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DEPARTMENT OF THE NAVY

SOUTHERN DIVISION 5090/11
NAVAL FACILUTIES ENGINEERING COMMAND Code 18710
P.0. BOX 190010
2155 EAGLE DRVE 29 July, 1999

NORTH CHARLESTON, B.C. 20416-0010

Director, Division of Hazardous and Infectious Waste Management
Bureau of Land and Waste Management

South Carolina Department of Health and Environmental Control
2600 Bull Street

Columbia, SC 29201

Subj: SUBMITTAL OF REVISED DESIGN DOCUMENT FOR ANAEROBIC-AEROBIC
SEQUENTIAL TREATABILITY SYSTEM ZONE K (SWMU 166)

Dear Mr. Litton:

The purpose of this letter is to submit the enclosed revised Design Document for Anaerobic-Aerobic
Sequential Treatability System Zone K (SWMU 166), for Naval Base Charleston. The Design
Document is submitted to fulfill the requirements of condition IV.E.2 of the RCRA Part B permit
issued to the Navy by the South Carolina Department of Health and Environmental Control and the
U.S. Environmental Protection Agency (USEPA).

The Design Document was developed based on comments made by the Department and the USEPA on
the Draft Design Document for Anaerobic-Aerobic Sequential Treatability Study for SWMU 166.

The Navy requests that the Department and the USEPA review and provide comment or approval
whichever is appropriate. If you should have any questions please contact Billy Drawdy or Tony Hunt
at (843) 743-9985 and (843) 820-5525 respectively.

Sincerely,

N T

DAVID P. DODDS
Remedial Project Manager
Installation Restoration 11

Encl:

(1) Design Document for Anaerobic-Aerobic Sequential Treatability System - Zone K (SWMU 166), 19
July 1999

Copy to:
SCDHEC (Paul Bergstrand, Mihir Mehta), USEPA (Dann Spariosu)
CS0 Naval Base Charleston (Billy Drawdy), SOUTHNAVFACENGCOM (Tony Hunt)
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INTRODUCTION

This design document for the anaerobic-aerobic (A-A) sequencing treatability study at SWMU 166
is based on the Zone K RFI Report and the March, 1999, SWMU 166 Treatability Study Work
Plan (TSWP). General and detailed information regarding the site history, hydrogeology, and
contaminants of concern can be found in those documents. This design document is intended
primarily for use by the contractor and subcontractor in constructing and implementing the
treatability study system. However, aquifer testing results, predictive capture zone modeling, and
corresponding Figures C-1, C-2, and C-3 are provided in Attachment C to this report. Other

relevant figures are discussed and presented in Section 6 of this design document.

The main objective of performing this study is to determine the teasibility of using A-A
sequencing to remediate the chlorinated VOC groundwater plume. Though this technology is
based on fundamental microbial principles, it has been applied at only a few sites in the United
States and is considered an innovative technology. Furthermore, this technology is easily
enhanced or inhibited by inherent chemical, geological, and hydrogeological variabilities difficult
to reproduce in a laboratory. Therefore, a field-scale treatability study is needed to assess its
effectiveness at SWMU 166, Section 3 of the March 1999 TSWP describes objectives in more

detail.

Change in Proposed Study Area

Based on aquifer testing results completed in Spring 1999, the study area was relocated from its
proposed location as described in the TSWP. Aquifer test results indicate that in order to achieve
recirculation of the re-injected groundwater through the study area in less than 3 to 6 months, the
distance between reinjection and extraction wells would need to be decreased. This resulting
decrease in distance would interfere with daily Naval Annex facility operations. Therefore, the
study area was offset about 100 feet south of its originally proposed location. Details of the

aquifer test and new study area layout are provided in Attachment C of this document,
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CONTRACTOR SCOPE OF WORK

GENERAL

The contractor will provide labor, materials, construction equipment, and supervision as required
to install and provide the Navy a complete and operational, sequential in-situ anaerobic-aerobic
remediation system. The contractor is to furnish all piping components, including manually
operated valves, operational equipment, all structural steel, grout, concrete, concrete masonry
blocks, fasteners, anchor bolts, and paint. Groundwater wells will be installed by a separate
drilling subcontractor. Items not listed but needed for the completed installation are to be provided

by the contractor.

The contractor shall establish onsite temporary utilities and temporary facilities that are required
ta do the work. The contractor shall promptly repair any damage to these or existing facilities and

equipment during the work.

1.0 EQUIPMENT SETTING

1.1  Install the Following Equipment
Blower Unit
Compressor Unit
Nutrient Feed System

Groundwater Pumps

1.2 Install the Following System of Groundwater Wells
Groundwater Extraction Wells
Groundwater Re-injection Wells
Groundwater Sparging Wells
Groundwater Treatability Study Monitoring Wells
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2.0
2.1

2.2

2.3

2.4

2.5

3.0
3.1

EARTHWORK
The contractor is responsible for furnishing all labor, equipment, transportation, and
operations necessary to clear and grub, bring the site to grade, control dust, and prevent

erosion as shown in the drawings.

The contractor shall protect aboveground or below-grade utilities adjacent to the work
area. Existing utilities will not be taken out of service without the specific authorization
of the owner or the owner’s representative. Before excavation, the contractor shall locate
underground utilities within the work area. Accurately locate and record on project record
documents any abandoned and active lines that were rerouted or extended. As excavation

approaches utilities, the contractor shall hand-excavate to uncover utilities.

The contractor is responsible for protecting trees, shrubs, lawns, and other features
remaining as portion of the final landscape. The contractor shall protect benchmarks,

existing structures, fences, manholes, cleanout plugs, and roads.

Notify the Navy of unexpected subsurface conditions and discontinue work in the area until

the Navy provides notification to resume work.

The contractor shall repair damage promptly, as directed by the owner or the owner’s

representative.

CONCRETE
The contractor is to provide miscellaneous concrete pads, foundations, or grout as required
to set equipment and steel to the elevations required. The contractor shall furnish all labor

(including full-time onsite supervision), materials, equipment, transportation to job site,
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3.2

4.0
4.1

42

5.0

services, permits, and tools necessary to complete concrete installation as shown in the

concrete drawings specified herein, subject to requirements of the general conditions.

The contractor is responsible for replacing damaged or unsuitable concrete pads or

foundations as specified by owner or engineer onsite.

PIPING AND INSTRUMENTATION
The contractor is to provide and install all piping components, including manually operated

valves, strainers, pipe supports, and anchors, and hangers.

All piping indicated is to be installed by the contractor. The contractor will be responsible
for field-routing any piping that is not detailed on the plans and elevations and is
responsible for determination of the exact routing of all piping. The contractor is to make
field measurements to determine actual equipment and tie-in point locations and to locate
all interferences. The piping plans provided to the contractor are intended to be used to

convey the intent and general arrangement of the piping.
The contractor is to provide and install all instruments. The contractor i$ to exercise

special care in the handling and installation of the instruments to prevent inadvertent

damage to the measuring and controlling elements.

ELECTRICAL

Before installing any wire or conduit, the contractor shall obtain the exact equipment requirements

and shall install wire, conduit, disconnect switches, motor starters, circuit breakers, and other

items of correct size for the equipment actually installed. However, wire and conduit sizes shall

not be reduced without written approval.
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5.1  Codes and Standards
Equipment design, fabrication, testing, performance, and installation shall, unless shown or
specified otherwise, comply with the applicable requirements of NFPA 70 and IEEE C2 to the

extent indicated by the references.

5.2 Coordination

The installation of the electrical work shall be coordinates with the work of other trades.

5.3  Approval Requirements
Where materials and equipment are specified to conform to the standards of the Underwriters
Laboratories (UL), Inc., the label of, listing with reexamination, in UL-05 will be acceptable as

sufficient evidence that the items conform to the requirements.

Where materials or equipment are specified to the constructed or tested in accordance with the
standards of NEMA, ASTM, or other recognized standards, a manufacturer’s certificate of
compliance indicating complete compliance of each item with applicable NEMA, ANSI, ASTM

or other commercial standards specified will be acceptable as proof of compliance.

5.4  Prevention of Corrosion
Metallic materials shall be protected against corrosion. Equipment enclosures shall be given a

rust-inhibiting treatment and the standard finish by the manufacturer.
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6.0 FIGURES

As part of this design document, the following relevant figures are included:

. Figure 1 — Equipment Layout
This figure provides the general layout of the aboveground equipment. Concrete pad and

fencing is also presented in this figure.

. Figure 2 — Monitoring Wells and Site Layout
This figure shows the location of the TS wells, equipment building (Figure 1) and the

below ground piping network.

o Figure 3 — Well Vault Detail

This figure presents a profile view/detail of a typical well vault for the TS.

. Figure 4 — Typical Air Sparging, Extraction, Injection, and Monitoring Wells for
Anaerobic-Aerobic Sequential Treatment System.
This figure presents a detailed view of a typical air sparging, extraction, injection and
monitoring well for the TS. Note the well casing in figure is shown exceeding grade. This

if for illustration purposes only.
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SECTION A — EARTHWORK
CLEARING AND GRUBBING

Clearing and grubbing shall consist of the removal and disposal of all trees, brush, stumps,
roots, grass, and weeds which would prevent construction to the elevations provided on

the drawings.

All material generated as a result of clearing and grubbing activities will be stockpiled

onsite at the location identified by the owner.

The contractor shall provide temporary fences, barricades, covering, or other items
required to protect and preserve items to remain and adjacent properties as directed by the
owner's representative. Clearing and grubbing shall only be conducted within the area
proposed for grading activities. The contractor shall exercise care to ensure that existing
trees and vegetation outside the proposed fill or excavation limits are not damaged. The
contractor shall restore damage to the condition existing prior to the start of work, unless

otherwise directed by and at no cost to the owner.

DUST CONTROL

The contractor shall conduct operations and maintain the site so as to minimize the creation
and dispersion of dust. Dust control shall be used during clearing, transport, compaction,

rough grading, well construction, and equipment installation.

EARTHWORK

No brush, trees, tree roots, stumps, rubbish, sod, muck, frozen, or any other material
deleterious to the earthwork shall be placed therein. The contractor will be required, when
directed, to remove any materials which the owner or the owner's representative considers

objectionable in the earthwork.

The contractor shall protect aboveground or below-grade utilities adjacent to the work

area. Do not take existing utilities out of service without the specific authorization of the
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owner or the owner’s representative. Before excavation, the contractor shall locate
underground utilities within the work area. Accurately locate and record on Project
Record Documents any abandoned and active lines that were rerouted or extended. As

excavation approaches utilities, the contractor shall hand-excavate to uncover utilities.

. It is the responsibility of the contractor to protect trees, shrubs, lawns, and other features
remaining as portion of the final landscape. The contractor shall protect benchmarks,

existing structures, fences, manholes, cleanout plugs, and roads.

. Notify the Navy of unexpected subsurface conditions and discontinue work in the area until

the Navy provides notification to resume work.

. The contractor shall repair damage promptly, as directed by the owner or the owner’s

representative.

SECTION B — CONCRETE

SCOPE

Contractor shall furnish all labor (including full time onsite supervision), materials, equipment,
transportation to job site, services, permits, and tools necessary to complete the cast-in-place
concrete installation as shown on the Contract Drawings and as specified herein, subject to the

requirements of the General Conditions.

APPLICABLE CODES, STANDARDS, AND SPECIFICATIONS
All work shall conform to the latest edition of the American Concrete Institute’s (ACI) and

American Society for Testing Materials (ASTM) standards.
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MATERIALS
U] Cement: ASTM C150, Type 1 (One brand shall be used throughout the project.)

. Water: Fresh, potable, clean and free from injurious amounts of oils, acids, alkalies, salts,

organic materials, or other deleterious matter.

o Aggregate: Well graded. clean, hard, durable, uncoated stone or gravel conforming to

ADTM C33,3/4"t0o 1 2.

. Expansion Joint: ASTM Specification D1751-60T.

. Joint Sealant: Federal Specification TT-S-00230, one part type.

o Forms: Commercial standard, moisture-resistant, form plywood (not less than 5/8" thick);

metal; or other patent-type forming system that will produce surfaces equal to the plywood.

o Ready-Mix Concrete: Conform to ASTM C9%4.

CONCRETE MIX REQUIREMENTS

. All concrete shall be minimum compressive strength of £ c= 4,000 psi at 28 days.
. All concrete shall have a maximum slump of 3" for slabs and 5" for other members.
. All concrete shall have a2 maximum water/cement ratio of 0.50.

FORMS

. The design, materials, and construction of all formwork shall conform to ACI 347,

o All exposed corners shall be chamfered by 3/4" molding.
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CONCRETE FINISHES

All slabs shall be screeded and floated to bring the surface to the required finish elevations
with no coarse aggregate visible. After the concrete has stiffened sufficiently to permit the

operation, the surface shall be floated at least twice to a uniform, sandy texture.

Dusting with any material to absorb surface water is prohibited.

A hard burnished, steel trowe! finish with a very light burlap drag shall be provided for
all slabs.

For the exposed sides of pads all depressions, voids, and any honeycombed areas shall

be cut back to solid concrete, patched, and ground smooth.

SECTION C — STEEL
SCOPE

The work to be performed under this section of the specifications shall include the furnishing,

detailing (including design of all connections), fabrication, and erection of the structural steel

framing, columns, beams, bracing, ladders, grating, handrail, and toe-plate.

MATERIALS
Structural Steel: Conform to the applicable provisions of ASTM Standard Specification A36 and

the latest codes and standards of the American Institute of Steel Construction (AISC).

All materials shall be stored in a manner that will prevent damage from rusting, impact,
and chemicals. All structural shapes shall be clean and straight. Twisted or damaged

sections shall not be used.

Bolts: All bolting is to conform to ASTM Specification A-325.

Angle Iron: All L shaped supports are to be standard L 2 X 2 X 1/4 solid metal pieces.
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H beams: All H beams are to be standard W 6 X 12 solid metal beams.

Steel plates: All plates will be standard 4’ X 8' sheets of metal 1/4" thick.

FABRICATION AND ERECTION

The cantractor shall be responsible for the design adequacy of all steel connections.

The erection shall be done in accordance with the latest edition of the AISC specifications, the

AWs code, and the OSHA standards.

All column bases shall be set on steel shims of sufficient size to support the dead load of the
structure. After the structure has been plumbed, leveled, and bolted, grout beneath the plates per

the grout manufacturer’s recommended installation instructions.

SECTION D — PIPING
SCOPE
The contractor is to furnish all labor, materials, equipment, services, permits, and tools necessary

to complete the piping as shown on the schematic P&ID drawings and the plans, layouts.

Piping is to be installed in accordance with the Pipe Fabrication Institute Standards Fabricating

Tolerance, PFI Standard ES-3.

No alternate components or materials shall be substituted without the written approval of the

awner or engineer.

LINE IDENTIFICATION

Pipe lines are numbered per the following scheme:

Example: 4"-PW-CS
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4" = Nominal Pipe Diameter
PW = Service
CS = Piping Material Specification

SUPPORTS, ANCHORS, AND HANGERS
Al piping shall be adequately supported, guided and anchored to prevent excessive vibration,
deflection, and stress on equipment. Piping is to be supported such that no stress is placed on the

pumps, centrifuge, or other rotating equipment.

Piping shall be arranged and supported to permit removal of equipment for maintenance.

TESTING

All piping is to be hydrostatically tested upon completion of the installation to insure that there are
no leaks at flanged, clamped, or welded connections. Testing is to be performed at the system
design pressure, 125 psig. Instrument components subject to damage by the hydrostatic test are

to be temporarily removed or blinded from the system

SPECIFICATION CARBON STEEL (CS) FITTINGS AND PIPE

Pipe
2" and smaller ASTM A-53, ASTM A-106 GR.B, or ASTM A-120. Standard
weight (schedule 40), commercial, galvanized, threaded ends.
3™ and larger ASTM A-53 GR.B or ASTM A-106 Gr.B, standard weight,
commercial, carbon steel, compatible with fittings for grooved pipe
as manufactured by Victaulic, Grinnel, or equivalent.
Fittings

2" and smaller ASTM A-338 or A-197, 300# threaded, malleable iron, galvanized
conforming to ANSI B16.3 or ASTM A-126, Gr.B.
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3" and larger

Unions

2" and smaller

Flanges

2" and smaller

3" and larger

Bolting

Gaskets

Standard Victaulic, Grinnel “Groove-Lock” or equivalent grooved

end fittings for IPS piping. Flexible or rigid type fittings per fitting.
Follow manufacturer’s recommendation for location and service.
Follow manufacturer’s recommendations for gaskets, bolting, outlet
connectors, and flange adaptors for a system to provide 125 psig
rating in process water service. (Process water will have a pH of

7 to 10.)

ASTM A-197, 300# malleable iron, or ASTM A-105 Gr. B, 3004,

carbon steel, galvanized, ground joint, brass to iron seats.

ASTM A-105 Gr. 1, carbon steel, 150# flat face, threaded,

galvanized, bore to match pipe schedule.

ASTM A-105, Gr. 1 carbon steel, 150# flat face slip-on or weld

neck, bore to match pipe schedule.

ASTM A-307, Gr. B, hex head machine bolts with heavy hex nuts.

1/16" thick neoprene

Gate, Globe, Ball, Three-way, and Check Valves

2" and smaller

Butterfly valves

3" and larger

200# bronze body, threaded ends, bronze or stainless steel trim,

specified for water and compressed air service.

As manufactured by Victaulic “Vic 300", Grinnel “Series 7000" or

equivalent.



Gasket Strainers
2" and larger As manufactured by Armstrong, Model SU-10S. Cast Iron body,

304ss 20 mesh screen, flanged pipe connections.

POLYVINYL CHLORIDE (PYC) SCHEDULE 80 FITTINGS AND PIPE
This specification covers the manufacturing requirement for PVC Schedule 80 piping component
intended for use in industrial pressure rated fluid handling systems of 140°F or less where

resistance to corrosion is of prime importance.

Materials: Pipe and fittings shall be manufactured from PVC compound which meets the
requirements of cell classification 12454-B polyvinyl chloride as outlined in ASTM D-1784, PVC
shall be gray in color. Pipe and fitting materials shall be specifically formulated with sufficient

UV screeners to provide for long term outdoor exposure with no deleterious effects.

Materials from which pipe and fittings are manufactured shall have been tested and listed

for conveying potable water by the National Sanitation Foundation (NSF).

Dimensions/Design (IPS size): Fitting components that utilize socket type solvent welded
connections shall have socket diameters, lengths and wail thickness as required by ASTM D-2467.
Components utilizing taper pipe thread connections. Shall have thread length, diameters and

configurations in conformance with ASTM D-2464.
Fittings shall be industrial, heavy duty, hub style.
Flanges shall be one piece solid design or two-part van stone type which utilize the taped, serrated

face and full face gasket technique for joining and are compatible with ANSI B16-5 class 150

metal flanges.
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Unions shall be the O-ring seal type having interchangeable components with time-union valves

for maximum system versatility.

Unions intended for joining dissimilar materials shall be the transition type, which utilize
components of the two dissimilar materials, joined with an O-ring to adsorb the thermal expansion

coefficient differential.

Pipe shall be as prescribed by ASTM D-1785 for pressure rated piping system.

Pressure Ratings: Socket fittings shall be pressure rated the same as the corresponding size pipe
prescribed by ASTM D-1785. Threaded fittings shall be pressure rated at 50% of the rating for

socket fittings.

Valves, unions and flanges shall be pressure rated at 150 psi for water service at 73 °F, non-shock

and have a minimum burst requirements of 3.3 times the rated pressure.

Pipe shall be pressure rated as prescribed by ASTM D-1785.

Markings: Fitting and pipe shall be clearly marked with the manufacturer’s name or trademark,
material, ASTM number or alternate symbol indicating compliance with NSF standard 14 for the
conveyance of potable water, and further indicating compliance with the applicable ASTM

standard and country of manufacture.
PVC BALL VALVES 2" THROUGH 1 2" SIZES

Materials: Major component parts shall be constructed of ¥2"-1/1/2" PVC — polyvinyl chloride,
cell class 12454-B per ASTM D-1784 industrial gray in color.

Dimensions/Valve Design: PVC socket type connectors shall be as required in ASTM D-2466,
ASTM D-2467. Threaded type connectors shall be as required in ASTM D-2466 ASTM D-2464.
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The valve assembly shall be of uni-valve construction, such that a two-piece body is permanently
screwed together to contain seats which are maintained under compressive load against the ball
by elastomeric energizing rings. The valves shall have no user serviceable components except

handles, and the general design shall stress efficient space utilization and economy.

Flow restriction shall be minimized by full port valve design for sizes ¥2"-1" and conventional port

design for the 1 12" size.

Valves shall have optional round handles available for safety operation.

Performance: Valves shall be rated for 150 psi service at 73°F water, non shock and have a

minimum burst rating of 3.3 times the rated working pressure for maximum safety.

Markings: Valves shall be clearly marked with the manufacturer’s name or trademark, size,

material of construction, country of manufacture and the NSF-pw SE seal.
PVC BUTTERFLY VALVES 2" THROUGH 10": This specification covers the manufacturing
requirements for PVC butterfly valves intended for use in industrial and commercial piping

systems.

Materials: Body shall be manufactured from a PVC compound which meets the requirements of

cell class 12454-B polyvinyl chloride as outlined in ASTM D-1784.

Disc shall be brass ASTM B-124 with EPDM upper and lower shaft shall be 420 S.S. ASTM-582
O-ring seal material shail be EPDM.

Bearing shall be PTFE bronze centered on steel.

Handle shall be of malleable iron with epoxy coating or PVC with throttling index piates.
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Valve Design: Valve body shall be of the wafer design for ease of installation and maintenance
and shall be compatible with bolt hole pattern, ANSI B16.5 class 150; B.5.1560 class 150; DN200
ISO 2084 PN10; and DN 200 DIN 2532 PNIi0.

The shaft shall splined to lock into the disc to ensure positive rotation. The shaft shall be guided
by Teflon coated bearings to ensure against deflection. Disc position shall be indicated by the

shaft when the Landa is removed.

Markings: Valves shall be clearly marked with the manufacturer’s name or trademark, size
material of construction, country of origin and pressure rating. Valves additionally bear the NSF-

pn SE seal.

Performance: Valves shall be rated bubble-tight at 150 psi at 73°F water, non-shock. The

pressure rating shall be based on a minimum safety factor of 3.3.

SECTION E — PUMPS

GROUNDWATER WELL PUMPS

GENERAL

Furnish and install CEE Standard Ap-4 or equal submersible pump(s) to extract 4 USGPM against

a total head of 50 feet.

Pump Design

The pumps shall be of the submersible type, down-well controllerless total auto pump system:

. Down-well located (submersible) air operated pump
. Internally controlled require no surface controls or otherwise
. Available for flow-rates at minimum 4 GPM
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. No surface mounted control, bleeders, or bubblers,

* Ready to be used immediately without any adjustments

. Pump control will be regulated using a liquid level controller located in the holding tank

to turn the pump(s) on and off

. Air requirements maximum 90 psi, 2-4 SCFM.

The total fluid recovery system should be available with the following:

° Material of construction — stainless steel
o High strength reinforced tubing
o A pneumatically driven device that counts the number of pump cycles for maintenance,

service, and statistical purposes with minimal loss in air pressure or performance.

SECTION F — BLOWER
Regenerative Blower

. The centrifugal blower unit should deliver substantial air flow at moderate pressure

. Blower should have a direct-drive, high speed, rotating impeller that regenerates or

compresses inflow with each revolution.

* Blower should not have gears, belts, motor brushes or sliding vanes that require

maintenance, impeller, mounting base.

o Blower should have suction/discharge silencers that reduce noise level to below OSHA

standards. Blower should have build-in thermal protection to prevent overheating.

o Totally enclosed motors should operate on 50/60 HZ CSA certified and UL approved.
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Sizing

Maximum Pressure in Inches of Water = 55

HP =1

Maximum CFM = 98

Power = 230/V/3®/60 HZ.

SECTION G — COMPRESSOR

Compressor will be single stage, soil injected, rotary screw type compressor.

Electrical Motor

TEFC, 230/460V, 3-phase, 60HZ, 3600 rpm, Class F insulation.

Starter

Full voltage magnetic starter with 115V-single phase 60 HZ control voltage

Drive

V-belt with automatic tensioning device that provides optimum power transfer and long belt life

Control Panel
Display of discharge pressure, air and lubricant discharge, temperature, operating hours, start-stop

switch, power on light, emergency stop button safety system with compressor, on light.

Safety system consists of motor overload, high air and lubricant discharge temperature, wrong

direction of rotation, and loss of drive should be signaled by lighted indicators.

Compressor Control
Automatic dual control to run either fully loaded or unloaded with reduced power requirement
during idle periods. Idle period is set to allow delayed stop of compressor in case of no air

demand.
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Air/coolant system

Air intake and cooling air enters the unit through replaceable pre-filter. Pneumatic inlet and vent
valve. ASME separator should be equipped with safety relief valve. Oil level sight glass, and
quick disconnect fittings for manual verification of separator element contamination. Tank

mounted unit. Compressor should be equipped with air drying system.

SECTION H — METERING FEED PUMP
Air-operated Batch Metering Pump
. Air-operated diaphragm should be equipped with a pneumatic controller assembly for pre-

set dispensing.

. The controller should monitor the diaphragm pump pulse to allow to accurately contro! the

number of cycles the pump will produce.

. The pump housing is polypropylene; the diaphragm and ball check valves should be teflon.

. Maximum temperature is 150 °F, maximum pressure 100 psi.

. Pump should have a 1/4" FPT air inlet. Intake and discharge 2" FPT.

SECTION I — GROUNDWATER WELL SYSTEM

System Elements

The groundwater well system to be installed for the treatability study will consist of two extraction
wells, four re-injection wells, two air sparging wells, and three treatability study monitoring wells.

The location map shows where these wells are placed on the treatability system area.
Groundwater Extraction Wells

Two groundwater extraction wells will be 4-inch polyvinyl chloride (PVC) screened in the deep

saturated zone. The wells will have a No. 20 slotted PVC screen of 15 feet length starting from
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the base of the underlying Ashley clay formation which forms the relatively impermeable layer

underneath the deep saturated treatability zone.

Groundwater Re-injection Wells

Four groundwater re-injection wells will be 4-inch polyvinyl chloride (PVC) screened in the deep
saturated zone. The wells will have a No. 20 slotted PVC screen of 15 feet length starting from
the base of the underlying Ashley clay formation which forms the relatively impermeable layer

underneath the deep saturated treatability zone.

Groundwater Air Sparging Wells

Two groundwater air sparging wells will be 2-inch polyvinyl chioride (PVC) screened in the deep
saturated zone. The wells will have a No. 20 slotted PVC screen of 15 feet length starting from
the base of the underlying Ashley clay formation which forms the relatively impermeable layer

underneath the deep saturated treatability zone.

Groundwater Treatability Study Monitoring Wells

Three groundwater study monitoring wells will be 2-inch polyvinyl chloride (PVC) screened in
the deep saturated zone. The wells will have a No. 20 slotted PVC screen of 15 feet length
starting from the base of the underlying Ashley clay formation which forms the relatively

impermeable layer underneath the deep saturated treatability zone.

Well Specifications

All the wells will be installed in a boring drilled to a depth to target the deeper zone of the aquifer
Just above the confining Ashley unit. The wells will be flush-mounted at the ground surface and
have a well vault. A typical well design and vault design is in Attachment ). The completed drill
hole will have an outer diameter of 8 to 12 inches, and should be large enough to accommodate
a 2- or 4-inch inside diameter (ID) well screen and standpipe. The wells will be flush-mounted
at the ground surface and have a well vauit. A typical well design and vault design is in the

drawing section, Section 6, of this document (Figures 3 and 4).
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After installation, the dewatering test well shall be thoroughly developed by the drill crew for at
least 2 hours, using a combination of pumping, surging, and flushing with potable water. All
residuals derived from drilling and developing the dewatering the test well will be managed as
hazardous waste. Development will be completed when the engineer or geologist has judged the

well to be clean and hydraulically responsive.
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Attachment B

Instrument Information
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o
C EEZS Tank-Full Shut-Off System (TFSO)
SECTION 7

S P E C1 F 1 C A T1 O NS

The CEE Tank-Full Shut-Off System is a self-contained safety system which can be used to
turn off other pneumatic systems in the event of a liquid level rise or a pressure increase in a
container {e.g., product recovery tank, oil/water separator, and/or surge tank). This system,
which incorporates a dual-sensor safety mechanism, can be “T-ed” to monitor many tanks or
containers without the need of adding more TFSQO systems. This system consists of a
TFSO Tank Unit with a fume/product overflow return, an air-operated control panel, a
filter/pressure regulator, and a hose package.

METHOD OF OPERATION

The TFSO System is mounted first in a given series of pneumatic systems and passes
compressed air to other “downstream” pneumatic systems as long as a “trip condition” does
not exist. A TFSO Tank Unit is attached to each tank where shut-off protection is desired.
The TFSO System monitors all TFSO-equipped tanks and if any one of the following
conditions exists, the system closes the valve supplying compressed air and exhausts the
air, shutting down all “downstream” systems:

« Liquid Level Rise in the Tank. If the liquid rises 4 inches above the float guide tube or
pushes the float up against the trip button, the system trips.

» Hoses Are Not Properly Connected or a Hose Leak Exists. If an improper hose
connection is made or there is a cut in one of the sensor hoses, the system will trip.

» Tube Sensor or Fitting Blockage. If any of the hoses or fittings become clogged by
debris or condensate build-up, causing back pressure of up to 3 to 4 inches of water
pressure, the system will trip.

+ Tank Vent or Control Exhaust Blockage. Dangerous pressure build-up in a container
is sensed by the TFSO Tank Unit and causes the system to trip.

» Tank-Full Reset Button Has Not Been Pushed. The TFSO System requires the
manual pushing of the reset button before continuing operation.

* Oil/Moisture Enters Controfs. If oil or water from the compressor clogs the sensors,
the controis will shut down.
TESO TANK UNIT

The TFSO Tank Unit has two sensors (a bubbler sensor and a float sensor) and a
fume/product overfiow retum.
The bubbler sensor:

« Is fed a smail amount of air which bleeds into the atmosphere or bubbles into the fluid.

* |s the guide tube that the float sensor slides up and down.

» Trips when 3 to 4 inches of water pressure is sensed.
The float sensor:

* Utilizes a 2-piece, hydrocarbon resistant float.

* Is triggered as the float rises with the fluid level coming in contact with a button located
on the TFSO Tank Unit. This contact releases the air pressure built up behind the
button, tripping the system.

The fume/product averflow retum:
* Directs fumes back into the well (or other tanks if desired) under normal conditions to
avoid potential hazardous accumulations of explosive fumes.

* Allows fluid to retum to the weli (or atmosphere or other tanks if desired) should both
the bubbler and float sensors fail,

{800) 537-1767 Clean Environment Equipment - rev. 3 7a-1



@ 71Fso (cont'd)

CONTROL PANEL

The Control Pane!l consists of TFSO circuitry, a pump air valve, air filters, and a pressure
regulator; all housed within a NEMA 12 wall-mountable, aluminum enclosure.

The Tank-Fuil Shut-Off (TFSQO) Circuitry:

« Has an overriding safety circuit that stops air flow to downstream pumps (Product,
Total Fluids, and/or Water Pumps, etc.) when activated by the TFSO Tank Units.

¢ Includes a control panel-mounted Status Indicator and Reset Button that allows the
operator to assess the condition and to re-start the system.

The air filter/pressure regulator unit:
+ 1s typically mounted on the Control Panel.

* Consists of a two-stage, 5 micron (first stage) and 0.01 micron (second stage),
particulate filter contained in a metal bowl.

* Includes a float-operated condensate drain.
+ Includes a pressure regulator that is adjustable from 0-125 psi and is rated for 250 psi.

+ Allows for the adjustment of supply air pressure to the value necessary to operate the
system.

* Is typically provided with locking-sleeve, hydraulic grade brass quick-connect fittings.

HOSE AND_HARDWARE PACKAGE
The hoses sdpplied with the system are of industrial grade.
« The main air supply hoses equal or surpass Parker 801 specifications.
* The TFSO Sensor Hose consists of a low pressure single-wall PVC tubing.

* Ali hoses are color coded and equipped with non-interchangeable, brass quick-
connect fittings.

SYSTEM REQUIREMENTS/PARAMETERS

The TFSO System:
» Has varying air usage, however, less than 0.7 scfm @ 80 psi is considered
appropriate for most applications.

* Requires a 2-inch Female NPT fitting on tank for the TFSO Float (2-inch Male NPT).

SYSTEM OPTION
= Single Sensor TFSO Tank Unit.

MATERIALS OF CONSTRUCTION
The TFSO Tank Unit:

» Hydrocarbon resistant float material * Brass
= Stainiess Steel + Aluminum

COMPONENT AND_SHIPPING WEIGHTS

o STTEM: ') COMPONENT

| Control Panel 20 /
Tank Unit 2 /
Hose Package Varies

{800) 637-1767 Clean Environment Equipment - rev. 3 7a-2



DUAL-SENSOR TANK-FULL SHUT-OFF (TFSO) SYSTEM

TN

THE CEE TFSO SYSTEM PROTECTION EXTENDS BEYOND THE CLASSIC PRODUCT TANK-FULL
CONDITION. IT ALSO INCLUDES A UNIQUE DUAL SENSOR HOSE FOR ADDED SAFETY. IN
ADDITION, ALL EQUIPMENT RECEIVING AIR THAT IS FED BY, AND DOWNSTREAM 0OF, THE
TFSO CONTROL PANEL, INCLUDING FLUID EXTRACTION PUMPS AND SKIMMERS, ARE TURNED

OFF DURING *SHUT-DOWN® CYCLES.
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TFSO UNIT AND TANK ADAPTOR

TESO UNIT

PRIMARY TANK-FULL/

CONTROL CONNECTIDNS

-

OPTIONAL TFSO UNIT
LENGTHS ARE AVAILABLE
FOR DIFFERENT TANK
CONFIGURATIONS

\

TANK ADAPTOR

SECONDARY

PROTECTION VIA A
TANK-FULL DVERFLOW
AND FUME RETURN HOSE

~— HYDROCARBON
INLEY

3/8-INCH —/

BARB FOR FUME
RETURN HOSE

[
/

2-INCH DRUM BUNG—/

OR 2-INCH FEMALE
PIPE THREAD

NOTES:

o JTHER SIZES AND
CONFIGURATIONS OF
PRODUCT RECOVERY
TANKS ARE APPLICABLE

e ALL FITTINGS ARE
BRASS QUICK-CONNECTS

e

HYDROCARBON RECOMVERY

w

e

S —

\3/4—INCH DRUM BUNG

OR 37/4-INCH FEMALE
) PIPE THREAD

—:::".-—-/—/

TANK

B

L4

*
—
N
w
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EQUIPMENT FOR GROUNDWATER REMEDIATION

AND LEACHATE EXTRACTION
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(510) 8910880 FAX (510) 4446789
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mEmTEey DUAL TFSO
SENSOR HOSE

TFSO CONTROL PANEL\

TFSO UNIT
e DUAL TANK-FULL
1 {guur-arr

ﬁ NSOR UNIT

FLUID DISCHARGE \}
HDSE
| —— p O — ——— G
(,..IE ;|_ ‘IL ‘l__H )
% FLUID
RECOVERY TANK
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® [F ANY SENSOR HOSE IS DISCONNECTED,
TOP-LOADING THE SYSTEM WILL SHUT DBOWN,

TOP-LOADING I l N
AutoP AutoP
G N % Rk o IF DIL ENTERS THE CONTROLS, THE
SYSTEM WILL SHUT DOWN.
| e, |
T o IF THE DUAL-SENSTR HOSE 1S PUNCHED
= (R CUT, THE SYSTEN VILL SHUT DOWK

e

o [F ANY SINGLE TANK ARMED WITH A
TFSO UNIT SHOULD FILL, THE SYSTEM
WILL SHUT DOWN.

® {ITHER RECOVERY WELLS CAN BE ADDED
T0 THE SYSTEM.

Clean Environment Equipment
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puat TFSO

UAL TANK-FULL
TFSO UNITC SHUT-OFF
SENSOR UNIT

FLUID
RECOVERY TANK

FLUID DISCHARGE
HOSE

NE TS s e FEATURES & BENEFITS
4] el e's, by Sk 8o e's, ¥ 5L 200 #'s, By b TR
% PR KA ST YRR 2 g BN 22t

¢ |f ANY SENSOR HOSE 1S DISCONNECTED,
THE SYSTEM WILL SHUT DOWN.

o [F DIL ENTERS THE CONTROLS
THE SYSTEM WILL SHUT DOWN.

o [F THE DUAL-SENSOR HOSE 1S PUNCHED

BOTTOM- BOTTOM- OR CUT, THE SYSTEM WILL SHUT DOWN.
LOADING LOADING
AutoPump® AutoPump® o IF ANY SINGLE TANK ARMED WITH A

TESO UNIT SHOULD FILL, THE SYSTEM
WILL SHUT DOWN.

® THER RECOVERY WELLS CAN BE ADDED
70 THE SYSTEM.
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DPUAL TFSD
SENSOR HOSE )

UAL TANK-FULL
TFSO UNIT SHUT-OFF
[ SENSOR UNIT

FLUID
RECDVERY TANK

FLUID DISCHARGE ~ |
HOSE \

Lr

FEATURES & BENEFITS
I PR X o7 = 5 15 ®IF ANY SENSOR HOSE IS DISCONNECTED,
(R ' ‘ ay THE SYSTEM WILL SHUT DOWN.

¢ [F DIL ENTERS THE CONTROLS, THE
SYSTEM WILL SHUT DOWN.

o |F THE DUAL-SENSOR HOSE IS PUNCHED
R CUT, THE SYSTEM WILL SHUT DOWN.

2-INCH WELL:
/— OR LARGER

DR LARGER

o [F ANY SINGLE TANK ARMED WITH A
TFSD UNIT SHOULD FILL, THE SYSTEM
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TFSO CONTROL PANEL \

s

COMPRESSOR ©

DuAL TANK-FULL

TFSQ UNIT
SHUT-OFF SENSOR UNIT

FLUID

DISCHARGE HOSE—

L

“ FLUID

) o
SREAEAN

"
/|

SCREENE
INLET

[-X-1 ]
[-4

o
24806 o]

2-INCH WELL-
OR LARGER

SCREENE
INLET

2-INCH WELL
OR LARGER —-\\

SCREENE
INLET

EEATURES & BENLFITS

® [F ANY SENSOR HOSE IS DISCONNECTED,
THE SYSTEM WILL SHUT IOWN.

® |F OIL ENTERS THE CONTROLS, THE
SYSTEM WILL SHUT DDWN.

o [F THE DUAL-SENSOR HOSE IS PUNCHED
(R T, THE SYSTER VILL SHUT DOWN

o [ ANY SINGLE TANK ARMED VITH A
TFSO UNIT SHOULD FILL, THE SYSTEM
VILL SHUT DOWN.

o ITHER RECOVERY VELLS CAN BE ADDED
0 THE SYSTEM

RECOVERY TANK

— | A
‘) FUME RETURN
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/— pual TFSO HOSE

TFSD CONTROL BUAL TANK-FULL
PANEL s
/—TFSD UNIT{SHUT—UFF SENSOR UNIT

e ~

COMPRESSOR @

HYDROCARBON
AIR SUPPLY PRODUCT ) _LJ— RECOVERY TANK
DISSSSA:_?GE\ = | FUME RETURN
J FEATURES & BENEFITS
== e
- ® If ANY SENSOR HOSE 1S DISCONNECTED,
G T\ THE SYSTEM WILL SHUT DOWN.
7, ) A S ] O S
oo 058 QoS SHS ' [ Qoees ] Y R, @ IF OIL ENTERS THE CONTROLS, THE
SYSTEM WILL SHUT DOWN
ol ' ot o If THE DUAL-SENSOR HOSE IS PUNCHED
CENIE OR CUT, THE SYSTEM CINCLUDING
AR PRODUCT PUMPS AND SKIMMERS) WILL
SHUT DOWN.

0200 ft

o [F ANY SINGLE TANK ARMED WITH A
TFSO UNET SHOULD FILL, THE SYSTEM
sos-2 WILL SHUT DOWN.

® NTHER RECOVERY WELLS CAN BE ADIED
T0 THE SYSTEM.

BYDROCARBON

sas-2 L HYDROCARBON s0s-2
scoer | B | REDUCED TO - skimeRs REDUCED TO |- skimee

N VELL
- L

== F= —t | | = e ANY COMBINATION OF SKIMMERS
=3 | V=== oy 3 | [ Sty Ty = 1S APPLICABLE.
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TFSO CONTROL

DUAL TANK-FULL SHUT-

@ PANEL
COMPRESSOR 9 \
AIR SUPPLY
FRH
CONTROL EESTRDL
PANELS PANELS

SOS-4
SKIMMER

-

L~ PRODUCT
PUMP

HYDROCARBON
REDUCED TO
$.01-INCH

SHEEN

— IN VELL—-\

DISCHARGE HOSE

PRODUCT ~

4-1INCH

/— WELL _\
o"b’%’booota

i .

PUMP

HYDROCARBON

REDUCED TO

$.01~INCH
SHEEN

A

\

L~ PRODUCT
™

I Vatihe UN“{urr SENSOR UNIT.

HYDROCARBDN
\ RECOVERY TANK

k FUME RETURN

FEATURES & BENEFITS
® [F ANY SENSOR HOSE IS DISCONNECTED,
THE SYSTEM WILL SHUT DOWN.

Vv

0-250 f¢

sOS-4
Y SKIMMER

.
|

youw

Hh

i

UHHHHH!

bibad
VT ¢
Illll

it
|i||

iy
T
L)

2 [R5,

S & [F (IL ENTERS THE CONTROLS, THE
® 7 SYSTEM WILL SHUT DOWN.

& | THE DUAL-SENSOR HOSE IS PUNCHED
OR CUT, THE SYSTEM (INCLUDING
PRODUCT PUMPS AND SKIMMERS) WILL
SHUT DOWN.

o [ ANY SINGLE TANK ARMED WITH A
TESD UNIT SHOULD FILE, THE SYSTEM
WILL SHUT DOWN.

® [ITHER RECOVERY WELLS CAN BE ADDED
T0 THE SYSTEM WITHOUT NEETING TO
ADD ADDITIONAL CONTROL PANELS.

o ANY COMBINATION OF PUMPS AND
SKIMMERS 1S APPLICABLE.

Clean Environment Equipment

EQUIPMENT FOR GROUNDWATER REMEDIATION
AND LEACHATE EXTRACTION
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' LIQUID LEVEL SENSORS
Models 404 and 408

satures

@ Digital display of water depth

® Internal pressure-to-voitage transducer

® 4 adjustable trip points on Model 404,
5 adjustable trip points on Model 408

® Pluggable terminals for easy installation and
service

® Solld-state outputs

® 4-20 mA ocutput

® Moisture protected circuits

The Mcdel 404 and 408 Liquid Level Sensors oper-
ate in conjunction with a Model 403 or 407 Control-
ler for bubbler-type pumping systems. The Sensor
coptains an air pressure-to-voltage transducer and
requires only a small air compressor capable of 15
psl (pounds per square inch) to operate the system
down to approximately 35 feet. For practical purposes,
the Models 404 and 408 are functionally identcal,
with the 408 simply baving anotber scusing level.

The Sensor's solid-state outputs are designed to re-
place the float switch inputs to the ‘appropriate con-
troller (Model 403 or 407), or to be used with a Model
448 Output Relay Board. A 4-20ma signal cutput pro-
‘des for other control applications. A 3-digit LED
Lsplay continuously shows the liquid level to a tenth
of a foot when the Display Control switch is in the
Liquid Level position. Other switch positions are
used during calibration of the lquid level trip points.
Indicator LEDs illuminate as the levels are reached.
A test control allows the trip settngs to be checked
‘without actuaily raising or lowering the liquid level.

Specifications

Model 404 408
~ NO. of outputs 4 _ b
Inpwt voitage 24 or 120 VAC, +15%
Input frequency 4765 Hx -
|_Power consumption 2 Watts
Transient protection 2500 VRMS for 10 ms
Alr pressure input D10 15 psi max.
Input air supply fitting Reguires 3/16° LD. tubing
~Meaxaimum kqind level 34.6 feat
Callbration accuracy +2%
Repesat accuracy +1%
{fxed conditions)
Repeaat accuracy (0-60°C) +2%
Uead Band 0.1 foot
Open-collector ransistors raied
for requiated 12VDC, 10 mA, mad-
Switching outputs -} mum.Designed as inputs for a 403
or 407 Controller, or the Modai 448
Output Relay Board
4-20 Ma outpdt proportional
Signal outputs 10 040 feet of water
Operating temperature -40°* to 50°C
Storage temperature 2010 70°C
Hurmidity tolerance 0-87% wfo condensation
Case material 20 ga. stesi
Termination Removable terminat strip
Welght 3.5 lbs.
Figure 8. Model 404 Dimensiaons
- 12 (3045} ————
po——tt4s n.0n) ——| lam
Q o] T e
O 1 1 [ofolle ¢ -,
e|ele
B o 313 sg (‘? (1%.71 (134
0 qi* 1 A
\——.157 da {475}
Figure 8. Model 408 Dimansions
fr—————— 12 {304.9)
f———11.45 (01.08) ——]| o325 _._I
o —— ) ——
; t 1
@ af{e{e]e]e 5 -] ‘a
| lsssee
g o slelolsls (T‘ (1%.7) (11739
0 al-+ | z3
107 da (4.75)
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INSTALLATION

General Safety
Yarning: disconnect power when installing or servic-
ing this device.

@ This product should be wired by qualified per-
sonnel according to the National Electrical Code
and all local codes.

® Do not exceed the output or input ratings as
stated in the Specifications.

@ Protect the device with properly rated fuses.

Do not install in damp or moist areas.

® This device should be installed in such a way as
to preveat bodlly injury or property damage in
the event of product failure.

Panel Layaut
A Pump running time meter to 99,999.9 hours, non<esettable.

8 indicator LED's liluminate when pumps are unning.
C Indicator LED's liluminate when pump s stopped because the
remote alarm circuit ts open.
D Hand-Off-Auto switch to manually or automatically control the
pumgps. )
E Lead pump selector switch provides an altemating lead pump
selaction or a fixed lead pump operation of Pump 1 of Pump
2 {or Pump 3 on Model 407).
* Indicator LED's show which pump Is the lead pump for the
next pumgping cycle.
G Momentary switch tests remota elarm bell, fight, and fluminates
alarm light J.
H Momaentary switch silences alarm bell until problem is cor-
rectad.
| Momentary switch resats all alarm Indicators to return to nor-
mal operation.
J Alarm fight stays Bt until alarm resat switch Is pressed.
K Indicator LED's show which level switches are closed.

L indicator LED lliuminataes when pritmary power is applied.

Mounting

1. Mount the Controller in a suitable enclasure.

2. Unplug the terminal connectors from the control-
ler.

3. Refxring to the terminal block decal on the cop-
tralier and the fllustration on the next page, make
the foll connections:
A. Cannect a chassis ground to the terminals marked
CHS GND. .
B. Cannect 120 vac operating power to the terminals
marked for input voltage.
C. Camnect the LOW float switch to the LOW terminals,
Polarity is not critical.
D. Repeat step C for the LEAD, LAG, (LAG-LAG) and
HIOH terminals.

Agure 3. Model 403 Panel

0 ® o]
®°[f,m:H©E e .8 9o
({m

H B BEHH

(o] 0

Figure 4, Model 407 Pane!

O O
T Bl e
mn [ [|®..© 3

© so T @
mm @ HHEH
o @—®—G}—o

E. The SIGNAL GROUND connection is a commen be-
tween the Controller and a Liquid Level Sensor.
No connection is necessary if the Sensor is not
used,

F. The PUMP 1 & 2 REMOTE ALARM (aud PUMP 8 on
Model 407) terminals should be comnected to nor-
mally closed (NC) alarm contacts in the motors. If
noue exist (or are not needed) install a jumper
connection between the Pump 1 terminals and a

between the Pump 2 terrninals (also Pump
3, if Model 407).

G. The POWER FAIL, ALARM BELL, & ALARM LIGHT con-
tacts are not required for proper operation, but
are provided for your convenience. If used, con-
nect an audiovisnal alarm across the POWER FAIL
terminals. The contact is open while power is ap-
plied and closes on a loss of power. Connect
audible and visual alarms across the ALARM BELL
and ALARM LIGHT terminals. These contacts are
normally open and will close on a fault (high or
rooote alarm) condition.

H. Connect the pPUMP 1 and the PUMP 2 contacts to
thcappmpriatacndmotoro&ntrolclrcuits.'lhac
ccntacts start stop the pump motors during
operation.

4. Set the HOA (hand-off-auto} switches and the LEAD
PUMP SELECTOR switch as required.

5. Apply operating power.

Page 8



Figure 12. Model 404/408 Typical Application

MODEL 404
CNS GND ’-——j“
15 WMC ; 1"s
VO LEV T 42
HGH r—-
G mooe 4 &~
LEAD paaH
LOW LAG
SIGNAL GNOD LEAD
LOw
et B vl B i PUMP 2 REMOTE ALARM
NOTE 3 NOTE 3 ALARM
e NOTE 2 PLAS" 1 RBAITE ALARM
WelL EIGMAL GND
tL.,_ POWER FAL NO.
+ AARM BEL KO
ALARSS LIGHT RO
NOTES: P 2 RO
e | e B R ——
* l%ﬂmmﬂ NS o
1S W
MaT0R
CONTROLS
NOE 1
*Lﬂ.ﬂn
Figure 13. Model 404 Terminal | | Figure 14. Model 408 Terminal Troubleshooting
Connections Cannections
O CHS GND 8 CHS GND Problem: Erratic and/or unstable operation when
O used with 403/407.
O VS VAC o N5 VAC Cause: Signal ground wire between the two units is
SIG GND O siG GND not connected.
8_ ~ Solution: Connect signal ground.
O+LoW O+ Problem: In test position, display reads other than
O- O- zero with adjustment fully counterclockwise.
O+LEAD O+LEAD Cause: This is a normal condition; fully counter-
O- O- clockwise an the adjustment may be beiow zero.
LAG LAG Solution: Turn the adjustment slightly clockwise;
8+ 8+ the display should read zero (or higher).
O+ HIGH O+LAG-LAG :
O- uauio O- HIGH These devices are not field repairable units. Should
O+ LEVEL O+ one not aperate properly during the adjustment or
- O- 1oy testing procedures, insure that all connections, elec
Q...LE%Eli? trical and air pressure, are correct Verify that the
proper voltage is applied and check all fuses. Con-

tact the factory if everything is correct and the device
still fafls to operate. Should the sensor fail during
use, contact the factory for instructions an return-

ing the device for repar.

Page 7
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FROM KAESER JACKSONVILLE TO

KAESER

15813722454 P.e4q

COMPRESSORS

PACKAGED COMPRESSOR SYSTEMS

Complete Compressed Air Systems

Packaged Systems are Perfect for Many
Applications

Kaeser packaged ¢compressor systems are the answer to
many challenges The compact design puts a complete sys-
tem in @ very small space. Factory assembied and tested,
they are great for a small shop or manufactunng plant.
These packaged systems are also excellent as a back-up
system to keep critical equipment operating.

Simplex Packaged Compressor System

Designed for Dependability

Packaged compressor systems malch Kaesers Sigma profile
rotary screw compressors with a high efficiency refrigerated
dryer. an appropriately sized recelver, and the necessary
fillers to provide the level of air quality you require

Rotary Screw Air Compressors

The rotary screw compressor is designed without compres-
sion valves or piston rings. Therefore, maintenance is easy.
Kaeser's efficient Sigma profile design also produces up lo
20% more air per horsepower.

Each ¢compressor is contained in a sound absorbing enclo-
ire. This filtered enclosure keeps the components ¢lean
d reduces noise levels to as low as 66 dB(A).

Refrigerated Air Dryers

Kaeser refrigerated dryers cool the compressed air to con-
dense and remove moisture. Thay produce pressure dew
points as low as 35°F. The tube-in-tube smooth surface heal
exchanger prevenis fouling, and a hot gas by-pass valve
eliminates Ireeze up.

Filtration for Reliable Quality

Compressed air quality 1s cnucal for many applications
Kaeser provides customized fittration 10 ensure your pack-
aged compressor system delivers a dependable supply of
high quality air. Filters are available to eliminate particles as
small as .01 micron.

A Complete System

Kaeser Sigma profife rotary screw compfessors, refrigerated
dryers and filters are matched with an appropriately sized tank
to make a reliabie, compact system. |All inter-connecting
piping and wiring is completed at the factory.

Multiple compressor syslems include a sequencer. The
seguencer saves energy by running only the compressor(s)
needed to meet the current demand. Dryers and optional fil-
tration package include by-pass piping to aliow servicing
without system shutdown,

Kaeser packaged compressor systems are factory eng:
neered to ensure all components are properly sized.

Instaliation is easy. Simply connect to the elecirical system
and pipe the package in 0 your compressed air piping sys-
tem and you are ready to go.

Dupiex Packaged Compressor System

L]
i
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84-12-1999 a3:44PM FROM KRARESER JRCKSONVILLE

ENGINEERING DATA

~ingle Compressor Packaged

19913722454

F.@as

Dual Compressor Packaged

Systems (Simplex) Systems (Duplex) i
100 13 100 26
i10 11.5 140 23
SX-3 3 145 8.5 SX-3 2x3 245 =
190 65 160 11
O GAL. TAVK 100 23 100 46
o I e e IR I o
125" PS{ f20cFm| H KWW 180 13 190 26
i 100 32 100 64
110 30 2x75 190 60
SM-8 7.5 T o SM-8 TaE m
150 20 180 40
100 44 100 88
110 42 2x10 110 84
SM-11 10 145 36 SM-11 E =
180 29 180 58
100 71 100 142
110 68 2x15 110 136
SK-19 15 TAE o SK-19 145 116
190 45 180 90
100 96 100 182
110 92 2x20 110 184
§K-26 20 T4e o SK-26 45 6
150 €5 180 130

Standard Features:

« SX, SM or SK Sigma screw compressors

* 230/460V TEFC Motor

* Refrigerated air dryer with by-pass piping
* ASME coded recelver tank including:

Air pressure safety relief vatve

Liquid filled pressure gauge

Manual drain valve
* Heavy duty steel frame

+ Compressors in sound absorbing enclosures
» Sequencer for dual compressor packages

Spedifications are subject to change without notice.

KAESER
COMPRESSORS

P.O. Box 946
Fredericksburg, VA 22404

Tel: *(540) 898-6500 « FAX: (540) 898-5520

Optional Features:

» KPF and KOR filter package
+ Automatic tank condensate drai

-

« Non-standard operating pressutes
from 80 psig to 205 psig

* Single phasé electrics on SX-3 and

X-6 models

1

* 208/230V

Authorized Distributor:

1SO
9901
72531 ]

US96-PCS © 1998 XAESER COMPRESSORS, INC AN rights resorved
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REFRIGERATED AIR DRYERS

High Performance Refrigerated Compressed Air Dryers

With Capacities From 5 to 2300 SCFM

Water Seriously dilutes the
performance of your com-
pressed air system

Atmospheric air entering a compressar
contains water vapor thumidity) in fact,
at 75¥ F and 75% relauve humidity, 6
galions of water enter a typical 25 hp
COmpressor every 8 hours

The process of compression concen-
rraes this water ang as the air heats up
during compression the water remains
vaporized But once the compressed alr
travels downstream. it cools and the
vapor condenses into hquid droplets

H not removed, this water contarinates
the entire compressed air system,

Gradually, corrosion leads 10 arr leaks,

pressure drops and scale formation.
Maintenance and repair costs on pneu-
matic equipment increase, products and
processes can be ruined, and lost pro-
duction time is often the result,

Thea cost ot faifing to remove waler from
your compressed air system is high.

KAESER dryers increase
productivity and reduce costly
maintenance

The proper KAESER air dryer instalied
in your system provides an econornical
solution. KRD refrigerated air dryers
remove the water {rom your compressed
air system fto protect your product,
equipment and plant efficiency.

KRD-35, KRD-200 and KRD-500

Designed to be durable,
efficient and
environmentally friendiy

with KRD dryers. campressed air en-
ters a precooler rehealer where ncom-
g air is cooled by refrigerated outgoing
air. This precooled air réquires less ener-
gy to dry and the rehebled oulgoing aIr
eliminates pipe sweat! g

The air is refngerateg in a smooth sur-
face, non-fouling tube-in-tube heat
exchanger charged wcté_\ environmentally
safe retngerant. This KAESER design
ensures a consistent supply of dry air
throughout the life of the dryer. it marmn.
tains efficiency without excessive pres-
sure grop or the added cost of a prefiller

Condensed iiquid is removed by a
high performance separator and I1s dis-
charged by an automatc drain trap.

The outgoing ait now has a reduced
pressure dew point; thi temperature at
which water vapor cotjdenses to liquid
{under pressure). :

The entre KAESER system is de-
signed to operate efficiently and reliably
over a wide range of lows. Temperature
in the refrigeration evaporalor IS precise-
ly controlied by a hot gas by-pass valve
for quick response to flow changes KRD
dryers supply compressed air with a
consistent pressure dew point and no
danger of evaporator freeze-up.

Simple operation ¢ with easy
to read mstrument panel

Models KRD 25 and up feature gauge(s)
which conveniently display operatonat
slatus and provide halpful information
during routine maintendnce.
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- OF THE KAESER DESIGN

Re-designed Heat
Exchangers Provide
Maximum Cooling Efficiency

KAESER heat exchangers are all
copper tube-in-tube designs The
smooth surfaces are non-fouling and
self-cleaning to ensure maximum
heal transler. Tube sizes are carefully
selected 10 contro! flud velocities and
promole turbulence. This maximizes
heal transter and along with the
smoolh surlace design minimizes the
pressure drop throughout the life of
the dryer

The entire heat exchanger pack-
age s encapsulated in a water baseqd
urethane toam. in addition to protect-
ng the heat exchanger, this highly
effective insulation ensures maximum
cooling efficiency

The Precooler/Reheater (1) 15 a
.arge air 1o air heat exchanger
designed 1o produce the grealest
possible dryer elficiency. By precool-
ing the incoming air, the heat load on
the refrigeration system is recluced.
Reheating the discharge arr efim-
nates any pipe swealting

The smooth surfaces of the air to
relrigerant heat exchanger (2) are
conslantly washed by the condansing
motsture This unique leature

Heat exchanger with tube-in-tube design

Typical Flow Diagram

ensures the dryer will not ¢log up
with oif or debris, 50 you get consis-
tently dry air threughout the life of
your system

Efficient Liquid Separation
Over A Wide Range of
Flows

Off the shelf separators are not
designed to efficiently handle the wide
range of llows that are encounterad by
a typical dryer, The separator (3) in a
KRD dryer is speciically designad to
maintain a 95+% separation efficiency
trom low fiows 1o well above the rated
capacity of the dryer. This ensures

that liquid condensed by the heat

exchanger does not re-entec your

compressed air stream. The tuliy

insulated separator prevents reheating
@3] ol the air before moisture separa-
tion.

A demand type drain (4) reli-
ably discharges hquid condensate
without wastng your valuable
comptessed air. The condensate
can then be rauted 10 an oil-water

- o separator for eco-
logically responsi-
ble disposal.

RefrigerationiSystem
Provides Conlsistent Dew
Point |

The non-cychng design of
KAESER dryers keeps retrigerant
continuously cirgulating through the
system

This results in tapid response to
changes in air ﬂorvv for consistent
cooling and the most reliably dry air

The temperatu(e of the heat ex-
changer must becontrollied to provide
dew point consistency and prevent
freeze ups. To dojthis, KAESER uses
a specially desiquled hot gas by-pass
vatve (5). Off the shelf valves do not
maet our high standards.

The hot gas by-pass valve controls
the cooling lemperature by aliowing
some of the refrigerant (in a hot gas
state) to bypass the heat exchanger.
Injecting the gas @fter the heat
exchanger prev:[:s non-compressible

liquid refrigerant |rorn entering the
compressor (6) and §o0 increase the
lite span and religbility of the system.
This design also prevents Ihe thermal
expansion valve (T) Irom over com-

pensating for changes in toad (com-
pressed air flow)i

With gpecially ]designed compo- —ar
nents and more fomprehensive con-
trols, KAESER relrigerated dryers
and compressed air Systems provide
the reliable perfgrmance you need
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CHOOSING
A REFRIGERATED AIR DRYER
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Pressure dew point

COMPRESSOR POWER ON REFRIGERANT
The pressure dew point of com. ON LIGHT LGHT PSS‘? %‘:JF}E
pressed air 1s the temperature at LIGHT
which water vapor condenses to liguid
(under pressure) To ensure no liquid ON/OFF HIGH
water IS present mn your system, the SWITCH TEMPERATURE

pressure dew point of your air must be

lgss than the lowest temperature your
compressed air will be exposed to
KAESER refrigerated dryers produce
pressure dew points as low as 35°F

To seilect the dryer that best fits
your needs, there are several
tactors to consider.

Actual conditions

System pressure: Dryers remove
moisture most efficiently at higher
system pressure Howeaver, the maxi-
mum working pressure of the dryer
musl not be exceeded.

pressed air temperature: Aif
ueats up during the compression
process and cools as it moves down-
stream. The cooler the air before
entering the dryer, the more efficient-
ty the dryer operates. The inlet air
temparature should be less than
120°F. It your compressor does not
have an altercooler you may want to
consider gdding one to your syslem.

Ambient temperature: High ambient
temperatures reduce the efficiency

of an air cooled dryer. The ambient
temperature should be fess than
110F. If you can not locate the dryer
N a cool enough environment, you
may want 10 consider a water cooled
model msiead

Standard Control Panel

Dryer Location in the Air
System

The locanon of the dryer in your
compressed air system Is important,
because it affects proper sizing of the
unit.

Ideally, the dryer is placed after
the receiver tank because the air
begins to cool in the receiver and fig-
uids condense. Reducing liquids in
the compressed air improves the per-
formance of your dryer. The receiver
also dampens pressure and tlow flue-
tuations to the dryer to help ensute a
consistent prassure dew point. When
the dryer is located afier the receiver it

must be sized for your system's max-
mum compressed air demand.

If you must jocate ylbur dryer
before the receiver taaka. you should
install & separator ahaad of it o
remove liquids before'gthe air enters
the dryar. You should aiso reduce
the air temperature a§ much as pos-
sible. When located before the
receiver, your dryer must be sized for
the maximum flow cagacity of your
compressor(s).

Once you have determined the
location of your dryer, foliow the easy
selection steps on the|back page to
find the dryer size that s right for you,

WARNING LIGHT

ical Compressed Air System o

8

Fn e AN ALY

Ol Jamovul Filter

Compresaot
Before Receiver Tank
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Sizing your dryer ‘

Correction Factors

KAESER refrigerated dryers are rated for 100°F inlot air at 100
and 100°F ambient temperature. To select a dryer for your
. . .sication, you must first correct your actual system conditions

for these “rated” conditions. To do this, simply write your condi- PSIG | Factor | *F | Factdr | °F Factor
tons for the proposed dryer inlel in the yetlow areas below. Next, 20 154 75 57 75 86
find the correction factors in the table to the right and write them -
on the bottom line. Multiply your inlet air flow by each factor to get 49 125 8 65 80 89
the Minimum Requirement Rated Capacity for your dryer. 60 112 85 75 85 .92
75 | 107 | 0 &l | e0 84
Indet Air Flow et A Inlet A mm? He:‘ i'rirgkgg!ed X b z .g” = =
€ e LI ]
(scim) Pnizs;:)re Temperatune Temperalure Capacity 10 87 100 1.9 100 1.00
: (5"““) 12 105 | 191 | 108 | 103
,nm M m,em 145 94 110 1.22 110 1.06
Pretsure
Comection Temparature Tempecature 175 o1 115 1 .33'
Factor X Correction
actor Factor 195 .80 120 1.43 - -
X X X = 250 87 . -
300 85 - R
KAESER Refrigerated Compressed Air Dryers

14x16x15
0 | 130| 25 16 {14xi6x15|3s"oDTUBE| 67 H' :"".;;:';8;;1
15 19.5 .0 116-1-60 /5 14 x 16 x 151 38" OD TUBE 65 '1
) 25 [ 325 30 230-1-60 15 [21x26x 16| BM4"NPT(M) | 131 |~ oy cyien
a5 455 | 30 |175PSIG s 121x26x 16| SMNPT(M) | 144 | plr on1ign
50 | 65 | 30 | Standad 1a |25x3ax22} s NETM | 213 | \iorTomp. Light
75 | 98 30 | 30 PSIG 13 [25x84x22| TNPT(M) | 253 | (O8N0 90
W0 | 130 3.0 Available 172 |25x3ax2| VNPT 203 |t o e
125 | 163 3s 115-1-60 wa [25x34x22f11ZNPT(M)| 302 [ Com 2
150 { 195 30 230/208-1-60] 34  [25x34x22| 1 12°NPT{M)| 212 . pressor
175 | 228 a2 34 [37x36x40| NPT (M) | 470 | Onywhy
200 | 260 a7 1 37x36x40| 2 NPT (M) 505 | Gauges:
250 | 328 4.;_ 112 |37x36x40] NPT (M) | 833 | —Skction Pressuce
390 y T2 |37 x36X40] NPT (M) 585 3
400 | s20 | 48 2 |arxsexaof FNeTw) [ ess | Oi:':" Power On
450 | 585 5.0 2 43x37x44| NPT (M) 730 | o2 '°’-"°hm
500 | 650 a2 230/208-3-60 3 65x38Bx44| I NPT M) 912 c(mbg' rap
600 | 780 26 200 PSIG |  460-3-60 3 65x38x44| FNPT(M) | 1024 Layout
700 | 910 40 Standard 3 65 x38x 4d)| 3T NPT (M) 1065 | Gauges:
800 | 1040 | 3.6 300 PSIG 4 76 x38x60[ S NPT(M) | 1288 | —Suction Preseure
1000 | 1300 42 Available 4 76 x 38 x 44] 3"NPT (M) 1365 —N{ Iniet & Outlet
1200 | 1660 41 3 CX3BX 44| 4 Fange 1486 "Tﬁsufe
1600' | 2080 | 3.0 712 |85x48x60) 6 Flange 2173 .
2000' | 2600 47 10 85 x 48 x 50 §" Flange 2306
2300' | 2980 | 5.0 460-3-60 12|85 x4Bx50] 6 Flange 2715 |

‘Includes refrigarant pump down system

TAt mied capacity and 35°F nomina! dew point
‘Other wohages avalfabie - contact Kaeser
Spedifications are suMed to change without notice.

%l' "5\ﬁ o )
a -.

§
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Afar comprassors iNC A nghts radsrved
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GEMS

Instaliation and Maintenance - continued

Thread Treatment

Sealing

When threading metal threads into a metal coupling, pipe sealant or Teflon® tape is
recommendad. Due to potential compatibility problems, when sealing plastic threaded
units, a compatible pipe sealant such as No Mace Leaks™ from Permatex® is
recommended.

Tightening

when threading a plastic level swich into a metal coupling, the stalter should use a
suitable wrench and tighten the threads 1 to 1-1/2 additional fums past hand tight. Over
torquing of the threads will result in damage to the plastic mounting plug.

Engagement
The tength of mounting threads engaged at installation is important in calculating WPT 1
switch actuation points and the actual length of stem extending into the tank. Use the Y =
chari at right to find the thread engagement length (T) for a given NPT size. Factor the T il 2 Note. This chan serves
dimension into any calculation of switch actuation levets (L) and gverall tength (L) we a9 25 2 quwde oaty. For
w 53 m m:auu;n ats
Definition of Variables Used in Examples : Cy. Measureme
A = Mounting length. 34 56 ofmwdmﬁmmnac tme
T = Thread engagement. 1° 58
P = Distance from coupling (bung} top to inside surface of tank or bracket. PR -
L = Switch acluation level as measured from inside surface of tank or bracket to fluid
surface. a 7€
L,= Switch actuation level, nominal, as measured from botiom of mounting {based on a ¥ 1.20°
liquid specific gravity of 1.0).
Examples
Standard Single Level
Switches Custam Length Leve! Switches
{ntemally Mounted (aternally Mounted Externally Mounted
LS-1900 Series internally 1.5-800 Series (Type 1) internally mounted LS-700 Series (Type 3) extemally mounted through a
> mounted through a 1/4* NPT through a 1/2 NPT hole. To calculate L, 1°NPT hole. To calcutate L, dimension:
3 hole. To calcutate L dimension: dimensioa: Lele®-T)
m el ¢+ (A-T) Lel-(A-T)
= t= L, o (21/32°- 39 L, =6 (1-1/4°- 539
=) =L+ 2T e6-R
»C Le 146" L =528"

To caicutate for Actual Tank
Instrusion, sutistitute the L, value in

place of L1 in the formuta &i To catcutate L dimension, use:

above. L=L,-{P-T)
To calcutate L dimension, use: To caicutate for Actizal Tank latrusion, sutstitute the L value
L.LI.(A-'r)m e in place 01 L, in the formr<a above. b

To calcutate for Actual Tank Intrusion, substitute the L
value i ptace of L1 n the tormula directty above.

o bhare Leaks & & wradeack of Permaien® Industral Carp.. & subsidizry of Loctie
Teflon i & registensd tradecwack of DuPort Corp. il

48



Liquid Level Switches

Installation and Maintenance

Orientation

A standard NPT female boss in 1ank top, bottom or side is all that is required for rapid
installation. Units operate normally in any attitude — irom the vertical to a 30° inclination
- withi tead wires up or down. Standard IPS pipe extends units 10 any intermediate level
in the tank. Figure 1.

Accuracy and Repeatability

The accuracy of GEMS level switches is +1/87(3.2 mm) of true lquid level. In order to
assure the proper accuracy for your liquid, please specify the specific gravity of the
media. GEMS will automatically calibrate tor thie submergence of the float, based on
this specific gravity information. Furthermore, accuracy may be enhanced by specifying
whether the circuit condition should be measured on decreasing or increasing liquid
level. The repeatability of the actuation point is approximately 1/32 inch (.79 mm).

Muoisture Proteclion

When moisture exists in conduit and extension pipes, the potential for this moisture to

wick down the wire leads and into the switch assembly exists. Should this happen, the

switch wili appear to be clased due o a high resistance path through the maisture.

There are several means that can be used 1o prevent this from happening.

1.Pitch conduit away from the level switch when possible so that condensation will drip
away from the level switch assembly. Figure 2.

2.When a vertical run of extension pipe or rigid conduit is used to extend a tevel switch
down from the top of the tank, a non-conductive silicone oil should be used to fil{ the
vertical run. Alternatively, an appropriate potting may be used to fill the vertical run to
occupy the space in which condensation will normally form. Figure 3.

By working closely with your GEMS representative, there are many design

considerations that can help lessen the effects of motsture.

1.Consider a product such as the GEMS LS-270 Single Level Switch which has a water-
tight molded cable.

2.Consider using a unit with a cannector and gasket seal.

3.Consider using moisture resistant heat shrink tubing on the switch capsule assemble.

A WORD OF CALTION: Most of GEMS level products incorporate a potting cap or are
fully potted. Due to the bonding characteristics of the potting to the wire leads, there is
no way of assuring a water tight seal at the potting joint. Our potting cap will resist
moisture 10 some degree, but the precautions mentioned above should be used to
assure moisture doesn't enter the switch and cause a short.

Please refer to the GEMS lnstruction Bulietins supplied with products for detalied
Installation and maintenance pracedures.




Liquid Level Switches

2 rovide Operational Versatility with GEMS FLIP-PAK®
and LOAD-PAK®

~. Rapid, arc-free response. Positive, non-mechanical operation.
L Long, trouble-free service life. Over millions of cycles of operation.
~ Low-tevel switching. A few mA of current controls high-power loads.

" Completely encapsulated construction. impervious to dust, moisture
or foreign material. Tamper-proof, shock and vibration resistant.

GEMS FLIP-PAK® Solid-State Halding Relays.

FLIP-PAK solid-state refays provide low current, “start-stop” or “on-off” switching
When used with mutti-station leve! switches, FLIP-PAK solid-state holding relays will
start and stop industrial motors, pumps and solenoid valves 1o control the proper liquid
level in your tank or vessel. To avoid nuisance shiutdowns, FLIP-PAK relays hold their
operationat state for 1/2 second during momeatary power losses. 5 amp units are avail-
able lor both 120 VAC and 240 VAG applications. Low voltage protection is inherent.

GEMS LOAD-PAK® Sotid-State Switching Units.

LOAD-PAK solid-state switches amplify the current handling capabilities of your mutti-
station level switch. They operate as a 5 amp AC SPST, N.0. switch. LOAD-PAKS are
ideal for activating high-powered alarms and pumps.

Typical Applications

RPMK
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Other GEMS Solid-State Relays and Barriers

With no maving parts, GEMS relays and
- MO Request barriers are inherently more reliable than
-Catslog %a. 177 their mechanical counterparts.
ot muare Encapsidated designs are impervious 0
Wiermation.  dust, 02 and moisture.

Intrinsically-Safe Types

GEMS SAFE-PAK relays render the entire sensor
circit intrinsically safe with no explosion-

proof enclosures. Programmable versions

=il T L offer various switching operations, including

L SLE B o i B N.0., N.C. or tatching with optional time

delay.

h « Barriers are energy kmiting devices that provide intrinsically-safe electrical output to
2501 in a hazardous area. Can protect 2gainst fautts up to 250 volts RMS. Single and
annel versions available,

Non-Intrinsically-Safe Types

Solid-state switching units that control kne voltage loads with only a few milliamps of seasor
input curvent. includes general purpase LOAD-PAK and atching' FUP-PAK.




GEMS

{ve-Station Annunciators

: Bright LED Indicators
... Audible Alarm
Relay Actuation

GEMS TAP-S Annunceators are used o indicate up to five switch closures. LED's illumi-

nate whea a respective switch closes.

+ LED indicators light up when switches close; stay ‘on’ untit switches cpea.

* LED's go off when switches are opened; alarm Silence push button shuts ofl komn and
relay.

« {deal for leve! switches in this catalog but equally suited tor any dry switch closuce

» Relay operates remote pumps or other equipment.

« Supplied with blank panel for marking by user.

» Operates with 7 to 14 VDC power; aptional converter kit for 9 VDG power available.

Contact GEMS for Ordering latormation,

. DTy
TR Y 4 %5)

TAP-S Aanuncuator » -
with BUIR-m Swrch o
:ﬂ:‘ynand audibie Drn
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TAP-5 Annuncaatos
with LED mdicators Ows
ooty O twery
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Slosh Shields for Turbulent Liquid

~ Reduces nuisance switch actuation caused by liquid motion.

[ Custom Leagth
GEMS Siosh Shields protect fioats from turbulent or highly contaminated liquids. Slosh Shielos
shields are available for maay $tandard single level and most custom length switches. A HGHEST
Look tor units in this catalog with the turbulent liquid icon: ) L
T2°MAX 7y
LY & - : | b — aw{

Specifications Single Level Shiekds I sao
Materlal; i

Shield: Lexan®, Palypropylene, PYC, 304 Stainless Steel, Brass ﬁg‘

End Caps: Polypropylene, PVC, 304 Stainfess Steel, Brass aowe
Operating Temperature: 140°F (60°C), Max L (10° & BoTIOu}
Pressure, PSI, Max.: 150 e
Cantact GEMS for Ordering Infarmatian,
Electrical Cable and Connectors N
This mgﬂi—conduct_or cable &s avaitabie for most GEMS level switches. it provides extra N
protectian for applications not using conduli for electrical wiring. Typical genecal
purpase cable is shown here. Gther special purpose cable is available; consult factory.
Specifications
insulation Jacket: PVC
Lead Wires: £22 AWG, PVC
Qperating Temperature: 176°F (80°C), Max.
Length: Ordered by the foot. Optional Connectors

Number of Conductors | Wire Calars
2 Red, Black
3 Red, Black, White
4 Red, Black, White, Green
5 Red, Black, White, Green, Orange
6 Red, Black, Whilte, Green, Orange, Blue
7 Red, Black, White, Green, Orange, Brown, Bive
8 Red, Black, White, Green, Orange, Brown, Blue, Yaltow

GEMS offers many types of optional electrical connec-
tars tor use on our liquid level switches. Typical options
include:

* AMP Mate-N-Lock™ Series

« Packarg Weatherpack™ Series .
» Spade Terminals

* Ring Terminals

Cantact the factary far the availabliity of these connec-
tors, or others of your chaoice.



Liquid Level Switches

v 'ectrical Junction Boxes

_ Explosion-Proof

.} Watertight

.-t FVi Approved or CSA Listed Types

GEMS Feraloy J-boxes simplify wiring or load-handling capabilities for
many of the level switches shown in this catalog. They mount directly
onto any level switch with a 1/2°NPT conduit connector. Junction box
and level switch must be assembled at the factory to maintain explosion-
proof approvals. Look for units in this catalog with the J-box icon: @x

FM Approved lor Class |, Division 1, Group D;
CSA Listed.

Junction Boxes with DPDT Relays

Used for controliing high current loads and/or
muitiple loads.

DPOT Relay Wiring Diagram
Relay Specifications

Configuration: DPDT.

lnput Valtage: 120 VAC, 50/60 Hz.

Contact Ratings: 10 amp, 227 VAC, 1/2 HP, 250 VAC,
1/3 HP, 120 VAC, 10 amp, 30 VDC,
resistive

sunction Boxes with Terminal Blocks
« Terminals are screw-type with terminat lugs supplied for wire connections.

3-Pin Terminal 6-Pin Terminal 8-Pin Terminal Lead Wire Output

@

* Grounding lug suppled on CSA Listed version only.

How To Order
Select the suitable type J-box in the table below. Order by Part Number.
Part Number
Type
FM Appraved** CSA Listed Nan-Approved
OPOT 76270 130550 -
3-Pin Yerminal Block §5633 130549 - o
6-Fin Terminat Block . 130548 . =
8-Pin Terminal Block 75875 - - o
. 7]
Wice Output - 145722 - m ;
Aastic - - 75970 S '
*~Claes 1, Division 1, Geoup D =




Liquid Level Switches

tlectrical Specifications
Switch (N.0. or N.C.):
SPST. 20 VA or 100 VA
SPOT: 20 VA

Lead Wires: #£18 AWG, 24°L., Polymeric (except as
noted in Wiring Color Code chart at nght.}

Approvals: LS-800 Series switches are U.L. Recop-
nized — File No. E45168; CSA Listed -
File No. 30200

Typica! Witing Diagrams
For clanty, only two actuabion levels are shown in each
group diagram

GROUPI  GROUPI GROUP NI GROUP IV
SPST SPST SPOT sPoT

el e e

AUILOn Leveis” - Typica! =

i
1
{

L5

ada
Ly

L}

Ml

Caah
© —

o [FH

J

* Actuation level distances and L, (overall unit length} are measured
from inner surtaces of mounting plug of tange.

" Length Ovecall L, = L, + Dimension B. See Mounting Types for
Maamum Length values

Wiring Colar Code
Tinted area designates L. Recegnized winng configurations.
SPST Swiiches SPDT Switches 20 VA

Wiring | Group [ Geaup 1l Groug Wl Graup IV

Com.

Wice Black None Black None

SwW. SW
NOMC Com. NO/NC NO NC Com NO NC

L1 Red Red Red Red Wh/Red | Red | WhRed | Wh/Blk/Red
{2 Yellow | Yellow | Yellow | Yeliow | WhiYel | Yellow | Whivel | Wh/BIk/Yel
L3 Blue Bive Blue Biue | Wh/Blue | Blue | WhBiu | WhvBIK/BIu
14 Brown | Brown | Brown | Grown | Wh/Brn | Brown | WhvBm | WiVBI/Bm
L5 Orange | Orange | Orange | Orange [ WhOm | Orange | Wh/Om | Wh/BIk/Om
8] Gry Gray Gray Gray | whv/Gra | Gray | WhvGra | WhvBIK/Gra

Notes: 1. Non-U.L Recognized units (white areas) use #22 AWG, 24°L.. Tetlon® Lead wares
2. Units with 100VA switches are not U1.L. Recognized or CSA Listed

Switch actuation leveis are determnined fofiowing the guidelines below.

All units 72" or less L, with Stainless Steel or Buna N fioats. Also Type 5 units over
72", with Buna N fioats:

A= 1-1/2°{38.1 mm) minimum distance to highest leve! (2° Type 5 onty).
B = 2°(50.8 mm) minimum distance from end of unit to lowest level.
€ = 3°(76.2 mm) minimum distance between levels.

0 = 1/4*(6.3 mm) minimum distance between actuation fevels (Note: One float far
two levets can be used only when low level is N.C. dry and high level is N.O. dry).

Types 1,3, 4, and 5 units with stainless steel float, Part Number 15666:

A = 1-5/8°(41.3 mm} migimum distance to highest leve! (2 Type § onty).
B = 2-1/2°(63.5 mm) minimum distance from end of unit to lowest level.
C = 4°(101.6 mm) minimum distance between level.

D = 1/4*(6.3 mm) minimum distance between actuation levels (Note: Ore float tor
two levels can be used only when low level is N.C. dry and high level is N.0. dry).

Notes:

1.A, B and C dimensions based on a fiquid specific gravity of 1.0,

2.0ne float for two levels can be used only when 20VA switch is ysed.

3. Actation levets are catibrated on descending fuld level, with water g5 the calibrating (uid, uniess
atherwise specified.

4. Tolerance on actuation levets is £1/8°(3.2 mm).
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LS-800 Series - continued

Mounting Types - continued LS-800-A Series Adjustable Mounting
Type 5 External Mounfing Type 5 Avaliable {or LS-800 Series Mounting Types 2, 3 and 4.
units are ideal for tanks External Maunl Special cinch-nut on mouaiing
with limited access to 72 WPl allows stem to travel up or UNIT STEM .
tops or bottoms. 2 REF down for fine tuning the actua-  auusteo 0
08w tion points. The extent of ad- UPWARD A
- ‘ justment depends on unit length :
bt N and distance from mounting 1o
L | ouTLEY - highest ioat stop. When order-
- "n PORT ing. specity “LS-800-A" as
sl = Series Type.
T L 23 R Note: Maximum overalt length 1 Irmrted
. :-E El 1106 KO3 wrt 10 72" with this 6plion ’
- UNIE LENGTH
= g (1.0021
» P R -
13 sore
2
S o] 0 ) et
L " N WLET PORT
SRE=—] Housing Material Brass 316 Stainless Steel
.-': "_:_,i Stem and Mounting Brass 316 Stainless Steet
=g Port Sizes 344" NPT 1°NPT
Rl Max. Leagth (Lo) 140 (355.6 cm)
’ Fioat Stops** Beryllium Copper I S.5. ARMCO PH-15-7 MO

** Units greater than 72 overa!l length are suppied with collars with setscrews (made of same material s
stem and mounting) in place of flaat-siop nings. Collars are optional on units less than 72° overall length.
Units requinng 316 SS float stops must be special ordered with 316 5S collars instead of grip nngs.

Floal Types
A single float type is selected tor use at ali actuation paoints.
Flaat Material Buna N 316 Stainless Steel
Compatible Mounting Types 2 1,3,4,5 1,3,4,5 (Units s727) 3, 4,5 (Units 727
—t —i e /DT'
1116 1-116° {500 e l I
) 5.0 0m) 21 .
Fioat Dimensions | - — ml"'“ o
- 1-1.:"- —| 128 |- \%_ . EZ I
iy 2064 .
(@t (15 o) o2en Py
Part Rumber 26032 10558 14569 15666
Water: to 180°F (§2.2*C)
Operaling Temporature Oil: ~40°F to +230°F (~40°C to +110°C) 0°F 10 4300°F (40°C 10 +143.8°)
Min. Media Specific Gravity % I 55 B0 I .15
Pressure Ratings Chan
P .
(PSt, Max.) Fioat Part Number
26032 10558 14569 15666
1,2,3 150 750 300
Mounting Type 4 150
5 Brass 100 @ +70°F {21.1°C)
31685.5. 150 [ 70 | 300




Liquid Leve! Switches

. Large Size — Metallic
~»-800 Series

Ti Stainless Steel or Brass Mountings
~ 11 to 6 Actuation Levels

Lengths to over 11 feet

U.L. Recognized, CSA Listed

Rugged construction and multiple options provide the LS-800 Series
with exceptional versatility. Longer and more substantial than other
metallic models, the LS-800 is capable of supporting larger, more
buoyant floats, and is physically stronger for better reliability in
contaminated or turbulent media. This series offers SPST or SPDT
switches, and a choice of mountings, floats and materials that can be
configured for a wide range of applications in water, oils, chemicals
and corrosive liquids.

ﬁ'

Temperature Sensing
To save space and simplify wiring GEMS can in- H"

@ [ &

carporate a temperature sensor in the end of the

float stem on any model type LS-800. Two

sensor types are available: Transducers for continuous
output, and Thermastats for switch actuation. See Page
42 for details.

‘CUSTON LENGTH SWITCHES:

Adjustable Mounting

ys stem 10 trave! up and down for fine ==
1g your actuation points. See Page 32 for
oetails,

Junction Boxes

Simplify wiring with optional terminal strip
J-boxes. Feraloy versions are explosion-proof
(Some FM Approved) and water tight. See Page

43 for details.
Mounting Types Trme 4
Each mounting type can be configured with stem feagths (L,) and fioat matecial 3°, 1504 Dia, Flange
indicated in the table below. Mauntings are also continued on following page.

Trpe Type 2 Type 3

12 NPT 114" NPT "RPT

B8 & ¢ ww | € FE] 12 w1
17 S0 —— 14 S0 —
Stem and Mousting Material 1ai Fange: Carbon Steel or 316 S.5.
g ria Brass or 316 Stainless Steel Stem: 316 8.5,
Length (Lo} 3 (91.4 cm) | er(s24em) | 140" (355.6 cm)
Jating Pesition Vertical + 30° tnclinaton

Foat Stops** Brass Uaits: Becyliivm Copper Grip Rings; Staintess Steel Units: $.5. ARMCO PH-15-7MO Grip Rings

** Units geeater than 72 “overall length are supplied with coliars with setscrews (made of same material as stem gnd mounting) in of flgat Collars are optional
fess Wan 72° mmmmm:\sssmmmuma:lmmmssmmmmn’mm o0 tings. i o s

3



Liquid Level Switches

Switch Dperation

Depending on the mounting position, the ticat on these switches can either rise or lower
with the liquid level. By rotating the switch 180°, the switch operation can be Normally
Open or Normally Closed. Arrows on exterior of mounting indicate N.Q. when pointing up.

Point of Operation in Specitic Gravity of 1.0

FLOAT ARC ~.. Normalty
Hormatly Open ENVELOPE - Cbsed
% When the swiich s mounted so
that the tioat nses wilh the
When the swilch 5 mounted $0  kqutd level, the switch s N.C
(hat the ffoat lowers with the

hqued tevel, the switch is N.O

N.0. Dry Configuration

H.C. Dry Conliguralion

(i

=

Contact Closes As | Contact Opens As Contact Closes As | Contact Opens As
Level Rises Level Falls Floal Arc Envelope Level Falis Leve! Rises Floal Arc Envelape
ENDwEw-FLoy

Mounting Part
Type Number
1 76141 00 25
1 76142 .00 . 50 .
2 76145 125 1.00 275 50 144 275
3 76147 00 55 225 25 50 225
3 76148 00 £5 225 50 1.00 225
4 76151 125 1.00 275 50 1.44 275
Alum. Body | 113830 00 59 135 25 90 133

Dimensions expressed in inches.

How To Order

Select Part Number based on specifications required.

Materlals
“?I':t:w Stem aod Maunticg [ Float ng&%q:id Operating Temperature s::?ﬂ; N:t‘u.:er
1 Polysutfone 75 ~40°F to +225°F {-17.8°C 10 +107.2°C) T6141
1 Ryton® R4 88 ~40°F to +300°F (-17.8°C 10 +148.9°C) 16142
2 Ryton® R4 ~40°F to +300°F (-17.8°C to +148.6°C) T6145
3 Polysutfone 75 ~40°F t0 4225 (~17.8°C 10 +107.2°C) 20VA 16147
3 Ryton® R« K ~40°F to +300°F (-17.8°C to +148.9°C) 76148
4 Rylon® R-4 80 ~40°F to «300°F (-17.8°C to +148.9°C) 16151
Aum.Body | Aluminum 380 | Polysutione 80 -40°F 10 4225°F (-40°C 0 +107.2°C) | 10VA | 113830

“See "Electrical Data” on Page 3 for more information.
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Small Size — Non-Metallic -continued
LS-7 Series — Side Mounted

These low-cost units are ideal for high volume use in smalf tanks and
vessels. Polysulione or Ryton® construction offers broad compatibility in
water, oils and chemicals.

Type 1 - External Mounting Type 2 - External Mounling Type 3 — Internal Mounting
u@ . @ / w@ b —

. hd .
Polysulfone or Ryton®. Ryton® only. Polysulfane or Ryton*.
Type 4 - Interazl Mauating Aluminum Body Type — External Mouanting

@

Ryton® only. Polysutfone float.
Dimensions
Type 1 Type 2 Type 3
l . t1m1‘5m1 A | &?qm‘ﬁ
,,sif“m, A6 DA LOCKING RUT NAE'DA
" mjmu 025 mm)
v e / L - | saose J !
(73 mmy ! L e
—— 516°
9 mm
Type 4 Alumtnum Bady Type
b 416" . [l
e {1222 mm) 1X0.6 wem)
LOCKING MUT /6“0 B .
tm -
_t
i — . —_— ~l 1] i = =N — .
. 7 g
S8 __I e 1B ‘e
e @7 mm
amm
Comman Specifications

Operating Pressure: 150 PSI, Max. @ 70°F.
Electrical Termination: No. 22 AWG, 24°L., PVC or Teflon® Lead Wires.

Appquls: Alf LS-7 Series switches (except Aluminum Body Type) are U.L.
Recognized — Fle No. E45168, and are CSA Usted-File No. 30200.
Maounting Attitude: Horizontat.




Liquid Level Switches

Gustom Length Level Switches — 1:15 Scale ' fcon Key

Non-Metallic Versians Metallic Versions The icons shown below are
ysed throughout thus catalog to

Small Sizes Large Sizes Small Size Large Sizes indicale the availability of the
following options:

§ t L H' - Integrated Temperature
. T 5700 Sensor
Soner, Senes, Seves -
g’fm gof‘za 2:°|°o 2% ~ Explosion-Proof Junc-

tion Boxes with Termi-

LS-800PVC LSP-800 L5800 LS-350
Senes, Senes, Senes Senes nal Strips
Pages Pages Pages Pages
L nexw ¥ ETR%E ] K45
g ~ Lexan® Siosh Sheelds

‘
T s @
-




GEMS

Level Switch Overview

The silhouettes shown here provide an overview of GEMS level switch
products and their size relationship. Standard Single Level versions are
shown on this page, at a scale of 1:3. Typical Custom Length versions
appear opposite, at a scale of 1:15.

Standard Single Level Switches —1:3 Scale
Non-Metailic Versions

Small Sizes
LS5-3 Seres: Pages 647

Large Sizes

LS-74780
1530 P ggoorre
Senes; Series; Page ,‘2
Page 12 Page 12

LS-7 Serves, Pages 8 4 §

Metallic Versions
Smallt Sizes
LS-1700 L5-1750

. Series; L&-T7000
m.l mo ‘ Series; Page 11 |
Lacge Sizes

I LS-2050 Sevies; Page 36 & 17
15-1800 L5-1900 -
Series Serles,

Page 13 Page

F-N




Liquid Level Switches

« “gctrical Data

otandard reed switches in GEMS level switch units arg hermetically- Typicat Wiriag Diagrams
sealed, magnetically actuated, make-and-break type. Switches are SPST SPST Normall -0
or SPDT, and rated 20 VA. See the chart below for maximum load ST, Normally Opea - Dey

RED
characteristics of GEMS level switches. Lﬁg\ -
GEMS Sensars Division would be pleased to run life tests on our fevel ~
switches with your specific foad, and issue a report indicating the
approximate number of cycles that can be expected. SPST. Normally Glosed - Ory
U.L. Recognized Units: Switches showing a U.L. listing are rated for RED

10 VA, 20 VA, or 50 VA as shown below.

L—~—£—.' RED

Switch Rating - Maximum Resistive Load SPOT, Shawn Dey
VA Yoalts Amps AC Amps DC COM l "o ORANGE
0-50 2 13 '
10 120 08 NA "
General Use . &0
100 NA 3 BLACK
0-30 - 4 3
20
Pilot Duty 120 A7 A3
240 08 06
0-50 05 05
50
General Use 120 A 4
240 2
-« 120 I NA
100
240 4 NA

* Level switch units with 100 VA switches are not U.L Recognized.
** Limited to 50,000 operations

Explasion-Proafing and latrinsic Safety

GEMS offers optional CSA Listed and FM Approved, explosion-proof
function boxes for many level switch models. Compatible level switches
are indicated throughout this catalog by the small icon,®. Information
on elxplosion'proof J-boxes is found in the Accessories section of this
catalog.

For intrinsically-safe installations, nothing performs better than GEMS
Zener Barriers and SAFE-PAK® Relays. These solid-state devices render
the entire sensor circuit intrinsically-safe without exploston-proof
enclosures. Latching version relays can control pump-up/pump-down
operations. See Page 45 for more information.
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General Operating Principle

3EMS Leve! Switches operate on a direct, simple principle. In most
models, a float encircling a stationary stem is equipped with powerful,
permanent magnets. As the float rises or lowers with liquid level, the
magnetic field generated from within the float actuates a hermetically
seaied, magnetic reed switch mounted within the stem. The stem is made
of non-magnetic metals or rugged, engineered plastics. When mounted
vertically, this basic design provides a consistent accuracy of 31/8 inch.
Multi-station versions use a separate reed switch for each level point
being monitored.

Side-mounted units use different actuation methods because of their
horizonta! attitude. The basic principle, however, is the same: as a direct
result of rising or falling liquid, a magnetic field is moved into the
proximity of a reed switch, causing its actuation.

Reed Switch Reliability

The durable construction of these reed switch designs
ensures long, trouble-free service. Becausethe S
effects of shock, wear and vibration are

minimized, these hermetically seated switches provide
precise repeatability with no more than 1% deviation.  w4i4-s B
The switch actuation points remain constant over the
life of the unit. See “Reed Switch Protection™ in the =
Appendix section for information on extending the life -
of GEMS Level Switches.

Liquid Interface Monitoring

In addition to monitoring the surface level of liquids, many GEMS Level
Switches can be used to sense the interface point between dissimilar
liquids sharing the same tank. Monitoring water condensation in fuel
storage tanks, and separating chemical emulsions in process systems
are two typical application exampies. Multi-station level switches can be
configured to monitor this interface point in addition to high and fow
liquid levels. Contact GEMS Sensors Division with your specific
apptication.

Installation and Maintenance

A standard NPT female boss in tank top, bottom or side is all that is
required for rapid instaliation. Units operate normally in any attitude -
trom the vertical to a 30° inclination - with lead wires up or down.
Standard [PS pipe extends units to any intermediate level in the tank.
Details and tips for installation and maintenance of GEMS Level Switches
are found in the Appendix section of this catalog.

HERMETICALLY
SEALED MAGHE TIC
REED SWITCH




AEMS Liquid Level
Switches

From a Company You Can Count On

Within this catalog you'll find a comprehensive selection of quality liquid
level switches for most any single or mutti-point level sensing need.

These float type sensors provide on-off switch action for a variety of
requirements:

Pump-Up and Pump-Down Operations
High, Low or Intermediate Level Alarms
Maoator or Salenoid Valve Actuation
Satety Intertocks

For more than 35 years, OEM design engineers and general industrial
customers have selected rugged GEMS Level Switches to ensure
reliable, accurate liquid level sensing.

Designed for a broad range liquids, including water, oils, fuels and
chemicals, GEMS Level Switches are versatile performers. Here are just
a few general areas where you can find them currently in service:

‘.arge Storage Tanks O Cooling and Refrigeration Systems
Appliances (] Small Reservoirs

[3 Medical Equipment O Agricultural EqQuipment

0 Automotive O Marine

{3 Dispensing Systems 01 Utitities

Gems Sensors Division, Plalavilie, Connecticut
GEMS Sensors is a division of imo Industries Inc. IMO is a leader in
selected markets for instrumentation and controls, engineered products
and their support service. The IMO family of companies has been setving
businesses for more than a century. Its range of products include
sducers, pressure and temperature switches, pumps, clamps,
..«qectors, engines, turbines, compressors, gears and more.

Single Sizlion




1/2” chphrogm Pumps

~Non- Me’ralllc Construction




The Ultimate Non-Metallic, Air-Operated
Twin Diaphragm Pump

Intet & Outlet Variable Delivery Rate
Ports Rotate The flow rate is variable
to Any Posltion from 0-13 GPM. Simply

adjust the inlet air pressure
fram 0-10Q PSI to achieve
the desired flow rate.

The inlet and outlet
manifolds provide maunting
and plumbing versatility.

- O

Standard Split-Manifold Corrosion-Resistant

Design Allows Multiple
Installation Configurations
The unique split-manifold
design with threaded ports
allows the pump to be
configured in four (4)
different ways without
expensive 8CCEssOfies:

« Single Inlet / Single Outlet
« Single Inlet / Dual Outiet
» Dual Inlet f Dual Outlet

« Dual Inlet / Single Outlet

Chaose From Two
Body Materials
For a broad range of
chemical compatibility, the
ettod sections of the pump
are constructed of either
polypropylene or PVDF
(Kynar®).

Your Choice of Three
Diaphragm Materials
Three ditferent diaphragm
materials are available to

provide material compatibility

for your instaliation. Choose
from neoprene, polyurethane,
or Teflon® .

stainless steel.

provides for easy
re-assembly.

Removed

pump.

Positive Priming

Provides Easy
CheckValve Options Start-Ups
Meet Wide Range of Pump Fluids with m@ﬁmmm“
glelldu:'lrea:‘dlir;g Suspended Solidsn assure positive self-priming.
. stg‘dm b:I::heck Content up to 3/32
o h
ves are for lowviscostty in Dlaq\eter
fluids while the duck-bil The fluld section has no
check valves are for fluids packings, close-fitting or
that have fibers or high sliding parts. This allows the
solids content. pump to handle fluids with

suspended solids content up
to 3/32" in diamater.

KYNAR® is a registered trademark of the Pennwalt Corporation.
TEFLON® i3 s registered trademark of the DuPont Corporation.

Clamps and Fasteners
To assure chemical and
environmental compatibility,
all metallic fasteners are
constructed of Series 300

The End Caps Bolt
—— Directly to The
Pump’s Center Body
This design provides a
posttive seal between the
end caps and the pump
body. It also assures precise
alignment of parts and

xe

The Alr Valve s Easlly

Separate access to the main
gir vaive allows the user to
perform maintenance or
inspection without disturbing
the fluid section of the



Unique Manifold Design Allows Maximum

Installation Flexibility

- 3-Piece Manifold
m Fits Your Piping Requirements

The three-piece, inlet and outlet manifolds of this
pump have been designed for maximum
installation versatility. No additional accessories
are required to utilize the pump in any of the
possible instaflation configurations shown to the
right.

Each of the three sections of the iniet and outlet
manifolds have a 1/2 NPT(F) threaded port for
instaliation convenience.

Inlet and Outlet Rotates 360¢

The center section of each manifold rotates 3609
to accomodate precise piping alignment.

Convertible Manifolds

Single Inlet /
Single Outlet

Pump from a single fluid
source to a single
dispensing point.

Single Inlet /

Dual Outlet

Pump from a single fluid
source to two separate
dispensing points.

1)

Dual Inlet /
Dual Outlet

Pump from two fluid
sources to two separate
dispensing points.

With the center section removed and each
manifold end rotated 1809, the pump can be
plumbed for dual inlet or dual outlet operation.

Accepts Standard Flanges

This pump was also designed to
accomodate standard flange
connectors. Unlike other 12"
inlet/outlet pumps, there is
+, sufficient room to install standard
flange connections directly to
soth the inlet and outiet manifold
of the pump without modification.

Dual Inlet /

Single Outlet

Blend two fluids in equal
volumes by pumping from
two material soutces to
one dispensing point.




Unique Designs for Fluid Flow and Air Control

The CheckValve Cartridge
Assembly Simplifies
teplacement and Minimizes =
Cost ' i

CARTRIDGE
The unique check-valve assem- )
bly utilizes a cartridge-concept ; BALL
design which allows easy re- ~  SEAT

placement at minimat cost. 2

Unlike other designs that mold
the check-valve assembly into the
end cap or manifold, the modular
ARO® design allows single-pan
interchangeability for each of the
four required check-valves.

This design also allows two
entireiy different check-valve

types to be used interchange- I
ably in the same housing. a CARTRIDGE
- ® BALL
e e 2 SEAT
: SeE g
t |
&S =
(< &

Ball-Checks Provide Poslitive Priming
The standard ball-checks are used for mast fluids.
They provide smooth positive priming, maximum
suction-ift, and & high delivery rate. They will pass
suspended solids up to 3/32" in diameter.

Duck-Bill Checks Pass Flbers
Nuck-bill checks are for fluids that are fiber-filled
- have a high-solids content. Because of the
Jnique cartridge design the duck-bill check-valve
assembly can be inverted so that fluid flow can

be reversed to prevent settling of solids.

How It Used To Be

Other diaphragm pump manufacturers use afi
mechanical trip or a single-stage valve to control
the reciprocating motion of the diaphragms.
Mechanical trips need to be replaced often be-
cause the detent device and/or the springs lose
their recoil tension.

Diaphragm pumps equipped with a single-stage
valve are susceptible to stalling. When one of
these pumps is operated at slow cycle speeds, or
used to pump heavy material, the over-travel of

.. the diaphragm is reduced and so is the duration
of the shift signal. This condition may cause the
valve to only partially shift or stop completely.
Either of these conditions will keep the pump from
running.

State Of The Art Improved

The ARO /2" Diaphragm Pump uses a two-stage
valve to control the reciprocating motion of the
pump. A pilot valve supplies a pilot signal to the
power valve throughout the entire stroke or cycle
of the pump.

The pilot valve is not connected to the diaphragm
connecting rod or the diaphragms. The pilot valve
is oriented between the air chambers so that
mechanical force moves the pilot valve to the sig-
nal position, which in turn shifts the power valve.
(See Figure 1).

Diaphragm

Vaive
B exhaust Supply Pressure
FIGURE 1 FIGURE 2

The sir from the power valve continues to shiit the
pilot valve and hold it in position, even after the
mechanical force is removed (See Figure 2).

O

This action positions the pilot valve for the next

cycle arxi maintains the pilot signal throughaut the .
entire cycle of the pump.

This improved design allows you to run the ARO
1/2" Diaphragm Pump at slow cycle speeds and
with heavy materials without the pump stalling and
stopping the flow of production materials.

]



Performance Data

N AGM WITH DUCK-8I
NEOPRENE DIAPHRAGM WITH BALL-CHECKS EOPRENE DIAPHRAG UCK-BILL CHECKS
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Material of Construction

POLYPROPYLENE — Polyptopylene has & broad
range of chemical resistance, high-fatigue endur-
ance, superior abrasion resistance with low co-
efficient of friction. It is fesistant to most acids,
afkalis, and saline solutions even at higher tem-
peratures. It is also resistant to higher aliphatic sol-
vents and polar substances.

PVDF — POLYVINYLIDENE FLOURIDE (KY-
NAR) — is a tough engineering thermaoplastic that
offers a unique balance of properties. PVOF has
mechanical strengih and toughness, high abra-
sion resistance, high thermal stability, and high
dielectric strength. PVDF is resistant to most
chemicals and solvents, ultra violet and nuclear

POLYPROPYLENE has a temperature range of radiation, weathering, and fungi.

35 to 150°F. (2° 10 65°C). PVDF has a temperature range ol 10° 10 2000 £

The POLYPROPYLENE used in this pump is UV (-12° to 93°C)

stabilized. . . . .
The PVDF used in this pump is UV stabilized.

Accessories

 Air Line Connection Kits

MODEL e DESCRIF’TION‘ -  INLET
66073-1 AR LINE CONNECTION KIT — For use with 12" and 1" Diaphragm 14" NPT
Pumps. Kil includes Minialure Series Piggyback FilterReguiaior
(WI29575 gauge) model 129121400, 14" NPT female thread couplet,
14" NPT male thread connector, 14" NPT x 242" long pipe nipple
and a 5 foot long &ir hase with 14" NPT male thread — each end.

Pressure Relief Valve

Ay gt

INLET: iﬂ?’&;ﬂmmw-
s . THREAD (NPI)S:STHREAD (NETY

93368-1 PRESSURE RELIEF VALVE — is preset to 125 psi (£10 psi). 1/4-18 (M) 1/4-18 (M)
To be used in sysiems where thermal expansion or excess
backpressure can develop in the fluid lines. Valve should be  Body constructed of brass with
installed in a piping tee located near the outlet of the pump.  Buna “N" O-fing and stainless
Tubing or hose will be required 10 return bleed-off to fluid con-  steel spring.
tainer.

Wall Mounts

T S "—‘?’g’ " -

6763 WNLMOUNT—PM:emuIImummgbrVZ”D&aphmngump.

Slphon Tube " 9
bRl SR S R ¥ > 61412
61409 SIPHON TUBE — Pvcmbemtmgauap:er For 55- 1!2"Dtaphrangump )
gallon drums. Can be cut lor smalfer containers. and Siphon Hose |
61412 SIPHON TUBE — Threads direclly into pump inlet. 12" Diaphragm Pump 2 ()
lncludes standard bung adapter, Schedute 80 PVC pipe. ' 61409

Siphon Hose '

R l.o‘.‘-"j
1”00, .-

27 "Thioko! Tube - -2 Fabric Wiré Braid "

.1!2',“1.0.-'-'--:-“‘ s
.~Neoprene Cover -Working Pressure—-zao ps_. 4 b

BHEY 0.0,

622581-XXX 12 NPT(M) x ¥2 NPT(M) - 12 NFT(M) x 42 NFT(M) -
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Specilications

wlenoid Eaclosures: Valves listed in this
ories have vither RedeHat metal solenoid
wctosieres or Red-Ha D malded epaxy
alenoids. Red-Lat 1 valves are ideatificd
w the change letter “G7 in theie catalog
wmbers, g B210G, and are shown
noeed.

taadard Eoclosuces:

ted-that —Type | General Purpose
ted-ar (L—"Fvpes 1, 2050 385 4 and
N\ Combinaton Gencral Purpose
wl Wateetight.

ptional Enclosucces:

ad-dlat—="Types A7 and 9 Combination
xplosionpeual and Raiatight, To arder,
dd peefix “EIT wa catalog aumber.
Except (atalug Numbers 8210057,
2I0U5H and H2101189 )

ed-tan 1T —"Types 3, 35,40, -iX, 6, 00, 7
nd ¥ Comlwruaion Explosioaprool and
Jatertight, To acder, add prefix "EIT o
atalog number.

dditional constructions are available,
e Optional Electrical Featuees Section,

page 1, contains descriptions and
acdering information for: Open Framce
Solenvids « Junction lox Gaclosuces

* Panci Mount Constructions.
Electricai: Standacd Voltages:

24, 120, 2-§0, 480 vaolts, AC, 60 |1z

(or 110, 220 vots, AC, 50 tiz)

6,12, 24,124, 240 volis, DC

Qther voltages are available when
required.

Coil: Continuous duty molded Class FF
or 1, as listed.

Nomiaal Ambicat Temperatuce
anges: Red-1at and Red-Hat ] ValvewAC
Construction: 32°E w 125°F

Red-1 lat Valves1DC Construction: 32°F o
77°E (104°E occasionally ).

Red-1at H ValvevDC Construction: 32°E
o L°F

Refer o Engincering Section for details.

Valve Pacts la Contact

with Fluids:

Body — Brass or Stainless Sweel, as listed
Scals and Discs — Buna “"N" or Teflon®,
as listed

Dise Holder — Nylon, as listed

Core Tubc — M5 s

Core and Plagnut — 4306 s,
Sprinpgy— 2 sx

Shading Coil — Copper (hoass body ),
Silver (suintess stect body )
Appravals: CSA certificd.

UL listed as iadicated. Refer 1o
Enginecring Section (or details.
Ordering tnformation:

dprartcnt: We must have catalap number,

voltage and Herte, operating, pressure
and Muid hundled. Use strainers wich
solenoid valves

Thubvmnt Cao teakwart

ives m=gry @ gn LD 2 e ol

AR v g o K

CATIONS
Stacdard Soleasid Erclosares
et Red-Hat-Type 1 Py
Operating Pressore Differeatial {pst) par Red-Hal S-Types 1,.2,3.35.4 sad 4X e tatadlon
Mar. AC ez 0C Temg.°F. Beass Body §.5. Body L]
Canste, Ceasis.
Pge |0rlfice| Cv Ret. Rel
Stre | Sixe | Flow Alr-laect Ugtt Ol JAlrénert Light 0 Catalog Ke. UL Calaleg Me. uL
iac] | (ias.]) JFactar [Mla.| Gas (Water|@ 00 SSU| Gas |Water|@3008SU| AC | OC Number @ jlUsting] Nembec @ |Ustiag| AL oc
NORMALLY CLOSED (Closed when de-energized), Buns “N™or Teflon® Seating
E™ W {1S|o®| 150 {125 -— 40 Qi - 180 | 150 14210G73@ | ¢ e (B8210GBQ | 1P ) 6.4F | 1165
% L | 0 150 | 180 — . 40 40 -_— 180 | 150 18210693 S0 ] —_— - - | 10.WF | 11.6F
L] Y k| 5 200 {150 126 {125 | 100 100 180 | 150 8210G1 60 o -—_ -— - G.1F | 11.6F
t % 31 S| 30 X0 00 -— —_ - 175 | — [4210GG S0 o —_ — |- -
W | % |22 O] 150 | 128 - |-« 40 - 180 | 150 |8210G15® | 2P o |BR210GN7Q | 2¢ . 6.1F | 11.6F
] L) 4 | 0| 150 | 150 —_— S 40 40 -_— 180 | 1504 8210G94 50 [ - —_ | — [10.4F | 11.6F
] L) 4 | 0] 15 | 150 125 40 40 - 17 - —-| — |8210G8? 10 e [17.1F | 11.6F
“ % 4 |57 20 | 1% 135 125 ] 100 100 150 |8210G2 80 [ —_— — 1 =— | 61F IIM
% LY 4 5 300 | 300 00 -— -— -—_ 1 — |8210G7 & | .o -—_ -— e BIA L
[ W $ | 0] 150 | 180 125 40 40 —_ 175 | 150 — -1 — | 8210688 0 o |12.1F | 116F
¥ ¥ 5 5 125 | 125 125 100 € 75 180 | 150 |8210GS 90 ] — -—_ —_ 6.UF | 1168
¥ ¥ S | 0| 150 |15 —_ 40 40 - 180 | 150 |€210G35 80 [ -_— - | - |10.1# | 11.6F
N ¥ (65 ] 5| 250 | 150 100 125 | 125 125 180 | 150 |8210G3 1M0] o -— -_ | — | 6.1F | 11.6F
% ¥, 6 | 0| 30 |30 200 200 | 180 ‘180 200 |, 77 |62108260@( 0P| © - - - | 15.4F {30.6H
1 1 1I7]a0 19 {128 125 100 | 100 80 180 | 77 |82108540 A0 | © |8210089 t50 & | 15.4% |30.6H
1 1 ]| s]| 150 | 150 100 |. 125 1125 125 180 } 150 |8210G4 120]| o —_ | — | 6.1F | 11,6F
1 1 | 138] ¢ ] 300 | 225 15 el R - 200 { — 8210827 WP | o —_ -— —_ 2F| —
Wi W 1SEHat 150 ) 125 125 100 | 100 80 1801 77 (82108550 | 320 | ® - 1547 {20
Mae] 1% | 15 ] 8| 150 | 150 100 125 125 125 180 | 150 |6210G8 160 | o -_ - | — ] 6AF ltﬁ
Sty L2510 150 125 125 100 § 100 80 16071 77 |8210856¢¢ | 30| ® — —_ — | 15.4/F |30.64
RS S| 150 | 150 100 .| 128 § 125 125 180 | 150 |8210G22 180 | « -— - - | 6.1F | 11.6#
. e | Q| 5] 150 | 128 80 50 50 S0 180 | 150 [8210G100 20| o — — | — | G.AF | 116F
':h Wy &£ 5] 150 | 125 90 50 S0 S0 180 | 150 {8210G101 2P| o —_ —_— = | 6.0F |11.6%

3




8210 SERIES {coniinued)

SPECIFICATIONS {continued)

Standard Soleu#d Encloteces
Red-Hat-Type §
Operating Pressere Diticteatlal (pst) Mar. Watt Rating!
Fuld Red-Hat H-Types 1, 2,2, 38, & and &% Clast of Cou
Max. AC Mz, 0C Temp.°f, Brats Bady §.5. dody fagwiatlon
Coastr, Congtr,
Fige | Drific Cv Light O Light 0{1 Rel. Ref.
Sire | Sire | Flow Alr-tnert @ 304 | Ale{merl @ 30 Catalog No. uL Catalag No. ut
{int.}{ fing.] | Factoe| Min.} Gat | Waler] 3SSU Gas | wWater| SSYU | AC | OC Number @ | Uksling] Number v | Listingl  AC oc
NORMALLY OPEN (Open when de-energized), Buna “N"™ Seating {Nylon Disc Holder, excep! as noted)

W ¥y 3 4] 150 150 125 125 | 125 80 | 180 | 150 berun i 230 - - — | W0.uF]| 11.6#
¥ ¥y 3 ) 250 20| 20 250 | 200 | 200 | 180 | 180 |8»10i11@® | 390 —_ -— — | W0.WF) 1.6F
y ¥ 4 0 150 150 125 125 | 125 80 | 180 { 150 | 82w -] - — — — | 0| n.ef
h ¥ 3 0 150 150 | t00 125 | 125 BQ | 180 | 150 —_ — — ) Wy 70 . W0r 1L6F
‘h ¥ 4 5 2% 00| 200 250 | 200 | 200 | 180 | 180 | 8210G12@® | 33D . — — — | W | 11.6F
¥e ¥, S5 0 150 150 125 |- 125 | 125 80 | 180 | 150 JE110G85 250 . - — — | W0.uF ] 1ef
Y. L k] 1} 150 150 | 100 125 | 125 80 | 180 ] 150 —_ —_ —_ | LY 130 . 1044 | 11.6F
Y, ¥, 651 S 250 | 200 | 200 250 ] 200 | 200 | 180 | 180 |8210C13 224D . - —_ — | 15.4F | 1G.BF

1 1 12 0 125 125] 125 -—_ -— - 180 | — ]8210B57®& | 34D . - — - F | —

t | L] 5 135G 150 125 125 1 125 125 | 160 | 180 (8210014 260 . —_ - — | 19.4F | 16.0F
W] 15 0 125 125 12 —_ —_ —_— 180 | — 182100580 @ | 350 . - - -—_ 2071 —
| 1 15 5 150 150} 125 125 | 125 125 | 160 | 180 |8210D18 280 . - -— - | 15478 | 16.8F
)| W | 25] 0 129 125 | 125 - -— —_— 180 | — [8210859®@ | 360 - - -— 20F) —
]| e | 25] § 150 180 125 125 | 125 | 125 | 180 § 80 |8210032 230 _ -_ — | 19.4F | 16.8F

Fj 1% 4] 5 125 1251 125 125 1125 125 | 180 | 150 18210103 P . —_ _ — | 15.4F ) 16.AF
2% | 1% 45 5 125 125 | 125 125 1125 | 125 | 180 | 150 |8210104 P . —_— _— — | 15.4F | 16.8F

HNoles: () 5 psi oa Aur:’) pst on Waler. © Valves not available with Explosionpeool enclosures.

©1 Valve provded with Tellon man geec. @ On 50 Hertr service, the watt raling lor the 6. 1F solenowd s 8.1 watls,

9 Vaivo mciudes Utiem {G.£. iragemark) pston. ® AC Construction gis0 has nylon seabng.

¢ Leller "0 genotes daphragm constructon: =P~ denales pistoa construchon, @ Ko duc halder,

e U ksted as General Purpose Vaive oa AC vattage onty @ Stiiniess Steel disc halger

© DC consiructon must have solenoid mounted vertical and wprighl.
ELECTRICAL INFORMATION .
Wall Ratlng and Seare Coll Parl Na.
andard Power Consumptian General Purpose Explasionprool

Colt ana A

Clast of oc VA VA
laguiation Watls Walis Halding laruth M oc AL oc

F —_ 6.1 16 40 228210 -— 236214 —_
(2 11.6 10.1 25 - 70 238614 228710 238614 228714
(2 16.3 154 a 160 99257 97617 89257 97617
£ —_ 171 40 "9 238610 -— 238614 —_—
F -_— 20 Q 240 99257 - 89257 hass
H 30.6 —_ — — — 74073 — 74073

DIMENSIONS (in inches)

Canstr. Rel. 5,6, 7, 8, 4, 11, 12, 46, 16, 20, 11, 23, 25, 37, 3¢

reYed

]
Lo

oy
[ LN L]




ML HSIONS (ia inches)

Conslc. Refg, 30, 14, 15, 24, 2536

ey,
L AL L

Coasir. Retl. 39

/’— 172 NOY

ch- X ]

9732 DA,
HOLES
. FOR MOUNTING

Constr,
Ret
No, K L [ w
kR e | v | e | e ]
r 43w Dru Pug [
5 I W I v
e 'y ¥ 24y in,
g | 1w M Pin
) v P | 3w |
1 FPu Mu k] M
10 s 5 ?.‘f.."_.l.._‘ o T
n: £¥n Iy kg 2%e
LS 5% add 4 2w
s 6Yn AW Sty e
135 Sy e prY e P
¢ S ¥yp 4 1
1®- 6% I dvy e
e T¥u §lm [T 'R
cal ™a | @ e | Sva
n AR ET
u Sy f L™ o™ 2,
2.5 4Yu b " I ¥
|2 S | | awm | o
a7 oY S Styp SV
n BVx Yo Ny I
by Me [ en | S | o
3 L Sivm Sty | diyw
an 6vu Ive [ I
¥ 6 ¥yg Svr e
w 6 | @ | Su | 3w
Hs Fve s (2] ¥
s e | e | 6w | aw
Cood e | 4w | v | 3w
il v | 2wu | Ve | 2y
pad Qve | 2% | Juu | 2ug
bl 5% % Wy ETT™N

IMPORTANT: Yaives may be maunizd it any pasition,
R0t a5 agied, !
#'atve gt bt mounicd with soienakd vertical and

wprighl,
“DC dimentions sightyy targer.

<}

R




2 WAY PILOT OPERATED

.General Service Solenoid Valves

Brass or Stainless Steel

Specifications

Solenoid Enclosures: Valves listed in this
scries have cither Red-Hat metal solenoid
enclosures or Red-Hat I molded cpoxy
solenoids. Red-Hat [ valves are ideatified
by the change letter *G™ in their catatog
numbers, e.g, K210G4, and are shown

in red

Standard Enclosures:
Red-Hat — Type | General Purpose

Red-Hat H—Types 1,2, 3,35, 4 and
4X Combination General Purpose
and Watertghe.

Optional Enclosures:

Red-Hat — Types 3, 7 and 9 Combination
Explosionprool and Raintight. To order,
add prefix “EF” to catalog number.
(Except Catalog Numbers 8210B57,
8210858 and 8210B59)®

Red-Hat 1]l — Types 3, 35, 4, 4X, 6, 6P, 7
and 9 Combination Explosionproof and
Watertight. To order, add prefix “EF” to
catalog number.

]‘ Additional constructions are available.

“he Optional Electrical Features Section,

Bodies « 3" to 212" N.P.T.

page 11, contzins descriptions and
ocrdering information for: Open Frame
Solenoids * Junction Box Enclosurces

+ Pancl Mount Constructions.

Electrical: Standard Voltages

24, 120, 240, 480 volts, AC, GO Hz
{or 110, 220 volts, AC, 50 Hz)

6, 12, 24, 120, 240 volts, DC

Other voltages are available when
required.

Coil: Continuous duty molded Class F
or H, as listed.

Nominal Ambicat Temperature
Ranges: Red-Hat and Red-Hat 11 Valves/AC
Construction: 32°F 1o 125°F

Red-Hat Valves/DC Construction: 32°F to
77°F (104°F occasionally).

Red-Hat [l Valves/DC Construction:32°F
to 104°E

Refer to Engineering Section for details

Valve Parts in Contact

with Fluids:

Body — Brass or Stainless Stecl, as listed
Scals and Discs — Buna "N™ or Teflon®,
as listed

AsUD
.
8210

SERIES

Disc Holder — Nyloa, as listed

Core Tube — 305 sas.

Core and Plupnut — 430QF ss

Springs — 302 ss.

Shading Coil — Copper (brass body),
Silver (stainless steel body )
Approvals: C5A certified.

UL listed as indicated. Refer to
Engineering Section for details.
Ordering Information:

Important: We must have catalog number,
voltage and Hertz, operating pressune
and fluid handled. Use strainers with
solenoid valves,

*Duttont Lo cesdemact

SPECIFICATIONS
Staadzrd Solenald Enclosuces
lar. Red-Hat-Type 1 mﬂ:ﬂq:
Operatiag Pressure Differeatial (psi) b Red-Hat B-Types 1,.2.3.35.4 sad 4X muf:
Max AC Maz. OC Temp.F. Brats Sody 5.5. Sody L")
Plge |Qritice] cv Rel Rel
Stze | Size | Fow Ale-laert Ukt Ol |Adrdnert Light 00 Caislog | Mo. | UL | Catay | %e. | @
(lat.| | (bus.) |Factor [Min.] Gaz |Walee/@3008SU| Gas |Water|@3008SU| AC | OC Nember @ jlisting] Nember @ |Ustag| AC [
NORMALLY CLOSED (Closed when de-energized), Buna “N” or Teflon® Seating
% | % |15]|@] 150 |15 — 40 | @] — 180|150 [8210GTag | 17 | « [8210G36® | 1P | « | 6.1F |11.6F
w | w | 3|0 150 [10] — 40 | @] — |1sol150e206ez | 80 | o — — | = |101# |16
v | w | 35| 20010} 13 |25 |00} 1o |180 150 |821061 6 | o - — | — | 61/ | 1167
w | w | 3|5 30|30 30 | — |—]| — |[us]~ |s2066 0| e - — | - |l =
% | ' |22 |®] 150 [15]| — 40 | 0 — |180 [150 [8210G150 | 2P |  18210G37® | 2p | & | 6.1F |11.6F
w | w | 4 0] 15 |10 — 4« | 0| — |180|150 |azi0ces | 50 | o — | = | — |1w094f | 1167
w | % | « o] 15 |150| 125 @ | 0| — ||| — —| — [62t0687 | 0 |  |17.4%4 |11.6F
v | w | 4 [ 5] 20 0] 135 | 125 [100| 100 |180[150 [821062 6 | o — — | = {e1F 1167
w | w| 4 |5] 30 30| 30 | —|—] — |15]~— |82n067 0] o - — | - l17#| —
Y | % | 5 |0 150 |%0] 12 «w | 0| — [|us|w0l — —| Z (620688 | 70 WAF | 1167
vo | v | s |5 125 {125 125 | w00 | 90| 75 180|150 |621069 0| o — 2 2 s |er
vol %] s |o] 150 |1s0] = 0 | 0| — |180(150 [82106%5 | 80 | o - — | — [100# | 1167
v | we|les|S| 250 [1s0] 100 | 125 1125| 125 | 180 | 150 |82106G3 10| o - — | — | 6.1# |116F
Y ¥y 6 | 0| 350 {30 20 20 {180 180 200 | 77 (821082600 WP | © - — 1 — 1547 13064
T[T [ 3o 150 [125] 125 | 100 |100| 6 |180| 77 |6208548 | 310 | ® |6&210089 | 150 1
vl [ s o150 |0 100 |1z |125| 125 | isa | 150 821064 120 | o — gl I 2:# ﬁ%’ﬂﬁ
t [ t|ws|of || s { — {—| — 200} —|s210827 | 4P| o - — =] 20f) —
W | 1w |15 [0 150 [ 125 125 | %00 |100| 60 | 180 | 77 |ezwesse | 320 | © — N R
Wl {15 | S| 150 J1so| o | 125 [125{ 125 | 180|150 {8210Ge 60| o — I :Zg ﬁ?ﬁi
Vo | Vi | 25| 0| 150 |125] 125 | 100 |100| 60 | 180 | 77 |s2w08s6m | 30 | © — — 1 =
1 | |25 5] 150 |150] 100 | 125 [125| 125 |180|150 |8210622 | o] - - | = “cfﬁg "ﬁﬂ
zZ W @a |5 1% |15] % 50 | S01 S0 | 980 | 150 18210600 | 20P | — | = | = | 6/F |116F
Ta| W | & 5] 150 [15] % S0 | 50| 50 | 180|150 {6210G101 | 21P | — — [ — [ 6.1F |116F




210 SERIES (continued)

3P TRICATIONS (continued)

Standard Soien:l Eactesurer
Red-Hat-Type 1
Operating Pressure Dillecential {ptl) mr‘ Red-Hal B-Types 1. 2. 3. 35. 4 snd &1 g:l't: i:uc:;
Mar. AC Max. DC Tewp.f. Srass Body §.5. fody hsstttion

Constr. Coagir.

Pipe | Ocllice] O Light Ol Ught O Rel. Rel

Sire | Skt | Flow Ait-taert] @ 300 § Airfnert 31 Catalog Ho. | WL Catateg No. | WL

f=t.}] (tns.)| Factor) Min.| Gas | Walen 83U Gas |Water] $SU | AC | OC Number © |Listiag! Wember @ |Llstiag AC oc

NORMALLY OPEN (Open when de-energized), Buna “N" Seating (Nylon Disc Holder, except as noted)

Y W% 3 0] 150 | 156 | 125 128 1 125 80 | 180 | 150 [8210G13 230 . — _— — | 0.4/ 1167
L) £ 3 S| 250 | 20| 200 250 1200 | 200 | 180 [ 180 }8210611@® | 39D . — —_ — | 10,14 ] .64
V2 iy 4 0| 150 | 180| 125 125 | 125 B0 | 180 | 150 }8210G3« 230 . —_ — ~ | 10./F | 11.6F
L7 Yy 3 el 150 | 1501 100 125 | 125 80 | 180 | 150 — -~ | ~ | 8210630 7D o [ 10.4F ] 11.6F
K ¥ 4 S| 250 | 200 2200 250 | 200 | 200 | 18O | 180 j82i0G12®® | 33D . — —_ — {10uF| 11 6F
Yy Y | 55| €| 150 | 150% 125 125 1125 80 | 180 { 150 18210G3s 250 . - — - 1 10 UF | 11.6F
LA L 3 0 150 | 150} 100 125 | 125 80 | 180§ 150 —_ ~ { — | 8210G38 38D o 1 T09F | 1168
¥ ¥ | 65| 5 ¢ 250 | 20} 200 250 | 200 | 200 | 180 18C |B21GC13 24D . - - — | 15.4% | 165.84

1 1 13 0] 125 { 125 125 - - - 180 | — [8210857@® | 34D . -— — — 20F( —

1 1 13 5] 15 (15| 125 125 | 125 1 125 | 180 | 180 |8216014 26D . -— — ~ | 154% { 16.8F
el e [ 1S ] O 125 1125 125 - - - 180 | — |8210B58®@ | 3SD . - —_ - F ) ~—
W ta | 15| §| 150 | 150 125 125 | 125 1 125 | 180 | 180 |B210018 280 . — —_ — | 194F § 16,88
Ve | twe | 225] 0 125 | 128 ] 125 — —_ -— 180 | — |821085%0® | 360 - — — 20F1 —
Va{ W | 2250 5| 150 | 180 | 129 12 | 125 | 125 {180 | 180 18210D32 230 . — - — 1944 ] 1687

? | 43 ] 5| 125 | 126 125 125 [ 125 | 125 | 180 [ 150 |8210103 0P . —_ —_— — | 154F | 16.8%
2%h | W | 45 1 5| 125 125 | 125 125 [ 125 | 125 | 18G | 150 |82101¢4 2P . -— — — {1547 | 16.8%

Notes: © S psion A 1 psi on Water @ Vaives oot availzble with Explosianproo! enclosures

@ Vaive provided with Tetion main disc © Or 50 Hertz serwce, the watt rating for the 6 1/F solenoid 1s 8 1 watts

@ Vaive inciudes Uitem (G.E. trademark) pston, @ AC Construction atso has eytan seating

@ Letter "D denotes duphragm consteuction; “P™ denoles pision construction ® No dise holder.

@ UL lkisted as General Purpose Vaive on AC voltage only. @ Stainless Steel disc bholder

a0C ion must have i vertical and spoght
LLECTRICAL INFORMATION
Watt Ratiag and $pare Coll Part No.

Standard Power Conzumption General Purgose Explesigngroat

Colf and A

Class of 13 VA A
tasuistian Witts Watis Hoiding ferush AC 0C AL BC

F — 6.1 16 40 238210 -— 238214 —

F .6 10.1 25 70 238610 238710 238614 233714

f 16.8 154 27 160 99257 97617 99257 97617

f -— 7.1 40 b:x] 238610 — 238614 —_

F -— 20 43 240 99257 - 99257 -

H 30.6 — —_ —_ -— 74073 -—_— 74073
DIMENSIONS (in inches)

v

" Comstr. Re(. £,6, 7, 8,9, 10, 12, 16, 18, 20, 21, 23, 25, 37. 3%

/W-'




([

8210 SERIES (continued)

DIMENSIONS {in inches)

Coastr. Refs. 10, 14, 15, 24, 26-36

F5 X8

%

Coastr,
Red.
Na. H L [ w
1" Ryp 1M Dy iijeg
L4 e b 3yn Vi
S g 23 3 2%
6" KR 24 M M
7 45 2%y I 2%
¢ 4 W 3 2%
9 In 284y 3 Pu
10°# 54 2w vy 29
w m | Pva | 3w | 2w
12° 5% K\ 4 iy
e LR Ivw [ 34
15° S'p 3 4y o™
16° S v 4 ™
18" 64 “ 43n [T
20° T Sn Yy iy
bl Tu St dvw Sy
Lz A/ F2 7 3= 2yn
Lo HERKE 4
25 4w 2Win I%u o)
26 6t v e 2t/
a 8 5 | Swm | Sv
L m | 3w | 4m ™
o] Tun L0 Svw e
3 8in 8w S Aa
s 6yx 3. Sw E 1)
& 6vz vp S Sw
» (3] 4V V4 $yp
U¢ 62z W (=™ %
FLT3 Wa Jvp v 3w
L 14 Ttvn % 2 e
n v 204 | ¥wp Vg
» avve | T | Wm | 2we
» Sw 2% v | Suvm
REOHTANT: Vatves may be mourted in any posttion,
except as noted, .
#Vaive must be mounted with solenold verticat and . v
. .Wmmmn‘! . L "":‘-""?‘Jﬁn’f.\',’:u' 3t
Tt N e e SNSRI GYCT - ot T RWesss

I A

CaaE N

Ty e SN oy
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ASCO

LONG LIFE

SERIES

2 WAY LONG LIFE

Quiet Operating Solenoid Valves

Brass or Aluminum Bodies « 1" to 2" N.P.T. » Air and Inert Gas Onl

General Description

These are standard Red-Hat solenoid
valves modificd to extend the cycling
life when handling dry air and gas by
eliminating mctal-to-metzl contact. In
addition, the internal AC hum and the
metallic click heard when the
solenoid is energized have been
virtually eliminated.

All valves listed are suitable for both
rapid cycling and continuous

Specifications

Solenoid Enclosures: Valves listed
in this serics usc the Red-Hat metal
solenoid enclosure.

Standard Enclosures:
Red-Hat — Type 1 General Purpose

Optional Enclosures:
Red-Hat—Type 7 (Cand D)
Explosioaproof which zlso meets
Types 3 and 9. To order, add prefix
“EF” to catalog number.

Additional constructions are available.
The Optional Electrical Features
Section, page 11, contains
descriptions and ordering information
for: Open Frame Solenoids ¢ Junction
Box Enclosures * Panel Mount
Constructions.

Electrical: Standard Voltages:

Consult iocal ASCQO sales office for
DC voltages.

Coil: Continucus duty molded Class
A diode coil.

Nominal Ambient Temperature
Range: 32°F 1o 77°F (104°F
occasionally).

Refer to Engincering Scction for details

[nstallation: For optimum life, the
solenoid should be installed vertical
and upright.

Approvals: CSA certified. UL Listed
General Purpose Valves —8262 Series
only. Refer to Engincering Section for
details.

Ordering Information:
Important: We must have catalog
number, voltage and Hertz, operating
pressure and fluid handled. Use

cnergization. 24, 120, 240, 480 volts, AC, 60 Hz strainers with solenoid valves.
SPECIFICATIONS
Operating Pressure Max. Watt Rating/
Ditfereatial {psd) Aaid Temp Standard Solenold Enclossres Class of Coll
Pige Orttlee o Maz & * Red-Hat -Type 1 o
Stoe Ste Flaw Alrtaert sody Catatog
{laz)) (ins.) Factor Mia. Gas AC Waterial Naemiber ~
§ MILLION CYCLE CAPABILITY
NORMALLY CLOSED (Closed whea de-energlzed)
¥ L] 3 L} 125 140 Brass 210010 1B4UA
V') % 4 5 125 140 Brass 8210020 13.4A
¥, ¥ 4.5 5 125 o Brass 8210050 13.4A
1 1 1 1 20 140 Aluminum 821595Q 13.4A
1)) 4 15 1 i) 149 Alsmdnum §21596Q 13UA
1% 1% 20 1 2 140 Auminum €21597Q 134A
2 2u 3 1 20 140 Aluminum £21598Q 13.4A
NORMALLY OPEN (Open when de-energlzed)
¥ L 3 5 125 140 Brass 8210C110 13.4A
1 L 4 5 125 140 Brass 82106120 13.4A
¥ ¥ 45 5 125 140 Brass 8210C130 13.4A
1 A 13 1 20 140 Aleminum 8215990 13.4A
L7 4 15 1 20 140 Aluminum 82151000 13.4A
1% 4 20 1 20 149 Alyminum &2151010 13.4UA
2 2 H 1 20 140 Aluminuem £215102G 13.4A
20 MILLION CYCLE CAPABILITY
NORMALLY CLOSED (Closed when de-energized)
A i 35 0 125 140 Baass 8262170 13.4A
Y Y 35 0 125 140 Brass 826202320 13.4UA
vy in 85 g 0 140 Brass 826282080 1BUA
NORMALLY OPEN (Open when de-energized)
% Yu 09 0 125 140 Brass 82620910 RNAUA
% Yu .09 0 125 149 Brass 82620320 QDUA
Wole: ® VA Requirements. tnnush 2nd Holang: (SVA

ac
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FROM BROAD RIVER WaL\E

T0

MODEL MPT-100

19843638736

F.a3

3 WAY STANDARD PORT BALL VALVE 800 WOG
8ILL OF MATERIALS:
10 " 0 NO. | PART NAME arv. MATERIAL
9 1 800Y 1 CFBM TYPE-316&
g — — 2 END CAP 3 CF&M TYPE~-316
7 E 13 12 \., 1 3 gaLL 1 $5-316
6 c 4 | sgar 4 | REINFORCED PTFE
S — 1 5 | sTEm v | CFeM TYPE-316
4 FYT, TH=1T" " - 6 | PACKING 1 PTFL
{ 3 e PR 7 | GLAND WUT 1 | Ss-304
2 8 WASHER 2 5$5-304
= A S | STEM CAP NUY 1 | S5-304
MOOEL MPT-100 10 | HANOLE 1 $5-304
11 | PLASTIC COVER 1 VINYL PLASTISOL
12 | THRUST WASHER 1 PTFE
13 FLAT WASHER 1 S$S-304
14 STOP PIN - 1 $5-304
Our new handie 14
desipn has posilion —_—
stops in 90 increments
for the futf 360 -r_'"_'-_'-_:'_-)_
H L - -
L]
eP W x Vaive Stem Seals and Seats  100% tested
by 100 psig air under water for bubble
tight integrity
% SPECIFIGATIONS
Body Test Pressure. 1200 PSIG Hydrostalic
eK Presswe Rating' €00 PSI WOG
NOTE: Now Available 3 Way Valve with Quick-
Clamp Sanltary Ends - Model MPC-100.
Coasuft Factory for Additions! |nfonnaty
ODIMENSIDNS:
VALVE SI2ES Y /4" 3/8" /2" 3/ 4" v t 14" 1 12" -4
A 3.11 3.11 3.1 3.43 .25 4.88 5.31 6.45
e 0.37 0.37 0.47 0.60 Q.79 0.98 1.26 1.57
C 2.4 2.4 2.4 2.8 3.3 3.3 3.5 4.0
o 6.2 6.2 6.2 6.2 7.3 8.0 9.2 9.2
H 2.42 2.42 2.42 2.83 3.34 3.80 4.23 5.41
APP  wliCHT (La3) 1.8 1.8 1.8 2:5 &5 6.5 9.0 15.5
vl tonaK (awn] SO 8o | 90 120 160 300 280 800
£ 0.4 Q.4 0.45 0.6 o s .95 0.99% Q.97
F 0.21 0.21 | 0.29 0.29 "0 <6 0.60 0.60 0.62
[+ 0.36 0.36 0.36 0.36 O 36 0.44 Q.44 0.555
K C.47 0.47 (o] 4:.'- 0.47 0.e7 0.%9 o.5¢ 6.725
e 1.65 1.65 1 65 3 g7hﬂ 97 [ 187 | 236 | 2.76
w 1 /4 ZOUNC|+ /4 — ZOUNG |1 /4 ZOUNG |3 7 hm ZOURC | 1 /4~ 20UNC| 37/ 4= ZOUNC [571C ~ \GUNCIS7 16~ 10UNC
_ o

This broctwire s generslin nature and manufacturer reserves the right to akter
materials of to make design improvements

TaTAL P.G3



FIG. NO. 5044F

600-POUND BRASS/BRONZE BALL VALVES

Futt port. 2-piece body, blowout-proof stem, lever handie, screwed endis.

%@bl
Qe

Il A N

_Q'Uj

P‘:T
1

o

|
|

1 | Body { Forged brass 1 B283-C37700
2 | Bodyendpiece  ( Forpedbrass . 6283-CA7700
3} Bad Forped brass, Hard chromium plated | 8283-CIT700
4 { Slem Forged brass ) B124-CI7700
5 | Seat Teflong
Working Pressures
P_ 6 } Laverhancie Sieel. ZTing plated Al
Working Pressure ! Test 7 o o
— __ Non-Shock (psi) | Pressure (psi) o Wond
Stz Coldwaer.[ Stvell Seat 8 | Gland packing Teflond
Ol.Gas i_twater (i) % | Gland Forged Brass | B283-C37700 -
150 600 | 100 100 10 | Handie bott Siael. Zinc plated A36 _
@ Dupon(s Yade name . B
. . N 1 T . { t :
‘?a. [ i~ 0 ' ! ! ;
‘\Iu M | @ s 1 P lwgtae; 2 2w 3 4
Mok . H - , . i : (
Note L 189 | 129 220 | 264 ¢ 300 ' 3.99 -3.70 ' 433 | §55 : 642 1740
- Ho 148 D146 [ 209§ 224 ° 286 280 "3.41 © 343 | 441 : 480 !551
Extension stem (Wing * . - . =
. mm“&;@ E 7315 [ 315284354 492 492 }551 551, 747 . 767 1
d 703 1 039 | 059 079+ 100 126 (157 200 256 315 400
Cv Factor
180 : 80 50i300 600 10 130 360 450 620 1200
Torque Reting
fide 072 1072, 130 . 180 229 433 650 857 1446 2535 3620
Weight
bs 033 037 047, 080 128 184 270 420 7.75 1220 1885
RED-WHITE VALVE CORP.

oust




INSTALLATION AND
MAINTENANCE INSTRUCTIONS

N 2-WAY INTERNAL PILOT OPERATED SOLENOID VALVES
HUNG DIAPHRAGM — 3/8, 1/2 AND 3/4 N.P.T.

E—
BULLETINS

8210
8211

ASTo,

l NORMALLY CLOSED OPERATION Form No. V5525

DESCRIPTION Catalog | Maximum | Maxintum
. . . . Censtruction Calt Namber | Amblent Flaid

Bulletin 8210's arc 2-way, normally closed, internal pilot opersted sole- Class PreQix |[Temp. °F. | Temp. *F.

noid valves. Valve body and bannet arc of brass mnstmct.ion. Standard

vilves have 2 General Purpose, NEMA Type 1 Soicnoid Enclosure. A-C Construction A MNoneor DA 77 189

Bulletin 8211’5 are the same as Bulletin 8210°s cxcept the solenoids sre (Alternating Current) F DFor FT 122 180

equipped with an enclosure which is designed to meet NEMA Type 4 H HT 140 180

Watertight, NEMA Type 7 (C or D) Hazardous Locations - Class 1. Group C -

or D, and NEMA Type 9 (E, F or G) Hazardous Locations - Class 11, Group D-C Construction A.F None, FT 7 150

E. F or G. The explosion-proof/ watertight solenaid enclosure is shown on (Direct Current) orH or HT

) ‘Seplu!c sheet of Instaliation and Maintenance Instructions, Form Ne. . ¢ Numbers A Notl;xor 7 210

Saffired ‘HW®
Bulletin 8210 and 8211 valves with suffix "HW’ in the catalog number are A-C Construction DForFT 77 210
specifically designed for hot water service. (Alternating Current) H - 2 10

OPERATION
Normally Closed: Valve is ciosed when solenoid is de-energized and

opens when solenoid is energized.

MANUAL OPERATOR (Cptional}

Valves with suffix *“MO’ in catalog number are provided with a manual
operator which sllows manual operation when desired or during an inter-
ruption of electrical power. To operate valve manuslly, push in knutled
“. eap and rotate clockwise 180° Disengage manual operator by rotating
“nurled cap counterclockwise 180° before operating electrically.

MANUAL OPERATOR LOCATION  {Refer 1o Figure 3)

Manual operator {when shipped from factory) will be located over the
valve outlet. Manual operator may be relocated at 90° increments by ro-
tating valve bonnet. Remove bonnet screws (4) and rotate valve boanet
with solenoid to desired position. Replace bonnet screws (4) and tarque in
a crisscross manner to 110 + 10 inch pounds.

If valve is installed in system and is operational, proceed in the following

magner:

WARNING: Depreasurize valve and tarn off eloctrical powee supply.

. Remove retaining cap or clip and lip the entire solenoid endlosure off
the solenoid base sub-assembly, CAUTION: When metal retaining dip
discngeges. it will spring upwards.

2. Remove bonnet screws (4) and rotate valyve bonnet to desired position.

. 3. Replace bonnet screws (4) and torque in a crisscross manner to 110 £

10 inch pounds. Y .
. 4. Replace solenoid enclosure and retaining ¢lip ‘ot cap.
R A
INSTALLATION ®=  ©  ~ 7+ s g

Check nameplate for correct catalog pumber, pressure, voltsge and
service.

TEMPERATURE LIMITATIONS

For maximum valve smbieat and fluid temperatures refec to chart. The
temperature limitations listed ace for UL applications. For non UL
applications, highet ambient and fluid temperature limitations are

~availsble. Consult factory. Check catalog number on nameplate to
‘etermine maximum temperstures.

Form No. V5826 PRINTED IN US.A

POSITIONING/MOUNTING

Valve may be mounted in any position. For mounting bracket (optional
feature) dimensions, refer to Figure 1.

PIPING

Connect piping to valve gccording to mackings on valve body. Apply pipe
compound sparingly to male pipe threads onty; if applied to valve threads,
it may enter the valve and cause operational difficulty. Pipe strain should
be avoided by proper support and alignment of piping. When tightening
the pipe do not use valve as & lever. Weenches applied to valve bedy ot
piping are to be located as close a5 possible to connection point.
IMPORTANT: Valves with saffix ‘HW” in the catalog aumber have a2
specisl disphragm material which Is specifically compounded for hot
water service. This material can be attacked by oil and grease. Wipe the
plpe threads ciean of cuiting ofis and mee teflon tape to seal pipe Jolnts.

IMPORTANT: For the protection of the solcuoid valve, ustall a stralner

" or filter suitahle for the service iInvolved In'the inlet side as close (o the

.

. ¥ M

1w Automatic Switch Co.

vaive as possiblc, Perlodic cleaning ks required depending ea the service
conditions. See Bulictine 8600, 8501 and 8602 for strainers.

WIRING

Wiring must comply with Local and National Electricat Codes. Housings
for all solenoids are provided with connections for 1/2 inch conduit. The
gencral purpose solenoid enclosure may be rotated to facilitate wiring by
removing the retaining cap or clip. CAUTION: When metal retsining dip
discngages it will spring upwards. Rotate to desired position. Replace
retaining cap or clip before operating. .
NOTE: Alternating Curvent (A-C) and Direct Cosront (D-C) Solenelda are
baflt differently. To convert from ene to the ather, It s necessary b0 change
solenold base sub-asecenbly and core

SOLENOID TEMPERATURE

Standard catslog valves are supplied with colls designed for continuous
duty service. When the solenold is energized for a long period, the sole-
noid endosure becomes hot and can be touched with the hand for only an
instant. This is a safc operating temperature. Any excessive heating will
be indicated by the smoke and odor of buming coil inzulation.

MAINTENANCE

WARNING: Tumn off electrical power and depressurize valve bdou
making eepairs, It is mot mecessary (o cemove valve from pipe lise for
ASCO Valves

repairs.
ASCO,
FLORHAM PARK, NEW JERSEY 07932

© ezt Stich Co. TS, ALL MONTS AGTEIVEO
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CLEANING

A pertiodic deaning of all solenoid valves is desicable. The time between
cleanings will vary, depending on media end scrvice conditions. In gea-
eral, if the voltage to the coil is correct, sluggish vaive operation, exces-
sive leakage or noise will indicate that deaning is required.

REVENTIVE MAINTENANCE

1. Keep the medium flowing through the vaive as free from dirt and
foreign material as possible.

2. While in service, operate valve at least once & month to insure proper
opcning and clasing. '

3. Pcriodic inspection (dcpending on media and service conditions) of in-
ternal valve parts for damage or excessive wesr is recommended. Thor-
ougly clcan all paris. Repiace any parts that are worm or damaged.

IMPROPER OPERATION

1. Faalty Control Clecait: Check electrical system by energizing solenoid.
A metallic dick signifies the solenoid is operating. Absencc of the dick
indicates loss of power supply. Check for loose or blown-out fuses, open
circuited or grounded coil, broken lead wires or splicc connections.

. Barned-Out Coll: Check for open circuited coil, Replace coil if neces-

sary.

. Low Voitage: Check voltage across coil leads. Voltage must be at least
85% of nameplate rating.

. Incorrect Pressare: Check velve pressute. Pressure to the valve must
be within range specified on nameplate.

. Excesslve Leakage: Disassemble valve and clean all parts. Replace
worm or damsged parts with & cotaplete Spare Parts Kit for best resalts.

N A W™

COIL REPLACEMENT  (Refer 1o Figure 2)

* Turu off electrical pawer supply and discornect coll leads, Proceed in the
following manner:

1. Remove retaining cap or clip, asmeplate and cover. CAUTION: When
metal retaining clip disengages, it will spring upwards.

2. Remove spring washer, insulating washer and coll, Insulating washers
are omitted whea 2 molded coll is used.

3. Reassembie in reverse order of disassembly paying careful attention to
exploded view provided for ideatification and placement of parts.

AUTION: Solenoid must be fully reassembled as the bousing and in-
srual parts are part of and complete the magnetic circatt. Place tnsclating
washer at each ead of coll i required.

VALVE DISASSEMBLY (Refer vo Figures 2 and 3}

-.'..Depmmﬂuulveaﬂtunoﬁeleckhdpowu‘iuppb;,Pmoudh&e

1. Remove retalning cap or dip aad dip the ‘entire solenold enclosure off
the solenoid base sub-gssembly. CAUTION: Whea metal retaining
clip discogages, it will spring upwards.

2. Unscrew solenold base sub-acsembly and remove bonnet gasket.

3. Remove valve bonnet screws (4) and valve bonnet,

4. Fornormal maintenance, it is not n to disassemble the manual
aperstor (optional feature) unless exteraal leskage s evident. To dis-
assemble remove stem pin, manual operator stem, stem spring and
;tan gasket. .

3. Remove core spring, core/disphragm sub-assembly and bod et.

- ,*CAUTION: -Do not damage or distort hanger spri betweyen“::rel

ag, ~Aisphragm sub-assembly. . oL LY e e

All parts are now sccessible for cleazing or replacemest. Replece worn
or damaged parts with & complete Spare Parts Kit for besi results.

- i ‘,':.:l;\jaT ('.;(‘ ::_: 9]

1
L

ASC'om ASCO valves
Automatic Switch Co.

© Amorutyy, Satich Co. sers. aus, aigeres aeserveo:

FLORHAM PARK, NEW JERSEY Q7932

VALVE REASSEMELY

1. Reassemble in reverse order of disassembly paying cateful attention 1o
cxploded views peavided for identification and placement of parts.
2. Replace body gasket and core/diaphragm sub-assembly. Locate the

bleed hale in core/diaphragm sub-assembly approximately 45° from

the valve oatlet. \
3. Replace core spring with wid¢ end in core first; closed end protrude 2’
from top of core.
4. If removed, teplace manual operator stem, stem spring, stem gasket
snd stem pin.
5. Replace valve bonnet and bonnet screws (4). Torque bonnet screws (4)
in & crisscross mananer to 110 + 0 inch pounds.
6. Replace bonnet gasket and solenoid base sub-assembly. Put solenoid
base sub-assembly to 175 + 25 inch pounds.
7. Replace solenoid endlosure and retaining cap or dip.
8. After maintenance, operate the valve & few times to be sure of proper
opening and closing.
SPARE PARTS KITS
Spare Parts Kits and Coils are available for ASCO valves.
Parts marked with an asterisk (*) are supplied in Spare Parts Kits.
ORDERING INFORMATION
FOR SPARE PARTS KITS
When QOrdering Spare Perts Kits or Coiis
Specify Vaive Catalog Number,
Sarial Numbec and Voltage,
PARTIAL VIEW OF e
MOUNTING BRACKET {
(OPTIONAL)
T . ot
@a'ﬂ N 1 ) ‘l -";'
L*— 1:656 R
I I
] fa ’ queemey O
. . . rennad suligl b
phanog ¢
. @ ?:ﬂ Moo = s tlonsior aLiguy -
.28l DIA.
2 MOUNTING HOLES, o5+ - savou:
]
he-|NCHES - -
Dimensions For Mounting Bracket
Figurel. (Optional Featare) ¢
Form Na, V6825 PRINTED (N US.A 197¢




NAMEPLATE

HOUSING

TORQUE SOLENQID BASE
SUB - ASSEMBLY TO
175X 25 INCH PQUNDS

BASEPLATE

SOLENOIO BASE
SUB - ASSEMBLY

BONNET GASKET

LOCATE BLEED HOLE IN
CORE/DIAPHRAGM SUB -
ASSEMBLY APPROXIMATELY
459 FROM VALVE OUTLET

I Figwre 2.

Balletin 8210 —3/8,1/2 & 3/4 N.P.T, ~ A-C Construction
Geaeral purposc solenold enclosare shown,
For explosion-prool/ watertight solcacld enclosurc usod eu Balletin 8211, soc Ferm No. V-5380,

RETAINING CAPJ-

ETAINING CLIP %

PARTS INCLUDED IN
SPARE PARTS KITS

SPRING WASHER

NSULATING WASHER
(SEE NOTE)

COolL

NSULATING WASHER

(SEE NOTE) TORQUE BONNET SCREWS (4)

IN A CRISSCROSS MANNER TO
110 £10 INCH POUNDS.

BONNET SCREWS (4]

QUNTING BRACKET
TWO POSITIONS -
(OPTIONAL)

. L0
VALVE BONNET

CORE SPRING <
(WIDE END IN CORE FIRST, CLOSEDEND .. ...
- -PROTRUDES FROM TOP OF CORE) =,

ORE/DIAPHRAGM .
SUB - ASSEMBLY <}

TBLEED HOLE.,

~

ol |
Wwo o g
-BODY GASKET*

VALVE BODY

NOTE: INSULATING WASHERS (2) ARE OMITTED
WHEN A MOLDED COi{L IS USED.

. i ) ey

© AR SERCh G, vors, ALL m0ets MtV



PARTS INCLUDED IN
SPARE PARTS KITS 3

RETAINING CAP <}

& —RETANING CLIPH:

SOLENQID ENCLOSURE

! TORQUE SOLENOID BASE
‘ SUB - ASSEMBLY TO
175 2% 25 INCH POUNDS

TORQUE BONNET SCREWS (4)
IN A CRISSCROSS MANNER TO
110+ 10 tINCH POUNDS.

SOLENOID BASE
SUB - ASSEMBLY

. ¥

u‘.
‘ BONNET GASKET - BONNET SCREWS (4)

VALVE BONNET STEM GASKET ¥

STEM SPRINGSe
MANUAL OPERATOR STEM

1
1 STEM PIN
| >

CORE SPRING

.,
-

{SEE NOTE)
ORE/DIAPHRAGM
SUB- ASSEMBLY 8K
BLEED HOLE
LOCATE BLEED HOLE IN
CORE/DIAPHRAGM SUB -
ASSEMBLY APPROXIMATELY »
450 FROM VALVE OUTLET BODY GASKETe
<Ky .; ¥,
VALVE'BODY ]
T
x. ——NOTE:: WIDE END OF CORE SPRING IN
CORE FIRST, CLOSED END PROTRUDES
FAOM TOP OF CORE.
Bulletia 8210 — Manual Operator
General purpose solenold enclosure shown.
gwre 3. For explosloa-prool/ watertight solenold enclosure used on Balletin 8211, soe Form No. V-5380.

ASTA ASCO VvValves

Antonmatic Switch Co.  roruam PARK, NEW JERSEY 07932 Form No. V6825 PRINTED IN US.A.

197!
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Attachment C
Pump Testing and Modeling



C.1 INTRODUCTION

One of the remedial alternatives to be investigated during the treatability study is the extraction
and re-injection of groundwater. Data required for such an effort include appropriate spacing and
sizing of the extraction and re-injection system, including wells, piping, pumps, etc. Typically
this data is provided by a knowledge of site conditions (contamination distribution, hydrogeology,
etc.) and a simulation of the remedial system operating within these conditions. Simulating such
a system requires development of a conceptual model of the hydrogeology and a quantification of
input parameters such as storativity and hydraulic conductivity. In order to provide data for
conceptual model development, first estimates of aquifer characteristics for the simulation, and
to preliminarily gauge aquifer response to pumping stresses, an aquifer characterization test was
performed specific to SWMU 166. The characterization test was designed in several phases, each

with a specific purpose, as listed below:

Phase 1: Ambient condition monitoring - intended to identify and quantify ambient trends

and/or effects in the aquifer system;

. Phase 2: Step drawdown testing - intended to provide a first measure of well performance
and aquifer response for subsequent constant-rate pumping testing. The ultimate goal of
this phase is to determine the maximum withdrawal rate that the pumping test system can

sustain for a significant period of time.
. Phase 3: Constant-rate pumping test - intended to quantify initial aquifer response curves
during pumping, and to monitor the aquifer once stabilization occurs. Analyses of the data

yields estimates of storativity and hydraulic conductivity.

. Phase 4: Recovery monitoring - intended to quantify the aquifer response following pump

shut-down. Analyses of the data yields estimates of storativity and hydraulic conductivity.

The following sections outline the methodologies and results of the aquifer characterization test.

C-1



C.2  AQUIFER CHARACTERIZATION TEST

After an initial round of water levels were collected, the pump, transducers, data loggers, rain
gauge, and any other necessary equipment were installed and set up. Next, operation of the pump
and data loggers was tested, the data loggers were programmed, and transducers and water level

indicators were calibrated.

C.2.1 Monitoring Equipment and Observation Wells

To improve measurement accuracy and reduce manpower requirements, water levels in the
pumping well and six nearby observation wells were measured using pressure transducers and
automatic data loggers. Clocks on the data loggers were synchronized with each other before

testing began. Water levels in most of the other site wells were monitored intermittently by hand.

Observation wells monitored with data loggers:
PW-1 (pumping well) P-01 P-02
09D 10D 14D 16D

The effects of barometric pressure change on the aquifer were investigated during each phase of
the test. Pressure changes were monitored with a barometric pressure transducer connected to a

data logger.

C.2.2 Phase 1, Ambient Condition Monitoring

Ambient monitoring parameters including barometric pressure and static water level changes were
monitored for 43 hours prior to the first test and during each phase of testing. Ambient
monitoring was conducted to identify rising or falling water level trends in the aquifer and the
influence of any nearby pumping wells. Barometric pressure was also monitored continuously
during the ambient phases of the test to identify any potential relationships between it and water

levels.

Because of their distance from the pumping well, outlying hand-meonitored wells were considered

ambient monitoring points. Therefore, the ambient behavior of the aquifer was monitored

C-2



throughout the entire testing period. Ambient monitoring did not reveal any operating production
wells near the site. The monitoring did indicate a subtle but steady drop in water levels
throughout most of the testing period that reversed after heavy rains came during the second
constant rate test. Water levels dropped an average of 0.07 feet until infiltrating water from the

2.93-inch rain caused an average 1.13-foot water level rise in the distant deep wells.

C.2.3 Phase 2, Step Drawdown Testing
Step drawdown testing involves pumping a well at increasingly greater discharge rates (steps)
while monitoring drawdown in the well. By comparing each discharge rate with the corresponding

drawdown, the optimum pumping rate for the tested well can be estimated.

A step drawdown test on PW-1 was started at 1445 on January 20, 1999 with a flow rate of
approximately 0.5 gallons per minute (gpm). Drawdown in the pumping well was monitored
during the test to determine when the next step could begin. After 60 minutes the drawdown
stabilized at 3.19 feet and the flow rate was stepped up. The rate for the second step was

(.65 gpm and the water level stabilized after 30 minutes with 4.68 feet of drawdown.

Additionally, during development, PW-1 was pumped at approximately 1.75 gpm for 30 minutes
and the drawdown was 13.79 feet. Before the second constant rate test was conducted, a single
step test was conducted on the well to determine 1t’s response to a higher pumping rate of 2 gpm.

At 60 minutes, the water level stabilized with 14.7 feet of drawdown.

Groundwater from the pumping well was routed through two 5-foot long, 12-inch diameter
activated carbon tanks and then to the sanitary sewer. Influent and effluent samples were collected

and analyzed for VOC concentrations on approxiniately 24 hour intervals during pumping periods.
C.2.4 Phase 3, Constant-Rate Aquifer Test

As the name implies, a constant-rate pumping test involves pumping a well at a constant discharge

rate while simultaneously recording water levels in pumping and observation wells and the time

C-3



elapsed from the start of pumping. The water level/elapsed-time measurements are used to

estimate aquifer characteristics (hydraulic conductivity, storativity, etc.)

Two constant-rate pumping tests were conducted on PW-1 at different pumping rates. Test 1
started at 1200 on January 21, 1999 and ran for 18.57 hours until the pump overheated and

stopped. The pumping rate for this test was 1 gpm.

Because Test 1 was prematurely terminated and greater siressing of the aquifer was desired, a
second constant-rate test was conducted. Test 2 started at 0900 on January 23 at a pumping rate
of 1.71 gpm. This test lasted for 51.67 hours, however; the heavy rains masked and eliminated
the drawdown in most of the observation wells approximately 10 hours into the test and throughout

the rest of the test.

C.2.5 Phase 4, Recovery Monitoring

Recovery tests involve monitoring the rise of water levels back to static conditions after pumping
has stopped. Recovering water levels are recorded with the time elapsed after pump shutoff and
the relationships between pumping rate, pumpiag duration, and recovery time are used to estimate
aquifer characteristics. Generally, recovery data provide a means to double-check the results

obtained during the constant-rate test.

Because Test 1 was prematurely terminated, little early-time recovery data could be collected. The
rain event during Test 2 adversely altered the recovery rate of wells still showing drawdown,
Therefore, the recovery data from both tests were deemed unusable and no recovery analysis was

conducted.

After testing, the transducers were removed and decontaminated. The data loggers were taken to

the office and the data was downloaded to a PC.
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C.2.6 Equipment Decontamination
To prevent cross~contamination, water level indicators, pressure transducers, and other equipment

that came in contact with contaminated groundwater was decontaminated before and after each use.

Decontamination Steps:

1. Equipment was rinsed with deionized water.
2. Equipment was rinsed with isopropyl alcohol.
3. Equipment was rinsed with deionized water.

C.3 DATA MANAGEMENT AND MANIPULATION
Once in the computer, data were loaded into a spreadsheet program for manipulation and

graphing. Before the data can be analyzed, drawdown corrections must be evaluated.

C.3.1 Drawdown Corrections

A rainfall event occurred about 24 hours into the test, but drawdown data collected after the rain
event was not needed to estimate transmissivity and conductivity. Drawdown data prior to the rain
event were evaluated for correlation with barometric pressure and ambient water level trends.
Both these parameters were determined to have a negligible effect on water levels. Therefore,
drawdown corrections for barometric pressure changes or ambient water level trends were not

required or conducted.

C.3.2 Data Reduction and Compilation

Data from the pumping tests were compiled using the computer program Aquifer Test Solver
(AQTESOLYV) for Windows by HydroSOLVE, Inc. (1998). AQTESOLV has several widely
published and accepted analytical solutions for many different kinds of aquifer tests. Specifically,
a drawdown model associated with leaky confined aquifers was used to estimate aquifer
characteristics. A localized clay unit in the study area acted as a semi-confining unit during the

pumping test.
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Pumping Test Results

Data from the constant-rate tests were entered in AQTESOLYV and plotted using a leaky confined
solution developed by Hantush and Jacob (1955). This method uses time (elapsed) plotted against
displacement (drawdown) on logarithmic graph paper to calculate aquifer transmissivity (T) and

storativity (S).

Table C-1 presents the transmissivity (T), hydraulic conductivity (K) and storativity (S) results of

both constant-rate tests.

Table C-1
Constant-Rate Test Results
Test 1 Test 2
Observation
Well T (fX/min) K (ft/day) S (unitless) T (ft*/min) K (ft/day) S (unitless)
P-01 ©0.008 ° 1.44. '010021 0.0052 0.936 90019
P-02 4.012 2.16 0.0008 0.0092 1.656 0.0008
14D 032 . EsTe 0001 007 3060 G001
09D 0.12 21.6 0.0002 0.1 18 0.0003
16D 023 | .:4l4 0.0014 - 0.15 - 27 10.0011
Geometric Both tests combined: T = 0.05 ft/min X = 9.05 ft/day S = 0.0009
Mean
Notes:

T = K*b; where b = 8 feel at this site.

Because these aquifer parameters are lognormally distributed, the geometric mean is the best
measure of central tendency. Therefore, the average for the site is presented as the geometric

mean of all five wells and the two tests combined.

During both constant-rate tests, only the five transducer-monitored observation wells of Table C-1
exhibited drawdown levels sufficient for analysis. However, all the transducer-monitored wells
and hand-monitored wells 06D and 07D were influenced by pumping. This indicates a radius of

influence of at least 246 feet; the distance between PW-1 and 06D.
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C.4 GROUNDWATER MODELING OF TREATABILITY TEST AREA

A groundwater modeling effort was conducted to support the execution of a treatability study at
SWMU 166. The study is addressing enhanced bioremediation, and requires that affected
groundwater be extracted from the vicinity of the bordering sewer line and re-injected in the
surficial aquifer upgradient of the extraction points. Siting of the extraction and injection points,
as well as determining predicted extraction and recharge rates, were the goal of this modeling
effort. A time frame of six months was specified as the treatability study performance period.
Due to the simplistic nature of the aquifer and the anticipated remedial actions, an analytical
solution was used for the modeling. Figures C-1 and C-2 display the study area layout relative

to significant site features.

C.4.1 CONCEPTUAL MODEL

The surficial aquifer at SWMU 166 is comprised of a mosaic of fluvial and shallow marine
deposits containing mostly sands with minimal amounts of clays and silts. The modeling effort
treated the aquifer as a single isotropic and homogenous layer, within which the groundwater is
unconfined. The analytical solution assumes steady state conditions, and is based on an established
piezometric surface. Transient effects features such as recharge boundaries, drains, and no-flow

boundaries were not considered in the conceptual model.

C.4.2 DATA COMPILATION

The analytical solution requires the input of transmissivity, storativity and aquifer thickness. A
review of boring and well logs indicated that the saturated thickness of the aquifer in the proposed
treatability study area is approximately 25 feet. Values of horizontal conductivities and storativity
were estimated from pumping tests performed about 100 {eet north of the treatability area where
aquifer thickness was only about 8§ feet. However, the aquifer test and treatability study water
producing zones appears to contain similar soils. Table C-2 provides a compilation of the resultant
values for T and S from Test 1 analyses (extraction at 1 gpm) and Table C-3 provides a

compilation of Test 2 analyses (extraction at 1.7 gpm).
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Table C-2 - Test 1 Results

Well Transmissivity {ft sq/m) Storativity
PW-1 323E3 138

PO-1 8.009E-3 .002052
PO-2  LITE2 | 0008032
14D 3.199E-1 9.55E-4
16D 2.265E-1 1.408E-3
oD 1.218E-1 1.871E4

Table C-3 — Test Results

Well _ Transmissivity (ft sq/m) Storativity
PW1 '3.128E-3 1061
PO-1 5.187E-3 001852
PO-2 9.214E-3 7.588E-4
14D 1.741E-1 9.936E-4
SD 1.031E-1 2.661E+4
16D 1.472E-1 1.144E-3

The data were geometrically averaged with no bias for initial model input. The geometric mean

of T was 458 gpd/ft, and for storativity was 2.572E-3.

C.4.3 MODELING

The code used for hydraulic calculations was CAPZONE, a commercially available platform.
Particle tracking and capture zone analysis was performed using GWPATH, a commercially
available numerical tracking program. This combination of models was chosen specifically
because of the ease of importing the site-specific piezometric configuration. By allowing
importation of the static piezometric surface as the basis for the flow model, and then allowing
drawdown stresses to be directly superimposed on this piezometric configuration, hydraulic
interferences (such as those between extraction and injection wells) can be realistically portrayed.

The resulting flow field can then be directly imported into the particle tracking program as a
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hydraulic head file, and the tracking within the modeled flow regime inherently accounts for the

hydraulic interferences. Modeling within CAPZONE entails the following sequence:

a) grid the static site piezometric surface (75 node limit);

b) calculate drawdown induced by pumping within a congruent grid configuration as a);
(drawdowns were calculated using the Theis flow equation for the same time period as the
pumping test Test 2);

c) superimpose calculated drawdowns on the site piezometric surface.

SURFER was used as the gridding code. Table C-4 provides the grid specifics used for the model

domain.

Table C-4 - Grid Specifics

Origin {x,y) 2300090, 387767
Number of nodes (x,y) 54, 51
Spacing in feet {x,y) 20, 19.96

A semi-quantitative calibration procedure was employed in which T and S were altered within step
b) to match actual drawdowns measured in PO-1 and PO-2 during Test 2. Final agreement with
measured drawdowns (measured as a percentage discrepancy of predicted drawdown/measured
drawdown) was within -9% for PO-1 and +8.5% for PO-2 using calibrated T and S values of
458 gpd/ft and .009 respectively. Additionally, using these values of T and S to predict drawdown

and compare to measured drawdown, well efficiency for PW-1was determined to be about 60%.

GWPATH imported the superimposed drawdow file from CAPZONE. Forward particle tracking
from the injection wells, and reverse tracking from the extraction wells, was run for a period of

6 months. Figure C-3 shows the GWPATH output.



Analysis:

Approximately 50% of injected groundwater will be re-captured within 6 months by the recovery
wells. The remaining 50% will either skirt the anticipated six-month capture zone of the
extraction wells or travel on the upgradient side of the upcone re-injection surface. This S0% can

likely be captured using a longer time period of performance.
C.4 REFERENCES
Hantush, M.S. and C.E. Jacob, (1955). Non-steady radial flow in an infinite leaky aquifer: Am.

Geophys. Union Trans., vol. 36, pp. 95-100.

HydroSOLVE, Inc. (1998). AQTESOLY for Windows Version 2.12-Professional.
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Attachment D

Groundwater Effectiveness Sampling and Monitoring Plan



EFFECTIVENESS PLAN MONITORING AND SAMPLING
Treatability system monitoring and sampling will be performed to measure or estimate the
effectiveness of the treatment technology and develop scale up factors for the design and cost of

full-scale remediation. Monitoring will include analytical sampling and field monitoring.

D.1  Groundwater Analytical Sampling

D.1.1. Baseline Analytical Sampling

Groundwater samples will be collected before the treatability study begins to obtain baseline
chemical and biochemical data in the study area. Samples will be analyzed for several parameters
listed in Table D.1. Samples will be collected from the extraction wells, re-injection wells,
treatability study monitoring wells, as well as existing monitoring wells located within the area
of influence of the treatability study. In addition to measuring the contaminants of concern
(chlorinated solvents) and biochemical parameters, the samples will also be tested for metals.
Metals analysis is required to examine how geochemical changes in the groundwater resulting

from the treatability study effects metal species distribution and precipitative effects, if any.

D.1.2 Periodic Groundwater Sampling

Groundwater samples will also be collected monthly during treatability stady operation. This
sampling will be used to track the decrease and changes in chlorinated solvent contamination and
daughter product formation and destruction, and assist in calculating the nutrient supplementation

required during the treatability study.

D.2  Groundwater Field Monitoring

D.2.1. Geochemical Monitoring

Groundwater wells in the vicinity of the test area will be monitored on a weekly basis for
geochemical parameters. These geochemical parameters such as dissolved oxygen (DO) and
oxidation-reduction (redox potential) will be used in the operation and optimization of the system,
and to assess the geochemical response of the treatability study in the evaluation process. Field
geochemical evaluation will supplement the analytical sampling data and will be used for full-scale

design. Table D.2 lists the wells and the parameters analyzed for geochemical monitoring.
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Table D.1
Baseline and Monthly Groundwater Sampling Protocol

Analyte Analytlcal Method Wells to be Sampled PurposelRemarks
Volatile Organic SW 8260 o Exu'acnon wells (2) " The purpose of VOC samp mg is to
. Compounds (VOCs) '.‘-‘Reamjecuon Wells (4) - _obtain starnng conoentrauons and
. o TS Mouitoring Wells (4) * " track decreases’in contammant -

Monitoring Wells (4) MW 0D, concentrations during thé TS
11D, 14D, and 16D

Metals Method 6010/7000  Extraction wells (2) To examine clogging or
Re-njection Wells (4) solubilization effects on metals such
TS Monitoring Wells (4} as iron and manganese as a result of

Monitoring Wells (4) MW10D, the created anaerobic-aerobic zone,
11D, 14D, and 16D

Biochemical Extraction wells (2) Nitrogen, phosphorus and carbon
Parameters 351.1-351.4 TS Monitoring Wells (4) measurements are required to
Total Kjeldahl Nitrogen . Monitoring Wells (4) MW 10D - estimate the amount and frequency
(TKN) - e - 11D, 14D, and 16D ) of nutrient supplementation required
o g to optimize microbial activity.
Ammonia-pitrogen 350.1 Chlorides are a-good indicator . -
parameter used to estimate the
Total Phosphorus 365.4 ) quantity of chlorinated solvents that
Orthophosphate 365.2- 3653 . Bave been degraded during the TS.
Nitmlte-nitrogcn 2.1 7 :
Total Orgamc Carbon
ATO0 T
Ch]onde
Total Heterouopmc '
Counts' -
Table D.2
Field Groundwater Geochemical Sampling Protocol
Analyte Analytlcal Melhnd Wel]s to be Sampled Sam p]mg Frequency

?; et | F e T

0’} ctcr ’calnbrated pnorv .
uf

e bt

Carbon Dioxide (CO,) (CO;) Meter calibrated prior to Extraction wells (2)
use as per manufacturer’s Re-injection Wells (4)
instructions TS Monitoring Wells (4)
Monitoring Welis (4) MW10D,
11D, 14D, and 16D
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Table D.2
Field Groundwater Geochemical Sampling Protocol

Analyte Analytical Method Wells to be Sampled Sampling Frequency
pH Orion pH Meter or equivalent Extraction wells (2) : ‘Weekly
« calibrated prior to use as per . "Re-injection Wells (4) Lo
manufacterer's instructions - -~TS Monitoring Wells (4)

Monitoring Wells (4) MW 10D,
11D, 14D, and 16D

Oxidation-reduction Orion 250A ORP meter or Extraction wells (2) Weekly
potential (ORP) equivalent calibrated prior to use Re-injection Wells (4)
as per manufacturer’s instructions TS Monitoring Wells (4)
Monitoring Wells (4) MW10D,
11D, 14D, and 16D

D.2.2 Hydrogeological Monitoring

Water levels will be measured prior to, during, and after the treatability study to assess the
hydrogeologic effects of extraction and re-injection of groundwater in the study area, Water levels
will be measured in monitoring wells (MWs) 6D, 7D, 8D, 9D, 10D, 11D, 13D, 14D, 15D, 16D,
17D, 24D, and 25D and the 4 new treatability study wells.

D.2.3. Field Equipment Monitoring

Blower

Blower operating parameters - air flow, pressure, and temperature - will be measured and recorded
on field data sheets on a weekly basis. Adjustments to system flow will be made by the engineer

based on these measurements.

Chemical Feed System

The metering purups at the chemical feed tanks will be monitored weekly and readings recorded
on field data sheets. The pumps will be adjusted by the field engineer if larger or smaller amounts
of chemicals (carbon and/or nutrients) or flow rates are required based on groundwater field and
analytical sampling results. Monthly groundwater sampling and analysis for total organic carbon
(TOC), nitrogen, and phosphorus will be used to determine the need for modification in chemical
addition. Generally, the ideal ratio of organic carbon (TOC): nitrogen: phosphorus is 100:5:1.

If groundwater sampling results show that there is significant departure from this recommended
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optimal ratio, chemical feed amounts of carbon and nitrogen will be modified to maintain this
ratio. Groundwater extraction and re-injection rates will also be measured or estimated and

readings recorded.

D.3 Groundwater Analytical Sampling QA/QC

Groundwater samples will be collected from area wells and analyzed for chemical and microbial
data (Tables D.1 and D.2). All sampling will be performed in accordance with the Quality
Assurance Project Plan (QAPP) and the Sampling and Analysis Program (SAP) developed as part
of the RFI for this site. Samples to be analyzed will be sent to the site-wide selected contracted
laboratory. Analytical work on 10% of the samples submitted will be performed to CLP Level IV

standards with the remainder at CLP Level III standards, all at standard turnaround times.

GANAVYACTO-02RNZONE-K\Treat-wp\Design-Final\166_design_doc. wpd
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Draft SWMU 166 Anaerobic-Aerobic Sequencing Design Document
Comments/ Responses to Comments

The following is a summary of SCDHEC s written and verbal comments and EnSafe’s responses
on the Draft SWMU 166 Treatability Study Design Document dated April 16, 1999.

Comments of Pautl Bergstrand

Comment 1

Page A-14, Section 1.1 Pump Design

The third bullet in this section calls for pumps that are “Top-loading for total fluid recovery.” It
is not clear how top loading pumps will be an advantage when pumping water contaminated with
a chlorinated solvent. Please address.

Response 1 (Page A-14, Section 1.1. Pump Design)
The sentence on top-loading pumps is not needed and deleted. We will use only a down-well
located (submersible) air operated pump. The text will be revised accordingly.

Comment 2

Page A-14, Section 1.1 Pump Design

The seventh bullet in this section calls for the pumps 1o “Know when they are full or empty and
therefore, automatically through on or off, using air only on demand during discharge cycle.”
This statement makes no sense. Please revise.

Response 2 ( (Page A-14, Section 1.1, Pump Design, Bullet # 7)

This sentence is confusing. This sentence will be changed to read:

Pump control will be regulated using a liquid level controller located in the holding tank to
turn the pump(s) on and off.

Comment 3

Page A-18, Groundwater well system

All proposed wells are 4 inch diameter. The well proposal dated 3 May 1999 had some of the
wells as 2 inches in diameter. Please clarify.



Zone K SWMU 166 AA Sequencing Treatability Study
Draft Design Document
Response to Commenis

Response 3
Injection and extraction wells will be 4 inch diameter to improve efficiency. Monitoring and
sparging wells will be 2 inch diameter.

Comment 4

No Page Numbers, Tab B

Most of the diagrams represent wells and recovery systems for free product hydrocarbons. If
portions of the systems are intended for use in this project the applicable sections should be
highlighted in some manner or the non-applicable sections explained in a text outlining the plan.
Please clarify.

Response 4 (Appendix A, Cut sheets).

The same diagrams that are applicable for free-product hydrocarbons are also applicable for
recovery of soluble phase chlorinated solvent groundwater. The manufacturer’s cut sheets
do not come separately for dissolved or soluble phase recovery of contaminated groundwater.
Therefore, we have presented all their cut sheets.

Comment 5
Page C-5, Drawdown Corrections. This section is not clear. Please explain.

Response §

Section 2.2 of Appendix C notes a 1.13 foot average rise in deep well water levels following
a 2.93 inch rain event. Section 3.1 later says that ambient water levels had negligible effect
on drawdown data. These statements are contradictory as presented. However, the text has
omitted the facts that the rainfall event occurred about 24 hours into the test and drawdown
data collected after the rain event was not needed to estimate transmissivity and conductivity.
The text in Section 3.1 will be revised to reflect this.

Comment 6

Page C-5, Data Reduction and Compilation

The drawdown model used was for a leaky confined aquifer. It appears this model does not
represent conditions at SWMU 166. Please address.



Zone K SWMU 166 AA Sequencing Treatability Study
Draft Design Document
Response to Comments

Response 6

At the pumping well and nearby observation well there is a localized upper clay semi-
confining unit. This local feature caused the aquifer to behave in leaky confined fashion.
This clay feature is absent in the newly located treatability study area, however aquifer
geology appears otherwise similar.

Comment 7

Page C-7, Conceptual Model

This paragraph is contradictory. The first sentence describes a “mosaic of fluvial and shallow
marine deposits containing mostly sands with minimal amounts of clays and silts.” Yet the mode!
used “treated the aquifer as a single isotropic and homogeneous layer,” Please address the
following concerns

A. The flow of groundwater and contaminated groundwater is not uniform. The use of this model
does not address the major and minor flow paths, which are presented in the second MNA Report.

B. The distribution of contamination is not uniform across the site. Drastic differences in
contaminant levels exist from well to well over the space of 100 feet but have not been explained.
The use of this model implies the distribution of contaminants is controlled only by groundwater
flow.

C. This model does not address how small scale flow variability within the aquifer may exert
significant control of contamination migration during the treatability study.

Response 7

A. Due to the small scale of this treatability study (about 60 feet from injection to extraction)
and because all of the water bearing horizons within the unit are hydraulically connected, we
do not expect major and minor flow pathways to significantly affect the process. Moreover,
any full-scale remedial system would be designed to address the unit as a whole and would
not likely be affected by minor variations in flow pathways.

B. The comment is correct in that the distribution of contaminants is not uniform across the
site. The addition of extra monitoring wells in the treatability area will better define the



Zone K SWMU 166 AA Sequencing Treatability Study
Draft Design Document
Response to Comments

distribution of contaminants and groundwater flow in the study area, however the
CAPZONE model will only address hydraulic, not chemical, distributions in the aquifer.

C. Small scale flow variability will occur, however recirculation mixing and chemical
diffusion will dampen these effects. However, spatial distribution of test parameters (changes
in water levels and contaminant concentrations) will be evalunated among the different
monitoring wells to examine whether small scale flow variability had any effect.

Comment §

Page C-7, Data Compilation. This paragraph indicates the saturated thickness of the aquifer to
be 25 feet. The AQTESOLVE program for the drawdown tests used a saturated thickness of 8
feet. Please resolve the contradiction.

Response 8

The localized upper clay semi-confining unit restricted the aquifer thickness to 8 feet in the
area of the pumping well. However, this clay unit is absent in the treatability study area
where the aquifer is about 25 feet thick. The treatability study was originally planned in the
area of the pumping test well. However, pump test results indicated a need to reduce the
distance between the extraction and injection wells which would have caused access
restrictions due to building and traffic flow in the area of the pumping test well. Therefore,
the treatability study was relocated to south of the motor pool parking area.

HydroSOLVE, Inc. can be contacted at 703-264-9024 or www.netcom.com/ ~ gmd.hsi

Comment 9

Page C-9, Analysis. This paragraph states “Approximately 50% of injected groundwater will be
recaptured within 6-months by the recovery wells. The remaining 50% will either skirt the
anticipated six-month capture zone of the extraction wells or travel on the upgradient side of the
upcone re-injection surface. This 50% can likely be captured using a longer time period of
performance.” Only 50% capture appears to be a lack of hydraulic control. Please address.

Response 9
Modeling indicates that 50% of the reinjectate will reach the extraction wells and be
recirculated through treatability study area. Because this is a no-net-loss recirculation
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system, some of the reinjectate will not be recovered due to ambient flow. The model placed
hydraulic stresses on the sloping configuration of the potentiometric surface, and naturally
hydraulic interferences complicate the recovery. If the system were allowed to operate for
a longer time frame (2 yrs or longer) then 100% capture would be likely.

Mounding due to the air sparging wells may occur during the study and will be assessed as
part of groundwater monitoring at the site. However, air sparging will be done only to
provide an oxygen source in this application and will be much less than that seen during
typical sparging where the air is used to strip YOCs in-situ.

Comment 10

Page D-1, Baseline analytical Sampling. This section states “Samples will be collected from,,,,,,,
treatability monitoring wells and existing monitoring wells located within the area of influence of
the treatability study.” Given the area of influence from the drawdown test, this study should
include wells 14D, 11D and an additional treatability monitoring well. Please revise.

Response 10

Concur. Wells 14D, 11D, and an additional new treatability monitoring well will be included
in mounitoring and added to Tables D.2 and D.3. These wells will provide better coverage in
assessing the spatial distribution of TS effects.

Comment 11

Page D-1, Baseline analytical Sampling. Because the distribution of metals may change and
precipitation of metals may result from the treatability test, metals should be sampled at the same
frequency as VOC and Biochemical parameters. Please revise.

Response 11
Concur. The drastic changes in redox potential expected in the TS area may result in
changes in soluble metals concentrations.

Comment 12
Page D-4, Hydrogeological Monitoring. The treatability study monitoring wells should be
included in this measurement effort. Please revise.
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Response 12
Concur. Water levels from the TS wells will aid in assessing study area hydrology.

Comment 13
Page D-4, Chemical Feed System. Please describe how decisions to augment chemical feed or to
modify flow rates will be made.

Response 13 (Chemical feed System)

The following paragraph can be added to make it more readable:

Monthly groundwater sampling and analysis for total organic carbon (T'OC), nitrogen, and
phosphorus will be used to determine the need for modification in chemical addition.
Generally, the ideal ratio of organic carbon (TOC): nitrogen: phosphorus is 100:5:1. If
groundwater sampling results show that there is significant departure form this recommended
optimal ratio, chemical feed amounts of carbon and nitrogen will be modified to maintain this
ratio.

Comment 14

The Underground Injection Control Application dated February 9, 1999 has not been approved
and as of 17 May 1999 has not been updated or resubmitted. The reply letter dated 12 April 1999
clearly states “Air sparging wells are defined as injection wells......” and that “These wells (i.¢.,
all injection wells) must receive a Permit to Construct and Operate from the UIC Program prior
to their installation and operation.” Please address.

Response 14

Robert Devlin (reinjection permitting) and Tim Eleazor (waste water treatment construction
permitting) of SCDHEC have been contacted and concerns in the April 12, 1999, letter have
been addressed. The revised injection control permit application was distributed the week
of 5/24.,
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Comments of Mihir Mehta

Comment 1

The referenced document should have an introduction section describing the overall goals and
objectives of the document. [t should also reference previous documents leading to the
development of the referenced document. This will help the reviewer to understand the issue at
hand in an appropriate fashion. Please revise the document accordingly.

Response 1
An introduction has been added to the beginning of the document outlining the objectives of
the study. Additional detail on goals and objectives can be found in the March 1999 TSWP.

Comment 2

From review of the referenced document, it appears that the area indicated for field
implementation of the referenced treatability study has been changed from the review of the work
plan dated December, 1998. The current field location for the treatability study is associated with
the area of low contaminant concentration. Please provide rational, discussion, and the
consequences as a result of this change.

Also note that the December work plan has not been revised consistent with the comment
discussion during the conference call.

Response 2
The introduction will include the following explanation for why the study area was offset
from the location outlined in the TSWP:

The study location was moved based on capture zone modeling which showed that a
much smaller area would be required in order to achieve complete recirculation of
extracted groundwater in the 4 to 6 month time frame planned for this study. If the
test were not moved, it would have interfered with daily operations at the naval Annex
through disrupting traffic flow and access to the motor pool area. The new test
location lies near the centerline of the plume in an area with about 5,000 ug/L total
chlorinated solvents in groundwater based on observations in well 10D. This should
provide an even better indication of AA capabilities than the previous location.
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A revised TS work plan was completed in March 1999 to address SCDHEC comments on the
December 1998 version. A copy can be obtained by contacting Ted Blahnik in the EnSafe
Dallas office at (972)791-3222,

Comment 3

Section I, page A-18

The document has only two maps that are of poor quality and difficult for the reviewer to interpret
and correlate them to the text and design. Please provide appropriate maps and figures that
illustrate groundwater flow direction, current groundwater contamination, groundwater monitoring
wells in the vicinity of the groundwater plume, groundwater aquifer system, and other physical
features as deemed appropriate.

The maps need to show the locations of the proposed treatability study monitoring wells.

Response 3
A map (Figure C.1) showing the location of the existing and proposed wells will be added to
the document at the end of Attachment C.

Comment 4
Please show the locations of the nearby monitoring wells on a map with respect to groundwater
flow direction, contaminant plume and other well locations.

Response 4
Please refer to response 3.

Comment 5

Section 2 and 3 describe what tests have been conducted in order o determine the aquifer
characteristics and presents the results respectively. The document fails to detail key points (such
as default parameters, chemistry, etc) that are associated with these tests and the rational for their
selection. Please provide appropriate figures to understand the results of the tests that are
conducted as described in the text. For example, on page C-6 last line states that “this indicates
a radius of influence of at least 246 feet; the distance between PW-1 and 06D.” It is difficult to
picture the radius of influence with respect to the location of the treatability study design wells.
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Response 5

Section C.1 has been revised to address Comment 5. In general, aquifer testing and
subsequent capture zone modeling was performed in order to adequately size and space the
treatability recovery and injection systems. Additional data to be collected as part of the
treatability study will further characterize the aquifer and allow for similar estimates of size
and spacing required for a full-scale AA system. An additional map (Figure C-1) will be
included in the revised design plan showing updated existing and proposed well locations so
that the study can be better visualized.

Comment 6
Please provide necessary figure illustrating the conceptual model as described in the test.

Response 6
A lithologic cross section of the area is provided in the Zone K RFI report and March 1999
TS work plan. Boring logs are also available in the RFI report.

Comment 7

The introduction paragraph indicates that the modeling was performed to located the injection and
extraction wells and extraction and recharge rates. The modeling failed to evaluate the
interference of the extraction wells, injection wells, and air sparging wells, and hydraulic control
of the groundwater plume.

The modeling also failed to predict modeled groundwater contaminant concentrations at various
locations during the treatability study as quantitative goals to be achieved. This should be
evaluated for both anaerobic and aerobic conditions

Response 7

Section C.4.3 has been revised to address the first part of Comment 7. Please note that
groundwater table elevations will be monitored during the study to evaluate mounding effects
caused by the injection and sparging wells and to assess the extent of hydraulic control of the
plume in the study area.

In response to the second part of Comment 7, predictive chemical fate and transport
modeling was not completed as part of this design. This study is being performed in part to
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answer F&T questions raised in the comment, however there are no quantitative goals. The
study aims to produce quantitative estimates for achievable degradation rates and end-point
concentrations of TCE and its daughter products so that a site-wide system can be evaluated
and designed. Additional details on study goals and objectives can be found in Section 3 of
the March 1999 TSWP.

Comment 8
Table D-2. Periodic sampling protocol
Please include monitoring for daughter products as deemed appropriate.

Response 8
Per the request of Mr. Bergstrand, the monitoring suite has been expanded to include metals
and VOCs for all analytical sampling well locations.

Comment 9
Please provide a map showing the TS monitoring wells.

Response 9

An additional map (Figure C-1) will be included in the revised design plan showing updated
existing and proposed well locations so that the study can be better visualized.
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