Gw-_ 82

WORK PLANS
2002




FINAL REMEDIAL DESIGN
ROSWELL COMPRESSOR STATION
ROSWELL, NEW MEXICO

October 16, 2002

Prepared for
Transwestern Pipeline Company

6381 North Main Street
Roswell, New Mexico 88201

Prepared by

Tetra Tech EM Inc.
6121 Indian School Road, NE, Ste. 205
Albuquerque, New Mexico 87110



TABLE OF CONTENTS

1.0 INTRODUCTION .....coooiiiiriieiiiriectneinitseee et se e s essse s sesnebenessssenasins
2.0 REMEDIATION SYSTEM NARRATIVE ...ttt

2.1  Description of Remediation SYStEmM .......cccccevirerreieneesiircrsirsrcsrscerscsseereessssessssssinsssssenss 2
2.2 Basis Of DESIZN...ccecierirtiiiirenerciresreteee et saesa e b e sassan e sae e n s ne b bens 2

3.0 OPERATION, MAINTENANCE, AND MONITORING PLAN........ccocovnecrerircccncnnnns

3.1 SHAUP PRESE .oeieeiiiciieiecte et cte et s eeesres e se st s e se e e e e s g s et e aa e sane st e ebe e e eane 3
3.2 Long-Term O&M Phase.........ccoovrreieuerereiiirereerereeeiseesesasesesessesssesassesesssusssasasessssssesesssnes 3
3.3 Quarterly Reporting and Performance ASSESSIMENt.......ccvcivireiciieninsiineniensesncneeniossans 4

4.0 REFERENCES........cciiiiiiiriasicirenisticeesririse s s bssssas st s s bs s e ssssbasbasss st esns s sasssensasaans

LIST OF TABLES
TABLE

PRECOMMISSIONING CHECKLIST

FUNCTIONAL PERFORMANCE CHECKLIST FOR STARTUP TESTING
ROUTINE EQUIPMENT OPERATION AND MAINTENANCE TASKS
SYSTEM MONITORING REQUIREMENTS

ROUTINE MONITORING DATA FORM

(O, SN VA I &

LIST OF APPENDICES
APPENDIX
A SPECIFICATIONS
B MANUFACTURER CUT SHEETS
C DESIGN DRAWINGS
i



1.0 INTRODUCTION

On behalf of Transwestern Pipeline Company, Tetra Tech EM Inc. (Tetra Tech) has prepared this
Final Remedial Design (RD), Volume 2, Plans and Specifications, to address soil and
groundwater contamination at Transwestern Pipeline Company’s Compressor Station Number 9 —
Roswell (Roswell Station). The Roswell Station is located approximately 9 miles north of the
city of Roswell along U.S. Highway 285 (Drawing G-1). A site plan is provided on Drawing G-
1.

This RD Volume 2 is a companion document to the Conceptual RD (Volume 1) (Tetra Tech
2002), and provides specifications, plans, and manufacturer cut-sheets for specified equipment.
The remediation systems described herein consists of multi-phase extraction (MPE), a
combination of soil vapor extraction (SVE) and total fluids (groundwater and PSH) recovery.
The goals of the MPE phase are (1) removal of PSH from the subsurface and (2) reduction of soil

and groundwater constituents to levels more amenable to passive bioremediation.

This Final RD is divided into 4 Sections, of which this introduction is Section 1. Section 2
provides a narrative of the remedy, including description of the remediation system, and basis of
design. An operation, maintenance, monitoring, and reporting plan, including annual evaluation
of remediation in accordance with 20 NMAC 5 §1224 is provided in Section 3. Finally, Section 4

provides a list of references.
Specifications for constructing the system are provided in Appendix A. Manufacturers cut-sheets
are supplied in Appendix B. Finally, Appendix C contains design drawings for the system.
2.0 REMEDIATION SYSTEM NARRATIVE
The proposed remedy for soil and ground water contamination and phase-separated hydrocarbon

recover is soil vapor extraction and (SVE) and multi-phase extraction (MPE). The distribution of

contaminants in the subsurface is shown on Drawings G-2 and G-3.



2.1 Description of Remediation System

Detailed elements of the remediation system are shown on Drawings C-1 through C-8, P-1

through P-3, and E-1 (Appendix C). The proposed system features include the following:

Two Baker furnace 200-cfm thermal oxidizers

Carbonair COWS 25 oil-water separator

Carbonair STAT 80 stacked-tray air stripper

Pneumatic total fluids recover system including pump controller

Day tank and irrigation system for discharge of treated effluent.

Conveyance piping consisting of SDR 11 high-density polyethylene (HDPE) in dedicated
conveyance runs from each well to the manifolds.

2.2 Basis of Design

The design is based on several factors, including the following:

¢ The maximum air flow rate from a single MPE well is 20 CFM as indicated in the SVE
pilot test (AcuVac 1996).

o The maximum sustainable total fluids flow rate from a single MPE well is 0.5 gallons per
minute based on evaluation of aquifer permeability and thickness.

« Fifieen MPE wells will be fitted with pneumatic pumps at any given time.

Discussions regarding the design factors are provided below.

Pneumatic Design - SVE Conveyance

Conveyance piping shall be sloped to the extraction wells at a rate of 0.5 feet of drop per one
hundred feet of run. Natural terrain will be used to extent practicable to achieve this
specification. The 1.5-inch conveyance pipe is designed to provide adequate pipe velocities (e.g.,
2,500 to 4,000 feet per minute [ft/min]) to clear fluids and sediment while maintaining acceptable
head losses (USCOE 1995, WDNR 1993). The four-inch manifold header is designed to

experience minimal head loss at the compounds.

Hydraulic Design

Conveyance piping for the hydraulic system is based on anticipated flow rates and standard
piping sizes. Conveyance lines to individual wells are 3/4-inch SDR 11 HDPE and are designed
to carry 0.5 gpm. Header lines are 1-inch in diameter and designed to carry a maximum of 5.5
gpm (from Circuit A, Drawing C-2). The conveyance line from the air stripper to the day tank is
1-inch in diameter and designed to convey 15 gpm. Finally, the conveyance line to the sprinklers

is 2-inch and designed to carry 50 gpm.



3.0 OPERATION, MAINTENANCE, AND MONITORING PLAN

Operation, maintenance (O&M), and monitoring of the remediation system, troubleshooting, and
system performance evaluation are presented in this section. O&M activities include the startup

phase and the long-term O&M phase.

3.1 Startup Phase

One week of startup testing is scheduled to ensure the remediation system is operating as
specified. Startup testing will include ensuring the system is properly constructed, that equipment
and monitoring devices are working are as specified, and that flow rates, vacuums, and vapor

concentrations are within anticipated ranges.

Table 1 provides a checklist for final construction inspection of the remediation system, to be
performed prior to operating the system. This checklist will be completed during final inspection.
Table 2 provides a functional performance checklist to be competed each day during the startup
phase to ensure all systems are working as designed. Tables 3 and 4 provide a summary of
parameter measurements to be evaluated for system performance assessment during the startup

phase.
3.2 Long-Term O&M Phase

Data must be collected during the long-term O&M to evaluate several factors, including:
¢ Mass removal rates
¢ Cumulative mass removed
e Emission rates and Permit compliance
¢ Deviations in flow rate or vacuum over time
o [Establishment of vacuum throughout zone of remediation

e Progress toward achieving final site cleanup goals

Long-term O&M testing requirements, frequencies, and method of measurement are provided in

Table 4. Table 5 consists of a form for logging field data during site inspections.



33 Reporting and Performance Assessment

Routine reports on operation of the remediation system will be prepared. The reports will
include:
¢ Groundwater quality and fluid gauging data.
e Evaluation of system performance, including emission rates, mass removal rates,
system run-time, and establishment of vacuum within the zone of remediation.
o Calculations and graphs demonstrating that cleanup goals are being achieved on
schedule.
e A summary of all O&M activities performed.

e Recommendations for improving system performance, if warranted.

4.0 REFERENCES

AcuVac Remediation. 1996. Pilot Test: Roswell Compressor Station, Roswell, New Mexico.
Letter Report to Mr. Bob Marley, Daniel B. Stephens & Associates. September 30.

American Society for Testing and Materials (ASTM). 1998. “Standard Guide for Remediation
of Ground Water by Natural Attenuation at Petroleum Release Sites.” ASTM E 1943-98.
August.

Cypress Engineering. 2001. Annual Report of Groundwater Remediation Activities Compressor
Station No. 9 — Roswell, New Mexico, Transwestern Pipeline Company. February 20.

Environmental Protection Agency (EPA). 1995. How to Evaluate Alternative Cleanup
Technologies for Underground Storage Sites — A Guide for Corrective Action Plan
Reviewers. EPA 510-B-95-007. May.

EPA. 1999. Multi-Phase Extraction: State of the Practice. EPA 542-R-99-004. June.

Hinchee,Robert E. 1994. Bioventing Petroleum Hydrocarbons in Handbook of Bioremediation,
Robert D. Norris, Editor. Lewis Publishers. Pp. 39-59.

New Mexico Oil Conservation Division. 1993. Unlined surface impoundment closure guidelines
(February 1993). Tab 7b. In Environmental Regulations, State of New Mexico Energy,
Minerals, and March 13.



Tetra Tech EM Inc. 2002. Conceptual Remedial Design, Roswell Compressor Station, Roswell,
New Mexico, Prepared for Transwestern Pipeline Company, August 30, 2002.

United States Army Corps of Engineers. 1995. Soil Vapor Extraction and Bioventing. Engineer
Manual 1110-1-4001. November 30.

Wisconsin Department of Natural Resources, 1993. Guidance for Design, Installation, and
Operation of Soil Venting Systems. Publication SW185-93, July.
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TABLE 1
PRECOMMISSIONING CHECKLIST
ROSWELL COMPRESSOR STATION, ROSWEL, NEW MEXICO

Checklist Item Responsible Initials Inspection
Person Date

Subsurface

Wells/trenches installed per specification

Wells purged/cleaned

Pneumatic pumps installed to specification

Piping Installation

Piping complete (including from wells/trenches)

Valves installed and operation verified

Pressure test complete

Remediation Compound and Equipment

Foundations / slab complete

Buildings installed to specification

Fence installed to specification

Headers built to specification

Blower connections installed/tested

Air compressor installed to specification

Oil water separator installed to specification

Air stripper installed to specification

Monitoring points functional

Valves, meters, and gauges installed and functional

Electrical

Grounding installed/checked

Lighting functional

Lockouts/covers/panels in place

Blower rotation verified

Disconnects in sight of unit being controlled

Controls/alarms and interlocks functional

Other

Modified from USACE 1995




TABLE 2

FUNCTIONAL PERFORMANCE CHECKLIST FOR STARTUP TESTING
ROSWELL COMPRESSOR STATION, ROSWELL, NEW MEXICO

Checklist Item

Responsible
Person

Initials

Inspection
Date

Subsurface

No piping/well pneumatic leaks

Monitoring point vapor concentrations within
limits of air quality permit

Vacuum observed at all monitoring points
within zone of remediation

Extraction well vacuums within expected ranges
based on blower curves and anticipated head
losses

Remediation Equipment

All switches and safety interlocks functioning

Operating points match blower curve
specification for flow rate vs. vacuum through
start-up

Pneumatic pumps operating within anticipated
range for pressure, discharge, and well
drawdown

Current draw and voltage balance match
manufacturers specifications

No excessive vibration/noise/temperature rise

Monitoring Systems

Magnehelic and Capsuhelic gauges recording
within specified range.

Vacuum gauges recording within specified
range

FID / LEL / O; meters hold calibration

Stack emission rates within limits of air quality
permit

NOI = Air Quality Bureau Notice of Intent
FID = Flame ionization detector

LEL = Lower explosive limit

O, = Oxygen

Modified from USACE, 1995

S:\DATASHAR\Cypress Engineering\Roswell_Compressor_Statiom\Text\Final RD\TABLE 2_ Functional Checklist.doc




TABLE 3

ROUTINE EQUIPMENT OPERATION AND MAINTANANCE TASKS
ROSWELL COMPRESSOR STATION, ROSWELL, NEW MEXICO

Activity Activity Description Frequency
1 Monitor system performance Weekly
2 Inspect system for leaks Weekly
3 Record operating parameters Weekly
4 Record volume of fluids in knock-out pot Weekly
5 Test GFCI devices Weekly
6 Re-torque terminal screws & tighten loose hardware Monthly
7 Calibrate or zero instrumentation Monthly
8 Treat air stripper to prevent scaling Monthly
9 Inspect, clean or replace filters, valves, equipment Monthly
10 Site cleanup Monthly
11 Inspect, clean or replace knock-out pot filter Quarterly
12 Clean high-level switch & sight glass Quarterly

Notes:
The frequency of these activities is estimated; the actual frequency will be determined by actual conditions

a

b

Bearing should be changed after 15,000 to 20,000 hours on average as per service and parts manual
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TABLE 4

SYSTEM MONITORING REQUIREMENTS
ROSWELL COMPRESSOR STATION, ROSWELL, NEW MEXICO

SYSTEM STARTUP TESTING
Monitoring
Parameter Frequency |Monitoring Point Method of Measurement
Vapor and Water} Daily SVE Manifolds (Individual Wells) |Pitot tube and Capsuhelic Gauge
Flow Rates Upstream of SVE Blowers Pitot tube and Capsuhelic Gauge
Downstream of SVE Blowers Pitot tube and Capsuhelic Gauge
Pneumatic Pump Manifolds
(Individual Wells) Bucket fill time

Downstream of Oil/Water Separator

Totalizing Flow Meter

Well Vacuum  [Daily Monitor Well Heads Magnehelic Gauge and Expansion Cap
Manifolds (Individual Wells) Vacuum Gauge

Vapor Daily Manifolds (Individual Wells) Peristaltic pump / FID

(Concentrations Upstream of SVE Blowers Peristaltic pump / FID
Downstream of SVE Blowers FID

Groundwater  [Daily Sample collection/analysis by EPA method

Discharge Upstream of Air Stripper 8015 for TPH

Concentrations Sample collection/analysis by EPA method
Downstream of Air Stripper 8015 for TPH

Oxygen Content |Daily Manifolds (Individual Wells) Peristaltic Pump / LEL / O, Meter
Upstream of SVE Blowers Peristaltic Pump / LEL / O, Meter
Downstream of SVE Blowers LEL / O, Meter

LONG-TERM OPERATION TESTING

Monitoring

Parameter Frequency |Monitoring Point Method of Measurement
Vapor and Water|Monthly SVE Manifolds (Individual Wells) |Pitot tube and Capsuhelic Gauge
Flow Rates

Upstream of SVE Blowers

Pitot tube and Capsuhelic Gauge

Downstream of SVE Blowers

Pitot tube and Capsuhelic Gauge

Pneumatic Pump Manifolds
(Individual Wells)

Bucket fill time

Downstream of Oil/Water Separator

Totalizing Flow Meter

Well Vacuum  |Monthly

Monitor Well Heads

Magnehelic Gauge and Expansion Cap

Concentrations |Monthly

Manifolds (Individual Wells) Vacuum Gauge
Field Vapor  |Monthly Manifold (Individual Wells) Peristaltic pump / FID
Concentrations Upstream of SVE Blowers Peristaltic pump / FID
Downstream of SVE Blowers FID
Lab Vapor Peristaltic pump and Tedlar bags; VOCs &

Downstream of SVE Blowers

TPH by EPA 8260 and EPA 8015

Groundwater Monthly

Sample collection/analysis by EPA method

Discharge Upstream of Air Stripper 8015 for TPH

Concentrations Sample collection/analysis by EPA method

L Downstream of Air Stripper 8015 for TPH

Oxygen Content |Monthly Manifold (Individual Wells) Peristaltic Pump / LEL / O, Meter
Upstream of SVE Blowers Peristaltic Pump / LEL / O, Meter

Downstream of SVE Blowers

LEL / O, Meter

Fixed Gases Monthly

Downstream of SVE Blowers

Peristaltic pump and Tedlar bags; Analyze
by ASTM D 1946

Notes:

ASTM = American Society for Testing and Materials

FID = Flame ionization detector
PID = Photoionization detector
LEL = Lower explosive limit
O, = Uxygen

EPA = U.S. Environmental Protection Agency

VOCs = Valatile organic compounds
TPH = Total petroleum hydrocarbons
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ROUTINE MONITORING DATA FORM
ROSWELL COMPRESSOR STATION

Date: Time: Operator:

SVE Data Monitoring Point
Monitoring Header MPE/SVE Well Number
Parameter T.0.1 | T.0.2
System Vacuum ’ ! k

Vapor Measurement
Flow Rate Data
Oxygen (percent)
LEL (percent)

Total Fluids Data Monitoring Point
Compound Header MPE/SVE Wells

Monitoring
Parameter

Flow Rate
PSH Recovered I
Flow Meter Readingl

Other Notes:
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SPECIFICATION 1
SUMMARY OF WORK
PART 1—GENERAL
1.1 SUMMARY
This section includes basic identification of the work and other related activities.
1.2 PROJECT DESCRIPTION
The project includes, but is not limited to, the following:

A. Installation and startup testing of a multiphase extraction (MPE) system at the
Transwestern Pipeline Company Compressor Station 9 in Roswell, New Mexico. The
construction will take place on an active plant ~ therefore, adherence with all plant
protocols and procedures specific to on-site contractors must be strictly adhered to
throughout the course of the project.

B. Much of the earthwork for installing conveyance lines for the system will take place on
open grazing land. As such, trenching will be performed with a trenching machine, pipes
laid, and the trenches backfilled and compacted by wheel rolling. The goal is to expedite
installation of conveyance systems and minimize the level of effort accordingly.

C. Several conveyances will cross a 10-inch natural gas pipeline (very high pressure).
Contractor shall coordinate with Engineer and plant engineering department to coordinate
location and potholing the gas line to avoid accidents. Regardless of Engineer supplied
plans as drawn, Contractor shall coordinate with Engineer to minimize pipeline crossings.

It will be desirable to cross the pipeline once if possible.

D. In trafficked areas on the plant proper, trenching and backfill will be to more rigorous
specifications and will require the use of a backhoe. The exception to this requirement
will be installation of natural gas line and water line from the main plant area to the
remediation system area (about 1,200 feet).

E. Manifolds and conveyance piping connections shall be constructed on pipe supports (e.g.,
UniStrut) set to elevation and concreted in place in shallow post-holes prior to pouring
permanent building slabs.

F. Remediation buildings, concrete pads, and electrical service will provided by the Engineer
via a separate subcontract.

G. Remediation equipment to a large extent will be supplied by the Engineer. This is called
out clearly throughout the specifications where applicable.

H. The work shall include the following as shown on the plans and as specified herein:

1. Procure and install conveyance systems to each of 37 MPE wells and 7 soil vapor
extraction (SVE) wells.



Install Engineer provided pneumatic pumps.

Procure and install wellheads and extensions as indicated in plans.

Procure and construct SVE, total fluids, and pneumatic manifolds as specified.

Procure and install piping from manifold to the remediation equipment as

indicated.

Install and provide power to all remediation equipment and controllers as

indicated.

7. Install natural gas and water service to the equipment compound as indicated.

8. Retrofit an existing day tank to become an integral component of the treated water
effluent system as indicated.

9. Hook-up all remote telecommunications systems for water treatment control panel
and thermal oxidizers.

10. Restore all impacted site surfaces, as specified, whether directly or indirectly
related to the Contractors completion of the work.

11. Perform seven (7) days of system startup testing in accordance with Operation and

Maintenance requirements stated in the Remedial Design.

RAE T

*

1.3 CONTRACTOR'S USE OF PREMISES
A. LIMITED USE

1. Limit use of the Owner's property to that required for execution of the work.
Limit storage of materials and equipment to the Owner's property only. Portions
of the site beyond areas in which construction operations are indicated are not to
be disturbed.

2. Conduct operations to ensure the least inconvenience to adjoining property
owners and to the general public.

1.4 OWNER'S USE OF PREMISES

The Owner and the Company will require access to the site during the entire construction period. The
Contractor shall cooperate with the Company and the Owner during construction operations to minimize
conflicts and to ensure access to existing groundwater monitoring wells.

1.5 WORK SEQUENCE

A. GENERAL: Construction sequence shall be determined by the Contractor, subject to the
Company's approval.

B. SCHEDULED EVENTS: Schedule the work to conform to the following events and
dates:

1. All construction work shall be completed by December 31, 2002.
2. Placement of remediation equipment and start up testing shall be performed in
spring 2003.

1.6 PRECONDITION PHOTOGRAPHIC SURVEY

Prior to the start of construction, the site and all structures which may be affected by the construction may
be photographed by the Company in the presence of the Contractor. Attention will be paid to existing



defects. Photographs will indicate date, time, weather conditions, and all the Contractor's and the
Company's staff present. Original photographs will remain with the Company. Copies can be provided to
the Contractor upon request.

1.7 COORDINATION WITH UTILITIES

The Contractor shall coordinate all work involving either public or private utilities and shall satisfy himself
as to the existing conditions for the areas in which he is to perform his work. The Contractor shall also be
responsible for coordinating any and all work performed by his Subcontractors on or adjacent to either
public or private utilities.

1.8 PROTECTION AND RELOCATION OF EXISTING STRUCTURES AND UTILITIES

During all construction activities, the Contractor shall be solely responsible for the protection of all private
or public buildings, structures, and utilities whether or not shown on the plans and should be responsible
for their support as necessary. Any damage resulting from the Contractor's operations shall be repaired
immediately by him at his expense.

1.9 COPIES OF DOCUMENTS

A. FURNISHED COPIES: The Contractor will be provided (at no cost) three (3) sets of full-
size drawings, including revised drawings, and one (1) set of the Remedial Design Report
following issuance of the Company's written contract.

B. ADDITIONAL COPIES: Additional copies of above documents will be supplied at
printing and delivery cost upon request.

PART 2—PRODUCTS
NOT APPLICABLE
PART 3—EXECUTION

NOT APPLICABLE

END OF SPECIFICATION 1



SPECIFICATION 2
CONCRETE, FORMS AND REINFORCEMENT
PART 1—GENERAL
1.1 SUMMARY
A. DEFINITION: This Section includes concrete, forms, and steel reinforcement.
B. RELATED WORK SPECIFIED ELSEWHERE
1. None
1.2 REFERENCES
A. APPLICABLE STANDARDS
1. American Concrete Institute (ACI)

a. 304 Recommended Practice for Measuring, Mixing, Transporting and
Placing Concrete

b. 305 Committee Report on Hot Weather Concreting

c. 306 Committee Report on Cold Weather Concreting

d. 315 Manual of Standard Practice for Detailing Reinforced Concrete
Structures

e. 318 Building Code Requirements for Reinforced Concrete

2. American National Standards Institute (ANSI)

a. BI18.2.1 Square and Hex Bolts and Screws, Including Askew Head Boits,
Hex Cap Screws, and Lag Screws
b. B18.2.2 Square and Hex Nuts

3. American Society for Testing and Materials (ASTM)

A36 Structural Steel

A82 Cold Drawn Steel Wire for Concrete Reinforcement

A185 Welded Steel Wire Fabric for Concrete Reinforcement

A307 Low Carbon Steel Externally and Internally Threaded Standard
Fasteners

€. A615 Deformed and Plain Billet Steel Bars for Concrete Reinforcement,
Grade 60

C31 Making and Curing Concrete Compression and Flexure Test
Specimens in the Field

C33 Concrete Aggregates

C39 Compressive Strength of Cylindrical Concrete Specimens

C9%4 Ready Mixed Concrete

C143 Slump of Portland Cement Concrete

C150 Portland Cement

o o
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2.1

22

C172 Sampling Fresh Concrete

C260 Air Entraining Admixtures for Concrete

C309 Liquid Membrane-Forming Compounds for Curing Concrete
C494 Chemical Admixtures for Concrete

C1116 Fiber-Reinforced Concrete and Shotcrete

C138, C173, or C231 Testing for Air Content

o opg—

PART 2—PRODUCTS
CONCRETE MATERIALS
A. CEMENT: Conform to ASTM C150. Portland cement Type I or ITL.

B. WATER: Clean and free from injurious amounts of oil, acids, alkalies, or other
deleterious substances. Any potable water is acceptable.

C. FINE AGGREGATES: Clean natural sand. Manufactured sand may be used upon
written approval of Company. Conform to ASTM C33.

D. COARSE AGGREGATES: Clean crushed stone or processed gravel, not containing
organic materials. Conform to ASTM C33.

E. WATER-REDUCING ADMIXTURE: Conform to ASTM C494, Type A.
F. WATER-REDUCING ADMIXTURE: Conform to ASTM C260.

G. FIBER REINFORCEMENT: Conform to ASTM C1116, Type Il Synthetic Fiber-
Reinforced Concrete.

CONCRETE MIX PROPORTIONS

A. MIX DESIGN SHALL BE PREPARED WITH THE FOLLOWING PROPORTIONS
AND LIMITATIONS:

Minimum compressive strength of 3,500 psi at 28 days
Minimum cement: 564 pounds per cubic yard

Slump: 5 inches maximum

Air Entrainment:

b



Maximum Size Coarse Aggregate Air Content
(inches) (percent by volume)

% 6-10

Ve 5-9

Ya 4-38

1 35-6.5
1.5 3-6

2 25-55

3 1.5-45

B. READYMIXED CONCRETE

1. Concrete shall meet requirements of ASTM C94 and of materials and proportions
specified.
2. Ready-mixed concrete plant shall be subject to approval of the Company.

23 FORMS

A. FORM MATERIALS: Use one of the following:

1. Exterior grade %-inch-thick plywood (use only plywood or steel for all exposed
concrete work).

2. Steel.

3. Approved wood fiberboard.

4. Dressed lumber free of loose knots.

B. FORM TIES: Approved break back-type.



24 STEEL REINFORCEMENT

A. REINFORCEMENT BARS: Conform to ASTM A615 of A706, Grade 60 for all bars
number 4 or larger.

B. TIE ALL BARS, NO. 3 AND LARGER: Conform to ASTM A615, Grade 40.

C. WELDED WIRE FABRIC: Conform to ASTM A18S5, using bright basic wire
conforming to ASTM A82. Wire gauge number 11 or smaller shall be galvanized.

D. BOLSTERS, CHAIRS, AND ACCESSORIES: Conform to ACI 315.

25 FIBER REINFORCEMENT

A. 100 percent virgin polypropylene, fibrillated fibers containing no reprocessed olefin
materials and specifically manufactured for use as concrete secondary reinforcement.

B. Volume per cubic yard shall equal a minimum of 0.1 percent (1.5 pounds).

C. Fibers are for the control of cracking due to drying shrinkage and thermal
expansion/contraction, reduction of permeability, increased impact capacity, shatter
resistance, abrasion resistance, and added toughness.

2.6 GROUT
A. PLAIN GROUT
1. One (1) part portland cement to two (2) parts sand by volume.
2. Keep water to a minimum as required for placing by the dry packing method.
3. Place after the mixed grout has been allowed to stand for two (2) hours.
B. GROUT FOR BONDING
1. One (1) part cement to 1-1/2 parts sand by weight.
2. Keep water to a minimum.
3. Place immediately.
2.7 ANCHOR BOLT
A. Provide all anchor bolts required for complete installation.

B. Anchor bolts and accessories shall conform to ASTM A307 using A36 steel.

C. Use hexagonal bolts and nuts conforming to ANSI B18.2.1 and B18.2.2.



PART 3—EXECUTION

31 FIELD TESTING

A. FIELD TESTING OF CONCRETE AND MAKING OF CONCRETE TEST
CYLINDERS

1. Test concrete conforming to ASTM C143 and C172.
2. Perform slump tests throughout any placement as required to maintain constant
quality of fresh concrete, and as requested by the Company.

32 PLACING OF CONCRETE

A. PREPARATION

1. Clean bonding surfaces free from laitance and foreign materials.
Place concrete on properly prepared and unfrozen subgrade and only in dewatered
excavations.

3. Do not deposit partially hardened concrete or concrete contaminated by foreign
materials.

B. PLACING CONCRETE

1. Conform to ACI 304.
Place on prepared subgrade using hand placement methods and screed to final
grade.

3. Place within 45 minutes after mixing, unless the Company extends the period to
90 minutes (maximum) dependent upon weather conditions.

4. Place in horizontal layers not exceeding 18 inches.

Vibrate concrete to produce solid mass without honeycomb or surface air bubbles.

6. Afier initial set, finish and neatly edge concrete.

W

C. CURING CONCRETE

1. Cure exposed surfaces with liquid membrane-forming compound conforming to
ASTM C309, Type I. Apply according to manufacturer's recommendations.

2. Apply curing compound immediately after removing form or after finishing
concrete.

3. Keep formwork wet until stripped.

D. COLD WEATHER PLACING: Conform to the practice recommended in ACI 306 when
the temperature is below 40 degrees F or is likely to fall below 40 degrees F during 24
hour period after placing.

E. HOT WEATHER PLACING: Conform to practices recommended in ACI 305 when
temperature is 90 °F or above or is likely to rise above 90 °F within 24 hours after
placing.

33 CONSTRUCTION JOINTS



3.4

A. Locate as recommended by the Contractor and where indicated. Conform to ACI 318.

B. Clean and break laitance or other foreign material from bonding surface. Bed with

1 inch of grout for bonding in horizontal joints.
SURFACE FINISHES

A. FLOAT FINISH

1. Compact, accurately screed, and wood float all slabs to a true uniform surface.
Test surface with straight-edge and eliminate high and low spots of more than
1/8 inch in 10 feet.

3. Use this finish in addition to the finishes specified below for all surfaces as
indicated.

4. Use as final finish for slabs not exposed.

B. BROOM FINISH

1. Finish surface as in "Float Finish" and, draw a stiff bristled broom across the
previously floated surface.

2. Make corrugations uniform in appearance, not more than 1/16 inch in depth, and
perpendicular to direction of traffic.

3. Use this finish on all outdoor slabs subject to vehicular or pedestrian traffic.

C. HARD TROWLED FINISH

1. Finish surface as in "Float Finish" and trowel with steel trowel to obtain smooth,
dense finish after concrete has hardened to ring under the trowel.

2. Use this finish on all floors, slabs, and equipment bases not specifically
designated for a different finish.

D. BURLAP FINISH

1. Apply burlap surface treatment to exposed edges of slabs, curbs, and foundations.
Wet and fill all voids using mortar with the same sand-cement ratio as original
concrete. Use approximately 20 percent white cement to match concrete color.

3. In a circular motion, use a burlap or canvas cloth to strike off all excess mortar
flush with the surface.

4. Remove all rough spots and rub with cloth to leave a surface of uniform texture
and appearance.

5. Finish shall result in a coating of mortar that will fill all small voids and air holes,
leaving a smooth surface.

6. Cure as specified under "Curing Concrete".

E. DEFECTIVE SURFACE TREATMENTS

1. After removal of forms, remove all fins, projections, and form ties.
2. Grout and cure all voids, damaged areas, and tie holes.



35 FORMS

A. Treat forms with an approved oil or lacquer prior to placing reinforcement.

B.

C.

Wet forms with clean, clear water prior to placing concrete.

Adequately brace and stiffen forms to prevent deflection and settlement.

3.6 STEEL REINFORCEMENT

A.

B.

Place accurately, tie at intersections, and support on chairs. Conform to ACI 318.
Tie securely with 16-gauge or larger annealed iron wire.

Unless otherwise indicated, the minimum length of lap for tension lap splices shall be as
required for Class B splices as defined by ACI 318.

Lap-welded wire fabric not less than the length of one (1) mesh.

Manual lifting during or after concrete placement is not permitted.

END OF SPECIFICATION 2
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SPECIFICATION 3

SITE PREPARATION AND EARTHWORK

PART 1—GENERAL

SUMMARY

. DEFINITION: This section includes all trenching, excavating, construction, backfilling,

compacting, grading, and all related items necessary to complete the work indicated or specified.

. RELATED WORK SPECIFIED ELSEWHERE

1. Specification for Piping and Accessories

REFERENCES

. APPLICABLE STANDARDS

1. American Society for Testing and Materials (ASTM)

a. C88—Soundness of Aggregates by Use of Sodium Suifate or Magnesium Sulfate

b. D698-—Moisture-Density Relations of Soils and Soil-Aggregate Mixtures, Using
5.5 Pound (2.49 kg) Rammer and 12 Inch (304.8 mm) Drop

¢. D1241—Materials for Soil-Aggregate Subbase, Base and Surface Courses

d. D4253—Maximum Index Density of Soils Using a Vibratory Table

e. D4254—Minimum Index Density of Soils and Calculation of Relative Density

PART 2—MATERIALS

MATERIALS ENCOUNTERED

. SUITABLE BACKFILL MATERIAL: Excavated materials suitable for use as compacted backfill

include cohesive and cohesionless material, as defined below, that are free of debris, roots, organic
matter, frozen matter, and stones or solid rubble (brick and/or concrete or asphalt pavement)
having any dimension greater than 4 inches and which have not been placed in the contaminated
soils stockpile.

1. Cohesionless materials include gravel, gravel-sand mixture, sands, and gravelly sands
generally exclusive of clayey and silty materials; materials which are free-draining and for
which impact compaction will not produce a well-defined moisture-density relationship
curve, and materials for which the maximum density by impact methods will generally be
less than by vibrating methods.

2. Cohesive materials include silts and clays generally exclusive of sands and gravel, and
materials for which impact compaction will produce a well-defined moisture-density
relationship curve.

B. UNSUITABLE BACKFILL MATERIAL: Materials unsuitable for use as compacted backfill

include all Material that contains debris, roots, organic matter, frozen matter, stones (with any
dimension greater than 4-inch diameter), materials which have been placed in the contaminated
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3.1

soils stockpile, or other materials that are determined by the Company as too wet or otherwise
unsuitable for providing a stable subgrade.

. CONCRETE OR ASPHALT: In general, concrete or asphalt pavement removed during

construction will not be allowed for use as trench backfill. Final disposal and/or recycling of
concrete or asphalt pavement rubble will be the responsibility of the Contractor. The Contractor
must obtain the Company's approval of his intended disposal and/or recycling plan for these
materials before hauling any of the material off-site.

BORROW MATERIALS

. BORROW MATERIALS INCLUDE THE FOLLOWING:

1. Acceptable backfill materials and granular material obtained from locations arranged for
by the Contractor (off the job site), required to the extent that sufficient suitable materials
is not encountered and available from on-site excavations.

GRANULAR MATERIAL

. Crushed stone or gravel indicating a loss of not more than 15 percent after 5 cycles when tested for

soundness with sodium sulfate, as described in ASTM C33 Graduation 67, as follows:

Percent Passing Sieve Size
100 0.75-inch

60B100 0.5-inch
0B5 Number 4

. Granular material shall not contain vegetation, root masses, organic matter, fine or harmful

substances.

PART 3—EXECUTION

SITE CLEARING

. TREES AND VEGETATION: The Contractor shall not cut or injure any trees or other vegetation

outside the limits of the area on which work is to be done without permission to do so, and he shall
guard against like action by his employees.

. GROUND SURFACE: All stumps, roots, foreign matter, topsoil, loam, sludge piles, and

unsuitable earth shall be stripped from the ground surface. The topsoil and loam shall be used
insofar as possible, for finished surfacing. Loam shall not be removed from the site.



3.2 EXCAVATION

A. GENERAL

1.

Open trenches and excavations shall be kept to a minimum to allow access to site facilities
at all times. No open trenches or excavations will be allowed at the end of each day or
over weekends, unless thoroughly barricaded and protected.

Steel plates, fences, barricades and other measures necessary shall be used to maintain
access to the site and to protect all site occupants and visitors.

If required due to soil type, classification, depth of excavation, or other criteria, sheeting
and bracing shall be designed, installed, and maintained in full compliance with applicable
laws and regulations including, but not limited to, 20 CFR, Part 1926. Excavation support
shall be solely the Contractor's responsibility and shall be installed at no additional cost to
the Company.

Remove sheeting and bracing as backfill progresses. Fill voids left after withdrawal with
sand or other approved material.

B. EXPLOSIVES

1.

Blasting will not be permitted.

C. TRENCHING

1.

Trenching shall be dug to the depths shown on the drawings or as directed by the
Company. Trench depth shall be increased as necessary to remove unsuitable supporting
materials.

Trenching will be performed with a trenching machine (e.g., "Ditch Witch" to the extent
possible.

Trenching in segments containing a high density of conveyance pipe shall be performed
with a backhoe equipped with a 2-foot bucket.

The Contractor shall excavate the trench to a minimum of 4 inches below the pipe barrel
for placement of embedded material.

Trenches shall be dug to accommodate a pipe slope from manifolds to extraction wells of
a minimum of 6-inches per 100 feet of run.

33 EARTHWORK

A. COMPACTION

1.

General.

a. [Excavate or backfill as required to construct subgrades to the elevations and
grades indicated.

b. Remove all unsuitable material and replace with acceptable fill material and
perform all wetting, drying, shaping, and compacting required to prepare
subgrade.

c. Trenches in un-trafficked areas will be compacted by wheel rolling only

d. Trenches in trafficked areas and around and under concrete slabs and foundations
shall be compacted to 95% standard proctor.



2. Subgrades for Trench Areas

a. Emplace dry, cohesionless granular materials (e.g., coarse sand or pea gravel) in
trench subgrades to set slope for piping. This material shall not be compacted.

b. Conveyance piping shall be covered with 4-inches of dry, cohesionless granular
materials prior to backfilling and compacting.

B. BACKFILLING

1. Construct backfill to the contours and elevations indicated, using suitable approved
material.

a. Place fill material in 0.5- to 1.0-foot layers

b. Place backfill only on subgrades approved by the Company

c. Do not place snow, ice, or frozen earth in fill and do not place fill on a frozen
surface

2. Obtain compaction by the controlled movement of equipment or as required during the
placing and grading of layers and to the minimum density specified for indicated
locations.

3. Remove all debris from excavation prior to placement of material.

4. Exercise extreme care in the use of heavy equipment in areas adjacent to structures.
Equipment operated within 9 feet of any wall shall not exceed 17,000 pounds gross.

C. SITE GRADING
1. Excavate, fill, compact fill, and rough grade to bring project area to subgrades as follows:

a. For areas to be paved, to underside of respective surfacing or base course

b. When rock is encountered in grading areas, overexcavate to depth specified and
backfill to grade with earth compacted in place

i. Under areas to be paved, to 6 inches below top of respective subgrades
for such areas.

c. Finish all ditches, swales, and gutters to drain readily

d. Unless otherwise indicated, slope the subgrade evenly to provide drainage as
indicated in all directions at a grade not less than 0.25 inch per foot

34 MAINTENANCE
A. Protect newly graded areas from actions of the elements.

B. Fill and repair settling or erosion and reestablish grades to the required elevations and
slopes.

35 CARE AND RESTORATION OF PROPERTY
A. TREES: The Contractor shall enclose the trunks of trees adjacent to his work and not to

be cut as needed to protect them from injury by piled material, equipment, work
operations or otherwise.



B. PAVED SURFACES: If wheel treads will cut or otherwise injure paved surfaces, the
Contractor shall not use or operate tractors, bulldozers, or other powered equipment on
these surfaces.

C. RESTORATION: All surfaces which have been injured by the Contractor's operations
shall be restored to a condition at least equal to that in which they were found immediately
before work was begun. The restoration of existing property or structures shall be done as
promptly as practicable and shall not be left until the end of the construction period.

END OF SPECIFICATION 3



SPECIFICATION 4
PIPING AND ACCESSORIES
PART 1—GENERAL
1.1 SUMMARY

A. This Section includes pipe and fittings, strainers, piping specialties, hangers and supports,
valves, steam traps, vibration isolators, meters and gauges, and other basic materials.

B. General

1. All special valves, controllers, fittings, and equipment shall meet the following
requirements:

a. Furnished, installed, tested, and put into successful operation.

b. Be complete with all necessary miscellaneous pipe, valves, unions,
fittings, and auxiliaries whether indicated or not, but required.

c. Be insulated and covered in accordance with the pipe system to which
they attach.

2. Furnish and install piping connected to accessories which must vary from the
drawings because of requirements peculiar to the particular equipment furnished,
as required to make a complete and workable installation at no additional cost to
the Owner. This requirement shall include changes required in the piping
systems because of design changes made by the manufacturer between the time
of design and the time of installation or because of equipment furnished by a
different manufacturer than that specified.

3. Furnish control valves complete, including pilot lines, solenoid valves, shutoff
valves, and operators whether or not specific mention was made of these items.
All control valves shall be by the same manufacturer.

4. Furnish the necessary pipe and fittings required to install all safety and relief
valves vertically. Furnish and route tail pipes to a place where the discharge will
not injure personnel, or as indicated.

5. Where spare, replacement, or additional parts are required for the equipment
specified herein, deliver these items to the Owner immediately upon receipt at
the job site. Parts shall be packaged and sealed for long storage, securely and
visibly labeled as to part, function, and name of equipment to which they apply.

6. Equip all Y-type strainers, 4 inches and larger, with blowdown valves and piping.

C. Related Work Specified Elsewhere

1. Excavation and Backfill Specification



1.2 REFERENCES

A. Applicable Standards

1. American National Standards Institute (ANSI)

a.
b.
c.

d.

€.
f.

B2.1—Pipe Threads (Except Dry Seal)

B16.12—Cast-Iron Threaded Drainage Fittings

B16.22—Wrought Copper and Copper Alloy Solder-Joint Pressure
Fittings

B16.29—Wrought Copper and Wrought Copper Alloy Solder-Joint
Drainage Fittings—DWV

B31.1—Power Piping

B36.10—Welded and Seamless Wrought Steel Pipe

2. American Petroleum Institute (API)

a.

5L—Plastic-Coated Steel Pipe

3. American Society of Mechanical Engineers (ASME)

a.

B361—Code for Pressure Piping

4. American Society for Testing and Materials (ASTM)

g0
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AS53—Pipe, Steel, Black and Hot-Dipped, Zinc-Coated Welded and
Seamless

A74—Cast-Iron Soil Pipe and Fittings

A105—Forgings, Carbon Steel, for Piping Components

A120—Pipe, Steel, Black and Hot-Dipped Zinc-Coated (Galvanized)
Welded and Seamless, for Ordinary Uses

A307—Carbon Steel Externally Threaded Standard Fasteners
B32—Solder Metal

B88—Seamless Copper Water Tube

B306—Copper Drainage Tube (DWV)

D1248—Polyethylene Plastic Molding and Extrusion Materials
D1330—Rubber, Sheet Gaskets

D1693—Environmental Stress-Cracking of Ethylene Plastic
D1784—Rigid Poly(Vinyl Chloride) (PVC) Compounds and Chlorinated
Poly (Vinyl Chloride) (CPVC) Compounds

. D1785—Poly(Vinyl Chloride) (PVC) Plastic Pipe, Schedules 40, 80 and

120

D2146—Propylene Plastic Molding and Extrusion Materials
D2241—Poly(Vinyl Chloride) (PVC) Plastic Pipe (SDR-PR)
D2464—Threaded Poly(Vinyl Chloride) (PVC) Plastic Pipe Fittings,
Schedule 80

D2466—Poly(Vinyl Chloride) (PVC) Plastic Pipe Fittings, Schedule 40
D2564—Solvent Cements for Poly(Vinyl Chloride) (PVC) Plastic Pipe
and Fittings

D2657—Heat Joining of Polyolefin Pipe and Fittings



t. D2665—Poly(Vinyl Chloride) (PVC) Plastic Drain, Waste and Vent
Pipe and Fittings
u. D2846—Chlorinated Poly(Vinyl Chloride) (CPVC) Plastic Hot- and
Cold-Water Distribution Systems
v. D2855—Making Solvent-Cemented Joints with Poly(Vinyl Chloride)
(PVC) Pipe and Fittings
. D3350—Polyethylene Plastic Pipe and Fittings Material
F104—Nonmetallic Gasket Materials
F493—Solvent Cements for Chlorinated Poly(Vinyl Chloride) (CPVC)
Plastic Pipe and Fittings

e X o=

5. American Water Works Association (AWWA)

a. C203—Coal-Tar Protective Coatings and Linings for Steel Water
Pipelines—Enamel and Tape—Hot-Applied

6. Cast Iron Soil Pipe Institute (CISPI)

a. 301—Cast Iron Soil Pipe and Fittings for Hubless Cast Iron Sanitary
System

b. 310—Cast Iron Soil Pipe Institute's Patented Joint for Use in Connection

with Hubless Cast Iron Sanitary System

¢. HSN-—Neoprene Rubber Gaskets for Hub and Spigot Cast Iron Soil Pipe

and Fittings
7. Federal Specification (FS)
a. QQ-L-201—Lead Sheet
8. Military Specification (MIL)
a. F-1183G—Fitting, Tube, Cast Bronze, Silver-Brazing
9. Manufacturers Standardization Society (MSS)
a. SP-58—Pipe Hangers and Supports—Materials, Design and
Manufacture
b. SP-69—Pipe Hangers and Supports—Selection and Application
10. National Sanitary Foundation (NSF):
a. 14—Plastic Piping System Components and Related Materials
11. Pipe Fabrication Institute (PFI)
a. ES5—Cleaning of Fabricated Piping
12. Society of Automotive Engineers (SAE)

a. J514—Hydraulic Tube Fittings



13. Steel Tank Institute (STI):
a. Sti-P3—3-way Corrosion Protection
14. Underwriters Laboratories (UL)

a. 58—Steel Underground Tanks for Flammable and Combustible Liquids

1.3 PRODUCT STORAGE AND HANDLING

A. Except for hub-and-spigot, clay, and similar units of pipe, provide factory-applied plastic
end-caps on each length of pipe and tube. Maintain end-caps in place through shipping,
storage, and handling to prevent pipe-end damage and eliminate dirt and moisture from
inside of pipe and tube.

B. Where possible, store pipe, valves, fittings, and equipment inside and protected from
weather. Where necessary to store outside, elevate well above grade and enclose with
durable waterproof wrapping.

PART 2—EQUIPMENT AND MATERIALS

2.1 ACCEPTABLE MANUFACTURERS:

A. Manufacturers and model numbers specified herein are to establish quality and
performance only. Products of manufacturers regularly engaged in their manufacture are
acceptable if proven to the Engineer as equal or better quality and performance and as
stated in the General Conditions.

2.2 PIPE AND FITTINGS

A. Pipe furnished under this contract shall conform to ASTM material specifications herein
referenced. All wrought-steel pipe shall meet the standards set forth in ANSI B36.10.

B. Drainage System Soil, Waste, Sparge, and Vent Piping Materials:
1. Polyvinyl Chloride (PVC) Pressure Pipe:

a. PVC pipe for pressure applications for underground installation shall be
of the type and size designated on the drawings, minimum Schedule 40
with solvent-weld joints. Provide threaded joints with Teflon tape or
flange joints with nitrile or urethane gaskets as indicated on the
drawings.

b. All fittings shall be of the same manufacturer, material, class, and
schedule as the pipe.

c. Solvent cement joints for the pipe shall be made in accordance with the
manufacturer's recommendations and ASTM D2855.

d. Stop valves shall be 150-pound, true-union PVC ball valves with TFE
O-rings, 150-pound PVC butterfly valves, or 150-pound non-rising stem
bronze gate valves with screw-in bonnets as indicated.

€. Applicable System Piping:




i.  All below-grade, non-exposed, compressed air piping up to
within 20 feet of riser or outside of manholes as indicated.

2. Polyvinyl Chloride (PVC) Pressure Pipe With Pressure Fittings:

a. PVC fittings shall be Schedule 40 or Schedule 80 as indicated and
conform to ASTM D2466. Joints shall be made with solvent cement in
accordance with the manufacturer's recommendations. Stop valves and
piping between fittings shall be Schedule 40, PVC pressure pipe as
specified above.

b. Applicable System Piping: All soil vapor extraction (SVE) and
groundwater recovery (GW) containment system piping.

3. Galvanized Carbon Steel Pipe:

a. All exposed pipe and fittings for the compressed air piping within 20 feet
of and including piping riser and within manholes and all piping for the
natural gas service line shall be Schedule 40, hot-dipped galvanized
carbon steel pipe.

b. Stop valves shall be 150-pound, non-rising stem bronze gate valves.

c. Piping joints to be screwed with Teflon tape or flange with nitrile or
urethane gaskets as indicated.

d. Applicable System Piping:

i.  Compressed air piping as indicated and specified.

4. High Density Polyethylene (HDPE) Thermoplastic Pipe:

a. Pipe shall conform to ASTM D3350, PE3406 Type 111, Grade P34,
SDR11.
b. Applicable System Piping
i.  Below-grade natural gas piping.

ii.  Soil vapor extraction conveyance piping, groundwater extraction
and injection conveyance piping, and air sparging conveyance
piping.

ili.  The natural gas pipe within five (5) feet of the gas meter and
within five (5) feet of the equipment compound will be plastic-
coated steel or an approved gas line adapter.

C. Natural Gas System Materials (2 inches and smaller):
1. Pipe:

a. Schedule 40, seamless or electric-resistance welded carbon steel ASTM
AS53, Grade A.

b. Pipe underground: Factory-applied plastic-coated pipe, X-TRU-COAT
plastic-coated API-5L, welded carbon steel, Schedule 40, line pipe by
Republic Steel. All field joints and damaged areas shall be protected by
X-TRU-COAT primer and pressure-sensitive tape.

¢. Pipe underground: Where not prohibited by local codes or utilities or by
pressure limitations, black polyethylene thermoplastic piping may be




used. Pipe shall conform to ASTM D3350, PE3406, Type III, Grade
P34.

2. Joints: Screwed or butt-welded for steel pipe. Socket-fusion type as outlined in
ASTM D2657 for polyethylene pipe.

3. Fittings: 150-pound, malleable iron screwed fittings and unions or butt-weld
carbon-steel fittings for steel pipe. Polyethylene fittings shall be of the same
material as the pipe.

4. Stop Valves:

a. Cocks — 125-pound, bronze, threaded ends, square head, Crane No. 254
or equal by Stockham, Jenkins, Walworth, or Lunkenheimer.

23 PIPING SPECIALTIES
A. Gaskets:
1. Rubber gaskets for flanged joints, ASTM D1330:

a. 1/16-inch-thick, full-faced red rubber for all pipe sizes 10 inches and
smaller in diameter.

b. 1/8-inch-thick, full-faced red rubber for all pipe sizes 12 inches and
larger in diameter.

c. 1/16-inch-thick, full-faced neoprene or equal for fuel oil and natural gas
service.

d. Fumish with bolt holes and pipe openings punched.

2. Synthetic fiber gaskets for flanged joints, ASTM F104 (F712400-
A9IB4E44K5M9):

a. Garlock 3200 or 3400 synthetic fiber gaskets with SBR binder,
manufactured by Chicago Wilcox Mfg. Co.

b. 1/16-inch-thick, full-faced for flat faced flanges.

¢. 1/16-inch-thick, ring for raised-faced flanges.

d. Furnish with bolt holes and pipe openings punched.

3. Grooved-End Mechanical Joint Gaskets:

a. Victaulic "Triple Seal" Grade H synthetic, or Gustin-Bacon Style "C"
Type 11 butyl.

b. Lubricate gaskets with a lubricant compatible with gasket material and
service conditions.

c. Flange Bolt Thread Lubricant: An antiseize compound and thread
lubricant designed for 1,000 °F.

B. Insulating Flanges and Unions:
1. Insulating Flanges: Maloney-flanged insulating set, or approved equal,

consisting of Type "E" neoprene laminated phenolic gaskets, integral sleeves,
washers, and flat washers.



2. Unions: Insulating type, Epco or approved equal, installed in a position to take
pipe line expansion as an axial thrust.

C. Instrument Needle Valves:

1. 3,000-pound, bronze, globe or angle needle or Kel-F, stainless-steel stem, "O"
ring or Teflon seal, and screwed ends. Hoke Series 300 or Whitey. Install an
instrument needle valve with each pressure gauge.

24 PIPE HANGERS AND SUPPORTS

A. Pipe hangers and supports shall meet the requirements of Section 5, ChapterIl of
ANSIB31.1 and shall be types as given for MSS Standard Practice SP-58 and SP-69.

B. Constant Support, Spring, and Rigid Hangers: Bergen, Blaw Knox, Fee and Mason,
Grinnell or NAVCO.

C. Pipe hanger and supports shall be of the types listed in Table 1 "Hanger and Support
Selection," MSS Standard Practice SP-69 except that the following figure types given in
Fig. 1 will not be acceptable: Types 5, 6,11, 12,7, 9, 10, and 25.

D. Hangers supporting bare copper pipe shall be copper plated.
E. All hangers shall have electrogalvanized finish unless copper plated.
F. All hanger rods shall be galvanized or cadmium plated.
G. Concrete Inserts and Expansion Shields:
1. Type A:

a. Unistrut Corporation, Series P-3200 inserts or Brinkley Company.

b. Inserts shall be galvanized and have a recommended load capacity of
2,000 pounds per foot of length in average good concrete with a safety
factor of 3.

¢. Inserts shall be continuous and located as required.

d. Provide end caps at each end. End caps shall have attached anchor if
spacing from end of insert to next anchor is greater than 2 inches.

e. Inserts shall be 5% inches wide outside by 1% inches deep outside and
constructed of minimum 12-gauge galvanized steel, adequate for a 76-
inch rod and nut.

f. The Contractor shall furnish Unistrut galvanized nuts with or without
springs required for work under this contract.

2. Type B: Concrete inserts shall be malleable iron Type 18 listed in MSS Standard
Practice SP-69, Grinell, Fig. 282 or Fee and Mason.

3. Type C: Concrete inserts shall be malleable iron, Grinell Fig. 152, Fee and
Mason or approved equal.



2.5 METERS AND GAUGES
A. General:

1. Provide all instruments, meters, gauges, and thermometers, complete with
interconnecting tubing, piping, valves, as specified and as indicated.

2. Provide gauge cock (shutoff/isolation valve) in the instrument piping connection
for all gauges. Gauge cock shall be of the same design requirements as the lines
they serve. Quarter-turn brass plug or ball valves are acceptable.

B. Indicating Pressure Gauges and Flow Meters:
1. Vacuum gauges:

a. Ashcroft 2.5-inch size Model 1490, low-pressure diaphragm gauge or
Company-approved equal.

b. Polysulfone case with %-inch NPT lower connection.

c. Gauges shall be installed into PVC riser with a brass threaded bushing, %
NPT O.D. by %" NPT ID.

d. Range:0"to 100" W.C. in 1" W.C. increments

2. SVE flow meter:

a. Each SVE riser pipe shall be fitted with a Dwyer A160 Thredolet, forged
steel, 3,000 psi with 3/8-inch NPT brass plug.

b. Flow measurements shall be made with a Dwyer DS-200-1.5" Flow
Sensor pitot tubes installed into the thread-o-let fitting. Measurements
shall be made with Dwyer Capsuhelic differential pressure gauges,
Model 4000 and Model 4002.

¢. Range:Model 4000 - 0"-0.5" W.C. vacuum, 0-20 SCFM Model 4002 -
0.1" - 2" W.C. vacuum, 10-70 SCFM

3. SVE Manifold Sample Ports:

a. Each SVE riser pipe shall be fitted with a vapor sample port.

b. Sample ports shall consist of %" threaded brass nipples, %" brass ball
valve, and a %" brass hose barb fitting.

c. Samples shall be collected with a peristaltic pump and dedicated silicon
surgical tubing,.

4. Total Fluids Manifold Sample Ports:

a. Each Total Fluids riser pipe shall be fitted with a fluid sample port.

b. Sample ports shall consist of 3/4" slip by 3/4" slip by FNPT tee cut into
riser, connected to a 3/4-inch bronze ball valve connected in turn to a
3/8-inch brass hose barb fitting.




5. Total fluids flow metering:

a. Individual multiphase extraction wells will be metered by bucket
gauging flow at the sample tap on individual well risers

b. Cumulative total flow measurements will be made under pressure
between the oil-water separator and the air stripper using a Hayes 1-inch
totalizing flow meter

2.5 VALVES
A. PVC Valves Specified

1. Ball Valves:
a. 1.5 Inch, George Fischer MIP type 350 or approved equivalent, FNPT x
FNPT
2. Butterfly Valves:
a. 4-inch NIBCO LD2000 or approved equivalent
3. Check Valves
a. 3/4-inch PVC check valve, TEEL spring type, FNPT x FNPT

B. Brass Valves

1. Pneumatic ball valve, 3/4-inch, DynaQuip VMH2.A9 3/4 or equivalent, FNPT x

FNPT

2. Pneumatic ball valve, 1.5-inch, DynaQuip VMH2.A9 1 1/2 or equivalent, FNPT
x FNPT

3. Pneumatic ball valve, -inch, DynaQuip VMH2.A9 2 or equivalent, FNPT x
FNPT

C. Bronze Valves

1. Bronze ball valve, 3/4-inch, Conbraco Apollo 7010401 or equivalent, FNPT x
FNPT

PART 3—PERFORMANCE

3.1 INSTALLATION
A. General:

1. Furnish all labor, materials, and equipment necessary to make a complete
installation as indicated and specified.

a. Provide all necessary supports, brackets, or foundations for properly
installing all equipment.

b. Coordinate with the other trades before installation of materials.

c. Properly align, adjust, and lubricate all equipment before final
acceptance.

d. Provide vents and drains at high and low points of water systems.

e. All connections to equipment shall be made with unions or flanges.



f. Provide dielectric-type unions where copper piping is connected to
ferrous material.

g. Piping indicated on the plans is diagrammatic and not necessarily the
exact routing. Provide all necessary bends that may be required to avoid
conflicts.

h. Provide sleeves and flashings for all piping penetrating walls or the roof.
Provide all required openings in walls and floors.

i. Test, flush, and balance all systems. Install all vents, test tees, test
connections and other items required by local practice, codes, and
regulations.

B. Piping Installation:
1. General:

a. Install pipe and fittings in accordance with recognized industry practice
which will achieve permanently leakproof piping systems, capable of
performing each indicated service without piping failure.

b. Install each run with a minimum of joints and couplings, but with
adequate and accessible unions for disassembly and maintenance or
replacement of valves and equipment.

c. Reduce sizes (where indicated) by use of reducing fittings.

d. Align pipe accurately at connections within 1/16-inch misalignment
tolerance.

e. Comply with ASME — Code for Pressure Piping.

f. Locate piping runs, except as otherwise indicated, vertically and
horizontally (pitched to drain) and avoid diagonal runs wherever
possible.

g. Orient horizontal runs paralle! with walls and column lines.

h. Locate runs as indicated or described by diagrams, details, and notations
or, if not otherwise indicated, run piping in the shortest route which does
not obstruct usable space or block access for servicing the building and
its equipment.

i. Hold piping close to walls, overhead construction, columns, and other
structural and permanent-enclosure elements of the building.

i. Limit clearance to 0.5-inch where furring is shown for enclosure
or concealment of piping, but allow for insulation thickness, if
any.

j. Where possible, locate insulated piping for 1.0-inch clearance outside
insulation.

k. Wherever possible in finished and occupied spaces, conceal piping from
view by locating in column enclosures, in hollow wall construction, or
above suspended ceilings.

i. Do not encase horizontal runs in solid partitions except as
indicated.

C. Electrical Equipment Spaces:

1. Do not run piping through transformer vaults or other electrical or electronic
equipment spaces and enclosures.



D. Piping System Joints:

1.

Threaded joints:
a. Thread pipe in accordance with ANSI B2.1.
b. Cut threads full and clean using sharp dies.
c. Ream threaded ends to remove burrs and restore full inside diameter.
d. Apply pipe joint compound or pipe joint tape (Teflon) on male threads at

each joint and tighten joint to leave not more than 3 threads exposed.

2. Flanged joints:

a.

b.
C.

Match flanges within piping system and at connections with valves and
equipment.

Clean flange faces and install gaskets.

Tighten bolts to provide uniform compression of gaskets.

3. Glued PVC joints:

a.

Screen, pipe and fittings will be joined with PVC glue (solvent cement)
that meets ASTM D2564 specifications. Interior and exterior surfaces
shall clean and free of dirt, grease, oil, and other foreign materials.
Surfaces to be glued will be further cleaned with PVC primer and
allowed to dry to touch.

Pipe gluing will take place at temperatures above 40 degrees Farenheit.
A thin surface of glue will be applied to interior and exterior surfaces.
The pipe will then be immediately joined with a %-turn twisting motion
until the pipe seats completely in the fitting.

Joined pipe will be held a minimum of 1 minute. Joined pipe will rest a
minimum of 15 minutes before placement in the trenches.

4. HDPE joints:

a.

Sections of polyethylene pipe shall be joined into continuous lengths on
the job site above ground. The joining method shall be the butt fusion
method and shall be performed in strict accordance with the pipe
manufacturers recommendations. Butt fusion equipment used in the
joining procedures shall be capable of meeting all conditions
recommended by the pipe manufacturer, including, but not limited to,
temperature requirements, alignment, and fusion pressures.

HDPE to galvanized steel or PVC transition fittings shall be male nipple
by male NPT carbon steel. HDPE shall be heat shrinked onto the nipple
end of the fitting.

E. Cleaning and Protection:

1.

2.

Cleaning: Clean all fabricated assemblies, according to the provisions of the
Pipe Fabrication Institute Standard ESS5 prior to shipping to the job site.
Protection: Protect all pipe ends of fabricated sections with heavy metal pipe
end-protectors, tack welded to the pipe, and do not remove until pipe is in
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position for final welding. The removal or damaging of these protectors to assist
in moving the pipe in the field will not be tolerated.

3. Clean exterior surfaces of installed piping systems of superfluous materials and
prepare for application of specified coatings, if any.

4. Unless otherwise specified, flush out piping systems with clean water for a
minimum of 10 minutes before proceeding with required tests.

5. Inspect each run of each system for completion of joints, supports, and accessory
items.

F. Hangers, Supports, and Anchors:

1. General:

a. The design, selection, spacing, and application of pipe hangers, supports,
and anchors shall be in accordance with the codes and standards
specified except that ANSI B31.1 — Code for Power Piping shall take
precedence over the MSS SP-69 standard.

b. Hanger class and selection of components shall be in accordance with
those specified.

c. Furnish and install all rigid and spring supports, whether or not they are
shown and detailed, but are required to adequately support the piping
system.

d. Furnish and install for all pipe installed under this contract.

e. Include all necessary structural steel, brackets, and concrete inserts
which are not a part of the building, or specified, but required to properly
support the piping systems.

f. Include necessary temporary supports, and pins for the hydrostatic
testing of steam lines and other lines that are spring supported.

g. Install piping and provide necessary supports and anchors to prevent the
forces and mounting imposed on equipment from exceeding the limits
specified by the equipment manufacturer.

h. The Contractor shall note that a maximum rod size of /g-inch can be
used with Type A concrete insets. Maximum horizontal pipe hangers
and support spacing shall be reduced for 14-inch and larger lines
supported from new and existing Unistrut P-3200 type concrete inserts.

ADJUSTMENT:

A. Prior to putting the piping systems into service, adjust all spring hangers to the correct
cold load, adjust all solid hangers to correct position and remove all temporary hangers
used in erection and testing.

B. After and during the time the piping systems are being put into service, adjust all spring
hangers for the current hot load and align all hanger rods to the vertical position.

C. Hanger Assemblies, Anchors, and Sway Braces Not on Drawings: Pipe hanger
assemblies, anchors, and sway braces other than those indicated on the drawings shall be
designed, selected, and located by the Contractor or hanger manufacturer in accordance
with the following:



1. Make accurate weight balance calculations to determine the required supporting
force on each hanger and to show the reaction and forces on equipment on the
shop drawings. Calculate expansion and movement of all pipe installed under
this contract and select hanger type and components to allow for pipe expansion
and movement.

D. Submit detail shop drawings of each hanger assembly for review and comments.
PART 4—EXECUTION
4.1 TRANSPORTATION AND DELIVERY

A. Every precaution shall be taken to prevent injury to the pipe during transportation and
delivery to the site and handling prior to and during installation. Extreme care must be
taken in loading and unloading the pipe and fittings. Under no conditions shall the pipe
be dropped, bumped, dragged, pushed, or moved in any way which will cause damage to
the pipe.

B. If in the process of transportation, handling, or laying, any pipe is damaged, such pipe or
pipes shall be replaced or repaired by the Contractor at his own expense.

4.2 PIPE LAYING—GENERAL

A. Laying and jointing pipelines shall include the installation of all pipelines. Pipeline
materials shall be as specified or shown. Piping shall be installed where shown or
specified.

B. Proper and suitable tools and appliances for the safe and convenient cutting, handling,
and laying of the pipe and fitting shall be used.

C. Before being laid, all pipe, fittings, and specials shall be examined for defects, and no
piece shall be installed which is known to be defective.

D. Any defective pieces discovered after having been installed shall be removed and
replaced.

E. The pipe and fittings shall be thoroughly cleaned before they are laid and shall be kept
clean until final acceptance. Care shall be exercised to avoid leaving bits of wood, dirt,
and other foreign particles in the pipe. All lines shall be kept clean during construction
and shall be capped off with appropriate caps, tape, or wooden bulkheads at the end of
each day's work. Exposed ends of uncompleted lines shall be capped or otherwise
temporarily sealed at all times when the pipe laying is not in progress. Pipelines shall be
laid accurately to line and grade shown in the drawings.

F. Contractor shall provide all necessary joint gaskets, lubricants, solvents, cements, and all
special tools and accessories that may be required to assemble the pipe or fittings. Pipe
jointing materials shall be stored in a cool place and protected from light, sunlight, heat,

oil, or grease until installed.
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42 PIPE LAYING IN TRENCHES

A. Pipeline in trench excavation shall be properly secured against movement and pipe joints
shall be made in the excavation as shown, specified, or directed by the Company.

B. Pipe laying will be permitted only in dry trenches having a stable bottom. Where
groundwater is encountered, the Contractor shall undertake the necessary dewatering
operations as specified.

C. Where concrete encasement of a pipeline is specified, the pipe shall be encased with a
minimum of 6 inches of concrete.

D. .As soon as the excavation is completed to normal grade of the bottom of the trench, the
Contractor shall immediately place screened gravel bedding conforming to the
requirements specified under Specification 3. Bell holes or female couplings shall be
excavated so that only the barrel of the pipe shall bear upon the bedding over the trench
bottom. Blocking under the pipe will not be permitted. Bedding material shall be placed
to mid-diameter and thoroughly compacted to give firm support to the pipe. The spigot
or male end shall be pushed home into the adjacent bell or female couplings to form a
closed joint. The interior of each pipe shall be inspected while joined to see that the
alignment is preserved. Once the pipe has been joined and tested, bedding material shall
be placed to a level of 6 inches above the top of the pipe. Then backfilling shall begin
and shall be carried out as specified in Specification 3.

. No pipe shall be laid in water or when weather and trench conditions are unsuitable for
pipe laying.

F. Before lowering, and while suspended, the pipe shall be inspected for defects. Any
defective, damaged, or unsound pipe shall be rejected. All foreign matter, such as dirt,
shall be removed from the inside and outside of the pipe before it is lowered into position
in the trench.

G. The cutting of pipe for inserting fittings or closure pieces shall be done in a neat and
workmanlike manner without damage to the pipe. In general, pipe shall be laid with bell
ends, if applicable, facing in the direction of laying. Whenever necessary to deflect pipe
from a straight line, either in the vertical or horizontal plane to avoid obstructions or for
other purposes, the maximum degree of deflection shall be as recommended by the
manufacturer. Pipes shall be furnished in standard laying lengths. Random short lengths
shall be used only as required to connect manholes and cleanouts.

H. Joining shall be accomplished in strict accordance with manufacturers' recommendations.
When solvent-weld joints are required, solvent for pipe jointing shall be as recommended
by the manufacturer of the pipe.

43 ERECTION AND INSTALLATION OF ABOVE-GRADE PIPING

A. General

1. Erect and install all above-grade piping and accessories required to complete the
piping systems as indicated on the drawings, as specified, and as required for a
proper installation.



4.5

2. Above-grade piping erection and installation includes the following:

a. Connections to the remediation equipment building.
b. Connections to existing soil vapor extraction wells.
¢. Testing of piping systems.

B. Installation of above-grade piping

1. Contractor shall fabricate and erect the above-grade portions of the piping in
accordance with the following:

a. The specific arrangements shown on the mechanical and piping detail
drawings for the piping shall not be appreciably varied.

b. Field-route piping in a manner to avoid interference with work by this
purchase order and to provide a neat and accessible installation.

c. Piping shall be installed in a rectangular form either perpendicular to, or
parallel to the building structure, the floor, or to the major equipment
except in cases required or approved by the Company.

d. Pipe shall be routed to avoid aisleways, and equipment maintenance
access areas, and shall satisfy the Company's operation and maintenance
requirements which include locating valves, specials, and instruments at
a point where they are easily accessible. Improperly located piping shall
be removed and rerouted as directed and approved by the Company with
all labor and material furnished by the Contractor.

e. Pipe routing shall avoid interference with required electrical conduit.
The Contractor shall preplan his electrical conduit routing schedule to
avoid such interferences before routing the piping.

f. Access shall not be blocked around equipment, particularly access to
motors.

g. Piping shall not interfere with maintenance access for removal of valves,
flow indicators, motors, motor rotors, process instrumentation, or any
other device which may be required to be removed from piping or
equipment for maintenance.

h. Provide offsets, fittings, unions, drip pockets, vents, drains, hangers, and
supports to make a complete installation.

i. Furnish and install unions in piping systems using screwed joints as
follows:

i. Install so lines may be broken for maintenance, valves or piping
may be removed and equipment disconnected.

ii. Install in lines which are erected without unions and which, in
the opinion of the Company, cannot be properly maintained.

TESTING

A. All vapor extraction piping shall be pressure tested by the Contractor prior to acceptance.
All below grade pipe must be tested prior to backfill.

1. Vacuum Testing: requires that all Soil Vapor Extraction (SVE) process piping
and hose be isolated as necessary and a minimum vacuum of 100 inches water be
applied and the vacuum source disconnected from the piping. The test vacuum is



to be monitored for one hour with an appropriate gauge on the piping system.
The piping and hose must remain at the test vacuum (£2%) to pass the test
procedure.

Pipe systems or sections thereof shall be repaired or replaced by the Contractor at
no cost to the Company until they pass the required test.

B. All pressure piping (e.g, total fluids and pneumatic lines) shall be pressure tested by the
Contractor prior to acceptance. All below grade pipe must be tested prior to backfill.

1.

Pressure Testing: requires that all pressure process piping and hose be isolated as
necessary and a minimum pressure of 100 PSI be applied and the pressure source
disconnected from the piping. The test pressure is to be monitored for one hour
with an appropriate gauge on the piping system. The piping and hose must
remain within 2 % of the test pressure to pass the test procedure.

The integrity of continuous HDPE piping (e.g., no welded joints) may be
determined prior to its use. HDPE that passes may be used without further
testing so long as no welded joints will be placed below grade. All strands of
pipe with welded joints shall be tested prior to backfilling as described above.

END OF SPECIFICATION 4



SPECIFICATION 5
SOIL VAPOR EXTRACTION SYSTEM
PART 1—GENERAL
1.1 DESCRIPTION OF WORK
This specification prescribes the requirements for the installation of the soil vapor extraction and treatment
system. The General Contractor shall provide labor, supervision, materials, equipment, tools, permits, and
services that are required to install, startup, and test the soil vapor extraction and treatment system as

shown on the drawings and as covered in this specification including, but not limited to, the following:

A. Pipe, pipe fittings, and appurtenances necessary for connecting the SVE well to
conveyance piping.

B. Pipe, pipe fittings, valves, flow meters, and appurtenances necessary to construct the SVE
manifold.

C. Natural gas supply line (estimate 1,200 feet) and pressure regulators to operate thermal
oxidizers.

D. Underground and aboveground electrical conduit (as appropriate) and wire from the
service panel to each thermal oxidizer.

E. Piping from the SVE wells to the SVE manifold.
F. Piping from the SVE manifold to the thermal oxidizer manifolds.

G. Thermal oxidizers, moisture separators, automatic transfer pumps, piping, pipe fittings,
and appurtenances necessary to install the vapor extraction unit.

H. Piping from the moisture separator to the wastewater treatment system.
1.2 DEFINITIONS

A. CFR—Code of Federal Regulations
B. SVE—Soil Vapor Extraction
C. OSHA—Occupational Health and Safety Administration

14 SUBMITTALS

A. The General Contractor shall submit product specifications for alternate piping, pipe
fittings, airflow meters, vacuum gauges, etc. Products must be approved by the Engineer
prior to installation.

B. Copies of OSHA 40-hour training certificates and current 8-hour annual refresher training
course completion certificates for the General Contractor's employee or proposed
subcontractor employee. These copies will be submitted to the Engineer before an
employee performs on-site activities. Copies must also be maintained by the General



Contractor on site.
C. PART 2—PRODUCTS
2.1 QUALITY ASSURANCE

A. All electrical work and material shall be in compliance with the ordinances of the city,
state, federal, or other political subdivision having jurisdiction. In the absence of other
more stringent authority, the work shall conform to the requirements of the National
Electric Code (NEC).

B. The General Contractor shall arrange and pay for all necessary official inspections and
permits and shall install or change work as required by official inspection. All such
indicated drawings shall be documented by the General Contractor and reported to the
Engineer to allow for construction options to be exercised.

22 PIPING

All piping that will be used in the SVE system shall be in accordance with design drawings and
Specification 4.

23 FLOW CONTROL AND MEASUREMENT DEVICES

The SVE system shall be provided with flow control valves, vacuum gauges, flow meters, and other pipe
fittings as shown on design drawings and in accordance with all related specifications.

A. Airflow shall be metered by pitot tube in accordance with specification 4.

B. Vacuum shall be gauged using Ashcroft Model 1490 vacuum gauges. Gauges shall be
capable of measuring vacuums from 0 to 100 inches water column. Each riser shall be
equipped with a vacuum gauge upstream of the header. The gauges shall be 2.5 inches in
diameter with a 0.25 inch lower mount NPT connection. Contractor may substitute an
Engineer-approved equivalent.

C. Flow rates at the thermal oxidizer shall be measured by the Baker Furnace 200-cfm
therma) oxidizers provided by Transwestern Pipeline Company. Contractor is not
responsible for performance flow control and measurement devices associated with the
thermal oxidizers.

24 MECHANICAL DEVICES

A. Thermal Oxidizers — The blower assembly will consist of a liquid ring pump, a flow
meter, a moisture separator fitted with an automatic transfer pump, and logic controls.
The blower assembly shall be purchased from Travaini Pumps, USA, or an Engineer-
approved equivalent,

B. Moisture Separators — The moisture separator shall be a 120-gallon cylindrical tank of
type and dimensions suitable for use upstream of the liquid ring pump, and shall be



capable of operating at vacuums between 17 and 29.5 inches Hg and airflow rates up to
150 ACFM. The moisture separator shall be capable of achieving 99 percent moisture
removal of all liquid droplets 10 microns and larger from the influent stream. The
moisture separator shall be purchased from Travaini Pumps USA, or an Engineer-
approved equivalent.

C. Transfer Pumps — The transfer pump shall provide automatic transfer of collected liquid
in the moisture separator to the wastewater treatment plant. The transfer pump shall be
driven by a logic controller to enable automatic startup and shutdown, but shall also be
fitted with a manual override. The pump shall be capable of producing suction heads high
enough to drain the liquid from the moisture separator during operation against a vacuum
between 17 and 29.5 inches Hg. The pump will be capable of transferring the liquid
against a delivery head of approximately 20 psig. The transfer pump will also be fitted
with a check valve to prevent airflow into the moisture separator.

D. Sensiphone Data Transmitters

PART 3—EXECUTION
3.1 INSTALLATION

A. The installation of the Baker Furnace thermal oxidizers shall be in strict compliance with

the manufacturer's technical data and printed instructions. Installation shall include
furnishing the required manufacturer's recommended lubricants for initial operation.
Inspection and calibration of all Baker Furnace supplied metering and measurement
devices necessary for proper performance shall be performed by contractor. Devices
include but are not limited to:

1. Oxygen sensor

2. Lower explosive limit (LEL) sensors
3. Temperature sensors

4. Flow meters

S. Chart recorders

6.

Remote data transmission devices

. Contractor shall not be responsible for replacing malfunctioning devices on thermal

oxidizers. Contractor shall identify faulty or potentially faulty devices and advice
Engineer of necessary or recommended repairs and replacements. Engineer shall develop
a separate scope of work and budget with Contractor to effect repairs and replacements to
thermal oxidizers as necessary.

. Contractor shall provide moisture separators to be installed before thermal oxidizers as

shown on plans. Contractor shall submit manufacturer and model to Engineer for
approval prior to installation. Contractor shall install provide and install oil-less
pneumatic transfer pumps as shown in plans.

. All pipe, pipe fittings, flow control and measurement devices, and appurtenances shall be

installed in accordance with design drawings and Specification 4.

. All electrical work shall be performed in accordance with Specification 7.



3.2

TESTING

A. Following oil water separator, thermal oxidizer, header and piping installations, the
General Contractor shall demonstrate the system performance and shall certify that the
system has been installed to conform with the design drawings and specifications and
subsequent revisions and approvals. The period for startup testing shall be 7 days.

B. Leak Testing

1. Leak testing shall be performed for all exposed and buried pipe. All buried and
exposed pipe shall withstand a pressure of 5 psig for a period of not less than 2
hours without a drop in pressure greater than 0.25 psig. Pressure shall be
measured with a pressure gauge (ANSI Grade B, 2% of full scale accuracy, or
better) or equivalent device, calibrated to read in increments not greater than 0.1
psig. The source of pressure shall be isolated before the pressure tests are made.
All joints shall be sprayed with a soap water solution and visually inspected for
leaks. If the joint leaks, testing shall be discontinued, the joint shall be repaired,
and the pipe retested. Testing shall be conducted with compressed air or inert gas.

C. Startup and performance testing shall be of sufficient complexity and duration to fully

demonstrate the operability of all equipment and systems with respect to functionality,
rate, and capacity over the specified operating ranges of the equipment provided.

END OF SPECIFICATION 5



SPECIFICATION 6

MULTI-PHASE EXTRACTION SYSTEM

PART 1—GENERAL

1.1 DESCRIPTION OF WORK

1.2 DEFINITIONS

A. The General Contractor shall provide labor, supervision, materials, equipment, tools,
permits, and services that are required to install, startup, and test the ground water
recovery system as shown on the drawings and as covered in this specification including,
but not limited to, the following:

a.

b.
c.

o

= I

Pneumatic pumps (15), down-hole pneumatic lines, exhaust lines, and fluid return
lines for each dual-phase extraction well.

Wellhead penetrations for lines as noted on drawings.

Pipe, pipe fittings, and appurtenances necessary for connecting the pneumatic and
ftuid return lines to the conveyance piping.

Well boxes and pressure treated wood extensions as depicted on drawings.

Pipe, pipe fittings, valves, and appurtenances necessary to construct the total
fluids recovery and pneumatic manifolds.

Conveyance piping from wellheads to the manifolds.

Piping from the total fluids recovery manifolds to the oil-water separator.

Piping from the pneumatic manifolds to the air compressor.

Piping, valves and appurtenances necessary to connect to total fluids recovery
manifolds to the oil-water separator and the oil water separator in turn to the air
stripper.

Piping valves and appurtenances to connect the air stripper effluent to the 90-bbl
day tank

Transfer pump, conveyance piping, and sprinklers to discharge treated water
High and low level switches and auto-shutoff interlocks to connect the day tank
transfer pump to the main control panel

Heat tracing and insulation on all exterior exposed total fluids lines

Electrical service to the service panel.

Underground and aboveground electrical conduit (as appropriate) and wire from
the service panel to each piece of remediation equipment (air stripper, thermal
oxidizers, transfer pumps, controllers, heat tracing, etc.).

A. CFR—Code of Federal Regulations

B. OSHA—Occupational Health and Safety Administration

Final Design
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1.3 REFERENCES
A. Regulations

1. 29 CFR 1910.120, OSHA Regulations, Hazardous Waste Operations and
Emergency Response

B. Guidance

1. ASTM D3299, Standard Specification for Filament-Wound Glass-Fiber-
Reinforced Thermoset Resin Corrosion-Resistant Tanks

2. ASTM D5421, Standard Specification for Contact Molded AFiberglass@ (Glass-
Fiber-Reinforced Thermosetting Resin) Flanges

3. ASTM D3350, Standard Specification for Polyethylene Plastics Pipe and Fittings
Material '

4. ASTM AS53/A53M Standard Specification for Pipe, Steel, Black and Hot-Dipped,
Zinc-Coated, Welded and Seamless

S. ASTM F441/F441M, Standard Specification for Chlorinated Polyvinyl Chloride
(CPVC) Plastic Pipe, Schedules 40 and 80

6. ASTM F493, Standard Specification for Solvent Cements for Chlorinated Poly
(Vinyl Chloride) (CPVC) Plastic Pipe and Fittings

7. ASTM F438, Standard Specification for Socket-Type Chlorinated Polyvinyl
Chloride (CPVC) Plastic Pipe Fittings, Schedule 40

8. ASTM D3915, Standard Specification for Rigid Poly (Vinyl Chloride) (PVC) and
Chlorinated Polyvinyl Chloride (CPVC) Compounds for Plastic Pipe and Fittings
Used in Pressure Applications

1.4 SUBMITTALS

A. Copies of OSHA 40-hour training certificates and current 8-hour annual refresher training
course completion certificates for the General Contractor's employee or proposed
subcontractor employee. These copies will be submitted to the Engineer before an
employee performs on-site activities. Copies must also be maintained by the General
Contractor on site.

B. Copy of New Mexico General Contractors license (GB-98) or New Mexico Remediation
Contractors license (GS-29).

C. Copies of all subcontractor licenses as applicable (e.g., electrical, plumbing).
PART 2—PRODUCTS
2.1 QUALITY ASSURANCE
A. All electrical work and material shall be in compliance with the ordinances of the city,
state, federal, or other political subdivision having jurisdiction. In the absence of other
more stringent authority, the work shall conform to the requirements of the NEC.
B. The General Contractor shall arrange and pay for all necessary official inspections and

shall install or change work as required by official inspection. All such indicated

Final Design 11211-2 Ground Water Recovery System



drawings shall be documented by the General Contractor and reported to the Engineer to
allow for construction options to be exercised.

22 EXISTING SITE CONDITIONS

A

Existing natural gas supply at the plant is located about 1,200 feet south of the remediation
equipment compound. Contractor shall run 2-inch HDPE gas line in a trench from gas
line. Contractor shall run 1-inch HPDE water line in same trench.

23 GENERAL

A.

e

The total fluids pumps and controllers shall be supplied by Engineer.

B. The air compressor shall be supplied by Engineer.
C.
D

The oil-water separator, air stripper, and manufacturer supplied transfer pumps shall be
supplied by Engineer as shown on manufacturer supplied cut-sheets.

. Main building, outbuildings, electrical supply, and 200-amp and 60-amp service panels

shall be provided a separate contractor.

All well boxes, well box extensions pipe, pipe supports, valves, sample ports, meters and
other equipment specified and shown on drawings shall be supplied by Remediation
Contractor.

The General Contractor shall comply with all laws, ordinances, codes, rules, and
regulations of the local, state, and federal authorities having jurisdiction over any of the
work specified in this section.

24 TOTAL FLUIDS PUMP SYSTEMS

A. The total fluids recovery system shall consist of 15 top-loading Clean Environment

B.

Engineers model AP-2/TL pneumatic pumps, rated from 0 to 2 gpm, with controllerless
operation and stainless steel outer casing, or an Engineer approved equivalent.

The pneumatic pump system shall have the following major components.

75-feet of ¥5-inch discharge tubing
75-feet of 3/8-inch air supply tubing
75-feet of 3/8-inch air exhaust tubing
75-feet of suspension cable
5-micron filter regulator
4-inch well cap with appropriate couplings for tubing
Wellhead piping, fittings, and appurtenances as indicated on the drawings.
Pneumatic and total fluids recovery manifolds as indicated on the drawings.
Well boxes and extensions as shown on drawings.
. Installation of the air compressor provided by Engineer as shown on drawings.
. Electrical conduit, control wiring, and service to the control panel as shown on
the drawings.

i Al
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25 OIL-WATER SEPARATOR

B.

Final Design

A.

Oil-water separator shall be a Carbonair COWS 25 or Engineer approved equivalent.

The oil-water separator system shall have the following major components.
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25 gpm capacity
178 gallon working volume
105 gallon capacity sump
68” long x 28” wide x 46” high FRP vessel
3” inlets and water outlet
2” oil outlet
Coalescing media
Vapor tight cover
Solids collection sump
. Adjustable oil skimmer
. Sight glass with pump operation switches
. Mounted on common stee] stand
. 100 gallon UL 142 Product drum with H/L switch
. Myers CT centrifugal transfer pump, rated at 15 gpm with 30-feet TDH, %-hp,
230V, XP motor
15. Valves, fittings, and appurtenances as indicated on the drawings.
16. Heat tracing and insulation on all exposed piping.
17. The oil-water separator shall be set on a angle iron frame bolted to the concrete
slab such that it is raised 18" as shown on the drawings.
18. Gravity drainage system for collection of separated fluids into 55-gallon drum as
shown on drawings.
19. 55-gallon drum with secondary containment equal to 100 gallons capacity.
20. Electrical conduit and service to the transfer pump between the oil-water separator
and the air stripper as shown on the drawings.

WR_NAN R WD

fod et bmad kb
BWN O

2.6 AIR STRIPPER
A. Air stripper shall be a Carbonair STAT 80 or Engineer approved equivalent.
B. The air stripper system shall have the following major components.

SST sump with high level alarm and pump operation switches
5-trays with demister and fasteners

5-hp, 3-phase, TEFC blower (300 cfm @40 wc)

Blower low pressure alarm switch

Blower pressure gauge

1-hp, 230V, 3-phase, XP transfer pump (20 gpm @ 50° TDH)
Mounted on common skid

Effluent totalizing flowmeter with transmitter

Valves, fittings, and appurtenances as indicated on the drawings.

. Heat tracing and insulation on all exposed piping.

. The air stripper shall be placed on concrete as shown on the drawings.

. The treated effluent discharge system will consist of a transfer pump (supplied)
and one-inch underground HDPE conveyance line (approximately 250 feet) to the
existing day tank.

. Electrical conduit, control wiring, and service to the air stripper and effluent
transfer pump as shown on the drawings.
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2.7 CONTROL PANEL

A. Control panel shall be provided by pneumatic pump and remediation equipment supplier.
The control panel shall be a Carbonair Series 1000 control system in a NEMA 4 enclosure
to mount on a Unistrut frame on the skid. For operation on 115/230 volt, 39, 4 wire
incoming electrical service. To provide control for the % HP transfer pump, 7.5 HP STAT
low profile air stripper blower, 1 HP air stripper discharge pump. With all required control
pilot devices, alarms and interlocks.

B. The control panel shall have the following major components.

1. Enclosure, NEMA 4, 30"h, 30"w, 12"d with padlock handle, data pocket (small),
swing-out panel and sub-panel .

2. Disconnect, non-fusible, 100A with lockable operating handle and shaft

3. Distribution block, 3 pole; L1, L.2, L3

4. Distribution block, 1 pole; Neutral

5. 3-Motor starters: Contactor 23A FLA with 1 aux. contact/Overload relay 3.7-12A,
3@, manual reset; 1 and 1.5 HP pumps, 7.5 HP blower

6. Motor starter: Contactor 60A FLA with 1-aux. contact/Overload relay 26-85A,

3@, manual reset; 20 HP LRP
7. 4-Overload reset pushbutton (through door)
8. 1-Circuit breaker 230V 1P10A 10K; control power
9. 1-Circuit breaker 230V 1P15A 10K; vent fan, lights, and heater
10. 2-Circuit breaker 230V 3P15A 10K; pumps
11. 1-Circuit breaker 230V 3P20A 10K; STAT blower
12. 5-Switch; three position; Hand-Off-Auto with integral Run indication
13. 6-Light (red/LED); alarms
14. 1-Pushbutton (red/NC); alarm Reset
15. 2-Intrinsically safe dual pump level control with dual level alarms
16. 2-Intrinsically safe barrier, two channel, 120 VAC; alarms
17. Relay/timer logic
18. Engraved laminated legends for all door mounted devices
19. Terminal blocks for customer connections and fusing as required
20. Color-coded wiring with wire markers at all terminations
21. Serialized ULS508 Industrial Control Panel label
22. Fully documented, assembled, wired and pre-shipment test
23. 1- Sensaphone model 1108 autodialer
24. Electrical conduit and wiring to the service panel.

2.8 DAY TANK AND IRRIGATION SYSTEM

A. The day tank is an existing 90-bbl (approximately 3,800 gallon) vertical above ground
storage tank in secondary containment located 40 feet west of MW-2 as shown on
drawings. The day tank shall be used for water storage prior to discharge by transfer pump
to irrigation sprinkler heads.

B. The day tank will be fitted with high-level and low-level switches. When the high level

switch is contacted, the transfer pump shall start discharging water to the sprinkler heads.
When the low level switch is contacted, pumping shall cease. A second high-level switch
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B. Pumps and ancillary equipment shall be installed in accordance with the design drawings

and as covered in this specification.

32 TESTING

A. Following completion of the total fluids recovery system, day tank retrofit, and irrigation

system installations, the General Contractor shall demonstrate the system performance and
shall certify that the system has been installed to conform with the design drawings and
specifications and subsequent revisions and approvals.

Startup and performance testing shall be of sufficient complexity and duration to fully
demonstrate the operability of all equipment and systems with respect to functionality,
rate, and capacity over the specified operating ranges of the equipment provided. The
period of startup testing shall be not less than 7 days.

C. All piping shall be leak tested per Specification 4.

Final Design

END OF SPECIFICATION 6

11211-7 Ground Water Recovery System




1.1

1.2

SPECIFICATION 7

ELECTRICAL

PART 1 - GENERAL

SUMMARY

Provide all labor and material for installation of the following:

A.

o 0w

t

120/240 volt, three-phase, 4-wire, 200 ampere overhead service drop to equipment
compound

2-60 ampere subpanels (1-per shed)
Feeder circuit and NEMA 3R load center.
Branch circuits to receptacles, lights, and equipment as indicated.

Grounding.

REFERENCES

A.

AMERICAN NATIONAL STANDARDS INSTITUTE (ANSI)
1. C80.1 — Rigid Steel Conduit, Zinc-Coated.
AMERICAN SOCIETY FOR TESTING AND MATERIALS (ASTM)

1. B3 - Soft or Annealed Copper Wire.
2. B8 - Concentric Lay Stranded Copper Conductors, Hard, Medium - Hard, or Soft.

NATIONAL ELECTRICAL MANUFACTURERS ASSOCIATION (NEMA)

[a—y

AB1 - Molded Case Circuit Breakers.

FBI1 - Fittings, Cast Metal Boxes, and Conduit Bodies for Conduit and Cable
Assemblies.

FU1 - Low Voltage Cartridge Fuses.

ICS6 - Enclosures for Industrial Control and Systems.

KS1 - Enclosed Switches.

.PB1 - Panelboards.

RN1 - Polyvinyl Chloride (PVC) Externally Coated Galvanized Rigid Steel
Conduit and Intermediate Metal Conduit.

8. ST20 - Dry-type Transformers for General Applications.

0

NoO U e W

NATIONAL FIRE PROTECTION ASSOCIATION (NFPA)

1. 70 - National Electrical Code (NEC).

16100-1 Electrical



1.3

1.4.

E. UNDERWRITERS LABORATORIES (UL)
1. 6 - Rigid Metal Electrical Conduit.
2. 50 - Cabinets and Boxes.
3. 67 - Panelboards.
4, 360 - Liquid-tight Flexible Steel Conduit, Electrical.
5. 467 - Electrical Grounding and Bonding Equipment.
6. 489 - Molded-case Circuit Breakers and Circuit-Breaker Enclosures.
7. 514A - Metallic Outlet Boxes, Electrical.
8. 514B - Fittings for Conduit and Outlet Boxes.
9. 651 - Schedule 40 and 80 Rigid PVC Conduit.
10. 844 - Electric Lighting Fixtures for use in Hazardous (Classified) Locations.
11. 1010 - Receptacle-Plug Combinations for Use in Hazardous (Classified)
Locations.
12. 1561 - Dry-Type General Purpose and Power Transformers.
SUBMITTALS
A. SUBMIT CATALOG CUT SHEETS FOR THE FOLLOWING EQUIPMENT:
1. Wiring devices.
2. Wire and cable.
3. Safety switches (disconnects).

B. DRAWINGS AND DATA SHEETS: Submit drawings and data sheets with equipment
outline dimensions, weight, electrical ratings, and wiring diagrams for the following
equipment:

1. Load centers and panelboards.
2. Motor starters.
3. Control devices, including level and pressure switches.

SITE CONDITIONS

Unless indicated otherwise, the site is classified Class I, Division 1 below grade and Class I, Division 2
from grade elevation to 18 inches above grade. Areas above grade near well heads are classified as
indicated. Equipments shall be located outside the hazardous areas whenever possible.

2.1

PART 2 - PRODUCTS

CONDUIT AND FITTINGS

A

CONDUIT: Conduit shall be rigid galvanized steel conforming to ANSI C80.1 and UL 6.
Minimum size shall be % inch unless indicated otherwise.

FITTINGS: Fittings and outlet bodies shall be cast gray iron alloy or cast malleable iron
bodies and covers with a cadmium plated finish. Units in damp or wet areas or outdoors
shall be gasketed and watertight. Fittings and outlet bodies shall conform to NEMA FB1

and UL514B.
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24

WIRE AND CABLE

A. All conductors shall be copper conforming to ASTM B3 and B8. Minimum insulation
rating for power and control wiring shall be 600 volts. Conductors No.10 AWG and
smaller shall be solid, No.8 AWG and larger shall be stranded, and instrumentation and
control cable shall be stranded regardless of size.

B. Wire and cable No.4 AWG and larger shall be NEC Type XHHW. No.6 AWG and
smaller shall be NEC Type THHN/THWN.

C. Wire and cable for grounding shall be bare copper, Type BC. Equipment ground
conductors shall be either bare copper or an identified "green" conductor.

WIRING DEVICES

A. RECEPTACLES FOR NON-HAZARDOUS AREAS

1. Specification grade, rated 20 amperes, 125 volts, NEMA configuration 5-20R.
. Back and side wired with heavy duty, triple wipe "T" contacts.
3. Cover plates shall be galvanized steel for indoor and dry locations and

Crouse-Hinds Type WLRS for outdoor and wet locations.

B. RECEPTACLES FOR HAZARDOUS AREAS

1. Dead front, delayed action circuit breaking type, rated for Class I, Group D
locations.

2. Receptacle shall be deenergized until the plug is fully inserted and rotated.

3. With the receptacle switch closed, the plug shall be locked in the receptacle to
prevent disengagement while under load.

4, Receptacle shall be rated 20 amperes, 125 volts, NEMA configuration 5-20R.

C. SWITCHES

1. Specification grade, quiet type, rated 20-amperes at 277 volts. Switch shall be
mounted in FS or FD boxes with galvanized metal cover plate. Switches located
outdoors or in damp and wet locations shall be furnished with a Crouse-Hinds
Catalog No.DS128 or DS185 raintight cover.

D. BOXES
1. Cast gray iron alloy or cast malleable iron, with a cadmium finish.
2. Type FS or FD.

DISTRIBUTION

A. PANELBOARDS

1. Shall conform to NEMA PB1, UL 50 and UL 67. Arrangement shall be as
indicated.
2. Provide with copper bas bars, solid neutral bar.
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Enclosure shall be NEMA 3R. Provide with door lock.

Circuit breakers shall be molded case, thermal magnetic type, with the trip ratings
and number of poles as indicated. Breakers shall be manufactured by the same
manufacturer as the panelboard and conform to NEMA ABI.

The branch circuit interrupting capacity shall be 10,000 amperes symmetrical
unless indicated otherwise.

MANUAL MOTOR STARTERS

1.

i

Provide integral horsepower, full voltage, non-reversing manual motor starters.
The contactors shall be horsepower rated, NEMA sizes M-O, M-1, and M-1P.
The contact mechanism shall be quick-make, quick-break.

Provide with manually reset thermal overload relays. The overload mechanism
shall be trip-free from the operating handle.

Provide with low voltage protection where indicated.

Enclosure shall be NEMA 4 stainless steel or NEMA 7 for Class 1, Group D areas
as indicated.

Acceptable manufacturers:

Allen-Bradley, Bulletin 609
Cutler-Hammer, 9115 Series
Fumnas, Class 11

General Electric, CR1062 Series
Siemens

Square D, Class 2510
Westinghouse, Type B100

e Ao o

MAGNETIC MOTOR STARTERS

[

W

4,

5.

Provide combination magnetic motor starters as indicated.

NEMA rated starters. Minimum starter size shall be size O.

Disconnecting handle shall be lockable in the OFF position. Enclosure door shall
be interlocked with the disconnecting means to prevent opening the door with the
disconnect on. Provide a defeat mechanism for the interlock to allow authorized
personnel access while the starter is energized.

Provide three overloads in three-phase starters. Overloads shall be manually reset
from the outside of the enclosure.

Control voltage shall be 120 volts maximum. Provide control power transformers
as required.

6. Provide auxiliary contacts required for the control indicated. As a minimum provide

IN.O. and 1 N.C. contact.

CONTACTORS

1. Provide as indicated.

2. NEMA rated. Minimum size shall be size O.

3. Control voltage shall be 120 volts maximum.

4, Provide contacts required for the control indicated.
5. Control voltage shall be 120 volts maximum.
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6. Provide auxiliary contacts required for the control indicated. As a minimum
provide IN.O. and 1 N.C. contact.
DISCONNECT SWITCHES
A. Provide horsepower rated, heavy duty, single throw switches with visible blades.

B. Switches shall be nonfused or fused as indicated.
C. Number of poles shall be as indicated.
D. Conform to NEMA KS 1.

E. Enclosures shall be NEMA 12 for dry indoor locations and NEMA 4X for outdoor and
damp or wet indoor locations.

F. Provide where indicated and where required by the NEC.

LIGHTING
A. LAMPS
1. Fluorescent lamps shall be rapid-start, 48 inch, cool white, FAOCW.
High pressure sodium lamps shall have a mogul base and a diffuse coating.
Wattage shall be as specified for specific luminaires.
3. Incandescent lamps shall be as specified for specific luminaires.
B BALLASTS
1. Fluorescent: High power factor, thermally protected Class P. Power factor shall

be 0.9 or higher. Units installed in unheated areas shall have a minimum starting
temperature of 0°F.

C. LIGHTING FIXTURES

1. TypeL - 1:
a. 1X4 fi. industrial fluorescent luminaire for dry indoor locations.
b. Shall be constructed of 20-gauge (minimum) steel, formed to provide a
rigid wiring channel. Finish shall be white, baked-in enamel.
c. Reflector shall be 20-gauge (minimum) steel with a porcelain enamel

finish that provides a minimum reflectance of 85 percent. Reflector shall
provide 10 percent uplight.

d. Designed for pendant or chain mounting.
e. Provide with 2 lamps.
f. Operate from 120 volts.
2. Type L - 2:
a. 1X4 ft. industrial fluorescent luminaire for wet locations.

3. TypeL - 3:
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2.7

2.8

a. HID, enclosed and gasketed rated for Class I, Division 2 locations.

4, Type L - 4:

a. Incandescent, emergency lighting unit.
5. TypeL - 5:
a. Incandescent exit light.

6. TypeL - 6:

a. Wall mounted, vandal resistant, HPS outdoor luminaire
b. Die-cast aluminum housing with bronze finish
c. Polycarbonate prismatic lens
d. Full front access
€. Provide with 70 watt, HPS lamp
f. Integral photocontrol
g. UL listed, suitable for wet locations
h. . Acceptable manufacturers:
1) Day-brite, Cat. No. WL70HS-DT-PEC.
2) Hubbel, Cat. No.PVL-0070S-118 with accessories PBT-1 and
PVL-PK.
GROUNDING
A. Equipment and materials for grounding shall conform to UL 467.
B. Ground rods shall be copperclad steel, ¥a-inch-diameter, 10-feet-long.
C. Connectors shall be copper-alloy, compression-type, specifically designed for the
connection to be made.
SUPPORT SYSTEM
A. Fabricated from manufactured framing members equal to Unistrut P-3000 series as
manufactured by Unistrut Corporation.
B. Construct as required to rigidly support all conduit runs and boxes.
C. Hot-dip galvanized steel or cast-aluminum conduit clamps, sized for the specific conduit
size, to support all exposed metallic conduit.
D. Nonmagnetic clamps to support nonmetallic conduits.
E. Provide stainless steel rods, anchors, inserts, bolts, washer and nuts with all other support

hardware electrogalvanized steel.
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F. Channel hot-dipped galvanized after all manufacturing operations are completed.

PART 3 - EXECUTION

3.1 CONDUIT INSTALLATION

A. GENERAL REQUIREMENTS

1.

2.

Shift locations as required to avoid interference with other equipment and piping
being installed.

Where routing of conduit is not indicated, route conduit as specified subject to
approval by Engineer.

Do not use conduit in sizes smaller than % inch, except Yzinch may be used for
connections to control devices and thermocouples (where necessary).

Holes and Sleeves:

a. Provide through floors, walls and roofs as necessary for conduit runs,
including approved flashing and weather proofing at outside walls and on
roofs.

Install sleeves or forms for all openings in new work.
C. Provide the required inserts and holes, completely sleeved, bonded,

curbed, flashed and finished off in an approved manner, whether in
concrete, steel grating, metal panels or roofs.

d. Core-drill all holes required in existing building work using a dustless
method.
e. Place nonshrinking grout or Dow Corning 3-6548 Silicone RTV or

equivalent General Electric RTV 851 foam as specified in all holes in
concrete, walls, floor and roof slabs after installation of conduit.

f. Install wall entrance seals where conduit enters the building or vaults
from exterior underground.
2. Install fire and smoke stop fittings at all conduit penetration of fire rated

walls, ceilings and floors.
Make connections to boxes, panels and other equipment as follows:

a .Double Jocknuts, one inside and one outside.
b. Bushings:

Threaded malleable iron or steel.

Insulated with Bakelite, molded and bonded into the bushing.
Placed on end of conduit in addition to locknuts.

Install with integral grounding connector and conductor where all
conduits pass through multiple concentric panel knockouts and
where the conduit must be bonded to equipment to which it is not
attached.

Running threads will not be permitted.

Coat all field cut threads in galvanized conduit with aluminum
paint.

bl ol e
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8. Place drainage fittings or weep holes at unavoidable low points
where moisture can collect.

9. Install an entire conduit system that is electrically continuous with
bonding jumpers provided as necessary to conform to NEC.

10. Provide suitable protection for conduit risers against damage
during construction.

1. Cap ends of all conduits before concrete is poured.

12. Cap all conduits after cleaning where conduits are to be left
empty by this contract.

13. Carefully ream ends of all conduit lengths after cutting to
eliminate sharp burrs,

14. Clean out all conduit before pulling wire.
15. Clean out all conduits immediately after concrete work is
finished.

EXPOSED INSTALLATION

1. Install horizontal runs as high above floor as possible, and in no case lower than 7
feet above floor, walkway, or platform in passage area.

2. Run conduit paraliel or perpendicular to walls, ceiling, beams and columns unless
indicated otherwise.

3. Route to clear all doors, windows, access wells and openings.

4, Group parallel runs in neatly aligned banks where possible with minimum of
1-inch clearance between conduits.

5. Maintain 6-inch clearance between conduit and coverings on all hot lines; steam
and hot water.

6. Do not exceed a distance of 8 feet between supports on horizontal or vertical runs.

CONCEALED INSTALLATION

1. Do not install conduit in concrete where conduit outside diameter exceeds
one-third of concrete thickness.

2. Install parallel runs with a minimum spacing of three conduit diameters between
conduits.

3. Use expansion and deflection fitting with bonding jumpers at all concrete
expansion joints,

4. Tie securely in place to prevent movement when concrete is poured.

5. Install in floor slabs in as straight a run as possible. Conduit crossovers are not
permitted unless conduit total outside diameter is one-third of the concrete
thickness or less.

6. Use long radius elbows except on risers where curved portion or elbow would
extend above the finished floor or foundation.

7. Make all joints watertight after installation by coating all finished joints with coal

tar solution applied at 15 mils minimum dry film.

a. Koppers — No. 50
b. Tnemec — 46-449
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BURIED INSTALLATION

1. Use PVC conduit.

2. Make all joints watertight with cement furnished by the conduit manufacturer.

3. Bury conduits a minimum of 24-inches below finish grade unless indicated
otherwise.

4. Slope conduit away from conduit risers where possible.

5. Maintain 6-inch separation from underground piping.

6. Use long radius bends at all risers where possible.

7. After trench bottom has been finished to grade, lay conduit. Cap the ends of all

conduit risers before backfilling. Backfilling shall be as specified in Division 2.

WIRE AND CABLE INSTALLATION

A.

Use insulating types of pulling compounds containing no mineral oil. Pulling tension
shall be within the limits recommended by the wire and cable manufacturer. Use a
dynamometer where mechanical means are used. Cut off section subject to mechanical
means.

Bending radius shall be limited to 8 times cable overall diameter.

Provide maximum slack at all terminal points. Support cables so that strain on cable will
not be transmitted to the termination.

Use solderless-type connectors. For wire sizes up to No.6 AWG, use compression type,
and B Sta-Kon, Burndy Hylug, or equal. For sizes No.4 and above, use either
compression-type or bolted-type with silver-plated contact faces. For sizes No.250 MCM
and larger, use connectors with at least 2 cable clamping elements or compression indents
and provision for at least 2 bolts for joining to apparatus terminals.

Install cable continuous, without splice from termination to termination. Where required,
splice in junction box using terminal boards for all control wiring and approved
connectors as specified for all power wiring. Splices in conduits not allowed. All splices
must be approved by the Engineer in advance of making said splice.

Identify all conductors at each end by circuit number or terminal number at each terminal
in control center, panelboard, device box, junction box, pull box, manhole and terminal
panel. Use pressure-sensitive labels. Record the identification of each wire and cable on
drawings.

Install color code power cable insulation as follows:

1. 120/208 volt phase legs:
a. Black
b. Red
c. Blue
2 120/208 volt neutrals - White
3. 277/480 volt phase legs
a. Yellow
b. Brown
c. Orange
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277/480 volt neutrals - Gray
Ground conductors - Green

S

Where conductor insulation cannot be furnished, color impregnated conductors
shall be color coded at all accessible locations with colored plastic adhesive tapes
suitable for the application. In all cases, color-coding shall be as indicated in the
schedule above.

H. Shielded cable shall be installed in conduit separate from power cables. Ground shield at
one end only or as recommended by instrument manufacturer. Terminate stranded
conductors with preinsulated crimp type spade or ring tongue terminals.

1. Minimum wire sizes shall be No.12 AWG for power and lighting, No.14 AWG for control
and No.18 AWG for instrumentation.

GROUNDING INSTALLATION
A. Ground all electrical equipment as indicated and to comply with the NEC.
B. Provide separate stranded copper green insulated ground conductors with all branch

circuit and feeder wiring installed in conduit. Connect to ground bus where service
originates and to equipment being served. Size ground conductors in accordance with the
National Electrical Code if not indicated.

C. Connect ground conductors to conduit with copper clamps, straps or with grounding
bushings.

D. Connect to metal piping by welding or brazing. Use copper bonding jumpers on all
gasketed joints.

E. Connect to equipment by means of lug compressed on cable end. Bolt lug to equipment

frame using holes or terminals provided on equipment specifically for grounding. Do not
use anchor bolts. Where grounding provisions are not included, drill suitable holes in
locations designated by the Engineer.

F. Connect to service water piping by means of copper clamps.

G. Ground instruments and conductor shields and drain wires in accordance with the
recommendations of the instrument manufacturer.

H. Scrape bolted surfaces clean and coat with oxide-resistance compound.
LIGHTING AND DEVICES INSTALLATION

A Fixture mounting heights and locations indicated are approximate and are subject to
revision in the field where necessary to clear conflicts and obstructions.
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B. Suspended fixtures shall be pendant mounted using V2-inch conduit stems. Ground to
outlet box. Attach mounting to building structure with anchors of the type required for the
construction surface.

C. Surface mounted fixtures shall be attached to appropriate outlet boxes.
D. Boxes and Fixtures
1. For units mounted against steel, masonry or concrete walls, provide suitable 1.5-
inch spacers to prevent mounting back of box directly against wall.
2. Bolt units rigidly to building with expansion anchors, toggle bolts, hangers or
Unistrut.
3. No boxes to be installed with open conduit holes.
4. Label each circuit and identify with tag.
E. Mounting heights or elevations are to bottom of fixture or to centerline of device.
1. Fixtures: As indicated.
. Wall Switches: 4 feet, 6 inches above finished floor.
3. Outlets: 1 foot, 6 inches above finished floor in nonhazardous areas, or as
indicated.
FIELD TESTING
A. WIRE AND CABLE TESTS (FEEDER, BRANCH AND CONTROL CIRCUITS
ONLY)
1. Megger all 600V insulated wire with a 500V megger for one minute, and record

the values. Determine the values with all panelboards, fuse holders, switches, and
overcurrent devices in place. Do not connect motors and transformers during
meggering. Megger wire and cable after installation, not on the cable reel.

Check all control cable by megger tests similar to those described for 600V
insulated wire. Check all control wiring for tightness of terminal contacts and
continuity through each run of control circuiting. Thoroughly verify all wiring.
Provide all phasing tests and make all changes necessary to assure proper rotation
of all motors, the correct phasing and phase sequence of all circuits susceptible to
being paralleled, the proper polarity on all instrument transformer wiring, and
such other phasing tests as may be required for the equipment being connected.

B. GROUNDING TESTS

1.

3.

Measure resistance of ground system at each ground riser.
Record results and notify Engineer if any reading exceeds 5 ohms.
Test by one of the following methods for resistance measurement:

a. 3-point method, using an ammeter and voltmeter with AC or DC power
supply
b. Commercial instrument method
END OF SECTION 7
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COMPRESSED AIR SYSTEM QUOTATION

(1) CURTIS, Model R/S10-T Rotary Screw Air Compressor

10 HP, 460 Volt, 3 Phase, 60 Hz
TEFC motor
NEMA 4 electrical
Capacity: 42 CFM @ 100 PSI
Mounted on 80 gallon ASME receiver
........................................................................................ $5,785.00

1
1
I
1
1
I
I
| l{ (1) CURTIS, Model R/S15-T Rotary Screw Air Compressor

15 HP, 460 Volt, 3 Phase, 60 Hz
TEFC motor

NEMA 4 electrical

Capacity: 67 CFM @ 100 PSi
Mounted on 80 gallon ASME receiver

----------------------------------------------------------------------------------------

TERMS FOR SHIPMENT IN U.S.
. [r\j;:ﬂ-ef
Pricing: Tax not Included In price. ‘fnv-duf

H# tex exempt, please supply your tax exempt
information to our accounting department
with your purchase order.

Vaild: For 90 Days from date of this quotation.

Dellvery: " F.0.B. St. Loyls, MO

Add incoming freight to quoted prices.
Allow 2 t0 3 wesks for shipment, after receipt of order.

Sales - Service - Preventive Maintenance - Air Compressors - Viacuum - Blowers
Custom Packaging - 1ISO 8000 - Breathing Air Systems - Of Waler Separation Unils

l Terms: Net 30 Days upon approval of credit.

TOTAL P.@3
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CURTIS-TOLEDO

Phone: 800-925-5431 Fax:314-381-1439
E-mail: CurtisComp@aol.com

CURTIS R/S SERIES
ROTARY SCREW AIR COMPRESSORS
5-300 Horsepower

BASE MOUNTED BASE MOUNTED

OPEN ENCLOSED
5-300 HP 5-300 HP

HIGH PERFORMANCE - ENERGY EFFICIENT
100% DUTY CYCLE - BASE AND TANK MOUNTED

Features Standard Equipment Specifications

B R

“"CURTIS REDEFINES WHAT IT TAKES TO MAKE A
SUPERIOR COMPRESSOR"

SINCE 1854 CURTIS has been synonymous with quality products and service. Curtis continues this
tradition with the R/S Series Rotary Screw line. -

THROUGH SUPERIOR ENGINEERING our compressors are unmatched in terms of durability and
performance. Our advanced R/S air end profile along with an energy efficient control system delivers
more air output per energy dollar. We challenge you to compare Curtis with any other design in the
industry.

YOU'LL RECEIVE KNOWLEDGEABLE ASSISTANCE from your local Curtis distributor along with our
in-house customer service and engineering staff. This combination of outstanding quality products and
service has made Curtis a leader in the compressed air industry.
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OPEN DESIGN OR ACOUSTICAL ENCLOSURE - Depending on your preference, Curtis offers high
quality optional enclosures. Metal cabinet is lined with oil resistant sound-proof padding. Durable
powder coated finish ensures your Curtis compressor will look great many years down the road.
Removable lid and service access doors provide for easy maintenance.

BASE OR TANK MOUNTED - For your convenience, Curtis offers both configurations to meet your
installation requirements. ASME tank mounted units can also offer reduced system floor space.

AIR OR WATERCOOLED - If ambient temperature could be excessive consider our watercooled
package. Curtis offers both air and watercooled designs to meet most applications.

SIMPLE INSTALLATION, EASY MAINTENANCE - No foundation required. All compressors come
wired, pre-piped, pre-tested and "ready to run". Unit design is virtually vibration free and operates at
fow dBA levels. Each compressor is fully crated to avoid shipping damage. All components and
service points are conveniently located for ease of maintenance.

FACTORY TRAINED SERVICE NETWORK - Curtis continually conducts comprehensive service
training schools available for all distributors. This ensures quality service support for all Curtis

customers.

[P S S e ]
LOADED WITH THE FEATURES YOU NEED

ENERGY EFFICIENT CONTROL SYSTEM

For proven maximum energy savings Curtis offers on
line-off line or start-stop control with delay off timer.
Optional modulation may also be added (Modulation is
standard on 25 HP+). During unload cycle sump drops

to low pressure resulting in an additional 10-12%

electrical savings over conventional sytems when in idle

mode.

INSTRUMENTATION

Display includes discharge and sump pressure gauges,

temperature gauge, hour meter, dual high air/oil

shutdown switches with light, start-stop/reset buttons,
dual control switch, no load start switch, standby light,

and power-on light.

CONTROL CABINET

Conveniently located with hinged access door.
Built-in across the line magnetic motor starters
with thermal overload protection ensures long
motor life. 115 volt control circuit transformer is
provided for safe operation. Standard NEMA 1
Rated cabinet and electrical controls are U.L. and
CSA listed. All electrical components are standard
off the shelf for easy replacement.

ELECTRIC MOTORS

The R/S Series is designed using off the shelf
motors and drive train parts. Heavy duty NEMA
design motors with a 1.15 to 1.25 service factor
are used to ensure dependable long life.

SIDE BY SIDE AIR/OIL COOLERS

This arrangement allows for very low approach
temperatures vs. less efficient "stacked" design.
This increases overall efficiency and provides for a
cooler running compressor. Thermostatically
controlled oil bypass valve insures proper oil
temperature to extend air end life. Side by side
coolers also offer easy access for cleaning.

"R/S" ROTOR PROFILE

INCREASED EFFICIENCY - The CURTIS "R/S"
Profile with it's high precision finish offers the
shortest possible sealing line to ensure minimal
internal losses. This design along with low
rotational speeds give you maximum CFM
output per energy dollar. The "R/S" profile
allows for extra CFM output even at pressures as



nign as 1/5 PolG.

LONG LIFE-LARGE DIAMETER BEARINGS
Large cylindrical roller bearings are designed for
years of continuous service. Precision ball
bearings with angular thrust contact
provides twice the needed thrust loading.
Bearings are a significant part of any air end and
Curtis puts an emphasis on their long life
bearings.

OIL SEPARATORS :

VERTICAL MULTI-STAGE SEPARATION - First
stage separation is achieved by offset air/oil inlet
and special baffling which centrifugally separates
95% of oil from air.

Second stage separator element is sized so that
even under maximum capacity flow, the velocity
through the filter is less than 1 ft./sec. for
maximum efficiency. Our separator element will
RUGGED AIR END DESIGN last longer due to our unique oversized design.
All Curtis Air Ends are manufactured to 1SO 9001 This oil separation system provides virtually oil-
Certification and are built for 100% duty cycle. Zero free air.

wear Curtis rotors run in an oil bath and have no metal

to metal contact. In most cases, our rotors and ASME CODED, VERTICAL SEPARATOR TANK saves
bearings are larger by horsepower range than space and reduces turbulence to prevent oil
competitive units. carryover. Separator tank is equipped with oil-fill

vent plug, oil level sight glass, safety relief valve,
and minimum pressure check valve.

LEAK FREE DESIGN

With substantially reduced fittings along with high
quality steel tubing and o-ring sealed hydraulic
connections, Curtis units are designed to eliminate
potential leaks.




R/S SERIES
Rugged Design
Factory Tested
Ready to Run

STANDARD EQUIPMENT

e Air End Manufactured To ISO 9001 ¢ Vibration Isolators On Sub-Base 50-
Standards 300HP

Heavy Duty NEMA Design Motors Drive Guard

NEMA 1 Control Panel With Starters Thermostatic Oil Temp Valve

115 Volt Control Transformer Minimum Pressure Valve




Dual High Temp Shutdown Switches
Temperature Gauge

Liquid Filled Pressure Gauges

Hour Meter

Start-Stop/Reset Buttons

Load/Unload Switch

Start-Stop Control 5-7 1/2 HP

Timed Dual Control 10-20 HP

Timed Dual Control with Modulation 25-50
HP

On line-Off line with Modulation 50-300 HP

Side by Side Coolers

Multi-Stage Oil Separator Unit
Safety Valve On Separator Tank
ASME Code Air Receiver For Tank
Mounts

Low dBA, 100% Duty Cycle

Intake Filter 5-30 HP

Heavy Duty Intake Filter 40-300 HP
Heavy Duty Oil Filter with Bypass
Factory Fill Synthetic Lubricant

SPECIFICATIONS

BASE MOUNTED 5-50 HP

| CFM/PSI | WT LBS | DIMENSIONS
IMODEL IHP| 100 || 125 || 150|175 w/encl | no/enct [ L" [ w" || H "]
IR/S-5A 5 19 18 1s] - w~NnA | 165 |32 22 | 20]
R/S-7A 75 27 26 23] - | wa | 175 | 24 | 22 | 20 ]
IR/S-10 1ol 42 ][ 39 |[34 ] 28] 350 | wNaA |27 27 | 34 ]
IR/S-15 l15] 67 || 58 |[ 48 [ 44 | 790 | 640 | 60 | 30 | 43|
IR/S-20 Jl20] 88 | 82 [l 71 |61 | 1135 | 985 | 60 || 30 | 43 ]
IR/S-25 l25] 108 | 104 | 92 ] 80 | 1210 || 1060 | 60 || 30 | 43 |
R/S-30A 30| 125 || 118 || 106 || 100 | 1375 1100 60 || 30 | 43
R/S-30 30| 140 | 130 || 118 | 97 1425 1150 60 || 30 || 43
IR/S-40 140l 191 || 173|150 129 1630 || 1425 | 72 | 42 | s0
IR/S-50 |50 225 || 212 |[186 || 172] 1955 1750 || 72 | 42 || 50
BASE MOUNTED 50-300 HP
l I I CFM/PSI | WT LBS | DIMENSIONS |

IMODEL |HP|| 100 | 125 | 150] 175] w/encl | nofena | L" [ w" || H" ]
R/S50-AD  |[s0][ 225 || 215 ]l 186 || 170 2030 | 1825 | 42 | 72 | 46 |
IR/S 50-D so] 240 || 222 [195| 165] 2130 | 1925 | 42 || 72 | 46 |

| [ I [

I I | | |




IR/S 60-D |L60 | 280 || 275 || 236 || 212 ]| 2570 || 2170 | 48 || 76 | 62 |
[R/S 75-D | 75) 365 || 329 ||305][ 270 3140 || 2690 | 54 | 84 | 62
[R/S 100-D  |l100]| 465 | 458 || 363|340 3400 ] 2950 | 54 || 84 | 62 ]
[R/s 125-D  |125] 600 || 570 || 516|440 | 5320 | 4520 | 66 || 84 | 71 |
R/S 150-D  |l150] 760 || 706 || 583 ] 546| 5550 || 4750 | 66 || 84 | 71 |

R/S 200-D  |200| 960 || 860 || 770 |[680| 5985 | 5285 | 70 | 90 | 71
R/S 250-D  |l250][ 1170 1073|970 - | 9700 | 9000 | 75 | 96 | 80
R/S 300-D 300|| 1450 || 1298 |[1150] - 10000 || 9300 | 75 || 96 | 80 |

Home | Products | Rotary Screw | SE Series | KS Series | Climate Contro!
Vacuum Units | CDR Series | CDH Series | Qil Less | Masterline | Large Industrial
CA Series | Portable | CHT Series | CF Filters | LubePlus Lubricants




PNEUMATIC PUMPS, OIL/WATER SEPARATOR,
AND AIR STRIPPER




1322 Space Park Drive, Suite #A200 Service Office
Houston, Texas 77058 4105 Hunter Road #10
800 526.4999  Toll Free San Marcos, TX 78666
281 333.5271  General 800 893 5937

281 333-4782  Fax 512 392 0066

sales@carbonair.com
Visit our web site: http:/www.carbonair.com

Wednesday, September 11, 2002

Tetra Tech EMI
6121 Indian School Road, NE

Suite #205
Albuquerque, NM 87110 Phone: 505-881-3188
Attn: Bob Marley Fax: 505-881-3283

Re: Roswell GW Project
Dear Mr. Marley,

Thank you for the opportunity to provide pricing information for the above referenced application. Please
review the following and feel free to call with questions or comments.

Groundwater Pumps

(37) Clean Environment Engineers model AP-2/TL pneumatic pump
-0-2 gpm
- Controllerless operation
- Top loading
- SS outer casing
- 75 of 1/2” discharge tubing
- 75’ of 3/8” air supply tubing
- 75’ of 3/8” air exhaust tubing
- 75' of suspension cable
- 5 micron filter regulator
- 4" well cap with appropriate couplings for tubing

Groundwater Treatment

(1) Carbonair COWS 258 oil/water separator

- 25 gpm capacity

- 178 gallon working volume

- 105 gallon capacity sump

- 68” long x 28" wide x 46" high FRP vessel

- 3" inlets and water outlet

- 27 oil outlet

- Coalescing media

- Vapor tight cover

- Solids collection sump

- Adjustable oil skimmer

- Sight glass with pump operation switches

- Mounted on common steel stand (4’ high maximum, actual height to be determined)

- 100 Gallon UL 142 Product drum with H/L switch
(1) Myers CT centrifugal transfer pump

-15gpm @ 30' TDH

Systems for a Better Environment
Integrated Treatment Systems « Comprehensive Controls « Rental Equipment « Field Services

With Service Centers located in Florida e Virginia e Texas e Minnesota



- % hp, 230V, 3 phase, XP motor

Low-Profile Air Stripper Option

(1) Carbonair STAT 80 low profile air stripper
- SST sump with high level alarm and pump operation switches
- 5 trays with demister and fasteners
- 5 HP, 3 phase, TEFC blower (300 cfm @ 40" wc)
- Blower low pressure alarm switch
- Blower pressure gauge
- 1 hp, 230V, 3 phase, XP transfer pump (20 gpm @ 50’ TDH)
- Mounted on a common skid
- Effluent totalizing flowmeter with transmitter

Liquid Phase Carbon Option

(2) Krystal Kleer model! 88 bag filters
- Carbon steel housing
- 2" side inlet and hottom outlet connections
- 100 psi maximum design pressure
- Manifold for parallel operation
- Valves, gauges, sample ports, etc.

(2) Carbonair PC 5 liquid phase carbon adsorbers
- 2.5 ft. diameter x 7.3 ft. high steel vessels
- 575 Ibs. of liquid phase carbon each
- Maximum design pressure 100 psi

Both vessels will require changeout every 90 days, approximate cost for non-hazardous
turnkey on-site exchange including refilling vessels with reactivated 8X30 carbon, disposal
of spent carbon, 1abor, travel, etc. $3,225.00 X 4 = $12,900/ year.

Water Quality

Based on the water quality data provided, the following chemical addition system is highly recommended
to prevent scaling/ fouling of the air stripper or carbon.

(1) Chemical Addition System
- LMI metering pump
- 55 Gallon drum of AN-210H Anti-scaling chemical
- Approximate usage rate of .76 gallons per day

Control System

(1) Carbonair Series 1000 control system in a NEMA 4 enclosure to mount on a Unistrut frame on the
skid. For operation on 115/230 volt, 33, 4 wire incoming electrical service. To provide control for the %
HP transfer pump, 7.5 HP STAT low profile air stripper blower, 1 HP air stripper discharge pump. With all
required control pilot devices, alarms and interlocks. To include:
QTY DESCRIPTION

1 Enclosure, NEMA 4, 30"h, 30"w, 12"d with padiock handle, data pocket (small), swing-out panel
and sub-panel
Disconnect, non-fusible, 100A with lockable operating handle and shaft
Distribution block, 3 pole; L1, L2, L3
Distribution block, 1 pole; Neutral
Motor starter: Contactor 23A FLA with 1 aux. contact/Overload relay 3.7-12A, 3@, manuali reset; 1

L A

Systems for a Better Environment
Integrated Treatment Systems « Comprehensive Controls « Rental Equipment « Field Services

With Service Centers located in Florida e Virginia e Texas e Minnesota



and 1.5 HP pumps, 7.5 HP blower
Motor starter: Contactor 60A FLA with 1-aux. contact/Overload relay 26-85A, 3@, manual reset; 20
HP LRP
Overload reset pushbutton (through door)
Circuit breaker 230V 1P10A 10K; control power
Circuit breaker 230V 1P15A 10K; vent fan, lights, and heater
Circuit breaker 230V 3P15A 10K; pumps
Circuit breaker 230V 3P20A 10K; STAT blower
Switch; three position; Hand-Off-Auto with integral Run indication
Light (red/LED}; alarms
Pushbutton (red/NC); alarm Reset
Intrinsically safe dual pump level control with dual level alarms
Intrinsically safe barrier, two channel, 120 VAC; alarms
Relay/timer logic
Engraved laminated legends for all door mounted devices
Terminal blocks for customer connections and fusing as required
Color-coded wiring with wire markers at all terminations
Serialized UL508 Industrial Control Panel label
Fully documented, assembled, wired and pre-shipment test
(1) Sensaphone model 1108 autodialer

- 8 inputs

- Dials up to 8 numbers

- Dial in status reports and listen in to on-site sounds

-—

NN=2OODBT 2NN 2 b

Treatment Building

(1) Carbonair building system
- 8 wide x 16’ long x 10’ high wood building with steel base
- 2x4 walls and rafters
- 4/12 roof pitch w/ No overhangs
- 7/16” OSB roof sheathing
- Rolled roofing
- 15# Felt on roof
- Masonite siding
- Wall and ceiling insulation
- Sheetrock inside interior walls and ceiling
- 3/16” sheet steel floor
- Structural channel floor supports
- Anchor lugs w/ lifting eyes
- Floor sump with high level alarm switch
- Water flow meter on sump pump effluent line
- Bolt down anchor lugs
- Forkliftable base w/ 4 point crane lifting eye’s
- Double doors for equipment access
- Heater, vent fan, and lights rated for use in Class 1, Division 2 environment
- Interconnecting piping, valving, and conduit and wiring
- System controls mounted on the exterior of the building

(1) Estimated freight to Roswell, NM
- Assumes non-expedited, double-drop trucking

(1) Start-up supervision and training
- One technician on site for 2 days (8 hours per day)
- Includes travel, labor, mileage, and per diem expenses
- Additional over time hours (>8 hrs. per day) to be billed at $75/hr.

Systems for a Better Environment
Integrated Treatment Systems » Comprehensive Controls « Rental Equipment « Field Services

With Service Centers located in Florida e Virginia » Texas ¢ Minnesota
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CARBONAIR®

ENVIRONMENTAL SYSTEMS

2731 Nevada Avenue North

New Hope, MN 55427

800-526-4999 Toll-free

612-544-2154 Voice

612-544-2151 Fax

www. Carbonair.com

Specifications

Model COWS5 COWS10 COWS15 COWS30 COWSS50 COWS100 COWS 150
Hydraulic capacity (gpm) 5 10 15 30 50 100 150
Dimensions (LxWxH) 60°X16"X34” 60°X287X34” 60"X407X34" 687X52"X46" 80"X52"X45” 96"X52°X58" 1047X52°X68"
Inlet/Outlet connections {(NPT) 2" 2" 3 3 1 6" 6"

0il Out connection (NPT) 11/2° 2" 2" 2" 2’ 2" 2"
Weight empty 85 pounds 95 pounds 170 pounds 325 pounds 400 pounds 1,350 pounds 2,150 pounds
Weight full 816 pounds 1,264 pounds 1,900 pounds 3,895 pounds 4,705 pounds 8,000 pounds 11,500 pounds
Media; cubic feet 2 4 6 16 24 48 80
Media; surface area 238 476 715 1,901 2,856 5,700 9,500
Working volume (gallons) 35 70 105 220 310 525 825
Water reservior (gallons) 25 50 70 165 165 250 275

All specifications subject to change without notice.

© Carbonair Environmental Systems, Inc.
All rights reserved. COWS.PDS.10-99



STAT® Series
Low Profile Air Strippers

CARBONAIR
Water Treatment

Carbonair’s exclusive STAT series represents the best choice in low profile air strippers, combining high
performance, {lexibility and design simplicity. Carbonair’s STAT units are available with a number of tray
configurations, blowers and controls, and can achieve a removal efficiency of up to 99.99% for a long list of

volatile organic compounds.

Construction Materials

Air Stripper
304 series stainless steel.

Gaskets
Gasoline-resistant neoprene.

Demister
Polypropylene material capable of removing 99.5%
of the droplets 10 microns or larger; 95% of the
droplets 5-10 microns in size.

Design

Flanged Inlet and Outlet
Flanged (150 pound) inlet and outlet configura-
tion to maximize the integrity of piping connec-
tions.
Anti-bypass Valve*
Eliminates need for priming prior to system start-up.
Flapper Valve (Gravity units)*
Prevents air from bypassing the sieve trays through
the effluent discharge during start-up.
Downcomer
Weir type square downcomer flow distribution
system ensures uniform water distribution over the
trays. Minimizes back pressure and head losses.
Sieve Trays
STAT 15, 30, 80: 10.25” high. Minimum water
height of 4.
STAT 180, 400, 720: 12.25" high. Minimum water
height of 4"
Tray Alignment Guides
Permanently installed for proper tray alignment.
Tray Fastening
Stainless steel over-center latching clips.

*U.S. Patent Numbers 5,478,507 and 5,378,267.

Collection Sump
Minimizes pump cycling and maintains sufficient
turbulence.

Regenerative Blower
Direct coupled regenerative blower maintains high
air pressure at low flow rates.

Accessories

Pump-out
Incorporates float switches in an externally-
mounted clear PVC sight glass.
Pressure Gauge
Installed on sight glass.
Low Pressure Switch
Mounted in blower discharge piping.

Options
- Water temperature and flow monitoring.
- Air temperature and flow monitoring.
- Explosion-proof controls.
- Enclosures and trailers.
- Off-gas carbon filtration.

Custom control panel.

- Humidity control.

- Discharge pump.

- Carbon polish.

- Well control.

- Pump-down.

- Sample taps.

.

STAT is a registered trademark of Carbonair Environmental Systems, Inc.



F———— . Specifications
Model STAT 15 STAT 30 STAT 80 STAT 180 STAT 400 STAT 720

——— ® Tray dimensions (LxWxH; inches) 24x9x10 36x12x10 48x24x10 72x36x12 120x48x12 144x72x12
CARBONAIR Sump holding capacity (gallons) 13 30 70 250 560 1000
ENVIRONMENTAL SYSTEMS Maximum height (inches)* 93 96 97 120 122 130
2731 Nevada Avenue North "
New Hope, MN 55427-2806 Iﬂuid flow (gpm) 0.5-12 1-35 5-80 10-200 20-400 40-1000
800-526-4999 Toll-free Minimum air flow (cfm) 60 100 300 650 1800 3000
612-544-2154 Voice Maximum air flow (cfm) 80 150 350 900 2100 4000
612-544-2151 Fax
www.Carbonair.com *Six-tray STAT without skid

Benzene removal efficiency at 55° F predicted by computer modeling.
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LEVEL CONTROL KIT STAT 80 W/ OPTIONS
(STD W/ PUMP DOWN SUMP)

SIGHT GLASS KIT ‘ EXHAUST AIR
(STD W/ GRAVITY DRAIN SUMP) /
AIR TEMPERATURE KIT AIR FLOW KIT

"(OPTIONAL) v/ (SN S
FLOW METER KIT

(OPTIONAL)

WATER -TEMPERATURE
KIT (OPTIONAL)

BLOWER MUFFLER
(OPTIONAL)

SAMPLE TAP KIT
(OPTIONAL)

PUMP DOWN KIT
(OPTIONAL) )
1/2" HOLES (4)

Sales Drawing #133380
96.12.08
(©CARBONAIR 1994



STAT MODEL CALCULATIONS 09/11/02
VERSION 4.1 09:05:35

CARBONAIR ENVIRONMENTAL SYSTEMS
2731 NEVADA AVENUE NORTH, NEW HOPE, MN 55427
PHONE: 612-544-2154 FAX: 612-544-2151

UNIT MODEL: STAT 80 WATER TEMPERATURE (F): 55.0
WATER FLOW RATE (GPM): 15.0 AIR TEMPERATURE (F): 55.0
AIR FLOW RATE (ACFEM): 300.0 AIR-TO-WATER RATIO: 150:1
OPERATING PRESS (ATM): 1.0 SAFETY FACTOR (%): 0.0

Influent Conc. for BENZENE 5000.0 ppb

NO OF REMOVAL EFF EFF CONC OFF-GAS CONC AIR EMISSION
TRAY % ppb ug/1 1b/d

1 90.08621 495.6894 30.0287 0.8111

2 98.98340 50.8299 32.9945 0.8912

3 99.89540 5.2300 33.2985 0.8995

4 99.98923 0.5383 33.3297 0.9003

5 99.99889 0.0554 33.3330 0.9004

6 99.99989% 0.0057 33.3333 0.9004

Influent Conc. for TPH AS GAS(ASSUME BENZENE)} 15000.0 ppb

NO OF REMOVAL EFF EFF CONC OFF-GAS CONC ATR EMISSION
TRAY % ppb ug/1 1b/d

1 90.08621 1487.0683 90.0862 2.4334

2 98.98340 152.4897 98.9834 2.6737

3 99.89540 15.6901 99.8954 2.6984

4 959.98923 1.6150 89.9832 2.7009

5 99.99889 0.1662 99.9989 2.7012

6 99.99989 0.0171 99.9999 2.7012

Influent Conc. for TOTAL VOCs 20000.0 ppb

NO OF REMOVAL EFF EFF CONC OFF-GAS CONC AIR EMISSION
TRAY % ppb ug/1 1b/d

1 90.08621 1982.7578 120.1149 3.2445

2 98.98340 203.3196 131.9779 3.5650

3 99.89540 20.9202 133.1939 3.5978

4 99.98923 2.1533 133.3190 3.6012

5 99.99889 0.2216 133.3319 3.6015

6 99.99989 0.0228 133.3332 3.6016
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CT Series

High Pressure Centrifugal Pumps
Y, - 22 HP

Heads to 140 Feet

Capacities to 95 GPM

YERS CT SERIES LINE OF HIGH PRESSURE

CENTRIFUGAL PUMPS PROVIDES QUALITY AT A
COMPETITIVE PRICE. The complete line of 2 to 2%
HP units provide strong pressures up to 140 feet and
flows up to 95 gpm.

The rugged cast iron body construction is available
with either a corrosion resistant composite or brass
impeller. The brass impeller unit is equipped with a

 high temperalure, viton seal for more demanding

applications. The heavy duty motor features a
double ball bearing, 50° C ambient, dual voliage
design for dependable service. The compact,
back pullout design provides easy installation and
serviceability.

The quality features of the CT series will provide
dependabile service for a wide variely of
applications.

SPECIFICATIONS
Catalog No. Pipe Tapping Sizes
Composite| Brass | Suctlon|Discharge Motor Approx.
HP| Impeller |Impeller] (NPT) (NPT) Voltage iPhase{Wt. Lbs.
v, CTO0S CTOSB 1" 1" 115/230 1 30
CT053 CTO5B3 1%" 1" 208/230/460) 3 30
% CTO07 CTO78B 1%" 1" 115/230 1 32
CT073 CTO7B3 1" 1" 208/230/460f 3 32
1 CT1i0 CT10B 1" 1" 115/230 1 35
- CT103 CT10B3 1V 1" 208/230/460] 3 35
1% CT15 CT15B 1" 1" 115/230 1 40
CT153 CT15B3 1" 1 208/230/460{ 3 40
2 CT20 CT208B 1" V" 115/230 1 §7
CT203 CT20B3 14" 1" 208/230/460| 3 57
2% CT25 CT258B 2" 1A 115/230 1 62
CT253 CT25B3 2" 14" 208/230/460} 3 62

ADVANTAGES BY DESIGN

B Heavy duly cast iron construction.

® Back pull-out design.

m Dependable double ball bearing motor
® Continuous duty rating motor.

® Choice of brass or composite impeller.

®m Brass impeller pumps rated 212° E

m Composite impeller pumps rated 140° E
B Maximum working pressure of 125 psi.
W CSA listed.

Applications

B Booster service

m Irrigation

=’ Circulating

m Cooling towers

® Air conditioning

m Liquid transfer

® Sprinkling systems

m General industrial service

PUMP PERFORMANCE

160

. CT SERIES
CENTRIFUGAL
PERFORMANCES

BEST EFFICIENCY SIZING
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Privacy Policy
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Wil-Flo™ TECHNOLOGY

The Wil-Flo™ patent-pending air distribution system greatly improves the
performance characteristics of air-operated, double-diaphragm pumps. This
innovative design incorporates an instantaneous shift mechanism and an
enhanced exhaust configuration. Pressurized air is alternately routed by the air
valve piston to one of the power ports, through the spring-energized sliding
check valve and directly behind one of the diaphragms. The air valve piston
movement is initiated by inner piston contact with one of the pressure relief
valves located on each side of the center block. This causes the valve piston to
shift vertically. Upon the shifting of the air valve piston, compressed air in the
air chamber moves the sliding check assembly into its recess within the center
block, thus exposing the exhaust channel. This vents exhaust air directly to
atmosphere, bypassing the air valve and eliminating a major cause of freezing
while maximizing flow rates and efficiency.

d ;w d
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Market Position Features

e Superior anti-freezing e Aluminum C-block brass air

e ON/OFF reliability e Plastic air valve piston (ringed)

e Most efficient (SCFM/GPM) e Pressure relief valves

e Superior Flow rate o Quick air exhaust

e Lube-free operation e Dbl. Muffler configuration
Application Traits Availability

e Maximum reliability e 1%" pumps

e Very wet air supply e 2" pumps

¢ NFPA/UV stabilized e 3" pumps

e Priority consideration =

products | tech info | distributors { news & events
search products | about us | contact us| site map | home

© Wilden Pump & Engineering Company. All Rights Reserved. Online Tech Support




200-CFM THERMAL OXIDIZER
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March 21, 1996

"5 {Outside CA)

Mr. George Robinson
Transwestern Pipeline Company
EOC Environmental Affairs

3 Allen Center Building

Room 3142

333 Clay Street

Houston, TX 77002

Subject: Utility requirements for 200 CFM Baker Oxidizers
Dear Mr. Robinson:

Please note the following information with regards to your thermal oxidizers serial
numbers 285, 286, 287:

Electrical - Per your specification, the oxidizers have been set up to operate on 230 V. 3
phase electrical power. Full load amperage is 25 amps. The largest draw is the 5 h.p.
VES blower motor which has an FLA of 13 amps. 120 V. control voltage is provided
within our control panel via a step down transformer.

Natural Gas - Each of the oxidizers has a maximum supplemental fuel requirement of
630,000 BTU/hr., supplied to the inlet of the supplemental fuel train at 5 p.s.i.. The size
of the supplemental fuel train inlet connection is 1” female NPT.

Vapor Inlet - Vapor inlet connection at the moisture knockout tank is 2.5” female NPT.

Destruction Efficiency - Minimum of 99% in thermal configuration, 97% in catalytic
configuration.

Nox production - 70 ppm or .083 Ibs/million BTU/hour (corrected to 3% oxygen)
CO production - 40 ppm or .029 Ibs/million BTU/hour (corrected to 3% oxygen)
Sox production - negligible dependent on sulfur content of natural gas

Sincerely;

Edward E. Anderson
Baker Furnace Inc.
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GENERAL INFORMATION - SPECIFICATION SHEET - 200 C

GENERAL INFORMATION : SR
SKID FOOTPRINT 7 FT. X 10 FT.

TRAILER SIZE 14,5° X 8 (INCLUDES TONGUE)
EXHAUST STACK HEIGHT 13 FT.

EXHAUST STACK I.D. AT QUTLET 11.6 IN.

COMBUSTION CHAMBER 1.D. 21 IN.

COMBUSTION CHAMBER LENGTH . 14 FT.

VAPOR INLET CONNECTION 2.5 IN. FEMALE NPT
SUPPLEMENTAL FUEL CONNECTION 1 IN. FEMALE NPT

SUPPLEMENTAL FUEL REQUIREMENTS 630,000 BTU/HR. @ 1-5 P.S.1.
ELECTRICAL REQUIREMENTS 230 V 1 PHASE, 230/46Q V 3 PHASE

OPERATIONAL INFORNATION
RETENTION TIME 1 SECOND
BURNER TURN-DOWN 14:1
TEMPERATURE - THERMAL MODE 145Q°F
TEMPERATURE - CATALYST MODE 700°F
VELOCITY IN COMBUSTION CHAMBER 10 FT./SEC
DESTRUCTION EFFICIENCY:

THERMAL MODE 99 5%

CATALYTIC MODE 97.0%
APPROXIMATE ALLOWABLE INFLUENT CONCENTRATION

THERMAL MODE 50-60% L.E.L.

1
/’ l CATALYTIC MODE 20% L.E.L.
N

STANDARD FEATURES/COMPONENTS
AUTOMATIC L.E.L.DILUTION
COMBUSTIBLE SENSOR/TRANSMITTER
AUTOMATIC TEMPERATURE CONTROL
FIVE SAFETY INTERLOCKS
COMBUSTION BLOWER 89 CFM, 1.5 HP
POSITIVE DISPLACEMENT V.E.S. BLOWER 5 HP @ 4™ Hg
ELECTRONIC AIRFLOW TRANSMITTER AND PITOT TUBE
MOISTURE KNOCKOUT TANK

FOUR P.1.D. CONTROLLERS

THREE PEN CHART RECORDER

F.M. APPROVED FLAME ARRESTER

U.L. CLASSIFIED CONTROL PANEL

12 IN. DIA., 12 GALLONS

L.E.L., TEMPERATURE, AIRFLOW

QPTIONS

TRAILER
BLOWER SILENCE PACKAGE . TYPICAL 10 DbA REDUCTION

VACUUM UPGRADE
“"BAKER-FAX" TELEMETRY

AUTO-DRAIN KNOCKOUT TANK
CATALYTIC MODU!E (PLATINUM BASED) - @ .5 CUBIC FEET

BAKER FURNACL INC.

10 HP @ 10" Hg

1
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TRAILER MOUNTED THERMAL OXIDIZERS

dimensions in inches

‘ OXIDIZER A B C D E £ G H ] K L M N Q r Q
100 CFM 31 20 120 20 91 18 82.5 171 19.5 162 6 60.5 2 1 8 75
200 CFM 51 20 120 0 91 18 82.5 171 [9.5 162 36 60.5 2.3 1 8 75
300 CFM 60 20 144 20 vz 18 87 204 24 162 30 60.5 3 I h 81
400 CF'M 60 20 168 20 97 18 87 204 24 162 0 75.5 4 1.5 8 81
l 500 CEM 60 20 168 20 y7 18 87 228 24 162 0 75.5 3 1.5 8 81
SKID MOUNTED THERMAL OXIDIZERS
dimensions in inches
OXIDIZER A B C D L F G H ] K L M N O P Q
100 CFM N/A 20 120 18 N/A 18 [$%] N/A [§ 162 KA 39 2 ! S 84
200 CFM N/A 20 120 18 N/A 18 69 N/A O 162 39 39 2.5 ! S 54
' 300 CFM N/A 20 132 18 N/A 18 69 N/A G 162 39 42 3 ] S S4
" 400 CF'M N/A 20 168 18 N/A 18 oY N/A 6 162 53 45 -+ 1.5 8 96
' 500 CFM N/A 20 168 18 N/A 18 69 N/A O 162 33 50 h 1.9 b1 96
OXIDIZER
Weights in Ibs. (approximate)
TYPE 100 CEM 0 200 CEM 300 CEM 400 CEM 300 CFM
Skid 4600 +300) 3100 3700 3900
' Trailer S800 3900 600 680G ~100
l | | |
Q.
Y‘j \
' TE:::‘;
focoal ?
@ x SUPP_LEMEN'TAL FUEL TRAIN
1 | - § MAPOR INLET
H 0000 0 o . .
o o ;I,l:l N NPT ;
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CES 16300 Kaly Freeway, Suite 210

Houston, Texas 77094-1609

T . . (713) 578-3115
Cypress Engineering Services, Inc. fax (713) 578-3491

George C. Robinson, P.E. c/o: Environmental Affairs Dept. (713) 646-7327
Environmental Engineer ENRON Operations Corp. fax (713) 646-7867
Cypress Engineering Services, Inc. Room 3AC-3142

P.O.Box 1188

Houston, TX 77251-1188

Memorandum

To: Randy Smith %— Date:  June 13, 1996

Subject: WT-1 Dehy Area Remediation (Revision #1)

From: George C. Robinson

George Kneisley has pointed out to me that the previous memo which I distributed on this subject contained an

error in the calculation of monthly fuel gas use. Therefore, please trash the previous memo. The following is a
corrected version of the same memo. i

I contacted George Kneisley last week regarding fuel gas use at the WT-1 station for the SVE blower/incinerator
equipment which has been installed for remediation purposes in the former dehy area. George said that we could
estimate fuel gas use rather than meter it as long as we could provide a reasonably accurate estimate. In addition,

George indicated that the Team would be required to include the estimated fuel gas use on the monthly *Unmetered
Gas Report”.

Based on the equipment manufacturer’s specifications, the SVE incinerator will require approximately 400,000
BTU/hour to maintain the stack temperature at 1450°F, assuming the inlet vapor stream does not provide any BTU
value. Therefore, for estimation purposes, we will assume the inlet vapor stream will, on average, reduce the BTU
requirement by 10%. In addition, we will assume a downtime of 10% for both routine equipment O&M and non-
routine shutdowns. As a result, the estimated fuel gas use is as follows:

Monthly Fuel Gas Use = 400,000 BTU/hr x 90% (adjustment for BTU value of inlet vapor) x 90% (adjustment for
downtime) x 24 hr/day x 30 day/month + 1,000,000 BTU/MSCF

= 233 MSCF/month

This allocation should be used beginning on June 20, 1996, when the equipment is scheduled for startup and should

continue until the allocation is modified or until remediation is complete which is anticipated in approximately 12-
18 months.

If anyone has any questions or concerns regarding this estimate please contact me at (713) 646-7327.

xc:  George Kneisley TW Operations Roswell, NM
Larry Campbell TW Tech. Ops. Roswell, NM
Ernesto Rios (Team Leader) TW Operations Carlsbad, NM
Bill Kendrick EOC/OTS/EAD 3AC3148




Baker Thermal Oxidizer Specifications

100 through 500 CFM Units (600 through 10,000 CFM quoted on request)

Baker Thermal Oxidizers are designed for vapor extraction based soil remediation projects
and other VOC destruction applications where burning the volatiles has been specified as
the most cost effective method. Baker Oxidizers feature fully automatic operation, and
use either natural gas or propane as supplemental fuel. The VOC destruction rates achieved
by our Direct Fired and Catalytic units are excellent. (Please refer to the section on
destructon rates for actual quantified rates.) The units are equipped with 6 separate
safety interlocks and feature U.L. (Underwriters Laboratory), FM. (Factory Murtual) and
C.S.A. (Canadian Standards) approved components where applicable. Qur 100 - 500 CF'M
units have been approved by A.G.A. (American Gas Associaton) Laboratories. Selected
units have been granted general approval by the South Coast Air Quality Management
District (responsible for greater Los Angeles area.) Baker Furnace was the first oxidizer
manufacrturer to secure this type of approval. Each unit is carefully sized for the correct
volume of air and correct residence time for the vapors being oxidized. We size our
Thermal Oxidizers for | full second of residence tme to ensure a thorough destruction of
the vapors being introduced into the Oxidizer,

Dimensions

For specific dimensions on the #100 through #500 CFM Thermal Oxidizers (either skid or

trailer mounted), please refer to our general arrangement drawing #101212 enclosed with
these specifications.

Oxidizer Weights in lbs.

TYPE 100CFM 200CFM 300CFM 400CFM  500CFM
Skid 3400 | 3600 4100 4300 4300
Trailer | 4200 | 4300 4900 5100 5100

Vapor Extraction Blower

A positive displacement blower with a 208/230/460 volt three phase (or 220 volt single
phase) sixty (60) HZ. motor to deliver a correct volume of air at 4" of Hg. will be provided.
Higher vacuums are available on request in the 10 to 12" Hg. range. The blower is belt
driven and is equipped with an O.S.H.A. approved guard over the beits and sheaves. The
biower also is fitted with inlet and outlet silencers and a “Kunkle’ vacuum relief vaive.

Baker Furnace can provide a regenerative blower in lieu of the positive displacement
blower if so desired.

Blower Horsepower and Amperage Ratings at 4" HG Vacuum

Oxidizer 100CFM 200CFM 300CFM | 400CFM | 500CFM
Horsepower 2 3 5 5 7.5
Amperage

230 V. 1 Ph. 12 17 28 28 40
208V.3Ph. | 78 11 175 | 173 25.3
230V.3Ph. | 6.3 6 152 | 12 | 22
160 3Ph | 34 | 48 s | ot | u
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IKnock Out Pot

A 12" or 16" diameter knock out pot with a manual drain is an integral part of the vapor

lextraction rain. The pot is equipped with a sight glass and a brass ball cock for draining
off liquid. An automatic pump with level switches can be fitted to the knock out pot on
request. (See also high level knockout drain/shutoff in options section).

lAir Filters

Replaceable air filters are furnished with the unit and are located in the knock out pot

d on the two dilution air inlets. The knock out pot filter can be readily changed by
removing the top of the knock out pot. The air dilution filters are external and can also be
readily changed. Baker Furnace maintains a supply of replacement filters in stock at all
times.

Three Way Valving with Automatic Air Dilution

Motor acruated three-way valves are installed 1o supply clean air to purge the combustion
system prior to ignition of the pilot and to restrict VOC laden air from entering the
ermal Oxddizer until it reaches its operating temperature. The valves automarically
itch over at a preset temperature which is configured into the process temperature
controller. Two of the valves are proportionally modulated and are linked to oxygen and
E.L. sensors. The sensors are connected to digital microprocessor based P1.D. control-
ers which proportionately modulate the burtertly vaives around a serpoint which has
been selected. L.LE.L. and oxygen levels are simply set on the PI1D. controllers and then
I'nainmined automadcally by the amount of dilution air which enters the Oxidizer.

fupplemental Fuel and Vapor Inlet Pipe Sizes
1

ease refer to our general arrangement drawing #101212 included with these specifica-
tions for specific pipe sizes for the #100 through #500 Thermal Oxidizers.

I'-iir Flow Measurement

ost dilutdon process air flow to the combuston chamber is measured via a pitot tube
d electronic air flow mansmitter. An averaging pitot tube measures differendal pres-
e, which is anslated into an electronic signal by the transmitter. and sent to the chart
recorder. Air flow is one of the three process variables monitored and recorded conunu-
usly by our Honeywell 3-pen chart recorder.

'f'nombustion System

Eclipse MVTA (medium velocity tempered air) combusdon burner will be supplied
with the Thermal Oxidizer utilizing a combustion blower, modularing gas butterily valve,
ark ignidon, pilodng and FM approved flame safety relays. The combustion burner is
0 equipped with a F 1 approved gas fuel ain. The bumer will fire on propane or
natural gas. Inlet gas pressure should be 2-5 PSI at the regulator on the fuel main. Please
efer to the fuel usage charts provided with these specifications for data regarding the
lse of supplemental fuel versus VOC concentrations at the influent to the Qxidizer. The
charts are available for both Catalytic and Direct fired operaton.

.



Control Panel

A complete, U.L. Approved Three Phase control panel is included with a choice of 208/
230/460 volts (or 220 volt Single Phase if required) and would consist of the following
component parts:

Honeywell 3 pen chart recorder (4 pen available)
Honeywell digital microprocessor based process controller
Honeywell high limit temperature controller
Honeywell L.E.L. controller with alarm setpoint -4-20 output
Honeywell O, controller <4-20 milliamp ourput
Totalizing hour meter - up to 9999 hours
Nema four panel with 3 Phase or | Phase disconnect
Step down ransformer for 120 V. circuitry (3 ph. panels)
9. Alarm contacts in process and high limit controllers
10. FM approved flame safety relays
11. Combustion purge timer
12. All necessary fuses. terminal strips, wiring
13. Compiete wiring schematic
14. Locking glass enclosure over insruments

SO O 0 p

o

Refractory Lining

A 5" thick 2300° F. ceramic fiber lining is installed in the Thermal Oxidizer to keep the
exterior surface at a safe temperature. The ceramic fiber material has a very low K value
which means it is an excellent insulator (does not store or mansfer heat readily). A
ceramic throat is fitted within the Oxidizer at a specific location and is sized for velocity
of 15 ft/sec. The combustion chamber is sized for 10 ft/sec.

Steel Construction

All components are manufactured from heavy grades of hot rolled A-36 steel plate.
Weldments are accomplished under an argon CO, purge to assure gas free homogeneous
bonding of components. The Oxidizer is to be of a cylindrical design with flanged
connecgons for maintenance purposes in the future. All components will be skid mounted
on a heavy channel base with slots for forklift access.

Operating Temperatures

Direct fired Oxidizers are designed to operate at 1450° F. (AQMD requires minimum
1400° F.) while the Catalytic units are designed to operate at 700° F. (at the enuy to the
Cartalyst).

~

Residence Time for Vapors

Our Oxidizers are designed for 1 full second of residence time. Los Angeles AQMD
requires 0.7 seconds for Thermal Oxidizers.

Destruction Efficiencies

Direct fired units have destructdon efficiencies above 99% while the Catalydc units are
advertised to have rates above 97%. We generally see higher than 97% destructdon effi-
ciency for Catalytic operation and we are still exceeding the criteria set forth by AQMD at
972 destructon.
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ic:talytic “Plug In” Module

er Furnace has developed a “plug in” Catalytic Module which can be installed in our
existing direct fired Oxidizer with a minimum of effort. The catalyst inside the module is
monolithic material which significantly reduces the pressure drop across it and pro-
es maximum surtace area for the gasses which are to be catalyzed.
Each module is designed to fit down inside the Thermal Oxidizer chamber and boit in
tce between the cone and stack section. Please refer to our enciosed drawing which
ows the relationship of the Catalytic Module to the Thermal Oxidizer.
nce the Module is bolted in place, the only remaining task is to reduce the temperature
ting on the process temperature and high limit controllers. The entre process to instail
e Catalytic Module should only take 1 - 2 hours.

i\e use of the Catalytc Module Opdon will greatly reduce supplemental fuel usage when

e concentrations of VOC's are at low levels because the temperature requirement for a.
talyst based system is approximately one-haif that of a direct tired unit. The incoming
ors need only be heated to 700° prior to the catalyst versus 1450° in the direct fired
l?t. The deita T (change in temperature) is reduced by almost one-half, which resuits in
ignificant reducton in supplemental fuel usage.

Thermal Oxidation unit is configured with a “High Limit” temperature controller. as
dard equipment. which will protect the cataiyst in the event the catalytic process
ecomes overly exothermic and the temperature attempis 10 run away.

er Furnace can provide instailadon (on site) of the Catalytic Module at a nominal

st. Please refer to the charts provided with these specifications for supplemental fuel

usage at various VOC concentrations for both Cataiytic and Direct Fired Oxidizers to
ioject the savings you might achieve by using the Catalytic Module.

Trailer

ls can mount the Oxidizer on a tandem axle trailer with a steel deck. Each oxidizer
mponent is mounted securely with bolts, which allows the component to be removed
‘ for maintenance if required. The trailer is equipped with electric brakes and all lights
| ’:essary for licensing the unit for the road. Please refer to our general arrangement
wing #101212 for specific overall dimensions on the trailer. The wrailer, as well as the
Thermal Oxidizer, is painted with federal safety biue enamel

'elemetry “Remote Monitoring” Fax System

e Oxidizer can be equipped with a remote monitoring and reporting system which

erfaces with the control instrumentation on the unit. 'I'h1s informaton can be faxed to

a maximum of three locations. The [BM compagble operating software is extremely user

iendly and allows you to select the destination of the fax reports, the number of reports

u wish to receive each day, and the tdme of day at which you receive them. The fax

orts are typically configured to show process combustion temperature, process air

W 10 the combusdon chamber and the percent of L. E.L. in the process vapor stream. [n

diton to the “routine” faxes. the system will also send an alarm fax in the event the

it shuts down for any reason. This report will specify which one of four failure condi-

tons caused the unit to shut down. The addition of the telemetry system requires a
dicated phone line at the site and a fax machine at the receiving end.




Silence package

If you andcipate installing the Oxidizer in an area where noise levels are a critical issue,
Le. residendal area etc., the unit can be configured with a quiet design blower package.
The blower inlet and exhaust silencers, as well as the blower itself are enclosed with
a soundproofed material.

Vacuum Upgrade

Our standard unit will generate 2 maximum of 4" hg vacuum. Per your speciﬁqations we
can provide up to 10" hg vacuum in 2" increments. Proper vacuum sizing is very imporant
to ensure that your unit can operate at the engineered flow rate.

High Water Level Shutoff/Pump

If you believe that water will be a problem at the site(s) where you install the Oxidizer.
we can instail a shutoff switch in the knockout tank which will shut the Oxidizer down if
the knockout tank fills up with water. In addition, we can also install a pump which will
automatically drain the knockout tank if it fills up with water. Assuming appropriate
secondary storage was in place, this process would only require your attendon when the
secondary holding tank filled up.

Safety Interlocks and Safety Devices on
Baker Thermal Oxidizers

Air Proving Switch

Two U.L.. FM and CSA approved air proving switches are provided to ascertain that the
positve displacement vapor exiracdon blower and combustion blower are operadonal.
In the event that either blower fails. the air proving switch will “open” the limits circuit
thereby causing the unit to shut down the supplemental fuel line and to close the vapor
line to the Oxidizer.

High/Low Gas Pressure Switch

A UL, FM and CSA approved gas pressure switch is provided in the supplemental fuel
train which will also “open” the limits circuit in the event an unusually high or low gas
pressure condition exists.

)

High Temperature Limit Controller

A UL and FM approved high temperature limit conroller has been engineered into the
limits circuit to shut down the Oxidizer in the event a high temperature condition exists.

_ The limit controller must be manually reset (per FM requirement) before the Oxidizer can

be rendered operational. While in the high limit condition, the Oxidizer will not utilize
supplemental fuel nor will vapors be allowed to enter the Oxidizer undl the conwroller is
manually reset.
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FM Approved Flame Safety Device ,

Our Thermal Oxidizers utilize a FM approved and U.L. recognized flame safety device
which lights the combustion burner on the Thermal Oxidizer after a 60 second purge 6]
air changes) of the combustion chamber. The burner has a 15 second ignition trial which
lights pilot only. In the event the pilot does not light, the flame safety device locks out the
supplemental fuel rain thereby reducing the potential for an explosion. The main gas
valve in the supplemental fuel train cannot open uniess the pilot has been established.
Flame monitoring is accomplished via a 3/16" diameter inconel flame rod.

L.E.L. Combustibles Sensor and Controller

A cartalytic bead L.E.L. sensor and controller have been integrated into the limits circuit.
In the event that the alarm set point for L.E.L. has been exceeded, the L.E.L. controller
“opens” the limits circuit which subsequently closes the vapor butterfly valve and tempo-
rarily shuts down the combustion burner undl the LE.L. returns to a safe level below the
alarm setpoint.

Flame Arrester

A UL approved flame arrester has been piped into the vapor exmracdon discharge }ine in
close proximity to the Thermal Oxidizer. The flame arrester prevents propagation of
flame back to the source.

FM Approved Supplemental Fuel Train

A FM supplemental fuel train is provided with the Oxidizer and is fitted with an approved
safety shut off valve for the main gas. The shut off valve will close in 0.3 seconds in the
event of flame failure. The main gas valve is held shut with a 150 Ib. force to assure a
tight closure.

Oxygen Sensor and Proportional Dilution Valve

A O, sensor and PLD. controller is provided to monitor oxygen content in the vapor
sream. We -equire 18% oxygen (minimum) in the sweam for sufficient combuston of
voladles. In the event the oxygen content of the vapor stream drops off significantly the
0. controller opens a proportonally modulated butterfly valve and lets in dilution air to
bring the oxygen content up to a satisfactory level

Alarm Card in Process Temperature Controller

We have integrated an alarm card into the process temperature controller to restrict the
enay of voladles into the Oxidizer undl it reaches its correct operating temperature
(1400° F). This is accomplished by setting an alarm value equal to 1400 in the controller.
When this value (in temperature) is reached, the process conwoller sends a signal to a
buttertly valve drive motor which opens the valve and allows the vapor saeam to enter
the Oxidizer. Vapors cannot enter the Oxidizer at any temperature below which the
alarm value has been set. This prevents the incomplete burning of hydrocarbons which
occurs at lower operating temperatures.




Catalytic Oxidizer

BTU's/hr of Supplemental Fuel Required to Raise
Air Temperature of Influent Vapor Stream
from 100° I, to 700° F. at Various PPM VOC Concentrations

PPM % ] AIR FLOW SCFM
voc's LEL 100 200 300 400 500
0 , 0 79,000 158,000 237,000 316,000 395,000
250 1.8 72,500 145,000 217,500 290,000 362,500
500 3.6 65,000 130,000 195,000 260,000 325,000
750 5.4 57,500 115,000 172,500 230,000 287,500
1000 7.3 52,500 105,000 157,500 210,000 262,500
1500 10.9 39,000 78,000 117,000 156,000 195,000
2000 14.5 25,000 50,000 75,000 100,000 125,000
2500 18.1 12,500 25,000 37,500 50,000 62,500
3000 21.7 0 0 0 0 0

Q)




Direct Fired Oxidizer
BTU's/hir of Supplemental Fuel Required to Raise

Air Temperature of Influent Vapor Stream
from 100° I, to 1400° F. at Various PPM VOC Concentrations

2506
370 %0 4o, 000

PPM % 300 vo0O AIR FLOW SCFM
vocC's LEL 100 200 300 400 500
500 3.6 134,000 268,000 402,000 536,000 670,000
1000 7,3 120,000 240,000 360,000 480,000 600,000
1500 10.9 108,000 216,000 324,000 432,000 540,000
2000 14.5 92,500 185,000 277,500 370,000 462,500
2500 18.1 80,000 . 160,000 240,000 320,000 400,000
3000 21.7 67,500 135,000 202,500 270,000 337,500
3500 25.4 57,500 115,000 172,500 230,000 287,500
4000 29.0 40,000 80,000 120,000 160,000 200,000
4500 32.6 26,000 52,000 78,000 104,000 130,000
5000 36.2 14,000 28,000 42,000 56,000 70,000
5500 39.9 -0- -0- -0- -0- -0-
6000 435 -0- -0- -0- -0- -0-

10




GENERAL ARRANGEMENT DRAWING
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THERMAL OXIDIZER PROCESS AND INSTRUMENTATION DIAGRAM
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BULLETIN F-48

VFC Series Visi-Float® Flowmeter

i

- IR B DR O ENEEE LRI (S g

Bach Eng
Connections Connections

O R

Dwyer Senes VEC Visi-Fioan - Howmerters are avaitablen
o DasiC sivies, coner DAck or and connected with direct
reading scales tor air orwatnr, installahon. operancn, gnd
maninrance are simphe ang requint: only 8 18w common
HONSR PreCanhons 10 sk iong, aecurale rpuabie-dres
Egav T bl

CALIBRATION

Al Dweyer fiowmegrs are galibeated a1 the {atioey 800
normally wili reman winDm thew accuracy olerance o
the dikiz 0! the dewvice 1 2) any e you wish 10 reCheds.
1t cnlibr Al S0 uy DNy wnth sl oS o CouIDImen’
of cerifed accuracy Do s allemn? 1o check the Dveyer
Yis-Floa! s Sowmeler with § simiddr HOowmaier 35 owpn
MIANE YAROALONS 11 g and Dack Dressass Gan Cause
signiticant diflerences between the indicaied ang aosat
readings. 11 in dovbtl, yoir Dwyer flowmeter iy be
relurngd 10 the 1aciory and chocked tar Calibrabon a5 no
charge

LOCATION

Beten! a location where 1he Howmeler Can be asiy rean
angd where thelemperalure will nolexceed 120°F1a8<C;
Ther mounsting surlace and Piping 101 Howmater shoul
be frae om vidialion which could cause fstgue of In-
bngs o7 mounhing inserts. Fiping mus! be carelully
arrRnger and nsteied 1o avoud PIACING S11eEs 00 BRmngs
BNGI0T Bowmeter DOy, Avoid 1I0CELONS O AOphealion:
with strong chionne mospheres Or sahvents such o
benzung, acelpng, Carbon letracMorige, oit Damage
due 10 contat! with incompatitle guses Of IGEss s oo
coverad by warranty. Compatability shownd be caretully
getermined before placing in service

TCopyngr 1988 Dwper insirurments, g

Installation and Operating Instructions

SPECIFICATIONS

Moter Bogy. Acrylic Plastic Metering tube
mathined into body

Wetled Metal Parls'  Stainless Siect

Fioalx: Siwniess Sieel

Fittings: PG

Ginoe Roo Holder: Mineral reintorced nyion
bonded in fiting with epoxy

{EC modaels only)
Pipe Connections: 1" NPT temale. horizonial of
veriscal
"0’ Rings: Buna-N
Mounting Insers. 10-32 x % gdeep
Scale. Hot pressed 10 acryhic body
Pressure Rating. tDO P51 maxumum
Temperatlure Rating 120°F muaxsmum
Accuracy 2 2%, of tull stale

PIPING

INLET PiPING:

It 15 G000 prachoe 10 approach e Sowmeter ot with
s tew elbows cesinchons and size changos as possibic

inig! piping shaould be s ciose 1o the owmeter connoc-
o Wiz By pract:eal o avord lurbutence whichcan oocur
with 0rashic mpe Ghanges. The length of isle? piding Nas
hinie etle! on normal prussure 100 Howmelers

For vacuum semwce, INe intel mping should be as short
ant ppn a5 possible 10 allow eperation it ot naat BMOS-
phene pressare snd maiiam ine accuracy of the device

Mote 1hat 161 vacuum s8rvIce, any TIow-Control vitve usea
mus! be instatied on the distharge sise of the fowmetor.

DISCHARGE PIPING

Piong on e tischarge side should be atleast aslarge as
the howmater connecion. For pressure fed Howmetors
on @ oF gas service, the pipng shoold be as short and
open as possiniE. This allows pparation |l of near AAMoY-
phare pressure and assures the sccuracy of the device
Frus 15 Jeas important on water or hauitt Hiowmelers since
the liowing medium 1 generally incompressibile and
Back pressure witlh not attact the calibration of the
ST ament
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SERIES VFC
Visi-Float * Flowmeters
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DIMENSIONS
POSITION AND MOUNTING MAINTENANCE

All Visi-Fiogt - licwmeters musi be inssiod in & vericat
POBItON with 1he inte! connection & the bolorn and outs
let 8t the top.

SURFACE MOUNTING:

Dritlthres holes 1n DENS! uBIDG GiIMENIONE Shown In
drawing Holes should De largs enduph 10 acCommoasls
#10-32 machine sorews I hack connecion model. drdl
two pddiipnal hoies tor clearance of Hinngs Insial
Mounhng sCrews O apRLopcigie igngth Irom reas Altach
piping usng ATV sticone seslarl or Tellon " tlape or
threads 16 prevent leakage

CAUTION: Do nol oveortighlen Hilings or piping into
fittings. Mazimum recommended torgue k5 10 HAbs.
Hand tighten only.

N LINE MOUNTING:

Both eng cunnecied and bach CONNSCias mooals may b
mgialted inding supporiea only by the porg Be sure
that Howmelsr 5 ;B verhical posdion snd hat papwg
does nol creale excess sress o Woasing on the low
meter Hilings.

OPERATION

Onte 811 CONRBCHONS BI¢ COMPDIBIE, INTABUCE flow 2t

Showly &% pOssIBIe 10 Bvog Do ssibie gamage WATh iqueds.

make sure ati ail has been purged belore 1aking reanings
Once the oat has slabdized. rend How rate by sighing
across the larpesi diameter of the ficat 1o the scsle
ragupbons on the lace of the device.

UTHG WU A 124

The onty meintenande Normeally requireg 13 OccasIona!
cleann Lo B3sure propar 0peralion ana goed loal
wisthlity

DISASSEMBLY:

The Nowmeter can be complelaly diapssembind by re-
Mmoving e conNection Nhngs and 1o plul. When illing
ot Ine Hiodl guide assembly, ba caralul not 10 1oae the
short piscte of plashic Wwisng on esch end ¢l the gulde
rod which sarve &g Hioat slops

CLEANING:

The Bowarsete: bodky and all ether parts can be cleaned by
vashwnG in 2 mild soap and water solution, A soft bristie
bottie brush wili simplity cleaning of the flow lube. Avaid
benzenk, scetons. certbon lelrachlionde. gasoline,
alkgiing Oblergenis. causlic soda, iguwd scaps, {which
may conlain chionnated solvents), eic . and avoil pro
longed nmnrsion.

RE-ASSEMBLY:

Insiall By kot titting and then the floal and float gulde.
Fingily instat! the vpper liting and plug being cartain that
both entds of the Hoal funde are properly engaged and the
Hom s correcily orienteds. A lipht coating of sIcone S1op
cock grease o patroteum jelly on the "0 rings will help
maintain & good seal as well s ease essembly.

ADDITIONAL INFORMATION

For additionad Yiowmeter applicahion intormation, con-
vEUSIOn Curvas, carrection tactors and olher dala
covering the entire Line of Dwyer flovanetens, write tor
kel Fadt.

FR NO 51-440448-00
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BULLETIN F-50-400

SERIES DS-400 FLOW SENSORS

Installation and Operating Instructions,
Flow Calculations

INSPECTION

Iinspect the sensor upon receipt of shipment to be cenain
it is as ordered and not damaged. If damaged, contact
camier,

INSTALLATION

General ~ The sensing ports of the flow sensor must be
correctly positioned for measurement accuracy. The instru-
ment connections on the sensor indicate comect position-
ing. The side connection is for total or high pressure and
should be pointed upstream. The top connection is for
static or low pressure.

Location - The sensor should be installed in the flowing line
with as much straight run of pipe upstream as possible.
This will provide a flow profile as ideal as possible. A rule of
thumb is to aliow 10-15 pipe diameters upstream and 5
down. The tabie below lists recommended up and down
piping:

PRESSURE AND TEMPERATURE
Maximum 200 psig at 200°F.

UPSTREAM AND DOWNSTREAM DIMENSIONS IN TERMS OF INTERNAL DIAMETER OF PIPE

"SEE NOTE #1
' MINIMUM DIAMETER OF STRAIGHT PIPE '
: UPSTREAM CONDITION UPSTREAM
; DOWNSTREAM

: IN-PLANE OUT-DF-PLANE
| One Elbow or Tee 7 | 9 5
| Two 90° Bends in Same Plane ’ 8 3 12 5

Two 90° Bends in Diflerent Plane 18 24 5

Reducers or Expanders 8 . 8 5

“Note #1: Values shown are recommenged spacing, N terms of internal diameter for nomal industrial metering requirements.
For iaboratory or high accuracy work, add 25% to vaiues,

*Note #2; Includes gate, globe, piug and other throtthing vaives that are only partially opened, f valve is 10 be fully open,
use values tor pipe size change. CONTROL VALVES SHOULD BE LOCATED AFTER THE FLOW SENSOR.




Page 2

POSITION

Be certain there is sufficient clearance between the mount-
ing position and other pipes, walls, structures, etc, so that
the sensor can be inserted through the mounting unit once
the mounting unit has been instafied onto the pipe.

Flow Sensors should be positioned to keep air out of the
instrument connecting lines on fiquid flows and condensate
out of the lines on gas flows. The easiest way 1o assure this
is to install the sensor inlo the pipe so that air will bleed
into, or condensate will drain back to, the pipe.

For air or gas flow:
Instali in upper Congeasate grains
quadrant of pipe back 1o pipe

For liquid or steam fiow:
Install in lower Air bieeds back
quadrant of ppe 10 §Rpe

FLOW

BLEED BLEED
L H

b fgi

> ‘

prp—

-

WATER FLOW

)
i
H
H
;(/-— SENSOR
]
1
|
a
i

INSTALLATION

1. Attach a %" NPT female fitling, such as a thred-o-let or
saddle clamp, to the piping in which flow will be mea-
sured. Note the required upstream and downstream
conditions on page one which should be observed.

2. Drill a hole through the center of the attached fitting into
the pipe with a bit that is slightly langer than the flow sen-
sor diameter.

3. install the packing gland using proper pipe sealant. If the
packing gland is disassembled, note that the tapered
end of the ferrule goes inside the fitting body.

4. Insert the sensor until it contacts the opposite wall of the
pipe and then withdraw it Yie" for modeis -6 through
-12 or %~ for rnodels -14 through -24. This is to allow for
thermal expansion.

5. Tighten packing gland nut finger tight. Then tighten the
nul with a wrench an additional 1% tums. Be sure to
hold the sensor body with a second wrench 10 prevent
the sensor from turning.

INSTRUMENT CONNECTION

Connect the sigde pressure 1ap to the high pressure port of
the Magnehelic (ar only) or Capsuhelic gage or transmitting
instrument and the top connection to the low pressure port.
See the connection schematics below,

Breed air from instrument piping on liguid flows. Drain any
condensate from the mstrument piping on air and gas flows.

Open valves 1o nstrument to place flow meter into service.
for permanent installations, a 3-valve maniffold is recom-
mended to allow the gage to be zero checked without
interrupting the flow. The Dwyer A-471 Portable Test Kit

includes such a device.
o

M

FLOW

VPR RIPUSIRIREUIND PR

PlPEJ

AIR OR GAS FLOW
DRAIN DRAIN




Page 3
SERIES DS-400 FLOW SENSORS

'“—1 2416 lSZ‘OI%-—
; ¥——-~_~. FLOW CALCULATIONS AND CHARTS
I H
R TR The following information contains tables and equations for
determining the differential pressure developed by the DS-

400 Flow Sensor for various fiow rates of water, steam, air
or other gases in different pipe sizes.

This information can be used 10 prepare conversion charts
to translate the differential pressure readings being sensed
3578 190,061 APPROD into the equivalent flow rate. Where direct readout of flow is
required, use this information to calculate the full flow dif-
terential pressure in order to specify the exact range of
Dwyer Magnehelic or Capsuhelic gage required. Special
ranges and calculations are available for these gages at
minimal extra cost. See bulletin A-30 for additional iforma-
tion on Magnehelic and Capsuhelic gages.

For additional useful information on making flow calculations,

o = the tollowing reference is recommended: Crane Valve Co.

i Technical Paper No. 410 “Flow of Fluids Through Valves,

—-1 =304 15.05) D Fittings and Pipe.” It is available from Crane Valve Ca., 104
P N. Chicago St., Joliet, I 60431, Phone 815/727-2600. Price
. including shipping is $20.00

1\

[W—
3 < L L e s Pb AT oo ot g
116 [150) ~ Kt
GAPUP TD 12 PIPE
18 {3:175)
GAP 14 PIPE AND UP

Using the appropriate differential pressure equation from page 4, calculate the difterential pressure generated by by the sen-
sor under normal operating conditions of the system. Check the chart below to determine if this value is within the recom-
mended operating range for the sensor. Note that the data in this charl is limited to standard conditions of air at 60°F (15.6°C)
and 14.7 psia static line pressure or water at 70°F (21.1°C). To determine recommended operating ranges for other gases,
liguids and/or operating conditions, consult the factory,

Note the column on the right side of the chart which defines velocity ranges to avoid. Continuous operation within these can
result in damage 1o the flow sensor caused by excess vibration.

Pipe Size Flow Operating Ranges ! Operating Ranges Velocity Ranges 1

(Scnodulo 40 up Coefficiet ' Air © 60°F & 14.7 psia Water € 70°F Not Recommended %

for 247 “K” {D/P Inches W.C) {D/P Inches W.C)) {Feet per Second) !
6 706 0.7010 63 ' 2.54 10 167 ' 8310 124

g8 675 0.64 to 28 2.3110 102 53 t0 79 |

10 676 1121037 4.0510 136 3610 54 i

? ‘ 683 0.1810 20 0.7010 72 2610 40 |

14 688 i 0.17 1613 0.60 to 46 2210 33 i

16 688 37810 56 13 10 203 17 to 26 |

18 689 0.04 to 5.48 0141019 _ 1410 21 ‘

20 . 686 0.39t0 4.53 1401017 ‘ 111017 ‘

24 ! 789 0.05 10 11 0.20 to 40 j B1o 12
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FLOW EQUATIONS DIFFERENTIAL PRESSURE EQUATIONS
1. Any Lliguid 1. Any Liquid

Q (GPM) = 5668 x K x D2 x 7|/ AAPISy AP {in. WC) = @ x St

K2x D4 x 32.14
2. Steam or Any Gas
IbfHr) = 3591 x Kx D2 x 4/ 2. Steam or Any Gas

Q (IbfHr) 91xKxD*x px AP AP (in, WE) = Q2
3. Any Gas o K2 x D4 x p x 128900

Q(SCFM) = 1288 x KxD2x /| Px A\P 3 Any Gas

Y (T+460) x S AP fn. We) = __ QX Sg x (T+460)

K2x D*x P x 16590

TECHNICAL NOTATIONS
The tollowing notations apply:

AP = Differential pressure expressed in inches of water column.
Q = Flow expressed in GPM, SCFM or PPH as shown in equation.
K = Flow coefficient — See Values Tabulated on page 3.

D = Inside diameler of line size expressed in inches. For square
& rectangular ducts use D=+~ 4 x Height x Width
¥4
P = Static Line pressure (psia)
T = Temperature in degrees Fahrenheit {plus 460="Rankin)
p = Densily of medium in pounds per cubic foot
St = Sp Gr at flowing conditions
Ss= 8p Gr at 60°F

SCFM 7O ACFM EQUATION

14.7 4+ PSIG 520"
SCFM = ACFM x (*‘-—Tﬁ——-“ (W)

147 460 4 °F
rorm = sci x (7 Hoe) (—s )

POUNDS PER grp _ POUNDS PER act. ( 14.7 ) ( 460 -+ °F )

CUBIC FOOT CUBIC FOOT 147 = PSIG 530
POUNDS PER _ POUNDS PER o, 147 <~ PSIG ( 520
cusic Foor CT = cugic Foor STO- X ( 47 460 + °F

1 CUBIC FOOT OF AIR = 0.076 POUNDS PER CUBIC FOOT AT 80°F AND 14.7 PSIA
*(520 =- 480 4- B0°) Std. Temp. Rankine

©Copyright 1957 Dwyer instruments, Inc Printed in US.A. 1/97 FR 72-440451-00




This kit has been carefully engineered to
include everything needed to adapt the 4000
series Capsuhelic gage for portable use.
Once assembled, you can quickly, conven-
ienlly, and accuralely measure posilive, neg-
ative, or differential pressures of air and
compatable gases and fHuids. The Capsuhelic
gage is nol included in the kit. You should
order it separately in the range best suiled
10 your needs. Il is available in many ranges
from 0—0.50 in. W.C. up 1o 0-300 PSI.

A-471 CAPSUHELIC PORTABLE KIT

Bulietin A-35

Operating Instructions
{See reverse side tor kil assembly insiructions)

1. As npted in the assembly instruchions, the equal-
izer and shutoff manifold must be installed in the
upper pressure ports {or air or gases and in the
lower ports tor fluids. This allows you 1o use the
bleed fitlings in the opposile ports 1o either drain
condensate, (air or gas servicej or purge air from
the gage {fluid service).

2. Open case and place on a horizontal surface with
the gage vertical as shown in photo above.

3. Ciose all three valves and attach the five 1oot high
pressure hoses 1o the elbow connectors marked
PROC. Connect the other ends o the pressure
sources. When measuring differenlial pressures,
the right high pressure line ig8 run o the highes
of two pressures and the left, iow pressure line
1o the lower. You may aisoc measure 2 single pres-
sure, positive or negative, relative 1o atmosphere.
Positive pressures are applied to the high pres-
sure porl and negatlive pressures to the low pres-
sure port. Be sure the center equalizer valve is
closed and the opposite port is venteg.

4. It measuring liquid pressure the following procedure
is necessary. Open both bleed fittings using a

Litho in USA. 288

916" open end wrench. Attach the clear vinyl tubes
10 these fittings and position the other ends in a
suitable container o collect the bled fluid. Slowly
open all three valves until fluid leaves both bleed
fittings thus indicating the gage is filled. Close both
bleed fittings and drain remaining Huid.

On air or gas service, slowly open all three equalizer
valves. Next open both bottom bleed fittings to expel
any condensate. Finally, close the bleed fittings
betore placing gage in service,

Close the left, low pressure valve. This will apply
the higher pressure equally to both sides of the
diaphragm. Turn the zero adjust screw at bottom
of gage cover until the pointer is exactly on zero.

Close the ceniler equalizer vaive and open the
left, tow pressure valve, The gage will now be
indicating difterential pressure.

When all measurements are completed, discon-
nect pressure lines. I used on Huid, open bleed
fittings and equalizer valve 1o drain entire as-
sembly belore storing.

FR NO. 15-440360-00
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A-471 PORTABLE KIT
PARTS LIST QUANTITY

NO. DESCRIPTION REQ'D.
1. Gage Mounting Bracket . ................ 1
2. Nipple ¥ NPT x3" ... .. ......... e 1
3. Eibow, Y Compressionx ¥’ NPT Male ... 2
4. Formeda Coppoer Tube ... ................ 1
5. 3 Way Manifold Valve . .................. 1
€. Sireet £1, 1" NPT Male x " NPT Female 2
7. Bleed fiting %" NPT Male .............. 2
8. Manifold Mounting Bracket ............ .. 1

FOLLOWING ITEMS NOT SHOWN:

9 Carrying Cese ......c.c.oviivniinuinnn. 1
10. 5 Ft. High Pressurg Hose ................ 2
11. 832 x¥,” Machine Screw ............. .. [}
12, 16-32x 14" Machine Screw . ............ 2
s 130 10-32 Hex Nut .o 2
L qa N K Washer L. 2
15 ¥"-20 x 15" Truss Head Machine Screw ... 6
16, M0 Hex Nuts ... ... ... L 6
17. Plastic Feet .. ... .. ... ... ..... .. ...... 2
18. ¥ Plastic Mole Plugs ............. e €
19. X,” Plastic MHola Plugs . ........... e 2
20. Vinyl Tube 3 Fl. Long ............. ... . 2
21, Adapter Eibow, X,"-20 x 127 NPT Male .. . 2
22. Siraight Adapter, %,"-20 x %" NPT Male . 2

To Assemble Kit

NOTE: Before beginning assembly you must deter-
mine whether the gage will be measuring pressures
ot gases or fluids. Installation 1s reversed for the two
types of media. Seal all pipe threads with Teflon tape
or pipe joint compound.

1.

P

Attach two plastic feet to case through holes
provided. First insert ©i2 screw through 17
plastic toot and case. Secure to case from inside
with =14 washer and 13 nut. Tighten nut only
until toot is snug. Overlightening can collapse
case wall. With case handle tacing you, left hand
pair of holes are used if for fluid service and
right hand holes lor air or gas service. Plug
unused holes with =18 plastic hole plugs. Insert
from outside, and press to lock.

Install one =3 elbcow in the left “INST" port of
ihe 3-way manitold valve, install the second el-
bow in the botlom high pressure gage port for
fluid service or the top low pressure gage port
{or air or gas service, Both fittings must face
back when tight.

install *2 nipple in remaining "INST” port of
manifold and both #8 elbows in the two “PROC”
paris. These elbows should face frontwhen tight

The manifold assembly is now attached to the
gage by installing the other end of the nipple
in the gage port next to the 3 elbow.

instalied #4 formed copper tube in 3 compres-
sion elbows.

6.

~I

10.

11.

Atlach gage to ¥1 gage mounting bracket with
=11 machine screws. Orient the bracket so the
two ¥, vent clearance holes are toward the top
ol the gage. Install hoth #7 bleed titlings in re-
maining gage ports.

The =8 manitold bracket is now tastened to the
case with 15 machine screws and ¥16 hex nuts.
insert machine screws from back of case.

Lower completed gage/manifold assembly into
case making sure that both “"PROC" ports ot
manifold are positioned in the manifold bracket.

Align four holes in gage mounting bracket with
matching holes in case and secure with F15
machine screws and #16 hex nuts. Screws must
be inserted from back of case.

Make sure all tittings and fasteners are secure.
Press =18 plastic plugs into holes in back of
case.

Hoses are connected to completed assembly
with ¥22 adapters installed in #6 elbows. If dan-
ger of dirt or other foreign matter entering gage
exists, we recommend use of optional A-381 in
ling tilter between these hitings. The two 521
adapters are for connecting opposite ends of
hoses to pressure source. Loosely coil the hoses
around the gage assembly for storage.

& Copyright 1089, DWYER INSTRUMENTS, INC

FOR REPLACEMENT PAATS OR REPAIR, WRITE:




This bulletin contains equations, charts, and data
for determining the differential pressure developed
by the Dwyer Series DS 200 Flow Sensor for var-
jous flow rates of water, air, steam, or gases In
various pipe sizes.

The contents of this bulietin can be utilized to
prepare conversion charts to translate the differ-
ential pressure readings in a given flow sensor
installation to the equivalent flow rate. Where di-
rect readout of flow is required, use the bulletin
to calculate the full flow differential pressure In
order to specity the exact Dwyer Capsuhelic gage

Series DS-200 Flow Sensor

Flow Calculation and Data Bulletin

BULLETIN F-51

range needed. Special ranges and scale calibra-
tions for the Capsuhelic gage are available at
minimal extra cos!. Consult Bulletin A-30 in the
Dwyer catalog or contact the factory for addition-
al information. Bulletin F-50 covers installation.

For additional useful information in working up
flow calculations, the following reference is rec-
ommended: Crane Co. Technical Paper No. 400
“Flow of Fluids Through Valves, fitlings and pipe"’
avgilable from Crane Company, 300 Park Avenue,
New York, New York 10022, Attn: Advertising Dept.
Price $8.00.
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FLOW EQUATIONS DIFFERENTIAL PRESSURE EQUATIONS
1. Any Liquid _ 1. Any Liquid

Q (GPM) = 5668 x K x D2 x \/ APIS; AP (in. WC) = Q2 x 5¢

K2 x D* x 32.14
2. Steam or Any Gas o o G
= 2y \n 2. Steam or Any Gas

Q {Ib/Hr) = 3591 x K x D2 x VP x LP AP (in. WC) = Q2
3_ Any Gas ) K2 X D‘ X p X 128.900

Q(SCFM) = 1288xKxD?x / Px AP 3 Any Gas

Y (T+460) x Sg ‘ P {in. WC) = Q2 x Sg x (T+460)

K2 x D* x P x 16590

TECHNICAL NOTATIONS
The folliowing notations apply:

AP = Differential pressure expressed in inches of water column.
Q = Flow expressed in GPM, SCFM or PPH as shown in equation.
K = Flow coeflicient — See Values Tabulated on page 3.

D = Inside diameter of line size expressed in inches. For square
& reclangular ducts use D= -\/ 4 x Height x Width
T
P = Static Line pressure {psia)
T = Temperature in degrees Fahrenheit (plus 460="Rankin)
p = Density of medium in pounds per cubic foot
St = Sp Gr at flowing conditions
Sg= Sp Gr at 60%

SCFM TO ACFM EQUATION
147 + PSIG ( 520° )
°F

SCFM == ACFM x (

147 360 =
: 14.7 460 4. °F
ACFM — SCFM x ( T pS(G) ( ] )
POUNDS PER _ POUNDS PER 14.7 480 + °F
cuBic FOOT >1° ™ cugic Foor ACT- X ( 47 5 PSIG 520
POUNDS PER POUNDS PER 14.7 4+ PSIG ( 520
cusic FooT “CT- ~ cusic Foor ST0: X ( 47 60 + °F

1 CUBIC FOOT OF AIR — 0.076 POUNDS PER CUBIC FOOT AT 60°F AND 14.7 PSIA
*{520 ~ 460 4 60°) Std. Temp. Rankine
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TABLE 1
FLOW COEFFICIENTS (K)

FPS = Average Velocity Ft./Sec. (Water)

PIPE SIZE VELOCITY*

{SCH. 40) FPS K
1 13.0 521 {use 558 above 7 FPS)
1-1/4 13.3 536 {use 572 above 7 FPS)
1-1/2 13.0 556
2 15.0 .586 NOTE: i only one K
2-1/2 15.1 .625 factor is listed, it applies
3 15.2 .645 to all tiow rates for the
4 15.6 870 size of pipe and velocity
5 16.0 .681 limits listed.
6 16.6 652
B 16.0 .669

10 171 877 (use 726 above 6 FPS)

"Represents velocity at 100" Hp0 differential pressure. Consult tactory tor velocities
above those listed.

TABLE 2

ALTITUDE/PRESSURE
TABLE

The following table gives the
U.S. standard atmosphere
{1962) for various altitudes
above sea level.

Atmospheric '
Altitude : Pressure ‘
Feet ’ PSIA
o 14.696 §
500 , 14.433 |
1,000 ! 14.173
1,500 : 13.917 z
2.000 13.664 '
2,500 ' 13.416 3
3,000 ; 13.171
3.500 : 12.930 i
4,000 , 12.692 |
4,500 ; 12.458 i
5,000 ; 12.227 ,
6,000 l 11.777 g
7.000 11.340
8.000 } 10.916 r
9,000 10.505 t
10.000 10.106
15,000 1 8.293
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BULLETIN F-50

SERIES DS-300 FLOW SENSORS

Installation and Operating Instructions,
Flow Calculations

INSPECTION

Inspect the sensor upon receipt of shipment to be certain
it Is as ordered and not damaged. if damaged, contact
carner.

INSTALLATION

General ~ The sensing ports of the flow sensor must be
correctly positioned for measurement accuracy. The instru-
ment connections on the sensor indicate comect position-
ing. The side connection is for total or high pressure and
should be pointed upstream. The top connection is for
static or low pressure.

Location — The sensor should be installed in the flowing line
with as much straight run of pipe upstream as possibie.
This will provide a flow profile as ideal as possibie. A nule of
thumb is to allow 10-15 pipe diameters upstream and §
down. The table below lists recommended up and down
piping:

PRESSURE AND TEMPERATURE
Maximum 200 psig at 200°F.

UPSTREAM AND DOWNSTREAM DIMENSIONS IN TERMS OF INTERNAL DIAMETER OF PIPE

*SEE NOTE #1
% MINIMUM DIAMETER OF STRAIGHT PIPE l
UPSTREAM CONDITION f UPSTREAM ; !
. —  DOWNSTREAM |
IN-PLANE OUT OF PLANE ;
One Elbow or Tee 7 ‘ 9 i 5 |
Two 80° Bends in Same Plane ‘ 8 ' 12 5 |
Two 90° Bends in Different Plane 18 24 5
Reducers or Expanders 8 8 1 5
‘fg’eem&é ) 24 24 ! 5

*Note #1: Values shown are recommended spacing, in terms of internal diameter tor normal industrial metering requirements.
For laboratory or high accuracy work, add 25% to valuss

*Note #2: Inclucies gate, globe, plug and other throtting valves that are only partially opened. If valve is to be fully open,
use values 101 pipe size change. CONTROL VALVES SHOULD BE L OCATED AFTER THE FLOW SENSOR.
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POSITION

Be certain there is sufficient clearance between the mount-
ing position and other pipes, walls, sinictures, etc, so that
the sensor can be inserted through the mounting unit once
the mounting unit has been installed onto the pipe.

Flow Sensors should be positioned to keep air out of the
instrument connecting lines on liquid flows and condensate
out of the fines on gas flows. The easiest way to assure this
is 1o inslall the sensor into the pipe so that air will bleed
into, or condensate will drain back to, the pipe.

For air or gas flow:
nstal in upper Condensate drains
guadrart of pipe back tc pipe

For liquid or steam fliow:
Instadl i lower Air bieads back
quadrant of pipe 1o pipe.

FLOW

SENSOR

BLEED BLEED
L H

PIPE / H

T
!
!
!
{
!
i
¥
i
|

‘_'_-.-“‘NN-—__

-
-

i

WATER FLOW

INSTALLATION

1. When using an A-160 thred-o-let, weld it to the pipe
wall. i replacing a DS-200 unit, an A-181 bushing
(/" %"} will be needed.

2. Drili through the center of the thred-o-let into the pipe,
with a drill that is slightly targer than the flow sensor
diameter.

3. Install the packing gland using proper pipe sealant. if the
packing gland is disassembled, note that the tapered
end of the ferrule goes into the fitting body.

4. Insert the sensar until it bottoms against the opposite
wall of the pipe, then withdraw 1/16" to aliow for thermal
expansion.

5. Tighten packing gland nut finger tight. Then tighten the
nut with a wrench an additional 1/« turns. Be sure to
hold the sensor body with a second wrench to prevent
the sensor from turning.

INSTRUMENT CONNECTION

Connect the side pressure tap to the high pressure port of
the Magnehelic (alr only) or Capsuhelic gage or transmitting
instrument and the 1op connection 1o the low pressure port.
See the connection schematics below.

Bleed air from instrument piping on liquid fiows. Drain any
condensate from the instrument piping on air and gas flows.

Open valves to instrument to place flow meter into service.
For permanen! insiallations, a 3-valve manifold is recom-
mended to allow the gage to be zero checked without
interrupting the flow. The Dwyer A-471 Portable Test Kit
inchsdes such a device.

=
J

rmazx
@
™

i
HH
—_— ]
FLOW 111
{ ; SENSOR
e
i1l
PlPEJ
L V"—‘\ H
AlR OR GAS FLOW
DRAIN DRAIN
L H
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SERIES DS-300 FLOW SENSORS

] 1% [49.29) F- FLOW CALCULATIONS AND CHARTS
The following information contains tables and equations for
‘{ determining the differential pressure deveioped by the DS-
300 Flow Sensor for various flow rates of water, steam, air
or other gases in different pipe sizes.

VAT [ALZT) TYE

This information ¢an be used to prepare conversion charts
1o translate the differential pressure readings being sensed
into the equivalent fiow rate. Where direct readout of flow is
required, use this information to calculate the full flow dif-
terential pressure in order to specity the exact range of
Dwyer Magnehelic or Capsuhelic gage required. Special
; ranges and calculations are available for these gages at

mirimal extra cost. See bulletins A-30 and F-41 for addi-
tional information on Magnehelic and Capsuhelic gages
and DS5-300 fiow sensors.

164 NPT

For additional useful information on making fiow calculations,
the following reference is recommended: Crane Valve Co.
Technical Paper No. 410 *Flow of Fluids Through Valves,

i — 5716 {783E

Fittings and Pipe.” 1t is available from Crane Valve Co., 104
33 N. Chicago St., Johet. IL 60431. Phone 815/727-2600. Price
; How-e—| J including shipping is $20.00
. =

{187
GLEARANCE

Using the appropriate differential pressure equation from page 4. calculate the differential pressure generated by the sensor
under normal operating conditions of the system. Check the chart below 1o determine if this value is within the recom-
mended operating range for the sensor. Note that the data in this chart is limied 10 standard conditions of air at 60°F (15.6°C)
and 14,7 psia static line pressure or water at 70°F (21.1°C). To determine recommended operating ranges for other gases, lig-
uids and/or operating conditions, consult the factory.

Note the column on the nght sice of the chart which defines velocity ranges 10 avoid. Continuous operation within these can
result in damage to the flow sensor caused by excess vibration.

Fiow X Operating Ranges Operating Ranges Velocity Ranges !
Pipe Size - Coeflicient Air & B0°F & 14.7 psia Water @ 70°F Not Recommended ’
i {Schedule 40) oK (D/P inches W.C)) {D/P inches W.C) {Feet per Second) !
1 052 1.1010 186 4.001067% 146 to 220 1
1% 0.5¢ 1.1510 157 4.18 10 566 11310 170 i
1% 0.56 0.38%0 115 : 13610417 i 96 to 142
2 0.64 075t 7% ; 27210271 7110108 ;
2% ) 0.62 1,7210 53 6.22 10 193 5610 85
0.67 0.3910 35 14310 127 42tc 64 2
a _ 0.67 028t 34 1.0210 123 2816 43 :

6 0.71 ’ 06410 11 23110 40 1510 23

& 0657 0.10te 10 03710 37 g5t0 15

10 : 0.76 1 01710 22 06010 79 6410 10
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FLOW EQUATIONS

1. Any Liquid o
Q (GPM) = 5668 x K x D2 x |/ APISy

DIFFERENTIAL PRESSURE EQUATIONS
1. Any Liguid

AP (in. WC) =

Q2 x S¢

Kz x D4 x 32.14
2. Steam or Any Gas

Q (Ib/Hr) = 3581 x Kx D2 x \/p x AP 2. Steam or Any Gas

AP (in. WC) = Q2

3 Any Gas K2 x D* x p x 128,800

Q(SCFM) = 1288 x KxD2x / Px AP

] 3. Any Gas
v (T+460) X SS

AP (in. WC) = Q? x Sg x (T+460)

K2 x D* x P x 16,590

TECHNICAL NOTATIONS
The {following notations apply:

AP = Differential pressure expressed in inches of water column.
Q = Flow expressed in GPM, SCFM or PPH as shown in equation.
K = Fiow coefficient — See Values Tabulated on page 3.

D = Inside diameter of line size expressed in inches. For square
& rectangular ducts use D= -\/ 4 x Height x Width
';T
P = Static Line pressure (psia)
T = Temperature in degrees Fahrenheit (plus 460="Rankin)
p = Density of medium in pounds per cubic foot
Sy = Sp Gr at flowing conditions
Sg= Sp Gr at 60%F

SCFM TO ACFM EQUATION

147 + PSIG 520°
SCFM — ACFM x ( et ) ( o TF )
14.7 480 + °F
ACFM — SCFM x ( 147 1 PSIG ) ( 520 )
POUNDS PER ¢1p .. POUNDS PER act x (- 147 460 + °F
cuBIC FOOT ~19- = cigic Foor ACT X \ 757 7 rsiG 520

cusiC FOOT - CUBIC FOOT

147

T °F

POUNDS PER s~y _ POUNDS PER g1p ( 14.7 + PSIG) ( 460520 )

1 CUBIC FOOT OF AIR = 0.076 POUNDS PER CUBIC FOOT AT 60°F AND 14,7 PSIA

Clopyright 1996 Dwyer Instruments, Inc.

Printed in US A 6§96

FR 72-340451-0V
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Sensaphone:-1108

Desktop Monitoring System

Environmental/Process monitoring

over telephone lines with ol
programming capabilitie

[0 The versatile Model 1108 is designed
for programming flexibility

[J Variable alarm recognition and
"listen-in" time, with alarm disable,
security code access, remote sensing,
and other programming features

O Monitors power, temperature, and
other important environmental
conditions to protect computers,
equipment, and processes

[0 Automatically contacts you at up to 8
locations if unsafe conditions occur

[J Allows you to contact your system
using any telephone, to receive status
reports and listen-in to on-site sounds

[0 Helps you detect problems before they
turn into disasters

Now vou can protect your equipment and processes
even when yvou can't be there - The Sensaphone 1108

monitors your computer rooms, equipment centers,
offices, or any unattended facility to detect power fail-
ures, temperature extremes, intrusions, water incur-
sion, sounds such as smoke and burglar alarms, and
other conditions of your choice.

Alerts yvou immediately if problems arise - The
Sensaphone 1108 automatically contacts you by phone
at up to eight different phone numbers, to alert you of
unsafe conditions. The system communicates in
voice-synthesized English, and even lets you "listen-

_in" to actual on-site sounds.

CONDITIONS
MONITORED:
Temperature
Humidity
Electricity
‘Water Incursion
Smoke
Sound
Windows &
Doors
...and more!

~ALERT:

UP TO 8 DIAL-OUT NUMBERS:
If unsafe conditions occur, the Sensaphone
will automatically dial up to eight numbers I
in sequence to advise vou of the problem. I
Numbers may be up to 32 digits each, with
vour choice of pulse or tone dial-out. .

‘.----------

-—
@ COMMUNICATES OVER

STANDARD PHONE
LINES:

Call-in for periodic status reports on all

monitored conditions, using any telephone.

The Sensaphone communicates in simple

voice-synthesized English.

Phonetics, Inc.

901 Tryens Road, Aston, PA 19014 610-558-2700 FAX: 610-558-0222

http://www.sensaphone.com

See reverse side for a list of the
Sensaphone's outstanding features
and capabilities.




Sensaphone®]11(08

Ideal for a variety of applications - The
Sensaphone is useful wherever there is a need
for monitoring of temperature, humidity, or other
conditions. Sensors and input devices are avail-
able to suit a wide range of applications.

HVAC Equipment
Computer rooms
Refrigeration and freezers
Health care centers
Offices

Warehouses

Livestock and egg/poultry
Home & property
Greenhouses

...and many others!

Oo0oooooooo

BUILT-IN FEATURES

8 User-selectable inputs, temperature or
dry-contact

Microphone monitors high sound alarms
and enables remote listen-in

AC Power failure sensing with variable
recognition time

Battery condition monitor

Clock

o0 O O O

ADVANCED CAPABILITIES

0O User Programmable: Alarm recognition
time, Call delay, Inter-call delay, Message
repetitions

O Temperature sensing in Fahrenheit (-20°F

to 150°F), or Celsius (-29°C to 65°C)

Individual temperature input calibration

Nonvolatile memory for all programmed

parameters

Ooag

VERSATILE DIAL-OUT CAPABILITIES
O Alert sensors trigger pulse or tone
dialout automatically

Dials up to 8 numbers, up to 32 digits
each

Continues dialing numbers in sequence,
until acknowledged

Call Progress: Intelligently detects
ringing or busy signal

Intelligent dial out to beepers and
pagers

O 0o O o

EASY CONTROL ACCESS:

0 Keypad for local programming and
status report

O Unit can be called from any phone to
verify status of all monitored conditions

0 Local or remote enabling/disabling of
all dial-out conditions

] Can share a single phone line with an
answering machine, allowing full
operation of both units

O Programmable security code access

SPECIFICATIONS
Size: 7.5" W, 2" H, 85" D
Power Requirements: 120 VAC 60Hz 15W
Batteries: (6) 1.5 Volt "D" cell alkaline (not included)
Telephone Interface: FCC approved RJ-11 plug-in
modular connector with 6' cord
Operating Range: Unit should be kept between 32°F
and 120°F.
Temperature Sensing Range: -20° F to 150° F with
remote temperature sensor.
Shipping Weight: 4 lbs.
NRTL listed for compliance with U.L. Standard 1459.

Technical data subject 10 change without notice.

We'd like to show you how the Sensaphone 1108 can help you monitor your equipment and facilities.
Give us a call to find out more! Or listen to an actual Sensaphone report by calling 610-558-4591.

Phonetics, Inc.

© 1996 Phonetics, Inc.
Sensaphone® is a registered
Made U.S.A trademark of Phonetics, Inc.

901 Tryens Road, Aston, PA 19014 610-558-2700 FAX: 610-558-0222

http://www.sensaphone.com




ENGINEERING SI;ECIFICATIONS
SENSAPHONE® 1108 and 1118

I. General

The Automatic dialer shall be a self-contained microprocessor controlled system capable of
monitoring up to 8 alarm channels, sound level and AC power. The system shall be config-
ured for operation by the user by means of the built-in keypad. Characteristics of Input
channels include Dry Contact and Temperature.

Upon detection of any alarm or status change, the system shall commence dialing telephone
numbers and deliver a voice message identifying and describing the alarm condition(s). The
alarm message shall be delivered in digitized human voice using messages from the unit’s
internal vocabulary. The system will continue to call telephone numbers in succession until
a positive acknowledgment of the alarm message is received. Acknowledgment is accom-
plished by depressing tone keys from the called telephone, or by calling the system back
within a programmed time period. The alarm may also be acknowledged using the local
keypad. In addition, the system shall be able to receive incoming telephone calls. Upon
answering, the system shall recite a status report and allow enabling and disabling of
monitored conditions.

The system shall be FCC and DOC registered for direct connection to the telephone network.
The system shall be NRTL listed in compliance with UL Standard 1459. The system shall
have a one year warranty from the manufacturer. The system shall be a Sensaphone® 1108
by Phonetics, Inc.

11. 1/0 Channel Attributes and Features

A. Inputs

The system shall come standard with 8 input channels, configurable as NO or NC digita}
dry contact or temperature.

The system shall have the following built-in monitoring features:

1. AC power failure detection
2.  Temperature with pre-wired 2.8K thermistor (-20°F to 150° F) on input #1.
3. High sound level detection.

All monitored channels, including built-in monitoring features, shall allow local keypad
programming of pertinent operational data including, but not limited to:

Input type (NO/NC or temperature)

High and Low limits (temperature)

Calibration of temperature inputs (-10° to +10°)
Input recognition time (0 seconds to 272 minutes)
Enable/disable for each channel to dialout for alarm

AR S
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IT1. Communications Features

A. Telephone Specifications

The system shall connect to a standard 2-wire telephone line using pulse or tone, with loop
start only. The system shall recognize ringer frequencies from 16 to 60 Hz. No leased or
dedicated lines shall be required. The system shall also be capable of being used on the
same telephone line as other answering devices. Call progress detection shall ensure that
the alarm dialout is not hindered by no answers or busy signals.

B. Telephone Numbers

The system shall be capable of dialing up to 8 telephone numbers, 32 digits each. The
system shall allow local keypad programming of the following telephone dialing informa-

tion:

1. Dialing method (Pulse or tone)

2. Message repetitions (0 to 10)

3. Maximum number of calls (0 to 255)

4. Call delay time (0 seconds to 60 minutes)

5. Intercall delay time (10 seconds to 60 minutes)

C. Beeper/Pager Dialout

The system shall be capable of intelligently dialing out to a numeric beeper or pager. The
dialing sequence shall be programmable such that the pager number is dialed, the system
waits for the telephone to be answered, and then additional identification DTMF digits are
transmitted.

D. Line Seizure Feature (Model 1118 only)

The system automatically seizes control of the phone line to make an alarm phone call when

the alarm occurs. All other calls, including current calls, will disconnect and all extensions
will be disabled. Extensions will remain cut off until the alarm is acknowledged.

IV. Programming

A. Local Programming

The System shall contain an integral, sealed keypad for the purpose of locally programming
all system data. Programming is assisted by digitized voice guidance.

B. Remote Prograrmnming

The system shall be remotely programmable using a standard touch-tone telephone. The
following parameters may be remotely programmed:

1. Disable/enable inputs
2. Disable/enable AC power monitoring

express\engin.pmé 7.15.97



G. Environmental

The system shall function over an operating range of 32° F - 120° F at up to 0 - 90% RH,
non-condensing,.

. H. Maintenance

The system manufacturer shall have in-house service facilities and technical assistance
available during normal business hours, Monday-Friday, 8am-5pm (EST).

Specifications subject to change without notice.

© 1997 Phonetics, Inc.

Phonetics, Inc.
901 Tryens Road
Aston, PA 19014
Phone: (610)558-2700 FAX: (610)558-0222

www.sensaphone.com
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APPENDIX C
DESIGN DRAWINGS
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Symbol | Description
B3

FM-3 | Tomlzng flow meter, water , Haves 1-inch

P-1 |Wilden ol-less preunmatx pump

Numbe |
5-HP, 300 cfm 3 TEFC blower (Carbonar supphed) A

P-2 | Transfer punp, Mevers CT (Carbonar supphied)

| P-3 {Transfer pump, |-HP, 230V, 3-0, 20 gpm (Carbonar suppl
on pump, Sta-Rite DHG 2HP, high head

wppicd)

L A'S, (Carbonar supphed)

swich day tank contractor supphed

w level swech, diry tank contractor supplied

k vahe, PVC spring tvpe. 34" FIF
|l vahe, 34" brawe, Apolio # 710401
-5 _|Ball valve, brove preunatc, 34-nch FNPT x FNPT
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PLACE THIS SCREW ASSEMBLY IN THE —-\\
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