. 

e. Magenta = critical, acknowledged alarm. 

16. The following alarm condition statements shall be provided as a minimum: 

a. RTN NRML - Return to Normal. 

b. HIHI LMT - Second High Limit. 

c. HI LMT - High Limit. 

d. LO LMT - Low Limit. 

e. LOLO LMT - Second Low Limit. 
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f. ROC LMT - Rate of Change Limit. 

g. STAT CHGE - Status Change. 

h. OFF SCAN - Off Scan. 

i. OPEN FAIL - Open Failure. 

j. CLOSE FAIL - Close Failure. 

k. START FAIL - Start Failure. 

l. STOP FAIL - Stop Failure. 

m. FAULT – Fault. 

n. HI DEV - High Deviation. 

o. LO DEV - Low Deviation. 

p. DISCREP – Discrepancy. 

q. UNAVAIL – Unavailable. 

17. Date and time stamped alarm reporting shall be sent to alarm printers with similar 

formatting, configuration and routing procedures as specified for alarm summaries. 

18. Configure alarm and history files for sequential date and time stamped activity reporting for 

the entire system, on each workstation.  This file shall be a daily text file with a file name 

indicating the date that the file was created, and shall include all system wide activity 

including: 

a. Alarms. 

b. Alarm acknowledgement. 

c. Loss and recovery of network, data highway and individual field I/O point 

communications. 

d. Status changes. 

e. Alarm clear and return to normal messages. 

f. Operator keyboard entries. 

g. Other system related activity (system startup, save/reload database, etc.). 

19. Information format shall include: 

a. Date and time. 

b. Description. 

c. Condition. 

d. Current value. 

20. Alarm and history files shall be saved to computer backup media including CD’s or tapes if 

selected by the operator. 

21. The alarm and history display shall provide live viewing of alarm and history file entries, 

giving the operator instantaneous activity review and operator action verification. 

22. The system alarm and history display, with on-line height and width adjustment capabilities, 

shall be displayed as part of operator screens, upon demand.  The operator shall be able to 

size and move the display, as desired.  Further, the operator shall be able to close this 

display, upon demand, or cause it to be continually displayed as the operator navigates 

through operator screens. 
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23. The opening, closing, moving or resizing of this display shall not cause screen updating, 

database updating, historical data collection, alarm monitoring or any other system function 

to pause or stop. 

24. Workstations shall be configured to report all alarm conditions, operator activity, etc. to all 

other workstations. 

25. The system shall be configured to provide a periodic date stamp on the alarm printout at the 

alarm printer to provide clear date/time evaluation of printed alarms. 

26. Each workstation shall be configured for alarm and history activity file backup and archiving 

to the on-board tape or CD drive.  Provide alarm and history file backup, and disk space 

management procedures. 

G. System Security 

1. Observer. 

a. Graphic display viewing and navigation. 

b. Historical data display. 

c. Password login and logout. 

d. Observer shall be the system default security mode. 

2. Operator. 

a. Observer privileges. 

b. Password protected start/stop, setpoint entries, system activity display, etc. 

c. Lead Operator/Supervisor. 

d. Operator privileges. 

e. Historical data chart configuration. 

f. Report viewing, modification and exporting/printing. 

g. Task switching to the Windows operating system. 

h. Software system shut down. 

i. Windows NT Task Manager access. 

3. System Administrator/Engineer. 

a. All privileges. 

4. The software at each workstation shall be configured to automatically log in the observer 

group upon system startup. 

5. The security system at each workstation shall be configured to not allow SCADA software 

shut down or Windows NT security access unless requested through Supervisors' or System 

Administrator security privileges. 

6. The security configuration shall be exportable to a text file, which shall not include 

passwords.  This text file shall have a user defined acronymic, mnemonic file name and shall 

be capable of being imported into the system to modify or create workstation security 

configuration. 

7. All workstation security activity, including violations, shall be reported in a date and time 

stamped format to a daily text file for review and evaluation at any time.  This security text 

file shall have a file name indicating the date that the security file was created.  It shall be 

possible for any text editor to edit these files. 
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8. Each workstation shall be configured for security activity file backup and archiving to the 

on-board tape drive. 

H. Trend Configuration 

1. The system shall provide multiple sets of live trends in operator screens.  Each set of live 

trends shall be capable of the following: 

a. Displaying up to eight pens. 

b. Being temporarily modified, while viewing. 

c. Displaying straight line or varying data value "target" curves. 

d. Full screen trend curve displays when trend screen is opened. 

2. Each live trend chart shall allow temporary, on-line pen, range and chart X-Y parameter 

changes by the user.  Each trend display shall allow on-line user modifiable straight-line 

"target" curve for each trended data point and, as specified, a user selected varying data 

value "target" curve based on pre-defined modeling for trended data points. 

3. Trends shall automatically shut down and release system resources when closed. 

I. Historical Data Management Configuration 

1. The operator workstation SCADA, database, spreadsheet and reporting software shall be 

configured to provide historical data gathering for system and operations validating, testing, 

maintenance and regulatory reporting. 

2. The system shall provide multiple choice options for historical data file size and shall 

automatically assign file names indicating the date and duration for data contained in each 

file.  The installed system shall be configured for sequential data files beginning at midnight. 

3. For data and system resource management the system shall allow the assignment of any 

number and type of database tags and tag groups for historical data collection with the 

following attributes: 

a. Collection rate and phasing. 

b. Data collection start/stop condition. 

c. Data collection deadband. 

4. For additional resource management, the operator workstation software shall be configured 

to automatically delete historical data files when they reach a certain age, which is user 

selectable from a multiple choice options list.  Set initial automatic file deletion at 20 days 

with backup and archiving procedures occurring prior to deletion. 

5. Configure each workstation for historical data files backup and archiving to Cloud Storage 

and local external Drive. 

6. Provide historical data files backup, and disk space management procedures. 

7. All attributes of each historical display chart shall be able to be configured or modified at 

any time.  

8. In addition, the user shall be able to make temporary, view only modifications, while 

viewing historical trend charts. 

9. The system shall be configured for the following on-line historical data user functionality, 

without pausing or stopping any system function: 

a. Zoom to any specific area of a chart. 

b. Automatic real time update of historical data, upon demand. 
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c. Reset to original trend chart parameters, upon demand. 

d. Request completely different start/stop time and duration parameters, upon demand. 

e. Chart data display update forward or backward in time, by a single point-click for two 

sets of modifiable time increments in each direction. 

f. Export displayed trend chart data into a text file with a user defined acronymic, 

mnemonic file name. 

g. Print any displayed historical trend chart, upon demand. 

h. Display multiple historical trend charts at the same time with time synchronizing for 

detailed analyses. 

i. Data trend charts configured by combining any pen and time groups. 

j. Trend chart display format changes including colors, titles, legends, etc. 

10. When configuring tag pen groups, the system shall provide for user configuration of at least: 

a. Individual tag and related attributes. 

b. Default or specific data value range. 

c. Individual color for each tag pen. 

d. A specific letter to further document each pen related curve. 

e. Trend chart display format. 

11. Time group configuration shall include at least the following: 

a. Start/stop dates and times. 

b. Duration. 

c. Sample, average value, high value and low value displays individually or together. 

d. Trend chart display format. 

12. Historical data files shall be saved to computer backup media including diskettes, tapes or 

optical disks if the operator chooses this option.  The system shall allow these files to be 

restored to the appropriate system file path and reviewed with all system functions at any 

time, as if they had continued to be hard disk resident. 

13. The collection of historical data shall begin automatically upon software system start-up. 

14. All analog and digital field inputs shall be historically collected.  Provide collected data in 

the "sample" mode with collection rate, phasing, etc. attributes assigned to maximize data 

collection and system resources. 

15. Provide the following time groups: 

a. The previous hour. 

b. The previous twenty-four (24) hours. 

c. The previous thirty (30) days. 

16. Operator access for viewing or printing any individual project specific, pre-defined historical 

trend chart shall be through a single point-click action while viewing operator screens via the 

TREND Menubar selection. 

J. Reports Configuration 

1. The report generator shall employ the specified electronic spreadsheet, report writing and 

database programs to provide the user with an interactive method to define, change, and 

replace report formats.  The specified database, spreadsheet, and reporting software shall be 
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furnished with all required applications and macros to perform the specified reporting 

functions. 

2. The report generator shall permit arithmetic, relational, logical and statistical operations on 

individual or groups of data values contained in the distributed database and shall be 

employed to build shift, daily, equipment runtime and other specified reports utilizing 

network based dynamic data exchange access to the databases. 

3. The reporting module shall provide the user with all standard Excel-type interactive 

spreadsheet formats, functions, linking, various kinds of charts, live spreadsheet/database 

interaction, fonts, math functions, macros, print options, and report saving. 

4. All tags in the Control and Information System, including inputs, outputs, calculations and 

historical data shall be available for use in reports.  Points shall be referenced in report 

formats by tag names or pen/time groups, and linking to reports shall be automatic and 

transparent to the user. 

5. Each report shall be capable of linking and displaying the following: 

a. All attributes of database tags including: 

i. Current value. 

ii. Engineering units. 

iii. Descriptors. 

iv. Field I/O equipment addresses. 

v. Alarm parameters. 

b. Any combination of historian pen/time groups. 

c. Manually entered data. 

d. Text. 

e. Date and Time. 

6. The report package shall allow on-line user selection of a value or groups of values, and 

instantaneously create charts in X-Y, bar graph, pie and other formats.  Charts shall be 

modifiable upon viewer demand.  Chart printouts, on demand, shall be provided. 

7. Reports shall display entries indicating "no data" and "bad data" to distinguish error 

conditions from zero values for individual report data links. 

8. Report generation or configuration shall not cause screen updates, database updates, 

historical collection, alarm monitoring nor any other system operation to pause or stop. 

9. The report module shall open on top of operator screens, so that, upon exiting, the previous 

operator screen shall be automatically displayed, and shall be fully functioning and updating. 

10. The reporting of system operating data shall occur once per day at user-specified times.  

Data recorded on these reports shall be extracted from the operator workstation data files as 

required.  Report data shall consist of the arithmetic average and sums of variable readings 

taken by the control system on scans made during the previous 24-hour period and from 

manually entered data.  Where applicable, total, average, maximum, and minimum values 

shall be provided for each column of data on each report. 

11. User access to any individual report shall be provided by means of a single point-click from 

a menu of all project specific reports. 

12. Password protected access to reports shall also enable the user to create and/or modify 

reports through standard Microsoft Excel configuration and system macro procedures. 
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13. No reports access, work, viewing or any other reports related activity shall require the 

suspension, modification or the stopping/starting of the reports scheduler.  Nor shall this 

activity cause any pausing or stopping of data updating, data collection, alarm monitoring, or 

any other Control and Information System function. 

3.03 SYSTEM CONFIGURATION AND EXPANSION 

A. The system shall provide an on-line installation and configuration program for configuring the 

various computers on the network.  This configuration software shall allow assigning unique node 

names to each computer as well as selecting the functions that the machine will perform. 

B. The system shall allow additional computers to be added to the network while on-line, without 

disrupting the operations of the other machines. 

3.04 DIAGNOSTICS 

A. The system shall provide on-line diagnostics that display the current status and operation of the 

local area network and its nodes.  The diagnostic display shall include the LAN adapter status for 

the machine showing the display, as well as the current number of messages, errors and retries. 

B. An additional display shall show the current session status (established, pending, offline) of all 

stations on the network.  A session monitor program that automatically monitors and recovers 

communications shall be supplied with the system. 

3.05 LICENSE AGREEMENTS/SECURITY 

A. The manufacturer's license agreements for software packages shall be made out to the Owner. 

B. Contractor developed application programs shall become the property of the Owner at the 

conclusion of the Contract.  There shall be no license agreements of any kind for these programs. 

C. The Owner shall be provided with passwords required to access the PLC application programs 

and operator interface configuration data.  There shall be no Contractor programmed security 

schemes that prevent access to the application programs or configuration data. 

END OF SECTION 40 94 03 



CAREY STATION URBAN WATER REUSE FACILITY  CAREY STATION WRF, LLC  

0.5 MGD TO 1.5 MGD EXPANSION  GREENE COUNTY, GA 

 

 

GOODWYN MILLS CAWOOD, LLC PROGRAMMABLE LOGIC CONTROLLER SUBSYSTEM (PLCS) 

GMC PROJECT NO. CAUG250007 409403 - 26 of 26 

 

 

 

 

 

 

 

THIS PAGE INTENTIONALLY LEFT BLANK 

 



CAREY STATION URBAN WATER REUSE FACILITY CAREY STATION WRF, LLC  

0.5 MGD TO 1.5 MGD EXPANSION                                                         GREENE COUNTY, GA 

 

GOODWYN MILLS CAWOOD, LLC. VERTICALLY SPLIT MULTISTAGE  

 CENTRIFUGAL BLOWERS 

GMC PROJECT NO. CAUG250007 43 11 18 –1 of 16 

SECTION 43 11 18 - VERTICALLY SPLIT MULTISTAGE CENTRIFUGAL BLOWERS 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Section Includes:  

1. Vertically split multistage centrifugal blower package including accessories as specified 

herein. 

a. Blower Application: Aeration Zone, Quantity: Two (2) 

b. All equipment specified in this section shall be designed and furnished by the 

blower manufacturer, who shall be responsible for the suitability and compatibility 

of all included equipment per this section. 

B. Related Sections: 

1. Section 40 90 00 – Instrumentation and Control for Process Systems 

a. Blower package controls are to be supplied by the System Integrator and are not 

part of the blower package. 

2. Div. 26 - Execution requirements for electrical connections to equipment specified by 

this Section. 

1.2 SCOPE 

A. Contractor: 

1. Furnish, unload, store and install positive displacement blower equipment with 

accessories necessary to provide a complete operational system as shown on the plans 

and as specified. 

2. Shall be responsible for startup and training activities under the direction of the qualified 

manufacturer’s representative. 

1.3 QUALITY ASSURANCE 

A. Manufacturers’ Qualifications: 

1. All equipment furnished under this section shall be manufactured in a plant whose quality 

management system is certified / registered as being in conformity with ISO 9001 and 

who shall assume complete responsibility for the design and performance of the blower 

package. 

2. All equipment furnished under this section shall be new, unused, and shall be the 

standard product of the manufacturer, who shall have a minimum of 10 years’ experience 

in producing blower packages and be able to produce evidence of at least 5 installations 

of similar size in satisfactory operation in the United States, if requested. 
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B. Factory Tests: 

1. All cast parts to be manufactured in a plant whose quality management system is certified 

/ registered as being in conformity with ISO 9001. 

2. All critical dimensions of the blower components provided by the manufacturer shall be 

verified and documented prior to assembly. 

3. On completion of final assembly of the packaged blower and prior to shipment, each 

blower package shall be mechanically run at the prescribed design conditions to confirm 

machine operation. 

4. Each blower package provided by the manufacturer shall be guaranteed to provide 

performance to ISO 1217, Annex C. 

C. Reference Standard:  

1. American Society of Testing and Materials (ASTM) 

2. National Electrical Manufacturers Association (NEMA) 

3. Occupational Safety and Health Act (OSHA) 

4. National Electrical Code (NEC) 

5. American Gear Manufacturers Association (AGMA) 

6. Anti-Friction Bearing Manufacturers Association (AFBMA) 

7. International Organization of Standardization (ISO) 

8. International Electrotechnical Commission (IEC) 

9. German Institute for Standardization (DIN) 

1.4 WARRANTY 

A. Manufacturer’s standard submittal for establishing compliance to this section shall include the 

following items; following submittal procedures in accordance with Section 013300 

1. Table of contents 

2. A complete and detailed list of any and all variations to the specification 

3. Descriptive literature, bulletins, and/or catalog cut sheets of the equipment 

4. Scope of supply 

5. Blower package performance data sheets showing at least the following: 

a. Package model name 

b. Bare blower model name 

c. Design conditions as listed in this section 

d. Air flow in ICFM and SCFM for design conditions listed 

e. Discharge Pressure 

f. Motor size 

g. Brake horse power required for blower 

h. Bare blower speed with percentage of its maximum speed 

i. Process air connection size 

j. Operating Voltage required for both main motor and enclosure ventilation fan 

k. Sound pressure and power levels 

l. Dimensions 

m. Package weight 

n. Discharge temperature 

o. Accessories being supplied 

6. Installation Data sheets 
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7. Manufacturer’s standard performance curve showing blower rpm, pressure differential, 

capacity in ICFM, blower shaft horsepower, temperature rise at standard conditions 

8. Blower package drawing showing all important details required for installation including 

dimensions, anchor bolt locations, size and location of connections to other works and 

weight of equipment. 

9. Motor manufacturer’s data sheet showing at least the following: 

a. Motor manufacturer’s name and model number 

b. Efficiency class and % 

c. Efficiency at ½, ¾, and full load 

d. Amp draw 

e. Motor RPM 

f. Code letter 

g. Motor frame 

10. Electrical connection diagram for motor, enclosure ventilation fan and any blower 

accessory requiring an electrical connection. 

11. Inlet filter documentation 

12. Data sheets for supplied instrumentation and accessories 

13. Spare parts overview drawing 

14. Recommend spare parts list 

15. Paint specification for blower package 

16. Maintenance overview 

17. Blower startup check list 

18. Lubrication requirements 

19. SDS sheet (oil) 

20. Warranty information 

21. Manufacturer’s standard for equipment standards 

22. Compliance with Machinery Standards for sound and performance certificate 

B. Manufacturer’s standard Operation and Maintenance Manual shall include the following 

sections; following submittal procedures in accordance with Section 013300 

1. Regarding this document 

2. Technical Data for the blower package 

3. Safety and Responsibility 

4. Design and Function 

5. Installation and operating conditions 

6. Installation 

7. Initial Start-Up 

8. Operation 

9. Fault Recognition and Rectification 

10. Maintenance 

11. Spare parts, Operating Materials, Service 

12. Decommissioning, storage and transport 

13. Annex with drawings and diagrams 

1.5 PRODUCT DELIVERY, HANDLING AND STORAGE 

A. Delivery and handling of Equipment: 

1. Manufacturer and Contractor shall coordinate the delivery schedule for just in time 

delivery to minimize the period the Blower package is on site before installation. 
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2. Contractor shall unload and inspect all equipment and materials against reviewed shop 

drawings at the time of delivery. Any damage shall be reported to the freight company 

immediately upon receipt. 

3. Equipment and materials damaged or not meeting the requirements of the reviewed shop 

drawings shall be immediately returned for replacement or repair. 

4. Each box or shipping crate shall be properly marked to show its net weight and its 

contents. 

B. Storage: 

1. Contractor shall prepare for storage and label all equipment and materials after they have 

been inspected. The Contractor shall be responsible for the equipment and materials 

while in storage. 

2. Contractor shall prepare for storage and label all equipment and materials after they have 

been inspected. The Contractor shall be responsible for the equipment and materials 

while in storage. 

1.6 SPARE PARTS 

A. Furnish the following manufacturer’s recommended routine maintenance spare parts for each 

blower package provided: 

1. Two (2) integral inlet silencer filter elements 

2. Lubrication for first year of operation 

3. One (1) belt set 

4. One (1) tube of motor grease (50HP or larger) 

B. All parts shall be furnished in clearly identified packaging 

1.7 WARRANTY 

A. The manufacturer shall warrant the bare blower being supplied against all defects in 

workmanship and materials for a period of sixty (60) months from date of startup, not to exceed 

sixty-six (66) months from date of shipment from the manufacturer of the blowers.  All other 

package components shall be warranted for a period of twelve (12) months from date of startup, 

not to exceed eighteen (18) months from the date of shipment. 

B. The contractor shall be responsible for proper storage of the equipment so as to remain in “as 

shipped” condition. If the equipment remains in storage at the job site for longer than six (6) 

months before installation, the contractor shall provide factory service personnel for a complete 

inspection of the equipment. Any work necessary to restore the equipment to “as shipped” 

condition shall be the responsibility of the contractor. 
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PART 2 - PRODUCTS 

2.1 MANUFACTURER 

A. The equipment specified herein is intended to be standard equipment for use in low pressure air 

systems and be supplied by a single manufacturer or authorized sales representative to assure 

uniform quality, ease of maintenance, and minimal parts storage. 

B. Manufacturers: 

1. Kaeser Compressors, Inc. 

2. Or Pre-Approved Equal. 

a. Reference Section 016000 for product substitution procedures for information 

pertaining to alternate products 

C. Plan layouts, weights, and pertinent specification language used in the design have been based 

upon Kaeser Compressors, Inc. equipment. Any changes required to accommodate equipment 

other than the basis of design shall be provided by the Contractor at no additional expense to the 

Owner. Furthermore, a complete and detailed deviation list from the specification shall be 

provided with proposal. 

2.2 DESIGN CRITERIA 

A. Standard Conditions for SCFM: 

1. Elevation: 14.7 PSIA (0’ elevation) 

2. Temperature: 68 deg F 

3. Relative Humidity 36% 

B. Design (site) Conditions for ICFM: 

1. Elevation: 14.4 PSIA (500’ elevation) 

2. Maximum Blower Inlet Temperature: 100 deg F 

3. Relative Humidity*: 50% 

*Relative humidity at maximum blower inlet temperature 

C. Aeration Zone Blowers Performance Data: 

1. Quantity: 2 

2. Blower Packaged Controlled by a VFD: No 

3. Flow Required: 1,699 SCFM 

4. Blower Package Discharge Pressure: 8.0 PSIG 

5. Motor Horsepower: 100 HP 

6. Power supply voltage: 

a. Main Motor: 460v/3ph/60hz 

7. Number of Stages:  

a. 1-9 (cast construction) 

b. 1-11 (fabricated construction) 

8. Operating Speed: 

a. 3550 rpm (direct drive- 60 Hz) 

b. 4400 rpm (belt drive or gearbox) 

9. Impeller Diameter: 24 in (611 mm) 
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10. Impeller Tip Speed: 372 ft/s (113 m/s) 

11. First Critical Speed: 4275 rpm (8-stage cast impeller configuration) 

12. Drive type: direct or belt 

13. Maximum Vibration Tolerance: 4.5 mm/s  

14. Final Shaft Diameter: 2 3/8 in (60 mm)  

2.3 BLOWER PACKAGE CONFIGURATION: 

A. Installation Location: Inside  

B. Inlet Configuration: Ambient  

C. All components and instrumentation are to be mounted and pre-piped; no field installation shall 

be required by the contractor. The manufacturer shall be responsible for all aspects of the 

engineering, from the blower package’s air inlet to its discharge connection. 

2.4 DESIGN CRITERIA: 

 

A. Blower Type: 

1. The bare blower shall be vertically split multistage centrifugal blower 

2. The bare blower assembly must operate at the effective value for vibration velocity in 

frequency range A and B, according to VDI 3836. 

B. Material: 

1. AISI, ASTM, GJL, GLS, DIN, etc.…, numbers types, and grades specified are typical of 

material composition and quality, equivalent materials will be considered. 

C. Housing: 

1. The casing shall be made of high strength, close grained, cast iron, and shall be 

adequately ribbed to prevent casing deflection and facilitate cooling. Casing shall be of 

EN GG 20 material. 

2. The casing shall be precision machined to allow for minimum clearances. 

3. The casing shall include channels integrated on the discharge to reduce blower pulsation 

and dampen noise 

4. The casing shall include threaded atmospheric vent ports between its air-side and oil-side 

labyrinth seals for safe separation of the conveying and oil chamber. 

5. Inlet and discharge ports shall be drilled and tapped for studs to allow solid connection of 

mating surfaces. Through bolting shall not be allowed. Flange style blower ports, which 

may be subject to loading, causing cylinder distortion, shall not be allowed. 

6. Bearing fits shall be precision machined to ensure accurate positioning of the rotors in the 

casing. 

D. Rotors: 

1. The rotors shall be precision machined out of a one piece casting made of EN GGG 50 

material. Stub shafts or two-piece impellers shall not be allowed. 

2. The rotor assemblies shall be statically and dynamically balanced to ISO standard 

1940/1- Q2.5 (turbine rotor). Modifications to the face of the rotors for balancing 

purposes are not acceptable. 
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3. The rotors shall be a tri-lobe design in order to minimize pulsation and noise. 

4. The rotor must be solid or closed-end to prevent build-up of contaminants inside the rotor 

causing imbalance. 

5. Cored rotors must be closed using threaded iron plugs which are permanently fixed. 

Impeller end caps of stamped sheet metal shall not be allowed. 

6. The rotors shall have an integral sealing strip for improved efficiency. 

7. The rotors shall operate without rubbing, liquid seals or lubrication in the air chamber. 

E. Cover Plates: 

1. The gear-end and drive-end cover plates shall be high strength, close grained, cast iron 

made of EN GG 20 material. Aluminum cover plates shall not be allowed. 

2. The cover plates shall have a precision machined sealing face. 

3. The drive-end cover plate shall include at least two precision machined holes to allow for 

the use of fitting bolts to accurately align the opening for the input shaft seal. 

F. Timing Gears: 

1. The rotor timing gears shall be precision machined and ground from alloy steel made 

from case hardened 16 MnCr5 material. 

2. Each timing gear shall be straight cut and beveled to quality standard 5f 21, which will 

eliminate axial bearing loads and ensure long life as well as quiet operation. Helical 

gears, which cause axial loading, shall not be allowed. 

3. Each timing gear shall be manufactured in accordance with: 

a. DIN 3960, Specifications for Spur Gear Sets 

b. DIN 3961 & Din 3962, Tolerances for Spur Gear Mesh 

c. DIN 3964, Specifications for Shaft Centering 

4. The timing gear set shall be taper-mounted on the rotors. Keyed, hub mounted, taper-

pinned, or splined shaft timing gear mounting designs are not acceptable. 

G. Bearings: 

1. All four rotor shaft support locations shall incorporate large, heavy-duty, full 

complement, cylindrical roller bearings with PEEK cages, designed with at least 5-times 

the dynamic capacity of ball bearings. Ball bearings shall not be allowed. 

2. The bearing maximum speeds must be at least two times the maximum recommended 

blower speed 

3. The bearings minimum acceptable L10 design life shall be as follows; 

a. At least 40,000 hours at blower’s maximum rated speed and maximum rated 

differential pressure 

b. At least 100,000 hours at design conditions 

H. Lubrication: 

1. Both the gear end and the drive end of the blowers shall be oil splash lubricated via a disc 

slinger for minimal maintenance and long service life. Grease lubricated bearings in the 

blower are not acceptable. 

2. The lubrication design shall ensure adequate lubrication of the timing gears and bearings. 

3. The drive-end and gear-end oil chambers must not be interconnected and each oil 

chamber shall have a domed design sight glass to allow visual inspection of oil level and 

oil condition, viewable from the front of the blower. 

4. Blower to be factory filled with a synthetic lubricating fluid that is rated for the design 

conditions specified. 

I. Rotor Seal Assembly: 
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1. Each rotor shall include one labyrinth seal assembly on each end, four assemblies in total 

per blower. 

2. Each seal assembly shall consist of the following; 

a. Oil splash guard ring. 

b. Shaft guide wear sleeve with vent holes located between the dual air and oil ring 

seals. Wear sleeve shall protect the blower casing. 

c. Four piston ring type labyrinth seals made from heat treated GG/42CrMo4 

material. Two seals located on the air side and two seals located on the oil side of 

the grooved rotor sleeve. The use of rubber lip seals shall not be allowed. 

d. Grooved rotor sleeve which will protect the rotor shaft and be used to hold the four 

piston ring seals. 

J. Input Shaft Seal Assembly: (Compak BBC, CBC, DBC, and EBC series) 

1. The input drive shaft seal shall be a high temperature radial lip type seal made from Viton 

elastomer. The seal shall prevent oil leakage from where the input shaft goes thru the 

drive end cover 

2. The seal design shall incorporate a replaceable wear sleeve on the input drive shaft. 

a. The sleeve exterior to be tungsten carbide coated to reduce friction and wear 
3. The input shaft seal design must allow for the lip seal and the shaft sleeve to be replaced 

without removing the drive end cover plate 

K. Input Shaft Seal Assembly: (Compak FBC and HBC series) 

1. The input drive shaft seal shall be a sliding ring type mechanical seal that will prevent oil 

leakage from where the input shaft goes thru the drive end cover plate 

2. The mechanical seal assembly shall consist of the following; 

a. Replaceable wear sleeve on the input drive shaft 

b. Cover plate with a machined sealing surface 

c. Mechanical sliding ring seal 

3. The input shaft seal design must allow for the mechanical seal assembly to be replaced 

without removing the drive end cover plate 

2.5 MOTORS: 

A. Drive Motor: 

1. Motor shall be designed, manufactured, and tested in accordance with the latest revised 

editions of NEMA MG-1, IEC, DIN, ISO, IEEE, ANSI, and AFBMMA standards as 

applicable and shall be capable of continuous operation 

2. Motor must meet or exceed Energy Independence and Security Act (EISA 2007) 

standards for NEMA Premium efficiency. It shall also be marked with a Department of 

Energy Certification Compliance Number to assure compliance. 

3. Motor shall comply with Low Voltage Directive 2006/95/EC or equivalent and be UL 

listed. 

4. Motor must be inverter rated with impulse peak resistance in accordance with IEC 

60034-1:2010 or equivalent for operation with an IGBT frequency converter or 

equivalent 

5. Motor horsepower nameplate rating shall not be exceeded at the design discharge 

pressure when operating at 60hz 
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6. The temperature rise of the motor windings shall not exceed IEC and NEMA standards 

when the motor is operated continuously at the rated horsepower, rated voltage, and 

frequency in ambient conditions at 104ºF / 40ºC 

7. Motor shall be suitable for Full Load/Direct On-line starting, Solid State Ramp starting, 

VFD, and/or Wye-Delta reduced current starting 

8. Motor to be supplied, mounted and aligned by the blower package manufacturer 

9. Motor shall confirm to the following: 

a. Motor Voltage: 460v/3ph/60hz 

b. Type: Squirrel cage induction 

c. Speed: Single 

d. Torque: Constant 

e. Service Factor: 1.15 

f. Enclosure: TEFC 

g. Mounting: Horizontal 

h. Speed: up to 3,600 rpm @ 60 hz (maximum) 

i. Design: A 

j. Duty Cycle: continuous (24hr/day) 

k. Winding Insulation: F 

l. Temperature rise: B 

m. Thermal motor protection: Positive Temperature Coefficient (PTC) thermistors 

(one per winding) wired in series.  The use of thermostats is not allowed 

1) Connection of the PTC thermistors to the control system and signal 

processing is not part of the blower manufacturer’s scope of supply 

n. Conduit box location: Top 

o. Wiring Connection: Terminal strip inside conduit box.  Use of wire nuts for 

connection of motor wiring to power source shall not be allowed 

p. Bearing L10 life: >40,000 hours 

q. Bearing lubrication: Grease 

r. Bearing type: 

1) ≤ 40 HP: Permanently greased 

2) ≥50HP: Regreaseable 

a) Lubrication fittings must be located towards the front of the blower 

package so that both bearings can be safely lubricated while the 

blower package is running. 

b) Grease drain holes to be closed for protection of the environment. A 

spent grease cavity in the bearing cover should be large enough to 

hold spent grease required for 40,000 operating hours. 

s. Bearing design: Cantilever forces (belt drive) 

t. Condensation winding 110v heater: No 

10. Motor shall be as manufactured by Siemens 

11. Connection and control of the drive motor to the control system is not part of the blower 

manufacturer’s scope of supply 

B. Sound enclosure ventilation fan motor: 

1. Motor voltage: reference Performance Data – power supply voltage 

2. Motor shall be UL listed 

3. Motor starter/ overload protection is the responsibility of the control system provider 

4. The fan motor should turn “on” when the main motor starts and turn “off” 10 minutes 

after the main motor stops.  Controlling the fan motor via a thermostat shall not be 

allowed. 
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5. Connection and control of the fan motor to the control system is not part of the blower 

manufacturer’s scop e of supply 

2.6 BLOWER PACKAGE 

A. Drive: 

1. The blower shall be driven by the drive motor through a V-belt drive assembly designed 

to meet the blower conditions specified with a 1.2 or larger service factor 

a. V-belts shall have a XPZ/XPB profile with embedded low-stretch polyester 

tension cords. The v-belts shall be designed for high rotational speeds and be heat 

and oil resistance. Ribbed, banded, or multi groove belts shall not be allowed 

b. Sheaves shall have a SPZ/SPB profile and be balanced to G16 for below 30m/s 

and G6.3 for sheaves above 30m/s 

c. Keyed taper bushing shall be used for easy installation and removal. QD type 

bushings shall not be allowed 

2. The blower drive must have a fully enclosed guard which protects the operator when the 

blower package enclosure is open while in operation 

a. Belt guard shall be OSHA approved 

b. The belt guard made from the manufacturer’s standard sheet metal, shall be 

designed to duct the cooling air flow from the drive motor fan across the front of 

the blower to supplement blower input shaft seal cooling 

c. The mounting fasteners for the belt guard shall be retained on the housing to 

prevent loss during maintenance 

3. Belt tension shall be accomplished by the use of a motor swing base and automatic 

tensioning assembly 

a. The drive motor shall be mounted on a pivoting swing base with an axial 

adjustment for proper alignment of the v-belts. The weight of the drive motor shall 

provide the primary belt tension. The use of a sliding motor mount shall not be 

allowed 

b. A tensioning assembly consisting of a threaded rod with spring shall be used to 

adjust the v-belt tension to prevent belt slippage and efficiently transmit power to 

the blower. It shall include a visual indication showing whether or not the v-belt 

tension is within the correct belt tension range 

c. Adjustment of the tensioning assembly shall be accomplished without removal of 

the guard or loosening of the motor mounting bolts 

d. The design of the swing base with tensioning assembly shall prevent the swing 

base from falling and creating a personnel hazard in the event of a belt failure. The 

tensioning assembly adjusting nut shall raise the motor swing base facilitating v-

belt changes without the use of pry bars or jacks 

B. Inlet Silencer: 

1. An inlet silencer designed for the frequency range of the blower, shall be provided to 

reduce the noise of the blower package as specified 

a. The inlet silencer shall be of carbon steel construction and be of the wear-free 

absorptive type, directly connection to the inlet port of the blower, and shall be 

mounted horizontally 

b. The inlet silencer shall be lined with replaceable polyether absorptive material. 

c. The inlet silencer shall have an integral filter designed to protect the blower from 

particulates. It shall be located between the absorptive material and the blower 

inlet 
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1) The filter element shall be a washable and reusable polyester element for 

minimal pressure drop 

2) The filter efficiency shall meet ASHRAE 52.2 MERV7 50-70%% @ 3-10 

microns corresponding to EN779 G4 

3) The filter element integral to the silencer shall be supplied no matter if the 

inlet configuration of the silencer is ambient or piped. If required on piped 

inlet configuration, any additional filtration or screening at the inlet location 

of the piped inlet air source is not the responsibility of the blower 

manufacturer 

4) Filter element shall be removable without disconnecting the inlet duct 

d. The filter maintenance cover and element must be removable by hand (without the 

use of tools) 

e. The pressure loss thru the inlet silencer assembly shall be accounted for in the 

motor horsepower selection of the blower package 

C. Base frame with integrated discharge silencer: 

1. The blower base frame with integrated discharge silencer shall be designed for the 

frequency range of the blower, shall be provided to reduce the noise of the blower 

package as specified 

a. The blower base frame shall be of formed steel construction and designed for 

horizontal mounting of blower with vertical air flow. Flange-mounting only of the 

bare blower to the blower base frame shall not be allowed, additional support by 

use of the base frame shall be required; preventing the loading of the blower casing 

and discharge silencer shell 

b. The blower base shall incorporate the pivoting motor swing base and tensioning 

assembly to insure proper alignment of the drive assembly 

c. The discharge silencer shall be an integral part of the base frame 

d. The discharge silencer type shall be a combination of absorption, reflection and 

diffusion 

1) The design of the discharge silencer shall incorporate a solid outer and 

perforated inner cylinder with absorptive material in between the cylinders 

a) Absorptive material shall be long, flexible, knotted polyester fibers to 

allow for lowering the noise and heat emissions inside the sound 

enclosure. The use of mineral wool shall not be allowed 

2) The discharge silencer shall have connections ports for pressure relief, 

discharge pressure, and discharge temperature. Unused ports shall be capped 

or plugged 

e. The pressure loss thru the discharge silencer assembly shall be accounted for in the 

motor horsepower selection of the blower package 

D. Blower Sound Enclosure: 

1. A sound enclosure shall be provided which fully covers the blower, motor, drive 

assembly, inlet silencer, blower base frame with integrated discharge silencer, and be 

shipped fully assembled 

a. The sound enclosure shall be the product of the blower manufacturer to insure 

proper integration of blower package components 

b. The sound enclosure shall meet the sound level specified 

c. The sound enclosure acoustic material shall comply to FMVSS 302 with a burning 

rate B or lower than 100 mm/min 

d. The sound enclosure assembly shall be of self-supporting bolted steel panel 

construction on a fabricated steel skid 
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1) All maintenance removable panels or doors shall be located in the front of 

the sound enclosure and must have a slotted key lock. A door key shall be 

provided. All maintenance panels shall meet OSHA weight requirements 

2) The enclosure base shall be designed to enclose the full bottom of the sound 

enclosure and include fork lift guides for easy transportation and installation 

e. The sound enclosure ventilation cooling air circuit shall be separate from the 

process air circuit. Mixing of the two air circuits within the enclosure shall not be 

allowed 

f. The sound enclosure shall have a set of inlet louvers positioned on the blower-side 

of the enclosure to allow for the flow of ambient cooling air across the blower oil 

sumps 

g. A screened inlet louver shall be located on the back of the enclosure and designed 

to provide a laminar flow of ambient cooling air across the blower drive motor 

h. The sound enclosure ventilation air exhaust and the ventilation fan shall be located 

at the top of the sound enclosure 

1) The ventilation fan shall be sized to provide adequate cooling of the blower 

package at all blower speeds 

2) The ventilation fan voltage shall be as specified and run concurrent with the 

main motor. The ventilation fan shall not be controlled by a thermostat 

i. The back of the sound enclosure shall have predrilled holes with grommets for 

easy pass-thru of electrical wiring 

j. When installed outdoor, reference Blower Package Configuration Part 2.3. An 

outdoor stainless steel weather hood shall be installed on top of the enclosure to 

protect the unit from the elements. The weather hood shall be designed to allow 

access to the sound enclosure and panel mounted instruments 

E. Blower Package Accessories: 

1. Pressure Relief Valve 

a. The relief valve(s) shall be factory installed within sound enclosure. Relief valve 

may not be shipped loose for field installation in the discharge piping. 

b. The relief valve(s) shall be spring type and must be sized for 100% of the design 

flow specified. Weighted relief valves shall not be used 

c. The relief valve(s) shall be set to protect the blower from excessive differential 

pressure based on the design conditions specified. A seal shall be affixed that must 

be broken if set point is changed 

d. The relief valve(s) exhaust shall be vented out of the sound enclosure. Exhaust 

vented into the sound enclosure shall not be allowed 

e. The relief valve shall be ASME Section VIII, UV, CE, and PED certified 

f. The relief valve shall be manufactured by Kunkle 

2. Check Valve 

a. A check valve to prevent back flow through the blower shall be factory installed 

and not shipped loose for field installation in the discharge piping 

b. The check valve flapper shall be swing type made from a steel disc embedded in a 

high temperature silicone elastomer. The valve shall be designed so that, in the 

event of failure, the valve element is retained in the valve housing. Split disc or 

center hinged designs shall not be used 

c. The check valve capacity shall exceed the blower package’s maximum discharge 

pressure and temperature 

3. Flexible Connector 

a. An elastomeric compensator/flex connector shall be provided to isolate the 

connection of the blower package to the self-supporting system piping. Restraining 
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rods shall not be used. Flex connectors located between the bare blower and 

silencers shall not be allowed 

b. The flexible connector capacity shall exceed the blower package’s maximum 

discharge pressure and temperature 

c. Discharge connection 

1) 4” and smaller connection, a web reinforced silicone rubber sleeve with 

corrosion resistant clamps shall be provided. (Compak BBC, CBC, and 

DBC series) 

2) 6” and larger connection, an ANSI/DIN flanged arch-type EPDM web 

reinforced connector shall be provided. (Compak EBC, FBC, and HBC 

series) 

d. Piped Inlet connection – When required, Reference Blower Package Configuration 

2.3. 

1) 6” or smaller connection, a web reinforced silicone rubber sleeve with 

corrosion resistant clamps shall be provided. (Compak BBC, CBC, DBC 

and EBC series) 

2) 8” and 10” piped inlet connection, an arch-type EPDM web reinforced 

sleeve with corrosion resistant clamps shall be provided. (Compak FBC 

series) 

3) 10” ANSI/DIN flanged inlet connection, an ANSI/DIN flanged arch-type 

EPDM web reinforced connector shall be provided. (Compak HBC series) 

4. Blower instrumentation gauges 

a. The following gauges shall be pre-piped and panel mounted on the front of the 

sound enclosure. Gauges shall not be shipped loose for field installation 

b. Discharge pressure gauge 

1) The discharge pressure gauge shall measure the pressure at the discharge of 

the blower. 

2) The discharge pressure gauge shall be dual unit (English – PSI / Metric – 

Bar) with a range of 0 – 23 psi (0 – 1.6 bar). Minimum dial diameter shall be 

2 ½”, made with a stainless steel case and be glycerin filled for pulsation 

dampening 

c. Discharge temperature gauge with adjustable switch 

1) The discharge temperature gauge shall measure the temperature at the 

discharge of the blower package 

2) The discharge temperature gauge shall be dual unit (English - ºF / Metric - 

ºC) with a range from 32 – 392ºF (0 – 200ºC) and include an adjustable set 

point dial. Minimal dial diameter shall be 2 ½”, made with a black plastic 

case and have a liquid filled measuring system that is converted by a 

Bourdon tube into a rotary movement of the pointer. The rotary movement 

of the pointer spindle shall operate a SPDT microswitch through a lever 

system. Voltage rating up 220v, 5amps 

3) The high temperature set point shall be as recommended by the blower 

manufacturer 

4) Connection of the switch to the control system is not part of the blower 

manufacturer’s scope of supply. The switch shall be wired to shut down the 

blower package when actuated 

d. Filter differential pressure gauge 

1) The filter differential pressure gauge shall measure the pressure difference 

from ambient to the back side of the filter that is integral to the blower 

package’s inlet silencer. When the filter starts to become dirty, the resistance 
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shall be shown on a resettable red dial indicating when the filter shall be 

changed 

5. Oil Drains 

a. An oil drain from the blower drive-end and gear-end lubricating oil sumps shall be 

separately piped to the front of the blower base with flexible tubing. Common fill 

and drain shall not be allowed 

b. Each oil drain shall include a drain valve installed for ease of maintenance. The 

drain valves shall be 90° nickel plated brass valves and include a fully retained 

gasketed threaded cap to prevent accidental discharge of the blower lubricant 

6. Vibration Isolators 

a. Vibration isolators shall be provided between the base frame with integrated 

discharge silencer and sound enclosure skid to prevent transmission of vibration to 

the foundation 

b. A ground wire shall be installed between the blower base and the sound enclosure 

base to allow for grounding of the complete blower package 

F. Optional Blower Package Accessories – the following options shall be supplied 

1. Unloaded start valve 

a. The blower package when started with a “wye-delta” or “soft/reduced start” starter 

shall include a diaphragm operated, mechanical unloaded start valve that is 

mounted between the blower and the discharge check valve 

b. The unloaded start valve shall allow the blower drive motor to accelerate unloaded 

up to full speed before the discharge check valve opens 

2. Inlet filter differential pressure switch 

a. The blower package shall include an installed filter differential pressure switch that 

shall measure the pressure differential across the integral inlet silencer’s filter 

b. The filter differential pressure switch shall be field adjustable up to .73 PSI (50 

mbar) and factory set at .5 PSI (35 mbar) 

c. The filter differential pressure switch shall be a SPDT switch, Voltage rating up to 

250v, 10A 

d. Connection of the switch to the control system is not part of the blower 

manufacturer’s scope of supply. The switch shall be wired to shut down the blower 

package when actuated 

3. Discharge Pressure Switch 

a. The blower package shall include an installed discharge pressure switch that shall 

measure discharge pressure of the blower 

b. The discharge pressure switch shall be field adjustable 

c. The discharge pressure switch shall be a SPDT switch, Voltage rating up to 250v, 

1A 

d. Connection of the switch to the control system is not part of the blower 

manufacturer’s scope of supply. The switch shall be wired to shut down the blower 

package when actuated 

4. Enclosure Safety Switch 

a. The blower package shall include an installed enclosure safety switch that shall 

thermostatically measure the temperature inside of the blower package’s enclosure 

b. The enclosure safety switch shall be field adjustable and set at 140 deg F (60 deg 

C) 

c. The enclosure safety switch shall be a SPDT switch, Voltage rating up to 250v, 2.5 

A 
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d. Connection of the switch to the control system is not part of the blower 

manufacturer’s scope of supply. The switch shall be wired to shut down the blower 

package when actuated. It shall not be wired to turn on the enclosure vent fan 

5. Oil Temperature Switch (Compak DBC, EBC, FBC and HBC series) 

a. The blower shall include an installed oil temperature switch, one for each oil sump 

that shall measure the oil temperature in each oil sump of the blower 

b. The oil temperature switch shall be preset at 248 deg F (120 deg C) 

c. The oil temperature switch shall be a SPST switch, Voltage rating up to 250v, 10 

A 

d. Connection of the switch to the control system is not part of the blower 

manufacturer’s scope of supply. The switch shall be wired to shut down the blower 

package when actuated 

6. Oil Level Monitoring (Compak DBC, EBC, FBC, and HBC series) 

a. The blower shall include and installed oil level monitoring, one for each oil sump 

that shall measure the oil level in each oil sump of the blower 

b. The oil level monitor shall be preset for low oil condition 

c. The oil level monitor shall be a SPST switch, Voltage rating up to 250v, .5 A 

d. Connection of the monitor to the control system is not part of the blower 

manufacturer’s scope of supply. The monitor shall be wired to shut down the 

blower package when actuated 

7. Enclosure Heater Assembly 

a. The blower package when installed where temperatures could be between 5 to 23º 

F shall include an installed 115v/1ph/60hz enclosure heater with a thermostatically 

controlled switch that shall heat the inside of the enclosure 

b. The enclosure heater switch shall be field adjustable and be factory set to come on 

at 41 deg F (5 deg C) 

c. Connection of the enclosure heater system to the control system is not part of the 

blower manufacturer’s scope of supply 

8. Instrumentation Junction Box 

a. The blower package shall include an instrumentation junction box where all the 

provided instrumentation is wired to a terminal strip making for a central electrical 

connection point (except for the main blower drive motor) 

b. Connections from the instrumentation junction box to the control system are not 

part of the blower manufacturer’s scope of supply 

G. Nameplates: 

1. The blower package shall have at least two weather proof corrosion resistant type 

nameplates which includes the manufacturer name, model number, year, max pressure 

difference, equipment number, part number, serial number, voltage, phase, HP, motor 

rpm, rated temperature, and FLA attached on the outside and inside of the blower 

package 

H. Anchor Bolts and Hardware 

1. Anchor bolts, washers, hex nuts, and all other fastening hardware shall be stainless steel 

and be supplied by the contractor 

I. Paint Specification: 

1. The blower manufacturer is responsible for surface preparation, priming and finish 

coating of the blower package and components requiring paint in accordance with the 

manufacture’s standard procedures. Field painting of blower equipment or supplying 

components that are only prime painted is not acceptable 
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a. Cast parts are to be painted with a two part gray epoxy primer and two part top 

coat 

b. Fabricated parts are to be painted with a two part gray epoxy primer and two part 

top coat 

c. Sound enclosure parts are to be powder coated 

1) Panels and base paint finish shall be pretreated by de-greasing and 

phosphate cleaning, then  powder coated to a thickness of 70 µm -100 µm 

on both sides 

2. The blower package to be painted the blower manufacturer’s standard colors 

PART 3 - EXECUTION 

3.1 INSTALLATION 

A. The blower package shall be handled and installed in accordance with the manufacturer’s 

recommendations and instructions as shown in the location on the drawings 

B. Contractor shall field verify all dimensions and elevations. The engineer shall be notified of any 

specific differences 

C. The blower package shall arrive on site ready for installation. Aligning, adjusting and filling the 

blower with lubrication shall not be required by the contractor 

3.2 FIELD QUALITY CONTROL 

A. Furnish the services of a manufacturer’s authorized representative for proper installation to 

inspect and approve the installation, and to supervise a test run of the blower package. 

B. After the installation and test run has been completed; the blower package shall be given a field 

test in the presence of the Engineer to verify that operation is satisfactory and in compliance 

with the Specification. If the blower package does not meet the Specification, corrective 

measures shall be taken to ensure the machine meets compliance 

3.3 TRAINING 

A. Furnish the services of a manufacturer’s authorized representative, who will instruct plant 

personnel in the operation and maintenance of the blower package. All procedures shall be 

covered including preventive maintenance, method of controlling the blower package and 

troubleshooting. 

 

END OF SECTION 43 11 18 
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SECTION 43 12 51 - ROTARY SCREW BLOWERS 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Section Includes:  

1. Rotary-Screw blower package with integrated controls including accessories as specified 

herein. 

a. Blower Application: Aerobic Digester 

b. Quantity: 3  

c. Blower ID Number: BLR7110, BLR7120, BLR7130 

d. All equipment specified in this section shall be designed and furnished by the 

blower manufacturer, who shall be responsible for the suitability and compatibility 

of all included equipment per this section. 

B. Related Sections: 

1. Section 40 90 00 – Instrumentation and Control for Process Systems 

2. Div. 26 - Execution requirements for electrical connections to equipment specified by 

this Section. 

1.2 SCOPE 

A. Contractor: 

1. Furnish, unload, store and install rotary-screw blower equipment with accessories 

necessary to provide a complete operational system as shown on the plans and as 

specified. 

2. Shall be responsible for startup and training activities under the direction of the qualified 

manufacturer’s representative. 

1.3 QUALITY ASSURANCE 

A. Manufacturers’ Qualifications: 

1. All equipment furnished under this section shall be manufactured in a plant whose quality 

management system is certified / registered as being in conformity with ISO 9001 and 

who shall assume complete responsibility for the design and performance of the blower 

package. 

2. All equipment furnished under this section shall be new, unused, and shall be the 

standard product of the manufacturer, who shall have a minimum of 10 years’ experience 

in producing blower packages and be able to produce evidence of at least 5 installations 

of similar size in satisfactory operation in the United States, if requested. 
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B. Performance Guarantees: 

1. All cast parts to be manufactured in a plant whose quality management system is certified 

/ registered as being in conformity with ISO 9001. 

2. All critical dimensions of the blower components provided by the manufacturer shall be 

verified and documented prior to assembly. 

3. Each Rotary-Screw VFD blower package provided by the manufacturer shall be 

guaranteed to provide performance to ISO 1217, Annex E.  

4. Each Rotary-Screw Constant Speed blower package provided by the manufacturer shall 

be guaranteed to provide performance to ISO 1217, Annex C.  

C. Reference Standard:  

1. American Society of Testing and Materials (ASTM) 

2. National Electrical Manufacturers Association (NEMA) 

3. Occupational Safety and Health Administration (OSHA) 

4. National Electrical Code (NEC) 

5. Anti-Friction Bearing Manufacturers Association (AFBMA) 

6. International Organization of Standardization (ISO) 

7. International Electrotechnical Commission (IEC)   

8. German Institute for Standardization (DIN)  

1.4 SUBMITTALS 

A. Manufacturer’s standard submittal for establishing compliance to this section shall include the 

following items; following submittal procedures in accordance with Section 013300 

1. Table of contents 

2. A complete and detailed list of any and all variations to the specification 

3. Descriptive literature, bulletins, and/or catalog cut sheets of the equipment 

4. Scope of supply 

5. Blower package performance data sheets showing at least the following: 

a. Package model name 

b. Bare blower model name 

c. Design conditions as listed in this section 

d. Air flow in ICFM and SCFM for design conditions listed 

e. Discharge Pressure 

f. Motor size 

g. Package input power and Specific performance per ISO 1217 Annex C/E  

h. Process air connection size 

i. Operating Voltage required for the blower package  

j. Sound pressure and power levels 

k. Dimensions 

l. Package weight 

m. Discharge temperature 

n. Accessories being supplied 

6. Installation Data sheets 

7. Manufacturer’s Selection data sheet showing design point plus five different speeds 

which include the minimum and maximum flows in SCFM.  The Selection data sheet 

must also show graphs for the flow vs block speed, specific power vs block speed, motor 
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shaft power/block shaft power/total power consumption vs block speed and pressure vs 

flow. 

8. Blower package drawing showing all important details required for installation including 

dimensions, anchor bolt locations, size and location of connections to other works and 

weight of equipment. 

9. Motor manufacturer’s data sheet showing at least the following: 

a. Motor manufacturer’s name and model number 

b. Efficiency class and % 

c. Efficiency at ½, ¾, and full load 

d. Amp draw 

e. Motor RPM 

f. Code letter 

g. Motor frame 

10. Wiring schematic of blower package. 

11. Process data map for controller bus connection. 

12. Inlet filter documentation conforming to EN 779, G4. 

13. Data sheets for supplied components and accessories. 

14. A list of recommended maintenance parts for one year of operation. 

15. Paint specification for blower package. 

16. Maintenance overview. 

17. Blower startup check list. 

18. Lubrication requirements. 

19. SDS sheet (oil). 

20. Warranty information. 

21. Manufacturer’s standard for equipment standards. 

22. Compliance with Machinery Standards for sound and performance certificate. 

B. Manufacturer’s standard Operation and Maintenance Manual shall include the following 

sections; following submittal procedures in accordance with Section 013300 regarding this 

Document 

1. Technical Data for the blower package 

2. Safety and Responsibility 

3. Design and Function 

4. Installation and Operating Conditions 

5. Installation 

6. Initial Start-up 

7. Operation 

8. Fault Recognition and Rectification 

9. Maintenance 

10. Spare parts, Operating Materials, Service 

11. Decommissioning, Storage and Transport 

12. Annex with Drawings and Diagrams 

1.5 PRODUCT DELIVERY, HANDLING AND STORAGE 

A. Delivery and handling of Equipment: 

1. Manufacturer and Contractor shall coordinate the delivery schedule for just in time 

delivery to minimize the period the Blower package is on site before installation. 
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2. Contractor shall unload and inspect all equipment and materials against reviewed shop 

drawings at the time of delivery. Any damage shall be reported to the freight company 

immediately upon receipt. 

3. Equipment and materials damaged or not meeting the requirements of the reviewed shop 

drawings shall be immediately returned for replacement or repair. 

4. Each box or shipping crate shall be properly marked to show its net weight and its 

contents. 

B. Storage: 

1. Contractor shall prepare for storage and label all equipment and materials after they have 

been inspected. The Contractor shall be responsible for the equipment and materials 

while in storage. 

2. Store materials to permit easy access for inspection and identification. Support all 

material off of the ground while protecting steel members and packaged material from 

corrosion and deterioration as per manufacturers’ instructions. 

1.6 SPARE PARTS 

A. Furnish the following manufacturer’s recommended routine maintenance spare parts for each 

blower package provided: 

1. Two (2) filter elements for integral inlet silencer  

2. Blower lubricants for first year of operation 

3. One (1) oil demister filter element 

4. Sets of filter mats for blower control cabinet (Rotary-Screw VFD blower package) 

5. One (1) tube of motor grease  

B. All parts shall be furnished in clearly identified packaging 

1.7 WARRANTY 

A. Blower packages shall be warranted to be free of defects in material and workmanship for a 

minimum period of twelve (12) months from date of start-up, not to exceed eighteen (18) 

months from the date of shipment from the manufacturer, whichever occurs first. The screw 

blower elements are warranted to be free of defects in material and workmanship for a period of 

twenty-four (24) months from the date of start-up not to exceed thirty (30) months from the date 

of shipment from the manufacturer, whichever occurs first. 

B. The contractor shall be responsible for proper storage of the equipment so as to remain in “as 

shipped” condition. If the equipment remains in storage at the job site for longer than six (6) 

months before installation, the contractor shall provide factory service personnel for a complete 

inspection of the equipment. Any work necessary to restore the equipment to “as shipped” 

condition shall be the responsibility of the contractor. 
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PART 2 - PRODUCTS 

2.1 MANUFACTURER 

A. The equipment specified herein is intended to be standard equipment for use in low pressure air 

systems and be supplied by a single manufacturer or authorized sales representative to assure 

uniform quality, ease of maintenance, and minimal parts storage. 

B. Manufacturers: 

1. Kaeser Compressors, Inc. 

a. Model – EBS410  

2. Or Pre-Approved Equal. 

a. Reference Section 016000 for product substitution procedures for information 

pertaining to alternate products 

C. Plan layouts, weights, and pertinent specification language used in the design have been based 

upon Kaeser Compressors, Inc. equipment. Any changes required to accommodate equipment 

other than the basis of design shall be provided by the Contractor at no additional expense to the 

Owner. Furthermore, a complete and detailed deviation list from the specification shall be 

provided with proposal. 

2.2 DESIGN CRITERIA 

A. Standard Conditions for SCFM: 

1. Elevation: 14.7 PSIA (0’ elevation) 

2. Temperature: 68 deg F 

3. Relative Humidity 36% 

B. Design (site) Conditions for ICFM: 

1. Elevation: 14.4 PSIA (500’ elevation) 

2. Maximum Blower Inlet Temperature: 100 deg F 

3. Relative Humidity*: 50% 

*Relative humidity at maximum blower inlet temperature 

C. Performance Data: 

1. Application: Aerobic Digester 

2. Quantity: 3 

3. Blower Packaged Controlled by a VFD: NO 

4. Flow Required: 1,289 SCFM 

5. Blower Package Discharge Pressure: 7.0 PSIG 

6. Blower airend: L-Low pressure  

7. Motor Horsepower: 60 HP 

8. Power supply voltage: 

a. Blower Package: 460v/ 3ph/ 60hz 

b. Incoming supply configuration: center grounded WYE 

9. Sound pressure level = 72 dB(A) * 

10. Sound power level = 90 dB(A) * 

*In accordance with ISO 2151, +/- 3 dB(A), with insulated piping. 
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D. Performance Guarantee: 

1. Blower sound level shall be guaranteed by the manufacturer to be within the allowed 

tolerances of ISO 2151, +/- 3 dB(A)  at 1m, free field conditions, with insulated piping. 

2. The blower element performance provided by the manufacturer shall be guaranteed per 

ISO 1217, Annex B. 

3. The specific performance (kw/100-cfm) of the complete Rotary-Screw blower package 

provided by the manufacturer shall be guaranteed to provide performance to ISO 1217, 

Annex C/E.  For flows 50 to 500 CFM, the permissible tolerance on flow is +/- 5% and 

specific performance tolerance is +/- 6%. For flows greater than 500 CFM, the 

permissible tolerance on flow is +/-4% and specific performance tolerance is +/- 5%. 

E. Plant System Communication: 

1. Interface: EtherNet/IP 

2.3 BLOWER PACKAGE CONFIGURATION: 

A. Installation Location: Inside  

B. Inlet Configuration: Ambient  

C. All components and instrumentation are to be mounted and pre-piped; no field installation shall 

be required by the contractor. The manufacturer shall be responsible for all aspects of the 

engineering, from the blower package’s air inlet to its discharge connection. 

2.4 BARE BLOWER CONSTRUCTION 

A. Blower type:  

1. The bare blower shall be factory mounted for the package base frame, be of the oil-free, 

positive displacement, rotary-screw type, designed for air or other inert gas service, and 

directly coupled and gear driven by electric motor. 

2. The bare blower assembly must operate at the effective value for vibration velocity in 

frequency range A and B, according to VDI 3836. 

B. Material: 

1. AISI, ASTM, GJL, GLS, DIN, etc…, numbers, types, and grades specified are typical of 

material composition and quality, equivalent materials will be considered. 

C. Housing:  

1. The casing shall be made of high strength, close grained, cast iron, and shall be 

adequately ribbed to prevent casing deflection and facilitate cooling. Casing shall be of 

EN GJL-200 material. 

2. The casing shall be precision machined to allow for minimum clearances. 

3. The casing shall allow for the thermal decoupling of the gearbox section allowing for low 

oil temperature. No additional oil cooler, oil pump or oil filter in the oil circuit is 

acceptable. 

4. Reliable separation of compression chamber from oil chamber with no-wear air-side 

labyrinth sleeve oil sealing ring and oil-side spiral sealing ring, to include an atmospheric 

break between the air-side and oil-side. 
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5. Bearing fits shall be precision machined to ensure accurate positioning of the rotors in the 

casing. 
 

D. Rotors: 

1. The primary rotor shall be machined out of a one piece casting made of EN GJL-250 

material.  

2. The secondary rotor and shaft shall be machined out of a one-piece casting made of EN 

GJS-500 material. 

3. The shaft of the primary rotor shall be press fit and machined out of C45 shaft material. 

4. The rotors shall be machined with precision tolerance to ensure consistent rotor clearance 

and stable volumetric efficiency. 

5. The rotor assemblies shall be statically and dynamically balanced to ISO standard 

1940/1- Q2.5 (turbine rotor). 

6. The rotors shall have the energy-efficient Screw Profile for the maximum degree of 

delivery. 

7. The rotors shall operate without rubbing, liquid seals or lubrication in the air chamber. 

No wear-prone surface coating shall be allowed. 

E. Cover Plates: 

1. The drive and gear-end cover plates shall be high strength, close grained, cast iron 

material. Aluminum end plates shall not be allowed. 

2. The cover plates shall have a precision machined sealing face.  

3. The drive end plate shall include at least two precision machined holes to allow for the 

use of fitting bolts to accurately align the opening for the input shaft seal. 

F. Timing Gears: 

1. The rotor timing gears shall be precision machined from case hardened, ground alloy 

steel to quality standard 5f 21. Each timing gear shall be straight cut, beveled, and 

precision ground to eliminate axial bearing loads and ensure long life as well as quiet 

operation. 

G. Bearings:  

1. All four rotor shaft support locations shall incorporate large, heavy-duty, full 

complement, cylindrical roller bearings with PEEK cages to absorb the radial gas forces 

which affect the rotors and change continuously.  

2. An additional gear side ball bearing set loaded for axial forces only. 

3. The bearings minimum acceptable L10 design life shall be as follows; 

a. At least 100,000 hours at design conditions. 

H. Lubrication: 

1. Both the gear-end and the drive-end of the blowers shall be oil splash lubricated via a 

disc slinger for minimal maintenance and long service life.  

2. The lubrication design shall ensure adequate lubrication of the timing gears and bearings.  

3. The drive-end and gear-end oil chambers shall not be interconnected. Each oil chamber 

shall have x1 drive-end and x2 gear-end domed designed sight glasses which will allow 

visual inspection of oil level and oil condition, viewable from the front of the blower.  

Recessed or flat sight glasses are not allowed. 

4. Blower to be factory filled with a synthetic lubricating fluid that is rated for the design 

conditions specified. 
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I. Rotor Seal Assembly: 

1. Each rotor shall include one seal assembly on each end, four assemblies in total per 

blower. Each seal assemble shall consists of the following;  

a. Oil splash guard ring. 

b. Shaft guide wear sleeve with vent holes located between the air and oil seals.  

c. Replaceable wear sleeve to protect the blower casing. 

d. Two piston ring type labyrinth seals made from heat treated GG/42CrMo4 material 

shall be located on the air side and two spiral sealing seals shall be located on the 

oil side of the rotor sleeve. The use of rubber lip seals shall not be allowed. 

e. Seal assemblies shall not require an additional vacuum pump or electric oil mist 

separator for a sealing effect. 

J. Input Shaft Seal Assembly:  

1. The input drive shaft seal shall be a sliding ring type mechanical seal that will prevent oil 

leakage from where the input shaft goes thru the drive end cover plate. 

2. The mechanical seal assembly shall consist of the following; 

a. Replaceable wear sleeve on the input drive shaft 

b. Cover plate with a machined sealing surface 

c. Mechanical sliding ring seal  

3. The input shaft seal design must allow for the mechanical seal assembly to be replaced 

without removing the drive-end cover plate. 

2.5 Motors: 

A. Drive Motor: 

1. Motor shall be designed, manufactured, and tested in accordance with the latest revised 

editions of NEMA MG-1, IEC, DIN, ISO, IEEE, ANSI, and AFBMMA standards as 

applicable and shall be capable of continuous operation. 

2. Motor must exceed Energy Independence and Security Act (EISA 2007) standards for 

NEMA Premium efficiency. It shall also be marked with a Department of Energy 

Certification Compliance Number to assure compliance, when to be connected to the grid 

(STC).  VFD drive motors to reach IE5 per IEC 60034-2-3. 

3. Motor shall comply with Low Voltage Directive 2006/95/EC or equivalent and be UL 

listed. 

4. Motor must be inverter rated with impulse peak resistance in accordance with IEC 

60034-17 or equivalent for operation with an IGBT frequency converter or equivalent.  

5. The temperature rise of the motor windings shall not exceed IEC and NEMA standards 

when the motor is operated continuously at the rated horsepower, rated voltage, and 

frequency in ambient conditions at 104ºF / 40ºC. 

6. Motor shall be suitable for Full Load/Direct On-line starting, Solid State Ramp starting, 

VFD, and/or Wye-Delta reduced current starting. SynRM motors are only capable of 

VFD operation. 

7. Motor to be supplied, mounted and aligned by the blower package manufacturer. 

8. VFD controlled motor (=>75HP) shall have an isolated non drive end “B-side” bearing.  

9. Motor shall confirm to the following: 

a. Motor voltage: 460v/ 3ph/ 60hz  

b. Type: Asynchronous or Synchronous Reluctance 

c. Speed: Single 

d. Torque: Constant 

e. Enclosure: TEFC 



CAREY STATION URBAN WATER REUSE FACILITY CAREY STATION WRF, LLC  

0.5 MGD TO 1.5 MGD EXPANSION                                                         GREENE COUNTY, GA 

 

GOODWYN MILLS CAWOOD, LLC.    ROTARY SCREW BLOWERS 

GMC PROJECT NO. CAUG250007 43 12 51 –9 of 16 

f. Mounting: Horizontal 

g. Speed: 0-100% 

h. Design: A  

i. Duty cycle: continuous (24 hours a day) 

j. Winding insulation: Class F 

k. Temperature rise: Limited to Class B 

l. Thermal motor protection: Pt100 resistance 

m. Conduit box location: Left side from shaft end 

n. Wiring Connection: Terminal strip inside conduit box. Use of wire nuts for 

connection of motor wiring to power source shall not be allowed.  

o. Bearing L10 life: >60,000 hours 

p. Bearing lubrication: Grease 

q. Bearing type: Greaseable,  

1) Lubrication fittings must be located towards the front of the blower package 

so that both bearings can be safely lubricated while the blower package is 

running. 

r. Bearing design: Ball type 

s. Condensation winding 110v heater: No 

10. Motor shall be as manufactured by Siemens or approved equal. 

B. Sound enclosure ventilation fan motor: 

1. Motor shall be UL listed. 

2. Motor starter/overload protection shall be provided and wired. 

3. Motor shall turn “on” when the main motor starts and turn “off” after a predetermined 

time after the main motor stops.  

4. Ventilating fans mounted on the blower or motor shaft are not allowed. 

2.6 Blower Package 

A. Drive: 

1. The blower shall be driven by direct coupled gear driven system. 

2. A robust slip-free gear drive system, which requires no additional oil chambers, oil 

pumps, or additional bearings shall be utilized. 

3. Drive gears shall be integrated into blower drive side oil chamber. 

4. No additional oil pump, oil reservoir, or heat exchangers shall be used. 

5. Drive motor with flanged direct mount face. Drive motor shall use grease-filled bearings. 

6. Heavy duty mechanical blower/drive shaft seal with drain system towards motor face. 

7. Low radial loads of the motors ball bearing design for long bearing lifetime. 

B. Inlet Silencer: 

1. An inlet silencer designed for the frequency range of the blower, shall be provided to 

reduce the noise of the blower package as specified. 

a. The inlet silencer shall be of carbon steel construction and be of the wear-free 

absorptive type, directly connected to the inlet port of the blower, and shall be 

mounted horizontally. 

b. The inlet silencer shall be lined with replaceable polyether absorptive material. 

c. The inlet silencer shall have an integral filter designed to protect the blower from 

particulates. It shall be located between the absorptive material and the blower 

inlet. 
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1) The filter element shall be a washable and reusable polyester element for 

minimal pressure drop. 

2) The filter efficiency shall meet ASHRAE 52.2 MERV7 50-70% @ 3-10 

microns corresponding to EN779 G4. 

3) The filter element integral to the silencer shall be supplied no matter if the 

inlet configuration of the silencer is ambient or piped. If required on piped 

inlet configuration, any additional filtration or screening at the inlet location 

of the piped inlet air source is not the responsibility of the blower 

manufacturer. 

4) Filter element shall be removable without disconnecting the inlet duct. 

d. The filter maintenance cover and element must be removable by hand (without the 

use of tools). 

e. The pressure loss through the inlet silencer assembly shall be accounted for in the 

motor horsepower selection of the blower package.  

f. If required on piped inlet configuration, any additional filtration or screening at the 

inlet location of the piped inlet air source is not the responsibility of the blower 

manufacturer. 

C. Base frame: 

1. Elevated base frame shall support the blower airend, valves, and silencers completely 

pre-mounted on elastic machine mounts. 

2. Provisions for mounting of blower discharge silencer and accessories shall be included. 

D. Discharge Silencer: 

1. The discharge silencer is to be designed for the frequency range of the blower and is to 

reduce the noise of the blower package as specified. 

2. Discharge silencer should mount to blower discharge port via flexible tube type 

connector. 

3. The discharge silencer shall be of carbon steel construction. 

4. Discharge silencer shall incorporate a solid outer shell and a perforated inner cylinder 

with absorptive material in between the cylinders. 

5. Absorptive material shall be long, flexible, knotted polyester fibers to prevent fiber 

migration, to allow for lowering the noise and to reduce heat emissions inside the sound 

enclosure. The use of mineral wool or attenuating blankets will not be allowed. 

6. The discharge silencer shall have a connection port for pressure relief valve, pressure and 

temperature probes, and unloaded starting valve. Unused ports should be capped or 

plugged. 

7. The pressure loss through the discharge silencer assemble shall be accounted for in the 

motor horsepower selection of the blower package. 

E. Blower Sound Enclosure: 

1. A sound enclosure shall be provided which fully covers the blower, motor, drive 

assembly, inlet silencer, blower base frame, discharge silencer, and shall be shipped fully 

assembled.  

a. The sound enclosure shall be the product of the blower manufacturer to insure 

proper integration of blower package components. 

b. The sound enclosure shall meet the sound level specified. 

c. The sound enclosure shall be fitted with heavy foam, bulk density 120 kg/m3. 

d. The sound enclosure assembly shall be of self-supporting bolted steel panel 

construction on a fabricated steel skid.  
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1) All maintenance removable panels or doors shall be located in the front of 

the sound enclosure and must have a slotted key lock. A door key shall be 

provided. All maintenance panels shall meet OSHA weight requirements. 

2) The enclosure base shall be designed to enclose the full bottom of the sound 

enclosure and include fork lift guides for easy transportation and 

installation. 

e. The sound enclosure ventilation cooling air circuit shall be separate from the 

process air circuit. Mixing of the two air circuits within the enclosure shall not be 

allowed. 

f. The sound enclosure shall have a set of inlet louvers positioned on the blower-side 

of the enclosure to allow for the flow of ambient cooling air across the blower oil 

chambers.  

g. A screened inlet louver shall be located on the back of the enclosure and designed 

to provide a laminar flow of ambient cooling air across the blower drive motor. 

h. The sound enclosure ventilation air exhaust and the ventilation fan shall be located 

at the top of the sound enclosure. 

1) The ventilation fan shall be sized to provide adequate cooling of the blower 

package at all blower speeds.  Shaft-mounted fans are not allowed. 

F. Control Cabinet: 

1. A control cabinet located on the side of the sound enclosure shall be preinstalled and 

wired on the sound enclosure skid. 

2. The control cabinet shall be UL-508A approved and shall meet or exceed IP52 standards 

for environmental protection. 

3. The back of the control cabinet shall have predrilled holes with grommets for easy pass 

through of electrical wiring. 

4. The control cabinet’s back plate shall be galvanized for improved grounding. 

5. The Rotary-Screw VFD blower package’s control cabinet shall have a lockable hinged 

door which allows access to the factory installed variable frequency drive, enclosure vent 

fan starter, terminals, relays, operator control panel, cabinet cooling fan and all 

interconnecting wiring.  

a. The control cabinet shall utilize a high cooling fan to remove heat from the cabinet 

and maintain proper operating temperatures. 

6. The Rotary-Screw Constant Speed blower package’s control cabinet shall have a lockable 

hinged door which allows access to the factory installed main motor starter, enclosure 

vent fan starter, terminals, relays, operator control panel and all interconnecting wiring. 

a. The main motor starter shall be a magnetic, Wye-Delta, reduced-current starter, to 

ensure low starting current and soft start.  

G. Operator Control Panel 

1. The operator control panel shall include a controller. The controller shall be suitable for 

use in an ambient temperature range of -4ºF to +140ºF. 

2. The controller shall be suited for the specified conditions as previously listed and include 

an industrial PC with powerful processing software that will allow for the control, 

regulation, and monitoring of the blower package, along with allowing the display and 

modification of machine settings and external communication.  

a. The controller shall include a stabilized 24VDC power supply and a real time 

clock with a scheduling timer.  

b. A buffer battery with a ten year lifetime shall be included for protection of system 

memory and internal clock. 



CAREY STATION URBAN WATER REUSE FACILITY CAREY STATION WRF, LLC  

0.5 MGD TO 1.5 MGD EXPANSION                                                         GREENE COUNTY, GA 

 

GOODWYN MILLS CAWOOD, LLC.    ROTARY SCREW BLOWERS 

GMC PROJECT NO. CAUG250007 43 12 51 –12 of 16 

c. The controller shall include digital and analog inputs/outputs for controlling and/or 

monitoring the following: 

1) Main motor, sound enclosure ventilation fan motor and electrical cabinet 

ventilation fan motor (Rotary-Screw VFD blower package). 

2) Emergency stop push button 

3) Incoming power monitor relay for phase failure, undervoltage, overvoltage, 

and phase sequence 

4) Blower inlet and discharge temperature 

5) Blower inlet and discharge pressure 

6) Filter differential pressure 

7) Sound enclosure temperature 

8) Oil temperature and oil level  

d. The controller shall have the ability for the operator to be able to externally wire 

the following digital input/output signals. 

1) Remote on/off (DI) 

2) Remote reset of fault message (DI) 

3) Remote no external failure (DI) 

4) Blower running signal (DO) 

5) Blower on signal (DO) 

6) Group alarm signal (DO) 

7) Group warning signal (DO) 

8) Remote 4-20mA blower speed signal (Rotary-Screw VFD blower packages) 

(AI) 

9) 4-20mA speed output from inverter (Rotary-Screw VFD blower packages) 

(AO) 

e. The controller shall include a touchscreen interface with graphical display for 

important functions. 

f. The controller display shall be backlit with a plain text and graphical display 

capable of displaying the blower packages status in various languages. 

g. The controller shall utilize “Radio Frequency Identification” (RFID) Technology, 

which ensures secure log-in for users and service personnel so service work and 

system changes can be performed only by authorized and qualified personnel. 

h. The controller supports a user interface application for iOS and Android. 

i. The controller shall include an SD card slot for the manual loading of updates and 

recording of controller specific process data. 

j. The controller shall include an expansion slot for communicating with various 

industrial protocols/plant monitoring systems.  

k. The controller sensor connections shall be via a central I/O module with labelled 

connections. 

l. The controller shall include displayable operating and maintenance hour counters 

for major components. 

m. The controller shall have the ability to be timed controlled via up to 10 

programmable timers. 

n. The controller shall shut down the blower package in the event of a motor 

overload, high blower differential temperature, high blower differential pressure, 

high sound enclosure temperature, in-correct rotation, loss of drive or external 

failure signal. 

o. The controller shall have a programmable and selectable auto re-start after loss of 

power. 

3. The controller shall have the ability to communicate the status of the blower package in 

the following ways to the operator. 
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a. Local control status at the controller display 

b. Remote machine status via the supplied Ethernet connection 

c. Emailing of operational, warning or alarm conditions to the operator via Ethernet 

port/connection. 

d. SMTP server required and not part of the blower manufacturer’s scope of supply. 

e. Operator’s systems plant communication via any one of Profibus DP, EtherNet/IP, 

Modbus TCP, PROFINET IO, BACnet/IP, or OPC UA. 

1) The process data map of the controller shall be supplied by the blower 

manufacturer when required. The interface programming to the systems 

plant controller is not included in the blower manufacturer’s scope of 

supply. 

4. The controller shall enable the blower package to be controlled by the following ways. 

a. On and off directly at the blower package 

b. On and off remotely away from the blower package  

c. On and off from selectable timers in the controller 

H. Blower Package Accessories: 

1. Safety Relief Valve 

a. The relief valve(s) shall be factory installed within sound enclosure. Relief valve 

may not be shipped loose for field installation in the discharge piping.  

b. The relief valve(s) shall be spring type and must be sized for 100% of the design 

flow specified. Weighted relief valves shall not be used. 

c. The relief valve(s) shall be set to protect the blower from excessive differential 

pressure based on the design conditions specified. A seal shall be affixed that must 

be broken if set point is changed. 

d. The relief valve(s) exhaust shall be vented out of the sound enclosure. Exhaust 

vented into the sound enclosure shall not be allowed. 

e. The relief valve shall be ASME Section VIII, UV, CE, and PED certified. 

f. The relief valve shall be manufactured by Kunkle or an approved equal. 

2. Check Valve 

a. A check valve to prevent back flow through the blower shall be factory installed 

and not shipped loose for field installation in the discharge piping. 

b. The check valve flapper shall be swing type made from a steel disc embedded in a 

high temperature silicone elastomer. The valve shall be designed so that, in the 

event of failure, the valve element is retained in the valve housing. Split disc or 

center hinged designs shall not be used. 

c. The check valve capacity shall exceed the blower package’s design flow at the 

maximum discharge pressure and temperature. 

3. Flexible Connector  

a. An elastomeric compensator/flex connector shall be provided to isolate the 

connection of the blower package to the self-supporting system piping. Control 

rods which may lead to nozzle loading shall not be used.  

b. The flexible connector capacity shall exceed the blower package’s maximum 

discharge pressure and temperature. 

c. Discharge connection shall be provided with a web reinforced rubber sleeve with 

corrosion resistant clamps. (Size: 3” connection for CBS; 4” connection for DBS; 

or 6” connection for EBS) (FBS shall be provided with an 8” ANSI/DIN flanged 

arch-type EPDM web reinforced discharge).   

d. Piped Inlet connection – when required by this specification, shall be provided 

with a web reinforced silicone rubber sleeve with corrosion resistant clamps (Size: 

3” for CBS, 4” for DBS, 6” for EBS, or 8” for FBS). 
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4. Oil Drains 

a. An oil drain from the blower drive-end and gear-end lubricating oil sumps shall be 

separately piped to the front of the blower base with flexible tubing. Common fill 

and drain shall not be allowed. 

b. Each oil drain shall include a drain valve installed for ease of maintenance. The 

drain valves shall be 90° stainless steel ball valves and include a fully retained 

gasketed and threaded cap to prevent accidental discharge of the blower lubricant. 

5. Vibration Isolators 

a. Vibration isolators shall be provided between the discharge silencer and sound 

enclosure skid to prevent transmission of vibration to the foundation. 

b. A ground wire shall be installed between the blower base and the sound enclosure 

base to allow for grounding of the complete blower package. 

6. Inlet and Discharge Pressure Transducer 

a. Pressure transducers shall be installed on the inlet and discharge of the blower and 

shall be monitored by the controller and displayed on the controller operator panel. 

b. The transducers shall have the following range: 

1) 0 to -17.4 PSIG (inlet) 

2) 0 to 17.4 PSIG (discharge) 

c.  The transducers shall have a sensor made of Ceramic aluminum oxide.  

d.  The transducers shall have an output signal of 4…20mA. 

7. Inlet and Discharge Temperature Sensor 

a. Temperature sensors shall be installed on the inlet and discharge of the blower and 

shall be monitored by the controller and displayed on the controller operator panel. 

b. The sensors shall have a temperature range of -58ºF to 392ºF. 

c. The sensors shall have a thermowell made of brass. 

d. The sensors shall have a measure element of Pt100.  

8. Enclosure Temperature Sensor 

a. The blower package shall include an installed temperature sensor that measures the 

temperature inside of the blower package’s enclosure and shall be monitored by 

the controller and displayed on the controller operator panel. 

b. The device shall monitor the enclosure of the blower package with a temperature 

setpoint of 140ºF. 

9. Oil temperature sensor  

a. The blower shall include an installed oil temperature sensor in the gear side oil 

sump (or blower discharge side) that shall be monitored by the controller and be 

displayed on the controller operator panel.  

b. The oil temperature sensor shall have a temperature range of -58ºF to 482ºF. 

c. The sensors shall have a thermowell made of brass. 

d. The sensors shall have a measure element of Pt100.  

10. Oil level switch  

a. The blower shall include installed oil level switches, one for each oil sump that 

shall be monitored by the controller and be displayed on the controller operator 

panel.  

b. The oil level switch shall be preset for low oil condition. 

c. The oil level switch shall be a SPST switch, Voltage rating up to 250v, 0.5 A 

11. Gear Chamber Aeration Demister System: 

a. Each air chamber shall be vented to atmosphere through an aeration demister 

system. 

b. The demister system will discharge into cabinet 99.98% oil free air. 

c. Any oil collected by demister system shall be automatically drained back into gear 

side blower oil sump. 
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12. Unloaded start valve (not required on Rotary-Screw VFD blower packages) 

a. The blower package when started on a head of pressure shall include a diaphragm 

operated, solenoid activate, mechanical unloaded start valve that is mounted 

between the blower and the discharge check valve. 

b. The unloaded start valve shall allow the blower drive motor to accelerate unloaded 

up to full speed before the discharge check valve opens. 

I. Nameplates: 

1. The blower package shall have at least two weather proof corrosion resistant type 

nameplates which includes the manufacturer name, model number, year, max pressure 

difference, equipment number, part number, serial number, voltage, phase, HP, motor 

rpm, and rated temperature attached on the outside and inside of the blower package. 
 

J. Anchor bolts and hardware: 

1. Anchor bolts, washers, hex nuts, and all other fastening hardware shall be stainless steel 

and be supplied by the contractor. 
 

K. Paint Specification: 

1. The blower manufacturer is responsible for surface preparation, priming and finish 

coating of the blower package and components requiring paint in accordance with the 

manufacture’s standard procedures. Field painting of blower equipment or supplying 

components that are only prime painted is not acceptable. 

a. Cast parts are to be painted with a two-part gray epoxy primer and two-part top 

coat. 

b. Fabricated parts are to be painted with a two-part gray epoxy primer and two-part 

top coat. 

c. Sound enclosure parts are to be powder coated. 

1) Panels and base paint finish shall be pretreated by de-greasing and 

phosphate cleaning, then  powder coated to a thickness of 70 µm -100 µm 

on both sides. 

2. The blower package to be painted the blower manufacturer’s standard colors. 

PART 3 - Execution 

3.1 Installation  

A. The blower package shall be handled and installed in accordance with the manufacturer’s 

recommendations and instructions as shown in the location on the drawings.  

B. Contractor shall field verify all dimensions and elevations. The engineer shall be notified of any 

specific differences. 

C. The blower package shall arrive on site ready for installation. Aligning, adjusting and filling the 

blower with lubrication shall not be required by the contractor. 
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3.2 Field Quality Control 

A. Furnish the services of a manufacturer’s authorized representative for proper installation to 

inspect and approve the installation, and to supervise a test run of the blower package. 

B. After the installation and test run has been completed; the blower package shall be given a field 

test in the presence of the Engineer to verify that operation is satisfactory and in compliance 

with the Specification. If the blower package does not meet the Specification, corrective 

measures shall be taken or the package shall be removed and replaced with a package which 

satisfies the conditions of the Specifications. 
 

3.3 Training 

A. Furnish the services of a manufacturer’s authorized representative, who will instruct plant 

personnel in the operation and maintenance of the blower package. All procedures shall be 

covered including preventive maintenance, method of controlling the blower package and 

troubleshooting. 

END OF SECTION 43 12 51 
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SECTION 43 25 13 - SUBMERSIBLE CENTRIFUGAL PUMPS 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Section Includes: Automatic triplex submersible pump station with controls, rails, accessories, 

and appurtenances as specified or shown on the plan drawings. 

B. Related Requirements: 

1. Section 03 31 00 – Anchorage In Concrete 

2. Div. 26 - Execution requirements for electrical connections to equipment specified by 

this Section. 

3. Section 33 051 6.13 – Precast Concrete Utility Structures for Wetwell and Valve Vault 

4. Section 40 05 13 - Common Work Results for Process Piping: Piping components, 

appurtenances, and identification requirements common to process piping systems. 

1.2 REFERENCE STANDARDS 

A. ASTM International: 

1. ASTM A48 - Standard Specification for Gray Iron Castings. 

2. ASTM A276 - Standard Specification for Stainless Steel Bars and Shapes. 

B. National Electrical Manufacturers Association: 

1. NEMA 250 - Enclosures for Electrical Equipment (1000 Volts Maximum). 

1.3 SUBMITTALS 

A. Section 01 33 00 - Submittal Procedures: Requirements for submittals. 

B. Product Data: Submit information concerning materials of construction, fabrication, and 

protective coatings. 

C. Certified Pump Curves 

D. Shop Drawings: 

1. Submit detailed dimensions for materials and equipment, including wiring and control 

diagrams, performance charts and curves, installation and anchoring requirements, 

fasteners, and other details. 

2. Include manufacturer's specified displacement tolerances for vibration at operational 

speed specified for pumps. 
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E. Manufacturer's Certificate: Certify that pump and accessories meet or exceed specified 

requirements. 

1. Certify installation is completed according to manufacturer's instructions. 

F. Manufacturer's Instructions: Submit detailed instructions on installation requirements, including 

storage and handling procedures. 

G. Source Quality-Control Submittals: Indicate results of factory tests and inspections. 

H. Field Quality-Control Submittals: Indicate results of Contractor-furnished tests and inspections. 

I. Manufacturer Reports: Indicate that equipment has been installed according to manufacturer's 

instructions. 

1.4 CLOSEOUT SUBMITTALS 

A. Section 01 70 00 - Execution and Closeout Requirements: Requirements for closeout 

procedures. 

B. Project Record Documents: Record actual locations and final orientation of equipment and 

accessories. 

1.5 WARRANTY 

A. Section 01 70 00 - Execution and Closeout Requirements: Requirements for warranties. 

B. Furnish five-year manufacturer's warranty for pumps and components. 

1.6 QUALITY ASSURANCE 

A. The pump manufacturer shall have a minimum of 1,000 units of similar type pumps, installed 

and operating for no less than five (5) years in the United States. 

B. The pump manufacturer shall perform the following inspections and tests on each pump before 

shipment from factory: 

1. Impeller, motor rating and electrical connections shall first be checked for compliance to 

the customer's purchase order. 

2. A motor and cable insulation test for moisture content or insulation defects shall  be 

made. 

3. Prior to submergence, the pump shall be run dry to establish correct rotation and 

mechanical integrity. 

4. The pump shall be run for 30 minutes, submerged a minimum of six (6) feet under water. 

5. After operational test No. 4, the insulation test (No. 2) is to be performed again. 

C. A written report stating the foregoing steps have been performed shall be supplied with each 

pump at the time of shipment upon request. 
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D. The pump cable end will be sealed with a high quality protective covering, to make it 

impervious to moisture or water seepage prior to electrical installation. 

1.7 SPARE PARTS 

A. The pump manufacturer shall furnish one (1) set of recommended spare parts. 

B. The pump manufacturer shall furnish a complete list of recommended spare parts. 

C. The pump manufacturer shall furnish any special tool for the Owner to service, maintain, repair, 

and disassemble the pumps. 

1.8 WARRANTY 

A. The pump manufacturer shall warrant the units being supplied to the Owner against defects in 

workmanship and material for a period of five (5) years or 10,000 hours under the Municipal 

Wastewater - Permanent Installation Warranty Policy. 

PART 2 - PRODUCTS 

2.1 SUBMERSIBLE PUMPS 

A. Identification 

1. INFLUENT PUMPS (P2010, P2020) 

2. SCUM PUMP (P4310) 

B. Manufacturers: 

1. INFLUENT PUMPS  

a. Flygt. 

b. KSB. 

c. Or Pre-Approved Equal. 

2. SCUM PUMP 

a. ABS 

b. Or Pre-Approved Equal. 

C. Design Criteria: 

1. INFLUENT PUMPS  

a. Quantity of Pumps: 2 

b. Design Point of Each Pump: 2,100 GPM @ 50 ft  

c. Static Head: 40 ft 

d. Motor: 40 HP, 460V, 3 Phase, 60 Hz  

e. Inlet Size:  200 mm 

f. Discharge Size: 6 in 

g. Impeller Size: 244 mm  
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h. Impeller Material: Ductile iron 

2. SCUM PUMP 

a. Quantity of Pumps: 1 

b. Design Point of Each Pump: 130 GPM @ 18 ft  

c. Static Head: 8 ft 

d. Motor: 1 HP, 460V, 3 Phase, 60 Hz  

D. Each pump shall be furnished with a submersible electric motor suitable for continuous 

submergence, a cast iron discharge connection with anchor bolts, upper guide bar bracket, 45 

feet of stainless steel lifting chain, and 100 feet of hypalon jacketed type SPC cable, P-MSHA 

approved and sized according to N.E.C. and ICEA standards. 

E. The pumps shall be capable of handling raw, unscreened sewage. The discharge connection 

elbow shall be permanently installed in the wet well along with the discharge piping. The 

pumps shall be automatically connected to the discharge connection elbow when lowered into 

place, and shall be easily removed for inspection or service. There shall be no need for 

personnel to enter pump well. Sealing of the pumping unit to the discharge connection elbow 

shall be accomplished by a simple linear downward motion of the pump. A sliding guide 

bracket shall be an integral part of the pump unit. The entire weight of the pumping unit shall be 

guided by no less than two 304 stainless steel guide rails and pressed tightly against the 

discharge connection elbow with metal-to-metal contact. Sealing of the discharge interface by 

means of a diaphragm, o-ring, or other devices will not be acceptable. No portion of the pump 

or the guide support system other than the discharge connection shall bear directly on the floor 

of the sump. The pump, with its appurtenances and cable, shall be capable of continuous 

submergence underwater without loss of watertight integrity to a depth of 30 ft. 

F. Accessories: 

1. The influent pumps shall be provided with the following accessories: 

a. Discharge connections. 

b. 304 stainless steel rail system with top, bottom, and intermediate guide bars. 

c. 304 stainless steel lifting chain, or equal. 

d. 304 stainless steel electrical cable holders. 

e. 304 stainless steel chain hook. 

f. Float switches and mounting hardware with one (1) spare. Manufacturer shall be 

Anchor Scientific or pre approved equal. The cable shall be of sufficient length 

such that it can be routed in conduit to the pump control panel without splicing. 

g. 316 stainless steel or titanium submersible pressure transducer and mounting 

hardware with one (1) spare. Manufacture shall be Cerlic, Endress & Hauser, KPSI 

TM, or pre approved equal. The cable shall be of sufficient length such that it can 

be routed in conduit to the pump control panel without splicing. Pump 

Manufacturer shall provide submersible pressure transducer as part of pump 

package. Pump Manufacturer shall provide performance and compatibility 

guarantee of included pressure transducer for level measurement. 

h. Anchor bolts for rail system and pump discharge base shall be 316 SS. 

i. Covers shall be delivered to the precast wetwell supplier for installation in the 

wetwell top slab as specified in Section 33 05 16.13 Precast Concrete Utility 

Structures. 

2. Control Panel: 
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a. Pump control panel shall be provided and shall control all influent pumps. 

3. Lifting Chains: 

a. Minimum length equal to wetwell depths plus 5 feet at minimum. 

b. Material: 304 Stainless Steel 

c. Load Rating: Sufficient to permit lifting and lowering the pump. 

2.2 PUMP CONSTRUCTION 

A. Major pump components shall be of gray cast iron, Class 35B, with smooth surfaces devoid of 

blow holes and other irregularities.  Where watertight sealing is required, O-rings made of 

nitrile rubber shall be used.  All exposed nuts and bolts shall be of AISI-type 304 stainless steel.  

All surfaces coming into contact with sewage, other than stainless steel, shall be protected by a 

factory applied spray coating of acrylic dispersion zinc phosphate primer with a polyester resin 

paint finish on the exterior of the pump.  The impeller shall be coated with an acrylic dispersion 

zinc phosphate primer. 

B. All mating surfaces where watertight sealing is required shall be machined and fitted with nitrile 

rubber O-rings. Fitting shall be such that sealing is accomplished by metal-to-metal contact 

between machine surfaces.  This will result in controlled compression of nitrile rubber O-rings 

without the requirement of a specific torque limit. No secondary sealing compounds, 

rectangular gaskets, elliptical O-rings, grease or other devices shall be used. 

C. The cable entry water seal design shall preclude specific torque requirements to insure a 

watertight and submersible seal.  The cable entry shall be comprised of a single cylindrical 

elastomer grommet, flanked by washers, all having a close tolerance fit against the cable outside 

diameter and the entry inside diameter and compressed by the entry body containing a strain 

relief function, separate from the function of sealing the cable.  The assembly shall bear against 

a shoulder in the pump top.  The cable entry junction chamber and motor shall be separated by a 

stator lead sealing gland or terminal board, which shall isolate the motor interior from foreign 

material gaining access through the pump top.  Epoxies, silicones, or other secondary sealing 

systems shall not be considered acceptable. 

D. Each pump shall be provided with a tandem mechanical rotating shaft seal system.  Seals shall 

run in an oil reservoir.  Lapped seal faces must be hydrodynamically lubricated at a constant 

rate.  The lower seal unit, between the pump and oil chamber, shall contain one stationary and 

one positively driven tungsten carbide ring.  The upper seal unit, between the oil sump and 

motor housing, shall contain one stationary tungsten carbide ring and one positively driven 

rotating tungsten carbide ring.  Each interface shall be held in contact by its own spring system.  

The seals shall require neither maintenance nor adjustment but shall be easily inspected and 

replaceable.  The following seal types shall not be considered acceptable or equal to the dual 

independent seal specified:  shaft seal without positively driven rotating members, or 

conventional double mechanical seals containing either a common single or double spring 

acting between the upper and lower units. Cartridge type seal systems shall not be acceptable. 

E. Each pump shall be provided with an oil chamber for the shaft sealing system.  The oil chamber 

shall not require an oil pressure equalizer ring for oil pressure compensation.  The drain and 

inspection plug, with positive anti-leak seal shall be easily accessible from the outside.  
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F. The area about the exterior of the lower mechanical seal in the cast iron housing shall have cast 

in an integral concentric spiral groove. This groove shall protect the seals by causing abrasive 

particulate entering the seal cavity to be forced out away from the seal due to centrifugal action. 

G. The pump shall have shall have a separate seal leakage chamber to capture any leakage past the 

upper secondary mechanical seal.  The leakage chamber shall have a float type switch that will 

signal if the chamber should reach 50% capacity. 

H. The pump shaft shall rotate on two (2) permanently lubricated bearings with an L-10 bearing 

life of 50,000 hours when operating at any usable portion of the pump curve. The upper bearing 

shall be a single roller bearing. The lower bearing shall be a two row angular contact bearing to 

compensate for axial thrust and radial forces. Single row bearings shall not be acceptable. 

I. Pump and motor shaft shall be the same unit. The pump shaft is an extension of the motor shaft. 

Couplings shall not be acceptable. The shaft shall be AISI-type 431 stainless steel. 

J. The impeller shall be of gray cast iron, ASTM A-48 Class 35B, dynamically balanced, semi-

open, multi-vane, back swept, screw-shaped, non-clog design unless specified otherwise. The 

impeller leading edges shall be mechanically self-cleaned automatically upon each rotation as 

they pass across a spiral groove located on the volute suction. The leading edges of the impeller 

shall be hardened to Rc 60 and shall be capable of handling solids, fibrous materials, heavy 

sludge and other matter normally found in wastewater. The screw shape of the impeller inlet 

shall provide an inducing effect for the handling of up to 5% sludge and rag-laden wastewater. 

The impeller to volute clearance shall be readily adjustable by the means of a single trim screw. 

The impellers shall be locked to the shaft, held by an impeller bolt and shall be coated with 

alkyd resin primer. 

K. The pump volute shall be a single piece gray cast iron, ASTM A-48, Class 35B, non-concentric 

design with smooth passages of sufficient size to pass any solids that may enter the impeller. 

Minimum inlet and discharge size shall be as specified. The volute shall have integral spiral-

shaped, sharp-edged groove(s) that is cast into the suction cover. The spiral groove(s) shall 

provide the sharp edge(s) across which each impeller vane leading edge shall cross during 

rotation so to remain unobstructed. The internal volute bottom shall provide effective sealing 

between the multi-vane semi-open impeller and the volute. 

L. The Pump volute shall be manufactured to accommodate a device designed by the pump 

manufacturer to produce a flushing action at the start of the pump cycle. Water from the pump 

will be forced through the device into the wet well as a jet flushing stream. This device is 

mounted on the pump and is based on the ejector principle with a ball as a closing device. The 

operation is automatic and induced by the pump flow and pressure. Electrical components or 

cabling will be not accepted. 

2.3 MOTOR 

A. Motor shall be a NEMA B design, induction type with a squirrel cage rotor, shell type design, 

housed in an air filled, watertight chamber. The stator windings shall be insulated with moisture 

resistant Class H insulation rated for 180 °C (356 °F). The stator shall be insulated by the trickle 

impregnation method using Class H monomer-free polyester resin resulting in a winding fill 

factor of at least 95%. The stator shall be heat-shrink fitted into the cast iron stator housing. The 

use of multiple step dip and bake-type stator insulation process is not acceptable. The use of 
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bolts, pins or other fastening devices requiring penetration of the stator housing is not 

acceptable. The motor shall be designed for continuous duty handling pumped media of 40 °C 

(104 °F) and capable of no less than 30 evenly spaced starts per hour. The rotor bars and short 

circuit rings shall be made of cast aluminum. Thermal switches set to open at 125 °C (260 °F) 

shall be embedded in the stator lead coils to monitor the temperature of each phase winding. 

These thermal switches shall be used in conjunction with and supplemental to external motor 

overload protection and shall be connected to the control panel. The junction chamber shall be 

sealed off from the stator housing and shall contain a terminal board for connection of power 

and pilot sensor cables using threaded compression type terminals. The use of wire nuts or 

crimp-type connectors is not acceptable. The motor and the pump shall be produced by the same 

manufacturer. 

B. The combined service factor (combined effect of voltage, frequency and specific gravity) shall 

be a minimum of 1.15.  The motor shall have a voltage tolerance of plus or minus 10%. The 

motor shall be designed for operation up to 40 °C (104 °F) ambient and with a temperature rise 

not to exceed 80 °C. A performance chart shall be provided upon request showing curves for 

torque, current, power factor, input/output kW and efficiency. This chart shall also include data 

on starting current and torque. 

C. The power cable shall be sized according to the NEC and ICEA standards and shall be of 

sufficient length to reach the junction box without the need of any splices. The outer jacket of 

the cable shall be oil resistant chloroprene rubber.  The motor and cable shall be capable of 

continuous submergence underwater without loss of watertight integrity to a depth of 65 feet. 

D. The motor horsepower shall be adequate so that the pump is non-overloading throughout the 

entire pump performance curve from shut-off through run-out. 

E. Motors shall be sufficiently cooled by the surrounding environment or pumped media.  A 

cooling jacket is not required. 

2.4 CONTROLS & CONTROL PANEL 

A. Furnish and install one automatic pump control center (FCP2200) in NEMA 4X stainless steel 

enclosure . 

1. Pumps shall be controlled by the level monitor system specified below as a standard 

triplex pumping station ( the third pump will not be installed under this contractor but 

provision shall be made in the panel to accommodate a third pump in the future. 

2. For each pump there shall be included individual motor circuit breakers, variable 

frequency drives, three phase overload protectors, manual reset, hand-off automatic 

selector switches, running lights, ammeters and elapsed time meters. 

3. Provide phase failure / undervoltage relay to de-energize motors and include auxiliary 

contacts for remote indication 

4. Provide alarm system consisting of an alarm light and horn, with silencing switch 

5. Provide 24 volt control circuit transformer with disconnect and overload protection 

6. Provide duplex weather proof convenience outlet 

7. Provide terminal strips for interface wiring between control panel and pumping station 

8. Controls shall automatically alternate the operation of the pumps 

9. Provide one 20 amp, one pole breaker in the control panel to serve the slab heater for the 

backflow preventer. 

10. Provide two 20 amp, one pole breakers in the control panel as spares. 



CAREY STATION URBAN WATER REUSE FACILITY CAREY STATION WRF, LLC  

0.5 MGD TO 1.5 MGD EXPANSION                                                         GREENE COUNTY, GA 

 

GOODWYN MILLS CAWOOD, LLC.    SUBMERSIBLE CENTRIFUGAL PUMPS 

GMC PROJECT NO. CAUG250007 43 25 13 –8 of 10 

B. Automatic Mode 

1. The pump(s) shall operate/run based on wet well water level limits.  The pumps shall 

operate at variable speed based on an operator-entered flow value.  The pumps shall also 

alternate automatically between lead pump and lag pump cycles.  

C. Hand Mode 

1. In the hand mode, the pumps shall be operated via start and stop push buttons locally at 

the control panel. 

D. Wet Well Low Level 

1. In no case shall the pumps continue run below the wet well low level float switch. 

E. High Water Level Alarm: 

1. Furnish and install a high water level alarm horn and light at the pump station panel.  The 

unit shall be factory constructed on top of the pump control panel.  The unit shall consist 

of a loud audible horn with manual adjustment for pitch; a flashing red light with a 100 

watt bulb and red vapor proof globe and guard, and a control center for horn silencer with 

reset and test switches. 

F. Liquid Level Sensors: 

1. Furnish and install an ultrasonic level transducer for automatic control of pumps and 

provide float switches for Low Level, Lead Pump, Lag Pump, and High Level, in case of 

ultrasonic level transducer failure/fault.  The Lead Pump and High Level float switches 

shall initiate an alarm and SCADA contacts; the Low Level float switch shall be 

hardwired to shut pumps off in any condition and send an alarm to SCADA. 

G. SCADA: 

1. The pump control panel shall be furnished with a communication module with an 

Ethernet/IP connector for remote monitoring by the plant SCADA system.  The following 

data shall be made available to the SCADA system: 

a. Pump Run/On  

b. Pump Stop/Off 

c. Pump Speed 

d. Pump Fault 

e. Wetwell Level 

f. High Level Alarm 

g. Low Level Alarm 

h. Pressure Differential Level Transducer Fault Alarm 

H. Control Description/Sequence: 

1. Refer to Section 40 70 23 – Process Control Narratives for detailed description for 

controls of all submersible pump. 
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PART 3 - EXECUTION 

3.1 EXAMINATION 

A. Section 01 70 00 - Execution and Closeout Requirements: Requirements for installation 

examination. 

B. Verify layout and orientation of pumps, accessories, and piping connections. 

3.2 INSTALLATION 

A. Install pumps and accessories where indicated on Drawings and according to manufacturer's 

instructions. 

B. Provide and connect piping, accessories, and power and control conduit and wiring to make 

system operational, ready for startup. 

C. Flush piping with clean water. 

3.3 FIELD QUALITY CONTROL 

A. Section 01 70 00 - Execution and Closeout Requirements: Requirements for testing, adjusting, 

and balancing. 

B. Pre-operational Checks: 

1. Check pump and motor alignment. 

2. Check for proper motor rotation. 

3. Check pump and drive units for proper lubrication. 

C. Startup and Performance Testing: 

1. The pump shall be tested at start-up and voltage, current, and other significant parameters 

recorded.  The manufacturer shall provide a formal test procedure and forms for 

recording data.  Only factory certified service personnel shall perform start-up service.  

Proof of certification shall be required prior to equipment approval. 

D. Verify pump performance by performing time-drawdown test or time-fill test. 

E. Check pump and motor for high bearing temperature and excessive vibration. 

F. Check for motor overload by taking ampere readings. 

G. Equipment Acceptance: 

1. Adjust, repair, modify, or replace system components that fail to perform as specified, 

and rerun tests. 

2. Make final adjustments to equipment under direction of manufacturer's representative. 
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3. Document adjustments, repairs, and replacements in manufacturer's field services 

certification. 

H. Manufacturer Services: Furnish services of manufacturer's representative experienced in 

installation of products furnished under this Section for not less than one trip of one day on-Site 

for installation, inspection, field testing, and instructing Owner's personnel in maintenance of 

equipment. 

I. Furnish installation certificate from equipment manufacturer's representative attesting 

equipment has been properly installed and is ready for startup and testing. 

3.4 DEMONSTRATION 

A. Section 01 70 00 - Execution and Closeout Requirements: Requirements for demonstration and 

training. 

B. Demonstrate equipment startup, shutdown, routine maintenance, and emergency repair 

procedures to Owner's personnel. 

END OF SECTION 43 25 13 
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SECTION 46 21 15 – MECHANICAL SCREEN AND SCREENINGS WASHER/COMPACTOR 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Section Includes: 

1. Mechanically cleaned perforated plate screen. 

2. Screenings washers/compactor. 

B. Related Requirements: 

1. Section 01 33 00 – Submittal Procedures 

2. Section 01 40 00 – Quality Requirements 

3. Section 01 60 00 – Product Requirements 

4. Section 01 70 00 – Execution and Closeout Requirements 

5. Division 40 – Process Interconnections 

6. Division 26 – Electrical  

1.2 REFERENCE STANDARDS 

A. National Electrical Manufacturers Association: 

1. NEMA 250 - Enclosures for Electrical Equipment (1000 Volts Maximum). 

1.3 SUBMITTALS 

A. Section 01 33 00 - Submittal Procedures: Requirements for submittals. 

B. Product Data: Submit manufacturer's product data for system materials and component 

equipment, including electrical characteristics. 

C. Provide headloss information. 

D. Shop Drawings: 

1. Indicate system materials and component equipment. 

2. Submit wiring and control diagrams, installation and anchoring requirements, fasteners, 

and other details. 

E. Manufacturer's Instructions: Submit detailed instructions on installation requirements, including 

storage and handling procedures. 

F. Field Quality-Control Submittals: Indicate results of Contractor-furnished tests and inspections. 
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G. Manufacturer Reports: Indicate that equipment has been installed according to manufacturer's 

instructions. 

H. Qualifications Statements: 

1. Submit qualifications for manufacturer and installer. 

2. Submit manufacturer's approval of installer. 

1.4 CLOSEOUT SUBMITTALS 

A. Section 01 70 00 - Execution and Closeout Requirements: Requirements for closeout 

procedures. 

B. Project Record Documents: Record actual locations of installed screenings washers/compactors. 

C. Operation and Maintenance Data: Submit maintenance instructions for equipment and 

accessories. 

1.5 MAINTENANCE MATERIAL SUBMITTALS 

A. Section 01 70 00 - Execution and Closeout Requirements: Requirements for maintenance 

materials. 

1.6 QUALIFICATIONS 

A. Manufacturer: Company specializing in manufacturing products specified in this Section with a 

minimum of ten (10) years of experience manufacturing these products. 

B. All equipment specified in this Section shall be supplied by a single manufacturer. 

1.7 DELIVERY, STORAGE, AND HANDLING 

A. Section 01 60 00 - Product Requirements: Requirements for transporting, handling, storing, and 

protecting products. 

B. Deliver materials in manufacturer's packaging, including application instructions. 

C. Inspection: Accept mechanical screen and screenings washer/compactor on-site in original 

packaging. Inspect for damage. 

D. Store materials according to manufacturer's instructions. 

1.8 WARRANTY 

A. Section 01 70 00 - Execution and Closeout Requirements: Requirements for warranties. 
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B. Furnish a warranty extending twelve (12) months after substantial completion date of the 

project in its entirety for mechanical screen, screenings washer/compactor, and accessories.  

PART 2 - PRODUCTS 

2.1 MANUFACTURERS 

A. The equipment shall be manufactured by: 

1. JWC Environmental 

2. Hydrodyne 

3. Huber 

4. Or Pre-Approved Equal 

a. Specifications and equipment arrangements for the mechanical screening and 

compacting equipment are based on JWC Environmental.  Changes to the 

arrangement indicated in the specifications and in the plan set shall be at the 

expense of the installing contractor.  No change orders will be issued to the 

contractor for modifications to the laying length, footprint, concrete layout, 

electrical, mechanical, etc. 

2.2 MECHANICAL SCREEN (SCR1010) 

A. Description:  

1. The manufacturer shall supply one (1) continuous belt type screens with perforated plate 

grid. 

2. Screen shall automatically discharge screenings into header of screenings 

washer/compactor. 

3. Each screen shall consist of a screen frame with screen mounting brackets, an adjustable 

continuous screen belt, a screen belt cleaning system, spray wash system, covers, and 

seals to eliminate the bypass of flow or screenings. 

4. Mechanical screen and components shall be stainless steel. 

B. Design Requirements 

1. Number of Screens: one (1) 

2. Peak Flow per screen: 6.3 MGD 

3. Avg Flow per screen: 1.5 MGD 

4. Screen Opening: 0.125 inches (3 mm) 

5. Channel Depth: 60 in. 

6. Channel Width: 36 in. 

7. Inclination angle: 65 degrees 

8. Screen Drive Motor: 2 hp (max), 460 V, 3 phase 

9. Brush Drive Motor: 1 hp (max), 460 V, 3 phase 

10. Wash Water Requirement per screen: 42 gpm, 50 psi (max) 

11. Downstream Water Depth at Peak Flow: 9 inches 

12. % screen panel blinding: 50% 
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13. Head drop at 50% blinding: 24.91 inches 

14. Water level upstream at 50% blinding: 33.91 inches at peak flow 

15. Hydraulic flow regime: Subcritical flow (standard open channel flow) 

C. Components 

1. Screen 

a. The rotating screen shall consist of perforated panels intermittently rotating 

through the wastewater flow. Debris combs shall be intermittently affixed to panels 

as required 

b. Screen panels shall be manufactured from stainless steel or UHMWPE. Each 

screen panel shall be provided with side seals mounted on each end of the panel. 

2. Chain, Sprockets, and Drive Shaft Assemblies 

a. Each screen panel shall be mounted to the stainless steel roller chains driven by 

stainless steel sprockets mounted on the drive shaft. 

b. The chains shall be roller type with stainless steel side plates. The rollers, pins and 

bushings shall be hardened stainless steel or polyamide. 

c. The stainless steel drive shaft shall be supported on each side by grease lubricated 

take-up bearing assemblies. 

3. Side Frames 

a. The screen shall include side frames and bracing designed to support the chain, 

screen panels, spray wash, discharge, and drive assemblies. 

b. Each side frame shall be designed to house the replaceable stainless steel or 

UHMW polyethylene tracking system. 

c. The tracking system in each frame shall be UHMW polyethylene in the vertical, 

UHMW polyethylene for the outer and stainless steel for the inner track at the 

bottom. 

4. Covers 

a. The portion of the screen above the operating floor level shall have stainless steel 

covers. 

b. The covers shall provide quick access to the equipment for maintenance. 

5. Spray Wash Assembly 

a. Each screen shall have a spray wash assembly consisting of a spray wash manifold, 

solenoid operated valve, manually operated ball-valve and Y-strainer, supplied by 

the screen manufacturer. 

b. Spray wash manifold shall consist of stainless steel pipes and fittings. 

c. The manually operated ball valve shall provide adjustment for the spray wash 

water flow. 

d. The Y-strainer shall have a plugged blow-off outlet 

e. Screen spray wash water requirements shall be 42 gpm at 50-60 psig. 

6. Rotating Brush Assembly  
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a. A rotating brush assembly shall be used to help with the removal of the screenings 

from the panels. The brush assembly shall have a separate drive. 

b. The brush assembly shall be mounted on an adjustable pivot for easy access and 

adjustments. 

7. Stationary Seal Assembly 

a. A replaceable stationary brush and flexible rubber seal assembly shall be used to 

eliminate debris from bypassing the screen at the bottom 

8. Drive Assemblies 

a. The screen drive assembly shall be a shaft-mounted reducer with electric motor. 

b. The brush drive assembly shall be a shaft-mounted reducer with an electric motor. 

9. Discharge Chute 

a. An enclosed discharge chute shall receive screened debris that has been removed 

from the screen panels and transport the discharge to the washer/compactor. 

2.3 SCREENINGS WASHER/COMPACTOR (SWC1015) 

A. Description: 

1. Screenings washer/compactor shall wash out organics and dewater screenings in an 

automatic sequence. 

2. Screenings shall enter top of unit and be agitated by a rotating compaction screw under a 

spray of wash water. 

3. Washed screenings shall be transferred into a compactor section, then exit through a 

discharge pipe to the discharge location indicated on the Drawings. 

4. Unit shall consist of wash water spray, screenings screw, compactor with motor, 

discharge assembly, and other components to make a complete and operable system. 

5. Screenings washer/compactor and components shall be stainless steel. 

B. Design Requirements 

1. Discharge Drain Connections: Number and size of drain connections to be determined by 

manufacturer.  

2. Maximum Solids Capacity (Continuous):  206 ft3/hr. 

3. Maximum Water (Launder) Capacity: 160 GPM including Wash Press spray water. 

C. Wash Tank 

1. Wash tank shall consist of tank with removeable cover and end plates, allowing for 

removal or installation of compaction screw from either end or above. 

2. Construction material: 304 stainless steel 

3. Inspection ports and covers: Three ports for viewing, located on either side of tank and on 

top cover. 

4. Spray water manifolds: Spray pipes located on either side of perforated screen for 

washing of material. 
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D. Perforated Screen: 

1. Screen shall provide separation of solids and water through use of perforated holes that 

control particle size throughput. 

2. Welded or removable. 

3. Drain pan shall be removable. 

4. Screen perforated hole diameter shall be 1/8 inch (3 mm) with 40% open area, 

Construction Material: 304 stainless steel. 

E. Spray Water Control Assembly: 

1. Spray water control assembly shall filter, control, and regulate spray water to the tank 

spray water manifold and hopper spray water manifold. 

2. Water requirements: 30 gpm at 40 psig  

3. Delivery, frequency and duration shall be programmable through the controller. 

4. Basket strainer: Primary filtration of spray water with 20 mesh screen. Basket strainer 

shall have 136 stainless steel housing and 304 stainless steel screen. 

5. Y-Strainer: Secondary filtration of spray water with 80 mesh screen. 

6. Solenoid Valves: Control flow of water to manifolds with 120VAC coil, explosion proof. 

7. Ball Valves: Manual regulation of water flow and shut off. Ball valves shall be stainless 

steel. 

8. Pressure Gauge: Visual indication of operating pressure. 

a. Freeze resistant design. 

b. Range: 0-100 PSI 

9. Pressure Regulating Valve: regulate the pressure of the spray water to the desired 

operating pressure. 

10. Reinforced hose shall be used to connect Wash Water Control Assembly to spray water 

manifolds. 

F. Paddle Compaction Screw: 

 

1. Screw design shall provide disruptive movement of the material creating a turning or 

flipping action that enhances the wash process by continually exposes additional surface 

area to the wash water.  Compaction screw shall be constructed with specific purpose 

flight zones for pre-wash zone, wash zone and compaction zone. 

2. Pre-wash zone flights: 12-inch outer diameter with min. ¼-inch thick sectional flights. 

No brush shall be used in this zone to prevent solids buildup. 

3. Wash zone flights:  12-inch outer diameter with min. ¼-inch thick sectional flights and 

three 3/8-inch-thick paddle sections for disruptive movement of material. 

a. Flight brush shall be segmented for each full pitch of spiral to scrub perforations in 

wash zone. 

1) Base: HDPE  

2) Bristles: Level cut nylon 

b. Paddle brush shall be segmented for each paddle 

1) Base: HDPE 
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2) Bristles: Crimped nylon 

 

4. Compaction zone flights: Dual helix design, 11-1/4 inch diameter with a nested 1-inch 

thick outer spiral and a ½ inch thick inner spiral. 

a. Second helix for one full pitch of spiral. 

b. Hard face weld applied with two layers to face of dual helix flights using Stoody 

2134, Lincoln electric wear shield 60, or Hardox 400. 

5. Torque Tube: 3-inch diameter tube inserted and welded through center of all flight zones. 

a. End of tube shall have dome shaped protrusion to create “donut” form of solid plug 

in compaction zone for easier transport. 

b. Hard face weld applied with two layers to dome using Stoody 2134 or Lincoln 

electric wear shield 60. 

G. Compaction Elbow: 

1. 45-degree bend aiding formation of solids plug and inclined to lift solids to discharge 

point. 

2. Construction Material: 304 stainless steel. 

H. Tapered Transport Tube: 

1. Transport tube tapered 12-1/2 to 13-5/8-inch diameter to allow for reduced restriction on 

movement of capered solids and allow proper air flow to further dry material. 

2. Transport tube lifting bracket shall be designed to lift tube empty or full with solids. 

3. Construction Material: 304 stainless steel. 

4. Manufacturer shall fabricate transport tube to convey screenings to the dumpster as 

required. Drawings show the intent of screenings transport to the dumpster but 

manufacturer shall verify all details and supports required.  

I. Straight Transport Tube: 

1. Transport tube 13-5/8 inch diameter to provide additional length to discharge. 

2. Construction material: 304 stainless steel 

J. Discharge Tip: 

1. Discharge tip shall be mounted to end of tapered transport tube or straight transport tube 

to directional discharge material plug in a downward direction. 

2. Construction Material: 304 stainless steel. 

K. Shaft Seal: 

1. A shaft seal shall provide sealing for Paddle Compaction screw shaft and wash tank. 

2. Tungsten carbide dynamic and static seals faces. 

3. Bearing shall provide support for axial thrust loads. 

4. Static and dynamic race housings: AISI 304 stainless steel. 

5. Elastomers: BUNA-N (Nitrile). 
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L. Speed Reducer: 

1. Reduction ratio and design: 123.3:1, helical bevel shaft mounted. 

2. Lubrication: Synthetic oil. 

M. Motor: 

1. TEFC Motor: Baldor Electric Company 

a. Horsepower (max): 5 HP. 

b. RPM: 1750. 

c. Motor Service Factor: 1.15 minimum 

d. Motor Efficiency Factor (at full load): 89.5 minimum 

2.4 CONTROL PANEL (FCP1010) 

A. Control Panel Description 

1. A control panel shall be provided for each screen that controls the screen and the 

associated washer/compactor. 

2. The screenings washer/compactor shall be interlocked with the mechanical screen for 

automatic operation.  

3. Control panel shall have a stainless-steel enclosure. 

4. The control panels will be mounted locally at the mechanical screens and screenings 

washer/compactor on top of the headworks structure. 

5. Control panel shall be NEMA 4X and UL listed 

6. Control panel shall contain a programmable logic controller (PLC). PLC shall be Allen 

Bradley Micrologix. 

7. The PLC shall include a Modbus TCP communications card. 

8. Control panel shall contain an HMI. 

9. Control panel shall be provided with sun shield. 

10. The control panel shall contain the motor starters. Starters shall comply with Division 26 

– Electrical. 

11. Surge protection shall be according to Specification 26 43 13 – Surge Protection for Low-

Voltage Electrical Power Circuits 

12. The panel shall include a fiber optics switch to provide connectivity to the plant SCADA 

System. 

13. All other electrical components shall be in accordance with Division 26 – Electrical. 

B. Mechanical Screen Controls 

1. The mechanical screen controls shall include the following: 

a. H-O-A switch for screen operation. 

1) When HAND mode is selected, the screen shall run continuously. 

2) When the OFF mode is selected, the screen shall stop. 

3) When the AUTO mode is selected, screen shall start by a signal from one of 

the following: 
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a) Differential level system: If the screen starts by differential level, the 

screen shall run until the differential drops below the set point and the 

off timer times out. If one of the level transducers has an error, the 

screen shall run continuously. 

b) Timer (backup) 

c) Input error from transducer (loss of echo) 

d) High level alarm: If the screen starts on high level it shall run until the 

high level drops below the set point and the off timer times out. 

e) High level start 

b. H-O-A switch for wash water system of mechanical screen. 

1) When HAND mode is selected, the spray shall be continuous. 

2) When the OFF mode is selected, the spray shall stop. 

3) When the AUTO mode is selected, the spray shall run while the screen is 

running. 

c. CONTROL POWER ON indicating light. 

d. RUN indicating light for screen. 

e. Torque OVERLOAD indicating light for screen. 

f. Reset pushbuttons 

g. Elapsed Time Meter. 

h. Main Disconnect Switch. 

i. Emergency Stop Push Button. 

j. Hardwired Interlock: Level Switch 

k. Local Control Station (FCP1010A) 

1) Each screen and washer/compactor shall have a local control station 

mounted locally to the screen and contain the following: 

a) HAND/OFF/AUTO selector switch for screen 

b) HAND/OFF/AUTO selector switch for washer/compactor 

c) FORWARD/OFF/REVERSE selector switch for screen 

d) FORWARD/OFF/REVERSE selector switch for washer/compactor 

e) Emergency stop pushbutton 

C. Screenings Washer/Compactor Controls 

1. The screenings washer/compactor controls shall include the following: 

a. H-O-A switch for operation of compaction screw. 

1) When HAND mode is selected, the screw shall run continuously. 

2) When OFF mode is selected, the screw shall not run. 

3) When AUTO mode is selected, the screw shall operate in accordance with 

pre-configured operating parameters as controlled by a Run Permissive 

signal from an upstream feed device. 

b. H-O-A switch for wash water system. 

1) When HAND mode is selected, the spray wash shall run continuously. 



CAREY STATION URBAN WATER REUSE FACILITY CAREY STATION WRF, LLC  

0.5 MGD TO 1.5 MGD EXPANSION                                                         GREENE COUNTY, GA 

 

 

GOODWYN MILLS CAWOOD, LLC. MECHANICAL SCREEN & COMPACTING EQUIPMENT 

GMC PROJECT NO. CAUG250007 46 21 15 - 10 of 12 

2) When OFF mode is selected, the spray wash shall stop. 

3) When AUTO mode is selected, the spray wash shall run while the 

compaction screw is running. 

c. CONTROL POWER ON indicating pilot light. 

d. RUN indicating pilot light. 

e. FAULT indicating pilot light (torque overload). 

f. WASH VALVE OPEN indicating pilot light. 

g. ELAPSED TIME METER. 

h. Reset Pushbutton. 

i. Emergency Stop Pushbutton 

j. All required timers. 

k. Programmable run sequences to optimize washing and compacting. 

l. Power monitor 

m. Programmable wash water duration and frequency. 

2.5 DIFFERENTIAL LEVEL CONTROL SYSTEM 

A. Manufacturer shall provide a differential level control system consisting of ultrasonic 

transducers to start the mechanical screen and screenings washer/compactor system. 

2.6 NAMEPLATES 

A. Conform to the requirements of Section 46 05 53 – Identification for Water and Wastewater 

Equipment. 

2.7 SPARE PARTS 

A. Furnish one set of manufacturer's recommended spare parts. 

B. Furnish special tools and other devices required for Owner to maintain screening equipment and 

screenings washer/compactor. 

PART 3 - EXECUTION 

3.1 EXAMINATION 

A. Section 01 70 00 - Execution and Closeout Requirements: Requirements for installation 

examination. 

B. Verify that facility is ready to receive mechanical screen and screenings washer/compactor. 

3.2 INSTALLATION 

A. Install mechanical screen and screenings washer/compactor according to manufacturer's 

instructions and recommendations.  
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3.3 FIELD QUALITY CONTROL 

A. Section 01 40 00 – Quality Requirements: Requirements for inspecting and testing. 

B. Section 01 70 00 - Execution and Closeout Requirements: Requirements for testing, adjusting, 

and balancing. 

C. Manufacturer Services:  

1. Start-up 

a. Furnish the services of a factory representative, having complete knowledge of 

proper operation, start-up procedure and maintenance requirements, for not less 

than three (3) eight (8) hour days, to inspect the final installation and supervise a 

test run of the mechanical screen and screenings washer/compactor. 

2. Training 

a. Furnish the services of a factory representative, having complete knowledge of the 

operation and maintenance requirements of the system, to instruct the Owner’s 

personnel in the proper operation of the equipment. Training for proper operation 

and maintenance of the equipment shall be scheduled for one (1) eight (8) hour day 

and shall be concurrent with trip to site required for start-up. 

D. Equipment Acceptance: 

1. Adjust, repair, modify, or replace components failing to perform as specified, and rerun 

tests. 

2. Make final adjustments to equipment under direction of manufacturer's representative. 

E. Furnish installation certificate from equipment manufacturer's representative attesting 

equipment has been properly installed and is ready for startup and testing. 

3.4 ASSEMBLY, INSPECTION, AND TESTING 

A. Following installation, operating tests will be performed to demonstrate to the Engineer that 

each mechanism and the system as a whole will function in a satisfactory manner. The 

Contractor shall make, at Contractor’s own expense, all necessary changes, modifications, 

and/or adjustments required to ensure satisfactory operation. 

3.5 DEMONSTRATION 

A. Section 01 70 00 - Execution and Closeout Requirements: Requirements for demonstration and 

training. 

B. Demonstrate equipment startup, shutdown, routine maintenance, and emergency repair 

procedures to Owner's personnel. 

END OF SECTION 46 21 73 
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SECTION 46 51 16 – THREE STAGE BNR RING STEEL FIELD ERECTED WWTP 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Section Includes: Equipment and controls for an activated sludge extended aeration wastewater 

treatment plant with an anaerobic selector zone for biological P-removal and an anoxic zone for 

nitrate nitrogen removal. 

B. Related Requirements: 

1. Section 05 50 00 - Metal Fabrications: Miscellaneous metalwork and fasteners as required 

by this Section. 

2. Section 09 96 00 – High Performance Coatings for touchup and finish painting of installed 

equipment. 

3. Section 40 05 93 - Common Motor Requirements for Process Equipment: Electric motors 

and accessories normally supplied as part of equipment assemblies. 

4. Section 40 05 59 – “Stainless Steel Slide Gate” for influent and effluent flow control gates. 

1.2 REFERENCE STANDARDS 

A. American Society of Civil Engineers: 

1. ASCE 2 - Measurement of Oxygen Transfer in Clean Water. 

B. National Electrical Manufacturers Association: 

1. NEMA 250 - Enclosures for Electrical Equipment (1000 Volts Maximum). 

C. American Gear Manufacturers’ Associates 

1. AGMA 2001-C95 Fundamental Rating Factors and Calculations 

2. AGMC 2002-B88 Tooth Thick Specification 

D. American Bearing Manufacturers Associates 

1. ABMA 11 Load Ratings and Fatigue Life for Roller Bearings 

E. American Society for Testing and Materials 

1. ASTM A36 – Carbon Structural Steel 

1.3 SUBMITTALS 

A. Section 01 33 00 - Submittal Procedures: Requirements for submittals. 
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B. Product Data: Submit manufacturer information describing materials of construction, fabrication, 

and protective coatings. 

C. Shop Drawings:  

1. Contractor shall submit a minimum of six (6) copies of all shop drawings to the engineer 

for approval. Of these, two (2) copies will be returned to the contractor with appropriate 

action taken. Receipt of less than the minimum required number of copies will be cause for 

withholding the shop drawings from being checked until receipt of the necessary additional 

copies. 

2. Drawings showing dimensions of all steel units and minimum recommended spacing. 

3. Control Details 

4. Performance data including, when applicable, pump curves, motor data and blower curves. 

5. All other information necessary. 

D. Spare Parts List: Complete list of spare parts supplied with equipment. 

E. Manufacturer's Certificate: Certify that products meet or exceed specified requirements. 

F. Manufacturer Instructions: Submit detailed instructions on installation requirements, including 

storage and handling procedures. 

G. Source Quality-Control Submittals: Indicate results of factory tests and inspections. 

H. Field Quality-Control Submittals: Indicate results of Contractor- or Vendor-furnished tests and 

inspections. 

I. Manufacturer Reports: Certify that equipment has been installed according to manufacturer 

instructions. 

J. Qualifications Statements: 

1. Submit qualifications for manufacturer as follows: 

a. Installation list of similar installations.  

b. Each plant component shall be prefabricated in the factory of the manufacturer and 

shall be shipped in assemblies complete and operable as detailed on the drawings 

and specified herein.  Each component assembly shall be erected in the field in 

accordance with the manufacturer's installation drawings. 

c. The field installation shall be performed by the equipment manufacturer’s personnel, 

directly employed by the equipment manufacturer and normally engaged in the field 

installation of the equipment specified herein. 

d. Any field welding accomplished on the plant shall have burrs removed by chipping 

and grinding to prevent operator injury. Any accessories mounted on or attached to 

the exterior of the tank and supplied by the plant manufacturer will be considered 

part of the treatment plant manufacturer's erection responsibility. 

e. The plant manufacturer shall also be responsible for furnishing all necessary 

construction equipment for erection of the plant as supplied by the manufacturer.  

Installation shall encompass the total treatment plant assembly including but not 
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limited to handrails, diffusers and drop pipes, scraper assembly and weir/scum baffle 

assembly.   

f. Installation/erection shall also include leveling and adjusting the weir plates and 

scraper assembly. 

g. The manufacturer shall provide detailed operating and installation instructions. The 

manufacturer shall provide a minimum of two (2) bounds sets of literature and two 

(2) sets of installation drawings. 

h. The equipment manufacturer shall provide the services of a factory trained 

representative for a minimum of three (3) days to perform initial start-up, to instruct 

the owner’s operating personal in the operation and maintenance of the equipment, 

and to adjust the equipment for satisfactory operation.  

i. Oxygen transfer efficiency for the coarse bubble diffusers shall be guaranteed and 

substantiated by submission of test data compiled by a nationally recognized 

independent testing laboratory. 

1.4 CLOSEOUT SUBMITTALS 

A. Section 01 70 00 - Execution and Closeout Requirements: Requirements for submittals. 

B. Project Record Documents: Record actual locations and final orientation of equipment. 

1.5 QUALITY ASSURANCE 

A. All the equipment specified under this Section shall be furnished by the following Manufacturers, 

who are fully experienced, reputable, and qualified in the manufacture of the equipment specified. 

The tanks and associated equipment have been designed to accommodate equipment supplied by 

the following manufacturers: 

1. Evoqua Water Technologies LLC (Thomasville, GA). 

2. Xylem Inc. 

3. Or an approved equal. 

 

All manufacturers not named in these specifications shall submit a minimum of three (3) copies of data to 

the engineer not later than 14 days prior to the bid date.  Any manufacturer meeting the requirements will 

be so listed by addendum prior to the bid date. Submission of inadequate information will be cause for 

rejection.  

 

Each set of data shall include but not necessarily be limited to: 

 

a. Drawings showing dimensions and details of all steel units and minimum 

recommended spacing. 

b. Control details  

c. Performance data including for example but not limited to pump curves, motor data, 

blower curves, and air diffuser design criteria. 

d. Installation list of similar installations. 

e. All other information necessary to enable the Engineer to determine whether the 

proposed equipment meets the specified requirements. 
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1.6 DELIVERY, STORAGE, AND HANDLING 

A. Section 01 60 00 - Product Requirements: Requirements for transporting, handling, storing, and 

protecting products. 

B. The Contractor shall store and temporarily support equipment prior to installation in strict 

accordance with the Manufacturer’s recommendations and instructions.  Protect all exposed 

surfaces.  Keep records of the storage parameters and the dates that storage procedures were 

performed. The Contractor shall be responsible for work, equipment, and materials until 

inspected, tested and finally accepted. 

C. Store gear reducers and motors in buildings or trailers which have a concrete or wooden floor, a 

roof and fully enclosed walls on all sides.  Protect the equipment from being contaminated by 

dust, dirt, vibration and moisture. 

D. Fabricated assemblies shall be shipped in the largest sections permitted by carrier regulations and 

shall be properly match-marked for ease of field erection.  The units shall be erected and 

lubricated in strict accordance with the instructions of the Manufacturer’s field engineer. 

1.7 EXISTING CONDITIONS 

A. Field Measurements: 

1. Verify field measurements prior to fabrication. 

2. Indicate field measurements on Shop Drawings. 

1.8 WARRANTY 

A. Section 01 70 00 - Execution and Closeout Requirements: Requirements for warranties. 

A. The seller shall warrant the equipment, or any components thereof, through the earlier of:  

1. Eighteen (18) months from delivery of equipment  

2. Twelve (12) months from the initial operation of the equipment.  

B. The equipment manufacturer shall be solely responsible for the warranty of the equipment and all 

related components.  

C. In the event a component fails to perform as specified or is proven defective in service during the 

warranty period, excluding items of supply normally expended during operation, the 

manufacturer shall provide a replacement part without cost to the owner. 

D. This warranty shall be valid only if the product is properly serviced and operated under normal 

conditions and in accordance with the manufacturer's instructions. 
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PART 2 - PRODUCTS 

2.1 WWTP DESIGN REQUIREMENTS 

A. The WWTP shall be designed for an average daily flow of 1,000,000 gallons per day (gpd) with 

peak hourly flow of 1,389 gallons per minute (gpm), and shall be designed to meet the following 

effluent requirements:  

a. Less than or equal to 15 mg/L BOD 

b. Less than or equal to 25 mg/L TSS 

c. Less than or equal to 1 mg/L NH3 

d. Less than or equal to 1 mg/L P (with chemical addition) 

e. These requirements are based on influent loadings of 260 mg/L for BOD, 260 mg/L 

for TSS, 50 mg/L for TKN, and 21 mg/L for P.  

B. The WWTP shall consist of two (2) complete concentric circular welded steel tanks and the 

necessary welded steel division walls to ensure process operation. The inner circular tank shall 

serve as the settling or clarifier basin and the annular space between the inner circular wall and 

outer circular wall shall be divided into the required process compartments.  Inner and outer 

diameters shall be as shown on the plans and will be considered minimum required diameters.  

Water depths and tank volumes shall be as shown on the plans. 

C. All components supplied shall conform to the size requirements as set forth in the plans, to the 

requirements included in other sections of this specification, and to the following broad design 

parameters: 

a. Two (2)- 31,250-gallon Anaerobic Zones 

b. One (1)- 299,875-gallon Pre-Anoxic Zone 

c. One (1)- 644,600-gallon Aeration Zone 

d. One (1)- 603,000-gallon Digestor 

e. One (1)- Center Clarifier with 56.5 ft diameter steel inner tank wall 

2.2 STRUCTURAL DESIGN & PERFORMANCE 

A. All vertical steel bulkheads designated as hydrostatic on the plans and the inner circular wall shall 

be designed to withstand full hydrostatic forces from either side of the bulkhead or wall. The 

design of the walls shall be such that any isolated compartment may be individually dewatered.  

The minimum wall plate thickness shall be 1/4". 

B. Bulkheads shall be reinforced and designed as partially fixed connections at the inner and outer 

walls.  All bulkheads and walls shall have reinforcing structural members at the top of the section.  

These members will be designed to maintain the required shape of the item while under any 

combination of load applications that could be encountered under actual field conditions. 

C. The circular clarifier wall shall be designed per AISC with reinforcing calculated on the basis of 

a freestanding tank under external pressure.  Since future modifications or relocation of the unit 

could result in the deletion of a bulkhead(s), any method of design other than a freestanding tank 

will not be accepted.   
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D. All shop welds shall have burrs, spatter, etc. removed prior to blasting.  All chain or skip welds 

on surfaces above water level or on an outer surface shall be caulked prior to painting. 

E. All reinforcing on the bulkheads and circular walls shall be gussetted to develop the full 

strength of the reinforcing. 

F. The outer circular steel wall shall be of a thickness designed to withstand a full hydrostatic internal 

loading causing a hoop stress of less than 24,000 psi with a weld efficiency of 75%. The minimum 

wall plate thickness shall be 1/4". 

G. The full wall height shall be developed utilizing no more than two (2) vertical steel sheets to 

assure the ease of field installation and to avoid aesthetically any extra weld seams. 

2.3 CHANNELS 

A. A base channel rolled to the circular dimension of the outer and inner walls shall be provided for 

installation into the slab.  In addition, a base channel shall be provided for each hydrostatic 

bulkhead.  These channels shall be ASTM A36, and shall be embedded 4" deep in the slab.  

Delivery of the base channels shall be coordinated with the contractor and furnished with detailed 

installation instructions.  These channels shall be used as a base for welding the upright steel walls 

and hydrostatic bulkheads of the treatment plant.  A keyway in the slab shall not be required or 

accepted as equal. 

B. A trim channel rolled to the circular dimension of the outer and inner walls shall be provided to 

form the top wall perimeter.  A trim channel shall also be provided for the top of each bulkhead. 

These channels shall be ASTM A36, 4" x 5.4 lbs/ft. 

2.4 ANNULAR SPACE 

A. The annular space between the inner tank wall and the outer circular wall shall be divided into 

distinct zones as specified in the attached process specification and as shown on the drawings.  

Each zone shall be sized to accommodate the volumes shown on the plans. 

2.5 INFLUENT PLATFORM  

A. The influent platform structure shall be constructed with 2-rail anodized aluminum pipe handrails 

complete on all sides and aluminum bar grating steps with nosing, designed for 75 PSF. The 

influent splitter box shall be fabricated from 3/16” minimum thickness, 304SS plate.  The 

structure shall be located as shown on the drawings, and shall be accessible for ease of 

maintenance. The influent structure shall be sized as required for the specified flow rate.   

2.6 AIR DISTRIBUTION SYSTEM 

A. The air distribution system shall consist of the main air header, diffuser drop pipes, and diffuser 

assembly. The main air header shall form a complete circle around the periphery of the settling 
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tank wall.  The air header shall be placed over the top of the settling tank wall so as to provide 

additional freeboard and prevent splashing of liquid from the aeration tank into the settling tank.  

Diffuser drop pipe connections shall be placed in the outside of the air header such that the drop 

pipe will project down the outside of the settling tank wall.  The air header shall be fabricated of 

square or rectangular tubing, mitered such that the sections encompass 360°.  

B. The main air header shall be designed to minimize head loss and provide an even distribution of 

air to all compartments. 

C. The aeration zone shall be equipped with fine bubble diffuser assemblies, manufactured by Xylem 

Inc. Sanitaire Products, and shall include the following components: 

1. Stainless steel droplegs, supports, and anchors.  

2. PVC manifolds, air distributors, diffuser holders, and retainer rings  

3. Bolts, nuts and gaskets for aeration system flange connections.  

4. Air distributor purge systems.  

5. Membrane disc diffusers with integral O-ring gaskets. 

D. Each diffuser grid shall be provided with a 304 stainless steel dropleg from the air main 

connection to the dropleg connection on the manifold. Manifolds for connection to the air 

distribution headers will be PVC, with 4-inch diameter fixed threaded union or flanged joints for 

connection to the air distributors. 

E. Air Distributors and Diffuser Holders will be 4-inch diameter PVC air distributors perpendicular 

to the air manifold. Distributors shall be fabricated with single PVC diffuser holders solvent 

welded to the crown of the air distributor for complete air seal and strength. Each distributor shall 

be equipped with 4-inch diameter threaded removable end caps complete with gasket, threaded 

coupling and end plate for clean out at the end of each distributor. 

F. Air distributor sections shall be joined with positive locking fixed threaded union or flange type 

joints for all submerged header joints to prevent blow apart and rotation. Flanged joints shall be 

designed with a 125 lb drilling angle face ring, follower flange and stainless-steel hardware. Each 

section of manifold and air distributor shall be supported with a minimum of two (2) supports. 

Maximum support spacing shall be limited to 8 feet. Design all supports shall be designed to 

allow for thermal expansion and contraction forces over a temperature range of 125 F and to 

minimize stress build up in the piping system. 

G. Diffuser assemblies shall be furnished including diffuser with integral diffuser gasket, holder, 

retaining ring and air flow control orifice. Circular membrane diffuser discs shall be manufactured 

with an integral O-ring of EPDM synthetic rubber compound with precision die formed slits.  

Thermoplastic materials (ie plasticized PVC or polyurethane) are not acceptable.  

H. Diffuser holders shall be designed with air flow control orifice. Holder to provide peripheral 

support for the diffuser. Retainer rings shall be designed to seal the diffuser and O-ring in the 

holder to prevent air leakage around gasket, with minimum cross section of 1/8-inch. Retainer 

rings shall allow for one complete turn to engage threads.   

I. Mechanical 304SS expansion Anchor Bolts shall be provided, for embedment in 4000 psi 

concrete with a pullout safety factor of 4. 
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J. A liquid purge system shall be provided to drain the entire submerged aeration piping system for 

each aeration grid including airlift purge eductor line and manual control valve. 

K. The Digester Zone coarse bubble air diffusers shall be a non-clog, multi-leaf spring design, each 

with a capacity of not less than 30 CFM. The diffuser shall be fabricated of Type 304SS with 

0.20-inch minimum wall thickness. 

L. Each coarse bubble diffuser shall have three (3) stainless steel leaf springs fastened to the body 

with 3/16" stainless steel blind rivets and each covering four (4), 7/8-inch diameter air discharge 

ports. The spring shall act as a check valve to eliminate plugging. The leaf spring deflects only 

slightly, oscillating at a high frequency, shearing the air as it is released to provide optimum 

bubble size and high oxygen transfer. The springs automatically produce a controlled back 

pressure to assure uniform air discharge through the entire diffuser network without the use of air 

restrictors, balancing inserts, or orifices in the header system. 

M. The coarse bubble diffusers shall be designed based on an air flow rate of 25 CFM per diffuser 

with a maximum pressure loss of 14" of water. Guaranteed oxygen transfer efficiency shall be 

9.3% minimum at a diffuser submergence of 13.75' and air flow rate as stated. Oxygen transfer 

efficiency shall be guaranteed and substantiated by submission of test data compiled by a 

nationally recognized independent testing laboratory. 

2.7 CLARIFIER  

A. The clarifier shall be designed to meet the requirements set forth in the Design Requirements 

section of these specifications. The clarifier shall consist of a clarifier influent assembly, sludge 

collector mechanism, effluent launderer and scum baffle, stilling well, and scum removal system. 

B. The clarifier influent shall be constructed from 1/4" minimum thickness material and shall be 

designed to prevent liquid backup in the aeration tanks during peak flows and to prevent settling 

out of solids that may clog the pipe.  The clarifier influent collection point shall be near the bottom 

of the aeration tank at a point farthest in flow from the raw sewage injection point. From the 

collection point the pipe runs at an angle toward the center of the clarifier, vertically upward into 

the stilling well and the liquid discharges out into the clarifier through the pipe opening. 

C. The sludge collector mechanism shall be a center collection type to facilitate the rapid return of 

sludge from the clarifier back to the aeration system.  The unit shall consist of all mechanical 

equipment required for operation including complete drive unit; drive shaft; sludge scraper arms; 

return sludge pipe and collection sump. 

D. The mechanism shall be centered with the clarifier and shall be supported by the bridge structure. 

The shaft shall extend to the bottom of the clarifier at which point it shall be pivoted in such 

manner as not to introduce binding. The drive mechanism shall be designed to provide a torque 

capable of overcoming running friction and loads induced by scraping sludge to the collection 

sump at a speed to prevent sludge agitation. 

E. Maximum running torque shall be calculated based on the formula WR² where W = 8 ft. lbs. of 

loading per foot of collector arm length and R = the radius of the clarifier tank. 
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F. The gear drive will be a triple reduction unit with all gearing running in oil.  The cast iron gear 

reducer will include an oil drain and oil fill plugs as well as a sight gauge.  The drive unit will 

consist of a combination of a planetary gear and a fixed internal sun gear.  The concentric shaft 

speed reducer will have a vertical down output shaft.  The high-speed input shaft will consist of 

an eccentric bearing assembly, cycloidal discs, ring gear housing and low speed output shaft.  The 

power transmission rollers and pins are mounted on the low-speed output shaft. 

G. Power is transmitted between the cycloidal discs and the rollers and the output shaft as a rolling 

motion between the two roller bearing surfaces and will provide continuous positive engagement.  

The overall three-stage efficiency will not be less than 67%.  The unit will be capable of handling 

a momentary shock load of 5 times the running load. The unit shall be equipped with two (2) 

torque switches, one (1) to energize an alarm on overload and a second switch to shut down the 

motor. The unit shall be equipped with a 0-100% torque indicator. 

H. A 1/2 horsepower, 230/460 volt, 3 phase, 60 cycle motor shall power the reducer.  The motor will 

be a TEFC, 56C frame with Class B insulation.  The drive unit will be directly coupled to the 

center collector shaft.  The reducer will be sized to provide a scraper tip speed of approximately 

10 feet per minute.  The gear reducer will be mounted in slots to provide for proper alignment. 

I. The scraper mechanism shall be equipped with an overload protection device consisting of a 

torque limiter; assembled in such manner that it will activate an alarm once the preset alarm torque 

is reached and will interrupt power to the unit should torque continue to the preset shut-down 

torque. 

J. The clarifier shall be provided with two (2) rotating scraper arms. The rotating scraper arms shall 

be attached to and supported by a center shaft designed to support and rotate the scraper arms 

under maximum load conditions with an adequate factor of safety. The scraper arms shall be 

fabricated from structural steel members to provide support for scraper blades.  Nylon reinforced, 

1/4" PVC blades shall be provided on the rotating arms to move settled sludge to the center 

collection point.  The blades shall be spaced on each arm such that settled sludge is collected over 

the full area of the basin by each arm.  The scraper arm outer ends shall be adjustable in a radial 

direction.  At final adjustment, blades shall clear the floor by 1/4". 

K. The sludge shall be moved toward the center of the clarifier by means of scraper blades at the rate 

of two (2) blade separation distances per revolution.  Sludge shall be collected in the clarifier 

center sump and removed from the sump by means of an airlift pump back into process. 

L. An 18” wide x 15” deep x 3/16” thick steel mitered clarifier effluent launderer shall be provided 

around the inside periphery of the clarifier to collect the clear supernatant.  The launderer shall 

be designed to carry the expected peak flow without becoming submerged. 304SS serrated weir 

plates shall be attached to each side of the launderer and shall be vertically adjustable for leveling. 

Each weir plate shall be fabricated from 1/8" thick 304SS with 1¼" deep 90° V-notches on 2½" 

centers.  Gasketing material 1/4" thick x 4" wide shall be attached to the back of the weirs to 

prevent leaks.   

M. A ¼” thick steel scum baffle shall be provided to prevent floating scum from being carried over 

the weir.  The scum baffle shall project a minimum of 17" below and 6" above the clarifier water 

surface and shall be attached to the brackets that support the launderer. 
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The scum removal system shall consist of a scum collection trough with discharge airlift and 

skimmer arm.  The scum collection trough shall be designed to collect the floating material on 

the surface of the clarified liquid and shall be accessible from the bridge.  The trough shall be 

structurally supported off the scum baffle and clarifier influent pipe and shall be vertically 

adjustable on both ends without draining the clarifier tank.  Removal of the scum from the trough 

shall be by an airlift pump.  The pumping shall be intermittent, pumping only when the skimmer 

arm is in the area of the scum collection trough. Intermittent pumping shall be controlled by a 

limit switch and timer electrically interlocked to a solenoid valve on the scum airlift line. 

The scum collection trough shall extend the full width of the clarifier, from the scum baffle at the 

outside, to the stilling well on the inside, thereby eliminating any possibility of scum escaping the 

system. 

The skimmer arm shall be designed to skim the entire surface of the clarifier twice during one 

rotation of the scraper mechanism and scrape the scum into the scum collection trough.  The arm 

shall be supported off the stilling well and shall not rely on any support from the scum baffle or 

wall. 

A 144” diameter x 48.5” deep x 3/16” thick steel stilling well shall be provided for velocity 

dissipation for the MLSS entering the clarifier and to prevent short circuiting from the center to 

the weir. A scum escape port shall be provided in the side of the stilling well at the water surface.  

The stilling well shall be fixed to the rotating center shaft. 

2.8 SLUDGE RETURN SYSTEM 

A. The return sludge system shall consist of a measuring box and a return sludge airlift pump. 

B. The return sludge measuring box shall be fixed to the top of the return sludge airlift.  The box 

shall be fabricated from 3/16" minimum thickness, 304SS plate. The box shall be adequately 

covered and baffled to prevent splashing of the sludge. A weir shall be provided on the box 

discharge openings to provide an indication of the amount of flow discharged from the box.  A 

weir calibration chart shall be provided in the operations manual such that the flow can be 

estimated by manually measuring the sludge level in the box and comparing to the chart. 

2.9 WASTE SLUDGE SYSTEM 

A. The waste sludge system shall consist of a measuring box and a waste sludge airlift pump. 

B. The waste sludge measuring box shall be fixed to the top of the waste sludge airlift.  The box 

shall be fabricated from 3/16" minimum thickness, 304SS plate. The box shall be adequately 

covered and baffled to prevent splashing of the sludge. A weir shall be provided on the box 

discharge openings to provide an indication of the amount of flow discharged from the box.  A 

weir calibration chart shall be provided in the operations manual such that the flow can be 

estimated by manually measuring the sludge level in the box and comparing to the chart. 
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2.10 AEROBIC DIGESTOR PUMP 

A. An airlift pump with vertically adjustable intake and air control valve shall be provided for the 

purpose of decanting supernatant from the aerobic digester.  The airlift piping shall be schedule 

40 aluminum piping and neoprene bands shall isolate the piping from all steel surfaces.  The pipe 

shall pivot on an aluminum swivel joint.  A winch accessible from the walkway shall be provided 

to raise and lower the pipe by means of a 3/16" diameter stainless steel cable.  The intake elevation 

adjustment shall allow the water level in the aerobic digester to be lowered a maximum of 28 

inches.  The airlift pump shall be sized to pump the digester down 28 inches. 

2.11 MAIN ACCESS BRIDGE 

A. The main access bridge shall be made of structural steel shapes 1/4" minimum thickness and shall 

be supported on the plant walls. The bridge shall extend across the tanks as shown on the 

drawings. 

B. The bridge shall have a 36" wide deck made of 1" aluminum I-Bar grating and shall be designed 

to withstand a uniform live load of 75 lbs. per square foot plus the dead load of the structure.  The 

deflection shall not exceed 1/360 of the unsupported span when the design loads are applied.  The 

bridge shall be provided with handrails on both sides consisting of 2-rail 1½" diameter schedule 

40, anodized aluminum pipe with 4” x 1/4” anodized aluminum toeplate. Bridges having an 

unsupported section larger than 37 feet shall have a steel truss handrail design with the top chord 

serving as the top handrail and diagonals serving as intermediate rails.  The truss handrails shall 

be fabricated from steel square tubing of sufficient size. 

C. Access to the plant bridge shall be provided by a 36” wide, stairway with intermediate landing as 

shown on the drawings. The stairway shall be provided with 2-rail 1½” diameter sch. 40 anodized 

aluminum pipe handrails on both sides.  The steps shall be installed on a 7" maximum rise with 

an 11” run and shall of 1½" aluminum I-Bar grating stair treads with nosing. 

2.12 WALKWAYS 

A. Walkways shall be provided for access to and maintenance of the clarifier weir and all air diffuser 

drop pipes and regulating valves.  Additional walkways shall be provided in locations as shown 

on the drawings or as needed to service the equipment. 

B. All walkways shall be a minimum of 24” wide and shall have a walkway deck made of 1" 

aluminum I-Bar grating adequately supported to withstand a live load of 75 lbs. per square foot. 

All walkways shall be provided with handrails on both sides consisting of 2-rail 1½" diameter 

schedule 40, anodized aluminum pipe with 4” x 1/4” anodized aluminum toeplate.  

2.13 INTERCONNECTING BRIDGE 

A. An interconnecting bridge shall be provided, connecting the plant to the splitter box. The bridge 

shall have a 36" wide deck made of aluminum I-Bar grating and shall be designed to withstand a 

uniform live load of 75 lbs. per square foot plus the dead load of the structure.  The deflection 
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shall not exceed 1/360 of the unsupported span when the design loads are applied.  The bridge 

shall be provided with handrails on both sides consisting of 2-rail 1½" diameter schedule 40, 

anodized aluminum pipe with an anodized aluminum toeplate. 

2.14 MIXER DESIGN & PERFORMANCE 

A. Each Pre-Anoxic and Anaerobic Zone shall be furnished with submersible mixers manufactured 

by Xylem Inc. Flygt Products as listed in the table below.  Each mixer shall be equipped with a 

submersible electric motor with submersible cable (SUBCAB) suitable for submerged mixer 

applications.  All cables shall be oil resistant chlorinated polyethylene rubber jacketed. Each 

mixer shall be fitted with an appropriate length of stainless-steel cable of adequate strength to 

permit raising and lowering the mixer.  Leak sensors shall be used to sense water presence in the 

oil and stator housings.   

 

Tank   Anaerobic Pre-Anoxic 

Mixers per System   2 1 

Mixer Model   4620 4650  

Drive Type   Direct  Direct  

Motor Power Supply (V/Φ/Hz) 460/3/60  460/3/60  

Motor Power (HP) 2.3 8.3 

B. The mixers shall be capable of handling raw, screened sewage. The mixer(s) shall be able to be 

raised and lowered and shall be easily removed for inspection or service without the need for 

personnel to enter mixing vessel or reactor tank. A sliding guide bracket shall be an integral part 

of each mixer unit.  The entire weight of each mixer unit shall be guided by a single bracket which 

must be able to handle all thrust created by the mixer. Each mixer, with its appurtenances and 

cable, shall be capable of continuous submergence underwater without loss of watertight integrity 

to a depth of 65 ft. Each mixer shall be of the integral gear, close coupled, submersible type. All 

components of the mixer, including motor and gearbox shall be capable of continuous underwater 

operation while the mixer blade is completely submerged. 

2.15 SURFACE PREPARATION AND CORROSION PROTECTION 

A. All clarifier internals, bridge structures, and stair structures shall receive a near white blast to 

remove rust, mill scale and weld slag. All Stainless Steel will be dry blasted and passivated. Tank 

walls, trim channels, bulkheads, wind girders, and kick braces ship black steel with no shop 

primer. 

B. All prepared surfaces shall be thoroughly dry and free from preparation dust and foreign matter 

prior to the application of any coating. Craftsmen applying protective coatings shall be thoroughly 

familiar with the application guidelines and preparation requirements of the product to be applied.  

All materials shall be evenly applied and shall be free from obvious defects. 
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C. Protective coatings shall not be applied to improperly prepared surfaces or during conditions 

considered to be not conducive to sound painting practices or in fog, rain, snow, mist or when the 

surface temperature is less than 40° F. and/or the humidity exceeds 85%. 

D. Immediately after surface preparation, a rust inhibitive epoxy primer coat shall be applied.  No 

discoloration of the cleaned areas shall occur prior to the application of the prime coat.  All steel 

surfaces shall receive a 3 mm dry film thickness of Sherwin-Williams Macropoxy 240 primer. 

2.16 ELECTRICAL CONTROLS 

A. The control system shall include but not be limited to motor breakers, and starters and disconnect 

switches as specified. 

B. All electrical work shall comply with the latest revision of the National Electrical Code. 

C. The contractor shall supply a service protection and disconnect means between the incoming 

power source and the treatment plant control panel. 

D. The control equipment shall be housed in a U.L. stamped NEMA 4X 304SS enclosure for outdoor 

applications.  The control panel shall be UL labeled per UL508A. The control panel will be pre-

wired and factory tested prior to shipment. An enclosure main disconnect shall be provided in the 

control panel, with a handle mechanism extending through the door. The main disconnect shall 

be a Siemens 3VA5 125A Frame Molded Case Circuit breaker. 

E. Motor starters shall consist of a Siemens 3RV20 IEC Motor Starter Protector (MSP), sized 

appropriately to provide short circuit and class 10 overload protection in combination with a 

Siemens 3RT20 IEC contactor for each motor. 

F. The control voltage shall be 120 volts AC.  This voltage shall be supplied from the incoming 

service or from a single-phase transformer if 120 volts is not available from the incoming service 

as shown on the drawings. 

G. The control panel shall have external selector switches (Hand-Off-Automatic or Off-On) and 

indicating pilot lights as required for motors and valves. The pilot devices shall be Siemens Class 

52 NEMA 4X, 30mm. 

H. All field connections/terminations to the supplied control panels shall be the responsibility of the 

electrical contractor.  The Contractor shall provide any junction or pull boxes, or any other like 

device needed to supply the interconnecting wiring. 

I. A red alarm light and audible alarm shall be provided to sound an alarm in case of clarifier drive 

failure.  The alarm shall be mounted on top of the control panel. 

J. A red alarm light and audible alarm shall be provided to sound an alarm in case of clarifier drive 

failure.  The unit shall be mounted on the clarifier handrails adjacent to the drive mechanism. 
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PART 3 - EXECUTION 

3.1 EXAMINATION 

A. Section 01 70 00 - Execution and Closeout Requirements: Requirements for installation 

examination. 

B. Verify layout, type, and orientation of connections. 

3.2 INSTALLATION 

A. According to manufacturer instructions. 

B. The manufacturer shall provide a minimum of two (2) bound sets of literature and two (2) sets of 

installation drawings. 

C. The equipment manufacturer shall provide the services of a factory trained representative for a 

minimum period of three (3) days to perform initial start-up, to instruct the owner's operating 

personnel in the operation and maintenance of the equipment and to adjust the equipment for 

satisfactory operation.  The manufacturer's representative performing this service shall be a direct 

employee of the equipment manufacturer, normally engaged in this type of service work. 

3.3 FIELD QUALITY CONTROL 

A. Section 01 70 00 - Execution and Closeout Requirements: Requirements for testing, adjusting, 

and balancing. 

END OF SECTION 46 51 15 
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SECTION 46 61 23 - DISC CLOTH TERTIARY FILTRATION 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Scope of Work:  

1. Modification of Two (2) existing Disc cloth filters, and addition of a third disc cloth 

filter, fitted with six (6) discs. Add additional four (4) Discs in each existing Disc cloth 

filter, add necessary backwash nozzles for the new discs, replace the backwash pump and 

a new motor starter to accommodate the larger backwash pump in the existing control 

panel. 

B. Related Requirements: 

1. Section 26 05 03 - Equipment Wiring Connections: Execution requirements for electrical 

connections to equipment specified by this Section. 

1.2 COORDINATION 

A. Section 01 30 00 - Administrative Requirements: Requirements for coordination. 

B. Coordinate Work of this Section with Work of other Sections. 

1.3 SCHEDULING 

A. Section 01 31 00 – Project Management and Coordination: Requirements for scheduling. 

1.4 SUBMITTALS 

A. Manufacturer shall provide, at a minimum, the following information in accordance with 

Section 01 33 00 Submittals. 

1. Product Data/Information 

2. Calculations verifying the effective filtration surface area. 

3. Hydraulic profile through the filter showing influent and effluent weir lengths, elevations, 

and nappe at design and peak flow. 

4. Shop Drawings 

5. Maintenance Instructions 

6. Installation Instructions 

7. Wiring Diagrams 

8. Parts List 

9. Qualification Data 

10. Sample Warranty 

B. Manufacturer shall provide Operations and Maintenance Data. 
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1.5 MAINTENANCE MATERIAL SUBMITTALS 

A. Section 01 70 00 - Execution and Closeout Requirements: Requirements for maintenance 

materials. 

B. Tools: Furnish special tools and other devices required for Owner to maintain equipment. 

1.6 QUALITY ASSURANCE 

A. Applicable Standards: 

1. ASTM -American Society for Testing and Materials 

2. AISI -American Iron and Steel Institute 

3. AGMA -American Gear Manufacturer's Association 

4. NEMA- National Electrical Manufacturer’s Association 

5. NEC -National Electric Code 

B. To assure unity of responsibility, the additional four (4) Discs in each existing Disc cloth filter, 

the necessary backwash nozzles for the new discs, the replacement of the backwash pump and a 

new motor starter to accommodate the larger backwash pump in the existing control panel shall 

be furnished and or coordinated by a single manufacturer. 

1.7 DELIVERY, STORAGE, AND HANDLING 

A. Section 01 60 00 - Product Requirements: Requirements for transporting, handling, storing, and 

protecting products. 

B. Inspection: Accept materials on Site in manufacturer's original packaging and inspect for 

damage. 

C. Store and protect materials according to manufacturer instructions. 

1.8 WARRANTY 

A. Section 01 70 00 - Execution and Closeout Requirements: Requirements for warranties. 

B. The Manufacturer shall provide a written warranty against defects in materials and 

workmanship.  Manufacturer shall warrant the goods provided by the Manufacturer to be free 

from defects in materials and workmanship under normal conditions and use for a period of one 

(1) year from the date the goods are put into service, or eighteen (18) months from shipment of 

equipment, whichever first shall occur.  This warranty shall not apply to any goods or parts 

which have been altered, applied, operated or installed contrary to the Manufacturer’s 

instructions or subject to misuse, chemical attack/degradation, negligence or accident.  
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PART 2 - PRODUCTS 

2.1 MANUFACTURERS  

1. Veolia Water Technologies, Inc (Kruger) 

2.2 PERFORMANCE REQUIREMENTS: 

 

Existing Filter No. 1 & No. 2 (add more Disc): 

 

Design Average Flow per unit, MGD  1.0 

Peak Hour Flow per unit, MGD  2.0 

Maximum Influe nt TSS, mg/L  20 mg/L 

Effluent TSS, mg/L  <5 

Filter Opening, µ  10 

Filter Cloth Material  Polyester (woven) 

Number of Filter Elements (Existing)  4 Disc / 2×64 panels 

Number of Filter Elements (Additional added)  4 Disc / 2×64 panels 

Filter Disc Diameter, m  2.1 

Total Filter Area, ft2  194×2 

Filter Submergence, %  60 

Filter Rotational Speed, RPM  2.8 

Material of Construction (Disc)  AISI 304 stainless 

Drive Motor (Existing)   1.5 hp, 460v, 3 phase 

Drive Motor Service Factor  1.3 

Drive Assembly (Existing)  Helical wormgear with riveted 

 chain and sprocket 

Number of Backwash Nozzles (per Disc) 12 

Backwash Pressure, psi  110 

Backwash Flowrate, GPM  60 

Backwash Pump  7.5 hp, 460v, 3 phase 

Additional Third Filter:  

 

Design Average Flow per unit, MGD  1.0 

Peak Hour Flow per unit, MGD  2.0 

Maximum Influe nt TSS, mg/L  30 mg/L 

Effluent TSS, mg/L  <5 

Filter Opening, µ  10 

Filter Cloth Material  Polyester (woven) 

Number of Filter Elements per unit  6  

Filter Disc Diameter, m  2.2 

Total Filter Area, ft2  235 

Filter Submergence, %  60 

http://www.specagent.com/LookUp/?ulid=12090&mf=04&src=wd
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Filter Rotational Speed, RPM  2.8 

Material of Construction (Disc)  AISI 304 stainless 

Drive Motor    1.5 hp, 460v, 3 phase 

Drive Motor Service Factor  1.0 

Drive Assembly   Drive Chain and Sprocket 

Number of Backwash Nozzles (per Disc) 14 

Backwash Pressure, psi  95 

Backwash Flowrate, GPM  34 

Backwash Pump  7.5 hp, 460v, 3 phase 

2.3 Filter System General Design Information: 

A. The automatic backwash filter system shall be suitable for filtering domestic wastewater after 

secondary treatment and clarification.  Each filter shall be designed to operate on a continuous 

basis and shall be designed to operate while receiving varying flows. 

B. The proposed disc filtration system shall not exceed a hydraulic loading rate of 5.96 gpm/sf at 

peak flow.  

2.4 MATERIALS AND EQUIPMENT 

A. All fabricated metal shall be minimum grade AISI 304 stainless steel unless otherwise stated in 

this specification.  Filter panels shall be polyester filter cloth mounted on AISI 304 stainless 

steel frames with integrated rubber seals. Filter disc segments shall be 304 stainless steel.   

B. The valves, equipment, materials of construction and controls specified under this section 

supersede valves, equipment, materials of construction and controls specified elsewhere in the 

contract documents.  Purchased components such as gear reducers, pumps, motors, valves, and 

actuators shall be provided as per filter manufacturer’s standard designs and with standard 

recommended manufacturer’s paint.   

2.5 DISC ASSEMBLY 

A. The filter shall be composed of modular and removable discs. Each disc shall consist of disc 

segments that can be easily mounted or dismounted as required.  The segments of one disc will 

be bolted to each other, and the completed disc assembly will be secured to the center drum 

with stainless steel F clips and hardware.  

B. Filter panels (filter media) shall be mounted on the sides of the disc segments. The filter panels 

shall consist of stainless steel frames with PET monofilament filter fabric attached to the 

frames.  Each panel shall be equipped with a gasket that is fitted to and provided integral to the 

media frame to provide a watertight seal between the filter panels and disc segments.  The 

panels will be held in place by a locking frame and one bolt per panel for easy exchange.  

C. Nominal media pore size shall not exceed 10 microns.    
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2.6 BACKWASH CLEANING SYSTEM 

A. The Disc filter shall be equipped with a single oscillating back-washing system with non-

motorized moving spray headers for efficient cleaning of the filter cloth and for reduction of the 

consumption of backwash water.  Existing panels shall receive 110 psi pressure backwash 

spray, and the third, new filter will receive 95 psi backwash pressure spray.  

B. The backwash system shall be comprised of stainless steel backwash spray headers installed 

between the discs. The spray headers shall oscillate in an upward and downward motion during 

drum rotation.  The spray header oscillation shall be operated by a cam system that is connected 

to the drum drive.  Each header shall have flat pattern spray nozzles for each disc side. The 

spray nozzles shall consist of nozzle tips, mounting cap for quick removal, nozzle body and 

seals. The replacement of spray nozzles must be possible from outside the filter tank.  A swivel 

joint shall allow the spray header manifold to rotate out for nozzle access without disassembly 

of the manifold or headers. For the third, new filter, a single magnetic motor actuator shall be 

used to automate the operation to access the nozzles. The actuator will be the same type and 

model used for the GRP cover.  

C. Each filter shall have one externally mounted low-pressure Grundfos centrifugal pump for the 

backwash system.  The backwash pump shall be of the vertical multi-stage design with the 

motor mounted directly to the top of the pump.  The motor shall be supplied by Grundfos 

integral with the pump.  The motor shall be standard efficiency rated for 460V, 3 phase, 60 HZ 

operation.  Filtered water shall be discharged from the pump to the backwash header piping 

constructed of stainless steel.   

D. A stainless-steel housing with internal wire weave filtration cartridge shall be installed in the 

piping downstream of the backwash pump in order to protect the spray nozzles from being 

plugged with small particles. A stainless-steel ball valve shall be installed in the piping 

downstream of the strainer housing for shut-off.  A stainless-steel braided hose assembly with 

ball valve shall be connected to the backwash piping upstream and downstream of the shut-off 

valve.  The purpose of the shut-off valve and the braided hose assembly is to throttle the flow 

and pressure when performing nozzle inspection.  A pressure gauge shall be installed in the 

backwash header piping downstream of the pump, strainer, ball valve and braided hose 

assembly in order to monitor the nozzle pressure. 

E. Each filter shall be equipped with a submersible pressure transducer for effluent water level 

measurement and shall be the Endress + Hauser FMX21 Submersible Pressure/Level 

Transducer.   

F. Each filter shall be equipped with a submersible pressure transducer for influent water level 

measurement.  The submersible pressure transducer shall be the same type and model as the 

effluent pressure transducer.  The backwash cycle shall be activated either by pressure 

differential measured between the influent transducer and effluent transducer or by manual 

operation. 

G. Each filter unit will be supplied with an adjustable water level sensor located in the influent 

chamber in order to provide an indication of high level.  The level sensor shall be a height 

adjustable PVC encapsulated 316 SS Rod and shall include a PVC encapsulated copper 

conductor with control wire connected at the top.  The installing contractor is to provide wiring 

and conduit to connect the level sensor to a liquid level relay located in the Disc filter Control 

Panel. The liquid level relay will be activated when the level sensor comes in contact with water 
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in the influent chamber.  The liquid level relay shall be SSAC LLC44A5A with relay base or 

approved equal.  The control system will provide an alarm indication when the sensor is 

activated. 

H. Each filter unit will be supplied with a BW pump dry run protection pressure switch.  The BW 

pump dry run protection sensor shall be a Nautilus XMLA fixed differential single threshold 

pressure switch. The sensor will be mounted in the piping downstream of the backwash pump.  

When the sensor is activated by low pressure it will activate a relay inside the control cabinet to 

prevent running the pump. 

I. The transducers, level sensor, and pressure switch shall be installed on the unit at the factory 

and will be wired to a common junction box located on the filter unit.  The installing contractor 

shall provide all wiring, conduit, and terminations between the junction box and the control 

panel for the Disc filter. 

J. The Disc filter shall be equipped with a backwash-collecting trough for removing solids.  The 

trough shall be constructed of GRP.  The trough length shall be sufficient to capture reject water 

from all filter discs. The trough shall be elevated to prevent contact with the influent stream. 

The reject water shall leave the trough by gravity via the backwash outlet connection.  Piping 

from the trough to the outlet connection shall be stainless steel connected with stainless steel 

shielded, flexible elastomeric PVC couplings.  The backwash outlet connection shall be a 6-inch 

ANSI loose flange.  Systems with separate solids removal and backwash discharge systems 

shall not be acceptable. 

2.7 CHEMICAL SPRAY HEADER 

A. Each Discfilter shall be equipped with a header pipe for the purpose of allowing supplemental 

chemical cleaning of the discs.  The header pipe shall have nozzles that direct a spray pattern to 

allow for application of chemical onto all filter panels. Each nozzle shall be polypropylene and 

shall be attached to the header pipe with a nozzle holder. The header pipe shall be attached to 

the inside of the filter.  A camlock fitting shall allow for connection to the end of the header 

pipe.   

2.8 DRIVE MECHANISM 

A. A drive assembly shall be incorporated to rotate the center tube/disc assembly during the 

backwash cycles. 

B. The drive assembly shall consist of a gear motor, chain, and sprockets.  The chain link and 

barrel material shall be FRP.  Any design using a belt drive assembly shall not be acceptable for 

use due to risk of stretching and failure when driving loads of this magnitude. The gear motor 

shall be SEW Eurodrive shaft mounted helical worm gear with integral standard AC induction 

motor.  The motor shall be rated for 1.5 HP, 460V, 3 phase, 60HZ operation.  

C. The drive assembly shall also provide oscillation of the backwash spray headers without the 

need for a separate drive motor in order to provide for efficient cleaning of the filter media with 

minimal water usage and minimal energy usage.  Systems with stationary spray headers and/or 

separate drive motors shall not be accepted for use. 
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2.9 FLOW BYPASS 

A. New Filter: A bypass chamber shall be supplied integral to the filter unit to allow for diversion 

of unexpected high inlet water level.  The bypass chamber shall be at the inlet side of the filter 

unit.  The unit shall include an 18-inch ANSI loose flange as a dedicated connection for water 

leaving the bypass chamber. 

2.10 AUTOMATED CLEANING SYSTEM (ACS) 

A. New Filter: The equipment manufacturer shall furnish an automatic cleaning system that applies 

a chemical spray to the media in order to remove either organic or inorganic foulants. The 

system must be integrated into the design of the filter system and must include spray nozzles, 

chemical storage tank(s), chemical dosing pump(s), and other appurtenances as required for 

automated operation.  The system must allow for operations staff to simply engage the system 

and initiate operation at the unit. The system must be initiated to begin the cleaning cycle from 

the HMI and/or selector switches located on the front of the filter unit control panel.  Once 

initiated, the system must provide for media cleaning while being fully automated from the 

control panel.   System must provide spray application of chemical to the filter media and may 

not depend on use of “soak” or “bath” techniques for media cleaning.   Equipment manufacturer 

must demonstrate that the system has been designed and implemented in previous Disc filter 

installations for chemical cleaning.  The automatic cleaning system and controls shall be 

provided by the Disc filter equipment supplier. 

2.11 CONTROL PANEL MODIFICATION 

A. The Disc filter operation shall be managed by an automated control system.  The automatic 

control will be designed around an Allen Bradley Micro850 Programmable Logic Controller.  

B. The control system is an integral part of the Disc filter system and shall be provided in a UL 

labeled, NEMA 4X 304 Stainless Steel enclosure.  Each Disc filter unit shall include a control 

system which shall consist of a programmable controller, fused main disconnect, control 

transformer, branch circuit breakers, IEC motor starter/protector, hand-off-automatic switches, 

and liquid level sensor relay. The power feed to the control panel shall be 480VAC, 60Hz, 3 

phase.  Control voltage shall be 120VAC, 60 Hz, 1 phase. 

C. The control panel enclosure shall meet the following criteria: 304 Stainless Steel, seams 

continuously welded and ground smooth, seamless foam-in-place gasket for watertight dust-

tight seal, door opens 180°, quarter turn latches opened or closed using a screw driver, and 

NEMA Type 4X. The enclosure shall be Saginaw SCE-60EL3612SSLP or approved equal. 

D. The main disconnect shall be enclosed in the control panel, with a handle mechanism extending 

through the door. The main disconnect shall be a fused 3-Pole disconnect. The main disconnect 

shall be composed of three primary components; fused disconnect, extension shaft, NEMA 4X 

operating handle. Components shall be Square D GS1DU3 fused disconnect, GS2AH420 

disconnect handle and GS2AEH12 disconnect shaft or approved equal. 

E. Field wiring terminal blocks for the Disc filter Control Panel will be din rail mountable, 

individually numbered, rated for 600 Volts 30 Amps. The field wiring terminal blocks shall be 

Phoenix UTTB4 3044814 or approved equal. 
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F. Motor wiring terminal blocks for the Disc filter Control Panel will be din rail mountable, 

individually numbered, rated for 600 Volts 65 Amps. The field wiring terminal blocks shall be 

Phoenix UT10 3044160 or approved equal. 

G. The existing motor starter located in the Disc Filter Control Panel to manage the start/stop of the 

Backwash Pump motor will be replaced with a new motor starter as per this specification. The 

motor starter will be sized appropriately to match the requirements of the Backwash Pump 

motor. The motor starter will be an IEC starter rated between 0.1 and 50 Amps @ 460VAC 3 

phase, with rotary handle operator, visible trip indication, protection by overload, short circuit, 

undervoltage and shunt. The motor starter will be equipped with auxiliary contacts for 

monitoring and control. The IEC motor starter shall be Square D TeSys or approved equal. The 

new filter will be fitted with the same motor starter.  

H. A VFD located in the Disc filter Control Panel will manage the start/stop of the Filter Drum 

motor. The VFD will be sized appropriately to match the requirements of the Filter Drum 

motor. The VFD will be equipped with an integral keypad display for VFD interface and 

configuration, use sensorless flux vector technology, use with 3-phase asynchronous motors, 

monitoring and control inputs and outputs, motor and drive protection. The VFD will not 

require input/output filters or harmonic testing. The VFD will be hardwired for control and 

monitoring and will not require any communication protocols such as Ethernet, DeviceNet, and 

Modbus. The VFD shall be Square D Altivar 320 or approved equal. 

I. The control panel shall have external selector switches (Hand-Off-Automatic). The selector 

switches will be NEMA 4X, 30mm, non-illuminated, manual return and equipped with contact 

blocks. The selector switches shall be Square D 9001 SKS43BH2 or approved equal.  The 

control panel selector switches will allow the drum drive and backwash motor to be operated in 

Hand mode. 

J. The completed control panel shall be UL labeled per UL508A. The completed control panel 

will be factory tested and configured. 

K. The Programmable Controller will perform logic, timing, counting and real time clock 

operations. The Programmable Controller will be programmed using software to allow 

configuration of a downloadable program featuring input instructions, output instructions, timer 

instructions, counter instructions and counter instructions. The Programmable Controller will be 

equipped with a embedded 10/100 Base –T EtherNet/IP Port as well as USB programming port. 

The Programmable Controller will be equipped with a minimum twenty-eight (28) Digital 

Inputs (120VAC) and twenty (20) Relay Outputs, additional I/O can be added via I/O expansion 

modules. The Controller shall be an Allen Bradley Micro850 2080-L50E-48AWB or approved 

equal. 

L. The control system will be supplied with one Operator Interface. The Operator Interface will be 

capable of communicating with the Programmable Controller. The Operator Interface will be 

capable of displaying text and graphics, allow operator setpoint entry, and provide system status 

display. The Operator Interface will be a color touchscreen display, minimum ten (10) inch 

diagonal, 10/100 Base-T Ethernet Port and mount to the panel front. The Operator Interface will 

be Allen Bradley 2711R-T10T or approved equal. 

M. The control system will allow for continuous back washing when the motor switches are placed 

in HAND mode. 
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N. The Contractor is responsible for providing interconnecting wiring and/or conduit between the 

supplied control panel and Disc filter equipment.  The Contractor shall provide any junction or 

pull boxes or any other like device needed to supply the interconnecting wiring. 

O. All field connections/terminations to the supplied control panels, the Disc filter equipment, and 

between the Disc filter equipment and supplied control panels shall be the responsibility of the 

Contractor. 

2.12 DISCFILTER SPARE PARTS  

A. The following spare parts will be supplied for existing filters: 5 Backwash Spray Nozzles, 2 

Filter Panels.  Parts inventory shall be based in the United States. 

B. The following spare parts will be supplied for the new filter: 10 Backwash Spray Nozzles, 10 

Filter Panels. Parts inventory shall be based in the United States. 

PART 3 - EXECUTION 

3.1 GENERAL 

A. Contractor shall install the disc filter system per the Equipment Manufacturer’s directions and 

the drawings. The Contractor will provide all required supports and anchoring required to install 

the disc filter unit. The plumbing and electrical connections shall be provided as detailed on the 

drawings and specifications. The Equipment Manufacturer will provide adequate crating and 

protection of the disc filter panel screen for shipment to the project site. Installation instructions 

will be provided that specifically outline installation of this drum screen. Lifting instructions 

will be provided to assist the Contractor in placing the unit into the concrete scree n sump. 

3.2 FIELD SERVICES 

A. The Equipment Manufacturer shall furnish the services of a factory-trained representative based 

in the United States and employed by the manufacturer, for a minimum of two (2) working days 

and one (1) trip. This trip shall consist of inspection and check-out (dry/wet/electrical) and for 

start-up.  The Contractor will provide to the Equipment Manufacturer a minimum prior notice 

of three (3) weeks in order to schedule these services.   

3.3 EXTENDED FIELD SERVICES 

A. Veolia will provide remote performance support during the active equipment warranty phase, 

consisting of both incoming and outbound call support and regular reports to summarize 

performance observations and recommendations. This support will be provided through the 

Hubgrade digital service of Veolia. Support directly tied to warranty claims will not draw upon 

the Hubgrade support services. 

1. Treatment Performance Summary Report:      Quarterly 

2. Outbound Wellness Call:        Quarterly 

3. Process/Automation Support Bank (Inbound Calls):  12 



CAREY STATION URBAN WATER REUSE FACILITY CAREY STATION WRF, LLC  

0.5 MGD TO 1.5 MGD EXPANSION                                                         GREENE COUNTY, GA 

 

GOODWYN MILLS CAWOOD, LLC. DISC CLOTH TERTIARY FILTRATION 

GMC PROJECT NO. CAUG250007 46 61 23 – 10 of 17 

PART 4 - PROCESS PERFORMANCE GUARANTEE 

4.1 DEFINITIONS 

A. Supplier: Veolia 

B. Purchaser: Shall mean the party that has or will enter into a Contract or Purchase Order with 

Supplier for the purchase of the Equipment. 

C. System Stability: Is achieved when the Basis of Design conditions being met, the system 

appears to be acclimated to the water or wastewater that it is intended to treat, the System’s unit 

operations are treating the TSS being provided and appear to be functioning at acceptable 

operating conditions, and the System is being operated with proper pre-treatment, pre-

conditioning, or chemical conditioning as instructed by Supplier. 

D. System: The facility at which the Supplier’s Equipment is to be installed inclusive of upstream 

and downstream Equipment and appurtenances. 

E. Equipment: Equipment provided by the Supplier upon which the Process Guarantee applies. 

4.2 BASIS OF DESIGN 

A. Purchaser hereby agrees to and certifies the Basis of Design is as provided in Annex A. 

4.3 PROCESS GUARANTEE 

A. The Process Guarantee as defined in Annex B shall be conclusively and finally demonstrated 

through the successful completion of the Performance Test as described herein. 

B. Supplier’s obligation to comply with the Process Guarantee is strictly subject to and conditioned 

on the following criteria in effect during start up, operation and Performance Test periods: 

1. The influent is in compliance with the Basis of Design in accordance with Annex A 

(“Compliant Influent”). 

2. The operation of the System is in accordance with Supplier’s Operation and Maintenance 

manual and/or Supplier’s direction. 

3. Purchaser allowing Supplier access to the site and any and all data deemed relevant by 

Supplier and documentation for the facility and its operation. 

4. Remote access monitoring at Supplier’s discretion. 

5. All existing equipment and facilities of Purchaser are in good condition and free of 

defects. 

6. All chemical feed equipment not provided by Supplier shall provide appropriate amounts 

and kinds of chemicals, as recommended by Supplier, to achieve proper treatment and 

feed them in accordance with the Supplier’s instructions. 

7. System Stability is achieved as deemed by Supplier. 

C. A Performance Test Protocol shall be provided by Supplier at least 60 days before the start of 

feeding influent to the Equipment.  
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4.4 PERFORMANCE TEST 

A. Activities and responsibilities 

1. During start-up, operation and Performance Test periods, the Purchaser shall be 

responsible to provide trained, competent operators who will operate the facility in 

accordance with Supplier’s Operation and Maintenance manual and/or Supplier’s 

direction. 

2. Purchaser shall be responsible and bear all costs for collecting all samples, carrying out 

all laboratory analysis or other tests, and furnishing all necessary labor, laboratory 

equipment, and supplies. 

3. The Performance Test shall commence no later than 7 days after Supplier’s written notice 

to Purchaser that System Stability has been reached.  

4. The Performance test shall consist of one, 2-day performance test. 

5. If by one (1) month after the Equipment is ready to accept influent, the design flow and / 

or TSS is not available, the Performance Test may be conducted on as much wastewater 

flow and TSS as is available. 

6. This Performance Guarantee will be considered fully satisfied upon completion of the 

Performance Test demonstrating that the Equipment has delivered effluent as defined in 

Annex B. 

7. During the Performance Test, if operations are interrupted for the maintenance, repair or 

replacement of Equipment necessary to the Performance Test, the Equipment shall be 

repaired or replaced (at the cost of the party who is responsible for the damage) and only 

the remaining portion of the Performance Test will be completed. 

8. Upon successful completion of the Performance Test, Supplier shall execute and submit a 

performance test report and the Certificate of Performance Test Acceptance provided in 

Annex C to the Purchaser. The effective date for acceptance shall be the date the 

Performance Test was completed. 

B. Unavailability of compliant Influent or other obstacles to the Performance Test 

1. Non-Compliant Influent. Any change in the Basis of Design conditions provided in 

Annex A may have a negative impact on the performance of Supplier’s Equipment.  It is 

therefore agreed by the Parties that: (i) the Purchaser shall inform Supplier of any such 

changes in a timely manner in order to allow the Parties to assess any impact on the Basis 

of Design and/or the performance of Supplier’s Equipment; (ii) Supplier shall assess the 

consequences of such changes on the Performance Guarantee and/or Performance Test; 

and (iii) the parties shall meet to try to agree on any required revisions to the Performance 

Guarantee and/or Contract. 

2. If, after the commencement of the Performance Test, the Purchaser is unable to deliver 

Compliant Influent to the Equipment, the Supplier shall attempt to treat the Non-

Compliant Influent, while the Purchaser makes every effort to bring the Influent into 

compliance. Supplier shall assist Purchaser and use commercially reasonable efforts to 

adjust Equipment and/or operating and maintenance guidelines to optimize performance 

of the Equipment under the prevailing conditions. 

3. Despite the efforts described above, if after the commencement of the Performance Test, 

any daily Influent samples taken during such Test are Non-Compliant Influent, then that 

day’s results and any following days impacted will be excluded from the Performance 

Test’s final results and that day(s) will be considered passed. 

4. Disagreement over Compliant Influent.  Should the Parties disagree on whether the 

Influent is Compliant Influent or not, Supplier may take additional Influent and Effluent 

samples and conduct laboratory testing at a mutually agreed upon 3rd party laboratory, 

and as applicable, either the Performance Test will be delayed (if not yet commenced) or 
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the Performance Test will be rescheduled. The Contract Schedule and date of the 

Performance Test will be adjusted accordingly as provided in the applicable section of 

the Contract, until the results of such laboratory tests are issued. If the laboratory testing 

confirms the Influent is non-Compliant Influent, Purchaser shall reimburse Supplier for 

its costs and expenses. 

5. Should any of the Performance Test fail due to reasons not attributable to Supplier (other 

than non-compliant influent), at Purchaser's request, cost and expense, Supplier may 

agree to conduct a subsequent Performance Test. 

6. Should the Purchaser be unable or unwilling to conduct the Performance Test within 12 

months from delivery of Supplier’s Equipment, the Performance Test Period as defined 

herein, the requirement to conduct a Performance Test, and the Process Guarantee will be 

deemed met and Purchaser will execute the Certificate of Acceptance.  At Purchaser's 

request, cost and expense, Supplier may agree to extend the time period to conduct the 

Performance Test. 

C. Failure of the Performance Test due to Supplier 

1. Should the Performance Test fail due to reasons attributable to Supplier, Supplier will be 

given the opportunity and a reasonable time to adjust or modify the System in accordance 

with Supplier’s scope of supply, or to modify the operating protocols of the System, 

provided such operating protocols are in accordance with good engineering practices.  

Supplier shall be granted two (2) additional opportunities to successfully complete a 

Subsequent Performance Test. All such adjustments, modifications and additional testing 

shall be done at Supplier’s expense.  

2. In the event that the Equipment fails to meet the Process Guarantee following Supplier’s 

efforts as described in the preceding paragraph, Supplier’s sole obligation and 

Purchaser’s sole remedy shall be to replace or modify the Equipment, as Supplier deems 

appropriate to enable the Equipment to meet the Process Guarantee, subject to the 

limitation of liability set forth in the Contract. 

3. Supplier reserves the right to perform bench-scale demonstration testing to verify 

theoretical achievable performance. Demonstrated values will be used as the basis for 

revision to Performance Guarantee Criteria or process adjustments, including but not 

limited to adjustment in chemical type, location, and dose. 

4.5 Test Methods and Sampling Requirements 

A. The following Sampling and Analytical Parameters table provides the minimum parameters for 

sampling and analysis.  Supplier reserves the right to witness the sampling and testing and to 

take portions of the samples for analysis in its own laboratories. 

  

B. The publication, Standard Methods for Examination of Water and Wastewater, most recent 

edition, shall be used as the primary laboratory and analytical procedure source, unless 

otherwise agreed to by Supplier.  All other analyses, data reduction or tests not specified in that 

publication or otherwise specified shall be carried out using procedures furnished or approved 

by Supplier. 

 

C. In the case of continuous reading instrumentation, OWNER/CONTRACTOR shall calibrate 

instrumentation at least once per test period.  Calibration reports shall be available if requested 

by Supplier. 
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Sampling and Analytical Parameters 

Parameter Sample Type Frequency 

Plant Flow, Influent/Effluent, MGD N/A  Every 30 minutes / as 

needed to properly record 

TSS, Influent/Effluent, mg/L Composite  Every 24 hours 
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ANNEX A – BASIS OF DESIGN 

  

Purchaser hereby agrees to the Basis of Design as defined herein, confirms its accuracy and complete-

ness, and agrees that it shall serve as the basis for the Process Guarantee as provided in Annex B. 

I.        Compliant Influent Composition: 

Parameter Units Values 

Influent Source NA 

Secondary Clarification fol-

lowing Activated Sludge 

Flow, Peak Hour MGD (gpm) 2 (1,390) 

Flow, CLASS 1 MGD (gpm) NA 

Flow, Average Day  MGD (gpm) 1 (695) 

TSS, Peak Influent  mg/L 30 

TSS, Average Influent mg/L 10 

A.  Conditions and Clarifications: 

1. The wastewater shall contain sufficient alkalinity, either present in the water or by means 

of chemical addition by the Purchaser. 

2. The wastewater is biodegradable and does not contain any substance or element whose 

presence or concentration causes interference or inhibition, defined as: a substance that 

hinders the mechanisms of treatment; or whose treatment byproduct (sludge, dewatered 

liquor, etc.) is hazardous or otherwise requires additional cost for disposal; or may result 

in gases or vapors that pose a risk to system performance or human health; or that is 

corrosive, erosive, or abrasive; or which contains pollutants that obstruct the flow in the 

system.  Examples include solvents, lubricants, preservatives, quaternary ammonium 

compounds, fugitive polymers, oils, etc. 

 



CAREY STATION URBAN WATER REUSE FACILITY CAREY STATION WRF, LLC  

0.5 MGD TO 1.5 MGD EXPANSION                                                         GREENE COUNTY, GA 

 

GOODWYN MILLS CAWOOD, LLC. DISC CLOTH TERTIARY FILTRATION 

GMC PROJECT NO. CAUG250007 46 61 23 – 15 of 17 

 

ANNEX B – PROCESS GUARANTEE 

Supplier warrants and represents that during the Performance Test; the Equipment will produce effluent 

meeting the objectives listed in the table below: 

I.        Compliant Effluent Composition: 

EFFLUENT OBJECTIVES 

Monthly Average Effluent TSS, mg/L 5 

 

 A.    Conditions and Clarifications: 

1. Meeting the performance requirements is contingent on the upstream process providing 

influent to the filters with characteristics suitable for filtration, i.e., particles of sufficient 

size and strength to allow retention on the specified 10 um media surface. 

2. Effluent Monthly Average TSS ≤5 mg/L is based on average inlet conditions as defined 

herein.  

3. Effluent Alkalinity > 40 mg/L as CaCO3. 
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ANNEX C – CERTIFICATE OF PERFORMANCE TEST ACCEPTANCE 

The undersigned representative of Veolia hereby certifies that the Equipment has successfully completed 

the Performance Test on: 

 

 and as required by the Contract between Veolia and 

 

for the named project. 

System: Hydrotech Discfilter Filtration System 

Project: Carey Station WWTP 3rd Unit GA DFS 

Veolia  

Signed: 

 

Printed or Typed Name: 

 

Title: 

 

Date:   

 

ACCEPTANCE: 

Purchaser hereby agrees that the Equipment has successfully completed the Performance Test and the Pro-

cess Guarantee is discharged as of the completion date shown. 

Carey Station WWTP GA 3rd Unit DFS  

 

Signed: 
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Printed or Typed Name: 

 

Title: 

 

Date:  

 

END OF SECTION 46 61 23 
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May 9, 2024 
 
 
Mr. Graham Sizemore 
GMC 
801 Broad St # 900  
Augusta, GA 30901 
 
 
RE:  REPORT OF GEOTECHNICAL EXPLORATION 

CAREY STATION WATER REUSE FACILITY 
GREENSBORO, GEORGIA 
GMC PROJECT NO. GAUG230004 

 
 
Dear Mr. Sizemore, 
 
Goodwyn Mills Cawood, LLC (Geotechnical & Construction Services Division) is pleased to 
provide this report of geotechnical exploration performed for the above referenced project.  
This report includes the results of field and laboratory testing, general site preparation 
recommendations based on specific site conditions, and recommendations for foundation 
design.   
 
We appreciate the opportunity to perform this study on this phase of the project for you and 
look forward to continued participation during the construction phase of this project.  If you 
have any questions pertaining to this report, or if we may be of further service, please do not 
hesitate to contact us. 
 
 
Sincerely,  
GOODWYN MILLS CAWOOD, LLC 
 
 
 
 
Kevin W. Wales, PE     Michael J. McNeill, PE 
Executive Vice President    Vice President 
Licensed Georgia PE046948    Licensed Georgia PE045033 
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1.0 EXECUTIVE SUMMARY 

This summary report presents the results of our geotechnical investigation performed for the proposed Carey Station 
Water Reuse Facility improvements.  The proposed project is located at 4610 Carey Station Road in Greensboro, 
Greene County, Georgia. Our geotechnical scope of work for this project included conducting geotechnical 
fieldwork, associated engineering analysis, and providing a geotechnical engineering report.  The project is early in 
the design phase, and therefore there are no detailed structural information at the time of this report. Preliminary site 
grading plans were provided. 
 
This report provides recommendations for site preparation, foundations, and other geotechnical related conditions 
that might affect the proposed construction.  The following geotechnical considerations were identified during our 
investigation: 
 

• The subsurface conditions were explored by drilling a total of ten (10) soil test borings across the site to the 
planned depth of 25 to 45 feet below existing grade.  

• The surficial soils consisted of 1 to 4 inches of organic laden material (OLM). The subsurface conditions 
encountered generally consisted of medium to hard sandy to clayey SILT (ML). Standard Penetration Test 
(SPT) N-values ranged in these materials from 2 to 60 blows per foot (bpf). Partially Weathered Rock (PWR) 
was encountered at a depth of 28.5 feet below existing grade and in boring B-7 and 18.5 feet below existing 
grade in boring B-9. 

• Laboratory testing included grain size, Atterberg limits, and permeability.  
• Groundwater was not encountered in the borings at the time of drilling.     
• Based on the limited laboratory testing performed, most of the on-site material can be reused as compacted 

fill.  Silty soils are very moisture sensitive and require the moisture content to be at or near the optimum 
moisture content to achieve the required compaction. This may require moisture conditioning 
(wetting/drying) of the material, depending on the time of year site construction is occurring. 

• Seismic Site Class is “D” based on N-values from the borings.  
• Conventional shallow foundations may be utilized with a net allowable bearing capacity of 2,000 psf. If mat 

foundations are utilized, a modulus of subgrade reaction of 125 pci may be utilized.  A sliding coefficient of 
0.30 may be used for soil and concrete. 

 
The recommendations presented herein have been developed based on the subsurface conditions encountered 
during field investigation and our understanding of the proposed construction.  Should changes in the project criteria 
occur, a review must be carried out by GMC to determine if modifications to our recommendations will be required.   
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2.0 PROJECT INFORMATION AND SCOPE OF WORK 

2.1 Project Information 

A geotechnical exploration has been conducted for the proposed Carey Station Water Reuse Facility improvements.  
The proposed project is located at 4610 Carey Station Road in Greensboro, Greene County, Georgia.   
 
The proposed facility will include a 1.5 MG reject pond, EQ basin, sludge aerobic digester, clarifier, headworks, and 
influent pump station. At the time this report was prepared, we had not been provided with structural information for 
the proposed structures. 
 
2.2 Scope of Work 

The purpose of this exploration was to characterize the subsurface soil conditions at the site, and to provide the 
following: 
 

• A brief summary of our test procedures and the results of all field and laboratory testing. 
• A review of the site conditions and geologic setting. 
• A review of subsurface soil stratigraphy including the individual Boring Records, Subsurface Diagrams, and a 

Boring Location Plan. 
• Information regarding groundwater conditions. 
• General recommendations for site preparation, excavation considerations, preparation of existing soils for 

proposed construction activities, construction of compacted fills, foundation recommendations, and 
pavement recommendations. 

 
The scope of services for the geotechnical exploration did not include any environmental assessment for the 
presence or absence of wetlands or hazardous or toxic materials in the soil, surface water, groundwater, or air, on or 
below or around this site.  Any statements, if any, in this report or on the boring records regarding odors, colors, or 
unusual or suspicious items or conditions are strictly for the information of the client. 
 

3.0 FIELD EXPLORATION AND LABORATORY TESTING 

3.1 Existing Site Conditions 

At the time of our exploration, the site topography consisted of a hilly terrain.  The existing elevation of the lowest 
boring is 490 feet and the highest boring is 516 feet. The facility is currently comprised of an existing 0.5 MGD vertical 
loop reactor facility, a 1.5 MG reject pond, and a 1.5 MG reuse pond. The proposed construction areas consisted of 
woodlands surrounding the existing facility and grassed areas adjacent to existing structures at the facility. 
 
3.2 Site Geology 

Published geologic information indicates that the site is in the Piedmont physiographic unit.  The Piedmont is typically 
characterized by gently rolling topography and deeply weathered bedrock.  The subsurface conditions can consist 
of up to 70 feet of weathered residual soils (saprolites) underlain by metamorphic and igneous rocks consisting of 
granite, schist, and gneiss.   
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The subsurface bedrock in this region has undergone differing rates of weathering, which often produces a 
considerable variation in depth to competent rock over short horizontal distances.  It is also not unusual for lenses 
and large boulders of hard rock and zones of partially weathered rock to be present within the soil mantle above the 
general bedrock level.  The typical residual soil profile consists of clayey soils near the surface, where soil weathering 
is more advanced, underlain by sandy silts and silty sands, which often consist of saprolites (native soils which 
maintain the original fabric of the parent rock).   
 
Generally, the soil becomes harder with depth to the top of parent crystalline rock or “massive bedrock.”  This 
transitional zone is termed partially weathered rock (PWR).  PWR is defined for engineering purposes as material with 
standard penetration N-values of more than 100 blows per foot.  Weathering of the rock is influenced by joints, 
fractures, and less resistant rock types therefore, the profile of the PWR and hard rock is irregular.  It is not unusual to 
find boulders, lenses of hard rock, and zones of PWR within the soil mantle, above the general bedrock level. 
 
3.3 Field Exploration 

The site subsurface conditions were explored by drilling a total of ten (10) soil test borings across the site to depths 
of 25 to 45 feet below existing grade. Boring locations were selected by GMC and were staked in the field by GMC 
geotechnical personnel using handheld GPS equipment. The approximate boring locations can be found on the Boring 
Location Plan located in the Appendix. The ground surface elevations shown on the boring records were 
approximated from the provided topographic survey provided and should be considered approximate.  Field-testing 
employed by GMC was in general accordance with ASTM standards or generally accepted methods.   

 
The borings were performed using a drill rig equipped with a rotary head and hollow stem augers (HSA).  Soils were 
sampled using a two-inch outside diameter split barrel sampler driven with an automatic hammer.  Soil sampling and 
drilling was performed in general accordance with the procedures for “Standard Penetration Test (SPT) and Split-
Barrel Sampling of Soils” (ASTM D1586).  Shelby Tube samples were collected in selected borings. All samples were 
identified according to project number, boring number and depth, and were placed in polyethylene plastic wrapping 
to protect against moisture loss.   
 
3.4 Subsurface Conditions 

The descriptions given below are for materials that were encountered in the specific boring locations during the 
course of the fieldwork.  The subsurface descriptions contained herein are of a generalized nature to highlight the 
major soil stratification features and soil characteristics.  The boring records included in the Appendix should be 
reviewed for specific information as to specific boring locations.  The stratification shown on the boring records and 
subsurface profiles represent conditions only at the actual boring locations.  Variations may occur and should be 
expected between boring locations.  In addition, the stratifications represent the approximate boundary between 
subsurface materials, and the transition may be gradual.  The results of laboratory tests, consisting of natural moisture 
contents, grain size, and Atterberg limits performed on selected soil samples, are contained in the Appendix.   
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The following table summarizes the borings drilled: 
 

 
Surficial Materials  
The surficial soils consisted of 1 to 4 inches of organic laden material (OLM). 
 
Residual Soils  
The subsurface conditions encountered generally consisted of medium to hard sandy to clayey SILT (ML, ML-CL). 
Standard Penetration Test (SPT) N-values ranged in these materials from 2 to 60 blows per foot (bpf). 
 
Partially Weathered Rock  
Partially Weathered Rock (PWR) was encountered at a depth of 28.5 feet below existing grade and in boring B-7 and 
18.5 feet below existing grade in boring B-9. 
 
3.5 Groundwater Information 

Groundwater was not encountered in the borings at the time of drilling.  The borings were backfilled at the end of the 
drilling operations and 24-hour water level reading were not performed.  Groundwater levels may vary due to seasonal 
conditions and recent rainfall.   
 
3.6 Laboratory Analyses 

The laboratory-testing program included visual classification of all soil samples and laboratory testing of selected 
samples, which consisted of Atterberg limits, grain size analyses, permeability testing, and clay content.  The 

Structure Boring 

Proposed 
Bearing 

Elevation 
(feet) 

Approximate 
Ground 
Surface 

Elevation 
(feet) 

Auger Refusal 
Depth (feet 

below existing 
grade) 

Groundwater 
Depth/Approximate 

Elevation 
(feet) 

Reject Pond B-6 to B-9 486 490 to 500 N/A Not encountered 

EQ Basin B-1, B-2 492 510 to 513 N/A Not encountered 

Headworks/Pump 
Station 

B-3 507 / 493 514 N/A Not encountered 

Clarifier B-4 506 510 N/A Not encountered 

Sludge Aerobic 
Digester 

B-5 505 504 N/A Not encountered 

Chemical Storage 
Tank & Chemical 

Pump Room  
B-10 499 507 N/A Not Encountered 
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laboratory-testing program was conducted in general accordance with applicable ASTM standards and the results 
are summarized in the Appendix. The following table summarizes the laboratory testing: 
  

 

4.0 RECOMMENDATIONS 

4.1 General 

At the time of this report, we had not been provided with structural or grading information about the planned 
structures.  The following is a summary of our findings: 
 

• All structures will bear in native sandy and clayey silt (ML, ML-CL); therefore, no rock removal is anticipated.  
• Shelby tube samples were obtained at the proposed EQ basin and reject pond bottom elevations and were 

tested for permeability, clay content, and plasticity. The results of these tests, included in the Section 3.6 
Laboratory Analyses and in the Appendix, are representative for the bottom of the proposed ponds.  

 
4.2 Site Preparation 

Stripping 
Surface vegetation and deleterious materials in the planned construction area should be completely removed.  Based on 
our observations, we recommend 2 inches of stripping be budgeted to remove organics and root zones.  It should be 
noted that deeper depths of organics may be present in lower lying areas of the site or in drainage features. 
 
Proofrolling 
Once the subgrade elevation has been achieved, we recommend that the subgrade be proofrolled with a loaded dump 
truck to verify the existing subgrade soils are suitable for slab support.  Proofrolling consists of repeated passes with a 
loaded dump truck to locate areas of soft soil.  Areas that rut or pump excessively will indicate those soils that will 
need remediation. If the layer of soft/pumping soils is relatively thin, less than about 1 foot, an attempt can be made 
to scarify, moisture condition, and compact the materials.  Whether or not these soils will be problematic will be a 
function of prevailing weather conditions.  If the soils are wet and adequate drying conditions are not present, this 
may not be practical.  Deeper areas of soft/pumping soils should be removed until the thickness is such that the 
remaining material can be moisture conditioned and properly compacted.  We recommend a GMC geotechnical 
engineer or qualified soils’ technician observe the proofrolling operations. 
 
Due to the moisture-sensitive nature of possible silty soils at the subgrade level, additional undercutting and/or 
stabilization will likely be required if proper site maintenance, protection from surface water, and equipment traffic 
control are not implemented.  At the end of each day, the grading contractor should “weatherproof” exposed soil 

Structure Boring 
Sample 

Elevation 
(feet) 

USCS 
Classification 

Atterberg 
Limits 

Permeability 
(cm/sec) 

Fines 
Content 

(%) 

EQ Basin B-1 492-494 ML 
LL=38, PL=27, 

PI=11 
4.07 x 10-7 61.8 

Reject Pond B-7 477-479 SM 
LL=32, PL=27, 

PI=5 
8.73 x 10-7 44.8 
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subgrades, and provide positive drainage for surface water flow if inclement weather is expected.  The contractor 
should have water trucks available to wet subgrades exposed to prolonged dry periods. Twisting and turning of 
construction equipment over exposed soils, especially during and after rain events, should be avoided, or otherwise 
degradation of the prepared subgrade soils will occur. 
 
4.3 Excavation Considerations 

Site soils consists of silty sands and silts with very loose to very dense fine-grained materials.  It is our opinion that 
conventional earthmoving equipment in proper working condition should be capable of making necessary excavations 
for the project.  Some excavation of the materials onsite may require the use of a large dozer (D8 or larger) equipped with 
a single-shank ripper or a hydraulic ram.  Utility installations that require deeper excavation may encounter more resistant 
material that will likely require blasting or other means to efficiently remove the rock.   
 
4.4 Time of Year Site Preparation Considerations 

During periods of heavy rain, the near surface soils can become saturated and conditions of standing or ponding water 
at the ground surface can occur.  The near-surface soils are deemed to be moisture sensitive and may lose their 
strength properties if exposed to excessive moisture.  The time of the year that the sitework begins can affect the 
project considerably.  In this area, the “wet season” is generally between the months of May and August, and the “dry 
season” from September to April.  There are many considerations that need to be addressed prior to bidding a project 
that could affect the budget based on the time of year a project starts earthwork activities.  The time of the year that 
the geotechnical borings were performed can provide a false sense of actual near surface conditions depending on 
the time of year and weather conditions.  Below are considerations that should be addressed based on the time of 
the year earthwork is started. 
 
“Wet” Season 
During the wet season, the amount of undercutting may be greater, therefore resulting in greater excavation costs.  
The soils are typically proofrolled to determine their suitability for the placement of new fill or subgrade support.  
During the wet season, the surface soils have a higher moisture content and will tend to pump, therefore, hindering 
the placement of new fill.  In addition, the drying time, time period between rain events, and temperature is not 
conducive to scarify soils, allow drying, and recompacting.  At this time, the decision should be made to try either 
scarify/dry/compact the in-place soils, which could take time, or undercut and replace with suitable material, which 
could increase the sitework costs.  Based on our experience, the amount of undercut could be 2 to 3 feet more (or 
greater in localized areas), whereas in drier weather, lesser amounts of undercutting may be necessary, if 
recompaction or stabilization of soils left in place can be achieved.  Some undercut soils are not always “unsuitable” 
soil and can be moisture conditioned and reused as fill, if drying conditions are favorable. 
 
The site contractor shall be responsible for maintaining a firm, unyielding and stable subgrade condition.  Should the 
near surface soils become wet, the contractor should be prepared to mitigate these conditions by repeated aeration 
and exposure to sunlight or by admixture treatment.   
 
“Dry” Season 
During the dry season, the surface soils have a lower moisture content and will tend to “bridge” or “crust” softer 
underlying soils.  They will generally allow the placement of new fill, but the crust can break down if repeated passes 
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with heavily loaded equipment is persistent.  In addition, new fill from cuts or other sources may need to be moisture 
conditioned prior to compaction.  The soils can dry significantly, requiring the addition of water for proper 
compaction.  Water trucks should be used, as required, by the contractor to condition the soils within the required 
specifications.   
 
4.5 Fill Placement 

Fill material beneath buildings/structures and pavements should meet the following characteristics: 
 

Property Requirement 
Liquid Limit (LL) and Plasticity Index (PI) LL < 50 and PI ≤ 25 

Maximum Dry Density (ASTM D-698) > 95 pcf 
Maximum Particle Size 3 inches or less 

Organic Matter ≤ 5% 

Fill Loose Lift Thickness 
8 inches or less 

(4 inches of less for walk-behind compaction equipment) 
 
The following table summarizes the compacted fill requirements: 
 

Location Test Method 
Compaction 

Required 
(minimum) 

Moisture Content 

Upper 18 inches 
below pavements 

ASTM D698 98% -3% to +3% of optimum moisture 

Building Areas and 5 
feet beyond 

perimeter 
ASTM D698 98% -3% to +3% of optimum moisture 

All other areas ASTM D698 95% -3% to +3% of optimum moisture 

 
On site soils classified as ML and ML-CL should be suitable for use as compacted fill.  Any zones of debris or highly 
organic material should be segregated and not utilized as structural fill.  Samples of the proposed fill materials should 
be provided to the geotechnical engineer for testing and evaluation prior to placement.  Density tests should be 
performed to document compaction and moisture content of any earthwork involving soils and other applicable 
materials.  Density tests should be performed frequently, with a recommended minimum of one test per 5,000 square 
feet per lift of fill.  
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5.0 FOUNDATIONS 

5.1 Shallow Foundations 

If the site preparation recommendations in Section 4 are followed, the proposed structures can be supported on shallow 
foundations.  The foundations should: 
 

• Structures may be sized using a net allowable soil bearing pressure of 2,000 pounds per square foot (psf).  If mat 
foundations are utilized, a modulus of subgrade reaction of 125 pci may be utilized.  A sliding coefficient of 0.30 
may be used for soil and concrete. 

• Total settlements of foundations due to loads are expected to be approximately 1-inch, with differential 
settlements of about ½-inch.   

• Be founded a minimum of 24 inches below exterior adjacent grade in densified existing soils or newly placed fill 
(based on sitework recommendations). 

• Even though computed footing dimensions may be less, column footings and continuous footings should have 
minimum dimensions of 24 inches and 18 inches, respectively.  This allows for hand cleaning of materials 
disturbed during the excavation process and reduces the potential for punching shear failure.  

 
The geotechnical engineer or his representative should observe all foundation excavations, prior to concrete 
placement.  The engineer can provide geotechnical guidance to the owner’s design team should any unforeseen 
foundation problems develop during construction.  If any areas of foundation surfaces prove to be unsuitable, the 
foundation should be over-excavated.     
 
The condition of the soils at the planned bearing elevations for each structure may vary, depending on the planned final 
subgrade elevation.  If required by field conditions and directed by the geotechnical engineer, we recommend that an 
allowance be included in the budget to over-excavate footing excavations through existing loose soils where present.  
The over-excavated area can be backfilled with “lean” concrete, controlled low strength material (CLSM) with minimum 
28-day strength of 1500 psi, or compacted well-graded crushed stone up to the planned foundation bearing depth.   
 
Foundation concrete should be placed the same day they are excavated so that disturbance of the foundation bearing 
soils can be reduced.  Foundation bearing surfaces should not be disturbed or left exposed during inclement weather.  
Saturation of the on-site soils can cause a loss of strength and increased compressibility.  Excavations for footings 
should be hand cleaned to remove any loose soil or mud from the foundation bearing surface.  If construction occurs 
during inclement weather and concreting is not possible immediately after excavation, we recommend that a thin 
layer (approximately 2 inches) of lean concrete or flowable fill be placed on the bearing surface for protection after 
we have observed and evaluated the exposed bearing surfaces. 
 
5.2 Floor (Mat) Slabs 

Provided that the recommendations above are followed, we recommend a modulus of subgrade reaction, ks, of 125 
pounds per cubic inch (pci) be utilized in the design.  We recommend that an effective vapor barrier should be used 
to reduce slab dampness due to soil moisture.  We note that penetrations of the vapor barrier by construction staking 
and traffic should be kept to a minimum as they will greatly reduce the barrier effectiveness.  We recommend that 
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slabs (and mat foundations) be supported on a minimum of 4 inches of crushed aggregate or sand compacted to at 
least 98% of standard Proctor maximum dry density. 
 
Slab subgrades are often disturbed between completion of grading and slab construction due to weather, footing, 
and utility line installation, and other construction activities. For this reason, we recommend that slab subgrades be 
evaluated by a Geotechnical Engineer prior to slab construction.  This can be accomplished by proofrolling with heavy 
rubber-tired construction equipment. Areas determined by the Geotechnical Engineer to be unsatisfactory for slab 
support should be undercut to stable materials and replaced with properly compacted structural fill. 
Care should be taken so that fines from the subgrade are not allowed to contaminate the granular layer.  If fines do 
contaminate this layer, capillary rise and subsequent damage to moisture sensitive floor coverings could occur.  On 
most projects, there is some time lag between initial grading and the time when the contractor is ready to place 
concrete for the slab-on-grade. Inclement weather just prior to placement of concrete for the slab-on-grade can 
result in trapped water in the granular layer. 
 
5.3 Seismic Site Classification 

Subsurface information (SPT and soil classification) from the borings, published geologic information, and our 
experience was used to estimate the seismic site classification according to methods in the 2021 International Building 
Code.  Based upon this information, we recommend a Seismic Class of D (Stiff Soil) for this site.  Based on our 
understanding of the project, we have assumed a Risk Category of III.  If the Risk Category is different, the values below 
may need to be revised.   According to the ASCE 7/SEI 7-16 hazard standard information, the site has mapped 0.2 
second spectral response acceleration (SS) of approximately 0.224g and a mapped 1.0 second spectral response 
acceleration (S1) of approximately 0.085g. 
 
Using this information, Site Class D and Risk Category IV, the site coefficients Fa and Fv have been determined to be 
1.6 and 2.4, respectively.  The design spectral response accelerations SDS and SD1 were 0.239g and 0.136g, respectively.   
 
5.4 Below Grade Walls 

Below grade walls must be designed to resist the lateral earth pressures that will be induced by the weight of the 
backfill materials, hydrostatic pressures on the walls, and any adjacent slab or foundation surcharge loads exerted on 
the walls.  It is recommended that the walls be supported as outlined above and backfilled with a free draining material 
such as crushed stone/gravel or clean sand (less than 10% passing a No. 200 sieve).  A drainage system should be 
provided near or at the base of the walls to collect and remove groundwater or seepage and to prevent buildup 
of hydrostatic pressures.   
 
Walls that support buildings or otherwise need to have little horizontal movement at the top should be designed for 
"at rest" earth pressure conditions.  Walls that are free to deflect should be designed for "active" earth pressure 
conditions.  The "passive" earth pressure state should be used for soils supporting the retaining structure, such as toe 
backfill.   
 
Relatively free-draining crushed stone/gravel or sand should be used as backfill.  Samples of all backfill material should 
be evaluated for use as backfill.  The design values and recommendations presented above assume that the backfill 
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behind the wall will be horizontal with no surcharge loads and that a permanent drainage system will be installed 
behind the retaining wall to prevent the development of hydrostatic pressures.   
 
Fine-grained soils (CL, CH, ML, and MH) will not be acceptable to be used as backfill directly behind the walls.  
Using a select material can significantly reduce the horizontal loads on the wall as well as improve the effectiveness 
of the wall drainage system.  The noted backfill should extend from the wall and upward from the top of the footing 
on a line 30 degrees from the vertical.   
 
The below requirements are for lift stations or structures that are not designed to withstand hydrostatic pressures up 
to the top of the structure.  Structures that are designed to withstand hydrostatic pressures up to the ground surface 
should follow the requirements of Section 4.5 Fill Placement for material and compaction requirements.  It is the 
responsibility of the Contractor to ensure safe excavations are maintained during construction.   
 
The table below presents recommended values of earth pressure coefficients for the select backfill materials:  
 

Soil Parameter 
Backfill Type 

SM, SC SP, SW GW, GP 

Soil Unit Weight (pcf) 120 125 130 

Buoyant unit Weight (pcf) 58 63 68 

Angle of Internal Friction, Ф, deg 32 34 38 

At rest Pressure Coefficient, Ko 0.47 0.44 0.38 

Active Pressure Coefficient, Ka 0.31 0.28 0.24 

Passive Pressure Coefficient, Kp 3.25 3.54 4.20 

Coefficient of Friction, tan Ф 0.62 0.67 0.78 

At-rest Equivalent Fluid Pressure, pcf 
(Above GWT, below GWT) 

56 55 50 

89 90 88 

Active Equivalent Fluid Pressure, pcf 
(Above GWT, below GWT) 

37 35 31 

80 80 78 

Passive Equivalent Fluid Pressure, pcf 
(Above GWT, below GWT) 

391 442 546 

251 285 348 

GWT - Ground Water Table 
 
For analysis of sliding resistance of the base of the retaining walls, the ultimate coefficient of friction may be taken as 
0.30 between concrete and firm soil. 
 
Compaction of backfill behind walls should be performed by appropriate manual equipment.  The wall should be 
properly braced and heavy equipment should not be allowed behind the wall.  No equipment or construction loads 
should be allowed within 10 feet of retaining walls or half the distance of the freestanding wall-height.  This will help 



   

  

Carey Station Water Reuse Facility May 9, 2024 
GMC Project No. GGRE230004 Page 11 of 12 

prevent any surcharge loads from adding lateral earth pressures above that previously recommended to the retaining 
wall. 
 
Below grade walls should be braced during any backfilling operations and monitored for movement.  If the footing 
construction precedes the subgrade preparation, then the footings should either be embedded below the subgrade 
a sufficient distance to achieve the required horizontal component or the footing should include a shear key to 
prevent movement.  
 
5.5 Backfilling of Utility Trenches 

Backfilling of storm drain and utility trenches must be performed in a controlled manner to reduce settlement of the 
fill and cracking of overlying floor slabs and pavements.  We recommend that utility trenches be backfilled with 
acceptable borrow or dense-graded crushed stone in 4-inch loose lifts compacted with mechanical piston tampers 
to the project requirements.  Should seepage occur in utility trenches, it may be necessary to “floor” the trench with 
dense-graded gravel.  Open-graded crushed stone such as #57 can serve as a channel for seepage toward structures 
and therefore is not recommended for use as general utility trench backfill. 
 
5.6 Slopes 

We recommend that once the site grades have been established, any cut or fill slope should be evaluated for 
stability.  Permanent cut and fill slopes should have a maximum slope orientation no steeper than 3(H):1(V).  The 
recommended fill slope orientation is dependent on the fill being placed in accordance with the structural fill section 
of this report.  If fill slopes will be placed above soft or loose soils, the slope stability should be evaluated to check 
whether geotextile reinforcement will be required to provide stable slopes.  The slopes will experience erosion if 
runoff is not controlled.  Runoff from above must be channeled to cross the slope in paved ditch sections or flumes 
and not allowed to flow down the face. 
 
The foundation soils should be free of loose or compressive soils that can consolidate under the added load of the 
embankment.  The Geotechnical Engineer or his designated representative should evaluate the suitability of exposed 
foundation soils. 
 
Where a new embankment is placed against an existing steep slope (steeper than 5H:1V), the existing slope should be 
benched to provide good contact and prevent the formation of weak zones.  The benching should commence at the 
toe of the proposed slopes and commence upwards as fill is placed. Inadequate benching could result in creep and 
perhaps slope failures.  Benches should be at least 10 feet wide. 
 
5.7 Subgrade Restoration 

Typically, due to the movement of heavy equipment and weather conditions, the subgrade soil can become disturbed 
during construction.  As a result, these soils have a tendency to lose shear strength and support capability.  Therefore, 
additional effort on the Contractor’s part will be required to reduce traffic and limit disturbance of soils.  It is essential that 
the subgrade be restored to a properly compacted condition based on optimum moisture and density.  
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5.8 Drainage Considerations 

Adequate drainage should be provided at the site to reduce possible increased moisture content of the foundation 
soils.  We recommend that driveway areas, walkways, and the ground surface be sloped away from the structures on 
all sides.  Roof drainage should be collected by gutters and downspouts and transmitted by pipe to the storm water 
drainage system or discharge a minimum of 5 feet away from the building.   
 

6.0 REPORT LIMITATIONS 

The recommendations submitted are based on the available soil information obtained by GMC and design details 
furnished by GMC for the proposed project.  If there are any revisions to the plans for this project or if deviations from 
the subsurface conditions noted in this report are encountered during construction, we should be notified 
immediately to determine if changes in the foundation, or other, recommendations are required.  If GMC is not 
retained to perform these functions, GMC cannot be responsible for the impact of those conditions on the 
performance of the project. 
 
The findings, recommendations, specifications, or professional advice contained herein have been made in 
accordance with generally accepted professional geotechnical engineering practices in the local area.  No other 
warranties are implied or expressed.  
 
After the plans are more complete, the geotechnical engineer should be provided the opportunity to review the 
design plans to check that our engineering recommendations have been properly incorporated into the design 
documents.  At that time, it may be necessary to submit supplementary recommendations.  
 
We emphasize that this report was prepared for design and informational purposes only and may not be sufficient to 
prepare an accurate construction budget.  Contractors reviewing this report should acknowledge that the information 
and recommendations contained herein are for design and informational purposes only.  A more comprehensive 
exploration and testing program would be required to assist the contractor in preparing the final building pad 
preparation, grading, and foundation construction budgets.  In no case should this report be utilized as a substitute for 
development of earthwork specifications. 
 
The information contained in this report is not intended, nor is sufficient, to aid in the design of segmental or 
mechanically stabilized earth (MSE) retaining walls.  Segmental or MSE wall designers and builders should not rely on 
this report and should perform independent analysis to determine all necessary soil characteristics for use in their 
wall design, including but not limited to, soil shear strengths, bearing capacities, global stability, etc. 
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Organic Laden Material (OLM) - 3 inches
SILT (ML), brown, medium to very stiff
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Organic Laden Material (OLM)- 3 inches
SILTY CLAY (ML-CL), red, very soft

SANDY SILT (ML), light brown, medium to stiff

, light brown and gray

Boring was terminated at 35.0 feet.
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Organic Laden Material (OLM)- 3 inches
SILTY CLAY (ML-CL), red, very soft

SANDY SILT (ML), brown, medium to hard

, light brown and gray

Boring was terminated at 45.0 feet.
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Organic Laden Material (OLM)- 2 inches
SILTY CLAY (ML-CL), red, medium to stiff

SANDY SILT (ML), brown, medium to hard

Boring was terminated at 25.0 feet.
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Organic Laden Material (OLM)- 1 inch
SANDY SILT (ML), red, medium to hard

, brown and light brown

Boring was terminated at 25.0 feet.
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CHECKED BY K. Wales

DATE STARTED 2/20/24 COMPLETED 2/20/24
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BORING NUMBER B-05

CLIENT Piedmont Water Company

PROJECT NUMBER GAUG230004

PROJECT NAME Carey Station Water Reuse Facility

PROJECT LOCATION Greensboro, Georgia
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Organic Laden Material (OLM)- 3 inches
SILTY CLAY (ML-CL), red, medium to stiff

SANDY SILT (ML), light brown, stiff to very stiff

Boring was terminated at 35.0 feet.
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NOTES

GROUND ELEVATION 500 ft

LOGGED BY S. Nickerson

DRILLING METHOD CME 550 ATV, Auto-Hammer, HSA w/ SPT AT TIME OF DRILLING Not Encountered

AT END OF DRILLING ---

AFTER DRILLING ---

HOLE SIZE 3.25"

DRILLING CONTRACTOR Premier Drilling GROUND WATER LEVELS:

CHECKED BY K. Wales

DATE STARTED 2/20/24 COMPLETED 2/20/24
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BORING NUMBER B-06

CLIENT Piedmont Water Company

PROJECT NUMBER GAUG230004

PROJECT NAME Carey Station Water Reuse Facility

PROJECT LOCATION Greensboro, Georgia
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55

Organic Laden Material (OLM)- 4 inches
SILTY CLAY (ML-CL), red, medium to stiff

SANDY SILT (ML), light brown, stiff to very stiff

SILTY SAND (SM), gray, medium

PARTIALLY WEATHERED ROCK - Sampled as
POORLY GRADED SAND with SILT (SP-SM), gray,
very dense

Boring was terminated at 35.0 feet.
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NOTES

GROUND ELEVATION 500 ft

LOGGED BY S. Nickerson

DRILLING METHOD CME 550 ATV, Auto-Hammer, HSA w/ SPT AT TIME OF DRILLING Not Encountered

AT END OF DRILLING ---

AFTER DRILLING ---

HOLE SIZE 3.25"

DRILLING CONTRACTOR Premier Drilling GROUND WATER LEVELS:

CHECKED BY K. Wales

DATE STARTED 2/20/24 COMPLETED 2/20/24
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BORING NUMBER B-07

CLIENT Piedmont Water Company

PROJECT NUMBER GAUG230004

PROJECT NAME Carey Station Water Reuse Facility

PROJECT LOCATION Greensboro, Georgia
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Organic Laden Material (OLM)- 3 inches
SANDY SILT (ML), brown, medium to very stiff

, light brown, stiff to hard

Boring was terminated at 35.0 feet.
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NOTES

GROUND ELEVATION 497 ft

LOGGED BY S. Nickerson

DRILLING METHOD CME 550 ATV, Auto-Hammer, HSA w/ SPT AT TIME OF DRILLING Not Encountered

AT END OF DRILLING ---

AFTER DRILLING ---

HOLE SIZE 3.25"

DRILLING CONTRACTOR Premier Drilling GROUND WATER LEVELS:

CHECKED BY K. Wales

DATE STARTED 2/20/24 COMPLETED 2/20/24
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BORING NUMBER B-08

CLIENT Piedmont Water Company

PROJECT NUMBER GAUG230004

PROJECT NAME Carey Station Water Reuse Facility

PROJECT LOCATION Greensboro, Georgia
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Organic Laden Material (OLM)- 4 inches
SANDY SILT (ML), light brown, soft to hard

PARTIALLY WEATHERED ROCK - Sampled as
POORLY GRADED SAND with SILT (SP-SM), light
brown, very dense

Boring was terminated at 35.0 feet.
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NOTES

GROUND ELEVATION 490 ft

LOGGED BY S. Nickerson

DRILLING METHOD CME 550 ATV, Auto-Hammer, HSA w/ SPT AT TIME OF DRILLING Not Encountered

AT END OF DRILLING ---

AFTER DRILLING ---

HOLE SIZE 3.25"

DRILLING CONTRACTOR Premier Drilling GROUND WATER LEVELS:

CHECKED BY K. Wales

DATE STARTED 2/20/24 COMPLETED 2/20/24
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BORING NUMBER B-09

CLIENT Piedmont Water Company

PROJECT NUMBER GAUG230004

PROJECT NAME Carey Station Water Reuse Facility

PROJECT LOCATION Greensboro, Georgia
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Organic Laden Material (OLM)- 2 inches
SANDY SILT (ML), brown, medium to very stiff

, light brown

Boring was terminated at 25.0 feet.
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NOTES

GROUND ELEVATION 507 ft

LOGGED BY S. Nickerson

DRILLING METHOD CME 550 ATV, Auto-Hammer, HSA w/ SPT AT TIME OF DRILLING Not Encountered

AT END OF DRILLING ---

AFTER DRILLING ---

HOLE SIZE 3.25"

DRILLING CONTRACTOR Premier Drilling GROUND WATER LEVELS:

CHECKED BY K. Wales

DATE STARTED 2/20/24 COMPLETED 2/20/24
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BORING NUMBER B-10

CLIENT Piedmont Water Company

PROJECT NUMBER GAUG230004

PROJECT NAME Carey Station Water Reuse Facility

PROJECT LOCATION Greensboro, Georgia
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Project :
Date: P-1
Project No. :
Boring No.: ap = 0.031416 cm2

 Equilibrium 1.6 cm3

Sample: aa = 0.767120 cm2 Pipet Rp 18.2 cm3

Depth (ft): M1 = 0.030180 C = 0.0004653 Annulus Ra 0.9 cm3

Other Location: M2 = 1.040953 T = 0.0602682
Material Description :

SAMPLE DATA

Wet Wt. sample + ring or tare : 634.51 g
Tare or ring  Wt. : 0.0 g Before Test After Test
Wet Wt: of Sample : 634.51 g Tare No.: TTYL Tare No.: X
Diameter : 2.81 in 7.14 cm2 Wet Wt.+tare: 113.61 Wet Wt.+tare: 303.66
Length : 3.06 in 7.77 cm Dry Wt.+tare: 103.84 Dry Wt.+tare: 251.29
Area: 6.20 in^2 40.01 cm2 Tare Wt: 52.51 Tare Wt: 0.00
Volume : 18.98 in^3 310.97 cm3 Dry Wt.: 51.33 Dry Wt.: 251.29
Unit Wt.(wet): 127.32 pcf 2.04 g/cm^3 Water Wt.: 9.77 Water Wt.: 52.37
Unit Wt.(dry): 106.96 pcf 1.71 g/cm^3 % moist.: 19.0 % moist.: 20.8

2.70 OMC =
% of max = +/- OMC =

Calculated % saturation: 97.71    Void ratio (e)   = 0.58 Porosity (n)= 0.37

55.00 50.00 5.00 psi

TEST READINGS
17.3 cm 28.00

Date elapsed t Z DZp temp a k k
(seconds) (pipet @ t) (cm ) (deg C) (temp corr) (cm/sec) (ft./day) Reset = *

3/4/2024 120 16.3 1.892485 21 0.977 4.59E-07 1.30E-03
3/4/2024 240 15 3.192485 21 0.977 4.05E-07 1.15E-03
3/4/2024 360 14 4.192485 21 0.977 3.68E-07 1.04E-03
3/4/2024 480 12.5 5.692485 21 0.977 3.98E-07 1.13E-03

SUMMARY
 ka = 4.07E-07 cm/sec Acceptance criteria = 50 %

ki Vm
k1 = 4.59E-07 cm/sec 12.6 % Vm = | ka-ki | x 100
k2 = 4.05E-07 cm/sec 0.6 % ka
k3 = 3.68E-07 cm/sec 9.7 %
k4 = 3.98E-07 cm/sec 2.3 %

Hydraulic conductivity k = 4.07E-07 cm/sec 1.15E-03 ft/day
Void Ratio e = 0.58
Porosity n = 0.37
Bulk Density g = 2.04 g/cm3 127.3 pcf
Water Content W = 0.33 cm3/cm3 (  at 20 deg C)
Intrinsic Permeability kint = 4.17E-12 cm2 (  at 20 deg C)

Note: The above value is Effective Confining Pressure

Z1(Mercury Height Difference @ t1):

Goodwin Mills- Laboratory Testing

B-001
N/A

 Max Dry Density(pcf) =

Set Mercury to
Pipet Rp at
beginning

Test Pressures During Hydraulic Conductivity Test
Cell Pressure (psi) = Confining Pressure =

HYDRAULIC CONDUCTIVITY DETERMINATION

Panel Number :
Permometer Data

FLEXIBLE WALL PERMEAMETER - CONSTANT VOLUME
(Mercury  Permometer Test)

Hydraulic Gradient  =

16.0-18.0
Tube

Sandy Silt

Assumed Specific Gravity:

3/28/2024
EN231257

Back Pressure (psi) =



Terracon Consultants, Inc.
3/28/24

(no specification provided)

PL= LL= PI=

D90= D85= D60=
D50= D30= D15=
D10= Cu= Cc=

USCS= AASHTO=

*

sandy silt
#10
#20
#40
#60

#100
#140
#200

0.0310 mm.
0.0200 mm.
0.0117 mm.
0.0084 mm.
0.0060 mm.
0.0030 mm.
0.0013 mm.

100.0
95.8
88.2
80.1
71.5
69.1
61.8
56.8
51.8
46.8
41.9
38.9
33.0
25.8

27 38 11

0.4902 0.3365 0.0669
0.0163 0.0021

ML A-6(6)

F.M.=0.55

Goodwyn Mills Cawood
Goodwyn Mills-Laboratory Testing

EN231257

Soil Description

Atterberg Limits

Coefficients

Classification

Remarks

Source of Sample: Goodwyn Mills Testing Depth: 16.0-18.0 ft
Sample Number: B-001 Date:

Client:
Project:

Project No:

SIEVE PERCENT SPEC.* PASS?
SIZE FINER PERCENT (X=NO)
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Project :
Date: P-1
Project No. :
Boring No.: ap = 0.031416 cm2

 Equilibrium 1.6 cm3

Sample: aa = 0.767120 cm2 Pipet Rp 10.4 cm3

Depth (ft): M1 = 0.030180 C = 0.0002343 Annulus Ra 1.2 cm3

Other Location: M2 = 1.040953 T = 0.1131416
Material Description :

SAMPLE DATA

Wet Wt. sample + ring or tare : 351.30 g
Tare or ring  Wt. : 0.0 g Before Test After Test
Wet Wt: of Sample : 351.30 g Tare No.: CH4 Tare No.: X
Diameter : 2.89 in 7.34 cm2 Wet Wt.+tare: 268.45 Wet Wt.+tare: 199.87
Length : 1.63 in 4.14 cm Dry Wt.+tare: 248.89 Dry Wt.+tare: 169.99
Area: 6.56 in^2 42.32 cm2 Tare Wt: 52.70 Tare Wt: 0.00
Volume : 10.69 in^3 175.22 cm3 Dry Wt.: 196.19 Dry Wt.: 169.99
Unit Wt.(wet): 125.11 pcf 2.00 g/cm^3 Water Wt.: 19.56 Water Wt.: 29.88
Unit Wt.(dry): 113.77 pcf 1.82 g/cm^3 % moist.: 10.0 % moist.: 17.6

2.70 OMC =
% of max = +/- OMC =

Calculated % saturation: 98.54    Void ratio (e)   = 0.48 Porosity (n)= 0.33

55.00 50.00 5.00 psi

TEST READINGS
9.2 cm 28.00

Date elapsed t Z DZp temp a k k
(seconds) (pipet @ t) (cm ) (deg C) (temp corr) (cm/sec) (ft./day) Reset = *

3/4/2024 30 9.3 1.138481 21 0.977 1.05E-06 2.98E-03
3/4/2024 60 8.8 1.638481 21 0.977 7.82E-07 2.22E-03
3/4/2024 90 8 2.438481 21 0.977 8.21E-07 2.33E-03
3/4/2024 120 7.3 3.138481 21 0.977 8.37E-07 2.37E-03

SUMMARY
 ka = 8.73E-07 cm/sec Acceptance criteria = 50 %

ki Vm
k1 = 1.05E-06 cm/sec 20.5 % Vm = | ka-ki | x 100
k2 = 7.82E-07 cm/sec 10.4 % ka
k3 = 8.21E-07 cm/sec 6.0 %
k4 = 8.37E-07 cm/sec 4.2 %

Hydraulic conductivity k = 8.73E-07 cm/sec 2.47E-03 ft/day
Void Ratio e = 0.48
Porosity n = 0.33
Bulk Density g = 2.00 g/cm3 125.1 pcf
Water Content W = 0.18 cm3/cm3 (  at 20 deg C)
Intrinsic Permeability kint = 8.94E-12 cm2 (  at 20 deg C)

Note: The above value is Effective Confining Pressure

Z1(Mercury Height Difference @ t1):

Goodwin Mills- Laboratory Testing

B-007
N/A

 Max Dry Density(pcf) =

Set Mercury to
Pipet Rp at
beginning

Test Pressures During Hydraulic Conductivity Test
Cell Pressure (psi) = Confining Pressure =

HYDRAULIC CONDUCTIVITY DETERMINATION

Panel Number :
Permometer Data

FLEXIBLE WALL PERMEAMETER - CONSTANT VOLUME
(Mercury  Permometer Test)

Hydraulic Gradient  =

21.0-23.0
Tube

Silty Sand

Assumed Specific Gravity:

3/28/2024
EN231257

Back Pressure (psi) =



Terracon Consultants, Inc.
3/28/24

(no specification provided)

PL= LL= PI=

D90= D85= D60=
D50= D30= D15=
D10= Cu= Cc=

USCS= AASHTO=

*

silty sand
#10
#20
#40
#60

#100
#140
#200

0.0334 mm.
0.0214 mm.
0.0127 mm.
0.0090 mm.
0.0064 mm.
0.0032 mm.
0.0014 mm.

100.0
88.1
74.8
65.7
56.6
55.8
44.8
35.0
31.0
23.0
21.1
17.0
11.1

6.9

27 32 5

0.9513 0.7209 0.1932
0.0868 0.0201 0.0054
0.0026 73.85 0.80

SM A-4(0)

F.M.=1.00

Goodwyn Mills Cawood
Goodwyn Mills-Laboratory Testing

EN231257

Soil Description

Atterberg Limits

Coefficients

Classification

Remarks

Source of Sample: Goodwyn Mills Testing Depth: 21.0-23.0 ft
Sample Number: B-007 Date:

Client:
Project:

Project No:
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FIELD TEST PROCEDURES 
 

General 

The general field procedures employed by Goodwyn Mills Cawood, LLC (GMC), are summarized in the 

American Society for Testing and Materials (ASTM) Standard D420 which is entitled "Investigating and 

Sampling Soil and Rock".  This recommended practice lists recognized methods for determining soil and rock 

distribution and groundwater conditions.  These methods include geophysical and in-situ methods as well as 

borings. 

 

The detailed collection methods used during this exploration are presented in the following paragraphs. 

 

Standard Drilling Techniques 

General:  To obtain subsurface samples, borings are drilled using one of several alternate techniques 

depending upon the subsurface conditions.  These techniques are as follows: 
 

In Soils: 

 a) Continuous hollow stem augers. 

 b) Rotary borings using roller cone bits or drag bits, and water or drilling mud to flush the hole. 

 c) "Hand" augers. 
 

In Rock: 

 a) Core drilling with diamond-faced, double or triple tube core barrels. 

 b) Core boring with roller cone bits. 

 

Hollow Stem Auger:  A hollow stem augers consists of a hollow steel tube with a continuous exterior spiral 

flange termed a flight.  The auger is turned into the ground, returning the cuttings along the flights.  The hollow 

center permits a variety of sampling and testing tools to be used without removing the auger. 

 

Rotary Borings:  Rotary drilling involves the use of roller cone or drag type drill bits attached to the end of drill 

rods.  A flushing medium, normally water or bentonite slurry, is pumped through the rods to clear the cuttings 

from the bit face and flush them to the surface.  Casing is sometimes set behind the advancing bit to prevent 

the hole from collapsing and to restrict the penetration of the drilling fluid into the surrounding soils.  Cuttings 

returned to the surface by the drilling fluid are typically collected in a settling tank, to allow the fluid to be 

recirculated. 

 

Hand Auger Boring:  Hand auger borings are advanced by manually twisting a 4” diameter steel bucket auger 

into the ground and withdrawing it when filled to observe the sample collected.  Posthole diggers are 

sometimes used in lieu of augers to obtain shallow soil samples.  Occasionally these hand auger borings are 

used for driving 3-inch diameter steel tubes to obtain intact soil samples. 

 

Core Drilling:  Soil drilling methods are not normally capable of penetrating through hard cemeted soil, 

weathered rock, coarse gravel or boulders, thin rock seams, or the upper surface of sound, continuous rock.  

Material that cannot be penetrated by auger or rotary soil-drilling methods at a reasonable rate is designated 

as “refusal material”.  Core drilling procedures are required to penetrate and sample refusal materials. 

 

Prior to coring, casing may be set in the drilled hole through the overburden soils, to keep the hole from caving 

and to prevent excessive water loss.  The refusal materials are then cored according to ASTM D2113 using a 

diamond studded bit fastened to the end of a hollow, double or triple tube core barrel.  This device is rotated 

at high speeds, and the cuttings are brought to the surface by circulating water.  Core samples of the material 

penetrated are protected and retained in the swivel-mounted inner tube.  Upon completion of each drill run, 



 

   

the core barrel is brought to the surface, the core recovery is measured, and the core is placed, in sequence, 

in boxes for storage and transported to our laboratory. 

  

Sampling and Testing in Boreholes 

General:  Several techniques are used to obtain samples and data in soils; however, the most common 

methods in this area are: 

a) Standard Penetrating Testing 

b) Water Level Readings 
 

These procedures are presented below.  Any additional testing techniques employed during this exploration 

are contained in other sections of the Appendix. 

 

Standard Penetration Testing:  At regular intervals, the drilling tools are removed and soil samples obtained 

with a standard 2-inch diameter split tube sampler connected to an A or N-size rod.  The sampler is first 

seated 6 inches to penetrate any loose cuttings, and then driven an additional 12 inches with blows of a 140-

pound safety hammer falling 30 inches.  Generally, the number of hammer blows required to drive the sampler 

the final 12 inches is designated the "penetration resistance" or "N" value, in blows per foot (bpf).  The split 

barrel sampler is designed to retain the soil penetrated, so that it may be returned to the surface for 

observation.  Representative portions of the soil samples obtained from each split barrel sample are placed 

in jars, sealed and transported to our laboratory. 

 

The standard penetration test, when properly evaluated, provides an indication of the soil strength and 

compressibility.  The tests are conducted according to ASTM Standard D1586.  The depths and N-values of 

standard penetration tests are shown on the Boring Records.  Split barrel samples are suitable for visual 

observation and classification tests but are not sufficiently intact for quantitative laboratory testing. 

 

Water Level Readings:  Water table readings are normally taken in the borings and are recorded on the Boring 

Records.  In sandy soils, these readings indicate the approximate location of the hydrostatic water table at 

the time of our field exploration.  In clayey soils, the rate of water seepage into the borings is low and it is 

generally not possible to establish the location of the hydrostatic water table through short-term water level 

readings.  Also, fluctuation in the water table should be expected with variations in precipitation, surface run-

off, evaporation, and other factors.  For long-term monitoring of water levels, it is necessary to install 

piezometers. 

 

The water levels reported on the Boring Records are determined by field crews immediately after the drilling 

tools are removed, and several hours after the borings are completed, if possible.  The time lag is intended to 

permit stabilization of the groundwater table, which may have been disrupted by the drilling operation. 

 

Occasionally the borings will cave-in, preventing water level readings from being obtained or trapping drilling 

water above the cave-in zone.  The cave-in depth is measured and recorded on the Boring Records. 

 

Boring Records 

The subsurface conditions encountered during drilling are reported on a field boring record prepared by the 

Driller.  The record contains information concerning the boring method, samples attempted and recovered, 

indications of the presence of coarse gravel, cobbles, etc., and observations of ground water.  It also contains 

the driller's interpretation of the soil conditions between samples.  Therefore, these boring records contain 

both factual and interpretive information.  The field boring records are kept on file in our office. 

 

After the drilling is completed, a geotechnical professional classifies the soil samples and prepares the final 

Boring Records, which are the basis for all evaluations and recommendations.  The following terms are taken 



 

   

from ASTM D2487 or Deere's Technical Description of Rock Cores for Engineering Purposes, Rock 

Mechanical Engineering Geology 1, pp. 18-22. 

 

 

Relative Density of Cohesionless Soils 

From Standard Penetration Test 
Consistency of Cohesive Soils 

Very Loose                                                   < 4 bpf 

Loose                                                         5 - 10 bpf 

Medium                                                  11 – 30 bpf 

Dense                                                      31 - 50 bpf 

Very Dense                                                > 50 bpf 

       (bpf = blows per foot, ASTM D 1586) 

Very Soft                                                              < 2 bpf 

Soft                                                                     3 - 4 bpf 

Medium                                                            5 - 8 bpf 

Stiff                                                                    9 - 15 bpf 

Very Stiff                                                       16 - 30 bpf 

Hard                                                                      > 30 bpf 

Relative Hardness of Rock Particle Size Identification 

Very Soft Rock disintegrates or easily 

compresses to touch; can be hard to very 

hard soil. 

 

Soft Rock may be broken with fingers. 

 

Moderately Soft Rock may be scratched with 

a nail, corners and edges may be broken with 

fingers. 

 

Moderately Hard Rock a light blow of hammer 

is required to break samples. 

 

Hard Rock a hard blow of hammer is required 

to break sample. 

Boulders                                             Larger than 12" 

 

Cobbles                                                    3" - 12" 

 

Gravel 

     Coarse                                                 3/4" - 3" 

     Fine                                                   4.76mm - 3/4" 

 

Sand 

     Coarse                                               2.0 - 4.76 mm 

     Medium                                           0.42 - 2.00 mm 

     Fine                                                   0.42 - 0.074 mm 

 

Fines  

(Silt or Clay)                                 Smaller than 0.074 mm 

Rock Continuity Relative Quality of Rocks 

RECOVERY = Total Length of Core x 100 % 

                          Length of Core Run 

RQD = Total core, counting only pieces > 4" long x 100 % 

                  Length of Core Run 

Description                              Core Recovery % 

Incompetent                             Less than 40 

Competent                                40 - 70 

Fairly Continuous                    71 - 90 

Continuous                                91 - 100 

     Description                                               RQD  % 

Very Poor                                                        0 - 25 % 

Poor                                                                  25 - 50 % 

Fair                                                                     50 - 75 % 

Good                                                                75 - 90 % 

Excellent                                                         90 - 100 % 

 



 

   

LABORATORY TESTING 
 

GENERAL 

The laboratory testing procedures employed by Goodwyn Mills Cawood, LLC (GMC) are in general 

accordance with ASTM standard methods and other applicable specifications. 

 

Several test methods, described together with others in this Appendix, were used during the course of this 

exploration.  The Laboratory Data Summary sheet indicates the specific tests performed. 

 

SOIL CLASSIFICATION 

Soil classifications provide a general guide to the engineering properties of various soil types and enable the 

engineer to apply past experience to current problems.  In our investigations, samples obtained during drilling 

operations are examined in our laboratory and visually classified by an engineer.  The soils are classified 

according to consistency (based on number of blows from standard penetration tests), color and texture.  

These classification descriptions are included on our "Boring Records". 

 

The classification system discussed above is primarily qualitative and for detailed soil classification, two 

laboratory tests are commonly performed: grain size tests and plasticity tests.  Using these test results the 

soil can be classified according to the AASHTO or Unified Classification Systems (ASTM D-2487).  Each of 

these classification systems and the in-place physical soil properties provides an index for estimating the 

soil's behavior.  The soil classification and physical properties obtained are presented in this report. 

 

ATTERBERG LIMITS 

Liquid Limit (LL), Plastic Limit (PL) and Shrinkage Limit (SL) tests are performed to aid in the classification of 

soils and to determine the plasticity and volume change characteristics of the materials.  The Liquid Limit is 

the minimum moisture content at which a soil will flow as a heavy viscous fluid.  The Plastic Limit is the 

minimum moisture content at which the soil behaves as a plastic material.  The Shrinkage Limit is the moisture 

content below which no further volume change will take place with continued drying.  The Plasticity Index 

(PI) is the numeric difference of Liquid Limit and Plastic Limit and indicates the range of moisture content over 

which a soil remains plastic.  These tests are performed in accordance with ASTM D4318, D4943 and D427. 

 

PARTICLE SIZE DISTRIBUTION 

The distribution of soils coarser than the No. 200 (75-mm) sieve is determined by passing a representative 

specimen through a standard set of nested sieves.  The weight of material retained on each sieve is 

determined and the percentage retained (or passing) is calculated. 

 

A specimen may be washed through only the No. 200 sieve, if the full range of particle sizes is not required.  

The percentage of material passing the No. 200 sieve is reported. 

 

The distribution of materials finer than the No. 200 sieve is determined by use of a hydrometer.  The particle 

sizes and distribution are computed from the time rate of settlement of the different size particles while 

suspended in water.  These tests are performed in accordance with ASTM D-421, D-422 and D-1140. 

 

PERMEABILITY TEST 

The permeability test is used to measure the ease with which water will flow through soils, such as seepage 

through liners or under dams, the squeezing out of water from the soil by the application of load and drainage 

of subgrades, dams and backfills. 

 



 

   

The permeability test is conducted on undisturbed or remolded samples.  Samples are trimmed to 1.4 or 2.85 

inches in diameter and are variable heights.  The samples are molded or trimmed and placed in a ring and 

placed between porous plates.  Water is forced to flow through the sample and the rate of flow is determined. 

 

Two methods of permeability are used, depending on the grain size of soils. 

 

Constant head method is used for granular soil per ASTM D-2434. 

 

Falling head method is used for fine grained soil per ASTM D-5084. 
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July 14, 2025 
 
 
Mr. Marvin Pierre 
GMC 
801 Broad St # 900  
Augusta, GA 30901 
 
 
RE:  REPORT OF GEOTECHNICAL EXPLORATION 

CAREY STATION WRF PACKAGE PLANT 
GREENSBORO, GEORGIA 
GMC PROJECT NO. GAUG250006 

 
 
Dear Mr. Pierre, 
 
Goodwyn Mills Cawood, LLC (Geotechnical & Construction Services Division) is pleased to 
provide this report of geotechnical exploration performed for the above referenced project.  
This report includes the results of field and laboratory testing, general site preparation 
recommendations based on specific site conditions, and recommendations for foundation 
design.   
 
We appreciate the opportunity to perform this study on this phase of the project for you and 
look forward to continued participation during the construction phase of this project.  If you 
have any questions pertaining to this report, or if we may be of further service, please do not 
hesitate to contact us. 
 
 
Sincerely,  
GOODWYN MILLS CAWOOD, LLC 
 
 
 
Kevin W. Wales, PE     Garrett M. Owen, PE 
Executive Vice President    Senior Engineer 
Licensed Georgia PE046948    Licensed Georgia PE044606 
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1.0 EXECUTIVE SUMMARY 

This summary report presents the results of our geotechnical investigation performed for the proposed Carey Station 
WRF Package Plant improvements.  The proposed project is located at 4610 Carey Station Road in Greensboro, 
Greene County, Georgia. Our geotechnical scope of work for this project included conducting geotechnical 
fieldwork, associated engineering analysis, and providing a geotechnical engineering report.   
 
This report provides recommendations for site preparation, foundations, and other geotechnical related conditions 
that might affect the proposed construction.  The following geotechnical considerations were identified during our 
investigation: 
 

• The subsurface conditions were explored by drilling one (1) soil test boring to the planned depth of 50 feet 
below existing grade.  

• The surficial soils consisted of 6 inches of organic laden material (OLM). The subsurface conditions 
encountered were generally an upper horizon of medium to stiff sandy elastic silt (MH) grading to medium to 
very dense silty sand (SM), with depth.  Standard Penetration Test (SPT) N-values ranged in these materials 
from 7 to 50+ blows per foot (bpf). Partially weathered rock (PWR) classified as very dense silty sand (SM) was 
encountered at a depth of about 42 feet and extended to the boring termination depth. No rock or 
groundwater were encountered to depths explored.  

• Based on the limited laboratory testing performed, most of the on-site material can be reused as compacted 
fill.  Silty soils are very moisture sensitive and require the moisture content to be at or near the optimum 
moisture content to achieve the required compaction. This may require moisture conditioning 
(wetting/drying) of the material, depending on the time of year site construction is occurring. 

• Seismic Site Class is “D” based on N-values from the borings.  
• We understand, per our conversation and plans provided, the planned package plant will be 43,825 ft³, 

clarifier tank, which equates to an approximate load of 2,735 kips bearing on a mat slab which translates to a 
contact bearing pressure of about 1,000 psf.  If the foundation bearing depth is between EL 501 and EL 507 
feet, we recommend that the slab subgrades be excavated a minimum of 2 feet below bottom of the mat and 
replaced with DOT #57 stone.  Using these parameters, the slab foundations will experience settlement of 
less than 1 inch using a bearing pressure of 1,000 psf and ½ inch of differential settlement with the exterior 
package plant.  If loads are higher than the 1,000 psf bearing pressure, settlement would increase.  If the 
foundation bearing depth is below EL 501 feet, the 2 feet of stone would not be required.  However, we do 
recommend at least 6 inches of #57 stone be placed below the mat to provide uniform support.  Once 
finalized, the grading plan and finished floor elevation should be provided to GMC to determine if 
modifications to our recommendations will be required.   

• Ancillary structures can be supported on shallow foundations sized for a net allowable bearing capacity of 
2,000 psf.  

 
The recommendations presented herein have been developed based on the subsurface conditions encountered 
during field investigation and our understanding of the proposed construction.  Should changes in the project criteria 
occur, a review must be carried out by GMC to determine if modifications to our recommendations will be required.   
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2.0 PROJECT INFORMATION AND SCOPE OF WORK 

2.1 Project Information 

A geotechnical exploration has been conducted for the proposed Carey Station Water Reuse Facility improvements.  
The proposed project is located at 4610 Carey Station Road in Greensboro, Greene County, Georgia.  The Package 
Plant is part of a series of upgrades currently in design for the existing Carey Station WRF in Greensboro, Georgia.  
GMC previously conducted a geotechnical exploration dated May 6, 2024 of the planned upgrades which consisted 
of ten (10) soil test borings.  GMC understands that since the original geotechnical exploration was performed, the 
Package Plant has been proposed for development northeast of the existing loop reactor facility.  As such, GMC has 
been requested to provide additional geotechnical exploration for the new Package Plant facility. 
 
It is our understanding that the package plant will be approximately 131.5 feet in diameter with the inner clarifier 
diameter being approximately 60 feet in diameter. The clarifier tank will be 17 feet tall with the maximum water depth 
within the clarifier of 15.5 feet. The project is early in the design phase, and therefore there are no detailed structural 
information or grading plans available at the time of this report. We have assumed that cut and fills or no more than 5 
feet. 
 
2.2 Scope of Work 

The purpose of this exploration was to characterize the subsurface soil conditions at the site, and to provide the 
following: 
 

• A brief summary of our test procedures and the results of all field and laboratory testing. 
• A review of the site conditions and geologic setting. 
• A review of subsurface soil stratigraphy including the individual Boring Records and a Boring Location Plan. 
• Information regarding groundwater conditions. 
• General recommendations for site preparation, excavation considerations, preparation of existing soils for 

proposed construction activities, construction of compacted fills, and foundation recommendations. 
 
The scope of services for the geotechnical exploration did not include any environmental assessment for the 
presence or absence of wetlands or hazardous or toxic materials in the soil, surface water, groundwater, or air, on or 
below or around this site.  Any statements, if any, in this report or on the boring records regarding odors, colors, or 
unusual or suspicious items or conditions are strictly for the information of the client. 
 

3.0 FIELD EXPLORATION AND LABORATORY TESTING 

3.1 Existing Site Conditions 

We understand the site currently consists of an active water treatment facility, including site buildings, basins and a 
roadway.  The proposed package plant is located north of the existing reactor facility. The area is wooded and mildly- 
sloping downward from the southeast to the northwest.   
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3.2 Site Geology 

Published geologic information indicates that the site is in the Piedmont physiographic unit.  The Piedmont is typically 
characterized by gently rolling topography and deeply weathered bedrock.  The subsurface conditions can consist 
of up to 70 feet of weathered residual soils (saprolites) underlain by metamorphic and igneous rocks consisting of 
granite, schist, and gneiss.   
 
The subsurface bedrock in this region has undergone differing rates of weathering, which often produces a 
considerable variation in depth to competent rock over short horizontal distances.  It is also not unusual for lenses 
and large boulders of hard rock and zones of partially weathered rock to be present within the soil mantle above the 
general bedrock level.  The typical residual soil profile consists of clayey soils near the surface, where soil weathering 
is more advanced, underlain by sandy silts and silty sands, which often consist of saprolites (native soils which 
maintain the original fabric of the parent rock).   
 
Generally, the soil becomes harder with depth to the top of parent crystalline rock or “massive bedrock.”  This 
transitional zone is termed partially weathered rock (PWR).  PWR is defined for engineering purposes as material with 
standard penetration N-values of more than 100 blows per foot.  Weathering of the rock is influenced by joints, 
fractures, and less resistant rock types therefore, the profile of the PWR and hard rock is irregular.  It is not unusual to 
find boulders, lenses of hard rock, and zones of PWR within the soil mantle, above the general bedrock level. 
 
3.3 Field Exploration 

The site subsurface conditions were explored by drilling one (1) soil test boring to a depth of 50 feet below existing 
grade. The boring location was selected by GMC and was staked in the field by GMC geotechnical personnel using 
handheld GPS equipment. The approximate boring location can be found on the Boring Location Plan located in the 
Appendix. The ground surface elevation shown on the boring record was approximated from the provided 
topographic survey provided and should be considered approximate.  Field-testing employed by GMC was in general 
accordance with ASTM standards or generally accepted methods.   

 
The boring was performed using a drill rig equipped with a rotary head and hollow stem augers (HSA).  Soils were 
sampled using a two-inch outside diameter split barrel sampler driven with an automatic hammer.  Soil sampling and 
drilling was performed in general accordance with the procedures for “Standard Penetration Test (SPT) and Split-
Barrel Sampling of Soils” (ASTM D1586).   
 
3.4 Subsurface Conditions 

The description given below is for materials that were encountered in the specific boring location during the course 
of the fieldwork.  The subsurface descriptions contained herein are of a generalized nature to highlight the major soil 
stratification features and soil characteristics.  The boring record included in the Appendix should be reviewed for 
specific information as to specific boring location.  The stratification shown on the boring represents conditions only 
at the actual boring location.  Variations may occur and should be expected throughout the proposed site.  In addition, 
the stratifications represent the approximate boundary between subsurface materials, and the transition may be 
gradual.  The results of laboratory tests, consisting of natural moisture contents, grain size, and Atterberg limits 
performed on selected soil samples, are contained in the Appendix.   
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Surficial Materials  
The surficial soils consisted of 6 inches of organic laden material (OLM). 
 
Residual Soils  
The subsurface conditions encountered consisted of an upper horizon of medium to stiff sandy elastic silt (MH) 
grading to medium to very dense silty sand (SM) with depth.  Standard Penetration Test (SPT) N-values in these 
materials ranged from 7 to 50+ blows per foot (bpf). 
 
Partially Weathered Rock  
Partially weathered rock (PWR) classified as very dense silty sand (SM) was encountered at a depth of about 42 feet 
and extended to the boring termination depth. 
 
3.5 Groundwater Information 

Groundwater was not encountered in the boring at the time of drilling.  The boring was backfilled at the end of the 
drilling operations and 24-hour water level reading were not performed.  Groundwater levels may vary due to seasonal 
conditions and recent rainfall.   
 
3.6 Laboratory Analyses 

The laboratory-testing program included visual classification of all soil samples and laboratory testing of selected 
samples, which consisted of Atterberg limits, grain size analyses, and in-situ moisture content.  The laboratory testing 
program was conducted in general accordance with applicable ASTM standards and the results are summarized in 
the Appendix. 
 

4.0 RECOMMENDATIONS 

4.1 General 

At the time of this report, we had not been provided with grading or structural information about the planned 
structures.  The following is a summary of our findings. 

 
4.2 Site Preparation 

Stripping 
Surface vegetation and deleterious materials in the planned construction area should be completely removed.  Based on 
our observations, we recommend 6 inches of stripping be budgeted to remove organics and root zones.   
 
Proofrolling 
Once the subgrade elevation has been achieved, we recommend that the subgrade be proofrolled with a loaded dump 
truck to verify the existing subgrade soils are suitable for slab support.  Proofrolling consists of repeated passes with a 
loaded dump truck to locate areas of soft soil.  Areas that rut or pump excessively will indicate those soils that will 
need remediation. If the layer of soft/pumping soils is relatively thin, less than about 1 foot, an attempt can be made 
to scarify, moisture condition, and compact the materials.  Whether or not these soils will be problematic will be a 
function of prevailing weather conditions.  If the soils are wet and adequate drying conditions are not present, this 
may not be practical.  Deeper areas of soft/pumping soils should be removed until the thickness is such that the 
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remaining material can be moisture conditioned and properly compacted.  We recommend a GMC geotechnical 
engineer or qualified soils’ technician observe the proofrolling operations. 
 
Due to the moisture-sensitive nature of possible silty soils at the subgrade level, additional undercutting and/or 
stabilization may be required if proper site maintenance, protection from surface water, and equipment traffic control 
are not implemented.  At the end of each day, the grading contractor should “weatherproof” exposed soil subgrades, 
and provide positive drainage for surface water flow if inclement weather is expected.  The contractor should have 
water trucks available to wet subgrades exposed to prolonged dry periods. Twisting and turning of construction 
equipment over exposed soils, especially during and after rain events, should be avoided, or otherwise degradation 
of the prepared subgrade soils will occur. 
 
4.3 Excavation Considerations 

Site soils consist of silty sands and silts with medium to very dense fine-grained materials.  It is our opinion that 
conventional earthmoving equipment in proper working condition should be capable of making necessary excavations 
for the project.   
 
4.4 Time of Year Site Preparation Considerations 

During periods of heavy rain, the near surface soils can become saturated and conditions of standing or ponding water 
at the ground surface can occur.  The near-surface soils are deemed to be moisture sensitive and may lose their 
strength properties if exposed to excessive moisture.  The time of the year that the sitework begins can affect the 
project considerably.  In this area, the “wet season” is generally between the months of May and August, and the “dry 
season” from September to April.  There are many considerations that need to be addressed prior to bidding a project 
that could affect the budget based on the time of year a project starts earthwork activities.  The time of the year that 
the geotechnical borings were performed can provide a false sense of actual near surface conditions depending on 
the time of year and weather conditions.  Below are considerations that should be addressed based on the time of 
the year earthwork is started. 
 
“Wet” Season 
During the wet season, the amount of undercutting may be greater, therefore resulting in greater excavation costs.  
The soils are typically proofrolled to determine their suitability for the placement of new fill or subgrade support.  
During the wet season, the surface soils have a higher moisture content and will tend to pump, therefore, hindering 
the placement of new fill.  In addition, the drying time, time period between rain events, and temperature is not 
conducive to scarify soils, allow drying, and recompacting.  At this time, the decision should be made to try either 
scarify/dry/compact the in-place soils, which could take time, or undercut and replace with suitable material, which 
could increase the sitework costs.  Based on our experience, the amount of undercut could be 2 to 3 feet more (or 
greater in localized areas), whereas in drier weather, lesser amounts of undercutting may be necessary, if 
recompaction or stabilization of soils left in place can be achieved.  Some undercut soils are not always “unsuitable” 
soil and can be moisture conditioned and reused as fill, if drying conditions are favorable. 
 
The site contractor shall be responsible for maintaining a firm, unyielding and stable subgrade condition.  Should the 
near surface soils become wet, the contractor should be prepared to mitigate these conditions by repeated aeration 
and exposure to sunlight or by admixture treatment.   
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“Dry” Season 
During the dry season, the surface soils have a lower moisture content and will tend to “bridge” or “crust” softer 
underlying soils.  They will generally allow the placement of new fill, but the crust can break down if repeated passes 
with heavily loaded equipment is persistent.  In addition, new fill from cuts or other sources may need to be moisture 
conditioned prior to compaction.  The soils can dry significantly, requiring the addition of water for proper 
compaction.  Water trucks should be used, as required, by the contractor to condition the soils within the required 
specifications.   
 
4.5 Fill Placement 

Fill material beneath buildings/structures and pavements should meet the following characteristics: 
 

Property Requirement 
Liquid Limit (LL) and Plasticity Index (PI) LL < 50 and PI ≤ 25 

Maximum Dry Density (ASTM D-698) > 95 pcf 
Maximum Particle Size 3 inches or less 

Organic Matter ≤ 5% 

Fill Loose Lift Thickness 
8 inches or less 

(4 inches of less for walk-behind compaction equipment) 
 
The following table summarizes the compacted fill requirements: 
 

Location 
Test 

Method 

Compaction 
Required 

(minimum) 
Moisture Content 

Upper 18 inches below 
pavements 

ASTM D698 98% -3% to +3% of optimum moisture 

Building areas and 5 feet 
beyond perimeter 

ASTM D698 95% -3% to +3% of optimum moisture 

Upper 18 inches below 
building areas and 5 feet 

beyond perimeter 
ASTM D698 98% -3% to +3% of optimum moisture 

Non structural/green 
areas 

ASTM D698 90% -3% to +3% of optimum moisture 

 
On site soils classified as MH will not be suitable for use as compacted fill.  Any zones of debris or highly organic 
material should be segregated and not utilized as structural fill.  Samples of the proposed fill materials should be 
provided to the geotechnical engineer for testing and evaluation prior to placement.  Density tests should be 
performed to document compaction and moisture content of any earthwork involving soils and other applicable 
materials.  Density tests should be performed frequently, with a recommended minimum of one test per 5,000 square 
feet per lift of fill.  
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5.0 FOUNDATIONS 

5.1 Shallow Foundations 

If the site preparation recommendations in Section 4 are followed, the proposed structures can be supported on shallow 
foundations.  Once finalized, the grading plan and finished floor elevation should be provided to GMC to determine if 
modifications to our recommendations will be required.  We recommend the following for support of the mat 
foundation: 
 

• We understand, per our conversation and plans provided, the planned package plant will be 43,825 ft³, 
clarifier tank, which equates to an approximate load of 2,735 kips bearing on a mat slab which translates to a 
contact bearing pressure of about 1,000 psf.  

• If the foundation bearing depth is between EL 501 and EL 507 feet, we recommend that the slab subgrades be 
excavated a minimum of 2 feet below bottom of the mat and replaced with DOT #57 stone.  Using these 
parameters, the slab foundations will experience settlement of less than 1 inch using a bearing pressure of 
1,000 psf and ½ inch of differential settlement with the exterior package plant.  If loads are higher than the 
1,000 psf bearing pressure, settlement would increase. 

• If the foundation bearing depth is below EL 501 feet, the 2 feet of stone would not be required. However, we 
do recommend at least 6 inches of #57 stone be placed below the mat to provide uniform support.   

• Ancillary shallow foundations may be utilized with a net allowable bearing capacity of 2,000 psf for the 
packaging plant.   

• Footings should be founded at least 18 inches below the proposed final grade.  Total settlements of 
foundations are expected to be about 1 inch, with differential settlements of approximately ½ the total 
settlement value if the site is prepared in this manner.   

• Even though computed footing dimensions may be less, column footings and continuous footings should have 
minimum dimensions of 24 inches and 18 inches, respectively.  This allows for hand cleaning of materials 
disturbed during the excavation process and reduces the potential for punching shear failure.  

• The geotechnical engineer or the designated representative should observe all foundation excavations, prior 
to concrete placement.  The engineer can provide geotechnical guidance to the owner’s design team should 
any unforeseen foundation problems develop during construction.  If any areas of foundation surfaces prove 
to be unsuitable, the foundation should be over-excavated.   

 
The condition of the soils at the planned bearing elevations for each structure may vary, depending on the planned final 
subgrade elevation.  If required by field conditions and directed by the geotechnical engineer, we recommend that an 
allowance be included in the budget to over-excavate footing excavations through existing loose soils where present.  
The over-excavated area can be backfilled with “lean” concrete, controlled low strength material (CLSM) with minimum 
28-day strength of 1500 psi, or compacted well-graded crushed stone up to the planned foundation bearing depth.   
 
Foundation concrete should be placed the same day they are excavated so that disturbance of the foundation bearing 
soils can be reduced.  Foundation bearing surfaces should not be disturbed or left exposed during inclement weather.  
Saturation of the on-site soils can cause a loss of strength and increased compressibility.  Excavations for footings 
should be hand cleaned to remove any loose soil or mud from the foundation bearing surface.  If construction occurs 
during inclement weather and concreting is not possible immediately after excavation, we recommend that a thin 
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layer (approximately 2 inches) of lean concrete or flowable fill be placed on the bearing surface for protection after 
we have observed and evaluated the exposed bearing surfaces. 
 
5.2 Seismic Site Classification 

Subsurface information (SPT and soil classification) from the boring, published geologic information, and our 
experience was used to estimate the seismic site classification.  Based upon this information, we recommend a 
Seismic Class of D (Stiff Soil) for this site.  Subsurface explorations at this site were extended to a maximum depth of 
50 feet.  The site properties below the boring depth to 100 feet were estimated based on our experience and 
knowledge of the geologic conditions of the general area.  Additional deeper borings or geophysical testing may be 
performed if a higher site class is desired. 
 
5.3 Backfilling of Utility Trenches 

Backfilling of storm drain and utility trenches must be performed in a controlled manner to reduce settlement of the 
fill and cracking of overlying floor slabs and pavements.  We recommend that utility trenches be backfilled with 
acceptable borrow or dense-graded crushed stone in 4-inch loose lifts compacted with mechanical piston tampers 
to the project requirements.  Should seepage occur in utility trenches, it may be necessary to “floor” the trench with 
dense-graded gravel.   
 
5.4 Subgrade Restoration 

Typically, due to the movement of heavy equipment and weather conditions, the subgrade soil can become disturbed 
during construction.  As a result, these soils have a tendency to lose shear strength and support capability.  Therefore, 
additional effort on the Contractor’s part will be required to reduce traffic and limit disturbance of soils.  It is essential that 
the subgrade be restored to a properly compacted condition based on optimum moisture and density.  
 
5.5 Drainage Considerations 

Adequate drainage should be provided at the site to reduce possible increased moisture content of the foundation 
soils.  We recommend that driveway areas, walkways, and the ground surface be sloped away from the structures on 
all sides.  Roof drainage should be collected by gutters and downspouts and transmitted by pipe to the storm water 
drainage system or discharge a minimum of 5 feet away from any buildings.   
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6.0 REPORT LIMITATIONS 

The recommendations submitted are based on the available soil information obtained by GMC and design details 
furnished by GMC for the proposed project.  If there are any revisions to the plans for this project or if deviations from 
the subsurface conditions noted in this report are encountered during construction, we should be notified 
immediately to determine if changes in the foundation, or other, recommendations, are required.  If GMC is not 
retained to perform these functions, GMC cannot be responsible for the impact of those conditions on the 
performance of the project. 
 
The findings, recommendations, specifications, or professional advice contained herein have been made in 
accordance with generally accepted professional geotechnical engineering practices in the local area.  No other 
warranties are implied or expressed.  
 
After the plans are complete, the geotechnical engineer should be provided with the opportunity to review the design 
plans to check that our engineering recommendations have been properly incorporated into the design documents.  
At that time, it may be necessary to submit supplementary recommendations.  
 
We emphasize that this report was prepared for design and informational purposes only and may not be sufficient to 
prepare an accurate construction budget.  Contractors reviewing this report should acknowledge that the information 
and recommendations contained herein are for design and informational purposes only.  In no case should this report 
be utilized as a substitute for the development of earthwork specifications. 
 
The information contained in this report is not intended, nor is sufficient, to aid in the design of segmental or 
mechanically stabilized earth (MSE) retaining walls.  Segmental or MSE wall designers and builders should not rely on 
this report and should perform independent analysis to determine all necessary soil characteristics for use in their 
wall design, including but not limited to, soil shear strengths, bearing capacities, global stability, etc. 
 



 

 

 

 

 

 

 

 

APPENDIX 
 
 
 

Figure 1 – Site Location Map 
 

Figure 2 – Site Geology Map 
 

Figure 3 – USGS Site Map 
 

Figure 4 – Boring Location Plan 
 

Soil Classification Chart 
 

Boring Record 
 

Laboratory Results 
 

Field and Laboratory Procedures 



Reference: General Highway Map of Greene County, GADOT, 2024

GMC #

DRAWN BY:

Figure 1
SUPPLEMENTAL DRAWING

GAUG250006

06/09/2025

GMOSite Location Map

Carey Station WRF Package Plant
Greensboro, Greene County, Georgia 801 Broad Street, Suite 900

T    706.251.9099
G M C N E T W O R K . C O M

Augusta, GA 30901

Project Site



Project Site

Reference:  J. D. Tanner, S.M. Pickering Jr., J.B. Murray, 1976, Geologic Map of Georgia, Geological Survey of Georgia Special Map 220

Granite Gneiss/ Granite (Precambrian-Paleozoic)

GMC #

DRAWN BY:

Figure 2
SUPPLEMENTAL DRAWING

GAUG250006

06/09/2025

GMOSite Geology Map

Carey Station WRF Package Plant
Greensboro, Greene County, Georgia 801 Broad Street, Suite 900

T    706.251.9099
G M C N E T W O R K . C O M

Augusta, GA 30901



Project Site

Reference: USGS Quadrangles 7.5 Minute Series (Topographic)

GMC #

DRAWN BY:

Figure 3
SUPPLEMENTAL DRAWING

GAUG250006

06/18/2025

GMOUSGS Site  Map

Carey Station WRF Package Plant
Greensboro, Greene County, Georgia

Greene County, GA (2024)

801 Broad Street, Suite 900

T    706.251.9099
G M C N E T W O R K . C O M

Augusta, GA 30901



Reference: GMC drawing adapted from Site Plan C-6.01 Grading Plan dated Preliminary December 30, 2019

Approximate Boring Location

GMC #

DRAWN BY:

Figure 4
SUPPLEMENTAL DRAWING

GAUG250006

06/09/2025

GMOBoring Location Plan

Carey Station WRF Package Plant
Greensboro, Greene County, Georgia 801 Broad Street, Suite 900

T    706.251.9099
G M C N E T W O R K . C O M

Augusta, GA 30901

B-11



GRAVEL
AND

GRAVELLY
SOILS

CLAYEY GRAVELS, GRAVEL - SAND -
CLAY MIXTURES

WELL-GRADED SANDS, GRAVELLY
SANDS, LITTLE OR NO FINES

POORLY-GRADED SANDS,
GRAVELLY SAND, LITTLE OR NO
FINES

PEAT, HUMUS, SWAMP SOILS WITH
HIGH ORGANIC CONTENTS

LETTERGRAPH

SYMBOLS
MAJOR DIVISIONS

COARSE
GRAINED

SOILS

TYPICAL

DESCRIPTIONS

WELL-GRADED GRAVELS, GRAVEL -
SAND MIXTURES, LITTLE OR NO
FINES

POORLY-GRADED GRAVELS,
GRAVEL - SAND MIXTURES, LITTLE
OR NO FINES

SILTY GRAVELS, GRAVEL - SAND -
SILT MIXTURES

CLEAN
GRAVELS

GRAVELS WITH
FINES

CLEAN SANDS

(LITTLE OR NO FINES)

SANDS WITH
FINES

LIQUID LIMIT
LESS THAN 50

LIQUID LIMIT
GREATER THAN 50

HIGHLY ORGANIC SOILS

NOTE:  DUAL SYMBOLS ARE USED TO INDICATE BORDERLINE SOIL CLASSIFICATIONS

GW

GP

GM

GC

SW

SP

SM

SC

ML

CL

OL

MH

CH

OH

PT

SILTY SANDS, SAND - SILT
MIXTURES

CLAYEY SANDS, SAND - CLAY
MIXTURES

INORGANIC SILTS AND VERY FINE
SANDS, ROCK FLOUR, SILTY OR
CLAYEY FINE SANDS OR CLAYEY
SILTS WITH SLIGHT PLASTICITY

INORGANIC CLAYS OF LOW TO
MEDIUM PLASTICITY, GRAVELLY
CLAYS, SANDY CLAYS, SILTY
CLAYS, LEAN CLAYS

ORGANIC SILTS AND ORGANIC
SILTY CLAYS OF LOW PLASTICITY

INORGANIC SILTS, MICACEOUS OR
DIATOMACEOUS FINE SAND OR
SILTY SOILS

INORGANIC CLAYS OF HIGH
PLASTICITY

SILTS
AND

CLAYS

MORE THAN 50%
OF MATERIAL IS
LARGER THAN
NO. 200 SIEVE

SIZE

MORE THAN 50%
OF MATERIAL IS
SMALLER THAN
NO. 200 SIEVE

SIZE

MORE THAN 50%
OF COARSE
FRACTION

PASSING ON NO.
4 SIEVE

MORE THAN 50%
OF COARSE
FRACTION

RETAINED ON NO.
4 SIEVE

SOIL CLASSIFICATION CHART

(APPRECIABLE
AMOUNT OF FINES)

(APPRECIABLE
AMOUNT OF FINES)

(LITTLE OR NO FINES)

FINE
GRAINED

SOILS

SAND
AND

SANDY
SOILS

SILTS
AND

CLAYS

ORGANIC CLAYS OF MEDIUM TO
HIGH PLASTICITY, ORGANIC SILTS



16

11

16

11

Organic Laden Material (OLM), 6"
SANDY ELASTIC SILT (MH), orange, brown, loose to
medium - residual

SILTY SAND (SM), orange, brown, pink, medium to
dense

SILTY SAND (SM), orange, white, brown, very dense

SILTY SAND (SM), brown, white, medium

SILTY SAND (SM), brown, white, dense to very dense

SS

SS

SS

SS

SS

SS

SS

SS

SS

64

43

4-3-4
(7)

4-6-7
(13)

9-11-15
(26)

10-10-8
(18)

11-15-20
(35)

10-12-11
(23)

19-25-45
(70)

3-4-7
(11)

19-29-31
(60)

22

12

53

43

37

32

NOTES

GROUND ELEVATION 507 ft

LOGGED BY G. Owen

DRILLING METHOD CME 550, Auto-Hammer, HSA w/ SPT AT TIME OF DRILLING None Encountered

AT END OF DRILLING ---

AFTER DRILLING ---

HOLE SIZE 4

DRILLING CONTRACTOR Independence Drilling INC. GROUND WATER LEVELS:

CHECKED BY K. Wales

DATE STARTED 6/12/25 COMPLETED 6/12/25

P
LA

S
T

IC
IT

Y
IN

D
E

X
P

LA
S

T
IC

IT
Y

IN
D

E
X

E
LE

V
A

T
IO

N
(f

t)

505

500

495

490

485

480

475

G
R

A
P

H
IC

LO
G

MATERIAL DESCRIPTION

ATTERBERG
LIMITS

S
A

M
P

LE
 T

Y
P

E
N

U
M

B
E

R

F
IN

E
S

 C
O

N
T

E
N

T
(%

)

R
E

C
O

V
E

R
Y

 %
(R

Q
D

)

B
LO

W
C

O
U

N
T

S
(N

 V
A

LU
E

)

P
O

C
K

E
T

 P
E

N
.

(t
sf

)

D
E

P
T

H
(f

t)

0

5

10

15

20

25

30

35

E
LE

V
A

T
IO

N
(f

t)

505

500

495

490

485

480

475

D
R

Y
 U

N
IT

 W
T

.
(p

cf
)

M
O

IS
T

U
R

E
C

O
N

T
E

N
T

 (
%

)

LI
Q

U
ID

LI
M

IT

P
LA

S
T

IC
LI

M
IT

(Continued Next Page)

PAGE  1  OF  2
BORING NUMBER B-11

CLIENT Piedmont Water Company

PROJECT NUMBER GAUG250006

PROJECT NAME Carey Station Water Reuse Facility 1.0 MGD Expansion

PROJECT LOCATION Greensboro, GA

1.
G

M
C

 B
O

R
IN

G
S

  G
A

U
G

25
00

06
 C

A
R

E
Y

 S
T

A
T

IO
N

 W
A

T
E

R
 R

E
U

S
E

 F
A

C
IL

IT
Y

.G
P

J 
 G

M
C

 D
A

T
A

 T
E

M
P

LA
T

E
.G

D
T

  7
/1

4
/2

5



SILTY SAND (SM), brown, white, dense to very dense
(continued)

SILTY SAND (SM), brown, very dense - partially
weathered rock lens

SILTY SAND (SM), brown, white, very dense- partially
weathered rock

Boring was terminated at 50.0 feet.

SS

SS

SS

13-19-20
(39)

27-50/5"

20-49-50
(99)

P
LA

S
T

IC
IT

Y
IN

D
E

X
P

LA
S

T
IC

IT
Y

IN
D

E
X

E
LE

V
A

T
IO

N
(f

t)

470

465

460

455

450

445

440

435

G
R

A
P

H
IC

LO
G

MATERIAL DESCRIPTION

ATTERBERG
LIMITS

S
A

M
P

LE
 T

Y
P

E
N

U
M

B
E

R

F
IN

E
S

 C
O

N
T

E
N

T
(%

)

R
E

C
O

V
E

R
Y

 %
(R

Q
D

)

B
LO

W
C

O
U

N
T

S
(N

 V
A

LU
E

)

P
O

C
K

E
T

 P
E

N
.

(t
sf

)

D
E

P
T

H
(f

t)

35

40

45

50

55

60

65

70

75

E
LE

V
A

T
IO

N
(f

t)

470

465

460

455

450

445

440

435

D
R

Y
 U

N
IT

 W
T

.
(p

cf
)

M
O

IS
T

U
R

E
C

O
N

T
E

N
T

 (
%

)

LI
Q

U
ID

LI
M

IT

P
LA

S
T

IC
LI

M
IT

PAGE  2  OF  2
BORING NUMBER B-11

CLIENT Piedmont Water Company

PROJECT NUMBER GAUG250006

PROJECT NAME Carey Station Water Reuse Facility 1.0 MGD Expansion

PROJECT LOCATION Greensboro, GA

1.
G

M
C

 B
O

R
IN

G
S

  G
A

U
G

25
00

06
 C

A
R

E
Y

 S
T

A
T

IO
N

 W
A

T
E

R
 R

E
U

S
E

 F
A

C
IL

IT
Y

.G
P

J 
 G

M
C

 D
A

T
A

 T
E

M
P

LA
T

E
.G

D
T

  7
/1

4
/2

5



B-11 0-6 53 37 16 4.75 64 22.0  MH

B-11 8-15 43 32 11 4.75 43 12.3  SM

Specific
Gravity

PAGE  1  OF  1

Plastic
Limit

Plasticity
Index

%<#200
Sieve

Liquid
LimitDepth

Natural
Moisture

(%)
Borehole

Max. Sieve
Size Tested

(mm)

SUMMARY OF LABORATORY RESULTS

Class-
ification

Opt.
Moisture
Content

(%)

Max Dry
Density

(pcf)

CLIENT Piedmont Water Company

PROJECT NUMBER GAUG250006

PROJECT NAME Carey Station WRF Package Plant

PROJECT LOCATION Greensboro, GA

1.
U

S
C

S
 S

U
M

M
A

R
Y

  G
A

U
G

25
00

06
 C

A
R

E
Y

 S
T

A
T

IO
N

 W
A

T
E

R
 R

E
U

S
E

 F
A

C
IL

IT
Y

.G
P

J 
 G

M
C

 D
A

T
A

 T
E

M
P

LA
T

E
.G

D
T

  6
/2

6
/2

5



0

10

20

30

40

50

60

0 20 40 60 80 100

16

11

ATTERBERG LIMITS' RESULTS

SANDY ELASTIC SILT(MH)

SILTY SAND(SM)

B-11

B-11

ML

CL

MH

CH

64

43

Specimen Identification

   

   

CL-ML

P
L
A
S
T
I
C
I
T
Y

I
N
D
E
X

LIQUID LIMIT

Fines Classification

53

43

37

32

LL PL PI

0.0-6.0

8.0-15.0

CLIENT Piedmont Water Company

PROJECT NUMBER GAUG250006

PROJECT NAME Carey Station WRF Package Plant

PROJECT LOCATION Greensboro, GA

2.
A

T
T

E
R

B
E

R
G

 L
IM

IT
S

  G
A

U
G

25
00

06
 C

A
R

E
Y

 S
T

A
T

IO
N

 W
A

T
E

R
 R

E
U

S
E

 F
A

C
IL

IT
Y

.G
P

J 
 G

M
C

 D
A

T
A

 T
E

M
P

LA
T

E
.G

D
T

  6
/2

6
/2

5



0

5

10

15

20

25

30

35

40

45

50

55

60

65

70

75

80

85

90

95

100

0.0010.010.1110100

coarse fine

ClassificationSpecimen Identification

Specimen Identification D100 D60 D30 D10 %Gravel

0.421

0.0-6.0

8.0-15.0

B-11

B-11

coarse
SILT OR CLAY

2006

SANDY ELASTIC SILT(MH)

SILTY SAND(SM)

PI Cc

37

32

53

43

CuLL PL

finemedium

10 501/2
HYDROMETERU.S. SIEVE OPENING IN INCHES U.S. SIEVE NUMBERS

1403 4 20 406 601.5 8 143/4 3/8

GRAIN SIZE DISTRIBUTION

COBBLES
GRAVEL

64.3

42.6

4.75

4.75

P
E

R
C

E
N

T
 F

IN
E

R
 B

Y
 W

E
IG

H
T

SAND

GRAIN SIZE IN MILLIMETERS

16

11

%Sand %Silt %Clay

35.0

45.6

3 100

   

   

B-11

B-11

24 16 30

   

   

1

0.0-6.0

8.0-15.0

CLIENT Piedmont Water Company

PROJECT NUMBER GAUG250006

PROJECT NAME Carey Station WRF Package Plant

PROJECT LOCATION Greensboro, GA

7.
G

R
A

IN
 S

IZ
E

  G
A

U
G

25
00

0
6 

C
A

R
E

Y
 S

T
A

T
IO

N
 W

A
T

E
R

 R
E

U
S

E
 F

A
C

IL
IT

Y
.G

P
J 

 G
M

C
 D

A
T

A
 T

E
M

P
LA

T
E

.G
D

T
  

6/
26

/2
5



 

 

FIELD TEST PROCEDURES 
 

General 

The general field procedures employed by Goodwyn Mills Cawood, LLC (GMC), are summarized in the American 
Society for Testing and Materials (ASTM) Standard D420 which is entitled "Investigating and Sampling Soil and Rock".  
This recommended practice lists recognized methods for determining soil and rock distribution and groundwater 
conditions.  These methods include geophysical and in-situ methods as well as borings. 
 
The detailed collection methods used during this exploration are presented in the following paragraphs. 
 
Standard Drilling Techniques 

General:  To obtain subsurface samples, borings are drilled using one of several alternate techniques depending upon 
the subsurface conditions.  These techniques are as follows: 
 

In Soils: 
 a) Continuous hollow stem augers. 
 b) Rotary borings using roller cone bits or drag bits, and water or drilling mud to flush the hole. 
 c) "Hand" augers. 
 

In Rock: 
 a) Core drilling with diamond-faced, double or triple tube core barrels. 
 b) Core boring with roller cone bits. 
 
Hollow Stem Auger:  A hollow stem augers consists of a hollow steel tube with a continuous exterior spiral flange 
termed a flight.  The auger is turned into the ground, returning the cuttings along the flights.  The hollow center permits 
a variety of sampling and testing tools to be used without removing the auger. 
 
Rotary Borings:  Rotary drilling involves the use of roller cone or drag type drill bits attached to the end of drill rods.  A 
flushing medium, normally water or bentonite slurry, is pumped through the rods to clear the cuttings from the bit face 
and flush them to the surface.  Casing is sometimes set behind the advancing bit to prevent the hole from collapsing 
and to restrict the penetration of the drilling fluid into the surrounding soils.  Cuttings returned to the surface by the 
drilling fluid are typically collected in a settling tank, to allow the fluid to be recirculated. 
 
Hand Auger Boring:  Hand auger borings are advanced by manually twisting a 4” diameter steel bucket auger into the 
ground and withdrawing it when filled to observe the sample collected.  Posthole diggers are sometimes used in lieu 
of augers to obtain shallow soil samples.  Occasionally these hand auger borings are used for driving 3-inch diameter 
steel tubes to obtain intact soil samples. 
 
Dual-Mass Dynamic Cone Penetrometer: Dual-Mass Dynamic Cone Penetrometer tests (DM-DCP) test is intended to 
provide data that can be correlated to an in situ California Bearing Ratio test.  A 0.79-inch O.D. cone is seated at the 
test location and driven with a 17.6-pound (or 10.1-pound) weight falling 22.6 inches.  The length of penetration is 
recorded with a given number of blows.  The values are then evaluated and correlated with an in situ CBR. 
 
Dynamic Cone Penetrometer: Dynamic Cone Penetrometer tests (DCP) is intended to provide data that can be 
correlated to the standard penetration test (SPT).  A 1.5 inch O.D. cone is seated to penetrate any loose cuttings, then 
driven three, 1-3/4” increments with blows from a 15-pound weight falling 20 inches.  The average number of blows 
required to drive the cone three increments is an index to soil strength and compressibility. 
 
 



 

 

Core Drilling:  Soil drilling methods are not normally capable of penetrating through hard cemeted soil, weathered 
rock, coarse gravel or boulders, thin rock seams, or the upper surface of sound, continuous rock.  Material that cannot 
be penetrated by auger or rotary soil-drilling methods at a reasonable rate is designated as “refusal material”.  Core 
drilling procedures are required to penetrate and sample refusal materials. 
 
Prior to coring, casing may be set in the drilled hole through the overburden soils, to keep the hole from caving and to 
prevent excessive water loss.  The refusal materials are then cored according to ASTM D2113 using a diamond studded 
bit fastened to the end of a hollow, double or triple tube core barrel.  This device is rotated at high speeds, and the 
cuttings are brought to the surface by circulating water.  Core samples of the material penetrated are protected and 
retained in the swivel-mounted inner tube.  Upon completion of each drill run, the core barrel is brought to the surface, 
the core recovery is measured, and the core is placed, in sequence, in boxes for storage and transported to our 
laboratory. 
  
Sampling and Testing in Boreholes 

General:  Several techniques are used to obtain samples and data in soils; however, the most common methods in this 
area are: 
a) Standard Penetrating Testing 
b) Water Level Readings 
 

These procedures are presented below.  Any additional testing techniques employed during this exploration are 
contained in other sections of the Appendix. 
 
Standard Penetration Testing:  At regular intervals, the drilling tools are removed and soil samples obtained with a 
standard 2-inch diameter split tube sampler connected to an A or N-size rod.  The sampler is first seated 6 inches to 
penetrate any loose cuttings, and then driven an additional 12 inches with blows of a 140-pound safety hammer falling 
30 inches.  Generally, the number of hammer blows required to drive the sampler the final 12 inches is designated the 
"penetration resistance" or "N" value, in blows per foot (bpf).  The split barrel sampler is designed to retain the soil 
penetrated, so that it may be returned to the surface for observation.  Representative portions of the soil samples 
obtained from each split barrel sample are placed in jars, sealed and transported to our laboratory. 
 
The standard penetration test, when properly evaluated, provides an indication of the soil strength and 
compressibility.  The tests are conducted according to ASTM Standard D1586.  The depths and N-values of standard 
penetration tests are shown on the Boring Records.  Split barrel samples are suitable for visual observation and 
classification tests but are not sufficiently intact for quantitative laboratory testing. 
 
Water Level Readings:  Water table readings are normally taken in the borings and are recorded on the Boring Records.  
In sandy soils, these readings indicate the approximate location of the hydrostatic water table at the time of our field 
exploration.  In clayey soils, the rate of water seepage into the borings is low and it is generally not possible to establish 
the location of the hydrostatic water table through short-term water level readings.  Also, fluctuation in the water table 
should be expected with variations in precipitation, surface run-off, evaporation, and other factors.  For long-term 
monitoring of water levels, it is necessary to install piezometers. The water levels reported on the Boring Records are 
determined by field crews immediately after the drilling tools are removed, and several hours after the borings are 
completed, if possible.  The time lag is intended to permit stabilization of the groundwater table, which may have 
been disrupted by the drilling operation. 
 
Occasionally the borings will cave-in, preventing water level readings from being obtained or trapping drilling water 
above the cave-in zone.  The cave-in depth is measured and recorded on the Boring Records. 
Boring Records 



 

 

The subsurface conditions encountered during drilling are reported on a field boring record prepared by the Driller.  
The record contains information concerning the boring method, samples attempted and recovered, indications of the 
presence of coarse gravel, cobbles, etc., and observations of ground water.  It also contains the driller's interpretation 
of the soil conditions between samples.  Therefore, these boring records contain both factual and interpretive 
information.  The field boring records are kept on file in our office. 
 
After the drilling is completed, a geotechnical professional classifies the soil samples and prepares the final Boring 
Records, which are the basis for all evaluations and recommendations.  The following terms are taken from ASTM 
D2487 or Deere's Technical Description of Rock Cores for Engineering Purposes, Rock Mechanical Engineering 
Geology 1, pp. 18-22. 
 

Relative Density of Cohesionless Soils 
From Standard Penetration Test Consistency of Cohesive Soils 

Very Loose                                                   < 4 bpf 
Loose                                                         5 - 10 bpf 
Medium                                                  11 – 30 bpf 
Dense                                                      31 - 50 bpf 
Very Dense                                                > 50 bpf 
       (bpf = blows per foot, ASTM D 1586) 

Very Soft                                                              < 2 bpf 
Soft                                                                     3 - 4 bpf 
Medium                                                            5 - 8 bpf 
Stiff                                                                    9 - 15 bpf 
Very Stiff                                                       16 - 30 bpf 
Hard                                                                      > 30 bpf 

Relative Hardness of Rock Particle Size Identification 

Very Soft Rock disintegrates or easily 
compresses to touch; can be hard to very 
hard soil. 
 
Soft Rock may be broken with fingers. 
 
Moderately Soft Rock may be scratched with 
a nail, corners and edges may be broken with 
fingers. 
 
Moderately Hard Rock a light blow of hammer 
is required to break samples. 
 
Hard Rock a hard blow of hammer is required 
to break sample. 

Boulders                                             Larger than 12" 
 
Cobbles                                                    3" - 12" 
 
Gravel 
     Coarse                                                 3/4" - 3" 
     Fine                                                   4.76mm - 3/4" 
 
Sand 
     Coarse                                               2.0 - 4.76 mm 
     Medium                                           0.42 - 2.00 mm 
     Fine                                                   0.42 - 0.074 mm 
 
Fines  
(Silt or Clay)                                 Smaller than 0.074 mm 

Rock Continuity Relative Quality of Rocks 

RECOVERY = Total Length of Core x 100 % 
                          Length of Core Run 

RQD = Total core, counting only pieces > 4" long x 100 % 
                  Length of Core Run 

Description                              Core Recovery % 
Incompetent                             Less than 40 
Competent                                40 - 70 
Fairly Continuous                    71 - 90 
Continuous                                91 - 100 

     Description                                               RQD  % 
Very Poor                                                        0 - 25 % 
Poor                                                                  25 - 50 % 
Fair                                                                     50 - 75 % 
Good                                                                75 - 90 % 
Excellent                                                         90 - 100 % 

 



 

 

LABORATORY TESTING 
 

GENERAL 

The laboratory testing procedures employed by Goodwyn Mills Cawood, LLC (GMC) are in general accordance with 
ASTM standard methods and other applicable specifications. Several test methods, described together with others 
in this Appendix, were used during the course of this exploration.  The Laboratory Data Summary sheet indicates the 
specific tests performed. 
 
SOIL CLASSIFICATION 

Soil classifications provide a general guide to the engineering properties of various soil types and enable the engineer 
to apply past experience to current problems.  In our investigations, samples obtained during drilling operations are 
examined in our laboratory and visually classified by an engineer.  The soils are classified according to consistency 
(based on number of blows from standard penetration tests), color and texture.  These classification descriptions are 
included on our "Boring Records". 
 
The classification system discussed above is primarily qualitative and for detailed soil classification, two laboratory 
tests are commonly performed: grain size tests and plasticity tests.  Using these test results the soil can be classified 
according to the AASHTO or Unified Classification Systems (ASTM D2487).  Each of these classification systems and 
the in-place physical soil properties provides an index for estimating the soil's behavior.  The soil classification and 
physical properties obtained are presented in this report. 
 
MOISTURE CONTENT 

Moisture contents are determined from representative portions of the specimen.  The soil is dried to a constant 
weight in an oven at 100o C and the loss of moisture during the drying process is measured.  From this data, the moisture 
content is computed. 
 
ATTERBERG LIMITS 

Liquid Limit (LL), Plastic Limit (PL) and Shrinkage Limit (SL) tests are performed to aid in the classification of soils and 
to determine the plasticity and volume change characteristics of the materials.  The Liquid Limit is the minimum 
moisture content at which a soil will flow as a heavy viscous fluid.  The Plastic Limit is the minimum moisture content 
at which the soil behaves as a plastic material.  The Shrinkage Limit is the moisture content below which no further 
volume change will take place with continued drying.  The Plasticity Index (PI) is the numeric difference of Liquid Limit 
and Plastic Limit and indicates the range of moisture content over which a soil remains plastic.  These tests are 
performed in accordance with ASTM D4318, D4943 and D427. 
 
PARTICLE SIZE DISTRIBUTION 

The distribution of soils coarser than the No. 200 (75-mm) sieve is determined by passing a representative specimen 
through a standard set of nested sieves.  The weight of material retained on each sieve is determined and the 
percentage retained (or passing) is calculated. 
 
A specimen may be washed through only the No. 200 sieve, if the full range of particle sizes is not required.  The 
percentage of material passing the No. 200 sieve is reported. 
 
The distribution of materials finer than the No. 200 sieve is determined by use of a hydrometer.  The particle sizes and 
distribution are computed from the time rate of settlement of the different size particles while suspended in water.  
These tests are performed in accordance with ASTM D421, D422 and D1140. 

 


