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5. Effective acclimatization practices to promote the physiological adaptations of 
employees or contract workers newly assigned or reassigned to work in an outside 
environment. 

6. Conduct training and make it available and understandable to all employees and 
contract workers on heat illness and injury that focuses on the environmental and 
personal risk factors, prevention, how to recognize and report signs and symptoms 
of heat illness and injury, how to administer appropriate first aid measures and how 
to report heat illness and injury to emergency medical personnel. 
 

The Contractor further agrees that this clause will be incorporated in all subcontracts with 
subconsultants, sublicensees or sublessees who may perform labor or services in 
connection with this contract. Additionally, the Contractor agrees to require all 
subcontractors, sublicensees or sublessees to include this clause in all contracts with any 
third party who is contracted to perform labor or services in connection with this contract. 
It is the obligation of the Contractor to ensure compliance by its subcontractors. 
 
GENERAL  
 
 
1. QUESTION 1: Regarding the temporary sewer bypass – what is the current 

flow rate of the 8” force main?  ANSWER: Specification 01143 section 1.1, 
paragraph K describes the bypass pumping requirements. 
 

2. QUESTION 2 (4): On C07 Sheet 11 of 41 Detail “Transmitter W/ Mounting Detail” 
it calls for a Weld-O-Let, as this is ductile Iron Pipe, I think a Saddle or TEE with 
tapped blind flange is what should be used, Please Advise?  ANSWER:   Weld-
O-Let is required and should be ordered when purchasing the ductile iron pipe, 
Manufacturer of DIP will make spool piece with Weld-O-Let in Factory.  

 
3. QUESTION 3 (10): Prime Contract Supplementary Conditions: SC 4.02A2.a 

states West Anthem LS No. 76 Project No. WS90400067 lists a set of documents 
by Stanley Consultants dated December 4th 2018.  Can the City of Phoenix 
please provide the as builts of the previous and original project for LS 76 so that 
bidders can comply with the Supplementary Conditions. ANSWER: See attached 
drawing set. 

 
4. QUESTION 4 (19): State Land surrounds the Lift Station, what Easements and 

Right of Way (ROW) do we as Contractors have to execute the work outside the 
LS Walls?  In addition, does this include activities for Bypass Pump Operations, 
night time Mechanics?  How about marshalling and yard storage that the 
Contractors, Subcontractors, and Suppliers need to marshal their stored 
materials, and field offices?  Is the expectation from the City that we will do this 
all within the walls of the existing facility?  To be absolutely clear, can the City 
provide the Limits of the Staging Areas and confines of our Activities prior to 
bidding this Project? ANSWER: City property boundary shown per the Contract 



 

City of Phoenix  April 25th, 2024 

Addendum No. 3  

Drawings that can be used as needed for the construction of the project.  Areas 
outside property are means and methods of the contractor. 

 
5. QUESTION 5 (34): Please provide Report on Geotechnical Investigation, West 

Anthem Wastewater Improvements, Index no. WS90500278, WS9040067, 
WS90501005, Dated May 17th, 2017 as listed in SC-4.02.A.1.a? ANSWER: Report 
attached. 

 
6. QUESTION 6 (35):  Please provide West Anthem Wastewater Improvements 

Pioneer Road to Carefree Highway, Seismic Refraction Surveys, Dated October 
16, 2017 as listed in SC-4.02.A.1.a. ANSWERED: Survey will be provided please 
see attached. 

 
7. QUESTION 7 (36):  Please provide West Anthem Lift Station No. 76, Project No. 

WS90400067, Volume 4 of 5, Stanley Consultants, Dated December 4th, 2018 as 
listed in SC-4.02.A.2.a? ANSWER:   Document attached. 

 

8. QUESTION 8 (37): Please provide Lift Station 76 Project, Limited Lead and 
Asbestos Survey, Dated November 17th, 2023 By RFI as listed in SC-4.08.A.1? 
ANSWER: Please see attached report. 

 
9. QUESTION 9 (47):  Sheet E05 of the bid drawings shows 2 new hand holes (note 

#9) with the statement that existing conduits will be utilized from the hand holes 
back to the electrical pad.  Per site inspection there are 7 (1" empty conduits 
exiting the bottom of the mcc.  Is there an as-built drawing available that shows 
the counts and locations of the spare and existing conduits on the North side 
of the Drive? ANSWER:  As Built Drawing Set is included in this Addendum, Please 
see attached. 

 
10. QUESTION 10 (48):  Sheet E06, Note 4, states existing conduits for pumps 1 & 2 

are to be utilized from the MCC to the intercept point for the new pump feeds.  
As the existing 35HP pumps can be fed with a 1" conduit we are looking for 
confirmation of the existing pump feed conduit size. NEC dictates 1.25" conduit 
is required for 4#1 conductors.  As no pictures were allowed at the site visit, I 
need to verify the excising pump conduits are large enough to accommodate 
the new pump motors.  We need to know is saw cutting the drive to install new 
1.25" conduits will be required. ANSWER: As Built Drawing Set is included in this 
Addendum, Please see attached. 

 
11. QUESTION 11 (49):  Attached is a request for an alternative for the wet well 

pumps (Spec. Section 11212) ANSWER: Request documentation not sufficient to 
determine if equal to model specified and information submitted beyond the 12 day 
requirement before the bid date. 

 
 



 

City of Phoenix  April 25th, 2024 

Addendum No. 3  

 
PROJECT CONTRACT DOCUMENTS 
 
1. CONTRACT DOCUMENTS: Section 00300 – BID FORM, under section 1 ADD “1.4 

Whenever quantities between the Bid Tab, Specifications and Drawings conflict, 
Contractor shall furnish the higher quantity requirement and adjust the bid tab bid price 
accordingly.” 
 

2. CONTRACT DOCUMENTS: Section 0300 – BID FORM, page 3 (sheet 25 of 936) Bid 
Item 12 DELETE reference quantity reference “3” and REPLACE with “5”. 

 
3. CONTRACT DOCUMENTS: Section 0300 – BID FORM, page 4 (sheet 26 of 936) Bid 

Item 19, Description column DELETE “Furnish and install New Bioxide Odor Control 
Facilities” and REPLACE with “Bioxide Odor Control Facilities Support Items”. 
 

 
PROJECT TECHNICAL SPECIFICATIONS 
 

 
1. PROJECT TECHNICAL SPECIFICATIONS: SPECIFICATION 01271 – 

MEASUREMENT AND PAYMENT, paragraph 1.4.S DELETE paragraph  
“S. Item 19 – Furnish and Install New Bioxide Odor Control Facilities:  

2.  A per lump sum (LS) payment for Item 19 will be full compensation for 
installation of the bioxide odor control system facilities including but not 
limited to, the 4,350-gallon double wall high density cross-linked polyethylene 
storage tank, chemical feed pump skid, instrumentation and level sensors, 
chemical injection lines, and electrical supply.” 

and  REPLACE the it with;  
“S. Item 19 – Bioxide Odor Control Facilities Support Items:  

1. A per lump sum (LS) payment for Item 19 will be full compensation for 
installation of but not limited to, associated Bioxide facility concrete pad, 
chemical injection lines, and electrical supply. The City will provide the tank 
and pump skid”. 

 
2. PROJECT TECHNICAL SPECIFICATIONS: SPECIFICATION 01271 – 

MEASUREMENT AND PAYMENT, paragraph 1.4.EE DELETE paragraph  
 

“EE. Item 31 – Rock Removal:  
1. A per ton (TON) payment for Item 31 will be full compensation for removal 

and hauling of any and all boulders, cobbles, and stones encountered at the 
site during excavation”. 
 

and  REPLACE the it with; 
 “EE. Item 31 – Rock Removal:  



 

City of Phoenix  April 25th, 2024 

Addendum No. 3  

1.   A per ton (TON) payment for Item 31 will be full compensation for removal 
and hauling of any and all boulders, cobbles, and stones encountered at the 
site during excavation.  Rock removal or hard dig shall be defined as any 
excavation that would require specialized rock excavation attachments or 
any excavation that can’t be done using a 50,000 lb excavator (i.e 320 class 
trackhoe excavator).” 

 
2. PROJECT TECHNICAL SPECIFICATIONS: SPECIFICATION 01323 – 

CONSTRUCTION PHOTOGRAPHS DELETE paragraph 1.1.A in it’s entirety and 
REPLACE with “A. Contractor shall dedicate a staff member to perform the services 
specified below for taking photographs” 
 

3.  PROJECT TECHNICAL SPECIFICATIONS: SPECIFICATION 01323 – 
CONSTRUCTION PHOTOGRAPHS DELETE paragraph “1.3 Prints” in it’s entirety. 

 
4. PROJECT TECHNICAL SPECIFICATIONS: SPECIFICATION 01323 – 

CONSTRUCTION PHOTOGRAPHS DELETE paragraph 1.2.E in it’s entirety and 
REPLACE it with “E.  Furnish a total of 30 digital photographs to the ENGINEER with 
each Monthly Progress Payment.  Photos shall be overall pictures of the construction 
progress from the previous month.  Digital photographs shall be provided on USB 
drive monthly and be in the format of “.jpg”.  The digital photographs shall be provided 
in addition to the standard photographs required under Paragraph 1.3.C above.  Need 
to provide a file for all required under paragraph 1.2.A.  Provide interior and exterior 
photographs of each buried structure prior to burial.  Provide a minimum of four 
internal views and four external views of each structural. One picture view shall be 
provided of each wall, detail, floor and top of structure.  Digital photographs file name 
shall include date photo was taken and description of photo.” 

 
5. PROJECT TECHNICAL SPECIFICATIONS: For SPECIFICATION 01332 – SHOP 

DRAWING PROCEDURE, section 1.2  ADD the following paragraph;  
 

“X. For all shop drawings, a copy of the associated specification shall be 
submitted, with addendum updates included, and all referenced and 
applicable sections, with addendum updates included, with each paragraph 
check-marked to indicate specification compliance or marked to indicate 
requested deviations from specification requirements. Check marks () shall 
denote full compliance with a paragraph as a whole. If deviations from the 
specifications are indicated, and therefore requested by the CONTRACTOR, 
each deviation shall be underlined and denoted by a number in the margin 
to the right of the identified paragraph, referenced to a detailed written 
explanation of the reasons for requesting the deviation. The ENGINEER 
shall be the final authority for determining acceptability of requested 
deviations. The CONTRACTOR shall furnish equipment and/or services as 
specified if an exception and/or deviation is rejected. The remaining portions 
of the paragraph not underlined will signify compliance on the part of the 
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CONTRACTOR with the specifications. Failure to include a copy of the 
marked-up specification sections, along with justification(s) for any 
requested deviations to the specification requirements, with the submittal 
shall be sufficient cause for rejection of the entire submittal with no further 
consideration.” 

 
3. PROJECT TECHNICAL SPECIFICATIONS: ADD in it’s entirety “SPECIFICATION 

01521 – ENGINEER’S FIELD OFFICE”. 
 
4. PROJECT TECHNICAL SPECIFICATIONS: SPECIFICATION 01724 – 

CONNECTION TO EXISTING FACILITIES, paragraph 1.4.A DELETE “A temporary 

standby generator shall be brought onsite to provide temporary standby power to the site during 

construction.” and REPLACE with “A temporary standby generator shall be brought onsite 

to provide temporary standby power to the temporary construction facilities during 

construction as required.” 
 
5. PROJECT TECHNICAL SPECIFICATIONS: ADD in it’s entirety “SPECIFICATION 

05581 – FLOOR ACCESS HATCH COVERS”. 
 

6. PROJECT TECHNICAL SPECIFICATIONS: ADD in it’s entirety “SPECIFICATION 
09910 – SPECIAL FINISHES”. 

 
7. PROJECT TECHNICAL SPECIFICATIONS:  DELETE “SPECIFICATION 11212- 

VERTICAL SUBMERSIBLE WELL PUMP” in it’s entirety and REPLACE with 
“SPECIFICATION 11318 – END SUCTION SUBMERSIBLE PUMP”. 

 
8. PROJECT TECHNICAL SPECIFICATIONS:  DELETE “SPECIFICATION 15114- 

CHECK VALVES AND APPURTENANCES” in it’s entirety and REPLACE with 
“SPECIFICATION 15114 – CHECK VALVES AND APPURTENANCES” as part of this 
addendum. 

 
9. PROJECT TECHNICAL SPECIFICATIONS: SPECIFICATION 15119 Paragraph 

e.3.a  DELETE “Air/Vacuum Valves” and REPLACE with “Combination Air / Vacuum 
Valve”. 
 

10. PROJECT TECHNICAL SPECIFICATIONS: SPECIFICATION 15119 Paragraph 
e.5.a  DELETE “Crispin- as manufactured by Multiplex Manufacturing Co, AX 
Series”. and REPLACE with “ARI, Model D-26”. 
 

11. PROJECT TECHNICAL SPECIFICATIONS: SPECIFICATION 15119 Paragraph 
e.5.b  DELETE “H-Tec, Model 986” 

 
12. PROJECT TECHNICAL SPECIFICATIONS: SPECIFICATION 15119 Paragraph 

e.5.c  DELETE “Or Approved Equal” 
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13. PROJECT TECHNICAL SPECIFICATIONS: ADD in it’s entirety “SPECIFICATION 

16136 – OUTLET BOXES”. 
 
14. PROJECT TECHNICAL SPECIFICATIONS: ADD in it’s entirety “SPECIFICATION 

16138 – MANHOLES AND HANDHOLES” 
 

15. PROJECT TECHNICAL SPECIFICATIONS: ADD in it’s entirety “SPECIFICATION 
16141 – RECEPTACLES”. 

 
16. PROJECT TECHNICAL SPECIFICATIONS: ADD in it’s entirety “SPECIFICATION 

16920 – ELECTRICAL ACCEPTANCE TESTING”. 
 

17. PROJECT TECHNICAL SPECIFICATIONS: SPECIFICATION 17260 – CONTROL 
PANELS paragraph 1.4.B ADD  “4.  Vertech Industrial Systems, 4409 East Baseline 
Road, Phoenix, AZ 85042; 5.  Industrial Power Solutions, 6615 W State Avenue, 
Glendale, AZ 85301; 6.  Felix Construction, 2530 S 52nd Avenue, Phoenix, AZ 85043; 
7.  Keller Electrical, 1881 East University Drive, Phoenix, AZ 85034.” 

 
18. PROJECT TECHNICAL SPECIFICATIONS: ADD in it’s entirety “SPECIFICATION 

17262 – PLC-SOFTWARE AND PROGRAMMING”. 
 
PROJECT TECHNICAL DRAWINGS 

 
19. PROJECT TECHNICAL DRAWINGS: Sheet C-05, DELETE call outs “NEW 60” DIA 

MH NO. 1 PER MAG DETAIL 419” and “NEW 60” DIA MH NO. 2 PER MAG DETAIL 
419” and REPLACE callouts with “NEW 60” DIA MH NO. 2 PER MAG DETAIL 420” 
and “NEW 60” DIA MH NO. 2 PER MAG DETAIL 420”, respectively.  

 
20. PROJECT TECHNICAL DRAWINGS: Sheet C-05, ADD callout pointing to existing 

AC paved access road that states “REPLACE AC PAVEMENT IN KIND AS 
REQUIRED”.  

 
21. PROJECT TECHNICAL DRAWINGS:  Sheet C07 Transmitter Mounting Detail ADD  

2-inch diameter Type 316 stainless steel isolation ball valve between Weld-O-Let and 
Tee. 
 

22. PROJECT TECHNICAL DRAWINGS:  Sheet M03 at the end of Note 5  ADD “CORE 
DRILL QUANTITY SHALL BE TWO TOTAL AND BE 6-INCHES IN DIAMETER. 
LOCATION WITHIN STRUCTURE SHALL BE COORDINATED WITH ENGINEER ”  

 
23. PROJECT TECHNICAL DRAWINGS:  Sheet M03 section ABANDON WET WELL IN 

PLACE SECTION AND DETAIL Callout to Native Material Fill DELETE “10’-0” and 
REPLACE with “5’-0” Min”. 
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24. PROJECT TECHNICAL DRAWINGS:  Sheet M03 at the end of Note 6  ADD “CORE 
DRILL QUANTITY SHALL BE TWO TOTAL AND BE 6-INCHES IN DIAMETER. A 
TOTAL OF TWO 6-INCH DIAMTER. LOCATION WITHIN STRUCTURE SHALL BE 
COORDINATED WITH ENGINEER ”  
 

25. PROJECT TECHNICAL DRAWINGS:  Sheet M03 plan view LIFT STATION TOP 
PLAN, DELETE Callout “5’ X 4’ HATCH (TO REMAIN) and REPLACE with “5’ X 4” 
HATCH TO BE REMOVED”. 
 

26. PROJECT TECHNICAL DRAWINGS:  DELETE Sheet M04 in it’s entirety and 
REPLACE with attached revised Sheet M04, modifications are clouded. 

 
27. PROJECT TECHNICAL DRAWINGS:  DELETE Sheet M05 in it’s entirety and 

REPLACE with attached Revised Sheet M05, modifications are clouded. 
 

28. PROJECT TECHNICAL DRAWINGS:  DELETE Sheet M06 in it’s entirety and 
REPLACE with attached Revised Sheet M06, modifications are clouded. 

 
29.  PROJECT TECHNICAL DRAWINGS:  DELETE Sheet M09 in it’s entirety and 

REPLACE with attached Revised Sheet M09, modifications are clouded.  
 
30. PROJECT TECHNICAL DRAWINGS: Sheet S02 Section 1 DELETE Callout “1’-8” ” 

on the east wall and REPLACE Callout with “10” ” per the plan view dimensions on 
the same sheet.  

 
31. PROJECT TECHNICAL DRAWINGS:  ADD Sheet S04, attached 

 
32. PROJECT TECHNICAL DRAWINGS:  ADD Sheets E-SK1, E-SK2, E-SK3, E11, E12, 

and E13, attached.  
 

END OF ADDENDUM 
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SECTION 01521 

ENGINEER’S FIELD OFFICE 

PART 1 - GENERAL 

1.1       DESCRIPTION 

A. Furnish, install, and maintain the field office, furnishings, and equipment for 

ENGINEER.  Locate office near CONTRACTOR’S office in a location approved by 

ENGINEER.  Provide office complete within four weeks after the Notice-to-Proceed. 

B. Allocate three reserved parking spaces marked for use by the ENGINEER and one 

reserved parking space for use by OWNER.  Reserved parking spaces shall be 

adjacent to ENGINEER’S field office and shall be graded and paved. 

C. The office shall be separate from all CONTRACTOR’S offices. 

D. CONTRACTOR shall submit, pay for and obtain any required permits. 

E. Field office security shall be the responsibility of CONTRACTOR.   Deliver 5 field 

office door keys and all furniture keys to ENGINEER upon installation of field office 

to site. 

F. Complete layout of office shall be submitted to the ENGINEER for approval.  

Submittal shall include a hard copy of the relevant Specification Section and shall be 

clearly marked to indicate whether the requirements for equipment and/or services in 

the Specification Section are met by writing "accept" or "deviate" next to each 

Paragraph.  If clarifications are needed to any of the Paragraphs in the Specification 

Sections due to deviations, they shall be addressed next to the Paragraph as such and 

explained further with any additional information necessary.  If any exceptions and/or 

deviations are proposed to any of the Specifications, they shall be clearly noted as 

such in the Submittal, and an explanation of any deviation and/or exception shall be 

provided.  The CONTRACTOR shall furnish equipment and/or services as specified 

if an exception and/or deviation is rejected. 

1.2       MINIMUM CONSTRUCTION 

A. Mobile single wide office trailer 12’ x 60’ in first class, new condition acceptable to 

ENGINEER, which is specifically designed for this type of use and conforms to 

requirements above and below.  Provide trailer by Pac-Van, GE Modular Space, or 

approved equal.   
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B. Trailers owned by the CONTRACTOR that do not meet the criteria listed will not be 

allowed. 

C. Concrete or boardwalk steps, landings and sidewalks of four feet minimum width for 

complete access to field office. Access to the office must comply with ADA 

(Americans with Disabilities Act) Standards, as applicable. Access doors shall be 

furnished with locking security bar doors as approved by the ENGINEER. 

D. Trailer shall be completely weather tight and insulated, with resilient floor tiles and 

carpet in first class, new condition. 

E. All interior finishes acceptable to ENGINEER. 

F. Area:  720 square feet minimum consisting of two offices, conference room, and 

lavatory as depicted below.  Interior layout shall be submitted to the ENGINEER for 

approval prior to ordering.    

G. Windows: Ten percent of floor area with operable sash and screens.  Windows shall 

be furnished with locks and exterior security bars approved by the ENGINEER. All 

windows shall be equipped with operable venetian blinds.  All offices shall be 

furnished with a window. 

1.3       MINIMUM SERVICES  

A. Interior lighting of 50 foot candles at desktop height. 

B. Exterior light at entrance(s) and at parking areas. 

C. Automatic heating to maintain 75°F in winter.  CONTRACTOR shall furnish and 

pay for all fuel/electric. 

D. Automatic cooling to maintain 70°F in summer.  CONTRACTOR shall furnish and 

pay for all fuel/electric. 

E. Continuous electric service required and pay all charges. 

60’0” 

1
2
’0
” 

31’0” 
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F. A minimum of one electric duplex receptacle wall outlets that are accessible from six 

feet along any wall. 

G. Provide continuous Internet service with all associated equipment a maximum of two 

weeks after trailer is installed.  Configure Internet so service is available by all 

workstations, with a minimum connection speed of 100 Mbps download.  Provide 

one internet connection along with cabling and required hardware for each desk.  

Internet shall also have a secure wireless connection as well, with firewall (to be 

coordinated with Engineer/Owner). 

H. One bottled water cooler with chilled and hot drinking water and cups. Supply 

bottled water and cups as required for the duration of the Contract. 

I. Private sanitary facilities with one water closet, one lavatory, with hot and cold 

running water, medicine cabinet with mirror, one tissue paper holder and one paper 

towel holder.  Supply tissue paper, hand soap and paper towels as required for the 

duration of the Contract. 

J. All plumbing facilities and sewers required in accordance with local codes.  Protect 

from freezing. 

K. One new color combination copy machine and printer.  Unit shall be able to connect 

to network and have document feeder, with reduction, enlargement, auto-document 

feed, auto stapler function, high capacity feeder, bypass tray, four paper trays, top 

tray, stacker tray and sorting capability.  Copier/printer shall have email capabilities 

for sending files.  Provide service, warranty (including toner and replacement 

cartridges) and maintenance for the duration of the Contract. Provide 8-1/2-inch by 

11-inch, 8-1/2-inch by 14-inch, and 11-inch by 17-inch copy paper for the duration of 

the Contract. Copier shall make up to 11-inch by 17-inch copies. Copier shall copy at 

a rate no slower than 40 copies per minute. 

1.4       MINIMUM FURNISHINGS 

A. Field Office Furniture:  Lease (or purchase) and install the following equipment for 

the duration of the Contract: 

1. Furnishings for each individual office, two offices total: 

a. Two desks, 36-inches wide by 72-inches long table top with locking lap 

and 5-side drawers.  

b. One 4-drawer locking legal size filing cabinet.  

c. One 6-shelve bookcase, 36-inches wide by 84-inches high by 12-inches 

deep. 

d. Two cushioned swivel arm chair and two cushioned folding chairs. 

e. Two 48-inches by 36-inches liquid marking board with two sets of 

compatible markers (six colors and one eraser per set). 

f. Two standard size wastepaper baskets. 
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2. Furnishings to be provided for conference room shall include: 

a. Two 30-inches by 96-inches folding tables. 

b. Sixteen upholstered executive high-back chairs with cushioned seat and 

back, five-star base, wheels, arms, swivel, tilt control conference chairs. 

c. Two 48-inches by 60-inches liquid marking board with two sets of 

compatible markers (four colors and one eraser per set). 

d. One 48-inch by 60-inches cork bulletin board. 

e. Two standard size wastepaper baskets. 

3. Furnishings to be provided for hallways and other areas: 

a. Two 4-drawer legal size, fire-proof filing cabinets. 

b. Two 6-shelve bookcases, 36-inches wide by 84-inches high by 12-inches 

deep. 

c. Two folding reference tables, 30-inches wide by 72-inches long. 

4. Furnishings to be provided with Kitchen area shall include: 

a. One, new refrigerator with freezer, minimum 12 cu.ft. frost-free, GE or 

approved equal.   

b. Ten-pound ABC approved fire extinguishers (number as required by 

Phoenix Building Code). 

c. One OSHA approved first aid kit, First Aid Only Contractor’s First Aid Kit 

(Model 9302-25M), or approved equal.  Upkeep as needed. 

d. One, new microwave oven, 0.9 cu.ft. minimum 1100 watts rotating base, 

and keypad controls.   

e. One standard size wastepaper basket. 

5. Furnishings to be provided in the toilet area shall include: 

a. One 15-gallon electric water heater (220 volt). 

b. One water closet accessible to handicap with grab bars. 

c. One toilet paper and paper towel dispenser. 

d. One 8-inch ceiling mounted exhaust fan, 60 cfm, Marlite. 

e. One 6-shelve bookcases, 36-inches wide by 84-inches high by 12-inches 

deep. 

f. Vinyl cove base on wall. 

g. One wastebasket. 

h. Provide paper products and sanitizing soap for the duration of the Contract. 

B. Smoke detectors (number as required by Phoenix Building Code). 

C. Identifying exterior sign, professionally lettered, at least 24-inches by 36-inches, with 

wording acceptable to ENGINEER. 

D. Three battery operated clocks, wall mounted. 

E. Three Calendars.  

F. Walk-off mats at all entrances. 
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G. Furnish and install a new complete computer system ready to operate. This system 

will consist of two laptop computers, and one printer connected in a network. Each 

computer shall be able to access the other computers. They shall be able to share files 

and make use of the internet lines and printer. Minimum hardware requirements shall 

be as follows: 

1. Provide one new networked color printer with high volume printing capabilities. 

a. HP Color LaserJet Pro m255dw Wireless Laser Printer. 

2. Computers shall be capable to be setup in a Peer to Peer network connected by a 

CAT5, twisted pair, with RJ 45, Ethernet 10 Base T cable connections. One 

computer shall be the file server for the NT network. Access to the system shall 

be password protected and each user will have their own unique login name and 

password. 

3. One 10/100 Base T, RJ 45, 8-Port 3 com office connect switch. Switch shall be 

installed where the office CAT5 data drops terminate. Power source to be 

provided. 

4. CAT5, RJ 45 twisted pair data lines for three data lines. Each office will have 

two CAT5 data drop near each desk and two CAT5 data drop in the conference 

room area. All CAT5 data drops will terminate in one location for proper 

installation to the network hub. 

5. The computer network shall be capable of Virtual Private Network access 

through the internet, a Cox connection, or a CenturyLink connection.   

H. Furnish office supplies, consumables, and service contracts for office and 

communications equipment for the duration of the Contract. 

1.5       MAINTENANCE  

A. Continuous maintenance of office and services.  Cleaned not less than once per week.  

B. Provide soap, paper towels, toilet tissues, cleansers, sanitary supplies, janitorial 

service (including vacuuming, washing floors, and cleaning toilets weekly) and 

implements. 

C. Repair immediately any damage, leaks or defective service. 

D. Maintenance shall be for the duration of the Contract. 

E. Provide maintenance contract for the items described in Paragraphs 1.3.G., 1.3.K., 

1.4.G. and 1.6 for the duration of the Contract. Also, provide a 24-hour response, 

service contract, for equipment with a minimum of eight hours pre-paid service per 

month. 
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1.6       PROVISIONS 

A. All items shall be furnished and maintained by CONTRACTOR from the Notice to 

Proceed to the date of Final Acceptance.  The cost of these items shall be considered 

incidental to the cost of the Project.  No separate measurement of payment shall be 

made for these items. 

1.7       REMOVAL  

A. The office, together with the equipment, furnishings and facilities thereof, except 

miscellaneous small supplies shall become the property of CONTRACTOR and shall 

be removed from the site of the Work upon OWNER Acceptance of the Project or 

when directed by ENGINEER. 

B. At the completion of the Project, the OWNER’S computers, filing cabinets and filing 

cabinet contents shall become the property of the OWNER, unless directed 

otherwise.  All titles for software and hardware shall be transferred to the OWNER. 

C. At the completion of the Project, the ENGINEER’S computers and any other 

ENGINEER provided belongings shall remain the property of the ENGINEER.   

D. At the completion of the Project, the ENGINEER and OWNER will return field 

office keys to CONTRACTOR. 

E. Remove underground installations to minimum depth of 24-inches and grade to 

match surrounding conditions. 

F. Restore existing facilities used during construction to specified or original condition. 

PART 2 - PRODUCTS (NOT USED) 

PART 3 - EXECUTION (NOT USED) 

+ + END OF SECTION + + 
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SECTION 05581 

FLOOR ACCESS HATCH COVERS 

PART 1 - GENERAL  

1.1       DESCRIPTION  

A. Scope:  

1. Provide all labor, materials, equipment and incidentals as shown on the 

Drawings, specified and required to furnish hinged floor access hatch covers. 

2. The types of floor access hatch covers include the following: 

a. Aluminum covers with standard angle frame.  

1.2       QUALITY ASSURANCE  

A. Manufacturer: All floor covers for the project shall be the product of a single 

manufacturer.  Covers from more than one manufacturer will not be permitted.  

B. Reference Standards:  Comply with applicable provisions and recommendations of 

the following, except as otherwise shown or specified.  

1. ASTM B 209, Specification for Aluminum and Aluminum Alloy Sheet and 

Plate. 

2. ASTM B 210, Specification for Aluminum and Aluminum Alloy Drawn 

Seamless Tubes. 

3. ASTM B 221, Specification for Aluminum and Aluminum Alloy Extruded Bars, 

Rods, Wire, Shapes and Tubes. 

4. NAAM, Metal Finishes Manual and Metal Box Grating Manual. 

5. Aluminum Association Standards. 

1.3       SUBMITTALS  

A. Shop Drawings:  Submit for approval the following:  

1. Dimensional plans of all floor covers, quantity schedule, details of fabrication 

and erection, and anchorage.  

2. Refer to and comply with the requirements of Section 01332, Shop Drawing 

Procedures. 

3. CONTRACTOR shall submit an electronic copy per Specification Section 

01332, Shop Drawing Procedures.  Text shall be in electronic ASCII format.  

Drawings and figures shall be in Version 2012 or newer AutoCAD ".dwg," or 

pdf ".pdf" format. 

4. A copy of this specification section, with addendum updates included, and all 

referenced and applicable sections, with addendum updates included, with each 
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paragraph check-marked to indicate specification compliance or marked to 

indicate requested deviations from specification requirements. Check marks () 

shall denote full compliance with a paragraph as a whole. If deviations from the 

specifications are indicated, and therefore requested by the CONTRACTOR, 

each deviation shall be underlined and denoted by a number in the margin to the 

right of the identified paragraph, referenced to a detailed written explanation of 

the reasons for requesting the deviation. The ENGINEER shall be the final 

authority for determining acceptability of requested deviations. The 

CONTRACTOR shall furnish equipment and/or services as specified if an 

exception and/or deviation is rejected. The remaining portions of the paragraph 

not underlined will signify compliance on the part of the CONTRACTOR with 

the specifications. Failure to include a copy of the marked-up specification 

sections, along with justification(s) for any requested deviations to the 

specification requirements, with the submittal shall be sufficient cause for 

rejection of the entire submittal with no further consideration. 

1.4       GUARANTEE  

A. Furnish a written guarantee obtained from the manufacturer.  Guarantee shall state 

the following:  

1. Floor covers are to operate properly and be free of defects in material and 

workmanship for a period of five years from date of purchase.  

2. Should any part fail to function, or break in normal use during this period, 

manufacturer shall furnish a new part at no additional cost to OWNER.  

PART 2 - PRODUCTS  

2.1       MATERIALS AND FABRICATION  

A. General:  

1. Provide Manufacturer's standard fabricated units, modified, if necessary, to 

comply with the requirements of the Contract Documents.  Where standard units 

are not available for the sizes and types required, custom fabricate units to match 

manufacturer's similar units.  

2. Fabricate each unit in the shop, complete with anchors, gaskets, hardware and 

accessory items, as required. 

B. Aluminum Covers with Standard Frame:  

1. Provide aluminum covers, with standard angle frame, designed to withstand    

H-20 loadings. 

2. Provide frame and cover to prevent storm water infiltration 

3. Provide Type 316 stainless steel hinges and hardware.  

4. Product and Manufacturer:  Provide one of the following: 
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a. Double leaf door covers of sizes shown on the Drawings. 

1) Type BDDH, as manufactured by Babcock-Davis Associates 

Incorporated. 

2) Type J-AL , as manufactured by The Bilco Company.  

3) Type HATCH THD by the U.S.F Fabrication Inc 

4) Or equal. 

b. Single leaf door covers fabricated of aluminum and of sizes shown on the 

Drawings. 

1) Type BFDDH, as manufactured by Babcock-Davis Associates.  

2) Type JD-AL, as manufactured by The Bilco Company.  

3) Type HATCH THS by the U.S.F Fabrication Inc 

4) Or equal.  

 

C. Aluminum Covers with Standard Frame:  

1. Provide aluminum covers, with standard angle frame, designed to withstand 

loadings of 300 pounds per square foot.  

2. Provide Type 316 stainless steel hinges and hardware.  

3. Product and Manufacturer:  Provide one of the following: 

a. Double leaf door covers of sizes shown on the Drawings. 

1) Type BFDNP, as manufactured by Babcock-Davis Associates 

Incorporated. 

2) Type J-AL, as manufactured by The Bilco Company.  

3) Type HATCH TPD by the U.S.F Fabrication Inc 

4) Or equal.  

b. Single leaf door covers of sizes shown on the Drawings. 

1) Type BFDNP, as manufactured by Babcock-Davis Associates.  

2) Type J-AL, as manufactured by The Bilco Company.  

3) Type HATCH TPS by the U.S.F Fabrication Inc 

4) Or equal.  

D. Door leaves shall be checkered or diamond plate, or other approved non-slip surface.  

E. Frames shall have anchor flanges or strap anchors.  

F. Door shall have hold-open devices.  

G. Door leaves ten square feet and larger shall have torsion bars, springs or other 

approved means, for counterbalanced operation.  

H. Covers shall have flush exterior locking device with removable handle, and interior 

turn handle.  
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I. All aluminum covers shall be mill finished.  Protect finish with a factory applied 

coating of lacquer standard with the manufacturer.  

PART 3 - EXECUTION  

3.1       INSTALLATION  

A. Install doors in accordance with approved Shop Drawings and Manufacturer’s 

instructions. 

B. Set doors plumb, level and true to line or grade, without warp or rack, for anchoring 

under other Sections of these Specifications.  

C. Protection of Aluminum from Dissimilar Materials:  Coat all surfaces of aluminum in 

contact with dissimilar materials such as concrete, masonry, steel and other metals as 

specified in Section 09900, Painting. 

+ + END OF SECTION + + 
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SECTION 09910 

SPECIAL FINISHES 

PART 1 - GENERAL 

1.1       SUMMARY 

A. CONTRACTOR shall provide all labor, materials, equipment, services, and 
incidentals required to furnish and install corrosion resistant coatings for the 
manholes as specified herein. 

1.2       SECTION INCLUDES 

A. Corrosion resistant coating. 

1.3       SUBMITTALS 

A. Submit the following for approval: 
1. Letters of Certification of Compliance on materials, equipment, etc. 
2. Identify product name and number, manufacturer and local distributor name, 

address, and telephone number. 
3. Samples. 
4. Operating and/or service manuals, and all other data pertinent to operating or 

servicing the complete apparatus.  Include detailed procedures for light repairs 
such as dents and scratches. 

5. Manufacturer’s installation methods: 
a. Safety data sheets (SDS) 
b. Maximum storage life and storage requirements 
c. Mixing and proportioning requirements 
d. Environmental requirements for application and worker safety, including 

ventilation, humidity, and temperature ranges 
e. Application film thickness PM coat of primer and finish coat 
f. Curing time required 

6. Identify manufacturer's recommended, published spreading rate and dry film 
thickness of each coating material proposed for use. 

7. Mixing instructions, shelf life, method of application, recommended number 
of coats, and drying time. 

8. General bulletins and catalog cuts describing complete coating system, 
including all principles and fundamentals. 

9. Materials of construction of all components. 
10. Material gradation, design mix, job mix formula, and/or material analysis. 
11. Copies of the CONTRACTOR'S proposed protection procedures in each area 

of Work. 
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12. Sample of finished product showing final color:  Coating shall be light in color. 
13. A written certification of the applicator's qualifications to the ENGINEER for 

approval.  Applicator shall be an Arizona licensed contractor.  Each of the 
applicator’s employees applying coatings and underlayment’s shall be 
certified by the manufacturer as having sufficient training and knowledge to 
properly apply their products 

14. Quality Assurance and Testing Reports. 

1.4       PRODUCT DELIVERY, STORAGE, AND HANDLING 

A. All surface coating materials shall be delivered to the job site in original sealed 
containers and shall be used directly from these sealed containers. 

B. All containers shall have the following labels naming title of material, 
manufacturer's name and stock number, contents by volume, color name and 
number, and application instructions. 

C. All surface coating materials shall be stored in an area according to manufacturer's 
recommendations. 

D. The storage area shall be kept neat and clean.  Floors and other surfaces shall be 
adequately protected.  Any damage caused by the CONTRACTOR to surfaces in 
the storage area shall be thoroughly cleaned and repaired. 

E. All oily rags, waste, etc., shall be placed in a covered material container and 
removed by the CONTRACTOR at the end of each shift. 

1.5       QUALITY ASSURANCE 

A. Corrosion resistant coating manufacturer and applicator shall have at least five 
years experience in production and coating applications, respectively.  

B. Provide the services of a qualified manufacturer's representative at the Project site 
for a minimum of two trips and two, eight hour work days at the commencement 
of Work to advise on materials, installation, and finishing techniques. 

C. Certify long-term compatibility of all coatings with all substrates. 

D. Provide the services of a qualified manufacturer's representative at the Project site 
for a minimum of two trips and four, eight hour work days during Work and 
completion of the Work for inspection.  Within seven calendar days after inspection 
by the manufacturer, the CONTRACTOR shall provide a written report from the 
manufacturer certifying the coatings have been applied properly and in accordance 
with the manufacturer's recommendations and requirements.  Deficiencies in the 
coating system, if any, noted by the manufacturer during final inspection shall be 
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defined in the manufacturer's report including corrective measures to be 
implemented by the CONTRACTOR at the CONTRACTOR'S expense.  Following 
corrective measures by the CONTRACTOR, the manufacturer shall re-inspect the 
Work.  Within seven days after re-inspection, provide a written report form the 
manufacturer certifying the coatings have been applied properly and in accordance 
with the manufacturer's recommendations and requirements. 

E. Pre-Application Meeting: 

1. A pre-application meeting MUST take place at the job-site or mutually agreed 
upon site a minimum 3 (three) weeks before the application of any coating or 
lining work proceeding. Attendance is required of all principal decision 
making parties directly affecting work of this section, including OWNER, 
ENGINEER, CONTRACTOR, COATING MANUFACTURER’S 
REPRESENTATIVE and COATING INSPECTOR etc. Record the 
discussions of the conference and the decisions and agreements (or 
disagreements) and furnish a copy of the record to each party attending.  
Review foreseeable methods and procedures relating to the painting Work, 
including but not necessarily limited to, the following: 
a. Review Project Coating Specification, Project requirements, including 

Contract Documents, Project Schedule, approved Shop Drawings, pending 
and approved Change Orders and requests for information. 

b. Field quality control: Contractors responsibilities, i.e providing written 
daily reports and review required samples and submittals, both completed 
and yet to be completed.  

c. Review status of surfaces including drying, surface preparations and 
similar considerations. 

d. Review availability of materials, tradesman, equipment and facilities 
needed to make progress, avoid delays and protect the Work from 
damaging conditions. 

e. Coating Inspector’s authority and responsibilities, required inspections, 
testing services, certifications and quality control procedures. 

f. Review weather and forecasted weather conditions, and procedures for 
coping with unfavorable conditions. Supplemental heating sources, as may 
be required to continue the Work under low temperature conditions, shall 
be in operating order and acceptable to coating applicator. 

g. Review methods for complying with regulations of governing authorities 
having jurisdiction, such as compliance with environmental protection, 
health, safety, fire and similar regulations. 

h. Material storage requirements  
i. Protection of surfaces not scheduled to be coated 
j. Application requirements and procedures 
k. Protection of coating systems 
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2.   Provide meeting minutes to all parties for review and possible clarification. 
Should any correction to the meeting minutes be required, the minutes should 
be corrected and resubmitted to all parties. 

3.   Reconvene the meeting at the earliest opportunity if additional information 
must be developed in order to conclude the subjects under consideration. 

4.   Record any revisions or changes agreed upon, reasons therefore, and parties 
agreeing or disagreeing with them. 

 
G. Maintain a Coating Application Log containing the information as shown on the 

log attached at the end of this Section 09900, Painting.  The Paint Application 
Log shall be maintained on a daily basis for all areas where the Work is being 
performed.  The Paint Application Log shall be turned over to the ENGINEER by 
9:00 a.m. the following day that the work was performed. The log shall include 
the following: 
1. Date. 
2. Time. 
3. Weather condition (at work location). 
4. Air temperature (at work location). 
5. Surface temperature (at work location). 
6. Dew point (at work location). 
7. Humidity (at work location). 
8. Material temperature (Before (Separately) and Mixed (Combined) 
9. Location/area square footage. 
10. Description of Work performed. 
11. Materials used, colors and batch numbers, quantity of materials used (not 

including waste). 
12. Application/surface preparation equipment and personnel. 
13. WFT/surface profile measurements. 
14. Comments, quality control procedures. 
15. Signature/title. 

1.6       WARRANTY 

A. The corrosion resistant coating manufacturers shall warrant the products being 
supplied to the OWNER against defects for a period of five  years under normal 
use. The warranty shall be in printed form. 

B. Warranty Period Inspection: 
1. OWNER may conduct inspection at any time prior to five (5) years following 

completion of new coating work and /or repaired coating work.  
CONTRACTOR and representative of coating manufacturer shall be notified 
of any apparent coating failures.  Defective work or coating failures shall be 
repaired in accordance with this specification and to the satisfaction of 
OWNER.   
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2. If warranty inspections are not held, CONTRACTOR is not relieved of 
responsibilities under Contract Documents.   

PART 2 - PRODUCTS 

2.1       PRODUCTS FOR COATINGS 

A. Manholes and Lift Station, including all concrete surfaces such as walls, baffles, 
columns, and floor; and openings: 
1. Sauereisen Sewergard 210TN  Troweled Industrial coating 
2. No approved equal. 
 

2.2       MATERIALS 

A. Manholes:  
1. Troweled product shall be applied in one layer to a minimum of 125 mils dry 

film thickness after the concrete filler/sealer has been applied (or as required 
by the coating manufacturer and approved by the ENGINEER) to the concrete 
surfaces.  In floor coatings, CONTRACTOR shall incorporate silica sand or 
other approved natural or synthetic grit to provide a slip-resistant surface. The 
additive shall be mixed in the coating compound prior to application. 

PART 3 - EXECUTION 

3.1       SAFETY 

A. The CONTRACTOR shall perform all surface preparation and application of the 
coatings as described below.  All surface preparation and coating application shall 
be in compliance with all applicable Federal, State, and local occupational safety, 
health, and air pollution control regulations.  All safety precautions recommended 
by the manufacturer in printed instructions or special bulletins, and as required by 
applicable regulations.  The CONTRACTOR shall provide forced ventilation in all 
areas where inadequate ventilation exists. 

3.2       SURFACE PREPARATION 

A. New concrete shall cure as required for an acceptable surface to apply coating 
system as determined by the coating manufacturer. Testing the new concrete to 
determine whether it is acceptable for a coating system includes capillary moisture 
in accordance with ASTM D4263 and further testing in accordance with ASTM 
F1869 if moisture is detected and ground water intrusion is suspected.    Test for 
moisture content of concrete surfaces before commencement of painting Work.  
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There are many tests for moisture in concrete such as ASTM D 4263, ASTM F 
1869 or ASTM F 2170. Provide from the submitted coating manufacturer in writing 
as to which standard they want used and what results must be obtained for 
satisfactory compliance. Report results to ENGINEER before starting Work. 

B. The concrete shall be prepared in accordance with SSPC/NACE Preparation of 
Concrete.  The concrete surface shall be abrasive blast cleaned in accordance with 
ASTM D4259 to a uniform texture of 50-60 grit sandpaper and a surface profile of 
4-6 mils.  When sandblasting a surface to be coated, the CONTRACTOR shall 
protect all surrounding surfaces from sustaining any damage.  All surfaces to be 
sound, clean, dry, and free of all contaminants prior to application of the coating 
system.  Patch all holes as recommended by the coating manufacturer. 

C. Test for moisture content of concrete surfaces before commencement of painting 
Work.  There are many tests for moisture in concrete such as ASTM D 4263, ASTM 
F 1869 or ASTM F 2170. Provide from the submitted coating manufacturer in 
writing as to which standard they want used and what results must be obtained for 
satisfactory compliance. Report results to ENGINEER before starting Work. 

D. Verify that the pH levels, of the cleaned concrete surfaces to be coated, are 10 to 
12 or within the coating manufacturers’ current written acceptable range. The pH 
of the concrete substrate will be measured using pH indicating papers. The pH 
testing is to be performed once every 50 square feet (5 square meters). Acceptable 
pH values can be measured using color indicating pH paper with readable color 
calibrations and a scale at whole numbers (minimum). Use Hydrion Insta-Check 
Jumbo 1-12, or equal. The paper shall be touched to the surface once using 
moderate gloved finger pressure. The surface shall not be wiped or moved laterally 
to disturb the surface during pH testing. Following the one touch, lift the paper 
vertically to not "wipe" the surface. Compare the color indicated with the scale 
provided and record the pH. Spot check any areas that may be questionable with 
phenolphthalein solution. Where paint system is used to provide chemical 
containment barrier protection, repair cracks and expansion joints in concrete and 
provide 2-inch radius cove base fillets at all equipment pads and containment walls 
as part of the complete chemical containment paint    system Work. Use materials 
and techniques recommended by the specified Manufacturer. 

E. Remove all cast-in-place concrete fins, projections, tie wire, nails and other surface 
irregularities, which would protrude above the level of finished intermediate fillers 
and surfacers by chipping and scarification by mechanical abrasion. 

F. Using specified filler and surfacer, patch all cast-in-place concrete and precast 
concrete surfaces as required to completely fill surface air holes and honeycombing.  
Level all protrusions and grind filler and surfacing compounds smooth and level 
with adjacent surfaces. 
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G. Where concrete masonry unit block filler is specified, spot patch holes and cracks 
with a putty knife using specified block filler to provide smooth finish for large 
surfaces coating materials can be applied by airless spray and backroll uniformly 
using a roller with a synthetic nap cover. While the coating material; is still wet a 
rubber squeegee can be used to provide a smooth finish. 

3.3       INSTALLATION 

A. The corrosion resistant coating shall be applied by a coating applicator specialist 
qualified to apply the coating in accordance with the manufacturer's specification. 

B. Do not open containers or mix components until necessary preparatory work has 
been completed and application work will start immediately. 

C. Handling of materials before, during, and after application in such a manner as to 
prevent inclusion of foreign materials. 

D. All interior spaces of the manholes and Lift Station No. 77 shall be coated. This 
includes the floor, walls , openings and ceiling. The joint between the  54-inch RCP 
sewer lining and the wet well coating system shall be made at the recommendation 
of the respective manufacturers. 

E. Prior to Coating Installation, CONTRACTOR shall perform adhesion testing of the 
concrete per ASTM C 1583.    

F. Use only application methods approved by the manufacturer. 

3.4       TESTING 

A. Contractor shall give ENGINEER a minimum of three days advance notice before 
the start of any surface preparation, underlayment application work, coating 
application work or testing. 

B. All testing shall be performed in presence of ENGINEER. 

C. Acceptance for holiday testing, adhesion testing and dry film thickness testing shall 
be witnessed by an independent Testing Agency or Laboratory approved by the 
OWNER.  Costs of this inspection and Testing shall be the responsibility of the 
CONTRACTOR. At OWNER’s option, OWNER may waive requirement of 
CONTRACTOR provided testing agency or laboratory and have ENGINEER 
witness this testing. 

D. Additional illumination, scaffolding, and permit required confined space entry 
equipment and support shall be provided by CONTRACTOR as necessary to 
facilitate inspection by ENGINEER and/or Testing Agency when requested. 
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E. Holiday testing equipment and procedures shall be in strict accordance with the 
latest edition of NACE “Standard Recommended Practice-Discontinuity (Holiday) 
Testing of Protective Coatings.” and ASTM D4787-13.  Areas containing holidays 
shall be marked repaired or recoated and re-tested in accordance with coating 
manufacturer’s printed instructions.  
1. Holiday detectors shall be high voltage plus-type detectors as manufactured by 

Tinker & Rasor or D.E.Sterns Co. Unit Shall be adjusted to operate at voltage 
required to cause sparks jump across air gap equal to twice specified coating 
thickness.  Minimum applied voltage for 125 Mil coating shall be 17,000 volts. 

F. Dry film thickness measurements shall be provided by report submitted by 
CONTRACTOR to ENGINEER.  The report shall be presented after completion of 
underlayment, top coating operations and shall state number of manufacturer’s 
product units used and total square footage of surfaced area covered.  ENGINEER 
shall have option of requiring CONTRACTOR to document number of units 
(coating materials) on hand before and after coating operations to verify actual 
minimum dry film thickness applied 
1. All film thickness not meeting required minimum will be recoated per 

manufacturer’s recommendations to required minimum 125 mil thickness. 

G. CONTRACTOR shall perform adhesion test on 15% of coated surface areas.  
Adhesion tests shall conform to  ASTM D7234, minimum pull off strength of 
200 psi concrete.  A minimum pull off strength of 150 psi on concrete will be 
acceptable if substrate is adhered to coating and dolly on more than ½ the area of 
the dolly.  50mm dollies shall be used for adhesion testing.  In the event of a failure, 
ENGINEER and CONTRACTOR shall determine limits of failure through 
additional investigation, sounding and pull tests. Failed areas shall be removed and 
repaired in accordance with these specification and manufacturer’s 
recommendations.  Repaired area shall undergo testing as specified herein.   

3.5       CLEAN-UP 

A. During progress of the Work, remove from the site all discarded materials, rubbish, 
cans or buckets, and rags at the end of each Work day. 

B. Upon completion of the Work, clean all coating-spattered surfaces.  Remove 
spattered coating by proper methods of washing and scraping, using care not to 
scratch or otherwise damage surfaces. 

C. At the completion of Work of other trades, touch-up and restore all damaged or 
defaced coated surfaces as determined by the ENGINEER. 

D. Ensure that all Federal, State, and Municipal laws and regulations are met during 
the disposal of coating material or any other hazardous material associated with the 
coating process. 
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END OF SECTION 
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SECTION 11318 

END SUCTION SUBMERSIBLE PUMPS 

PART 1 - GENERAL  

1.1       DESCRIPTION  

A. Scope: 

1. Provide all labor, materials, equipment and incidentals required to furnish and 

install sea water submersible, end suction centrifugal pumps complete and 

operational with motors, alarm equipment, alternator and accessories as shown 

on the Drawings and specified.  Anchor bolts are included in this Section. 

1.2       QUALITY ASSURANCE 

A. Manufacturer’s Qualifications:   

1. Manufacturer shall have a minimum of five years of experience of producing 

substantially similar equipment, and shall be able to show evidence of at least 

five installations in satisfactory operation for at least five years. 

B. Reference Standards:  Comply with applicable provisions and recommendations of 

the following, except as otherwise shown or specified.  

1. Standards of the Hydraulic Institute.  

2. National Electrical Code (NEC) current adoption.  

3. City of Phoenix – Amendments to the National Electrical Code.  

4. Standards of National Electrical Manufacturers Association. 

5. Institute of Electrical and Electronic Engineers.  

6. American National Standards Institute.  

7. Standards of American Water Works Association. 

C. Shop Tests: 

1. Pump casings shall be hydrostatically tested to twice the discharge head or 

1-1/2 times the shutoff head whichever is greater. 

2. Running Test:  Pump assembly shall be operated from zero to maximum 

capacity as shown on the approved curve. Results of the test shall be shown in 

a plot of test curves showing head, flow, horsepower, efficiency, and current. 

Readings shall be taken at a minimum of five evenly spaced capacity points 

including shut-off, design point and minimum head for which pump is 

designed to operate. 

3. Each test shall be witnessed by a Registered Professional Engineer, who may 

be an employee of the manufacturer.  The Registered Professional Engineer 

shall sign and seal all copies of curves and shall certify that hydrostatic tests 

were performed.  Tests shall be conducted in conformance with the methods 

described in Section A6 of AWWA E101. 
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4. Pumps shall not be shipped until the ENGINEER has approved the test reports. 

D. Unit Responsibility:  Assign Unit Responsibility as specified in Section 01600, 

General Equipment Provisions, to the manufacturer or supplier for the equipment 

specified in this Section.  A Certificate of Unit Responsibility shall be provided. 

1.3       SUBMITTALS 

A. Shop Drawings:  Submit for approval the following: 

1. Manufacturer’s literature, illustrations, specifications and engineering data 

including:  dimensions, materials, size, weight, performance data and pump 

curves showing overall pump efficiencies, flow rate, head, brake horsepower, 

motor horsepower, speed and shut-off head.  

2. Shop Drawings Showing:  Fabrication, assembly, installation and wiring 

diagrams. 

3. Guarantee. 

4. Motor tests and data as described in PART 2 below. 

5. Submit Shop Test results conforming to Paragraph 1.2.C., above. 

B. Operation and Maintenance Manuals: 

1. Submit complete installation, operation and maintenance manuals including 

test reports, maintenance data and schedules, pump curves, description of 

operation and spare parts information. 

2. Furnish operation and maintenance manuals in conformance with the 

requirements of Section 01781, Operation and Maintenance Data.  

1.4       WARRANTY 

A. The pump manufacturer shall warranty the units being supplied to the OWNER 

against defects in workmanship and material for a period of five years under normal 

use, operation, and service.  The warranty shall cover parts and labor and shall be 

in printed form and apply to all similar units. 

PART 2 - PRODUCTS  

2.1       SERVICE CONDITIONS  

A. Pumps shall be non-clog submersible end suction centrifugal slide rail type.  Pumps 

shall be designed for operation under complete submersion, partial submersion and 

also under dry conditions.  Each pump shall be specially designed, constructed, and 

installed for the service intended and shall comply with the design conditions listed 

below.  

B. Design Conditions: 
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Location: Lift Station 76 

Use: Sewage 

No. Required: 2 

Drive Type: Constant Speed 

Design Flow: gpm 1,736 

Design TH: ft. 95 

Min. Shut-off Head: ft. 182.5 

Min. Hydraulic Efficiency at Design: % 73 

Motor Hp: Max. 60 

Max. Speed: rpm 1775 

Sphere Diameter: in. 3 

Discharge Size: in. 6 

Flow at 2nd Design Point: gpm 1,200 

TH at 2nd Design Point: ft. 118 

Flow at 3rd Design Point:  gpm 2,200 

TH at 3rd Design Point:  ft 70 

Shut off Head: 182.5 

 

 

 

LS 76 SYSTEM CURVE TABLE 

 

C-Value 

Phase II System Curve 

(110) 

C-Value 

Phase II System Curve 

(140) 

Flow, gpm Head, ft Flow, gpm Head, ft 

System Point No. 1 1,200 81.29 1,200 79.82 

System Point No. 2 1,500 86.96 1,500 84.79 

System Point No. 3 2,000 98.82 2,000 95.21 

System Point No. 4 2,500 113.58 2,500 108.25 

System Point No. 5 3,000 131.18 3,000 123.83 

 

2.2       DETAILS OF CONSTRUCTION 

A. Pump Materials and Construction:  The pumps shall be heavy duty, electrical, 

submersible, centrifugal, non-clog unit designed to handle raw sewage up to 4% 

Total Suspended Solids (TSS).  The pumping units shall automatically and 

positively mate with its discharge piping when lowered into place.  The pumps shall 
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be removable for inspection or service requiring no bolts, nuts or other fastenings 

to be disconnected.  Each pump shall be fitted with a stainless steel chain of 

adequate strength and length for pump removal.  Lifting safety type hooks shall be 

provided at both ends of the chain.  The manufacturer shall provide guide rail 

brackets, base elbow, self-seating flange and disconnect and other items required 

for a guide rail type removal system.  The pumps, with appurtenances and cable, 

shall be designed for continuous operation under submergence, without leakage, in 

water to a depth of 35 feet. 

1. Stator casing, oil casing, sliding bracket, volute and impeller shall be close 

grained grey cast iron.  

2. Impeller shall be of high-chrome hard iron, ASTM A532, Class III, Type A, 

dynamically balanced, double shrouded, non-clogging design, having a long 

throughlet without acute turns.  The impeller shall be capable of handling 

solids, fibrous materials, and heavy sludge. The fit between the impeller and 

the shaft shall be a sliding fit with one key.   

3. A wear ring system shall be installed to provide efficient sealing between the 

volute and impeller.  The wear ring system shall consist of a stationary ring 

made of high-chrom hard iron, ASTM A532, Class III, Type A with a 

minimum Brinell Hardness number of 450 when tested in accordance with 

ASTM E10, encased in nitrile rubber.  The wear ring system shall be fitted to 

the volute inlet. 

4. External Hardware:  All bolts, nuts and cap screws shall have hexagon heads 

and be of 316 stainless steel.  

5. Shaft:  Stainless steel.  

6. Each pump shall be provided with a tandem mechanical shaft seal system 

consisting of two totally independent seal assemblies.  The seals shall operate 

in a lubricant reservoir that hydro-dynamically lubricates the lapped seal faces 

at a constant rate.  The lower, primary seal unit, located between the pump and 

the lubricant chamber, shall contain one stationary and one positively driven 

rotating tungsten-carbide ring.  The upper, secondary seal unit, located 

between the lubricant chamber and the motor housing, shall contain one 

stationary tungsten-carbide seal ring and one positively driven rotating 

tungsten-carbide seal 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 (not equal to the dual independent seal specified):  

shaft seals 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 seals shall not be acceptable. 

7. Each pump shall be provided with an oil chamber for the shaft sealing system.  

The seal oil shall be FDA approved and non-toxic.  Seal lubrication shall 

require an oil chamber capacity no greater than 16 pints.  The drain and 

inspection plug, with positive anti-leak seal, shall be easily accessible from the 

outside. 
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8. Coating:  All surfaces in contact with wastewater shall be protected with two 

layers of Tankguard-412 – 8 mils DFT per layer.  Blast Surfaces to SP 10 near 

white metal cleaning prior to coating. 

9. Bearings:  Anti-friction, grease or oil lubricated with a minimum B-10 life of 

100,000 hours. 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. 

10. Stainless steel manufacturer’s nameplate giving the model and serial number, 

rated capacity, head, speed and all other pertinent data shall be attached to the 

pump. 

11. Guide rails shall be Type 316 stainless steel. The guide rail supports shall be 

placed at 8 foot maximum intervals or less as required to provide support.  The 

system shall allow the pump to be automatically connected to the discharge 

connection when lowered into place and shall be easily removed for inspection 

or service.  Sealing of the pumping unit to the discharge connection shall be 

accomplished by a linear downward motion of the pump to a metal-to-metal 

interface or to a profile gasket seal. 

12. Each pump shall be provided with a minimum of 50 feet of nylon line 

connected to a short length of high tensile, proof tested stainless steel chain.  

The nylon line shall be sized to sustain all tensile stresses during lifting of the 

pump.  The stainless steel chain shall be connected to the lifting eye.  A steel 

forged grip-eye shall be provided separately to connect the end of the lifting 

chain to the pump.  

13. Submersible Cable:  Provide power and control cable from junction box to 

each pump suitable for submersible applications and indicate same by a code 

or legend permanently embossed on the cable. Size cable in accordance with 

applicable NEC requirements. Cable shall be listed by a recognizable testing 

agency or laboratory. 

14. Access Frames and Covers:  Pumping units shall be furnished with rectangular 

6061 T6 aluminum alloy access frames and covers complete with heavy duty 

stainless steel hinges and locking hasp.  Covers shall be designed for 300 

pound per square foot live loading and shall have safety checked or abrasive, 

nonslip surfaces.  Opening sizes shall be as shown on the Drawings.  The 

access frames and covers shall conform to the requirements of Section 05581, 

Floor Access Hatch Covers. 

15. All submersible pumps shall be explosion proof and rated for Class 1, Div. 1 

environments. 

B. Motors:  

1. Motors shall conform to the requirements of Section 11000, Electric Motors 

250 Horsepower or Less. 

2. Motors shall be solid shaft of stainless steel, ball bearing type.  Motor casing 

shall be air-filled and watertight with moisture resistant Class H 215°C 

insulation.  Power shall be 480 Volts, 60 Hz, and 3 phase. 

3. Cable entry shall be isolated with an internal terminal board. 
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4. Pump and motor shall be designed for continuous and intermittent operation 

up to twelve starts per hour in a non-submerged condition without damage.   

5. Motors shall be non-overloading for the entire pump operating curve. 

6. Control module shall be Flygt MAS-801, or equal, and compatible with motor 

sensors.  

7. Pump motor cable shall be designed for submersible duty and shall be 

indicated by code or legend permanently applied to cable. Cable and sizing 

shall conform to Phoenix Electrical Code for pump motors and shall be 

supplied in sufficient length to extend continuously, without splices, from the 

pump to the pump control panel.  The power cable entry assembly shall be 

stainless steel and shall be provided with a strain relief element to inhibit 

leakage in the event the cable is pulled.  Motor power cords shall meet the 

requirements of the Mine Safety and Health Administration for trailing cables.  

Motor power cords shall be suitable for direct burial. 

8. Motor thrust bearings shall be designed for continuous thrust loads under all 

conditions of pump operation from zero head to shut-off.  The anti-friction 

bearings shall be rated for a B-10 life of 100,000 hours. 

9. Motor Sensors: 

a. Each pump motor shall be equipped with a minimum of three thermal 

sensors embedded in the stator windings and wired to the control panel 

for supplemental motor protection.   

b. Leakage sensor in lower part of stator housing shall be wired to leads in 

the junction chamber. 

10. Motors shall have built-in thermal overload protection. 

11. Motor Tests and Data:  

a. For each motor furnish an inspection report for the motor or for a 

previously manufactured electrically duplicate motor which was tested.  

Provide the following minimum data:  

1) Running current.  

2) Locked rotor current.  

3) Winding resistance measurement.  

4) High potential test.  

5) Bearing inspection.  

C. Accessory Equipment:   

1. Provide the following accessories for each pump as required for a complete 

installation. 

a. Anchor Bolts:  Type 316 stainless steel. 

b. Guide Bar Brackets, Upper:  Type 316 stainless steel. 

c. Guide Bar Brackets, Intermediate:  Type 316 stainless steel. 

d. Safety Chain Hook:  Type 316 stainless steel. 

e. Cable Holder and Support Grip:  Type 316 stainless steel. 

f. Discharge Elbow:  Ductile iron. 

D. Controls: 
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1. Pumping units shall be controlled with liquid level sensors with sufficient 

length of electrical cable.  Level sensors shall be of the sealed mercury switch 

non-floating, displacement type. 

2. Electrical Controls:  Furnish and install an automatic pump control center in a 

NEMA 4X enclosure for operation on a 480 Volt, 3 phase, 60 Hertz electrical 

power.  Each pumping unit shall be provided with an individual disconnect 

switch, three phase overload protection with manual reset and a magnetic 

contactor.  A 120 volt control circuit transformer with disconnect and overload 

protection shall be included.  Provide an automatic electrical sequence for 

multi-pumping units. 

E. Monitoring Equipment: 

1. General: 

a. Provide power and control cables and motor protective control devices as 

specified in Paragraph 2.2.B., above, and in Paragraph 2.2.E.2., below. 

b. Instrumentation and control system operational functional requirements 

relative to the pump applications are shown on the Drawings and specified 

in applicable Sections in Division 17000. 

2. Motor Protective Control Devices: 

a. For each pump motor assembly: 

1) Provide a solid state monitoring relay with SPDT dry contact closure 

control outputs for: 

a) Stator winding overtemperature. 

b) Stator housing leakage sensor. 

2) Relays shall be mounted in control panel by others. 

F. Product and Manufacturer:  Provide the following: 

1. Flygt, Model NP 3202 HT 

2.3       SPARE PARTS 

A. Each pump shall be furnished with a manufacturers repair kit that shall include as 

a minimum the following: 

1. One set of mechanical seals. 

2. One set of wear rings. 

3. One set of bearings. 

4. One set of gaskets. 

B. Spare parts shall be packed in sturdy containers with clear indelible identification 

markings and shall be stored in a dry, warm location until transferred to the 

OWNER at the conclusion of the Project.  Comply with the requirements of Section 

01783, Spare Parts and Maintenance Materials. 
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2.4       SURFACE PREPARATION AND PAINTING  

A. Pumps, motors, drives, frames, baseplates, appurtenances, etc., shall receive shop 

primer and shop finish coating conforming to the requirements of Section 09900, 

Painting. If any damage to the paint system occurs, the equipment shall be repainted 

as directed by the ENGINEER. 

B. Surface preparation and painting shall conform to the requirements of Section 

09900, Painting. 

C. All gears, bearing surfaces, machined surfaces and other surfaces which are to 

remain unpainted shall receive a heavy application of grease or other rust-resistant 

coating. This coating shall be maintained during storage and until the equipment is 

placed into operation. 

D. Certify, in writing, that the shop primer and shop coating system conforms to the 

requirements of Section 09900, Painting. 

PART 3 - EXECUTION  

3.1       INSPECTION 

A. Inspect all equipment immediately upon delivery to site.  If damaged, notify 

ENGINEER and manufacturer immediately. 

B. Make adjustments required to place system in proper operating condition.  Do not 

install damaged equipment until repairs are made in accordance with 

manufacturer’s written instructions and approved by the ENGINEER.  Only minor 

repair work shall be permitted in the field.  All other damaged items shall be sent 

to factory for repair or replacement. 

3.2       START-UP AND TEST 

A. Manufacturer’s representative shall check and approve the installation before 

operation.  Manufacturer’s representative shall field test and calibrate the 

equipment to assure that the system operates to the OWNER’S satisfaction. 

B. Make adjustments required to place system in proper operating condition.  Field 

test and calibrate the equipment to assure that the system operates in accordance 

with these Specifications and to the satisfaction of the ENGINEER. 

C. After completion of installation, the system shall be completely tested to ensure 

compliance with the operating requirements as specified, indicated on the Drawings 

and in accordance with Section 01752, Equipment and System Startup and 

Performance Testing. 
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D. All equipment will be given running tests by CONTRACTOR at the job site 

following installation of the equipment and controls.  Should the tests indicate any 

malfunction, make any necessary repairs and/or adjustments.  Such tests and 

adjustments shall be repeated until, in the opinion of the ENGINEER, the 

installation is complete and the equipment is functioning properly and accurately, 

and is ready for permanent operation. 

3.3       MANUFACTURER’S SERVICES 

A. A factory trained representative shall be provided for installation supervision, start-

up and test services and operation and maintenance personnel training services. The 

representative shall make a minimum of three site visits, minimum eight hours on-

site for the first two visits. The first visit shall be for assistance in the installation 

of equipment. The second visit shall be for checking the completed installation and 

start-up of the system. The third visit shall be as described under Section 01821, 

Instruction of Operations and Maintenance Personnel, minimum of four hours.  

Manufacturer’s representative shall test operate the system in the presence of the 

ENGINEER and verify that the pumps conform to requirements. Manufacturer’s 

representative shall revisit the job site as often as necessary until all trouble is 

corrected and the installation is entirely satisfactory.  

B. All costs, including travel, lodging, meals and incidentals, shall be considered as 

included in CONTRACTOR’S bid price. 

+ + END OF SECTION + + 
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SECTION 15114 

CHECK VALVES AND APPURTENANCES 

PART 1 - GENERAL 

1.1       DESCRIPTION 

A. Scope: 

1. Provide all labor, materials, equipment and incidentals required to furnish and 

install all check valves and appurtenances complete and operational as shown on 

the Drawings and as specified.  

2. The Work includes, but is not necessarily limited to, all types of valves required 

for buried, exposed, submerged and other types of piping, except where 

otherwise specifically included in other Sections. 

B. Coordination: 

1. Review installation procedures under other Sections and coordinate with the 

Work which is related to this Section including buried piping installation, 

exposed piping installation and site utilities. 

1.2       QUALITY ASSURANCE 

A. Manufacturer's Qualifications:  

1. Manufacturer shall have a minimum of five years experience of producing 

substantially similar equipment, and shall be able to show evidence of at least 

five installations in satisfactory operation for at least five years.  

2. Each type of check valve shall be the product of one manufacturer. 

B. Reference Standards:  Comply with applicable provisions and recommendations of 

the following, except as otherwise shown or specified.  

1. AGMA Standards. 

2. ANSI B16.1, Cast Iron Pipe Flanges and Flanged Fittings. 

3. ANSI B16.4, Cast Iron Fittings. 

4. ASTM A 48, Specification for Gray Iron Castings. 

5. ASTM A 126, Specification for Gray Iron Castings for Valves, Flanges and Pipe 

Fittings. 

6. ASTM A 216, Specification for Steel Castings, Carbon, Suitable for Fusion 

Welding, for High-Temperature Service. 

7. ASTM A 240, Specification for Heat-Resisting Chromium and Chromium-

Nickel Stainless Steel Plate, Sheet, and Strip for Pressure Vessels. 
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8. ASTM A 285, Specification for Pressure Vessel Plates, Carbon Steel, Low-and 

Intermediate-Tensile Strength. 

9. ASTM A 307, Specification for Carbon Steel Bolts and Studs, 60,000 psi 

Tensile Strength. 

10. ASTM A 354, Specification for Quenched and Tempered Alloy Steel Bolts, 

Studs and Other Externally Threaded Fasteners. 

11. ASTM A 436, Specification for Austenitic Gray Iron Castings. 

12. ASTM A 536, Specification for Ductile Iron Castings. 

13. ASTM B 62, Specification for Composition Bronze or Ounce Metal Castings. 

14. ASTM D 1784, Specification for Rigid Poly (Vinyl Chloride) PVC Compounds 

and Chlorinated Poly (Vinyl Chloride) CPVC compounds. 

15. AWWA C111, Rubber-Gasket Joints for Ductile-Iron and Gray-Iron Pressure 

Pipe and Fittings. 

16. AWWA C506, Backflow Prevention Devices - Reduced Pressure Principle and 

Double Check Valve Types. 

17. AWWA C508, Swing Check Valves for Waterworks Service, 2-inch through 

24-inch NPS. 

18. NEMA, National Electrical Manufacturer's Association. 

19. Comply with National Sanitation Foundation (NSF-61) and Arizona 

Administration Code requirements. 

1.3       SUBMITTALS 

A. Shop Drawings:  Submit for approval the following: 

1. Manufacturer's literature, illustrations, paint certifications, specifications, 

detailed drawings, data and descriptive literature on all valves and appurte-

nances. 

2. Deviations from Contract Documents. 

3. Engineering data including dimensions, materials, size and weight. 

4. Fabrication, assembly and installation drawings. 

5. Control characteristics of modulating valves. 

6. Certificates of compliance with AWWA Standards, where applicable. 

7. Corrosion resistance information to confirm suitability of the valve materials for 

the application.  Information on chemical resistance of elastomers shall be 

furnished from the elastomer manufacturers. 

8. Power and control wiring diagrams, including terminals numbers. 

9. Complete manufacturer’s nameplate data of valves. 

10. Special tools list. 

11. Cv Values and headloss curves. 

B. Operation and Maintenance Manuals: 
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1. Submit complete installation, operation and maintenance manuals including test 

reports, maintenance data and schedules, description of operation, and spare 

parts information. 

2. Furnish Operation and Maintenance Manuals. 

C. Certificates:  Where specified or otherwise required by ENGINEER, submit test 

certificates. 

1.4       PRODUCT DELIVERY, STORAGE AND HANDLING 

A. Deliver materials to the site to ensure uninterrupted progress of the Work.  Deliver 

anchor bolts and anchorage devices, which are to be embedded in cast-in-place 

concrete, in ample time to not delay the Work. 

B. All boxes, crates and packages shall be inspected by CONTRACTOR upon delivery 

to the site.  Notify ENGINEER if any loss or damage exists to equipment or 

components.  Replace loss and repair damage to new condition, in accordance with 

manufacturer’s instructions. 

C. Store materials to permit easy access for inspection and identification.  Keep all 

material off the ground, using pallets, platforms or other supports.  Protect steel 

members and packaged materials from corrosion and deterioration. 

D. Store all mechanical equipment in covered storage off the ground and prevent 

condensation and in accordance with the manufacturer’s recommendations for long 

term storage. 

PART 2 - PRODUCTS 

2.1       MATERIALS 

A. General:  

1. Valves shall have manufacturer's name and working pressure cast in raised 

letters on valve body.  

2. Unless otherwise specified, all flanged valves shall have ends conforming to 

ANSI B16.1.  The pressure class of the flanges shall be equal to or greater than 

the specified pressure rating of the valves. 

3. All bolts, nuts and studs on/or required to connect buried or submerged valves 

shall be Type 316 stainless steel. 

4. All bolts and studs embedded in concrete and studs required for wall pipe shall 

be of Type 316 stainless steel.  
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5. For stainless steel bolting, except where Nitronic-60 nuts are required, use anti-

seize compound, graphite free, to prevent galling.  Strength of the joint shall not 

be affected by the use of anti-seize compound. 

6. All other bolts, nuts and studs shall, unless otherwise approved, conform to 

ASTM A 307, Grade B; or ASTM A 354.  

7. Bolts and nuts shall have hexagon heads and nuts.  

8. Gasket material and installation shall conform to manufacturer’s 

recommendations. 

9. Identification:  Identify each valve 4-inches and larger with a stainless steel 

manufacturer’s nameplate stamped with the approved designation.  

Manufacturer’s nameplate shall be permanently fastened to valve body at the 

factory.  Stenciled designations are acceptable for buried valves.  

10. All materials of construction of the valves shall be suitable for the applications 

as shown on the Drawings. 

11. Protect wetted parts from galvanic corrosion due to contact of two different 

metals. 

B. 3-Inch Diameter and Larger – Hydraulic - Oil Cushion Type: 

1. Provide valves conforming to AWWA C508-09 and as specified herein. 

2. Valve shall be a counterweighted, rubber seated swing check valve with external 

hydraulic oil cushion chamber.  Valve shall permit flow in one direction only 

and close tightly, without slamming, when its discharge pressure exceeds its 

inlet pressure. 

3. Valve shall have a hinge shaft located completely above the waterway, and shall 

be Type 316 stainless steel with the disc-arm and counterweight arm keyed 

thereon.  Hinge shaft packing gland shall be of adjustable packing gland design 

employing a compression type packing.  Simple O-ring shaft seals will not be 

accepted. 

4. Valve shall be tight seating when closed, and provide a full equivalent pipe area 

when open fully.  Seating shall be by a resilient field replacement ring on the 

valve disc contacting a Type 316 stainless steel seat ring in the valve body. 

5. Provide an external adjustable counterweight to initiate valve closure, and an 

hydraulic oil cushion chamber mounted externally to dampen valve closure due 

to counterweight action.  The air cushion chamber shall be of all bronze or 

bronze and stainless steel, and shall be field adjustable. 

6. The Oil Cushioning valve shall have a three-stage closing control throughout the 

entire range of closing.  Each state shall be independently adjustable 

a. Stage 1: Timing valve permits rapid closure from full open and is 

adjustable to set the position where the second stage begins. 

b. Second Stage: Closure speeds is controlled by a color -coded micometer 

type control valve with a locking set screw 

c. Third Stage: Cushioned cylinder head with speed adjustment for slower 

control of the last few degrees of travel 
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7. Materials of Construction: All materials of construction shall conform to 

AWWA C508 and shall be as follows for various valve components: 

a. Body, Disc, Cover and Gland:  Cast-iron or ductile iron. 

b. Disc Arm:  Ductile iron. 

c. Hinge Shaft:  Type 316 stainless steel. 

d. Hinge Shaft Bushings:  Bronze. 

e. Shaft End Plate:  Type 316 stainless steel. 

f. Body Seat: Type 316 stainless steel. 

g. Follower ring for Rubber Seat on  Disc:  Type 316 stainless steel. 

h. Disc Center Pin Assembly:  Type 316 stainless steel. 

i. Oil Cushion Chamber: 

1) Chamber and Plunger:  Type 316 stainless steel. 

2) Linkages and Pins:  Type 316 stainless steel. 

3) Hydraulic Hoses:  S.A.E certified. 

j. All Rubber Items: 

1) Up to 180°F Fluid Temperature:  Buna-N, or other synthetic rubber 

suitable for the application. 

2) Greater than 180°F Fluid Temperature:  Viton, or other synthetic 

rubber suitable for the application. 

k. All internal and external bolting and other hardware including pins, set 

screws, studs, bolts, nuts and washers:  Type 316 stainless steel. 

l. Gland Packing: Graphite and Kevlar. 

8. Testing: 

a. Test all valves in the shop in conformance with AWWA C508. 

b. Permitted Leakage at Rated Pressures:  Zero. 

9. Shop Painting: 

a. Interior metal surfaces of the valve, except finished or bearing surfaces, 

shall be shop painted with two coats of an NSF 61 approved epoxy coating 

applied in accordance with the manufacturer's recommendations. 

b. Exterior surfaces of the valve shall be shop painted as specified hereinafter 

under Article 2.2, below. 

10. Product and Manufacturer:  Provide one of the following: 

a. DeZurik 

b. Crispin. 

11. Provide a multiple limit switch on each pump discharge check valve, as shown 

on the Drawings.  Contacts on this switch shall be interlocked to: 

a. Prevent start of motor, unless the valve is closed. 

b. Display an alarm and stop the motor after an adjustable time delay should 

the check valve fail to open or fail to close. 

c. Display an alarm and stop the motor should the check valve close when the 

level in the wet well is such that the pump is operating. 

d. Limit switch shall be of the precision plunger type with a differential of 

1/10-inch or less.  Distance between the center of the valve shaft and the 
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plunger of the limit switch shall not be less than the diameter of the valve 

disc.  Limit switch shall indicate that the disc is not more than one degree 

open, and shall not indicate that the valve is closed until the disc is within 

1/4 degree of being completely closed. 

e. Assembly shall be suitable to be mounted on an outside weight and lever 

swing check valve without modification of the valve or piping, and shall 

provide proper signals to permit the control system to function as described 

above without causing false pump cutout and alarm indications, when 

properly adjusted.   

f. Mount the assembly on the valve in accordance with the manufacturer's 

recommendations and instructions, and shall make all necessary 

adjustments to actuate the limit switch to provide the specified functional 

features. 

2.2       SURFACE PREPARATION AND PAINTING 

A. Valves, appurtenances, etc., shall receive shop primer and shop finish coating 

conforming to the requirements of Section 09900, Painting. If any damage to the 

paint system occurs, the equipment shall be repainted as directed by the ENGINEER. 

B. Surface preparation and painting shall conform to the requirements of Section 09900, 

Painting. 

C. All gears, bearing surfaces, machined surfaces and other surfaces which are to remain 

unpainted shall receive a heavy application of grease or other rust-resistant coating. 

This coating shall be maintained during storage and until the equipment is placed into 

operation. 

D. Certify, in writing, that the shop primer and shop finish coating system conforms to 

the requirements of Section 09900, Painting. 

PART 3 - EXECUTION 

3.1       INSTALLATION  

A. Install all valves and appurtenances in accordance with manufacturer's instructions 

and recommendations. 

B. Unless otherwise approved by the ENGINEER, install all valves plumb and level.  

Install valves free from distortion and strain caused by misaligned piping, equipment 

or other causes. 
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3.2       FIELD TESTS AND ADJUSTMENTS 

A. Adjust all parts and components as required to provide correct operation.  

B. Conduct functional field test of each valve in presence of ENGINEER to demonstrate 

that each part and all components together function correctly. 

3.3       MANUFACTURER'S SERVICE 

A. A factory trained representative shall be provided for installation supervision, start-up 

and test services and operation and maintenance personnel training services.  The 

representative shall make a minimum of 3 visits, 2 hours per visit, to the site.  The 

first visit shall be for assistance in the installation of equipment.  The second visit 

shall be for checking the completed installation and start-up of the system.  The third 

visit shall be for training plant staff.  Manufacturer's representative shall test operate 

the system in the presence of the ENGINEER and verify that valves conform to the 

requirements.  Manufacturer’s representative shall revisit the job site as often as 

necessary until all trouble is corrected and the installation is entirely satisfactory.  

B. All costs, including travel, lodging, meals and incidentals, shall be considered as 

included in CONTRACTOR’S bid price. 

+ +  END OF SECTION  + + 
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SECTION 16136 

 

OUTLET BOXES 

PART 1 - GENERAL 

1.1       DESCRIPTION 

A. Scope:   

1. Provide all labor, materials, equipment and incidentals as shown on the 

Drawings, specified and required to furnish and install outlet boxes for mounting 

wiring devices and lighting fixtures. 

1.2       QUALITY ASSURANCE 

A. Reference Standards:  Comply with applicable provisions and recommendations of 

the following, except where otherwise shown or specified: 

1. Phoenix Electrical Code, Article 370, Outlet, Switch and Junction Boxes and 

Fittings. 

2. UL Standard No. 514, Electrical Outlet Boxes and Fittings. 

1.3       SUBMITTALS 

A. Shop Drawings: Submit for approval the following: 

1. Refer to and comply with the requirements of Section 01332, Shop Drawing 

Procedures. 

2. CONTRACTOR shall submit an electronic copy per Specification Section 

01332, Shop Drawing Procedures.  Text shall be in electronic ASCII format.  

Drawings and figures shall be in Version 2012 or newer AutoCAD ".dwg," or 

pdf ".pdf" format. 

3. A copy of this specification section, with addendum updates included, and all 

referenced and applicable sections, with addendum updates included, with each 

paragraph check-marked to indicate specification compliance or marked to 

indicate requested deviations from specification requirements. Check marks () 

shall denote full compliance with a paragraph as a whole. If deviations from the 

specifications are indicated, and therefore requested by the CONTRACTOR, 

each deviation shall be underlined and denoted by a number in the margin to the 

right of the identified paragraph, referenced to a detailed written explanation of 

the reasons for requesting the deviation. The ENGINEER shall be the final 

authority for determining acceptability of requested deviations. The 

CONTRACTOR shall furnish equipment and/or services as specified if an 

exception and/or deviation is rejected. The remaining portions of the paragraph 

not underlined will signify compliance on the part of the CONTRACTOR with 

the specifications. Failure to include a copy of the marked-up specification 
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sections, along with justification(s) for any requested deviations to the 

specification requirements, with the submittal shall be sufficient cause for 

rejection of the entire submittal with no further consideration. 

4. Manufacturers technical information for outlet boxes proposed for use. 

PART 2 - PRODUCTS 

2.1       MATERIALS 

A. Device Boxes: 

1. Material:  Cast gray iron alloy, or cast malleable iron, with zinc electroplate 

finish in wet locations and zinc-coated sheet steel in dusty locations.  Cast boxes 

shall be hub type and include external mounting lugs.  In corrosive locations, 

boxes shall include a factory applied 40-mil PVC coating.  In dusty locations, 

where conduit is installed concealed, boxes shall be steel galvanized and shall 

include suitable extension rings and covers, as required. 

2. Device Cover Plates: 

a. Stainless steel Type 302 alloy for indoor finished areas. 

b. Weatherproof while-in-use door type for wet and corrosive locations.  

Plates in corrosive locations shall include a factory applied 40-mil PVC 

coating. 

c. Integral with device for hazardous locations. 

d. Stainless steel screws and hardware. 

B. Manufacturer:  Provide device boxes of one of the following: 

a. Crouse-Hinds Company. 

b. Appleton Electric Company. 

c. Or equal. 

PART 3 - EXECUTION 

3.1       INSTALLATION 

A. Fasten boxes rigidly and neatly to supporting structures. 

B. For units mounted on masonry or concrete walls, provide suitable 1/2-inch spacers to 

prevent mounting back of box directly against wall. 

C. Leave no open conduit holes in boxes.  Close unused openings with capped bushings. 

D. Label each circuit in boxes and identify in accordance with Section 16122, 600 Volt 

Cable. 
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E. Install in conformance with Phoenix Electrical Code. 

+ +END OF SECTION+ + 
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SECTION 16138 

 

MANHOLES AND HANDHOLES 

PART 1 - GENERAL 

1.1       DESCRIPTION 

A. Scope:  

1. Provide all labor, materials, equipment and incidentals as shown on the 

Drawings, specified and required to furnish and install manholes and handholes. 

B. Coordination:  Coordinate manhole and handhole installation with piping, sheeting 

and other underground systems and structures and locate clear of interferences. 

1.2       QUALITY ASSURANCE 

A. Reference Standards:  Comply with applicable provisions and recommendations of 

the following, except where otherwise shown or specified: 

1. National Electrical Code (NEC) current adoption. 

2. City of Phoenix – Amendments to the National Electrical Code. 

1.3       SUBMITTALS 

A. Shop Drawings:  Submit for approval the following: 

1. Refer to and comply with the requirements of Section 01332, Shop Drawing 

Procedures. 

2. CONTRACTOR shall submit an electronic copy per Specification Section 

01332, Shop Drawing Procedures.  Text shall be in electronic ASCII format.  

Drawings and figures shall be in Version 2012 or newer AutoCAD ".dwg," or 

pdf ".pdf" format. 

3. A copy of this specification section, with addendum updates included, and all 

referenced and applicable sections, with addendum updates included, with each 

paragraph check-marked to indicate specification compliance or marked to 

indicate requested deviations from specification requirements. Check marks () 

shall denote full compliance with a paragraph as a whole. If deviations from the 

specifications are indicated, and therefore requested by the CONTRACTOR, 

each deviation shall be underlined and denoted by a number in the margin to the 

right of the identified paragraph, referenced to a detailed written explanation of 

the reasons for requesting the deviation. The ENGINEER shall be the final 

authority for determining acceptability of requested deviations. The 

CONTRACTOR shall furnish equipment and/or services as specified if an 

exception and/or deviation is rejected. The remaining portions of the paragraph 

not underlined will signify compliance on the part of the CONTRACTOR with 
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the specifications. Failure to include a copy of the marked-up specification 

sections, along with justification(s) for any requested deviations to the 

specification requirements, with the submittal shall be sufficient cause for 

rejection of the entire submittal with no further consideration. 

4. Manufacturer's technical information for manholes, handholes and accessories 

proposed for use.   

5. Drawings showing interior and exterior dimensions and details of openings, 

jointing, inserts and reinforcing. 

PART 2 - PRODUCTS 

2.1       MATERIALS 

A. Material and Construction: 

1. Precast or cast-in-place type of reinforced concrete. 

2. Minimum interior dimensions as shown on the Drawings. 

3. Duct entrances sized and located to suit duct banks. 

4. Handholes and Manholes must have a bottom. 

B. Accessories: 

1. Frames and Covers: 

a. Material:  Covers and frames shall be cast aluminum alloy, Class H-20 

highway rated. 

b. Covers:  Watertight, sealed type marked "ELECTRICAL" in raised 2-inch 

letters.  Identify covers as shown on the Drawings. 

 1) Manhole covers to be 36 inch minimum. 

c. Frame shall be grouted on the manhole or handhole. 

d. Product and Manufacturer:  Provide frames and covers of one of the 

following: 

1) Neenah Foundry Company. 

2) Campbell Foundry Company.  

2. Pulling Irons:  

a. Material:  Galvanized steel.  

b. Cast in the wall opposite to the centerline of each incoming duct bank and 

12-inches below centerline of bottom line of ducts.  

c. Product and Manufacturer:  Provide one of the following: 

1) Catalog No. 8119 by A.B. Chance Company. 

2) Catalog No. DU2T3 by McGraw Edison Company. 

3. Cable Racks:  

a. Material:  Galvanized steel. 

b. Cable racks shall adequately support cables with space allowed for future 

cables.  
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c. Each rack shall be a vertical assembly of 24-inch cable racks extending 

from within 6-inches of the manhole roof slab to within 6-inches of the 

manhole floor.  

d. Product and Manufacturer:  Provide one of the following: 

1) Catalog No. J-5125 by Joslyn Manufacturing Company. 

2) Catalog No. C203-1125 by A.B. Chance Company.  

4. Cable Hooks:  

a. Material:  Galvanized steel.  

b. Length:  7-1/2-inch minimum.  

c. Product and Manufacturer:  Provide one of the following: 

1) Catalog No. J-5132A by Joslyn Manufacturing Company. 

2) Catalog No. C203-1132 by A.B. Chance Company.  

5. Insulators:  

a. Material:  Porcelain.  

b. Product and Manufacturer:  Provide one of the following: 

1) Catalog No. J-5122 by Joslyn Manufacturing Company. 

2) Catalog No. C203-1120 by A.B. Chance Company.  

PART 3 - EXECUTION 

3.1       INSTALLATION 

A. Install manholes and handholes where shown on the Drawings.  Verify final locations 

in field.   Responsibility belongs to CONTRACTOR for all excavation and 

backfilling required for installation. 

B. Complete installation of manholes and handholes so that structures are watertight.  

Apply foam sealant to all openings and penetrations.  Seal all conduit openings to 

provide a water/bug-tight seal. 

1. Product and Manufacturer:  Provide one of the following: 

a. Type DUX - Duct Sealing Compound, as manufactured by O-Z/Gedney 

b. Type FST Foam Sealant, as manufactured by American Polywater Corp 

C. Cable Supports in Manholes: 

1. Attach cable racks with 3-inch by 3/8-inch diameter "tamp-in" studs mounted in 

1-inch holes drilled into walls of manholes in the absence of inserts.  Apply PVC 

coating to all racks. 

2. Provide cable hooks to support each cable on each rack along the cable run 

within the manholes.  Apply PVC coating to all hooks. 

3. Individually support each cable at each hook on porcelain insulators.  Provide 

sufficient slack for each cable. 
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4. Securely tie each cable in place at each insulator block to prevent excessive 

movement of insulators, cables, or fireproof tape.  Tie cables with non-metallic 

3/4-inch strapping tape as manufactured by 3M or tie down with nylon straps. 

D. Grounding:  Install a 3/4-inch by 10-foot copper-clad ground rod for each manhole.  

Bond all exposed metal manhole accessories and the concrete reinforcing rods with 

No. 4 AWG minimum bare copper wire and connect to the ground rod and to the 

duct bank ground cable. 

E. Sump:  Provide a 12-inch by 12-inch by 6-inch sump in manhole floor. 

F. Provide grading rings for manholes when required to adjust cover to proper grade.  

Grading ring shall be minimum of 12-inches in height, constructed on the roof slab or 

cone section on which the manhole frame and cover shall be placed.  The height of 

the grading ring shall be such as is necessary to bring the frame to the proper grade. 

G. Metal Pullbox:  Install NEMA 4X stainless steel wall mounted pullbox inside 

manholes/handholes where analog signal cables are mixed with power cables.  Route 

conduits for analog cables directly into and out of metal pullbox so that no analog 

cables are exposed.  

+ +END OF SECTION+ + 
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SECTION 16141 

 

RECEPTACLES 

PART 1 - GENERAL 

1.1       DESCRIPTION 

A. Scope: 

1. Provide all labor, materials, equipment and incidentals as shown on the 

Drawings, specified and required to furnish and install receptacles. 

1.2       QUALITY ASSURANCE 

A. Reference Standards:  Comply with applicable provisions and recommendations of 

the following, except where otherwise shown or specified: 

1. Phoenix Electrical Code. 

2. UL Standard No. 1010, Electrical Receptacle   Plug Combinations for Use in 

Hazardous Locations. 

3. Phoenix Building Code. 

1.3       SUBMITTALS 

A. Shop Drawings:  Submit for approval the following: 

1. Refer to and comply with the requirements of Section 01332, Shop Drawing 

Procedures. 

2. CONTRACTOR shall submit an electronic copy per Specification Section 

01332, Shop Drawing Procedures.  Text shall be in electronic ASCII format.  

Drawings and figures shall be in Version 2012 or newer AutoCAD ".dwg," or 

pdf ".pdf" format. 

3. A copy of this specification section, with addendum updates included, and all 

referenced and applicable sections, with addendum updates included, with each 

paragraph check-marked to indicate specification compliance or marked to 

indicate requested deviations from specification requirements. Check marks () 

shall denote full compliance with a paragraph as a whole. If deviations from the 

specifications are indicated, and therefore requested by the CONTRACTOR, 

each deviation shall be underlined and denoted by a number in the margin to the 

right of the identified paragraph, referenced to a detailed written explanation of 

the reasons for requesting the deviation. The ENGINEER shall be the final 

authority for determining acceptability of requested deviations. The 

CONTRACTOR shall furnish equipment and/or services as specified if an 

exception and/or deviation is rejected. The remaining portions of the paragraph 

not underlined will signify compliance on the part of the CONTRACTOR with 

the specifications. Failure to include a copy of the marked-up specification 
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sections, along with justification(s) for any requested deviations to the 

specification requirements, with the submittal shall be sufficient cause for 

rejection of the entire submittal with no further consideration. 

4. Manufacturer's technical information for receptacles proposed for use. 

PART 2 - PRODUCTS 

2.1       MATERIALS 

A. Receptacles for Non-Hazardous Locations: 

1. Duplex grounding receptacle, two pole, three wire, 125 volt AC, 20 amperes. 

a. Product and Manufacturer:  Provide one of the following: 

1) Catalog No. 5362, for dry indoor locations and Catalog No. 53CM62, 

for wet and corrosive locations, by Harvey Hubbell Incorporated. 

2) Catalog No. 5362, for dry indoor locations and Catalog No. 5362-CR, 

for wet and corrosive locations, by Arrow-Hart Incorporated. 

3) Or equal. 

2. Single grounding receptacle, corrosion resistant, two pole, three wire, 125 volt 

AC, 20 amperes. 

a. Product and Manufacturer:  Provide one of the following: 

1) Catalog No. 53CM61, by Harvey Hubbell Incorporated. 

2) Catalog No. 5361-CR, by Arrow-Hart Incorporated. 

3) Or equal. 

B. Receptacles for Hazardous Locations: 

1. Material:  Factory sealed receptacle suitable for installation in Class I, Group D 

hazardous locations.  Copper free aluminum receptacle and cover with cast gray 

iron alloy or cast malleable iron mounting box with zinc electroplate finish.  

Receptacle rated at 20 amperes, 125 to 250 volt AC, two wire, three pole.  

Provide matching plug for each receptacle. 

2. Product and Manufacturer:  Provide one of the following: 

a. Series CPS by Crouse Hinds Company. 

b. Type CPS by Appleton Electric Company. 

c. Or equal. 

C. Ground Fault Receptacles: 

1. Duplex receptacle, two pole, three wire, 125 volt AC, 20 amperes. 

2. If receptacles are installed outdoors, the receptacles must be rated Weather 

Resistant (WR) and must be marked as such on the receptacle itself with WR on 

the device. 

3. Product and Manufacturer:  Provide one of the following: 

a. Catalog No. GF5362 or GFRS5326TR, by Harvey Hubbell Incorporated. 

b. Catalog No. TWRVGF20x, Cooper Wiring Devices 
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D. Surge Suppression Receptacles: 

1. Duplex grounding, surge suppression receptacle, two pole, three wire, 125 volt 

AC, 20 amperes, capable of absorbing a transient surge 6,000 volts minimum.  

Receptacle to include power on indicator light: 

a. Product and Manufacturer:  Provide one of the following: 

1) Catalog No. 5350S by Harvey Hubbell Inc. 

2) Catalog No. 5380-GY by Leviton Manufacturing Company. 

E. Power Receptacles:  480 volt interlocked receptacle with enclosed safety switch 

service outlet:  Provide service outlets, quantity as shown on the Drawings for 

portable equipment. 

1. Material:  Copper free aluminum enclosure with operating handle NEMA 4, 

with gasketed hinged door. 

2. Switch:  Heavy duty, three pole, with visible blades, a quick make a break 

mechanism with reinforced, positive pressure type blade and fuse clips.  Switch 

shall be mechanically interlocked with the receptacle.  The switch cannot be 

closed until the plug is fully inserted and the plug cannot be withdrawn or 

inserted, unless the switch is open. 

3. Receptacle:  Single ground receptacle, three wire, four pole, 600 volt, 60 amp.  

Provide two matching plugs. 

a. Type WSR, and Type APS plugs by Crouse-Hinds Company. 

F. Power and Special Receptacles:  Provide receptacles with number of poles and 

voltage and current rating as shown on the Drawings.  Coordinate with equipment 

plugs.  Provide matching plug for each receptacle. 

G. Weatherproof While-In-Use Covers: 

1. Provide weatherproof while-in-use cover for all outdoor receptacles, including 

receptacles designated as WP, WPU, WR and WRU.  Cover shall be hinged and 

be able to fully close with cords plugged into the receptacle. 

2. Product and Manufacturer:  Provide one of the following: 

a. TayMac MM710C, as manufactured by Hubbell Corporation. 

b. Or equal. 

PART 3 - EXECUTION 

3.1       INSTALLATION 

A. Install receptacles at locations as shown on the Drawings in outlet or device boxes in 

accordance with Section 16136, Outlet Boxes, in non-hazardous locations. 

B. Install receptacles in PVC coated galvanized rigid steel conduit systems in hazardous 

locations. 
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C. Install receptacles with ground pole in the down position. 

D. Mount receptacles 18-inches above finished floor, or in accordance with Phoenix 

Building Code, in non-hazardous locations and 4 feet-6 inches above finished floor in 

hazardous locations, unless otherwise noted. 

E. Identify each conductor with the circuit number and the lighting panel number.  

Identification shall conform to the requirements of Section 16122, 600 Volt Cable. 

F. Identify each receptacle with a permanent self adhesive label.  Approximate size 3/8” 

x 1¼”.  The label shall include the panel name and circuit number.  

a. Product and Manufacturer:  Provide one of the following: 

1) Catalog No. PTL-45422 by Brady. 

2) Or Equal 

G. Install in conformance with Phoenix Electrical Code. 

+ +END OF SECTION+ + 
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SECTION 16920 

 

ELECTRICAL ACCEPTANCE TESTING 

PART 1 - GENERAL 

1.1       SUMMARY 

A. Section Includes: 

1. Requirements for electrical acceptance testing of electrical equipment and 

materials. 

2. It is the intent of the tests described herein to assure that all electrical 

equipment is operational and within industry and manufacturer's tolerances 

and is installed in accordance with design specifications. 

3. Acceptance testing performed by equipment vendors at the point of 

manufacturer must conform to all requirements of this specification. Testing 

performed at the point of manufacture which conforms to generally accepted 

industry practices is also acceptable so long as adequate test result 

documentation is provided. 

B. Scope: 

1. All of the Acceptance Tests are required to be performed whether they are 

described in this Section or other applicable Sections. At a minimum, the 

following electrical systems are to be tested: 

a. Service entrance section. 

b. Main distribution panel. 

c. Motor control centers. 

d. Switchgear, low and medium voltage. 

e. Panelboards, power and lighting/receptacle. 

f. Transformers, dry type and oil filled. 

g. Feeders. 

h. Cables rated 600 volts and higher. 

i. Transfer switches, manual and automatic. 

j. Surge Protection Devices. 

k. Grounding and bonding system. 

l. Lighting fixtures and associated controls. 

m. Other systems as listed under Part 3 of this Specification. 

C. Related Documents: 

1. Drawings and General Provisions of the Contract, including General and 

Supplementary Conditions and other Division 1, General Requirements, 

Specification Sections, apply to the Work of this section. 
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2. All work performed under this Section of the Work is subject to all 

requirements contained under Section 16050, General Provisions. 

3. All Division 16, Electrical, Specifications for electrical equipment provided 

for this Project that requires electrical acceptance testing.  

1.2       REFERENCE STANDARDS 

A. NETA ATS, Standard for Acceptance Testing Specifications for Electrical Power 

Equipment and Systems, 2017 edition. 

B. NFPA 70, National Electrical Code, 2017 edition, as amended by the City of 

Phoenix. 

C. Incorporated by reference all Codes, Standards, and Specifications referred to in 

the "Applicable References" section of NETA ATS-2017. 

1.3       DEFINITIONS 

A. NETA, InterNational Electrical Testing Association Inc. 

B. NEC, National Electrical Code. 

1.4       SYSTEM DESCRIPTION 

A. Conditions: 

1. Provide all items, articles, materials, operations, or methods listed, 

mentioned, or scheduled on Drawings and/or herein including all labor, 

materials, equipment, and incidentals necessary and required for Electrical 

Acceptance Testing. 

2. Following established procedures, equipment shall be energized after 

certification by the testing organization that the installation is satisfactory. 

3. Correct or replace any current-carrying circuit, electrical equipment, or 

system which is defective or grounded and correct all other troubles 

encountered by these tests. All defects, whether through faulty workmanship 

or materials furnished, shall be corrected under this Section at the 

CONTRACTOR'S expense. 

1.5       SUBMITTALS 

A. Submittal General Requirements:  Submit for approval the following: 

1. Refer to and comply with the requirements of Section 01332, Shop Drawing 

Procedures. 

2. CONTRACTOR shall submit an electronic copy per Specification Section 

01332, Shop Drawing Procedures.  Text shall be in electronic ASCII format.  
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Drawings and figures shall be in Version 2012 or newer AutoCAD ".dwg," or 

pdf ".pdf" format. 

3. A copy of this specification section, with addendum updates included, and all 

referenced and applicable sections, with addendum updates included, with 

each paragraph check-marked to indicate specification compliance or marked 

to indicate requested deviations from specification requirements. Check 

marks () shall denote full compliance with a paragraph as a whole. If 

deviations from the specifications are indicated, and therefore requested by 

the CONTRACTOR, each deviation shall be underlined and denoted by a 

number in the margin to the right of the identified paragraph, referenced to a 

detailed written explanation of the reasons for requesting the deviation. The 

ENGINEER shall be the final authority for determining acceptability of 

requested deviations. The CONTRACTOR shall furnish equipment and/or 

services as specified if an exception and/or deviation is rejected. The 

remaining portions of the paragraph not underlined will signify compliance 

on the part of the CONTRACTOR with the specifications. Failure to include 

a copy of the marked-up specification sections, along with justification(s) for 

any requested deviations to the specification requirements, with the submittal 

shall be sufficient cause for rejection of the entire submittal with no further 

consideration. 

4. The CONTRACTOR shall submit the preventive maintenance information 

package as part of the shop drawing submittal package to the ENGINEER for 

review and approval.  SHOP DRAWING SUBMITTAL PACKAGE 

WILL NOT BE APPROVED WITHOUT ACCEPTANCE OF 

PREVENTIVE MAINTENANCE INFORMATION AS DESCRIBED IN 

SPECIFICATION SECTION 01785. 

B. Test Report Forms: 

1. All test reports shall be submitted using NETA test forms. Reports shall be 

legible using permanent ink. Pencil is not acceptable. 

2. Provide for ENGINEER'S review and approval a copy of each test form to be 

used on the Project. No testing shall be started prior to approval of all test 

forms. 

3. All test reports shall include the following information: 

a. Summary/description of the Project. 

b. Description of equipment tested. 

c. Description of the tests. 

d. Test data and analysis of the data indicating whether the equipment 

passed or failed the test. 

e. Each completed test form shall be signed by the testing agency 

technician. 

4. All test data records shall include the following minimum requirements: 

a. Equipment identification, including tag numbers. 
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b. Humidity, temperature, and other conditions that may affect the results 

of the tests and/or calibrations. 

c. Date of inspections, tests, maintenance, and/or calibrations. 

d. Identification of the testing technician and their employer. 

e. Indication of inspections, tests, maintenance, and/or calibrations to be 

performed and recorded. 

f. Indication of expected results when calibrations are to be performed. 

g. Indication of "as-found" and "as-left" results, as applicable. 

h. Sufficient spaces to allow all results and comments to be indicated. 

5. Provide completed 16000 series test forms in Section 01331—Reference 

Forms for each item tested. 

C. Qualifications Submittals: 

1. Submit appropriate documentation demonstrating that the testing 

organization and its technicians meet the requirements listed herein.  No 

testing shall be started prior to approval of qualifications submittals and 

approval of proposed test form submittals. 

D. Closeout Submittals: 

1. Provide one copy each to ENGINEER and OWNER of all testing reports 

organized as follows: 

a. Bind report in 3-ring binder(s). 

b. Identify Project name, description, testing organizations name, and 

submittal date on front face and back cover of binder. 

c. Provide all test reports, organized by equipment tag number. 

d. Separate different equipment numbers with colored or numbered tabs. 

e. Provide an index/table of contents. 

PART 2 - PRODUCTS 

2.1       MATERIALS 

A. Any materials provided as part of the testing shall be new, unused, and in 

manufacturer's original packing. 

2.2       TEST INSTRUMENT CALIBRATION 

A. Contractor performing the testing shall have a calibration program which assures 

that all applicable test instruments are maintained within rated accuracy for each 

test instrument calibrated. 

B. Contractor performing the testing shall maintain up-to-date instrument calibration 

instructions and procedures for each test instrument calibrated. 
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C. It is preferred that instrument calibration accuracy be directly traceable to the 

national Institute of Standards and Technology (NIST). 

D. Instruments shall be calibrated in accordance with the following frequency 

schedule: 

1. Field Instruments: Analog, six months maximum. Digital, 12 months 

maximum 

2. Laboratory Instruments: 12 months maximum 

3. Leased Specialty Equipment: 12 months maximum. 

E. Dated calibration labels shall be visible on all test equipment. 

F. Records, which show date and results of instruments calibrated or tested, must be 

kept up to date. 

G. Calibrating standard shall be better accuracy than that of the instrument tested. 

PART 3 - EXECUTION 

3.1       QUALIFICATIONS 

A. The testing organization shall be an independent, third party entity, which can 

function as an unbiased testing authority, professionally independent of the 

manufacturers, suppliers, and installers of equipment or systems being evaluated. 

The testing organization must meet the following requirements: 

1. The testing organization shall be regularly engaged in the testing of electrical 

equipment, devices, installations, and systems. 

2. The testing organization shall use technicians who are regularly employed for 

testing purposes. 

3. The testing organization shall be a member of NETA. 

4. Submit appropriate documentation demonstrating that the testing 

organization meets the requirements listed above. 

5. Technicians performing these electrical tests and inspections shall be trained 

and experienced concerning the apparatus and systems being evaluated. 

These individuals shall be capable of conducting the tests in a safe manner 

and with complete knowledge of the hazards involved. They must evaluate 

the test data and make a judgment on the serviceability of the specific 

equipment. 

6. Technicians shall be certified in accordance with ANSI/NETA ETT-2010, 

“Standard for Certification of Electrical Testing Technicians”. Each on-site 

crew leader shall hold a current certification, Level III or higher, in electrical 

testing. 
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3.2       NOTIFICATION 

A. Notify ENGINEER and Construction Manager at least two days prior to testing so 

that they may be present during testing. 

3.3       SAFETY AND PRECAUTIONS 

A. Safety practices shall include, but are not limited to, the following requirements: 

1. Occupational Safety and Health Act OSHA. 

2. Accident Prevention Manual for Industrial Operations, National Safety 

Council, Chapter 4. 

3. Applicable State and local safety operating procedures. 

4. NETA Safety/Accident Prevention Program. 

5. National Fire Protection Association - NFPA 70E. 

6. ANSI Z244.1 American National Standards for Personnel Protection. 

B. All tests shall be performed with apparatus de-energized, except where otherwise 

specifically specified. 

C. The testing firm shall have a designated safety representative on the Project to 

supervise operations with respect to safety. 

3.4       EQUIPMENT TESTING REQUIREMENTS 

A. The intent of this Specification is not to duplicate testing performed at the point of 

manufacture or to impose additional burden on the CONTRACTOR which does 

not benefit the Project. The intent is to verify that electrical equipment has been 

securely fastened down, supported, and installed in accordance with the 

manufacturer's requirements. The intent is also to verify that all electrical 

connections are correctly torqued, properly aligned, properly insulated, and 

properly supported and that equipment is clean and ready for operation. 

B. Except as noted below or as approved by engineer, test the following equipment 

and assemblies in full accordance with NETA-ATS 2017. 

C. Switchgear and switchboard assemblies. 

D. Transformers, dry type, air-cooled, low-voltage, small. 

E. Transformers, dry type, air-cooled, large. 

F. Transformers, liquid-filled. 

G. Cables, low-voltage, 600 volt maximum. 

1. Perform tests only on cables Size #4 AWG and larger. 
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H. Cables, medium-voltage and high-voltage. 

I. Metal-enclosed busways. 

J. Switches, air, low-voltage: 

1. Perform tests only on switches rated 100 amps or higher. 

K. Switches, air, medium-voltage, metal-enclosed. 

L. Switches, oil, medium-voltage. 

M. Switches, vacuum, medium-voltage. 

N. Switches, Cutouts: 

1. Perform tests only on equipment rated 100 amps or higher. 

O. Circuit Breakers, Air, Insulated-Case, Molded-Case: 

1. Perform visual and mechanical inspections in accordance with NETA for all 

circuit breakers. 

2. Perform electrical tests only on circuit breakers rated 100 amps or higher 

provided in power distribution and lighting/receptacle panelboards. 

3. No testing is required for circuit breakers provided as part of any of the 

following: 

a. A UL listed control panel. 

b. UL listed factory supplied motor control centers. 

c. Stand-alone combination motor starters. 

P. Circuit breakers, air, medium voltage. 

Q. Circuit breakers, oil, medium voltage and high voltage. 

R. Circuit breakers, vacuum, medium voltage. 

S. Circuit switchers. 

T. Network protectors, 600 volt class. 

U. Protective relays. 

V. Metering devices. 

W. Regulating apparatus, voltage, step and induction voltage regulators. 

X. Regulating apparatus, load tap-changers. 

Y. Grounding systems. 
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Z. Ground-fault protection systems, low-voltage. 

AA. Rotating Machinery, AC Motors, and Generators: 

1. Motors provided as part of valve actuators do not require testing. 

2. Perform visual and mechanical inspections on all motors. 

3. Perform rotation tests on all motors. 

4. Perform electrical tests only on motors 50 horsepower and larger. 

BB. Motor control, motor starters, low-voltage. 

CC. Motor control, motor starters, medium-voltage. 

DD. Adjustable speed drive systems. 

EE. Direct-current systems, batteries, flooded and valve-regulated lead-acid. 

FF. Direct-current systems, chargers. 

GG. Surge arresters, low-voltage surge protection devices. 

HH. Surge arresters, medium and high-voltage surge protection devices. 

II. Capacitors and reactors - all types. 

JJ. Outdoor bus structure. 

KK. Emergency and standby power systems, engine generator. 

LL. Emergency and standby power systems, UPS. 

MM. Emergency and standby power systems, automatic transfer switches. 

NN. Fiber-optic cables. 

3.5       CONSTRUCTION 

A. Interface with Other Work: 

1. Coordinate all testing activities with other disciplines. Retest any equipment 

disturbed or damaged in any manner after initial testing. 

3.6       CLOSEOUT REPORT 

A. Provide comprehensive bound test report in accordance with Part 1 of this 

Specification. 

++  END OF SECTION  ++ 
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SECTION 17262 

PROGRAMMABLE LOGIC CONTROLLER, HARDWARE, SOFTWARE, AND 

PROGRAMMING 

PART 1 - GENERAL 

1.1        SCOPE 

 Contract documents illustrate and specify general requirements of the 

Programmable Logic Controller (PLC), Operator Interface Terminal (OIT), 

hardware, software, networking, and programming. This document does not 

necessarily show or specify all components, wiring, or accessories required for a 

completely integrated system. 

 Provide all labor, materials, equipment, documentation, furnish, install, calibrate, 

test, start-up, program, configure, commission, and place into satisfactory operation 

of all PLCs, OITs, networking hardware, software, and programs. 

 Conform the design and programming of all PLCs, OITs, software, and programs 

to the specifications herein. 

 Provide all necessary tools, such as cabling, software, etc, as required to fulfill the 

programming requirements of the contract documents. 

1.2        COORDINATION 

 Coordinate the installation of all items specified herein as required to ensure the 

complete and proper functionality of all PLCs, OITs, software, programs, 

networking, and accessories. 

 Provide all PLCs, OITs, software, networking, and programs to meet the functional 

requirements as detailed in Section 17051 – Computer Control System Process 

Control Descriptions as depicted in the CONTRACT DRAWINGS. 

 Install and wire all Inputs/Outputs (I/O) as specified in Sections 17260 – Control 

Panels. 

 Install PLCs or remote I/O in control panels with voltages of 120 VAC or less. 

 Relinquish all usernames and passwords to the OWNER, this includes but is not 

limited to all hardware, software, and programs. All usernames and passwords are 

the property of the OWNER. 
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 Provide separate 120 VAC receptacles in the control panel for PLC hardware. Label 

each receptacle, i.e. “Fiber Optic Converter Use Only”. Provide an isolating 

supplementary protector for each receptacle. 

 Provide all PLC and OIT hardware and accessories with Heresite conformal 

coating, or equal protection, against hydrogen sulfide levels up to seven ppm. 

1.3        DEFINITIONS 

 PLC: Programmable Logic Controller. 

 OIT: Operator Interface Terminal. This terminal is located in the field on a local 

control panel usually connected directly to a PLC. The purpose is to locally control 

the process or machine, for example a Magelis Screen. 

 HMI: Human Machine Interface. The City of Phoenix uses a desk top computer, 

Operator Workstation (OWS), which interfaces the operator with the entire process. 

 DISTRIBUTED INPUT / OUTPUT (I/O): Is generally when multiple processors 

control different section of a process using communication protocols, i.e. Modbus 

RTU, Modbus TCP/IP. 

 REMOTE I/O: One processor connected to several remote racks, drops, by 

parallel cables or network equipment. 

1.4        QUALITY ASSURANCE 

 REFERENCE STANDARDS: PLCs, OITs, networking hardware, software, 

programs, and accessories must comply with applicable provisions of the 

following, except where otherwise shown or specified. 

 International Electrotechnical Commission (IEC). 

 American National Standard Institute (ANSI). 

 Institute of Electrical and Electronic Engineering (IEEE). 

 National Electrical Manufacturer’s Association Standards (NEMA). 

 Operational Safety and Health Administration (OSHA) Regulations. 

 National Fire Protection Agency (NFPA). 

 State and local code requirements. 

 Where any conflict arises between codes or standards, the more stringent 

requirement applies. 

 Provide all panel devices with the label of the Underwriters’ Laboratory (UL), 

Inc. Document the UL/UR listed number on the Bill of Materials (BOM) of 

the control panel drawings. 

1.5        SUBMITTALS 

 Submittals: 
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 The PLC submittal requirements and BOM are to be submitted with the control 

panel submittal package prior to the 90% design review. Reference Section 

17260 – Control Panels. 

 Provide the manufacturer’s technical data sheets, cut sheets, and product 

literature for all PLCs, OITs, networking hardware, software, programs, and 

accessories. Clearly identify exact equipment and materials that are being 

supplied on the manufacturer’s data sheets. 

 PLC Program Coordination Workshop: 

 Conduct a program software coordination workshop with the PLC 

PROGRAMMER, ENGINEER, and OWNER prior to shipment of the 

equipment. 

a. Workshop Agenda: 

 Review the control logic and function block programming styles. 

 Review the PLC I/O signal list. 

 Review the hardware configuration 

 Review the network configuration. 

 Review the DNP3 configuration associated with the NOR module. This should 

include files from the M340 BMXNOR RTUconf Tool software. 

 Review CONTRACT DRAWINGS and Section 17051 – Process Control 

Description. 

a. Attendees: 

1) PROGRAMMER/CONTROL PANEL SUPPLIER. 

2) CONTRACTOR. 

3) OWNER PROCESS CONTROL REPRESENTATIVE. 

4) ENGINEER. 

5) DESIGN ENGINEER FIRM REPRESENTATIVE. 

6) I&C INSPECTOR. 

7) OWNER PROJECT MANAGER (OPTIONAL). 

 Conduct a minimum of a 4 hour workshop on site, unless stated otherwise. 

This workshop is to ensure that the software code, OIT screens, hardware 

configuration, and addressing are compatible with the OWNER’S system. 

 Provide 3 hard copies and 3 soft copies of all OIT and PLC programming with 

addressing, comments, and descriptions at a minimum of  

 3 weeks prior to the workshop. 

1.6        O&M MANUALS 

 Comply with the requirements of Section 01781 – Operations and Maintenance 

Data and the following: 

 Provide a hard copy of all PLC programs complete with comments and address 

descriptions. 

 Provide a USB Flash Drive containing a copy of the OIT and PLC program 

with complete annotated documentation. Remove any passwords and 
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relinquish all rights of the program to the OWNER with READ/WRITE 

access. 

PART 2 - PRODUCTS 

2.1        PROGRAMMABLE LOGIC CONTROLLERS 

 General:  

 Provide a M580 processor on a X80 I/O platform with the following 

functionality: 

a. All operational, protective, status, and alarm functions execute as 

described per Section 17051 – Process Control Description, 17260 – 

Control Panels and the CONTRACT DRAWINGS. 

b. Perform process control functions, data collection, communicate with 

other PLCs, and distribute process information along the local area 

network (LAN). 

c. Capable of stand-alone operation during any communication failure. 

d. Capable of downloading and uploading programs from a remote 

workstation over the LAN and locally programmed from a portable laptop 

computer. 

e. Field expandable to allow for the growth of the system by simple addition 

and configuration of hardware. 

f. I/O modules are capable of insertion and removal under power. 

g. I/O modules can only be inserted one direction to prevent improper 

installation of modules. 

h. Key all modules and connectors to safeguard against improper insertion 

of a module into the backplane slot. 

i. Each component must include a clearly visible faceplate with appropriate 

data such as the manufacturer’s model number and a brief description of 

the component’s functionality. 

j. Provide all cables and connectors as specified by the manufacturer. 

Assemble and install cables per the manufacturer’s recommendations. 

k. Provide configurable alarming capability. Each alarm point can be 

configured to display an alphanumeric message in the alarm buffer. The 

alarm buffer can be displayed from an OIT. 

 PLC Module Fusing: 

a. Provide each analog and discrete I/O module with at least one properly 

sized fuse per the manufacture recommendations. 

 Surge Protection: 

a. Install the surge protection as stated in Guide Specification 17260 – 

Control Panels. 

 Virtual Private Network (VPN) access will NOT be granted for any 

programming, troubleshooting, testing, and/or support. If needed a PCTS 

laptop can be provided.  
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 Chassis: 

 Backplanes and modules if applicable shall be the Hardened (H) model. 

 Backplanes will be Ethernet BME modules only: 

a. BME XBP 0400H (Ethernet). 

b. BME XBP 0800H (Ethernet). 

c. BME XBP 1200H (Ethernet). 

 General Chassis Layout:  If the cabinet space permits provide a spare slot 

between the last communication module and each of the different types of I/O 

modules, i.e. communication module, spare dust cover, DI’s, spare, DO’s, 

spare, AI’s, spare, AO’s spare. 

a. Install the power supply in the first slot (CPS). 

b. Install the CPU to the right of the power supply. 

1) M580 requires two slots, 00 and 01. 

c. Install additional communication modules and specialty modules to the 

right of the CPU. 

 Treatment Plants require an additional communication module for redundancy 

BMENOC0321C. 

 If multiple communication modules are required, install them in this order. 

a. NOC. 

b. NOR. 

c. Specialty protocol for example, (BMEAHI0812H) HART. 

1) Install any specialty modules if applicable, to the right of the 

communication modules. 

d. If a fiber module is required, install it in the last slot on the backplane, for 

example: in slot 07 on an BMEXPB0800H 8 slot Ethernet backplane. 

e. Install all DI modules next, based on required spares leave an open slot if 

needed for an additional module. Install a dust cover in the empty slot, do 

not leave the slot empty, part number BMXXEM010. 

f. Install all DO Modules to the right of the DI modules or open slot. 

g. If backplane and cabinet space permit leave an open slot between the 

discrete modules and the analog modules. 

h. Install AI modules next, based on required spares leave an open slot if 

needed for an additional module. 

i. Install AO modules to the right of the AI modules, based on required 

spares leave an open slot if needed for an additional module. 

j. If cabinet space permits upsize the backplane to meet the needs of the 

required spares and spaces between discrete and analog modules. 

 Remote I/O (RIO) 

a. Each backplane that does not contain the CPU will need: 

1) Ethernet capability 

2) BME CRA 31210C (module) 

3) Create a daisy chain loop using copper or fiber depending on the 

distance from the main backplane and the RIO backplane. 

a)  A copper cable connection between two consecutive RIO 

backplanes cannot exceed 100m (328 ft.). 
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b)  A multi-mode fiber connection between two consecutive RIO 

backplanes cannot exceed 2.5km (1.5 mi.). 

c) A single-mode fiber connection between two consecutive RIO 

backplanes cannot exceed 15km (9.3 mi.). 

d) When the need for a fiber connection is required use the 

following hardware: 

4) BMX NRP 0200, multi-mode. 

5) BMX NRP 0201, single-mode. 

 Dust Cover: 

a. BMX XEM 010. 

 Power Supply: 

 Provide a chassis mounted power supply with the capacity to power the 

backplane, CPU, required modules, and similar future modules. Preferred but 

not limited to: 

a. BMX CPS 3500H 

b. BMX CPS 3020H 

 CPUs: 

 Provide one of the following M580 CPUs. 

a. BME P58 1020H 

b. BME P58 2040H 

c. BME P58 4040 

d. BME H58 2040H 

 Communication / Specialty Modules: Confirm with the manufacture that this is the 

most accurate and current module for the application. 

 Provide the following modules for Ethernet TCP/IP. All Treatment Plant PLCs 

require at least one redundant Ethernet TCP/IP communication module. 

a. BME NOC 0321C, Gig Speed 

 Provide the following module for DNP3 or Serial RTU communication. All 

SCADA PLCs require a DNP3 communication module. 

a. BME NOR 2200H 

 Provide the following module for HART communications. 

a. BME AHI 0812H 

 Provide the following module for Thermocouples or RTD’s. 

a. BMX ART 0814H 

 Prove one of the following modules for High Speed Counting. 

a. BMX EHC 0200H 

b. BMX EHC 0800H 

 Discrete and Analog I/O Modules:  

 Provide one of the following modules for Discrete Inputs. 

a. BMX DDI 1602H, 16 Input, 24 V DC 

b. BMX DAI 1604H, 16 Input, 120 V AC 
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 Provide one of the following modules for Discrete Outputs. 

a. BMX DDO 1602H, 16 Output, 24 V DC 

b. BMX DDO 1612H, 16 Output, 24 V DC 

c. BMX DAO 1605H, 16 Output, 100..240 V AC 

d. BMX DRA 1605H, 16 Output, Relay, 24 V DC – 24..240 V AC 

 Provide the following module for Mixed Discrete Inputs/Outputs. 

a. BMX DDM 16025H, 8 Input, 8 Output, Relay, 24 V DC 

 Provide the following module for Analog Inputs. 

a. BMX AMI 0810H 

 Provide one of the following modules for Analog Outputs. 

a. BMX AMO 0410H, 4 Output 

b. BMX AMO 0802H, 8 Output 

 Provide the following module for Mixed Analog Inputs/Outputs. 

a. BMX AMM 0600H, 4 Input, 2 Output 

 Terminal Blocks and Wiring: 

 Provide the required Terminal Blocks for each module. 

 In addition to the 17260 – Control Panel requirements, ensure all 

thermocouples and resistive temperature devices (RTD) are wired per the 

manufacturer recommendations. 

 Wiring spare I/O to the PLC module is not permitted. 

 PLC System Protection: 

 ALL REMOTE SITES SHALL BE BACKED UP BY A UPS. See 

specification section 17260 for model specific part numbers. 

 PLC Environmental Requirements: 

 All PLCs must meet or exceed the following environmental requirements: 

a. Minimum temperature range: 

1) Operating: 0-55o C (+32 to +131o F) 

2) Storage: -23 to +70 o C (-13 to +158 o F) 

b. Relative humidity: 30 to 95% non-condensing 

c. Altitude: 

1) Operation: 0-6,500 feet minimum 

2) Storage: 0-9,800 feet minimum 

d. Degree of protection: NEMA 1(IP20) 

e. Vibration resistance in accordance with at least one of the following 

installed rating: 

1) DIN rail mounted PLC: 10-57 Hz, amplitude 0.075 mm,    

acceleration 25-100 Hz. 

2)  Panel or plate mounted PLC: 2-25 Hz, amplitude 1.6mm,  

acceleration 25-200 Hz. 

3) In compliance with IEC 60068 and IEC 61131. 

a) Shock resistance: 147m/s2 for 11ms. 

4) Environmental Limitations:  
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a) Equipment should be rated for continuous operation, capable of 

driving full load without derating, under the following 

conditions: 

b) Remotes located outdoors shall have solar shields for 

temperature even under a canopy. 

2.2        PLC SOFTWARE: 

 Acceptable PLC Programming Software: 

 Develop all PLC programming application utilizing the LATEST version of 

Schneider Electric EcoStruxure Control Expert.  

 CONTRACTOR shall provide the software and license for the City. 

2.3        PLC PROGRAMMING: 

 General PLC Software Set Up: List of approved integrators: 

• Black & Veatch Corporation 

2231 E Camelback Rd., Suite 250 

Phoenix, AZ 85016 

Shawn Rohr  rohrsb@bv.com 

602-381-4413 or 602-381-4400 

Cell: 623-340-0810 

Darrel Nienhueser NienhueserD@bv.com 

602-381-4447 

• RDC 
3411 S. 44th Street 

Phoenix, AZ 85040 

Steve Vincelette SVincelette@rdc-electrical.com 

602-721-2924 

• Wunderlich-Malec 
1580 North Fiesta Blvd., Suite 102 

Gilbert, AZ 85233 

Steve Garcia  steve.garcia@wmeng.com 

480-874-1175 Ext. 3024 

Cell: 602-312-2421 

• Prime Control 

1515 W. University Dr., Suite 104 

Tempe, AZ 85281 

James Gatlin  j.gatlin@prime-controls.com 

480-781-0220 

Cell: 602-377-2844 

• M3 Engineering 
2175 W. Pecos Rd., Suite 3 

Chandler, AZ 85224 
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Jesus Zepeda  jesus.zepeda@m3eng.com 

480-753-3607 

 

 Approved protocols are: Modbus RTU, Modbus TCP/IP, DNP3, and HART. 

 If configuring specialty modules using third party software provide the 

software and file for the module being programmed.  

 Backup Copies & File Sharing: When transferring files to and from 

organizations, provide archive files (.sta) and exported files (.zef). The file 

name shall be capitalized with a short description of the area, project subject, 

and latest revision date separated with underscores.  

 Examples: 

a. 6L-B1_02012020.sta = SCADA site 6L-B1 on February 1st 2020. 

b. VVWTP_TB12_01122019.zef = Val Vista WTP – Traveling Bridge 12 

on January 12th 2019. 

 Processor Set Up: 

a. M580 Configuration: 

1) Request OWNER Programmer to supply template file. 

2) Request OWNER Programmer to confirm latest firmware for 

applicable processors and modules. 

3) Request OWNER Programmer to supply latest DFB Library. 

b. Naming Conventions: 

1) Physical Input/Output Variable/Alias Names 

a) Control Expert allows up to 32 characters for variable names, 

use as many characters as you need to adequately describe the 

variable. Use the descriptions from the P&ID drawings, which 

should match the computer control system tag names in the 

17226.  

2) Code Section Names: 

3) First_Letter_Capital_Separated_By_Underscores. 

4) Logical Variable Names: 

5) FirstLettersCapital+Suffix.  

a) First part of suffix to indicate where the variable originates 

(PLC, OIT, CCS, or SCADA). Second part of suffix is the data 

type (Discrete, Integer, Real, or Word).  

b) Examples: 

c) VariableNamePD:  A Discrete value that originates in the 

PLC. VariableNameOI:  An Integer value that originates in the 

OIT. VariableNameCR:  A Real value that originates in the 

CCS. VariableNameSW:  A Word value that originates in the 

SCADA. 

c. Communication Networks: 

1) Module Location 

a) All_Caps_Ethernet_Port. 

b) Example: CPU_Ethernet_Port or NOE_Ethernet_Port. 

 Physical IO Data Types: 
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a. For M580 PLCs 

1) Use Device DDTs with the naming convention as the default. 

2) Assign an Alias’ to each input/output used in the program. 

 Logical Data Types: 

a. Use only EDT variable types. 

1) Addressing:  

a) Group addresses for sharing with other devices in a contiguous 

fashion for efficiency in communications. Submit any unusual 

addressing conflicts to the Lead UTS. 

Variable Type Group Description Data 

Type 

Address Range 

Discrete Inputs / Reads Physical DI’s EBOOL  

 Module Status BOOL 

PCL0_d…MOD_H

EALTH 

 From SCADA/Field Device/CCS EBOOL %M001 - %M199 

 From OIT EBOOL 

%M1000 - 

%M1199 

Discrete Outputs / 

Writes Physical DO’s EBOOL  

 Module Status BOOL 

PCL0_d…MOD_H

EALTH 

 

To SCADA/Field 

Device/CCS/OIT EBOOL %M200 - %M999 

Discrete Inputs / 

Outputs 

Miscellaneous if necessary for 

internal R/W (DO or DI) EBOOL %M2000 - %M… 

Analog Inputs / Reads Physical AI’s INT  

 Module Status BOOL 

PCL0_d…MOD_H

EALTH 

 From SCADA/Field Device/CCS WORD 

%MW001 - 

%MW199 

  REAL 

%MW200 - 

%MW498 

  INT 

%MW500 - 

%MW599 

 Reserved for NOR Module  

%MW1000-

%MW1020 

 From OIT INT 

%MW1300 - 

%MW1499 

  REAL 

%MW1500 - 

%MW1698 

Analog Outputs / 

Writes Physical AO’s INT  

 Module Status EBOOL 

PCL0_d…MOD_H

EALTH 
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To SCADA/Field 

Device/CCS/OIT 

WORD/R

EAL 

%MW600 - 

%MW798 

 To CCS/OIT REAL 

%MW800 - 

%MW998 

Analog Inputs / 

Outputs 

Miscellaneous if necessary for 

internal R/W (AO or AI) Any 

%MW2000 - 

%MW… 

 Program Development: 

 Safety First: It is the responsibility of the integrator to ensure that they identify 

and comply with the relevant safety standards. Failure to have interlock and 

permissive code in place may result in personal injury and damage to 

equipment. If you are unsure, please ask someone. 

 Functionality: Second to safety concerns, the program must follow the 

engineering specifications and the process control description. 

 General:  

a. All control loops are to function as described in section 17051 – Computer 

Control System Process Control Descriptions, and as depicted on the 

drawings. 

b. Develop the function block application in a workspace that will allow the 

section to be printed on standards 8.5 x 11 paper. 

c. When connecting function blocks, provide straight lines that are 

adequately spaced apart with 90 degree turns. Limit crossing over, 

intersecting, or overlapping. 

d. Provide a “top down” approach when writing the program functionality. 

Provide a logical order from the start of the sequence or process to the 

end. 

e. Keep it simple, the majority of all logic can be accomplished using a few 

blocks included in EcoStruxure Control Expert.  

 Sections: Group similar programming function blocks into the same section. 

Multiple sections of the same type are permitted (i.e. a program may have two 

DI mapping sections; Discrete_Inputs01 and Discrete_Inputs02). Examples: 

a. PLC_Clock_Status. 

b. Comm_HeartBeat. 

c. Discrete_Inputs. 

d. Descrete_Outputs. 

e. Analog_Inputs. 

f. Analog_Outputs. 

g. Alarms. 

 Standardized Sections of Logic and PLC Health:  

a. All PLC’s, and OIT’s require a heartbeat to provide a communication 

check.   

b. PLC Clock: Set the clock to the correct time using your programming 

computer. 
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1) Plant PLCs: The City of Phoenix has code that allows the CCS to 

synchronize the PLC clock to the correct time at regular intervals. 

Request code from Lead User Technology Specialist. 

2) SCADA PLCs: Utilize the NTP utility from the NOR module. 

c. Heartbeat: The City of Phoenix has code that allows the CCS to 

handshake with the PLC and confirm a communication connection. 

Request code from Lead User Technology Specialist. 

d. Alarms: Request code from Lead User Technology Specialist. 

 Code Segregation: Segregate the code into as many sections as there are topics, 

do not group unrelated code. If you are unsure if one code snippet is related to 

another create a new section. This makes finding the code during 

commissioning, plant upgrades, and troubleshooting much easier. 

 Comments: Comments are significant, they document changes and prevent 

confusion. Use comment boxes to segregate code with a title and description 

of the purpose of the code, the more detailed the documentation the better. 

 Language: Write code using only Function Block Diagram (FBD). 

 FFBs versus DFBs: The City of Phoenix has a library of DFBs for common 

programming, please request the code. Using your best judgment please try to 

avoid the use of any other DFBs. In practice it has been found that sometimes 

the code inside executes, other times it does not. It is acceptable to use 

repetitive code however, if the repetitive code completely occupies or requires 

more than one section, create a DFB. If user defined function blocks are 

required provide each block as a single instruction in the programming 

environment. Designate pin assignments and names for all inputs and outputs. 

All inputs and outputs required for DFB logic must pass through a pin attached 

to that DFB, utilize these pins to connect to the PLC database. DFBs that use 

serial communication to non-PLC devices (i.e. generator) reference this 

communication internally in the DFB without pins. All DFBs shall be written 

in FBD language. 

 Analog Scaling: Scale all hardware analog inputs and outputs in the module 

configuration to engineering units (EU). All analog data to be passed to/from 

the Computer Control System (CCS) shall be passed in the proper data type to 

maintain the EU without scaling or conversion. 

a. For Remote Facilities, proper data type will be WORD (with the 

exception of Run Times and Flow Totals). Additional scaling to add 

sufficient resolution will be specified by OWNER Programmer. 

 Disable Unused Analog Input/Output Channels: Disable AI/AO channels that 

are not used in the Module. 

2.4        OIT SCREENS 

 Provide one of the following Magelis OITs to meet the requirements of the 

CONTRACT DOCUMENTS. Model numbers do NOT include conformal coating. 

The CONTRACTOR must add this option from the manufacturer. 

 HMI GTO6315. 
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 Provide a Compact Flash card for uploading and retrieval of historical data logging 

from the Magelis OIT. 

 Compact Flash Manufacturer and Part Number: 

a. Modicon, 1GB MPCYN00CF100N. 

 Develop OIT screens utilizing the latest version of Vijeo Designer. 

 Panels Installed Outdoors: 

 Mount OITs on the inside of the inner cabinet door of the control panel. 

 Animate instruments for devices utilizing a color scheme to indicate current status: 

The color red indicates “on”, “running”, or “open” and green indicates “off” or 

“closed”. Provide text with every color indicating the status of the color (i.e. if a 

button is red, text should overlay the button stating “On”, “Running”, or “Open”). 

 Coordinate OIT screens to resemble existing screens that are in operation with the 

OWNER, this includes event logging, alarming, trending, fonts, colors, and 

graphical buttons. 

 Provide a process flow diagram screen with graphics as described in the control 

description.  

 Utilize the exported database from the corresponding processor for the tag database. 

2.5        NETWORKING 

 General: 

 Refer to the network drawing as shown on the CONTRACT DRAWINGS. 

 Provide simplex power receptacles for network devices that requires a power 

source. 

 Provide all networking hardware as follows: 

 As stated per CONTRACT DRAWINGS. 

 Serial (RS-232, RS-422 and RS-485): 

 Provide all serial connections as stated per CONTRACT DRAWINGS. 

 Install in the control panel all necessary cables and hardware that use serial 

network topology (i.e. media converters, protocol converters, and properly 

terminated cabling). 

 Ethernet: 

 Provide all Ethernet connections as stated per CONTRACT DRAWINGS. 

 Install in the control panel all necessary cable and hardware required by the 

Ethernet devices. 
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 All Ethernet switches must be managed switches. Provide a DIN rail mounted 

Cisco Managed Ethernet switch in control panels that have multiple Ethernet 

devices.  

 4. Provide protocol and media converters as needed. 

 Fiber: 

 In accordance with Section 17101, Process Control System Fiber Optic 

Cabling and as shown on the CONTRACT DRAWINGS. 

  Radio. 

 CONTRACTOR shall contract SWLan Connections (480-895-9832) for radio 

path study prior to antenna installation. 

 Provide the following: 

a. High Capacity Subscriber Unit (HSU) 

 Provide high capacity access connectivity of up to 100Mpbs net aggregate 

throughput Subscriber Unit which supports 4.9 to 5.8Ghz radio and contains 

an integrated antenna. 

a. Radwin HPMP Model No.: RW-55A0-0150. 

 Provide outdoor PoE device 100BseT/GbE interface for Subscriber Unit, with 

120AC power. 

a.  Radwin Model No.: RW-9921-0082. 

 Provide IP67 outdoor lightning protection unit supporting data and signal 

surge protection over PoE. 

a. Radwin Model No.: RW-9924-0106. 

 Provide all necessary outdoor NEC CMX class CAT-6, 4 twisted pair, 24AWG 

cable, connectors and pole mounting hardware for a complete radio system.  

a. Primus Part No.: C6CMXR-1069BK. 

 CONTRACTOR shall turn over radio and ethernet switch to OWNER for 

programming. CONTRACTOR shall install radio and ethernet switch after 

programming is complete 

 

 Autodialer and Cellular Router. 

 CONTRACTOR to provide RACO Verbatim VSS series and shall be equipped 

with digital alarm input channels as indicated on the P&ID Contract drawings. 

CONTRACTOR shall provide DataRemote CDS-9010 POTS in a Box 2-Port 

cellular backup router. CONTRACTOR shall provide all required cabling for 

the cellular interface per manufacturer’s recommendations. OWNER is 

responsible for monthly cellular service charges. 

 The CONTRACTOR shall program the automatic dialer with the messages 

and phone numbers provided by the OWNER. The CONTRACTOR shall test 

and verify all alarms with the OWNER. 
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PART 3 - - EXECUTION 

3.1        EXAMINATION: 

 Inspect areas, surfaces, and substrates that enclose PLCs for compliance 

requirements, installation tolerances, and other conditions affecting performance. 

Adhere to compliance or tolerance requirements of the manufacturer. 

3.2        APPLICATIONS: 

 Primary selection of PLCs is based upon OWNER preference followed by I/O, 

memory, communications, expansion, and other criteria. If multiple types of 

instrumentation from different vendors will communicating with the PLC, 

coordinate with the OWNER to insure that communication protocols are 

acceptable. MODBUS RTU, MODBUS TCP/IP, DNP3, AND HART ARE THE 

ONLY ACCEPTABLE PROTOCOLS. 

3.3        INSTALLATION: 

 Anchor PLCs within enclosures as recommended by the PLC manufacturer. 

 Provide spacing around PLC as required by the PLC manufacturer to insure 

adequate cooling. Insure that the air surrounding and penetrating the PLC has been 

conditioned to maintain the required temperature and humidity range of the PLC. 

 Size wires entering and exiting all PLC components and modules to comply with 

the PLC manufacturer’s requirements. 

 Blocking or obstructing ventilation slots by any means is not permitted. 

 Install all wiring so it is not obstructing the removal of modules from the backplane. 

 Provide accessibility and visibility to all PLC status lights, communication ports 

and memory card slots when enclosure door is open. 

3.4        IDENTIFICATION: 

 Identify PLC components and wiring according to all applicable codes, standards, 

and contract documents sections. 

 Supply labels on each I/O module calling out each individual Input or Output name. 

Label spare channels as spare. 

3.5        FIELD QUALITY CONTROL: 

 Field Service: 
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 Provide a qualified service representative/programmer to perform the 

following: 

a. Inspect PLCs, wiring, components, connections, and equipment 

installation. 

b. Assist in field testing of equipment. Test and adjust PLCs and associated 

programs as necessary. 

3.6        RECORD DRAWINGS: 

 Maintain a set of red-line panel drawings and CONTRACT DRAWINGS to reflect 

changes or deviations that occur during installation, start-up, and commissioning. 

Incorporate these deviation into the final Operations & Maintenance manual. 

 Provide record drawing in accordance with Section 01782 – Record Documents. 

 Supply laminated 11 X 17 shop drawing in the PLC cabinet, the LCP, or ITP 

whichever is related to the project. This will include the final red lined drawing set 

from the project. 

3.7        SPARE PARTS: 

 Furnish and deliver spare parts and test equipment as outlined in Section 01783 – 

Spare Parts and Maintenance Materials. 

 Store PLC parts according to manufacturer’s requirements. Minimum storage 

requirements include storage indoors in a clean, dry space with uniform 

temperature to prevent condensation. Protect PLCs from exposure to dirt, fumes, 

water, corrosive substances, and physical damage. Additionally, protect PLCs from 

all forms of electrical and magnetic energy that could cause damage. 

 The following constitutes the minimum spare parts: 

 I/O modules: 

a. Provide a minimum of one spare of each type of card identified. 

b. Provide an additional spare for every (1) cards of a specific type installed. 

 Processors: 

a. Provide a minimum of (1) spare for each type of CPU identified. 

 Power Supplies: 

a. Provide a minimum of one spare of each type of power supply identified. 

b. Provide an additional spare for every (1) power supply of a specific type 

installed. 

 Memory: 

a. Memory Cards: 

 If a SD memory card is installed, provide a minimum of one spare manufacture 

approved memory card. 

 For every (1) memory cards installed, provide an additional spare memory 

card. 
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a. Expandable Flash Memory Cards: 

 If a memory extension card is installed to expand the internal memory of a 

processor, provide the backup processor with a memory extension card to 

ensure proper memory size of the backup processor. 

 Specialty Modules: 

a. Provide a minimum of one spare of each type of module identified. 

b. Provide an additional spare for every (1) modules of a specific type 

installed. 

 Backplane: 

a. Provide a minimum of (1) spare backplanes of each type. 

3.8        TESTING AND ADJUSTMENTS: 

 Perform system testing and make any adjustments necessary in accordance with 

this section and Section 17001 – Process Control System General Requirements. 

 Install and test all project generated programming code prior to performing the 

Factory Acceptance Test (FAT) and Site Acceptance Test (SAT) as stated in 

Section 17260 – Control Panels. 

3.9        SOFTWARE DEVELOPER’S SERVICE: 

 Provide a qualified software PROGRAMMER representative to review and 

approve the installation of all PLCs and components. 

 Provide a qualified representative for installation supervision, start-up, and testing 

services. Conduct a minimum of (5) trips to the site to approve the completed 

installation and to perform start-up testing of the equipment. Coordinate each visit 

with the ENGINEER prior to arrival on the site. Test the operation of the system in 

the presence of the ENGINEER and verify that the equipment conforms to the Site 

Acceptance Test (SAT) document. Revisit the job site as often as necessary until 

the installation and testing has been signed off by the OWNER or ENGINEER. 

 Provide a qualified software PROGRAMMER representative for operation and 

maintenance personnel training. Conduct a minimum of (2) trips to the site to 

perform the services as described under Section 01821 – Instruction of Operations 

and maintenance Personnel. Coordinate each visit with the ENGINEER prior to 

arrival on the site. 

 All costs, including travel, lodging, meals, and incidentals for the CONTRACTOR 

and PROGRAMMER, are considered included in the CONTRACT price. 

 Warranty: One year after substantial completion. 

+  + END OF SECTION  + + 
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NACE Certified Coating Inspectors & Protective Coatings Specialists 
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1. 

Kyle Kraft 
City of Phoenix  
Water Services Department 
Wastewater Engineering  
2530 S. 52nd Ave,  
Phoenix, AZ 85043  

Attn:    Mr. Kyle Kraft 
Phone (602) 495-7685 
Email: kyle.c.kraft@phoenix.gov 

Re: Limited Asbestos & Lead Paint Survey 
Lift Station 76 – Above ground piping demolition 
N. Pioneer Rd.
Phoenix, Arizona 85086
COP Project No.

Mr. Kyle Kraft: 

RFI Consultants, LLC, has recently completed the limited asbestos-containing material (ACM) 
and lead-containing paint (LCP) survey for the above referenced project located at Lift Station 
76 (the site).  The survey was conducted by RFI personnel on the17th of November 2023.  RFI’s 
survey was limited to suspect materials that may be impacted during the construction / demoli-
tion project at the site.  The scope of work was requested by Mr. Kyle Craft, P.E. Civil Engineer 
III, City of Phoenix Water Services Department, Wastewater Engineering. 

SUMMERY: 

RFI’s Sampling was conducted by Devon Carr.  Devon Carr is an Environmental Protection 
Agency (EPA) – certified Asbestos Hazard Emergency Response Act (AHERA) building inspec-
tors for asbestos.  Devon Carr is also an Environmental Protection Agency (EPA) – certified lead 
supervisor and certified to conduct lead-based paint activities pursuant to 40 CFR part 745.226.  
A total of one hundred and twenty six (126) bulk samples of suspect ACM and thirty (30) paint 
chip samples were collected from the site for laboratory analysis. 

The limited sampling was conducted using procedures like EPA AHERA regulations, 40 CFR 
763. All samples were submitted to Fiberquant Analytical Services in Phoenix, Arizona on 
December 1st, 2023.  Asbestos bulk samples were analyzed by Fiberquant Analytical Services 
who is accredited by the National Institute for Science and Technology

RFI CONSULTANTS 

mailto:kyle.c.kraft@phoenix.gov


2. 

NACE Certified Coating Inspectors & Protective Coatings Specialists 

Veteran Owned & Operated 

(NIST) under the National Voluntary laboratory Accreditation Program (NVLAP) for bulk as-
bestos sample analysis administered by NIST.  A Copy of the Fiberquant Analytical Services 
(NVLAP) certification is attached to this report.  

All samples were delivered to Fiberquant by Devon Carr and chain of custody forms are attached 
to each report.  

The purpose of this survey is to investigate the condition of accessible suspect asbestos and lead 
containing paint prior to the construction / demolition project at Lift Station 76.  The project is 
for removal of the above ground force main piping.  Asbestos was reportedly not detected in the 
samples collected and analyzed.  As such, the materials sampled at the site are not considered 
ACM. 

The paint chip samples collected from the site collected from the site did not contain lead in con-
centrations above 0.5% by weight, or 5,000 parts per million (ppm).  LBP is defined under the us 
department of Housing and Urban Development (HUD) and the Environmental Protection 
Agency (EPA) as paint or other surface coating with lead content equal to or greater than 1.0 
mg/cm2  of surface area by XRF or 0.5% by weight, 5,000 parts per million (PPM) by paint chip 
analysis. 

SAMPLE ASSESSMENT AND COLLECTION: 

Each suspect ACM was designated a distinct homogeneous area, which is defined as a single 
material, uniform in texture and appearance, installed at one time, and unlikely to consist of 
more than one type of formulation of material.  At the time of the limited sampling, the suspect 
materials were physically contacted (touched) to determine friability 

A sufficient value of samples were collected of the suspect material within the designated project 
area to satisfy the Occupational Safety and Health Administration (OSHA) and National Emis-
sion Standards for Hazardous Air Pollutant (NESHAP) requirements for the determination of as-
bestos content and Housing and Urban Development (HUD) guidelines form the determination 
of lead-based paint.  The results of the limited sampling are not meant to apply to the site as a 
whole and are limited to the project area only. 

FINDINGS AND RECOMMENDATIONS 

The suspect asbestos material and paint chip samples analytical results are listed in the following 
pages. 

RFI CONSULTANTS 



 

NACE Certified Coating Inspectors & Protective Coatings Specialists 

Veteran Owned & Operated 
 

RFI CONSULTANTS 
3. 

 

 

 
 

INSPECTION INFORMATION 

Inspector:  Devon Carr Reviewer: Eric Brackman Date: 11/17/2023 

Client: City of Phoenix 

Client Contact: Kyle Kraft 

Contractor:   N/A 

Supervisor: N/A 

Engineer: N/A 

Supplier: N/A (Various) 

Location: Pioneer Rd, Phoenix, AZ 85086 

Project: Lift Station 76 

Structure Description/ID:  Lift Station 76 (The Site) 

Specification / Division:   N/A – 11/17/2023 

WEATHER CONDITIONS 
Instrument Manufacturer: Elcometer            Model / Serial Number: G319-T/ WF23545           MFG. Re-Certification Due:6/28/24 

Day / Night X CONDITION X CONDITION X CONDITION X 

Night  Sunny X Clear X Snow  

Day X Cloudy  Rain  Fog  

ENVIRONMENTAL READINGS 
Instrument Manufacturer: Elcometer         Model / Serial Number: G319-T/ SK21513             MFG. Re-Certification Due:2/21/24 

Location Time Wind RH% Surface Temp Air Temp Dew Point Surface to 
Dew Point 

N. Pioneer Rd, 
Phoenix, AZ 85086 09:00 N (1 mph) 70.5% 67.8°F 67.8°F 57.9°F +9.9°F 

N. Pioneer Rd, 
Phoenix, AZ 85086 10:00 ESE (3 mph) 66.0% 71.6°F 71.6°F 59.6°F +12.0°F 

N. Pioneer Rd, 
Phoenix, AZ 85086 11:00 WSW (3 mph) 55.7% 75.2°F 75.2°F 58.3°F +16.9 °F 
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Limited Asbestos Sampling 
November 17th, 2023 

Lift Station 76 

Sample # Material Functional Space Results 
(%) 

NESHAP 
Category Quantity Condition 

76-A-01A Above Ground Force 
Main Piping &  
Appurtenances  

Force Main 
Above 

Wet well 

Non 
Detect N/A N/A Good 76-A-02A

76-A-02A

Notes 

Laboratory analyses did not detect asbestos in the suspect materials sampled at the site.  If new 
suspect materials are discovered that may be disturbed during the project all work should  
immediately stop and additional samples shall be collected.  RFI recommends conducting a 
comprehensive asbestos survey at the site prior to renovation or demolition, and suspect materials 
present which have not been surveyed should be assumed to be ACM until sufficient sampling and 
analysis is performed to confirm the presence or absence of asbestos. 

Limited Paint Chip Sampling 
November 17th, 2023 

Lift Station 76 

Sample # Component Substrate Color / Condition Results 
(% by weight) 

76-L-01A Piping Steel Desert Sands <0.0025 
76-L-02B Bollards Steel Safety Yellow <0.0045 

Notes 

The paint chip samples collected from the interior of building contained lead in concentrations 
above the laboratory detection limit. LBP is defined under the US Department of Housing and 
Urban Development (HUD) and the Environmental Protection Agency (EPA) as paint or other 
surface coating with lead content equal to or greater than 1.0mg/cm2 of surface area by XRF or 
0.5% by weight, or 5,000 parts per million (ppm) by paint chip analysis.  
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Lift Station 76 

Force main piping 
View from South gate facing Northeast 
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Lift Station 76 

North gate & eye wash station 
View from South gate facing North 
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Lift Station 76 

Force main piping  
View from center of site facing West 
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Lift Station 76 

Force main piping 
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Lift Station 76 

Force main piping 
 



Client Job: Lift Station 76 PO Number:

JobNumber: 202311337

Routing Number: -

# Samples: 3

PLMn

PLM The "New" Method; see below

Client:

Polarized Light Microscope (PLM) Analysis for Asbestos in Bulk Sample

Method and Analysis Information:

Each bulk sample is first dissected under a 7-30x magnification stereo-microscope.  This examination is used to determine the general type of sample, 
how many and what type of layers it has, and initial estimates of fiber types and quantities.  Second, liquid media mounts are made of each layer - 
such mounts may be of selected fibers (used solely for identification purposes) or may be representative of the layer as a whole (used for quantitation 
purposes).  The mounts may be made in a synthetic Canadian balsam, one of several solvents, or in refractive index oils (media of known refractive 
index).  Generally, a variety of different mounts are made: some optimized for fiber visibility, some optimized for fiber identification, and some 
optimized for fiber quantitation.  The mounted slides are then examined at 50-400x magnification on a Nikon Labphot-pol microscope.  Optical 
characteristics are used to identify each observed fiber type; the optical data are contained for each sample on its detail analysis sheet, attached.

Current EPA and  NESHAP  regulations designate a result of ≤1 % asbestos as "negative" or "non-regulated"and >1 % asbestos as "positive" or 
"regulated."  Samples containing layers that have been determined to be "positive" may have to be handled differently during a renovation or 
demolition than samples whose layers have been determined to be "negative."  OSHA under CFR 1926.1101 regulates work done involving any 
detectable concentration of asbestos.

The method of fiber identification and quantitation is the “Standard Operating Procedures for the Analysis of Asbestos in Bulk Samples using Polarized 
Light Microscopy”, Chapter 7 of the Quality Assurance and Management Manual.  This SOP and its associated reporting have been designed to satisfy 
all requirements in both EPA Method 600/M4-82-020 (The Interim Method) and EPA Method 600/R-93/116 (The New Method).  The Interim Method is 
the required method for AHERA (US EPA 40 CFR Pt. 763), but this method calls for the reporting of composited results of multi-layered samples that is 
no longer an acceptable reporting practice in most circumstances.  Current EPA rules, such as NESHAP (US EPA 40 CFR Pt. 61), as well as NVLAP 
accreditation policies, call for separate reporting for each layer of multi-layered samples.  The New Method contains the same procedures for 
identification and quantification of asbestos as does the Interim Method, except that multi-layered samples are reported to comply with the latest US 
EPA rule.  Fiberquant not only reports the asbestos content of each layer of multi-layered samples separately (satisfying current EPA and NVLAP 
reporting requirements), but Fiberquant also reports what percentage of the sample each layer comprises.  Therefore, the results may be 
arithmetically composited to satisfy the reporting requirements of the Interim Method.  The method of fiber quantitation is an estimation technique in 
which the analysts quantitation is routinely calibrated by reference quantitation standards, and which has been shown to be equivalent in precision 
and accuracy to point counting.  Friability is estimated for the purposes of deciding when to point count.  Friabilities determined in the field take 
precedence over those determined in the laboratory.  Those sample layers which are friable and estimated by the analyst to contain <= 1% asbestos 
are point counted using 400 points.  Such point counting is required by NESHAP (National Emission Standards for Hazardous Air Polutants, Nov. 1990) 
in order to rely on analytical results that are ≤ 1%.  The coefficient of variation for the estimation quantitation technique is 100% in the range 0-5%.  
This means that PLM analysis is not capable of conclusively determining whether a layer containing close to 1% asbestos is actually "positive" or 
"negative".  For this reason, Fiberquant refers to results where asbestos was detected but ≤ 1% as "borderline negative", and results where asbestos 
was >1 % but <= 2% as "borderline positive" to indicate the uncertainty in assigning a "positive" or "negative" label.  In the sample summary, "ND" 
means that no asbestos was detected during the analysis.  A "Tr" or "Trace" of asbestos reported is defined for our purposes as the detection of 
several asbestos fibers during the analysis; this level would be right at the limit of detection for the method.  Trace is only reported on the analysis 
detail - in the summary a trace would be reported as <=1%.  The limit of detection (the smallest % of asbestos that can be detected) varies greatly 
depending on the matrix in which the asbestos is found.  As little as 0.001% asbestos can be detected in favorable samples, while detection in 
unfavorable samples may approach the detection limit of 1% stated in the method.  During the analysis, the analyst, for Fiberquant identification 
purposes only, determines the "apparent sample type" and "apparent layer types."  It must be emphasized that these types are only what is 
apparent.  Often, different materials appear similar or identical after sampling, so the analyst may assign a type other than what was sampled.  

Floor tiles present a special problem for PLM asbestos analysis.  Floor tile can contain chrysotile fibers so thin that they cannot be resolved by optical 
methods.  In such a case, we may observe a percentage of asbestos which is lower than the actual percentage, or not observe asbestos at all when 
some is present.  For this reason, floor tiles reported as negative should be confirmed to be negative using transmission electron microscope (TEM) 
analysis. Likewise, vermiculite insulation materials containing traces of asbestiform asbestos present a problem for routine PLM analysis - the 
amphiboles are sometimes present in trace amounts inhomogeneously distributed.  For this reason, loose vermiculite samples reported as negative 
should be confirmed to contain no amphibole using hydroseparation techniques.

The samples were analyzed under the following ongoing quality assurance program: Blank samples are routinely analyzed to maintain contamination-
free materials.  Each analyst has at least a bachelor's degree in physical science, and has also completed extensive training specific to asbestos 
analysis for 1-3 months before being allowed to analyze client samples.  Qualitative reference samples are routinely analyzed to assure that analysts 

Method: EPA 600/R-93/116Rec: 12/1/2023

Report Date: 12/7/2023 Date Analyzed: 12/7/2023

Fiberquant Internal SOP:

RFI CONSULTANTS LLC

2225 W SPEER TRAIL

PHOENIX,  AZ

Office Phone: (480) 560-7182
FAX:

85086-0000

     5025 S. 33rd Street  Phoenix, Arizona     85040-2816       Phone: 602-276-6139  1-800-743-2687  FAX:  602-276-4558
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PLM Analysis Summary: Job Number: 202311337 Lift Station 76

can identify asbestos and asbestos-look-alike fibers.  Quantitative reference samples are routinely analyzed to calibrate and characterize the 
estimation procedure.  Microscope alignment is checked each day.  Refractive index oils are calibrated at least quarterly.  At least 10% of client 
samples are re-analyzed from scratch by a different analyst than the original, and any discrepancies are resolved for the sample and similar sample 
types before the results are reported.  All quality checks performed for these samples were in control except as detailed in the "Analytical Notes" 
below.  All analysts participate in interlab round robins and proficiency testing to assure competence.  Fiberquant is accredited by NVLAP (Lab code  
#101031) for the analysis of bulk samples for asbestos using PLM.  Accreditation does not imply endorsement by the EPA, any other United States 
governmental agency or any private agency or association.  Each lab analysis refers only to the sample tested, and may not, due to the sampling 
process, be representative of the material sampled.  This report may not be reproduced except in full, without the approval of Fiberquant Analytical 
Services.

Job Analysis Notes:

Some results may have been calculated using client supplied data, such as volume or area sampled, for which Fiberquant assumes no liability for accuracy.

Sample Number Lab Number Apparent Sample Type * Asbestos Detected Yes or No

Layer Color Apparent Layer Type * Asbestos Results

Surfacing2023-11337- 176-A-01A Asbestos Detected? NoSample #
     no asbestos detectedpaintvariousLayer # 1

     no asbestos detectedmiscellaneousblueLayer # 2

Surfacing2023-11337- 276-A-02A Asbestos Detected? NoSample #
     no asbestos detectedpaintvariousLayer # 1

Surfacing2023-11337- 376-A-03A Asbestos Detected? NoSample #
     no asbestos detectedpaintvariousLayer # 1

*  Apparent Sample Types and Apparent Layer Types are as they appeared to the analyst.  Since many types of materials appear similar after sampling damage, the 
apparent type of material may not be the actual type of material.
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PLM Analysis Details    Job Number: 202311337 Lift Station 76

2023-11337- 176-A-01A 11/17/2023Lab Number Sample Sampled:
GVAnalyzed By 12/7/2023

Homogeneous 
Surfacing

No
Non-fibrous SolidOKAn? 

2# Layers NoAsbestos Detected?
Apparent Smp Type 

none  Fiber Identification:

Sample Analytical Note 

 Note: layer 1 was a mixture of several thin paint layers; there was no way to separate them. Analyzed as a single layer. Procedure: tweased apart 
using forceps. Procedure: dissolution of polymer matrix using solvent.

Fibers

1
Color Mrph Iso Pleo Bi Elg Ext Oil Col Par Col Per RI Par RI Per

Refractive Index Determinations

2
3
4
5
6

none
 

Non-Fibrous Components (in approx. decreasing order):  polymer, filler, 

Condition: acceptable

Layers

# Layer Type % Color Friability

Calibrated Visual Estimate of Percents of Each Fiber

Fib 1 Fib 2 Fib 3 Fib 4 Fib 5 Fib 6

1 20 n.d. - - - - -paint various 1
2 80 n.d. - - - - -miscellaneous blue 1

100Total % n.d. - - - - -Overall %

2023-11337- 276-A-02A 11/17/2023Lab Number Sample Sampled:
GVAnalyzed By 12/7/2023

Homogeneous 
Surfacing

Yes
Non-fibrous SolidOKAn? 

1# Layers NoAsbestos Detected?
Apparent Smp Type 

none  Fiber Identification:

Sample Analytical Note 

 Note: layer 1 was a mixture of several thin paint layers; there was no way to separate them. Analyzed as a single layer. Procedure: tweased apart 
using forceps. Procedure: dissolution of polymer matrix using solvent.

Fibers

1
Color Mrph Iso Pleo Bi Elg Ext Oil Col Par Col Per RI Par RI Per

Refractive Index Determinations

2
3
4
5
6

none
 

Non-Fibrous Components (in approx. decreasing order):  polymer, filler, 

Condition: acceptable

Layers

# Layer Type % Color Friability

Calibrated Visual Estimate of Percents of Each Fiber

Fib 1 Fib 2 Fib 3 Fib 4 Fib 5 Fib 6

1 100 n.d. - - - - -paint various 1

100Total % n.d. - - - - -Overall %
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PLM Analysis Details    Job Number: 202311337 Lift Station 76

2023-11337- 376-A-03A 11/17/2023Lab Number Sample Sampled:
GVAnalyzed By 12/7/2023

Homogeneous 
Surfacing

Yes
Non-fibrous SolidOKAn? 

1# Layers NoAsbestos Detected?
Apparent Smp Type 

none  Fiber Identification:

Sample Analytical Note 

 Note: layer 1 was a mixture of several thin paint layers; there was no way to separate them. Analyzed as a single layer. Procedure: tweased apart 
using forceps. Procedure: dissolution of polymer matrix using solvent.

Fibers

1
Color Mrph Iso Pleo Bi Elg Ext Oil Col Par Col Per RI Par RI Per

Refractive Index Determinations

2
3
4
5
6

none
 

Non-Fibrous Components (in approx. decreasing order):  polymer, filler, 

Condition: acceptable

Layers

# Layer Type % Color Friability

Calibrated Visual Estimate of Percents of Each Fiber

Fib 1 Fib 2 Fib 3 Fib 4 Fib 5 Fib 6

1 100 n.d. - - - - -paint various 1

100Total % n.d. - - - - -Overall %

Fr=Friability: 1=very non-friable; 2= non-friable; 3=friable; 4=highly friable
Colors: B=black;BL=blue;BR=brown;CL=clear;G=Green;GY=gray;OR=orange;OW=off-white;PN=pink;PU=purple;R=red;TN=tan;W=white;Y=yellow;V=various
Fiber Morphology: A=fine fibers/bundles, white, sinewy, flexible; B=fine fibers/bundles, w-br, straight, broomed ends; C=fine fibers/bundles, blue, straight, broomed ends; 
D=fine to coarse fibers, CL-B, brittle; E=coarse fibers,CL or dyed, striated; F=coarse fibers or splinters, W-BR, ribbon-like; G=lath-like or shards, low aspect ratio, may 
taper
Iso=isotropism - may be yes or no; Pleo=pleochroism - may be yes or no; Bi=birefringence - may be None, Low, Medium or High
Elg=sign of elongation - may be +, - or B (both); Ext=extinction - may be Parallel, Oblique, None or Undulating; Oil=medium used to for dispersion staining
Col Par=dispersion staining colors parallel to the fiber (fiber/halo): b/w=black/white; dg/py=dark gray/pale yellow; vg/y=violet gray/yellow; db/ly=dark blue/lemon 
yellow; vb/g= vivid blue/gold; sb/o=sky blue/orange; pb/r=pale blue/red; gb/dr=gray blue/dark red; w/b=white/black.  Col Perp=same only perpendicular to fiber.
RI Par=refractive index parallel to fiber; RI Perp=refractive index perpendicular to fiber

07-Dec-23Analyst: GALINA B. VOLKOVA

Larry S. Pierce, Approved Accreditation Signatory

Printed:

07-Dec-23Original Print Date:
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Client Job: Lift Station 76 PO Number:

JobNumber: 202311336

Routing Number: -

# Samples: 2

AApw

AA Pb in paint by weight AA Analysis

Client:

Atomic Absorption Spectrometer (AAS) Analysis of Paint

Method and Analysis Information:

The received samples were analyzed for Pb (total) using "Test Methods for Evaluating Solid Waste" (SW 846, December 1996 updates). The 

extraction/digestion method was SW 3050b. The analytical method is "Flame Atomic Absorption Spectrophotometry", modified EPA method 7000B.  
Briefly the procedures are as follows.  The incoming paint samples are first homogenized by mixing and crushing.  A sub-sample is weighed to 

approximately 0.1 gm into a 50ml centrifuge tube.  To the run stream  are added the quality assurance samples described below.  Six mls of 

concentrated HNO3 and one ml of 30% H2O2 are added to each  container.  The tubes are caped and heated for at least 1 hour at ~98 deg. C.  After 

cooling, the contents of the centrifuge tube are brought up to exactly 25 mls, completing the digestion/extraction. The modification is that deionized 
water is used for the blanks (initial and continuing calibration) instead of an acid and matirx matched digestate.  

The sample and quality assurance extractions are then analyzed on a Thermo ICE 3000 flame atomic absorption spectrometer or a Perkin Elmer 
Aanalyst 200.  The wavelength and other instrumental settings are set according to the manufacturer's recommendations and as specified in the 

7000B method.  Absorptions are recorded from sample and standard solutions.  A calibration curve is fitted to at least three standard solutions, and 

the concentrations of the sample extracts are calculated from the curve.  The parts per million for each sample is calculated from the extract 

concentration and area of the sample in cm2.

The results from this analysis are generally compared to the HUD Guidelines standard of 5,000 parts per million (ref.).  Paint sampling for compliance 

with OSHA 29 CFR 1926.62 is not recognized nor does  29 CFR 1926.62 define what lead-based paint is. The historical coefficient of variation for this 

method is approximately 20%.  The results are reported to two significant figures.  The Sample Reporting Limit (RL) listed below is twice the Sample 
Detection Limit, which is calculated for each sample from the  experimentally determined Method Detection Limit.   The limit of reliable quantitatiion is 

generally regarded as five to ten times the limit of detection.  Therefore, smaller sample with masses less than 0.04 grams may give results too near 

the 5,000 ppm standard to be reliable.  Problems in analysis or other information is provided in the "Analytical Notes" below.  Blanks, if analyzed, are 

treated the same as samples and are not used for correcting non-blank results.

The following on-going quality assurance program was followed to ensure reproducible and dependable results:    All analysts are degreed scientists 

trained extensively in-house for at least two months prior to un-supervised runs.  Blank matrix samples are analyzed at a rate of 5% (at least one per 
run).  Reference standards are analyzed at a rate of 5% (at least one per run), and compared to statistical records via control charts.  Spiked matrix 

samples are analyzed at a rate of 5% (at least one per run), and compared to statistical records via control charts.  Duplicate samples are analyzed at 

a rate of 5% (at least one per run) if duplicates can be made from the sample (otherwise, twice the number of spikes are performed), and compared 

to statistical records via control charts.  For each instrumental run, the spectrometer is checked for sensitivity and stability.  The calibration standards 
are made fresh weekly, and checked each run against a calibration verification standard from another source.  All calculations are performed twice - 

once in a calibration spreadsheet, and once during the report generation, and also checked by hand.  All quality checks performed for these samples 

were in control except as detailed in the "Analytical Notes" below.  Fiberquant participates in the Environmental Lead Proficiency Analytical Testing 

(ELPAT) program, is accredited by AIHA LAP, LLC for environmental lead samples (AIHA Lab #101593), and is recognized by the National Lead 
Laboratory Accreditation Program (NLLAP) for the analysis of Pb in paint.  Accreditation does not imply endorsement by the EPA, any other United 

States governmental agency or any private agency or association.  Each lab analysis refers only to the sample tested, and may not, due to the 

sampling process, be representative of the material sampled.  This report may not be reproduced except in full, without the approval of Fiberquant 
Analytical Services.

Method: Modified SW 846 3050b/7000BRec: 12/1/2023

Job Analysis Notes:

Report Date: 12/5/2023 Date Analyzed: 12/5/2023

Fiberquant Internal SOP:

Some results may have been calculated using client supplied data, such as volume or area sampled, for which Fiberquant assumes no liability for accuracy.

RFI CONSULTANTS LLC

2225 W SPEER TRAIL

PHOENIX,  AZ

Office Phone: (480) 560-7182

FAX:

85086-0000
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AA Calibration Curve
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bx 0.02381093

c 0.01082456

R2 0.99998235

12/4/2023

Instrument: iCE 3000

Lab Number Client Number Date ug/ml DilmlWeight (gm) wt % ppm RL(ppm)Analyte

Job Number: 202311336Analysis Results:

Condition

AApw

2023-11336- 1 76-L-01A 11/17/2023 0.2004 0.0346 125 <0.0025 <25  25Pbacceptable

2023-11336- 2 76-L-02B 11/17/2023 0.1106 0.0346 125 <0.0045 <45  45Pbacceptable

05-Dec-23Analyst: MARTIN A. ESQUER

Larry S. Pierce, Approved Accreditation Signatory

Printed:

05-Dec-23Original Print Date:
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Geotechnical Investigation Project No.  161708SA 

West Anthem Wastewater Improvements     May 17, 2017 – Page 1 

 

   

 

1.0 INTRODUCTION 

This report presents the results of a subsoil investigation carried out along the route of the proposed 

West Anthem Wastewater Improvements to be located between Sheriffs Pistol Range Road at Pioneer Road 

and North Valley Parkway at Carefree Highway in Phoenix and Maricopa, Arizona. 

 

Preliminary information calls for the design and construction of a 0.5 MGD lift station located 

1,100+/- feet north of Sheriffs Pistol Range Road and Pioneer Road. The lift station discharges into three 

(two 14-inch and one 6-inch diameter) parallel force mains running south for about 5,000 lf and ends in a 

discharge structure at the southwest corner of I-17 and Pioneer Road. From the discharge structure, 

wastewater flows in an approximately 10,000 lf gravity sewer crossing under Interstate I-17 using jack-and-

bore/tunnel technology and then south along North Valley Parkway and connecting to an existing 24-inch 

gravity sewer at North Valley Parkway and  the Carefree Highway. The gravity sewer is 18-inch to 21-inch 

in diameter and expected to be installed at minimum cover depth on the order of 5 to 18 feet; closer to 18 

feet deep near Carefree Highway.  Sections passing under drainage features may be deeper. 

 

2.0 GENERAL SITE AND SOIL CONDITIONS 

2.1 Site Conditions 

The pipeline will be located mainly within the right of way for North Valley Parkway starting 

on the south side of Carefree Highway north to approximately 1,200 feet north of Cloud Road where it will 

turn to the west to go under I-17 and turn north where it will follow I-17 then Pioneer Road for 

approximately 6,800lf. I-17 is a 4 lane divided interstate highway and Carefree Highway a 4 lane roadway, 

with turn lanes at the intersection. Some major and minor washes cross the road. The roadway is bounded by 

commercial, retail and residential development on the south end up to about 1000 feet north of 33rd Lane 

with vacant desert terrain to the north.  The west side of I-17 consists of vacant desert terrain, the Pioneer 

Living History Village and a mobile home park. A brief look at historical photos indicated that the site has 

never been previously developed before current conditions or farmed. The old I-17 roadway was located on 

the west side of the current alignment. The roadway is asphalt paved with the adjacent ground surface is 

generally gently sloped with sparse desert trees and bushes on the surface. There are a number of 

underground and overhead utilities along the alignment.   

 

2.2 Geologic Conditions 

The site is located outside known areas that have undergone considerable subsidence due to 

groundwater removal.  Areas of subsidence are known to produce earth fissuring, which has affected areas 

within several miles of the site.  Subsidence is a basin wide phenomenon that would result in differential 
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elevation changes over long distances, which would not affect the type of buildings proposed for this site.  

No evidence of earth fissures was observed on the site.  Fissure gullies form over subsurface irregularities 

such as bedrock highs, which cause tensional stresses and differential subsidence.  Where such anomalies are 

not present, subsidence tends to be uniform over a wide area, this having minimal effect on surficial 

structures.  The closest known earth fissures are located at 40th street and Lupine, many miles south from the 

site.  These fissures were discovered in the 70’s and are considered inactive at this time.  Based on local 

experience, subsidence and earth fissures historically have not been a problem in this area. 

 

2.3 Seismic Design Parameters 

The project area is located in a seismic zone that is considered to have low historical 

seismicity.  The Phoenix area has had only two magnitude 3.0 events in over 100 years.    Liquefaction is not 

considered a concern as groundwater exceeds 15 meters below ground surface.  

 

Although borings were not advanced to 100 feet, based on the nature of the subsoils 

encountered in the borings and geology in the area, Site Class Definition, Class C may be used for design of 

the structures.   

 

2.4 General Subsurface Conditions  

The geological materials are divided into three basic soil/rock types that were identified along 

the alignment as follows  

 

Alluvial Soil – This unit consists of unconsolidated to semi-consolidated alluvial/flood plain 

sediment.  The soils consist of clayey sands, silty sands with gravel, cobbles and small to medium sized 

boulders.  The USCS refers to these as the Ebon-Pinamt-Tremant Association.  These soils typically have a 

cobbly gravel loam surface underlain with very gravelly sandy clay loam subsoil.  The surface is non-

calcareous, with variable concentrations of lime with depth. 

 

Alluvial Soil/Cemented Alluvium – This unit is a transitional area between the Alluvial Soil 

and Cemented Alluvium/Conglomerate.  This unit includes alluvial soil, recent alluvial deposits from the 

active washes, and heavily cemented alluvium.  The alluvial soil and recent alluvial deposits are anticipated 

to be relatively shallow overlying shallow cemented alluvium/conglomerate. 

 

Cemented Alluvium/Conglomerate – This unit consists of consolidated old alluvial and valley 

plains sediment.  The soils are heavily cemented calcareous sandy silts and clays containing gravel and 

cobble size rock fragments.  Cementation is generally moderate to heavy, exhibiting rock-like characteristics 



Geotechnical Investigation Project No.  161708SA 

West Anthem Wastewater Improvements     May 17, 2017 – Page 3 

 

   

 

of a conglomerate at several locations.  USCS refers to these soils as part of the Rillito-Gunsight-Pinal 

Association.  The soils typically have a strongly calcareous gravelly loam surface underlain with strongly to 

very strongly calcareous gravelly sandy loam. 

 

Where drilled, the existing pavement consists of 4 to 6 inches of asphalt over 6 to 12 inches of 

aggregate base.  Subsoil conditions consist of clayey gravel, well graded gravel, silty gravel, silty sand, 

clayey sand, and sandy lean clay to the termination depths of borings at 15.4 to 60.3 feet below grade.  

Subordinate amounts of gravel and cobble were also noted in the soil profile along with various degrees of 

calcareous cementation.  Soil conditions at the time of investigation were classified as ‘dry’ to ‘moist’. 
Standard Penetration Test values generally ranged from 10 to 50+ blows per foot (bpf) in the upper 5+ feet 

increasing to 50+ bpf in the deeper soils.  It should be noted that loose soils were encountered in borings B-2, 

B-5, B-6, B-7 and B-8 at a depth of 5 feet below existing grades.  Fill material was also encountered in 

borings B-5 through B-11 at depths of 3 to 12 feet below existing grades.  No groundwater was encountered 

during this investigation.  

 

Due to the very dense gravelly nature of the soils, in-situ dry densities were not obtainable.  

Laboratory testing indicated liquid limits in the range of non-plastic to 41 with a plasticity index of non-

plastic to 13.  

 

3.0 ANALYSIS AND RECOMMENDATIONS 

3.1 Analysis 

Analysis of the field and laboratory data indicates that subsoils at the site are generally 

favorable for the support of the proposed pipeline on typical bedding required for the piping and trench 

loading conditions.  However, if the pipeline profile lies within a potential loose/soft soil segment, some 

additional pipe bedding or increased manhole bases may be warranted.  It is likely to encounter near 

saturated soils near drainage features or in areas where depressed unpaved shoulder areas have been 

subjected to flooding after recent heavy rains. This may require increasing pipe bedding depending on depth. 

It is also recommended to increase the manhole base sizes due to lower bearing capacity and increasing the 

size of thrust blocks due to low lateral bearing (passive pressure) capacity. Any structures required can be 

supported on shallow spread foundations. 

 

Loose surficial soils and some wash fills may be encountered and will likely be disturbed due 

to various construction activities.  However, the hard/dense nature of the soils at the founding level should 

make them suitable for support of the minor structures without the need for over-excavation and re-

compaction provided they remain dry.  
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Groundwater is not expected to be a factor in the design or construction of shallow 

foundations and underground utilities.  Excavation operations may be difficult due to very dense, 

rocklike conditions.  It should be noted that the fact that a boring was advanced to a particular depth should 

not lead to the assumption that it is necessarily excavatable by conventional means.  Very dense and/or 

rocky conditions may require more aggressive rock removal techniques.  The contractor should be 

responsible for determining what equipment will be required to make excavations. 

 

3.2 Site Preparation  

The entire area to be occupied by the proposed construction should be stripped of all 

vegetation, debris, rubble, and obviously loose surface soils.  It is recommended that for any section where 

loose/soft soils are expected in the upper 5 to 10 feet and/or encountered at the bottom of the trenches or 

manhole bases, the loose/soft soils be over-excavated down to at least 12 inches below the pipe, manhole 

base or at-grade equipment base.  The over-excavated zone should then be replaced with compacted bedding 

material.  This process will require close inspection during trenching to locate the loose soils and over-

excavate while the trench is being excavated to avoid having to go back on the trench to remove loose soil. A 

representative of the geotechnical engineer shall examine the exposed subgrade once sub-excavation is 

complete and prior to backfilling to ensure removal of deleterious materials. Fill placement and quality 

should be as defined in the "Fill and Backfill" section of this report. 

 

Removal and replacement of existing asphalt surfacing will likely disturb the underlying 

aggregate base course (ABC) and possibly subgrade.  After removal of the surface, the exposed base will 

require fine grading and re-compaction.  The exposed subgrade under the new pavement, curb, gutter and 

sidewalks shoulder areas should be prepared in accordance with M.A.G. Standard Specification 301. This 

includes proof rolling to detect unstable subgrade areas. If stable, it is recommended to increase the 

thickness of the scarification, moisture conditioning and compaction to 12 inches. The grade should be re-

compacted to at least 95 percent dry density as determined by ASTM D698.   

 

While no obvious signs of wet or unstable soils were found in the limited boring locations, it 

is not uncommon to find overly moist soils (above optimum) under old pavements, low shoulder areas that 

collect water and leaking irrigation pipes and canals.  These conditions can result in pumping issues and will 

impact obtaining compaction of the subgrade.  If isolated zones of unstable or soft subgrade are found during 

site grading, there are several options available to help stabilize these conditions.  The first option would be 

to remove the unstable soils to a depth on the order of 2 feet below the finished subgrade; deeper excavations 

may be required if the loose areas extend deeper.  The soils may be set aside to dry (if necessary) and be re-

compacted once they have dried sufficiently, or other local soils or asphalt millings from the existing 

roadway may be used.   
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As an alternate to complete removal of the soils, the soils can be mixed with dry cement.  

Since using cement is only to dry and stabilize the soils, not part of the structural design, it is recommended 

to generally follow M.A.G. 311, Soil Cement.  It is recommended that a minimum of 12 inches of cement 

stabilized soils be used below the pavement structural section. If very soft soils are encountered, increase this 

depth as needed to stabilize. Another option is to use a high quality geogrid such as Tensar TX7 or equal 

installed per manufacture recommendations and M.A.G. Standard Specifications 306 and 796 for geogrid. 

 

Prior to placing structural fill below footing bottom elevation (if required), the exposed grade 

should be scarified to a depth of 8 inches, moisture-conditioned to optimum (±2 percent) and compacted to at 

least 95 percent of maximum dry density as determined by ASTM D-698.  Pavement areas should be 

scarified, moisture-conditioned and compacted in a similar manner. 

 

Prior to placing sidewalks, the exposed grade should be scarified 8 inches, moisture 

conditioned to at least optimum to 3 percent above optimum and lightly but uniformly compacted to 90 but 

not more than 95 percent of maximum dry density as determined by ASTM D-698. 

 

3.3 Foundation Design  

It is recommended that any vault/manhole structures be founded on a mat type foundation 

bearing on medium dense native soils (or 12 inches of compacted bedding material (or Aggregate Base, 

crushed stone or 1½ sack MAG Spec 728 CLSM) as indicated above in loose/soft zones) at an invert depth 

on the order of 10 feet below grade.  If site preparation is carried out as set forth herein, a recommended 

allowable bearing capacity of 4,000 psf can be utilized for design.  This bearing capacity refers to the total of 

all loads, dead and live, and is a net pressure.  It may be increased one-third for wind, seismic or other loads 

of short duration.  All footing excavations should be level and cleaned of all loose or disturbed materials.  

Positive drainage away from any proposed structure must be maintained at all times. 

 

Estimated settlements under design loads are on the order of less than 1-inch, virtually all of 

which will occur during construction.  Post-construction differential settlements will be negligible, under 

existing and compacted moisture contents.  Additional localized settlements of the same magnitude could 

occur if native supporting soils were to experience a significant increase in moisture content.   
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3.4 Lateral Pressures 

The following lateral pressure values may be utilized for the proposed construction: 

 

Active Pressures 

 Unrestrained Walls 35 pcf 

 Restrained Walls 60 pcf 

Passive Pressures 

Continuous Footings 300 pcf 

 Spread Footings or Drilled Piers 350 pcf 

Coefficient of Friction (w/ passive pressure) 0.35 

Coefficient of Friction (w/out passive pressure) 0.45 

 

All backfill must be compacted to not less than 95 percent (ASTM D-698) to mobilize these 

passive values at low strain.  If/where softer stiff/loose soil conditions are encountered in the upper 5 to 10 
feet, over-sized thrust blocks are recommended where needed or use mechanically restrained joints as 
specified by the pipeline engineer.  For thrust block design by the pipeline engineer, it is recommended to 
use a lateral bearing capacity of 1,500 psf for thrust block calculations in the upper 10 feet, not the 3000 
psf noted in MAG Detail 380. The higher value is suitable in dense to very dense soils zones.  

 

3.5 Excavations  

Care should be taken during excavation not to endanger nearby elements such as roadways, 

utilities, etc.  Depending on proximity, existing elements may require shoring, bracing or underpinning to 

provide structural stability and protect personnel working in the excavation. The need for shoring or bracing 

is a means and methods decision by the contractor. They may elect to layback the excavations to a safe 

condition if there is room or to reduce the amount of excavation and backfill required.   

 

The extent of how easily a material is excavated is largely affected by the effort applied by the 

contractor.  Although a specific material maybe rippable with concentrated effort being applied, such 

operations may not be viewed as cost effective.  Large fragments produced from ripping operations may 

require secondary fragmentation to reduce the rock to sizes suitable for fill placement.   

 

Excavations to the levels expected will likely terminate within differing soil types.  All 

excavations must comply with current governmental regulations including the current OSHA Excavation and 

Trench Safety Standards.  Based on this limited soil data, the upper soils would be classified as Type C. This 

would require side slopes for open-cut excavation to 20+ feet depth be cut back at 1½:1 (horizontal to 
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vertical).  It is recommended that a representative of the Geotechnical Engineer or the Contractor Qualified 

party examine the cut slope during excavation to reduce the risks posed by unstable conditions. The slopes 

should be protected from erosion due to run-off or long-term surcharge at the slope crest.  Construction 

equipment, building materials, excavated soil and vehicular traffic should not be allowed within 10 feet or 

one-third the slope height, whichever is greater, from the top of slope.  Adjustments to the recommended 

slopes may be necessary due to wet zones, loose strata and other conditions not observed in the borings.  

Shotcrete or soil stabilizer on the slope face may be useful in preventing erosion due to run-off and/or drying 

of the slope.  Due to the existing infrastructure, open trench layback may not be possible as discussed 

above. Therefore shoring (trench boxes) will be required in those circumstances.  

 

3.6 Bedding, Backfill and Fill  

The native soils are suitable for trench backfill (above any required bedding) and roadway fill 

provided oversize rock (plus 6 inches) is removed. The trench backfill should be moisture conditioned, 

placed in suitable lifts and mechanically compacted as specified.  Water settling is not recommended.  

Pipe bedding should meet the project specifications as specified by the governing municipality. Special 

granular pipe bedding or cementitious slurry meeting MAG Standard Specifications Section 728 for 

Controlled Low Strength Material (CLSM) may be required depending on the pipe materials and trench 

loading conditions. As noted above, it is recommended that for any section where loose/soft soils are 

encountered at the bottom of the trench, the loose/soft soils be over-excavated down to at least 12 inches 

below the pipe.  The over-excavated zone should then be replaced with compacted bedding material.  This 

process will require close inspection during trenching to identify any loose soils and to permit any necessary 

over-excavation to be performed during the initial excavation process.  

 
The silty fine sand soils may be sensitive to excessive moisture content and will become 

unstable at elevated moisture content.  Accordingly, it may be necessary to compact soils on the dry side of 

optimum, especially in asphalt pavement areas.   

 

If imported common fill for use in site grading is required, it should be examined by a Soils 

Engineer to ensure that it is of low swell potential and free of organic or otherwise deleterious material.  In 

general, the fill should have 100 percent passing the 3-inch sieve and no more than 60 percent passing the 

200 sieve.  For the fine fraction (passing the 40 sieve), the liquid limit and plasticity index should not exceed 

30 percent and 10 percent, respectively.  It should exhibit less than 1.5 percent swell potential when 

compacted to 95 percent of maximum dry density (ASTM D-698) at a moisture content of 2 percent below 

optimum, confined under a 100 psf surcharge, and inundated. 
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Fill should be placed on subgrade which has been properly prepared and approved by a Soils 

Engineer.  Fill must be wetted and thoroughly mixed to achieve optimum moisture content, ±2 percent.  Fill 

should be placed in horizontal lifts of 8-inch thickness (or as dictated by compaction equipment) and 

compacted to the percent of maximum dry density per ASTM D-698 set forth as follows: 

 

A. Manhole and Minor Structures 

 1. Below footing level     95  

 B. Pavement/Sidewalk Subgrade or Fill    95 

 C. Utility Trench Backfill     95 (full depth) 

 D. Aggregate Base Course 

 1. Below Equipment Slabs    95 

 2. Below asphalt paving     100 

E. Landscape Areas      90 

 

Under any roadways, the backfill above the top of any pipe shall meet the requirements of 
MAG Standard Specification Section 601, Type I backfill using a MAG specified aggregate base or concrete 

slurry.  In order to reduce trench settlement potential, all fill under roadways should be compacted to 

95 percent full depth.   
 

Accurate prediction of the amount of construction water necessary for compaction is not 

possible due to the varying factors. These include variable natural soil moisture, seasonal changes in 

moisture content, air temperature and wind speed that impact evaporation.  The optimum moisture contents 

reported on the moisture-density relations data is based on the minus #4 materials. It will be corrected 

downward depending on the percentage of rock (plus #4 fraction) in the matrix. For ADOT highway 

projects, a range of 80 to 100 gallons per cubic yard, for winter to summer months respectively, is typically 

recommended.  

 

The value for the Modulus of Soil Reaction Value (E’) is dependent on the pipe backfill 

material utilized, the laying conditions and pipe backfill compaction.   Based on the soil test data and field 

observations, the following Modulus of Soil Reaction Value (E’) values may be used. 
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Table 3.6.1 Modulus of Soil Reaction (E’) 

Pipe Backfill Material  Compaction (%) E’ (psi) Comments 

Native Fill 95 2,000   1,2 

Granular Fill 95 3,000 1,3 

Undisturbed Loose Native Soils N/A 500 4 

Note: 

1. Standard Proctor maximum dry density (ASTM D-698). 

2. Must meet Fill and Backfill specifications.  Assumes well mixed 3-inch minus native soils obtained 

from pipe trench/excavation. Must meet the following Unified Soil classification: (1) fine-grained soils 

with Liquid limit<50% and medium to no plasticity (CL,ML,ML-CL) and more than 25% retained on 

#200 sieve; or (2) coarse-grained soils with fines (GM,GC,SM,SC) containing more than 12% fines.  

3. Must meet fill and backfill specifications.  Assumes 3-inch minus coarse-grained soils with little or no 

fines (GW,GP,SW,SP) containing less than 12% fines or soils meeting the requirements of M.A.G. 

section 702 Table 702-1Type A or Type B select.  

4. Assumes firm/loose to very stiff/medium dense native soils.  

3.7 Corrosion 

Laboratory pH values ranged from 7.5 to 8.3.  Sulfate concentrations ranged from 3 to 47 ppm 

with chloride concentrations from 7 to 660 ppm.  Resistivity tests conducted indicate that values measured 

from 570 to 9700 ohm-cm. Depending on areas, this reflects a mild to severe degree of corrosiveness to 

buried metal.  Accordingly, suitable pipe wall thickness and/or corrosion protection should be selected by the 

designer per the trench/traffic loading and lifetime requirements of the project. A recommendation for 

corrosion protection is beyond the scope of work for this investigation. 
 

3.8 Roadways 

If earthwork in paved areas is carried out to finish subgrade elevation as set forth herein, the 

subgrade will provide adequate support for pavements.  The location designation is for reference only.  The 

designer/owner should choose the appropriate sections to meet the anticipated traffic volume and life 

expectancy.  The section capacity is reported as daily ESALs, Equivalent 18 kip Single Axle Loads.  Typical 

heavy trucks impart 1.0 to 2.5 ESALs per truck depending on load.  It takes approximately 1,200 passenger 

cars to impart 1 ESAL. 
 

As an alternative to a traditional asphalt or concrete pavement section, we anticipate that it 

will be more likely that there will be unpaved access road, typically consisting of a gravel surface to provide 

all-weather access. There are several methods to accomplish this depending on construction budget, 

anticipated traffic and willingness to provide maintenance.  A thicker section of aggregate base is provided 
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as an option.  Alternative options could also include a soil cement roadway which could have a surface 

treatment of decomposed granite or gravel applied. 
 

Table 3.8.1 Pavement Sections 

Area of Placement 

Flexible (AC Pavement) 

Thickness 
Daily 18-kip ESALs 

AC (0.39) ABC (0.12) 

North Valley Parkway 
(Arterial Street)  

4.0" 6.0" 98 

5.0” 6.0” 285 

   6.0"(2)    6.0"(2) 738 

Unpaved Access Roads - 8.0” 1.5 

Notes: 
1. Designs are based on AASHTO design equations and ADOT correlated R-Values. 
2. Minimum section per City of Phoenix standard details for Arterial Streets. 

3. Full depth asphalt or increased asphalt thickness can be increased by adding 1.0-inch asphalt for 
each 3 inches of base course replaced. 

 

Pavement Design Parameters: 

Assume:     One 18 kip Equivalent Single Axle Load(ESAL)/Truck 

Life:     20 years 

Subgrade Soil Profile: 

% Passing #200 sieve:  29%  

Plasticity Index:  7%  

k:    125 pci (assumed) 

R value:    29 (per AASHTO Formula) 

MR:    17,100 (per AASHTO design) 
 

These designs assume that all subgrades are prepared in accordance with the 

recommendations contained in the "Site Preparation" and "Fill and Backfill" sections of this report, and 

paving operations are carried out in a proper manner.  If pavement subgrade preparation is not carried out 

immediately prior to paving, the entire area should be proof-rolled at that time with a heavy pneumatic-tired 

roller to identify locally unstable areas for repair. 
 

Pavement base course material should be aggregate base per M.A.G. Section 702 

Specifications.  Asphalt concrete materials and mix design should conform to M.A.G. 710 for heavy traffic.  

It is recommended that a ½ inch or ¾ inch mix designation be used for the pavements.  While a ¾ inch mix 
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may have a somewhat rougher texture, it offers more stability and resistance to scuffing, particularly in truck 

turning areas.  Pavement installation should be carried out under applicable portions of M.A.G. Section 321 

and municipality standards.  The asphalt supplier should be informed of the pavement use and be required to 

provide a mix that will provide stability and be aesthetically acceptable.  Some of the newer M.A.G. mixes 

are very coarse and could cause placing and finish problems.  A mix design should be submitted for review 

to determine if it will be acceptable for the intended use. 
 

For sidewalks and other areas not subjective to vehicular traffic a 4-inch section of concrete 

will be sufficient.  For areas subject to heavier traffic, such as the entrance apron, a thicker section of 6 

inches of concrete is recommended. 
 

Portland Cement Concrete Pavement must have a minimum 28-day flexural strength 550 psi 

(compressive strength of approximately 3,700 psi).  It may be cast directly on the prepared subgrade with 

proper compaction (reduced) and the elevated moisture content as recommended in the report.  Lacking an 

aggregate base course, attention must be paid to using low slump concrete and proper curing, especially on 

the thinner sections.  No reinforcing is necessary.  Joint design and spacing should be in accordance with 

ACI recommendations.  Construction joints should contain dowels or be tongue-and-grooved to provide load 

transfer.  Tie bars are recommended on the joints adjacent to unsupported edges.  Maximum joint spacing in 

feet should not exceed 2 to 3 times the thickness in inches.  Joint sealing with a quality silicone sealer is 

recommended to prevent water from entering the subgrade allowing pumping and loss of support. 
 

Proper subgrade preparation and joint sealing will reduce (but not eliminate) the potential for 

slab movements (thus cracking) on the expansive native soils.  Frequent jointing will reduce uncontrolled 

cracking and increase the efficiency of aggregate interlock joint transfer. 
 

In order to support the anticipated service vehicle traffic or any other heavy type trucks on an 

unpaved surface, it is recommended that the base consist of at least 8.0 inches of compacted aggregate base 

(MAG Spec. Section 702 crushed rock AB) on 8 inches of prepared and compacted subgrade.  The subgrade 

should be compacted to at least 95 percent to the full depth.  The AB shall be compacted to 100 percent per 

ASTM D 698.  Depending on equipment used, more than one lift may be required to gain the density 

required.  If desired, the surface can consist of 2 to 4 inches of decomposed granite (D.G.).  A D.G. stabilizer 

should be considered to reduce the amount of maintenance required to maintain the surface.  
 

Adequate drainage will be critical for long-term performance of the roadway.  Special 

attention must be paid to proper crowning (crossfall) and/or longitudinal slope to prevent ponding on the 

roadway and adequate drainage provisions for the subgrade.  A minimum cross slope of 5 percent is 

recommended for unpaved areas. 
 







 

 

 

FIELD AND LABORATORY INVESTIGATION 

 

On October 5, 6, 7, 12, 13 & 14, November 30 and December 1, 2016, soil test borings were drilled 

at the approximate locations shown on the attached Soil Boring Location Plan.  All exploration work was 

carried out under the full-time supervision of our geologist, who recorded subsurface conditions and obtained 

samples for laboratory testing.  The soil borings were advanced with a truck-mounted CME-75 drill rig 

utilizing TubeX rock hammer.  Detailed information regarding the borings and samples obtained can be 

found on an individual Log of Test Boring prepared for each drilling location. 

 

Laboratory testing consisted of grain-size distribution and plasticity (Atterberg Limits) tests for 

classification purposes.  Laboratory resistivity, pH, sulfate and chloride concentration were also conducted 

for corrosivity analysis.  All field and laboratory data are presented in this appendix. 
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CLAYEY FINE SANDS OR CLAYEY
SILTS WITH SLIGHT PLASTICITY

CLAYEY SANDS, SAND - CLAY
MIXTURES

SILTY SANDS, SAND - SILT MIXTURES

POORLY-GRADED SANDS, GRAVELLY
SAND, LITTLE OR NO FINES

WELL-GRADED SANDS, GRAVELLY
SANDS, LITTLE OR NO FINES

CLAYEY GRAVELS, GRAVEL - SAND -
CLAY MIXTURES

SILTY GRAVELS, GRAVEL - SAND -
SILT MIXTURES

POORLY-GRADED GRAVELS, GRAVEL
- SAND MIXTURES, LITTLE OR NO
FINES

PT

OH

CH

GC

GM

GP

GW

DESCRIPTIONS

NOTE:  DUAL OR MODIFIED SYMBOLS MAY BE USED TO INDICATE BORDERLINE SOIL
CLASSIFICATIONS OR TO PROVIDE A BETTER GRAPHICAL PRESENTATION OF THE SOIL

Very Soft
Soft
Firm
Stiff

Very Stiff
Hard

0 - 2
2 - 4
5 - 8

9 - 15
16 - 30

> 30

0 - 0.25
0.25 - 0.5
0.5 - 1.0

1 - 2
2 - 4
> 4

Very Loose
Loose

Medium Dense
Dense

Very Dense

0 - 4
5 - 10

11 - 30
31 - 50

> 50

Clays & Silts Blows/Foot Strength (tons/sq ft) Sands & Gravels Blows/Foot

CONSISTENCY RELATIVE DENSITY

0.075
0.420
2.000

4.75
19

75

300

0.42
2.00
4.75

19
75

300

900

#200
#40
#10

#4
0.75"

#40
#10
#4

0.75"
3"

3"

12"

12"

36"

mmmm
Lower Limit Upper Limit

PARTICLE SIZE
MATERIAL

SIZE

SANDS
Fine

Medium
Coarse

GRAVELS
Fine

Coarse

COBBLES

BOULDERS

Sieve Size Sieve Size

U.S. Standard Clear Square Openings

50

60

0
0

10

80 100
Liquid Limit

30

40

CL-ML

CL

20

20 40 60

CH

B
-Line

A-Line

ML & OL

MH & OH

P
lasticity Index

A grab sample taken directly from auger flights.

A grab sample taken from auger spoils or from bucket of backhoe.

Standard Penetration Test (ASTM D-1586) Driving a 2.0 inch outside diameter split
spoon sampler into undisturbed soil for three successive 6-inch increments by
means of a 140 lb. weight free falling through a distance of 30 inches.  The
cumulative number of blows for the final 12 inches of penetration is the Standard
Penetration Resistance.

Driving a 3.0 inch outside diameter spoon equipped with a series of 2.42-inch inside
diameter, 1-inch long brass rings, into undisturbed soil for one 12-inch increment by
the same means of the Spoon Sample.  The blows required for the 12 inches of
penetration are recorded.

Standard Penetration Test driving a 2.0-inch outside diameter split spoon equipped
with two 3-inch long, 3/8-inch inside diameter brass liners, separated by a 1-inch
long spacer, into undisturbed soil by the same means of the Spoon Sample.

A 3.0-inch outside diameter thin-walled tube continuously pushed into the
undisturbed soil by a rapid motion, without impact or twisting (ASTM D-1587).

Driving a 2.0-inch outside diameter "Bullnose Penetrometer" continuously into
undisturbed soil by the same means of the spoon sample.  The blows for each
successive 12-inch increment are recorded.

DESCRIPTION

Auger SampleAS

BS Large Bulk Sample

S Spoon Sample

RS Ring Sample

LS Liner Sample

ST Shelby Tube

Continuous
Penetration
Resistance

--

DESIGNATION
SAMPLE

SOIL LEGEND
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SEISMIC REFRACTION SURVEY

WEST ANTHEM WASTEWATER IMPROVEMENTS

I-17, CAREFREE HIGHWAY TO PIONEER ROAD
CITY OF PHOENIX, ARIZONA

1.0  INTRODUCTION

This report presents results of a seismic refraction geophysical field investigation and analysis to
assess general subsurface conditions at the location of the proposed West Anthem Wastewater
Treatment Plant (WWTP) Improvements for a buried effluent disposal pipeline alignment in
north Phoenix, Arizona (Figure 1).  Eighteen seismic refraction survey lines were used to
evaluate the subsurface conditions of the effluent pipeline alignment west of the I-17 freeway
north of Pioneer Road and south of Pioneer Road at the proposed bored freeway crossing to the
east side of the North Valley Parkway alignment, south to the Carefree Highway (Figure 2).  The
specific seismic survey line locations were selected following a joint reconnaissance of the
property and discussions regarding the general requirements for this project with Messrs. Gregg
Creaser, P. E. President and Kenny Euge, II, Project Coordinator of Speedie & Associates and
Mr. Kenneth M. Euge, Sr., R.G. Principal Geologist with Geological Consultants Inc.  Seismic
refraction survey field work was completed on September 19 and October 5, 2017.  This report is
provided to supplement the geotechnical investigation conducted by Speedie & Associates
(2016).

In general, the seismic survey lines are underlain by a loose to dense, weakly to moderately
cemented alluvial soil underlain in some areas by a dense, more strongly cemented zone
overlying a hard caliche-cemented unit, or in some areas, a very weathered to unweathered 
bedrock unit.  See Table 1 for interpreted units at each seismic line.

Seismic survey line data are used to develop reasonable interpretations of subsurface conditions
within specified areas of the project site.  The objectives of the seismic refraction geophysical
surveys are to provide for, by indirect means, a higher level of confidence to: 

• Indirectly characterize earth fill, natural soil, bedrock, or bedrock-like materials that may
be present within and adjacent to the proposed West Anthem WWTP Improvements
project site. 

• Evaluate the thicknesses of existing soil overburden alluvium and depths to underlying
dense to caliche-cemented alluvium and very weathered to unweathered bedrock. 
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The Scope of Work performed to accomplish the objectives of this study included: 

• Mobilizing and demobilizing personnel and equipment to and from the job site.

• Completion of eighteen seismic refraction surveys and preliminary field analysis
of survey results.  Figure 2 depicts the locations of the seismic refraction survey
lines.  A seismic refraction survey could not be conducted at or in the vicinity of
Speedie drill hole B-1 due to the presence of extensive buried utilities and
excessive traffic noise.  

• A rough position survey using a hand-held GPS receiver to locate the seismic
lines relative to the site topography and cultural features observed at the site.

• Computer analysis of field data and interpretation of results was performed to
complete the assessment of the materials present, their relative quality and their
excavateability. 

• Preparation of this report to document the seismic refraction survey, its findings,
interpretations, conclusions, and recommendations. 

The seismic survey was designed to investigate a representative area of the West Anthem
WWTP Improvements site to address concerns relative to the site soil conditions and to
determine the depth of bedrock (if present) that may be encountered at and in the vicinity of
excavations proposed at this site, and qualitatively assess the relative ease of excavation of the
soils, and bedrock that may be encountered.  Velocity, thickness, and depth computations of
different horizons, or zones, are provided to generally characterize site materials within the depth
of interest expected at the project site.  No direct subsurface explorations, such as test pits, were
made by Geological Consultants Inc. as part of this seismic refraction survey.  However, soil
borings were advanced by Speedie and Associates prior to the seismic surveys.

2
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2.0  CONCLUSIONS AND RECOMMENDATIONS 

Based on the results of the cursory site reconnaissance, seismic surveys, and the data
interpretations, the following conclusions and recommendations are provided: 

2.1 Site Geology: The West Anthem WWTP Improvements project location is located
within an area of the middle to late Tertiary age, Early Miocene period volcanic field that
surrounds the I-17 corridor between Anthem and north Phoenix, Arizona.  The volcanic
units were deposited on an underlying pre-Cambrian age igneous and metamorphic
bedrock basement that was subjected to subsequent tectonic activity that tilted and
faulted the volcanic bedrock (Leighty & Huckleberry, 1998).  Meta-volcanic bedrock is
exposed in the vicinity of the Interstate Highway (I-17)-Pioneer Road overpass where the
pipeline alignment crosses the I-17 and North Valley Parkway alignment from west to
east.  The tilted and faulted the volcanic bedrock and the underlying basement bedrock
are partially buried by late Tertiary age basin fill and then covered by young Quaternary
age alluvial fan and fan terrace deposits.

The meta-volcanic bedrock, which could be encountered beneath alluvial overburden
deposits in the Pioneer Road overpass area, are varicolored, fine-grained, massive to
thick-bedded and very hard.  Where exposed in outcrops, the bedrock is broken by close-
spaced joint and fracture discontinuities and it is well weathered and broken.  However,
at depth the bedrock is expected to vary from poorly indurated to very well indurated. 
The contact boundary between the bedrock and the overburden alluvial deposits is
marked by a variable thickness zone of weathered bedrock and alluvial fan deposits that
are strongly cemented with caliche to a rocklike consistency. 

A variety of younger volcanic bedrock units have been deposited in this area on top of
the basement bedrock are exposed in the hills west of I-17, northwest of the Carefree
Highway overpass.  The bedrock includes vesicular basaltic and andesitic lava flows and
volcano-clastic tuff beds.  On the east side of the I-17 alignment, along the North Valley
Parkway alignment, these younger bedrock units could be encountered at shallow depths
beneath a cover of variably cemented alluvial fan deposits and locally, very young
ephemeral stream channel deposits. 

The young surficial soil deposits of the alluvial fans and terraces are moderately to poorly
sorted silty sands and gravel.  These soils are loose to very dense and weakly cemented. 
Old alluvial fan deposits could be encountered beneath the thin surficial soil cover.  The
old alluvial fan deposits are reportedly composed of moderately consolidated silty sand

3
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and sandy silt, poorly indurated sandstone with sandy conglomerates with gravel to
boulder-size rock fragments.  The soils are moderately to strongly cemented with caliche
and may locally be cemented to a rocklike (calcrete) consistency.

2.2 Seismic Survey Results:  Interpreted stratigraphy derived from the seismic survey data is
depicted in Figures 3, 5, 7, 9, 11, 13, 15, 17, 19, 21, 23, 25, 27, 29, 31, 33, 35, and 37.
These figures include the average seismic velocities of the materials encountered along
the seismic line, a thickness profile of the different velocity zones, and the calculated
velocity zone boundaries.  Our interpretations of the geologic materials represented by
the measured seismic velocities are summarized in Table 1.  High seismic velocity zones
($ 6,000 feet per second (fps)), including alluvial deposits cemented with caliche to a
rocklike consistency and/or weathered to unweathered bedrock, were interpreted from the
seismic refraction data obtained at seismic survey lines WA-06 thru WA-18, inclusive.

Table 1
Seismic Survey Line Calculated Depth/Velocity Ranges

West Anthem WWTP Improvements
Pioneer Road to Carefree Highway, Phoenix Arizona

Survey
Line No.

Depth Range at Shot Point (ft) Average Seismic
Velocity (ft/sec)

Interpreted
Geologic Description

Qualitative
RippabilityA B C

WA-02

0 - 2.8 0 - 2.5 0 - 4.0 1,514
Loose to Dense, Weakly
Cemented Alluvial Soil

Slight

2.8 - 30+ 2.5 - 30+ 4.0 - 30+ 4,490
Strongly Cemented Alluvial
Soil or Weathered Bedrock

Marginal

WA-03

0 - 2.3 0 - 4.6 0 - 7.8 1,390
Loose to Dense, Weakly
Cemented Alluvial Soil

Slight

2.3 - 30+ 4.6 - 30+ 7.8 - 30+ 4,872
Strongly Cemented Alluvial
Soil or Weathered Bedrock

Marginal

WA-04

0 - 3.2 0 - 3.0 0 - 0.6 1,413
Loose to Dense, Weakly
Cemented Alluvial Soil

Slight

3.2 - 30+ 3.0 - 30+ 0.6 - 30+ 5,557

Very Dense, Caliche-
Cemented, Near Rocklike,
Alluvial Soil or Weathered

Bedrock

Marginal to
Severe

4



West Anthem Wastewater Improvements                                                                                                 Seismic Refraction Survey

Survey
Line No.

Depth Range at Shot Point (ft) Average Seismic
Velocity (ft/sec)

Interpreted
Geologic Description

Qualitative
RippabilityA B C

WA-05

0 - 1.4 0 - 3.0 0 - 3.1 1,158
Loose to Firm, Weakly
Cemented Alluvial Soil

Slight

1.4 - 11.0 3.0 - 10.2 3.1 - 8.8 1,707
Dense, Weakly to Moderately

Cemented Alluvial Soil
Slight

11.0 - 30.0+ 10.2 - 30+ 8.8 - 30+ 4,517
Strongly Cemented Alluvial
Soil or Weathered Bedrock

Marginal

WA-06

0 - 1.7 0 - 5.7 0 - 8.7 1,377
Loose to Dense,  Weakly
Cemented Alluvial Soil

Slight

1.7 - 21.1 5.7 - 23.8 8.7 - 18.2 3,189
Very Dense, Strongly

Cemented Alluvial Soil or
Weathered Bedrock

Marginal

21.1 - 30+ 23.8 - 30+ 18.2 - 30+ 6,089
Hard, Caliche-Cemented, Near

Rocklike, Alluvial Soil or
Weathered Bedrock

Severe

WA-07

0 - 14.6 0 - 13.4 0 - 13.7 1,925
Dense, Weakly to Moderately

Cemented Alluvial Soil or
Very Weathered Bedrock

Slight

14.6 - 30+ 13.4 - 30+ 13.7 - 30+ 6,365
Hard, Caliche-Cemented, Near

Rocklike, Alluvial Soil or
Weathered Bedrock

Severe

WA-08

0 - 17.7 0 - 15.0 0 - 14.1 2,100
Dense, Weakly to Moderately

Cemented Alluvial Soil or
Very Weathered Bedrock

Slight

17.7 - 30+ 15.0 - 30+ 14.1 - 30+ 8,152
Moderately to Slightly

Weathered Bedrock
Severe

WA-09

0 - 3.4 0 - 3.0 0 - 3.5 1,836
Dense, Weakly to Moderately

Cemented Alluvial Soil or
Very Weathered Bedrock

Slight

3.4 - 30+ 3.0 - 30+ 3.5 - 30+ 6,968
Hard, Caliche-Cemented, Near

Rocklike, Alluvial Soil or
Weathered Bedrock

Severe

WA-10

0 - 4.7 0 - 5.0 0 - 6.8 2,372
Dense, Weakly to Moderately

Cemented Alluvial Soil or
Very Weathered Bedrock

Slight

4.7 - 30+ 5.0 - 30+ 6.8 - 30+ 7,940
Moderately to Slightly

Weathered Bedrock
Severe

5
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Survey
Line No.

Depth Range at Shot Point (ft) Average Seismic
Velocity (ft/sec)

Interpreted
Geologic Description

Qualitative
RippabilityA B C

WA-11

0 - 7.5 0 - 6.7 0 - 4.0 1,630
Dense, Weakly to Moderately

Cemented Alluvial Soil
Slight

7.5 - 38.7 6.7 - 36.6 4.0 - 33.0 4,440
Strongly Cemented Alluvial
Soil or Weathered Bedrock

Marginal

38.7+ 36.6+ 33.0+ 13,587
Slightly Weathered to
Unweathered Bedrock

Severe

WA-12

0 - 1.0 0 - 2.5 0 - 1.5 1,856
Dense, Weakly to Moderately

Cemented Alluvial Soil or
Very Weathered Bedrock

Slight

1.0 - 14.4 2.5 - 11.4 1.5 - 11.5 5,209
Strongly Cemented Alluvial
Soil or Weathered Bedrock

Marginal

14.4 - 30+ 11.4 - 30+ 11.5 - 30+ 9,235 Slightly Weathered Bedrock
Severe

WA-13

0 - 2.6 0 - 2.2 0 - 2.8 1,138
Loose to to Dense, Weakly

Cemented Alluvial Soil
Slight

2.6 - 24.0 2.2 - 26.6 2.8 - 13.0 4,165
Strongly Cemented Alluvial
Soil or Weathered Bedrock

Marginal

24.0 - 30+ 26.6 - 30+ 13.0 - 30+ 10,519 Slightly Weathered Bedrock Severe

WA-14

0 - 0.7 0 -5.2 0 - 4.7 2,857
Very Dense, Strongly

Cemented Alluvial Soil or
Weathered Bedrock

Slight to
Marginal

0.7 - 3.1 5.2 - 14.0 4.7 - 11.3 4,943
Strongly Cemented Alluvial
Soil or Weathered Bedrock

Marginal

3.1 - 30+ 44.0 - 30+ 11.3- 30+ 8,561
Moderately to Slightly

Weathered Bedrock
Severe

WA-15

0 - 1.0 0 -2.0 0 - 4.0 2,628
Very Dense, Moderately

Cemented Alluvial Soil or
Weathered Bedrock

Slight to
Marginal

1.0 - 30.0 2.0 - 36.5 4.0 - 23.0 4,830
Strongly Cemented Alluvial
Soil or Weathered Bedrock

Marginal

30.0+ 36.5+ 23.0 - 30+ 7,604
Moderately to Slightly

Weathered Bedrock
Severe

6
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Survey
Line No.

Depth Range at Shot Point (ft) Average Seismic
Velocity (ft/sec)

Interpreted
Geologic Description

Qualitative
RippabilityA B C

WA-16

0 - 2.2 0 - 2.1 0 - 4.1 1,873
Dense, Weakly to Moderately

Cemented Alluvial Soil or
Very Weathered Bedrock

Slight

2.2 - 38.7 2.1 - 34.0 0.7 - 26.7 6,173
Hard, Caliche-Cemented, Near

Rocklike, Alluvial Soil or
Weathered Bedrock

Severe

38.7+ 34.0+ 26.7+ 13,333
Slightly Weathered to
Unweathered Bedrock

Severe

WA-17

0 - 7.4 0 - 5.3 0 - 6.2 4,798
Strongly Cemented Alluvial
Soil or Weathered Bedrock

Marginal

7.4 - 30+ 5.3 - 30+ 6.2 - 30+ 8,389
Moderately to Slightly

Weathered Bedrock
Severe

WA-18

0 - 1.3 0 - 3.4 0 - 9.6 2,543
Very Dense, Moderately

Cemented Alluvial Soil or
Weathered Bedrock

Slight

1.3 - 4.5 3.4 - 12.3 -- 4,348
Strongly Cemented Alluvial
Soil or Weathered Bedrock

Marginal

4.5 - 30+ 12.3 - 30+ 9.6 - 30+ 7,628
Moderately to Slightly

Weathered Bedrock
Severe

WA-19

0 - 4.8 0 - 5.7 0 - 2.8 1,526
Dense, Weakly to Moderately

Cemented Alluvial Soil or
Very Weathered Bedrock

Slight

4.8 - 30+ 5.7 - 30+ 2.8 - 30+ 3,102
Strongly Cemented Alluvial
Soil or Weathered Bedrock

Severe

Based on our interpretations of the seismic data, the conclusions presented regarding the
depth to various velocity zones are believed to be reasonable at the location of the
seismic survey line. The conditions characterized by indirect seismic methods along the
seismic survey line probably represent subsurface conditions that could be found within
the project site.  The calculated depth/velocity ranges are summarized in Table 1.  

2.3 Estimated Soil/Cemented Soil/Rock Strength: Estimates of the strength of the soil
and bedrock material underlying the proposed West Anthem Wastewater Improvements
pipeline alignment are summarized in Tables 2, 3, and 4.

7
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Table 2
Upper Seismic Wave Velocity Zone 1

Estimated Soil/Cemented Soil/Rock Strength (Weaver, 1975)
West Anthem WWTP Improvements

Pioneer Road to Carefree Highway, Phoenix Arizona

Seismic Survey
Line Number

Seismic P-Wave
Velocity Range

(ft./sec.)

Unconfined Compressive
Strength (psi)
(Estimated)

Rock Hardness Description*

WA-02 to WA-16;
WA-18 & WA-19

< 3,935 246 - 435 Very Soft Rock (VSR)

-- 3,935 - 4,920 435 - 1,450 Soft Rock (SR)

-- 4,920 - 6,070 1,450 - 2,900 Hard Rock (HR)

-- 6,070 - 7,050 2,900 - 10,150 Very Hard Rock (VHR)

-- > 7,050 > 10,150 Extremely Hard Rock

* Includes soil cemented to rocklike consistency.

Table 3
Middle Seismic Wave Velocity Zone 2

Estimated Soil/Cemented Soil/Rock Strength (Weaver, 1975)
West Anthem WWTP Improvements

Pioneer Road to Carefree Highway, Phoenix Arizona

Seismic Survey
Line Number

Seismic P-Wave
Velocity Range

(ft./sec.)

Unconfined Compressive
Strength (psi)
(Estimated)

Rock Hardness Description*

WA-05, WA-06 < 3,935 246 - 435 Very Soft Rock (VSR)

WA-11, WA-13,
WA-15, WA-18

3,935 - 4,920 435 - 1,450 Soft Rock (SR)

WA-12, WA-14 4,920 - 6,070 1,450 - 2,900 Hard Rock (HR)

WA-16 6,070 - 7,050 2,900 - 10,150 Very Hard Rock (VHR)

-- > 7,050 > 10,150 Extremely Hard Rock (EHR)

* Includes soil cemented to rocklike consistency.

8
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Table 4
Lower Seismic Wave Velocity Zone 3

Estimated Soil/Cemented Soil/Rock Strength (Weaver, 1975)
West Anthem WWTP Improvements

Pioneer Road to Carefree Highway, Phoenix Arizona

Seismic Survey
Line Number

Seismic P-Wave
Velocity Range

(ft./sec.)

Unconfined Compressive
Strength (psi)
(Estimated)

Rock Hardness Description*

WA-19 < 3,935 246 - 435 Very Soft Rock (VSR)

WA-02, WA-03,
WA-05,

3,935 - 4,920 435 - 1,450 Soft Rock (SR)

WA-04 4,920 - 6,070 1,450 - 2,900 Hard Rock (HR)

WA-06, WA-07,
WA-09,

6,070 - 7,050 2,900 - 10,150 Very Hard Rock (VHR)

WA-08, WA-10,
WA-11,WA-12,
WA-13, WA-14,
WA-15, WA-16,
WA-17, WA-18

> 7,050 > 10,150 Extremely Hard Rock (EHR)

* Includes soil cemented to rocklike consistency.

2.4 Qualitative Rippability / Excavateability/Drillability: The upper and intermediate
velocity zone should be relatively easy to excavate or marginal, respectively, whereas
localized bedrock core-stones, if encountered, could require hard ripping to very hard
ripping.

The estimated qualitative rippability/ excavateability/drillability summarized in Table 5
is based on the interpretations of the seismic survey data, understanding of the site
geological conditions, and professional experience.  There is no guarantee that the
seismic refraction survey results or the qualitative rippability/excavateability/drillability
can be duplicated by others.  We recommend this information be used with caution and
only as guidelines.

Because the seismic velocities used to determine qualitative rippability/excavateability/
drillability may vary from 10 to 20 percent, and due to the variability of the subsurface
material, qualitative rippability/excavateability/drillability constraint categories listed in
Table 5 may overlap at the transition from one constraint category to the next.
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Table 5
Qualitative Excavateability Relative to Soil/Bedrock Type & P-Wave Velocity

West Anthem WWTP Senior Center
Phoenix, Arizona

Unit
Average Velocity
(feet per second)

Excavateability
Constraints

Fill/
Coarse-Grained, Slightly
Cemented Alluvial Soil
& Strongly Weathered

Bedrock

< 3,000

Slight- Should be excavateable using conventional
earthmoving and drilling/boring equipment. Gravel- to large
cobble-size rock fragments could be encountered where the
alluvium is excavated.  Drilling and boring may be difficult
uncemented to weakly cemented cobbles or boulder.  If large
boulders are encountered, secondary fragmentation could be
necessary.  Marginal excavation and drilling/boring conditions
could be experienced where weakly caliche-cemented alluvium
or strongly decomposed bedrock is encountered.

Moderately to Strongly
Caliche Cemented

Alluvium or Slightly to
Moderately Weathered

Bedrock

3,000 to 6,000

Marginal- Potentially difficult to excavate, drill, or bore with
low horsepower-low torque conventional equipment where
alluvial soils are cemented to near rocklike consistency and
where  moderately and variably weathered or decomposed
bedrock is encountered. Large, blocky, cobble to boulder-size
could be generated and could be difficult to excavate and drill. 
Large rock or core stone fragments (boulders, etc.) could
require special fragmentation methods such as heavy, high
impact energy hydraulic hammers mounted on large track-
hoes.  Fragmentation could be difficult. Moderate to high
horsepower drilling/boring equipment, excavation equipment
and rippers could improve production where the soil, cemented
to a rocklike consistency, or bedrock is encountered. 
Production could be slow. 

Slightly Weathered to
Unweathered Bedrock

> 6,000

Severe- Conventional, low horsepower/torque
excavation/drilling/boring equipment will likely experience
refusal.  Very hard rock drilling/boring methods could be
necessary; drilling and boring could be very difficult and slow. 
Hard bedrock will be difficult to excavate.  Bedrock may be
locally rippable using a large tractor such as a D-9, D10, or
equivalent, with a single-shank ripper or heavy backhoe/
trackhoe / rock trencher with heavy hydraulic impact hammers
used along joint, and fracture planes.  Large boulder-size rock
fragments could be generated that could require secondary
fragmentation.  Production expected to be very slow.  Where
allowed, blasting could be used for effective fragmentation.  
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2.5 Excavation Constraints:  The excavation and drilling constraints described in this report
(Tables 1 and 5) are, in our opinion, reasonable for the locations where the seismic
refraction surveys were conducted.  The ultimate excavateability is dependent on many
factors (variably cemented soils, cemented gravel to boulder soil zones, presence of large
boulder and core stones, bedrock and soil physical properties, excavation methods, size
and age of excavation equipment, level of effort applied by the contractor, etc.) and it
may not be possible to correlate these factors with the results of the seismic refraction
survey conducted for this investigation.  The excavation contractor must exercise caution,
and assume associated risks, when attempting to extrapolate these data to other areas
where seismic surveys have not been conducted.

Prospective contractors or others involved with excavation at this site should review this
report along with the excavateability performance charts and tables provided by
manufacturers of rock and soil excavating equipment.  This information can be used as
part of their evaluation criteria for selecting equipment that may be used to excavate the
alluvial units within the project area.   However, the contractors using or making
interpretation of this information, for any reason, do so at their sole risk.

The qualitative excavateability summarized in Table 5, along with our interpretation of
the subsurface materials (Table 1) are provided so that a prospective contractor can relate
seismic velocities to the subsurface materials they can expect to encounter where
excavations may be proposed.  Although a backhoe may be able to excavate low velocity
material and a heavy, hydraulic impact, rock breakers attached to a large track-mounted
excavator might be able to fragment moderate to high velocity bedrock, core-stones,
strongly cemented zones, or fractured and jointed bedrock material, there are no
guarantees due to the wide range of variables summarized herein that effect equipment
suitability and material excavateability.  Also, the progress of excavation in soils,
cemented with caliche to a near rocklike consistency and/or bedrock, where encountered,
should be expected to be slow.  Appendix B contains tables and charts, from various
sources, on the rippability/ excavateability of various materials.

No site-specific testing has been conducted at this site by Geological Consultants Inc. to
verify the qualitative rippability/excavateability/drillability categories (Table 5) nor has
any equipment performance evaluations been conducted relative to ripping, excavating,
or drilling site materials or to determine equipment suitability for this site.  However, the
reader should refer to the geotechincal report and soil boring logs prepared by Speedie &
Associates (2016) for additional information regarding the subsurface soil conditions. 
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Therefore, the contractor must exercise caution and assume associated risks if the
information provided herein is used by the contractor to assist with the determination of
equipment suitability for fragmentation or excavation

2.6 Construction Vibration Considerations:  We suggest that preconstruction surveys
should be considered for all existing structures located within 300 to 500 feet of the
proposed excavation areas where heavy construction equipment, such as vibratory
compactors, high-energy impact hammers, heavy drilling/boring machines or blasting,
may be used.  Likewise, we suggest construction excavation by any means, be monitored
periodically during construction to assure the ground vibrations are within safe limits for
the existing nearby structures and utilities.  However, we recommend the construction
vibration intensities be limited to less than one inch per second for residential and
commercial areas and for sensitive structures or components such as buried gas and water
lines unless more restrictive allowable vibration limits are specified by other regulatory
authorities.  The purpose of the preconstruction surveys and construction vibration
monitoring is to limit liability for property owners, the contractor, and other involved
parties.  

If blasting is used, we recommend the blasting be conducted by a firm with personnel
experienced with blasting in geological materials and site area similar to those
encountered along West Anthem WWTP Improvement pipeline alignment.  Although we
do not recommend blasting at this site, blasting may prove to be necessary to fragment
large, slightly weathered, and very hard bedrock if encountered in excavation areas. 

2.7 Safety:  We recommend adequate “safety zones” be established and maintained around
the proposed excavations and construction operations during construction.  

2.8 Slope Stability Considerations:  If the vertical height of any permanent or temporary
slopes (trench side slopes) excavated along the pipeline alignment or in close proximity,
or adjacent to existing structures, exceed 5 feet and where the finish slope gradients are
steeper than 2:1 (horizontal to vertical) or are steeper than current building and grading
code requirements, the contractor must be required to provide shoring or a slope
reinforcement/stabilization system, design by registered civil engineer or engineering
geologist according to the local or County building code standards and according to the
design recommendations provided by a registered civil (geotechnical) engineer or
geologist.  The purpose of the shoring / stabilization system is to provide permanent and
temporary cut slopes or trench slopes that will have an adequate factor of safety against
failure and to mitigate potential damage to nearby existing structures. 
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3.0  GEOPHYSICAL SITE INVESTIGATION 

The seismic refraction survey was conducted to indirectly investigate subsurface conditions and
to develop reasonable interpretations of subsurface conditions. 

3.1 Site Specific Seismic Survey

Following the completion of a site reconnaissance to identify the seismic survey locations,
seismic refraction surveys WA-02 through WA-19 were made at the locations depicted in Figure
2.  The seismic survey was conducted to evaluate the soil overburden thickness and where
possible, identify and characterize fill soil and decomposed bedrock that may be present below
existing grades and in the proposed building site, and to characterize the qualitative
excavateability of the soil and bedrock, where encountered.  A seismic refraction survey could
not be conducted at or in the vicinity of Speedie drill hole B-1 due to the presence of extensive
buried electrical, cable, waterline and sewer line  utilities and the excessive traffic noise.  

Three shot points were used along the seismic survey lines to evaluate possible non horizontal
subsurface boundary conditions (buried sloping surfaces, cementation zones, soil-change
boundaries, etc.) that could be expected in this type of geological terrain, and to improve the
accuracy of the seismic wave velocity determinations.  The seismic refraction surveys were run
over a total length (110-feet, plus 5-foot shot point offsets) sufficient to achieve adequate depth
penetration (of at least 20 feet).  The geometry of the seismic survey line was set up to identify
the subsurface layers or zones that could influence excavation proposed at the site. 

As with any type of geophysical investigation method, there are limitations to its usefulness and
application.  Refer to Appendix A for additional information regarding seismic refraction
surveys and their limitations. 

3.2 Equipment 

Travel-time data for the seismic survey was obtained using Geometrics Inc. Model S12
SmartSeis™ 12-Channel Exploration Seismograph.  Seismic wave arrivals are detected with
digital grade vertical geophones with a dual hum-bucking coil and a frequency response above
14 Hz natural frequency.  Geophones were placed beginning at Station 0 and at 10-foot intervals
thereafter to the end of the seismic survey line.   The seismic shock wave is produced by
repeated impacts of a 16-pound sledge hammer onto a soft steel striking plate.  Hammer impacts
(shots) were made at five-foot offsets from each end of the seismic line traverse and at a shot
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point located near the center of the survey line spread.  The distance from the impact locations
(shot points) to the geophones and the travel time recorded for each station is stored in the
seismographs onboard computer.  If the field seismic data plots indicated the possible presence
of anomalous subsurface conditions or spurious noise coincident with the hammer impacts,
repeated impacts are used to verify the initial data reading or to correct the data.  Topographic
features, outcrops, and other natural or man-made features found along the seismic survey lines
that might influence the data interpretations are annotated with the field data plots.

3.3 Results 

Interpretations of the seismic survey data obtained at the project site suggest the presence of a
distinctive subsurface stratigraphic profile along the seismic survey line.  Seismic velocities,
calculated zone thicknesses, and depth to velocity zone boundaries for each interpreted bedrock,
rocklike soil, or soil types are summarized in Table 1.  Estimates of rock strength based on
calculated seismic wave velocities are included in Tables 2, 3, and 4.  The qualitative
rippability/excavateability/drillability of the rocklike and soil units encountered along the
seismic survey lines is summarized in Table 5.  The seismic velocity profiles and distance-travel
time data plots are depicted in Figures 3, 5, 7, 9, 11, 13, 15, 17, 19, 21, 23, 25, 27, 29, 31, 33, 35,
and 37.  The depth scale depicted on the Y-axis of the velocity layer cross-section assumes an
arbitrary existing ground surface datum elevation of 0.0 feet.  The cross-sections may be used to
measure the  depths to different velocity layer boundaries below the ground surface at any point
along the seismic survey line. The estimated accuracy of the velocity layer boundaries is
approximately 20 percent.  Figures 4, 6, 8, 10, 12, 14, 16, 18, 20, 22, 24, 26, 28, 30, 32, 34, 36,
and 38 include photographs taken at the end shot points (A and C) of the seismic survey lines.
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4.0  GENERAL LIMITATIONS 

The geologic observations, findings, conclusions, and recommendations presented in this report
are based on (1) cursory observations of surface conditions and geologic materials where
exposed and (2) analysis of the seismic refraction data gathered along the proposed pipeline
alignment for the West Anthem WWTP Improvements project.  The services provided by
Geological Consultants Inc. were performed in accordance with generally accepted geological
principals and standard practices used by members of the geological profession in this locale at
the time of this study. 

It must be recognized that subsurface geologic conditions may vary from place to place and from
those found at locations where measurements or surveys are made by the investigator.
Generalized geological and rippability/excavateability/drillability recommendations presented in
this report are based on the interpretations of the results of this investigation and it may not be
possible for others to accurately correlate the geology and seismic refraction survey results to
test explorations or investigations conducted by others.  No warranty or representation, either
expressed or implied, is or should be construed regarding geological conditions at locations other
than those evaluated as part of this study. 

The professional opinions, conclusions and recommendations presented in this report relate only
to the project and the location specified in this report.  If any changes are made in the project, the
conclusions and/or recommendations in this report shall not be considered valid unless the
changes are reviewed and the conclusions and recommendations of this study are modified and
approved in writing by Geological Consultants Inc.
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Refer to Figure 2 for seismic survey line location 
and Figure 4 for photographs of the seismic survey 
line layout. 
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Interpreted  Velocity Profile 
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Figure 3 

 



Figure 4; Photo 1:  Seismic 
Survey Line WA-02 view 
looking toward the South  
from Shot Point A toward 
Shot Point C.   

Geological  Consultants  Inc. 

C A 

Line WA-02 
Explanation: 

Seismic survey line location: A-shot point start; C-shot point end.  
Refer to Figure 3 for interpreted seismic line profiles and travel 
time-distance plot.  

Photographs of seismic survey line WA-02 taken by 
K. Euge, R.G.; Geological Consultants Inc.  Project 
No. 2017-136. 
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Figure 4; Photo 2:  Seismic 
Survey Line WA-02 view 
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Refer to Figure 2 for seismic survey line location 
and Figure 6 for photographs of the seismic survey 
line layout. 
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Interpreted  Velocity Profile 

West Anthem WWTP Improvements 
Seismic Refraction Survey WA-03 

Velocity Profile &Time-Distance Plot 
Figure 5 

 



Figure 6; Photo 1:  Seismic 
Survey Line WA-03 view 
looking toward the Southeast 
from Shot Point A toward 
Shot Point C.   

Geological  Consultants  Inc. 

C A 

Line WA-03 
Explanation: 

Seismic survey line location: A-shot point start; C-shot point end.  
Refer to Figure 5 for interpreted seismic line profiles and travel 
time-distance plot.  

Photographs of seismic survey line WA-03 taken by 
K. Euge, R.G.; Geological Consultants Inc.  Project 
No. 2017-136. 
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Figure 6; Photo 2:  Seismic 
Survey Line WA-03 view 
looking toward the  North-
west from Shot Point C 
toward Shot Point A.   
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Refer to Figure 2 for seismic survey line location 
and Figure 8 for photographs of the seismic survey 
line layout. 
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Interpreted  Velocity Profile 

West Anthem WWTP Improvements 
Seismic Refraction Survey WA-04 

Velocity Profile &Time-Distance Plot 
Figure 7 

 



Figure 8; Photo 1:  Seismic 
Survey Line WA-04 view 
looking toward the Southeast 
from Shot Point A toward 
Shot Point C.   

Geological  Consultants  Inc. 

C A 

Line WA-04 
Explanation: 

Seismic survey line location: A-shot point start; C-shot point end.  
Refer to Figure 7 for interpreted seismic line profiles and travel 
time-distance plot.  

Photographs of seismic survey line WA-04 taken by 
K. Euge, R.G.; Geological Consultants Inc.  Project 
No. 2017-136. 
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Figure 8; Photo 2:  Seismic 
Survey Line WA-04 view 
looking toward the  North-
west from Shot Point C 
toward Shot Point A.   
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Phoenix, Arizona 85021 

Phone 602-864-1888 
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Refer to Figure 2 for seismic survey line location 
and Figure 10 for photographs of the seismic sur-
vey line layout. 
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Interpreted  Velocity Profile 

West Anthem WWTP Improvements 
Seismic Refraction Survey WA-05 

Velocity Profile &Time-Distance Plot 
Figure 9 

 



Figure 10; Photo 1:  Seismic 
Survey Line WA-05 view 
looking toward the South-
southeast from Shot Point A 
toward Shot Point C.   

Geological  Consultants  Inc. 

C A 

Line WA-05 
Explanation: 

Seismic survey line location: A-shot point start; C-shot point end.  
Refer to Figure 9 for interpreted seismic line profiles and travel 
time-distance plot.  

Photographs of seismic survey line WA-05 taken by 
K. Euge, R.G.; Geological Consultants Inc.  Project 
No. 2017-136. 
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Figure 10; Photo 2:  Seismic 
Survey Line WA-05 view 
looking toward the  North-
northwest from Shot Point C 
toward Shot Point A.   
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Fax  602-864-1899 

Refer to Figure 2 for seismic survey line location 
and Figure 12 for photographs of the seismic sur-
vey line layout. 
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Interpreted  Velocity Profile 

West Anthem WWTP Improvements 
Seismic Refraction Survey WA-06 

Velocity Profile &Time-Distance Plot 
Figure 11 

 



Figure 12; Photo 1:  Seismic 
Survey Line WA-06 view 
looking toward the South 
from Shot Point A toward 
Shot Point C.   

Geological  Consultants  Inc. 

C A 

Line WA-06 
Explanation: 

Seismic survey line location: A-shot point start; C-shot point end.  
Refer to Figure 11 for interpreted seismic line profiles and travel 
time-distance plot.  

Photographs of seismic survey line WA-06 taken by 
K. Euge, R.G.; Geological Consultants Inc.  Project 
No. 2017-136. 
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Figure 12; Photo 2:  Seismic 
Survey Line WA-06 view 
looking toward the  North 
from Shot Point C toward 
Shot Point A.   
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Refer to Figure 2 for seismic survey line location 
and Figure 14 for photographs of the seismic sur-
vey line layout. 
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Interpreted  Velocity Profile 

West Anthem WWTP Improvements 
Seismic Refraction Survey WA-07 

Velocity Profile &Time-Distance Plot 
Figure 13 

 



Figure 14; Photo 1:  Seismic 
Survey Line WA-07 view 
looking toward the South 
from Shot Point A toward 
Shot Point C.   

Geological  Consultants  Inc. 

C A 

Explanation: 

Seismic survey line location: A-shot point start; C-shot point end.  
Refer to Figure 13 for interpreted seismic line profiles and travel 
time-distance plot.  

Photographs of seismic survey line WA-07 taken by 
K. Euge, R.G.; Geological Consultants Inc.  Project 
No. 2017-136. 
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Figure 14; Photo 2:  Seismic 
Survey Line WA-07 view 
looking toward the  North 
from Shot Point C toward 
Shot Point A.   
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Phoenix, Arizona 85021 
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Fax  602-864-1899 

Refer to Figure 2 for seismic survey line location 
and Figure 16 for photographs of the seismic sur-
vey line layout. 
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Interpreted  Velocity Profile 

West Anthem WWTP Improvements 
Seismic Refraction Survey WA-08 

Velocity Profile &Time-Distance Plot 
Figure 15 

 



Figure 16; Photo 1:  Seismic 
Survey Line WA-08 view 
looking toward the South-
southeast from Shot Point A 
toward Shot Point C.   

Geological  Consultants  Inc. 

C A 

Line WA-08 
Explanation: 

Seismic survey line location: A-shot point start; C-shot point end.  
Refer to Figure 15 for interpreted seismic line profiles and travel 
time-distance plot.  

Photographs of seismic survey line WA-08 taken by 
K. Euge, R.G.; Geological Consultants Inc.  Project 
No. 2017-136. 
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Figure 16; Photo 2:  Seismic 
Survey Line WA-08 view 
looking toward the  North-
northwest from Shot Point C 
toward Shot Point A.   
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Geological  Consultants  Inc. 

2333 West Northern Ave. Ste 1A                        
Phoenix, Arizona 85021 

Phone 602-864-1888 
Fax  602-864-1899 

Refer to Figure 2 for seismic survey line location 
and Figure 18 for photographs of the seismic sur-
vey line layout. 
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Interpreted  Velocity Profile 

West Anthem WWTP Improvements 
Seismic Refraction Survey WA-09 

Velocity Profile &Time-Distance Plot 
Figure 17 

 



Figure 18; Photo 1:  Seismic 
Survey Line WA-09 view 
looking toward the South-
southeast from Shot Point A 
toward Shot Point C.   

Geological  Consultants  Inc. 

C A 

Line WA-09 
Explanation: 

Seismic survey line location: A-shot point start; C-shot point end.  
Refer to Figure 17 for interpreted seismic line profiles and travel 
time-distance plot.  

Photographs of seismic survey line WA-09 taken by 
K. Euge, R.G.; Geological Consultants Inc.  Project 
No. 2017-136. 
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Figure 18; Photo 2:  Seismic 
Survey Line WA-09 view 
looking toward the  North-
northwest from Shot Point C 
toward Shot Point A.   
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Geological  Consultants  Inc. 

2333 West Northern Ave. Ste 1A                        
Phoenix, Arizona 85021 

Phone 602-864-1888 
Fax  602-864-1899 

Refer to Figure 2 for seismic survey line location 
and Figure 20 for photographs of the seismic sur-
vey line layout. 
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Interpreted  Velocity Profile 

West Anthem WWTP Improvements 
Seismic Refraction Survey WA-10 

Velocity Profile &Time-Distance Plot 
Figure 19 

 



Figure 20; Photo 1:  Seismic 
Survey Line WA-10 view 
looking toward the South-
southeast from Shot Point A 
toward Shot Point C.   

Geological  Consultants  Inc. 

C A 

Line WA-10 
Explanation: 

Seismic survey line location: A-shot point start; C-shot point end.  
Refer to Figure 19 for interpreted seismic line profiles and travel 
time-distance plot.  

Photographs of seismic survey line WA-10 taken by 
K. Euge, R.G.; Geological Consultants Inc.  Project 
No. 2017-136. 
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Figure 20; Photo 2:  Seismic 
Survey Line WA-10 view 
looking toward the  South-
southeast from Shot Point C 
toward Shot Point A.   
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Geological  Consultants  Inc. 

2333 West Northern Ave. Ste 1A                        
Phoenix, Arizona 85021 

Phone 602-864-1888 
Fax  602-864-1899 

Refer to Figure 2 for seismic survey line location 
and Figure 22 for photographs of the seismic sur-
vey line layout. 
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Interpreted  Velocity Profile 

West Anthem WWTP Improvements 
Seismic Refraction Survey WA-11 

Velocity Profile &Time-Distance Plot 
Figure 21 

 



Figure 22; Photo 1:  Seismic 
Survey Line WA-11 view 
looking toward the South-
southeast from Shot Point A 
toward Shot Point C.   

Geological  Consultants  Inc. 

C A 

Line WA-11 
Explanation: 

Seismic survey line location: A-shot point start; C-shot point end.  
Refer to Figure 21 for interpreted seismic line profiles and travel 
time-distance plot.  

Photographs of seismic survey line WA-11 taken by 
K. Euge, R.G.; Geological Consultants Inc.  Project 
No. 2017-136. 
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Figure 22; Photo 2:  Seismic 
Survey Line WA-11 view 
looking toward the  North-
northwest from Shot Point C 
toward Shot Point A.   
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Geological  Consultants  Inc. 

2333 West Northern Ave. Ste 1A                        
Phoenix, Arizona 85021 

Phone 602-864-1888 
Fax  602-864-1899 

Refer to Figure 2 for seismic survey line location 
and Figure 24 for photographs of the seismic sur-
vey line layout. 
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Interpreted  Velocity Profile 

West Anthem WWTP Improvements 
Seismic Refraction Survey WA-12 

Velocity Profile &Time-Distance Plot 
Figure 23 

 



Figure 24; Photo 1:  Seismic 
Survey Line WA-12 view 
looking toward the South-
southeast from Shot Point A 
toward Shot Point C.   

Geological  Consultants  Inc. 

C A 

Line WA-12 
Explanation: 

Seismic survey line location: A-shot point start; C-shot point end.  
Refer to Figure 23 for interpreted seismic line profiles and travel 
time-distance plot.  

Photographs of seismic survey line WA-12 taken by 
K. Euge, R.G.; Geological Consultants Inc.  Project 
No. 2017-136. 
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Figure 24; Photo 2:  Seismic 
Survey Line WA-12 view 
looking toward the  North-
northwest from Shot Point C 
toward Shot Point A.   
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Geological  Consultants  Inc. 

2333 West Northern Ave. Ste 1A                        
Phoenix, Arizona 85021 

Phone 602-864-1888 
Fax  602-864-1899 

Refer to Figure 2 for seismic survey line location 
and Figure 26 for photographs of the seismic sur-
vey line layout. 
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Interpreted  Velocity Profile 

West Anthem WWTP Improvements 
Seismic Refraction Survey WA-13 

Velocity Profile &Time-Distance Plot 
Figure 25 

 



Figure 26; Photo 1:  Seismic 
Survey Line WA-13 view 
looking toward the South-
southeast from Shot Point A 
toward Shot Point C.   

Geological  Consultants  Inc. 

C A 

Line WA-13 
Explanation: 

Seismic survey line location: A-shot point start; C-shot point end.  
Refer to Figure 25 for interpreted seismic line profiles and travel 
time-distance plot.  

Photographs of seismic survey line WA-13 taken by 
K. Euge, R.G.; Geological Consultants Inc.  Project 
No. 2017-136. 
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Phone 602-864-1888 

Figure 26; Photo 2:  Seismic 
Survey Line WA-13 view 
looking toward the  North-
northwest from Shot Point C 
toward Shot Point A.   
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Geological  Consultants  Inc. 

2333 West Northern Ave. Ste 1A                        
Phoenix, Arizona 85021 

Phone 602-864-1888 
Fax  602-864-1899 

Refer to Figure 2 for seismic survey line location 
and Figure 28 for photographs of the seismic sur-
vey line layout. 
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Interpreted  Velocity Profile 

West Anthem WWTP Improvements 
Seismic Refraction Survey WA-14 

Velocity Profile &Time-Distance Plot 
Figure 27 

 



Figure 28; Photo 1:  Seismic 
Survey Line WA-14 view 
looking toward the Southeast 
from Shot Point A toward 
Shot Point C.   

Geological  Consultants  Inc. 

C A 

Line WA-14 
Explanation: 

Seismic survey line location: A-shot point start; C-shot point end.  
Refer to Figure 27 for interpreted seismic line profiles and travel 
time-distance plot.  

Photographs of seismic survey line WA-14 taken by 
K. Euge, R.G.; Geological Consultants Inc.  Project 
No. 2017-136. 
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Figure 28; Photo 2:  Seismic 
Survey Line WA-14 view 
looking toward the  North-
west from Shot Point C 
toward Shot Point A.   
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Geological  Consultants  Inc. 

2333 West Northern Ave. Ste 1A                        
Phoenix, Arizona 85021 

Phone 602-864-1888 
Fax  602-864-1899 

Refer to Figure 2 for seismic survey line location 
and Figure 30 for photographs of the seismic sur-
vey line layout. 
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Interpreted  Velocity Profile 

West Anthem WWTP Improvements 
Seismic Refraction Survey WA-15 

Velocity Profile &Time-Distance Plot 
Figure 29 

 



Figure 30; Photo 1:  Seismic 
Survey Line WA-15 view 
looking toward the Southeast 
from Shot Point A toward 
Shot Point C.   

Geological  Consultants  Inc. 

C A 

Line WA-15 
Explanation: 

Seismic survey line location: A-shot point start; C-shot point end.  
Refer to Figure 29 for interpreted seismic line profiles and travel 
time-distance plot.  

Photographs of seismic survey line WA-15 taken by 
K. Euge, R.G.; Geological Consultants Inc.  Project 
No. 2017-136. 
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Figure 30; Photo 2:  Seismic 
Survey Line WA-15 view 
looking toward the  North-
west from Shot Point C 
toward Shot Point A.   
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Geological  Consultants  Inc. 

2333 West Northern Ave. Ste 1A                        
Phoenix, Arizona 85021 

Phone 602-864-1888 
Fax  602-864-1899 

Refer to Figure 2 for seismic survey line location 
and Figure 32 for photographs of the seismic sur-
vey line layout. 
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Interpreted  Velocity Profile 

West Anthem WWTP Improvements 
Seismic Refraction Survey WA-16 

Velocity Profile &Time-Distance Plot 
Figure 31 

 



Figure 32; Photo 1:  Seismic 
Survey Line WA-16 view 
looking toward the South-
southeast from Shot Point A 
toward Shot Point C.   

Geological  Consultants  Inc. 

C A 

Line WA-16 
Explanation: 

Seismic survey line location: A-shot point start; C-shot point end.  
Refer to Figure 31 for interpreted seismic line profiles and travel 
time-distance plot.  

Photographs of seismic survey line WA-16 taken by 
K. Euge, R.G.; Geological Consultants Inc.  Project 
No. 2017-136. 
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Figure 32; Photo 2:  Seismic 
Survey Line WA-16 view 
looking toward the  North-
northwest from Shot Point C 
toward Shot Point A.   
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Geological  Consultants  Inc. 

2333 West Northern Ave. Ste 1A                        
Phoenix, Arizona 85021 

Phone 602-864-1888 
Fax  602-864-1899 

Refer to Figure 2 for seismic survey line location 
and Figure 34 for photographs of the seismic sur-
vey line layout. 
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Interpreted  Velocity Profile 

West Anthem WWTP Improvements 
Seismic Refraction Survey WA-17 

Velocity Profile &Time-Distance Plot 
Figure 33 

 



Figure 34; Photo 1:  Seismic 
Survey Line WA-17 view 
looking toward the South 
from Shot Point A toward 
Shot Point C.   

Geological  Consultants  Inc. 

C A 

Line WA-17 
Explanation: 

Seismic survey line location: A-shot point start; C-shot point end.  
Refer to Figure 33 for interpreted seismic line profiles and travel 
time-distance plot.  

Photographs of seismic survey line WA-17 taken by 
K. Euge, R.G.; Geological Consultants Inc.  Project 
No. 2017-136. 
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Phone 602-864-1888 

Figure 34; Photo 2:  Seismic 
Survey Line WA-17 view 
looking toward the  North 
from Shot Point C toward 
Shot Point A.   
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Geological  Consultants  Inc. 

2333 West Northern Ave. Ste 1A                        
Phoenix, Arizona 85021 

Phone 602-864-1888 
Fax  602-864-1899 

Refer to Figure 2 for seismic survey line location 
and Figure 36 for photographs of the seismic sur-
vey line layout. 
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Interpreted  Velocity Profile 

West Anthem WWTP Improvements 
Seismic Refraction Survey WA-18 

Velocity Profile &Time-Distance Plot 
Figure 35 

 



Figure 36; Photo 1:  Seismic 
Survey Line WA-18 view 
looking toward the South 
from Shot Point A toward 
Shot Point C.   

Geological  Consultants  Inc. 

C A 

Line WA-18 
Explanation: 

Seismic survey line location: A-shot point start; C-shot point end.  
Refer to Figure 35 for interpreted seismic line profiles and travel 
time-distance plot.  

Photographs of seismic survey line WA-18 taken by 
K. Euge, R.G.; Geological Consultants Inc.  Project 
No. 2017-136. 
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Figure 36; Photo 2:  Seismic 
Survey Line WA-18 view 
looking toward the  North 
from Shot Point C toward 
Shot Point A.   
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Geological  Consultants  Inc. 

2333 West Northern Ave. Ste 1A                        
Phoenix, Arizona 85021 

Phone 602-864-1888 
Fax  602-864-1899 

Refer to Figure 2 for seismic survey line location 
and Figure 38 for photographs of the seismic sur-
vey line layout. 
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Interpreted  Velocity Profile 

West Anthem WWTP Improvements 
Seismic Refraction Survey WA-19 

Velocity Profile &Time-Distance Plot 
Figure 37 

 



Figure 38; Photo 1:  Seismic 
Survey Line WA-19 view 
looking toward the North 
from Shot Point A toward 
Shot Point C.   

Geological  Consultants  Inc. 

C A 

Line WA-19 
Explanation: 

Seismic survey line location: A-shot point start; C-shot point end.  
Refer to Figure 37 for interpreted seismic line profiles and travel 
time-distance plot.  

Photographs of seismic survey line WA-19 taken by 
K. Euge, R.G.; Geological Consultants Inc.  Project 
No. 2017-136. 
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Figure 38; Photo 2:  Seismic 
Survey Line WA-19 view 
looking toward the  South 
from Shot Point C toward 
Shot Point A.   
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APPENDIX A 
SEISMIC REFRACTION SURVEY

A.1 GENERAL 

In general, seismic wave velocities are related to the hardness, consolidation, and density of the
materials through which seismic (shock) waves travel.  Seismic velocities of subsurface soils and
bedrock can be correlated to some of the physical properties of the material with reasonable
levels of confidence.  As with rock rippability (ease of excavation) for example, the Caterpillar
tractor Company has correlated ranges of seismic velocities in different rock and soil materials to
qualitative estimates of rippability for their D-9 tractor with a mounted hydraulic No.9 ripper. 

The use of seismic velocities measured in various soils and rock types are considered reasonably
conservative for evaluating soil and rock characteristics by "indirect" shallow geophysical
seismic methods. Some general correlations are as follows: 

• Soil, loose surface material, alluvium and strongly weathered and broken bedrock has
velocities ranging from 500 feet per second (fps) to 1,200 fps; 

• Moderately hard, slightly to moderately cemented, dense alluvial and colluvial sediments
and moderately weathered and broken bedrock range from 1,200 fps to 3,000 fps; 

• Very dense, hard, well-cemented soils and moderately competent bedrock range from
3,000 fps to 6,000 fps; 

• Sound, relatively homogeneous or tightly jointed bedrock and uniformly, strongly
cemented soils (silica hardpan, caliche, calcrete, etc.) have seismic velocities greater than
6,000 fps. 

Soils and rock with velocities of less than 3,000 fps can usually be excavated with conventional
earth moving equipment. Where materials with velocities in excess of 6,000 fps are found,
blasting would normally be required for efficient fragmentation. However, if the rock is thinly
bedded, jointed, or fractured, it may be possible to break the rock with heavy ripping using a
single shank ripper or large ram-hoe. The resulting fragments will be of a size consistent with the
fracture spacing and the progress of the excavation would be very slow. The intermediate
material (velocities between 3,000 fps and 6,000 fps) would likely require heavy equipment and
possibly the localized use of jack- hammers, ram-hoes, or selective blasting to provide cost-
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effective excavation. 

A.2 DATA COLLECTION 

Refraction data were collected along seismic survey lines consisting of 12 geophones spaced 10
feet apart. This geometry provided coverage of about 110 feet along each survey line. Refer to
Figure 2 for the seismic survey line locations. Seismic waves were generated at shot points
located at line ends and the center to measure shallow materials (near-surface) seismic velocities.
Data were recorded from both line ends so the effect of layer inclination, or dip on velocity
boundaries, could be calculated. This geometry provided at least 40 feet, or more, of penetration
at most line locations. 

A.3 REFRACTION SEISMIC SURVEY LIMITATIONS 

The seismic survey data presented in this report are derived from and interpreted from an
indirect geophysical investigative technique (seismic refraction surveys) employed at the specific
locations indicated and from observations made of the surface geologic conditions exposed at the
site. The interpretations made at the specific seismic survey sites are believed to be reasonable
based on the information available at the time of this study. The interpretations may not
represent, nor are they intended to represent, the subsurface condition at other locations. 

Geologic contacts between rock and soil units are approximate, may be either gradual or abrupt,
and the calculated depths could vary from 10 to 20 percent or more. Geological and geotechnical
information provided others and our experience on similar projects in similar geological terrain
were considered in the interpretations of subsurface conditions. 

A.4 REFRACTION DATA PROCESSING 

Seismic Refraction Interpretation Programs (SIP) computer programs by RlMROCK
GEOPHYSICS, were used to analyze seismic data obtained in the field. The programs calculate
average velocities of any number of layers assuming the multilayered intervals do not include
velocity inversions or "hidden" zones (i.e., high velocity zone over a low velocity zone).
Thicknesses of each layer, except for the lowermost layer, are calculated along with the dip
(inclination) angle of the layer boundary.  The depth below the ground surface to each layer
boundary is also provided. 
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Input data, velocity of each layer and seismic wave arrival times, obtained during the field work
are checked by the computer program to assure that they satisfy reciprocity at least within 20
percent. These data are used to develop a meaningful geological model used to interpret
subsurface stratigraphic conditions. 
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APPENDIX B

ROCK HARDNESS & EXCAVATION CHARACTERISTICS

Tables B-1, B-2, and B-3
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Table B-1
Rock Hardness & Excavation Characteristics(1)

Rock

Hardness

Description

Identification Criteria

Unconfined

Compressive

Strength

Seismic

Compression 

(P-Wave) Velocity
Excavation

Characteristics

MPa psi m/s f/s

Very Soft

Rock

Material crumbles under

firm blows with sharp end

of geological pick; can be

peeled with a knife; too

hard to cut a triaxial

sample by hand.  SPT will

refuse.  Pieces up to 3-cm

thick can be broken by

finger pressure.

1.7 - 3.0 246 - 435
450 -

1,200

1,475 -

3,935
Easy Ripping

Soft Rock

Can just be scraped with a

knife; indentations 1-mm to

3-mm show in specimen

with firm blows of the pick

point; has dull sound under

hammer.

3.0 -

10.0

435 -

1,450

1,200 -

1,500

3,935 -

4,920
Hard Ripping

Hard Rock

Cannot be scraped with a

knife; hand specimen can

be broken with a pick with

a single firm blow; rock

rings under hammer.

10.0 -

20.0

1,450 -

2,900

1,500 -

1,850

4,920 -

6,070 

Very Hard

Ripping

Very Hard

Rock

Hand specimen breaks

with a pick after more than

one blow; rock rings under

hammer

20.0 -

70.0

2,900 -

10,150

1,850 -

2,150

6,070 -

7,050

Extremely Hard

Ripping or

Blasting

Extremely

Hard Rock

Specimen requires many

blows with geological pick

to break through intact

material; rock rings under

hammer.

> 70.0 > 10,150 > 2,150 > 7,050 Blasting

Note: (1) Table from Weaver, J.M.; 1975; Geological Factors Significant in the Assessment of Rippability; The Civil

Engineer in South Africa (Die siviele iIngenieur in Suid-Afrika); Volume 17, Issue 12, December 1975; pp. 313-316.
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Table B-2
Typical Excavatability Performance in Cemented Soils(2)

Note: (2)   From Caterpillar, Inc.; 2013; Caterpillar Performance Handbook, Edition 43; Section 18, Rippers, Seismic Wave
Velocity Charts; pp. 18-75 to 18-80.
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Table B-3
Approximate Excavatability of Materials(3)

Using Various Ripping & Trenching Equipment

Note: (3)   From AMEC; 2005; consultants report prepared for City of Phoenix entitled “Refraction Seismic Evaluation, Deer
Valley Road-7th Street to Cave Creek Road”; COP Project No. ST85100044, AMEC Job No. 5-119-000199, Report No. 2; 2
September 2005.
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