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The following changes, along with the attached pages, are meant to supersede the
information contained in the Operation and Maintenance (O&M) Manual for Interim
Remedial Groundwater Treatment System, prepared by OHM Remediation Services
Corp., dated September 8, 1995 and/or the Updated O&M Manual for Interim
Remedial Groundwater Treatment System, prepared by FWENC, dated February 5, 1997.

Volume 1

Section 1: 13 new extraction wells have been added to the extraction well system in
addition to the existing extraction well 15BR. They all operate in the same manner as
15BR. Electrical as-builts, well installation details, and pump details have all been
previously submitted. The new wells include:

22BR
5BR
BRP-2
20BR
31S
48BR
41BR
16BR
4BR
BRP-1
29BR
8BR
45BR

In addition, the West Ditch Sump has been piped into the groundwater treatment system.
Currently, five wells are operating for a total of 60 gpm in addition to the West Ditch
Sump:

15BR- 15 gpm
48BR- 15 gpm
41BR- 10 gpm
20 BR- 15 gpm
45BR - 5 gpm

Volume 2

No changes.

Volume 3

No changes.



I
Volume 4

J| Appendix T: Add attached as-built drawings for system modification.

1 Appendix V: Add attached O&M Manuals for Goulds Pumps, Ampco Pumps,
ABB Instrumentation Process Indicators, Integral Orifice Flow Elements, Pressure
Transmitters, and Sparling Instruments Magnetic Flowmeters
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(fcHo•ocu». Prepare the motor cable by stripping off V2" ( 1 3 mm) of tl
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GENERATOR OPERATION

• For externally regulated generator kilovolt amperes (KVA) ratings see Table 1.
Electrical voltage, frequency, phase and ampacity, MUST match that shown on
the motor nameplate, or pump control box.

FAILURE TO USE A MANUAL OR AUTOMATIC
TRANSFER SWITCH WHEN GENERATOR IS USED AS
STANDBY OR BACKUP CAN CAUSE SHOCK, BURNS
OR DEATH.
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Smart Pressure Transmitters
600T Series

Operating Instructions

ABB Instrumentation
A IIII
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ABB KENT TAYLOR

BS EN ISO 9001
St Neots - Certificate No. Q5907
Storehouse - Certificate No. FM 21106

Stonehouse - Certificate No. 0255

The Company Use of Instructions
ABB Kent-Taylor is an established world force in the design and
manufacture of instrumentation for industrial process control, flow
measurement, gas and liquid analysis and environmental applications.

We are committed to teamwork, high quality manufacturing, advanced
technology and unrivaled service and support.

The quality, accuracy and performance of the Company's products
result from over 100 years experience, combined with a continuous
program of innovative design and development to incorporate the latest
technology.

The NAMAS Calibration Laboratory No. 0255(B) is just one of the ten
flow calibration plants operated by the Company, and is indicative of
ABB Kent-Taylor's dedication to quality and accuracy.

As a part of ABB, a world leader in process automation technology, we
offer customers application expertise, service and support worldwide.

Health and Safety

To ensure that our products are safe and without risk to health, the
following points must be noted:

1. The relevant sections of these instructions must be read carefully
before proceeding.

2. Warning Labels on containers and packages must be observed.

3. Installation, operation, maintenance and servicing must only be
carried out by suitably trained personnel and in accordance with the
information given.

4. Normal safety procedures must be taken to avoid the possibility of
an accident occurring when operating in conditions of high pressure
and/or temperature.

5. Chemicals must be stored away from heat, protected from
temperature extremes and powders kept dry. Normal safe handling
procedures must be used.

6. When disposing of chemicals, ensure that no two chemicals are
mixed.

Safety advice concerning the use of the equipment described in this
manual may be obtained from the Company address on the back
cover, together with servicing and spares information.

A Warning. An instruction that draws attention to
the risk of injury or death.

! Caution. An instruction that draws attention to the risk of the

product, process or surroundings.

* Note. Clarification of an instruction or additional information.

/' Information. Further reference for more detailed information or
technical details.

Although Warning hazards are related to personal injury, and
Caution hazards are associated with equipment or property damage, it
must be understood that operation of damaged equipment could, under
certain operational conditions, result in degraded process system
performance leading to personal injury or death. Therefore, comply
fully with all Warning and Caution notices.

Information in this manual is intended only to assist our customers in
the efficient operation of our equipment. Use of this manual for any
other purpose is specifically prohibited and its contents are not to be
reproduced in full or part without prior approval of the Technical
Communications, ABB Kent-Taylor.

Licensing, Trademarks and Copyrights
Smart Deltapi K Series is a registered trademark ot Asea Brown
Boveri, Inc.

© 1996, ABB Kent-Taylor
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The BOOT series is a modular range of field mounted,
microprocessor based electronic transmitters, using a
unique inductive sensing element. Accurate and relia-
ble measurement of differential pressure, gauge and
absolute pressure, flow and liquid level is provided, in
even the most difficult and hazardous industrial environ-
ments.

The 600T Smart transmitters provide the added capabi-
lity of bidirectional digital communication with the Hand
Held Communicator model K-HT or with any remote
transmitter interface supporting the HART® Protocol.

The communication protocol allows remote re-ranging,
calibration and diagnostics without interferring with the
normal 4 to 20 mA signal.

Transport
After final calibration, the instrument is packed in a
carton (*), intended to provide protection from physical
damage.

(*) Type 2 to ANSI/ASME N45.2.2-1978

Storage
The instrument does not require any special treatment
if stored as despatched and within the specified ambient
conditions level (*). There is no limit to the storage
period, although the terms of guarantee remain as
agreed with the Company and as given in the order
acknowledgment.

Handling
The instrument does not require any special precau-
tions during handling although normal good practice
should be observed.



Product identification
The instrument is identified by the data plates shown in
Figure 1.

The Nameplate (ref. A) provides information concer-
ning the code number, maximum working pressure,
range and span limits, power supply and output signal.
See code/specification sheet for detailed information.
This plate also shows the transmitter serial number.
Please refer to this number when making enquiries.

A dedicated label (Ref. B) is welded as standard to the
primary unit, carrying specific details of the transducer
(diaphragms material, fill fluid, range limit and identifica-
tion number).

A Safety Marking plate ( ref. C) is fitted when the
transmitter is required to comply with hazardous area
regulations, e.g. flameproof or intrinsic safety protection.

Additionally a wired-on type Tag plate (ref. D) provides
the customer tag number and calibrated range.
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Remove for ZERO & SPAN adjust
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Smart Pressure Transmitter
PROD.CODE:
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Ref.C

Ref. D

Fig. 1 Product Identification

Ref. A

Primary Unit

Ref. B

Important - The instrument serial number must always be quoted when making enquiries.
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Primary Electronics
Printed Circuit

Inductance Coils &
Magnetic Cores

Isolating
diaphragm

Process
chamber

Fig. 2 - Primary Unit

Process
chamber

PRINCIPLE OF OPERATION
The instrument consists of two functional units:
- Primary Unit
- Secondary Unit

The Primary Unit includes the process interface and the
sensor, the Secondary Unit the electronics, the terminal
block and the housing. The two units are mechanically
coupled by a threaded joint.

The principle of operation of the Primary Unit is as follows.
The process fluid (liquid, gas or vapor) exerts pressure
on to the sensing diaphragm via flexible, corrosion-resistant
isolating diaphragms, capillary tubing and the fill fluid (see
Fig. 2). As the measuring diaphragm deflects in response
todifferential pressurechanges, ̂ simultaneously produces
variations in the gap between two fixed magnetic circuits
(comprising coil and ferrite core) positioned on both sides
of the measuring diaphragm. As a result, the inductance
of each coil changes.

The unit also includes a temperature sensor. The two
inductance values L1 and L2, andthesensortemperature

ST, combined in the primary electronics to provide a
proprietary standard signal.

In the manufacturing process the sensor output
characteristics are compared with reference pressures
and temperatures: the "mapped" parameters are then
stored in EEPROM#1.

The measured values and the sensor parameters are
transferred to the Secondary Unit, where a microprocessor
computes precise primary output linearization,
compensating for the combined effects of sensor non
linearity, of static pressure and temperature changes.

In the secondary electronics EEPROM #2 stores specific
transmitter information:
- non modifiable data such as the serial number, the UID

(Unique Identifier), the manufacturer's name and
production site, the hardware and software version of
the electronics and of the communication protocol

- the modifiable data such as the final trimming and
calibration ie., all data that can be changed by the user
through the configurator devices.

The microprocessor also computes, as a function of the
input range required, the 4 to 20 mA output signal and
receives data from the internal modem to provide
bidirectional digital communication with the configuration
device, i.e. the Hand Held Terminal "Communicator" or
P.C. "Configurator", using the HART* Protocol.

This protocol is based on the standard Bell 202 FSK
(Frequency Shift Keying) with a ±.5 mA signal modulation
superimposed on the 4 to 20 mA analog signal. As the
energy balance added to the current loop is virtually zero
and the frequency is very high compared to that of the
process dynamic, the analog process signal remains
undisturbed. Using a configuration device it is then possible
to remotely modify the configuration of the transmitter,
including the measuring range. It is also possible to read
othertransmitter data and diagnostic information. Limited
rezeroingand respanning, comparable to that conventional
analog transmitters is possible using the optional calibration
device.
The sensor and all electronic parts are galvanically isolated
from the transmitter body.

Primary electronics
(located in the
Primary Unit)

Secondary Electronics
(located in the

Secondary Unit)

4 to 20 mA
Output

Sensors
Fig.3 - Functional Block Diagram

Parallel Bus
Internal Serial Bus
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INSTALLATION

WARNING
In order to ensure operator safety and plant safety it
is essential that installation is carried out by suit-
ably trained personnel according to the technical
data provided in the specification for the relevant
model.

The transmitter may be mounted on a horizontal or
vertical 2-inch pipe (figg. 5) by means of the same
mounting bracket (fig. 6).
Note: for other installation details see the relevant Ad-
dendum.

DANGER - For installation in Hazardous Areas, i.e.
areas with danger of fire and/or explosion, irrespec-
tive of the protection mode used, the installation
must carried out in accordance with local authority
regulations. Ensure also that the temperature of the
transmitter does not exceed the value indicated in
the Safety Marking plate.

Fig. 5a - Mounting on 2" vertical pipe

Fig. 4 - Process Connections
(Diff. Press. Transmitter)

Process plugs

U- bolts holes

Fig. 5b - Mounting on 2" horizontal pipe
Fig. 6 - Mounting bracket

(e.g. Diff. Press. Transm. installation)
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CAUTION - Proper location of thetransmftterwith respectto
the process pipe will depend upon the service for which the
instrument is used. Care should be exercised to identify
correct process connections.

The secondary unit of the transmitter may be rotated through
360° approx. with respectto the primary unit without degrad-
ing performance or damagingthe internal wiring. Do notforce
the primary unit to rotate; use the 2 mm Allen key supplied to
unlock and lock the tang grub screw (see Fig. 7). This feature,
obtained by unscrewing (one turn is sufficient) the Allen
screw, is particularly useful for reaching optimum access to
the electrical connections and visibility of the output indicator.

ELECTRICAL CONNECTIONS
DANGER - For installation in Hazardous Areas, i.e. areas
with clanger of fire and/or explosion, prior to making
electrical connections, ensure compliance with safety
information on the Safety Marking plate. Failure to
comply with this warning can result in fire or explosion.
Signal terminals are located in aseparatecompartment of the
secondary unit electronics housing. The housing incorpo-
rates two connection ports for cable glands orcondu'rtfittings.
They are protected with a temporary plastic plug for transit
purpose which should be replaced with a suitable permanent
plug in the unused port. Connections can be made by
removing the cover (indicated in Fig. 7); first screw down the
locking screw located below the cover, using a 3 mm Allen
Key.

DANGER-ForHazardous Locationinstallations.atleast
five (5) threads on both conduit fittings and permanent
plug must be engaged inorderforthetransmittertomeet
flameproof (explosion-proof) requirements.
The signal cable should be connected to the terminals
marked respectively (+) and (-). If an internal output meter -
either with analog ordigrtal indication - is installed, it should be
removed in order to make the connection, simply by pulling it

Secondary Unit

Grub screw

Remove
this cover to

access terminals

Cover locking screw

Primary Unit

out from its socket.
After the connections have been made, reinstall the output
meter.
Note: refer to relevant addendum for details.
The powerto the transmitter is supplied overthe signal wiring
and no additional wiring is required. The signal wiring does not
need to be shielded but the use of a twisted pair is highly
recommended. The cable shield should be grounded in one
side only, to avoid dangerous earth paths. Normal practice is
to ground in the control room side. In which case the field side
of the screen should be adequately protected to avoid contact
with metallic objects. Signal wiring may be ungrounded
(floating) or grounded at any place in the signal loop, but for
intrinsically safe installations the wiring and grounding must
follow the specific rules for this technique. The transmitter
case may be grounded or ungrounded: a ground connection
is provided internally (in the terminal compartment) and
externally.
Do not run the signal wiring in cbse proximity to power cable
or high power equipment; use dedicated conduits or trays for
signal wiring.

CAUTION • Do not connect the powered signal wiring to
the mAsignaltesting terminals as this could damage the
by-pass diode.

Afterthe connections havebeen completed check the integri-
ty of the cover O-ring, screw down the cover and secure it by
unscrewing the safety screw.

CAUTION - Unless absolutely necessary, avoid the removal
on site of the protective cover which gives access to the
electronic circuitry. Although the electronics are fully tropical-
ized they should not be subjected to humidity fortang periods.

DANGER-For Hazardous Location installations,at least
eight(8)threadson each cover must be engaged in order
forthe transmitter to meet flameproof (explosion-proof)
requirements.

Signal Terminals Ground Terminal

Communicator
Terminals

Fig. 8 - Terminals arrangements

NOTE : If the use of the Hand Held Communicator is
foreseen, resistance of 250 ohms minimum must be in-
cluded in the current loop, between the power supply and the
connection point of the model K-HT Hand Terminal, to albw
the communication to operate.

Fig. 7 - Location of the locking screws and terminals



ELECTRICAL REQUIREMENTS
The transmitter operates on a minimum voltage of 10.5
Vdc to a maximum of 55<*> Vdc and is protected against
polarity inversion. If the optional surge protection is
installed the minimum voltage increases to 11.6 Vdc.

The total loop resistance, including optional remote
indicator line (max 15ohm), is indicated in the figure and
expression below.

RANGE AND SPAN CONSIDERATION
The Smart KT Transmitter Specification Sheets provide
all information concerning the Range and Span limits in
relation to the model and the sensor code.

The terminology currently used to define the various
parameters is as follows:

URL : Upper Range Limit of a specific sensor. The
highest value of the measured value that the transmitter

a n,n\ Suppiy voltage - min. operating voltage (Vdc) can be adjusted to measure.
n i*"/ - • ——-——

(ohms)

2120

I
0)

£
8-
3

250
"digital jjpmmunii

4 to 20mA only

10.5 25 (ref.) 42
Supply Voltage

55
(volts)

The total loop resistance is the sum of the resistance of
all elements of the loop, including wiring, conditioning
resistor, safety barriers and additional indicators (exclu-
ding the equivalent resistance of the transmitter).

Where a configuration device, such as the Hand Held
Communicator or a Modem is likely to be used, a
resistance of 250 ohm minimum should be present
between the power supply and the point of insertion of
these devices, to allow communication.

Several types of safety barriers, either passive or active,
can be satisfactorily used in conjunction with the Smart
KT transmitter. Nevertheless, in case of use of active
barriers, check with the supplier if the model is suitable
for use with smart transmitters allowing the connection
of the configuration devices in the "safe" or non-hazard-
ous area.

(*) WARNING - In some countries the maximum
power supply voltage is limited to a lower value.
From 42 V. to 55 V. d.c. a load from 0 up to 620 ohm is
requested (see the figure above).

LRL : Lower Range Limit of a specific sensor. The
lowest value of the measured value that the transmitter
can be adjusted to measure.

URV : Upper Range Value. The highest value of the
measured value to which the transmitter is calibrated.

LRV : Lower Range Value. The lowest value of the
measured value to which the transmitter is calibrated.

SPAN : The algebraic difference between the Upper
and Lower Range Values. The minimum span is the
minimum value that can be used without degradation of
the specified performance.

TURN DOWN RATIO : is the ratio between the maxi-
mum span and the calibrated span.

The transmitter can be calibrated with any range bet-
ween the LRL and the URL with the following limitations:

LRL - LRV - (URL - CAL SPAN)
CAL SPAN • MIN SPAN

URV - URL

The figure below gives an example of the representation
of the range and span limits included in all Specification
Sheets.

Sensor
code RANGE AND SPAN LIMITS

Range limits (kPa)
Lower and Upper

Minimum span (kPa)
Maximum span (kPa)
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CALIBRATION
Unlike conventional electronic transmitters, the use of a
microprocessor and the presence of serial communica-
tions between the transmitter and the configuration
device, allows the use of several different approaches in
calibration and servicing.

Three different methods can be used to calibrate the
Smart transmitter:
i) using the optional zero and span calibration

screws in the transmitter secondary unit.
ii) using the Hand Held Communicator model K-HT.
iii) using the Personal Computer Configuration Software

Package.

This manual describes only the first method; the
others are described in the relevant Instruction
Manuals. If the optional calibration screws are not
fitted calibration must be by method ii) or iii).

Note: Unless otherwise specified the instrument is
factory calibrated at maximum span with the LRV set to
true zero. Instruments adjusted and tagged fora specific
range will not require recalibration. Rezeroing of the
transmitter may be required in order to compensate for
zero shift arising from the installation.

Preliminary operation
Before commencing calibration ensure that:

i) the required span, the upper and lower range value
(URV & LRV) are within the span and range limits (URL
& LRL) indicated on the nameplate (please refer to
'Range and Span" consideration on the previous page).

ii) the transmitter is properly powered and the electrical
connections correctly made.

iii) the write (W) / write protect (P) link, located either on
the electronics module (Fig.9a) or on the integral display
(Fig.9b), is in position "W" (write allowed). Access to the
link is gained by unscrewing the secondary unit housing
cover at the opposite end to the terminal cover.

iv) the Upscale/Downscale link is positioned to the
required function (Figs. 9a, 9b).

v) make the electrical connections, as indicated in
Fig. 10. Connect a precision milliammeter as shown and
remove the short circuit link.

Upscale/Downscale link

Power Supply
,10.5 to 55 V. d.c.

Precision
Milliameter

Fig. 10 - Calibration electrical connections

Set up an appropriate test rig in accordance with the
required calibration. Figure 11 shows a complete test rig
that can be selectively used to suit the calibration.

M1/M2 - Pressure gauge A
•̂••i

M2
<^*

Pressure Generator or
Dead Weight Calibrator

V.G. - Vacuum Gauge V.P. - Vacuum Pump
Fig. 11 - Calibration pressure connections

Note that calibration accuracy is strictly related to the
accuracy ofthe test equipment: the use of a dead weight
tester is highly recommended.

The zero and span calibration screws are located behind
the Nameplate. To gain access slacken the nameplate
screw and rotate 90° ; proceed in the reverse mode
when the calibration procedure has been completed.
Fig. 12 shows the calibration screws: they provide two
large plastic heads that can rotate 90° in the direction
indicated by the arrows, with spring-return to normal.
The calibration screws can be removed afterthe calibra-
tion, to avoid improper use by inserting a screwdriver
blade below the plastic flange and pulling out.

Nameplate
screw

Nameplate
(rotated of 90°)

Write/Write
Protect link" Eng.units pjg 12. jop view of the calibration devices

label
Fig. 9a Location of the links Fig. 9b Location of the links
on the electronics on the integral display



and span - true zero procedure
Differential pressure, gauge and level.
- Switch on the power supply.

-With no pressure applied to the transmitters, the value
read on the digital milliammeter should be 4 mA; if it is
not turn the zero screw for at least 1 second. After this
operation the reading should move to 4 mA: if no change
occurs repeat the operation.

- Apply to the H (high) connection a pressure equal to
the upper range value (URV) and allow time for the
pressure to stabilize.

- Turn the span screw for at least 1 second: after this
operation the reading on digital milliammeter should be
20 mA and the calibration procedure is complete. If no
change occurs either the calibration procedure was not
correctly performed or the span exceeds the limit;
correct and repeat the operation.

Absolute pressure
- Switch on the power supply.

- Connect a vacuum source to the process connection
and draw the maximum possible vacuum obtainable.
The value read on the digital milliammeter should be 4
mA; if it is not turn the zero screw for at least 1 second.
After this operation the reading should move to 4 mA:
if no change occurs repeat the operation.

- If the value of the calibration span (URV) is less than
atmospheric pressure gently open the vent valve so
increasing the pressure to the Upper Range Value. If the
calibration span (URV) is greater than the atmospheric
pressure then connect the pressure connection to a
pressure source and generate a pressure corresponding
to the URV. Allow time for the pressure to stabilize.

- Turn the span screw for at least 1 second: after this
operation the reading on digital milliammeter should be
20 mA and the calibration procedure is complete. If no
change occurs the calibration procedure was not
correctly performed or the span exceeds the limit;
correct and repeat the operation.

Zero suppression procedure
Differential pressure, gauge and level.
Two different methods (a) or (b) can be used :

a) After completion of the zero and span procedure
above, apply to the H ( high ) connection a pressure
equal to the pressure to be suppressed. Allow time for
pressure stabilization and then turn the zero screw for
at least 1 second. After this operation the digital
milliammeter reading should be 4mA and the Upper
Range Value automatically moved to a value equal to
the sum of the pressure to be suppressed and the
previous calibrated span.

b) Use the zero and span procedure above but apply
pressures equal to the Lower Range Value (LRV) and
then to Upper Range Value (URV), and turning, for at
least 1 second, the zero and span screws respectively.

Absolute pressure

Use the zero and span procedure above but apply to the
process connection absolute pressures equal to the
Lower Range Value (LRV) and then to the Upper Range
Value (URV), turning, forat least 1 second, the zero and
span screws respectively.

Zero elevation procedure
Differential pressure and level
Two different methods (a) or (b) can be used :

a) After completion of the zero and span procedure
above apply to the L (low) connection a pressure equal
to the pressure to be elevated. Allow time for pressure
stabilization and then turn the zero screw for at least 1
second. After this operation the digital milliammeter
reading should be 4mA and the Upper Range Value
(URV) is automatically moved to a value equal to the
sum of the pressure to be elevated and the previous
calibrated span.

b) Use the zero and span procedure above but apply
pressures equal to the Lower Range Value (LRV) and
then equal to the Upper Range Value (URV) and turning,
for at least 1 second, the zero and span screws
respectively. The LRV pressure will be applied to the L
connection whereas the URV will be applied to the L or
to the H connection depending upon the whether the
range is all negative or crosses zero.

Gauge pressure
Apply to the process connection, pressures equal to the
LRV and then equal to the upper range value (U R V) and
correspondingly turn the zero and span screws
respectively.

NOTE - To prevent unauthorized calibration
operation refit the write protection link in position
P (Write Protect) (Figs 9a and 9b).

Note - If during the calibration procedure the readings
on the digital milliammeter are , outside its inherent
accuracy, output trimming of the transmitter may be
requested. This operation can only be performed using
the Hand Held Terminal Communicator or the Personal
Computer Configurator. If this equipment is not available
the transmitter should be returned to a Service Center
for recalibration.
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DISMANTLING AND REASSEMBLY
DANGER-Processfluidsand/orpressure retained in the
transmitter primary unit can cause severe injury and
death or damage to the equipment
Plant Safety Procedures must befollowedwhen removing
the instrument from service or when draining or venting.

CAUTION - Dismantling and reassembly should not be
carried outon site because ofthe riskof damagetocomponents
and printed circuits as a result of adverse environmental
conditions such as humidity, dust etc. The dismantling and
reassembly procedures given below should be carried out in
the listed order to avoid instrument damage.

Required tools
2 mm Allen key
3 mm Allen key
Small Phillips screwdriver
Small flat-bladed screwdriver
17 mm spanner
17 mm torque wrench (*)

(*) Range > 20 Nm (15 foot Ibs)

Dismantling
a) Screw down completely the cover locking screw,

electronics side, using the 3 mm Allen key.
b) Unscrew and remove the cover
c) Unscrew the two fixing screws and remove the

secondary electronic assembly
d) Unplug the sensor cable
e) Remove the grub screw using the 2 mm Allen key
f) Unscrew the housing taking care not to damage the

sensor cable or the connector
g) Loosen and remove the four flange fixing bolts using a

17mm. spanner.

Reassembly

Check that the "O" rings are not damaged: if in replace.

DANGER -Assembling flanges with incorrect fixing
bolts and nuts and improper "O rings" can cause
fracture or overstressing of bolts and release of
pressurized process material. Use only official spare
parts and do not exceed the specified torque limits.
DO NOT REMOVE the "O ring" fitted in the sensor
neck: it provides the housing a degree of protection.

a) Refit the flange fixing bolts with a torque of 20 Nm (15
ft Ibs) using a 17 mm. torque wrench.

1 Nm is equivalent to 0.738 ft Ibs (8.85 in Ibs)

b) Insert the sensor cable in its recess at the bottom
of the housing.

c) Screw the housing down completely until the nesting
of housing/sensor assy is reached, then unscrew
by one complete turn maximum. Rotate the topwork
in the desired position and lock it with the grub screw
previously removed.

d) Plug the sensor cable to the secondary electronics.
Fix the electronic circuit by its screws.

e) Refit the cover and tighten securely.

DANGER - For Hazardous Location installations,
at least eight (8) threads on the cover must be
engaged in order to meet the flameproof
(explosion-proof) requirements.

f) Unscrew the cover locking screw to secure the
cover. This is mandatory to meet "Flameproof
requirements" for Hazardous Areas installation.

Blind cover
Terminal blocks

assembly

Extended
windowed cover Microprocessor driven

integral display

Fig. 13 - Transmitter Sectional View



Simple fault finding
This part is applicable only for a quick fault finding in the
case that the Hand Held Terminal or the P.C.
Configurator Package are not available.
If thetransmitterdoes not appearto be working satisfac-
tory, carry out the following fault finding checks before
contacting your nearest Service Centre.
If the instrument is to be returned for repair, ensure that
it is adequately packed using the original polystyrene
box or high density chip foam: the trouble sheet/
returning form at page 11 should be sent with the
instrument, filled in all its parts. If the transmitter
needs to be dismantled follow the procedures of the
previous section.

High. Low or Irregular Output

Start (power off)

-Faulty _

WARNING: If the transmitter forms part of a control
loop, the plant must be placed under local manual
control while the instrument is examined or taken
out of service. Take all precautions to avoid dam-
ages caused by pressure or dangerous fluids re-

Equipment needed
Voltmeter, milliammeter (0 to 100 mA d.c.), solvent
contact cleaner.

No output

Start (power off)

Check the transmitter
power supply

Repair or
replace

OK

Check the transmitter
power supply

Check for trapped gas
in liquid lines and liquid
in dry lines

Faulty

OK

OK

Check for sediment
in process flange

Present

. Present

Remedy Clean connectors.
Reassemble, switch on and
check instalment operation

Clean out

OK

Faulty

Fit replacement
electronic circuit

Disconnect sensor
connector from the
electronic circuit.
Clean connector,
Reassemble, switch on
and check instrument
operation

— OK-

OK

Still faulty

Fit replacement
sensor assembly

Faulty

Rt replacement
electronic circuit

Still faulty

Fit replacement
sensor assembly

10

I
I
•s
I
I
1
1
I
f
i
I
i
I
i
I
I
i
i
i
i



TROUBLE SHEET

WARRANTY REPAIR

Rejection or discrepancy reports

REPAIR ORDER

Copy attached Not available \ \

IDENTIFICATION

Customer

Plant

Name of person to contact

Instrument tag No.

Model

Serial No.

• OPERATING CONDITIONS
Specify location, environmental conditions, type of service and approximate number of operating hours or date of installation if known.

o
REASON FOR RETURN

Trouble found during: Installation II Commissioning \ [ Maintenance \ |

At start up [\ Onsen/ice I I

Shipping information for the return of the equipment

Material returned for factory repair, should be sent to the nearest ABB Kent -Taylor Service Center, transportation charges prepaid
by Ifte Purchaser. , - ,

Please enclose this sheet duly completed to cover letter and packing list ..,- r

Date Signature Originator

11



"Meters" option
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GENERAL DESCRIPTION
This option provides three different indications (meters)
inside the transmitter housing. Two meters, "output
meters", are mounted on the terminal block (field
terminals) side; one is of "analog" type, the other is of
"digital" type (LCD, 31/2 -digit). Both are operated by
the output signal of the transmitter. The third meter,
"integral display", is mounted on the electronics side:
it is of "digital" type (LCD, 4-digit), microprocessor
driven.

Analog output meter
The analog output meter provides a 90° scale indication.
It has either a 0 to 100 linear scale or a 0 to 10 square
root scale.

Analog Output Meter Calibration
The calibration of the analog type meter, only involves
zeroing. Fig. 1 shows the location of the zero
adjustment.
The calibration is quite simple using one of the following
methods:
- with the loop unpowered adjust the zero screw to
read exactly the true zero mark on the scale (Fig. 1).

- with the transmitter transmitting 4 mA adjust the zero
screw to read exactly the live zero of the scale.

Zero adj.

Fig. 1 - Analog meter adj.

Digital output meter
The digital output meter has a 31/2-digit, 10 mm (3/8 in)
high liquid crystal display (LCD). The maximum count is
1999.

Digital Output Meter Calibration
The LCD digital type output meter can be calibrated, to
indicate the output current, output as a percentage or the
process value. Meter calibration may be accomplished
during calibration of the transmitter or utilizing the
capability of the Smarttransmitter as a current generator.
However the latter can be used only in conjunction with
the Hand Held Communicator or a suitable P.C. based
program.

Switches
SW1, SW2: zero, elev./supp.
SW3, SW4 : span adj.
SW5, SW6: decimal point posit

Standard position

90° max. clockwise
from standard

\ position

Multiplication
factor label

255° max. -'
counter-clockwise

from standard position

Units label

Fig. 2 - LCD output meter front view

The calibration can be performed in output current or
percentage, or in process engineering units (see fig. 2).

Proceed as follows:

A) OUTPUT CURRENT (4^-20 mA)
1) The switches from SW1 to SW6 must be positioned

as follows:
ON - OFF - ON - OFF - ON - OFF

2) Set the output current of the current generatorto 4
mA, reading it on the milliammeter or 1 V. on the
DVM. Alternatively force, using the "Loop Test"
procedure on the Hand Held Communicator, the
output of your Smart transmitter to 4 mA.

3) Adjust the zero trimmer (Z) to read approximately
4.00

4) Set the output current to 19.9 mA, reading it on the
milliammeter, or4.975V. on the DVM. Alternatively
force the output of your Smart transmitter to 19.9
mA checking for this value in the Hand Held

I 13



Communicator.
5) Adjust the span trimmer (S) to read approximately

19.90.
6) Repeat the points 2) 3) to read exactly (± 0.1) 4.00
7) Repeat the points 4) 5) to read exactly (±0.1)

19.90.
8) Fit the "mA" unit label in the right recess below the

indication.

B) OUTPUT PERCENTAGE (0*100%)
1) The switches from SW1 to SW6 must be positioned

as follows:
ON - OFF - ON - ON - OFF - ON

2) Set the output current of the current generatorto 4
mA, reading it on the milliammeter or 1 V. on the
DVM. Alternatively force, using the "Loop Test"
procedure on the Hand Held Communicator, the
output of your Smart transmitter to 4 mA.

3) Adjust the zero trimmer (Z) to read approximately
00.0

4) Set the output current to 20 mA, reading it on the
milliammeter, or 5 V. on the DVM. Alternatively
force the output of your Smarttransmitterto 20mA
checking for this value in the Hand Held
Communicator.

5) Adjust the span trimmer (S) to read-approximately
100.0.

6) Repeat the points 2) 3) to read exactly (± 0.1) 00.0
7) Repeat the points 4) 5) to read exactly (±0.1)

100.0.
8) Fit the"%" unit label in the right recess below the

indication.

QENGINEERING UNITS
The switches must be positioned as follows:

SW1 SW2 For ZERO adjustment, between

OFF

OFF

ON

ON

OFF

ON

OFF

ON

-1 999 -r -1000

-1000 -rO

0-MOOO

1 000 -r 1999

SW3 SW4̂  For SPAN adjustment, between

ON

ON

OFF

OFF

ON

OFF

ON

OFF

50 -r 1000

1000-5-2000

2000 -r 3000

3000 -r 3998

SW5 SW6 For DECIMAL POINT position, like

ON

OFF

OFF

OFF

ON

OFF

4.00 -r 19.99

40.0 -T 199.9

4004-1999

Then proceed as follows:
1) Set the output current of the current generator to 4

mA on the milliammeter or 1 V. on the DVM.
Alternatively, using the "Loop Test" procedure on
the Hand Held Communicator, force the output of
your Smart transmitter to 4 mA.

2) Adjust the zero trimmer (Z) to read approximately
the lower range value (LRV) on the digital meter.

3) Setthe output currentto 20 mA,onthe milliammeter
or 5 V. on the DVM. Alternatively force the output
of the transmitter to 20 mA using the Hand Held
Communicator.

4) Adjust the span trimmer (S) to read approximately
the upper range value (URV) on the digital meter.

5) Repeat the points 1) 2) to read exactly (± 0.1) the
LRV.

6) Repeat the points 3) 4) to read exactly (± 0.1) the
URV.

7) Complete the calibration procedure by fitting the
multiplication factor label (if any) in the left recess
below the display and the engineering unit label in
the right recess (see fig. 2).

Microprocessor Driven Integral Display (fig. 3)
This type of display is fitted in the Secondary Unit
housing, connected directly to the electronics and
secured by a "Snap-locking". Its primary use is the
display of the transmitter's output. The variables
displayed are software programmable and can be
selected using the Hand Held Communicator or a
suitable P.C. based program:--
- Process Variable
- Percent of Range
- Process Variable + Percent of Range
- Process Variable + Output Current

When two variables are displayed they are shown
alternating every two seconds. A Process Value outside
the display limits (4 digits) will be shown as "9999" while
a saturated output (>20 mA) will be shown as "E—".
When square root or other output conditioning is
activated the appropriate symbol is displayed.

TORR fttm ft M in H£ Hg

* r* n i t
*.KH. I .L x^

* «B«r MTcP« PSI

Fig. 3 - Microprocessor driven display

This display is also used for diagnostic messages
occurring either during normal operation or during
calibration of the transmitter operation. The diagnostics
are displayed in two four letter words alternating every
two seconds. Only the highest priority message will
appear at anytime. The following messages are pertinent
to the calibration operations:
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DSBL ZERO or DSBL SPAN : indicates an attempt to
use the calibration devices while they are software
disabled.
FAIL ZERO or FAIL SPAN: indicates that the input
value exceeds the maximum allowed turndown or that
the pressure input is outside of the sensor limits.
PASS ZERO or PASS SPAN: indicates that the zero or
span calibration procedure has been correctly performed
and accepted. The output will assume the expected
value (4 or 20 mA).
FAIL or EPR2 FAIL: indicates a failed attempt to write
in the EEPROM #2.

Meter Installation or replacement

DANGER - If the transmitter is not certified as
Intrinsic Safety type, DO NOT REMOVE ANY COVER
in areas classified as "HAZARDOUS LOCATIONS:
CAN RESULTS IN HAZARD OF FIRE AND
EXPLOSION". Contact your Safety Dpt. in order to
establish correct installation procedure.

Analog or Digital Output Meter
To install (or to replace) the meter, use the following
procedure:
1) If the transmitter is part of a control loop, put the loop

in manual.
2) Remove the cover on the terminal block side; inside

of which is affixed the label shown in Fig. 4.

LUIItOMCM liltfe

Fig. 4 - Cover Internal label

3) Remove the link shown on the label (and in Fig. 8 of
the Transmitter Operating Manual) by pushing down
at its left extremity and then its right. Alternatively it
can be removed on the left side only in preparation
for a further refit.

4) Plug the meter into the socket. The digital indication
meter can rotate, for easy viewing, in 15° steps, 90°
degree clockwise and 255° counterclockwise, as
shown in figure 2. Further rotation causes damage
to the meter stops or to the "banana" connections
and should be avoided. Note that considerable effort
must be applied for 15° rotation. The analog output
meter can also rotate for easy viewing.

5) Check that the cover O-ring gasket is properly in
place, screw on the extended windowed cover and
tighten properly.

To remove the meter simply pull it out from the socket and
fit a replacement following the above procedure.

CAUTION - If the meter is removed, ensure that it is
replaced immediately by another one or with the proper
link provided. This operation is important for I.S. loop
operation.

Microprocessor Driven Integral Display
The Microprocessor Driven Integral Display can be
installed simply by plugging it in to the connector provided
in the secondary electronics (see fig. 9 of the Transmitter
Operating Manual) and replacing the blind cover with a
windowed one.

To provide easy viewing, the indicator can be installed
in 4 different positions, in steps of 90°. The indicator is
provided with 4 female connectors, equally spaced at
90°, while the secondary electronics is provided with
one female connector, marked "METER". An 8 pin
insert, supplied with the meter, should be positioned in
order to connect the two female connectors with the
indicator in the required position.

Proceed, with reference to the figure 9a & 9b of the
Transmitter Operating Manual, as follows:

1) Switch Off the transmitter power supply
2) Remove the blind cover in the electronics side.

Remove the write protect link and the upscale/
downscale link, and transfer them to the
corresponding positions in the link recesses located
in front of the display. Be sure to respect the
previous positions.

3) Fit the insert in to the electronics connector, place the
indicator in the required position, check that the .
connectors match, and push, with both thumbs, until
the two parts hook together.

4) Screw on the windowed cover.
5) Switch on the transmitter power supply

To replace a Microprocessor Driven Integral Display
proceed as follows:

1) Switch Off the transmitter power supply
2) Remove the windowed cover in the electronics side.

Unscrew the two fixing screws and remove the
secondary electronic assembly. Unplug the sensor
cable. Remove the write protect link and the
upscale/downscale link, and fit in the corresponding
position of the new unit. Lift gently the 4 plastic hooks
and disengage the two units.

Proceed now as indicated at point 3) to 5) above.
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"Surge Protection" option

o

General description

This option provides a built-in surge protection circuit.
The surge protector is designed to dissipate large
quantities of electrical energy which have been induced
in a transmission line. The option is suitable to protect up
to 2500 V (5 kA discharge current) of Bus rise time/20us
decay to half value. These large quantities of energy
can be induced in the signal transmission line by light-
ning discharge in the area or by nearby electrical
equipment. The dissipation of this energy prevents
damage to transmitter circuitry connected to the trans-
mission line.
The surge protector will not protect the instrument
in case of a direct lightning strike.

The surge protector board is located inside the terminal
block of the transmitter (see drawing).
The circuit is designed to operate and recover automati-
cally. It does not require periodic testing or adjustment.

Fitting procedure (refer to figures)

CAUTION : This procedure should not be carried
out on the field site.

a) Remove the transmitter cover of the field connec-
tions side.

b) Unplug the built-in indicator, if present.
c) Unscrew the two Phillips screws (M 4 x 18 mm)

which secure the terminal block and pull it off the
housing.

d) Unscrew the two Phillips screws (M 3 x 6 mm)
which fix the wire eyelet terminals of the two RF
(radio frequency) filters, on the back of the terminal
block. Retain the screws.

e) Fit properly the surge protector p.c. board and
secure it by a self-tapping screw (M 2.9 x 6mm)

f) Secure the two +/- eyelet terminals to +/- threaded
holes on the back of the terminal block, by the two
Phillips screws (M 3 x 6 mm) previously removed.

g) Secure the two +/- wire eyelet terminals of the RF
filters to the +/- threaded bushes of the p.c. board
by two Phillips screws (M 3 x 6 mm).

h) Connect the wire eyelet terminal of the Surge
Protector to the dedicated ground connection be-
low terminal block, using a provided self tapping
screw M4x8 mm and relevant washers.

i) Reinstall the terminal block and stick on the notice
label in the proper position.

I) Plug the built-in indicator, if used.
m) Refit the cover.

DANGER
The Surge Protector must not be used in I.S. and Type
N European certified transmitters.

NOTE
The Surge Protector is suitably provided with the neces-
sary installation screws and the notice label.
Adding the unit to an existing transmitter will affect the
power supply requirement for a minimum added oper-
ating voltage of 1.6 V d.c.
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SURGE PROTECTOR

Stuck on label to
disclose the presence of

the surge protector .

Self-tapping screw M2.9x6 mm to
secure the surge prot. p.c. board

I

1

I

1

Two holes for
M4x18 mm

fixing screws

+/- Terminals

Socket for
built-in indicator

TERMINAL BLOCK
(Side Sect. View)

TERMINAL BLOCK
(Front view)

Eyelet terminal to be
screwed to dedicat
ground connection
the housing below

terminal block

Eyelet terminals to be
screwed to +/- back

threaded holes of the
terminal block

Two notches on the
ext plastic case wall
to lodge the surge
prot. p.c. board

Two threaded
holes M3 mm

Two threaded
bushes M3x6 mm'
to fasten the +/-
eyelet terminals of
the "RF" filter wire

TERMINAL BLOCK
(Back view)

SURGE PROTECTOR
(P.C. Board)
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Selectable output functions

General description

Differential Pressure Transmitters provide a selection of output functions, as follows:

Linear for differential pressure or level measurements
Sq. Root (x) for flow measurements using restriction type primary element, like orifice

plate, integral orifice, Venturi or Dall tube and similar.
Sq. Root (x3) for open channel flow measurements using rectangular or trapezoidal weir
Sq. Root (xs) for open channel flow measurements using V-notch (triangular) weir.
Polynomial for input linearization using a 5th-order polynomial function
Constant current for loop or associated equipment test.

where Ixl and output are in the range 0 to 1 (0% to 100%).

Figure 1 shows the Input/output relationships with the different Square Root Options applied.

These output functions can be activated using a Configuration Tool like the Model K-HT Hand Held Communicator,
a HART Universal Communicator or a Personal Computer, carrying the Smart Configuration Program, connected
to the transmitter via a Bell 202 modem (see the relevant Operating Instructions).

The output of the transmitter is actually the analog signal 4 to 20 mA and the digital signal read in engineering units
on the integral display.

Flow %/100
1 -

°;J

GJ

/
I
L

H.ROC
1

I
V

/

/

.-"-

/r

Sfl F

/

^

^t

'
loot>

I

J

^

^1

'^3 _

yX

'

/

^

i i i i i i

S

/
f*

/
f

^

/

/

/

"~*^^

Sa f

^X-

/

/ t

/
f

loot)

1̂
r

1
I I "

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

Differential Pressure %/100

Figure 1. Input/Output Relationships with Different Square Root Options
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1.0 Linear

Using this function, the relationship between the input (measured value), expressed in % of the calibrated span and
the output is linear, e.g. at 0% input, corresponds 0% output (4mA), at 50% input corresponds 50% output (12mA)
and at 100% input corresponds 100% output (20mA).

2.0 Square Root (x) -' ~ —

Using this function, the output (in % of the span) is proportional to the square root of the input signal in % of the
calibrated span: the instrument, e.g., gives an analog output proportional to the rate of flow.

To avoid the extremely high gain with the input approaching zero, the transmitter output is linear with the input up
to 4%, with a two options, in order to ensure a more stable output near zero. This also allows an easier zero
adjustment and performs a reduced zero error for ambient temperature variations.
The two output options provided are: "i'A r^>~-;
a) when the input varies from 0% to 4% the output varies linearly from 0% to 20%. At input's values greater than

4% the output follows the applied transfer function. This is the default option.
b) when the input varies from 0% to 4% the output varies linearly from 0% to 4% too. At input's values greater than

4% the output jumps to 20% and then follows applied transfer function. To avoid transition problems a hysteresis
of 4% of the output signal is applied when the output decrease below the 20%.

To convert from a pressure value within the calibrated span to a percent of flow, first express the pressure as a
percent of calibrated span, then take the square root of this pressure percentage and multiply by 10.
Example: Transmitter calibrated 0*400 mbar - with 196 mbar, pressure input, the percentage of flow is determined
as follows: : . ~'~~ 't̂ sKaK^ran; '^••.•:r- '•--,., \a^;.-j •••--•

196 **>'A
. xlOO'ss 49% of calibrated pressure

'400'"'""' - " ' -'

V 49 x 10 = 70% of calibrated flow

To convert from a percentage of the calibrated flow to the equivalent output current (see figure), first divide the
percentage of flow by 100, then multiply this figure by the 16 mA adding also the live zero 4 mA.

70% calibrated flow
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3.0 Square Root (x3)

This function, as mentioned before, can be used for open channel flow measurement using IS01438 rectangular
weirs (Hamilton Smith, Kindsvater-Carter, Rehbock formulas) or trapezoidal weirs (Cippoletti formulas) (see Fig.
3a and 3b) and ISO 1438 Venturi flumes. In these types of devices the relationship between the flow and the
developed head h (the differential pressure measured by the transmitter) is proportional to h^or square root of h3.
Other types of Venturi or Parshall flume do not follow this relationship.

Fig. 3a - Rectangular weir Fig. 3b - Trapezoidal weir

Using this function, the output (in % of the span) is proportional to the square root of the third power of the input
signal in % of the calibrated span: the instrument, e.g., gives an output proportional to the rate of flow calculated
using the above mentioned formulas.

4.0 Square Root (x5)

This function can be used for open channel flow measurement using IS01438 V-notch (triangular) weirs (see Fig.
4) where the relationship between the flow and the developed head h (the differential pressure measured by the
transmitter) is proportional to hM or square root of h5.

Using this function, the output (in % of the span) is proportional to the square root of the fifth power of the input
signal in % of the calibrated span: the instrument, e.g., gives an output proportional to the rate of flow calculated
using the Kingsvater-Shen formula.

Fig. 4 - V-notch weir
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1
5.0 Polynomial
The polynomial function, applied to the transmitter input (x) expressed in % of the calibrated span, has the following tt
form: Jl

Out = ± A0± A, (x) ± A2(x
2) ± A3(x

3) ± AJx4) ± A5(x
5)

where (x) and Out should be normalized in the range 0 to 1 for calculation purpose, with following Out meaning: A
Out = 0 means Analog* out 4 mA m
Out = 1 means Analog out 20 mA

This function can be used for linearization purpose: the user can plot the characteristic curve of the input and find, V
using a mathematical method, the parameters of the polynomial that better approximate the plotted curve. Check,
after the calculation, if the maximum error is compatible with the application. The following are some application ^
examples. —< l̂ , I

5.1 Cylindrical vessel ' f * * , * - • • * . , {1 '"."••
Using the polynomial function applied to a level transmitter installed in a horizontal cylindrical vessel is possible to •
transmit the measure of level in term of partial volume. Some different cases should be considered: J|

a) Cylindrical vessel with flat ends (not often used. Fig. 5a). Transmitter measuring the whole vessel height. A

i"-- • ••••'••• -• - • 1
The following polynomial gives the area of the circular section in relation to the height h (height of the liquid in the ""*
vessel). ^ . . . . , . . , . .

Out = - 0.02 + 0.297 h + 2.83 h2 - 4.255 h3 + 3.5525 h4 -1.421 h5 ft

Being both the input h and the output Out normalized, i.e. in the range 0 to 1 (or 0% to 100%), the vessel diameter
corresponding to a circular area equal to 1 (100%) will be "normalized" by a "K" factor of the following value : A

K-^2 • V l / b = 1.12838 "': £"o:-ocr : *'*.> .\;*>-.

The volume of the liquid contained in the vessel, at height = h will be *m

V = Out»(d/1.12838)2»L where d = vessel diameter and L = vessel length.

IThe non conformity error is within 0.1 % between 0.5% and 99.5% of h, 0.2% at 0% and 100%. Ji

b) Cylindrical vessel with hemispherical ends (see Fig. 5b). Transmitter measuring the whole vessel height. /*

The same polynomial can be used also for the cylindrical vessel with hemispherical ends. To obtain the volume ^
contained in the vessel can be used the following empirical formula:

V = Out • (d/1.12838)2 • (L + 2/3 d) *

The non conformity error depends on the ratio between diameter and length of the vessel: for ratio «5 to 1 the error A
is -0.25%. The polynomial found with mathematical method gives an error of ±0.15%. ||

c) Cylindrical vessel with elliptical or pseudoelliptical ends (see Fig. 5c). Transmitter measuring the whole vessel ^
height. W

The same polynomial can be used also for the cylindrical vessel with elliptical or pseudoellipticall ends. To obtain ,
the volume contained in the vessel can be used the following empirical formula: •

V = Out • (d/1.12838)2 • (L + 2/3 m) where m is the length of the minor ellipse axis (see Fig.Sc)

The non conformity error depends on the ratio between the diameter and the length of the vessel: for ratio »5 to •
1 the error is -0.25%. The polynomial found with mathematical method gives an error of ±0.15%. ^
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5.2 Spherical tank
Spherical tank (see Fig.Sd). Transmitter measuring the whole vessel height.

The following polynomial gives the volume of the spherical section in relation to the height h of the liquid in the tank.

Out = 3 h2 - 2 h3

This formula is geometrical and then his conformity is perfect.

Being both the input h and the output Out normalized, i.e. in the range 0 to 1 (or 0% to 100%), the sphere diameter
D corresponding to a volume equal to 1 (100%) will be "normalized" by a "K" factor of the following value:

K = 2 • 3V 3/(4b) = 1.2407

The volume of the liquid contained in the tank, at height = h will be

V = Out • (D/1.2407)3 where D = sphere diameter.

5.3 Cylindrical vessel and Spherical tank with partial level measurement
Cases a) to d) but with partial level measurement (Fig. 6)

In these cases two methods can be used:

1) Plot the changes in volume in relation to the level changes and, using a mathematical method, find the relevant
polynomial. ,

2) Use the polynomial coefficients for cases a) to d) and calibrate the transmitter range to cover the full diameter
of the vessel or tank: the changes in volume for the h changes between h0 and h max will be correct. Of course
the transmitter will transmit, when the level is -h0, the volume corresponding to h0: the same apply for level »hmax.
All transmitted volumes are % of the total volume of the vessel.

If it is required the partial volume starting from h0 (i.e. the volume at h0 = 0) then the A,, coefficient should be equal
to the polynomial solved for h0 with negative sign: for example for h0 = 20%

A0 = - 0.02 + 0.297 • 0.2 + 2.83 • 0.22 - 4.255 • 0.23 + 3.5525 • 0.24 -1.421 • 0.2s = - 0.14179

The polynomial coefficients for the example will be:

A0 A, A2 Ag A4 As

Out = - 0.14179 + 0.297 h + 2.83 h2 - 4.255 h3 + 3.5525 h4 -1.421 h5

Note: The accuracy of all above numerical values can not be guaranteed..

General notes for level measurement
The level transmitter calibration is effected by the transmitter installation conditions, i.e. if the reference connection
is empty (dry leg) or liquid filled (wet leg). In the first case (dry leg) the calibration in affected by the specific gravity
of the measured liquid and the atmosphere above the liquid at process condition, whereas in the second case (wet
leg), it is a affected by the specific gravity of the liquid in the connecting pipe(s).

6.0 Constant current
This output function, activated by a Configuration Tool, can be used to test the transmitter output, the integrity of
the transmission loop and the calibration of associated equipment like receivers, recorders, etc.
When this function is activated the transmitter acts as a constant current generator the user can select to transmit
4 mA, 20 mA or any value entered via the configuration tool.
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Fig. 6

L + 2/3 d

Fig. 5b
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Flange-mounted Transmitters

Flange-mounted transmitters are suitable for open or closed tank service. The process fluid may, or may not,
be corrosive, viscous, dirty and with suspended solids; each case requires a proper transmitter.

Two models are available for tank service: 621L/N and 623D. The 621, which includes two main application
variants UN, is dedicated to Liquid Level measurement. The second, 623D, is marketed as a Differential
Pressure transmitter, but it is particularly suitable for Liquid Level measurement. The two flange-mounted
transmitters are explained here:

Model 621 L/N
These Liquid Level Transmitters are mounted to a tank as shown in Figure 1. The ambient temperature of
the transmitter mounting location must be between -40°C and +85°C (-40 and +185°F). The process tem-
perature can instead be between -40°C and +320°C (-40 and +608°F). The process interface and fill fluid of
the transmitter must be selected amongst the various options provided according to the specific range of
temperature.

DANGER - For installation in Hazardous Areas, i.e.
areas with danger of fire and/or explosion, irrespective
of the protection mode used, the installation must
carried out in accordance with local regulations.
Ensure also that the temperature of the transmitter
does not exceed the value indicated in the Safety
Marking plate. In this connection, consider that pro-
cess temperature above 85°C (185°F) requires derating
the ambient limits by 1.5:1 ratio. ""

Tank Nozzle
e.g.

JM mod 621 L/N

Tank

Figure 1 • Liquid level transmitter - Installation

The 621 L/N liquid level transmitter has been designed to connect to a flanged tank nozzle, or similar ANSI
(DIN) fitting. Standard connections for 2/3-inch Class 150/300/600 flanges, and equivalent DIN, are avail-
able.

2' or 3* Tank nozzle
, «

2* or 3' Tank nozzle Flush and extended diaphragm options are also
available, Figure 2. The flush diaphragm is suitable
for applications where the process is free of sus-
pended solids. The extended diaphragm eliminates

-the pocket at the transmitter connection and is typi-
v'cally used for slurries and viscous liquids.

Extended diaphragm Rush diaphragm

Figure 2 - Liquid level transmitter - Diaphragm options

It is recommended that the liquid level transmitter be mounted with the process diaphragm vertical and with
the housing above the primary transducer. Operation is not affected by mounting in other positions, however,
some rezeroing may be required.

The transmitter is insensitive to level changes over the lower half of the diaphragm, so it is important to locate
the transmitter datum line with the center line of the tank nozzle. The nozzle also must be located so that the
minimum level is always at or above the datum line.
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mod- 621 L

The liquid level transmitters can be used to measure liquid level in either open or closed (pressurized) tanks.
The model 621L is specifically dedicated to open tanks, whereas the model 621N is for closed tanks.

In open tank applications, mounting the transmitter on
the tank nozzle provides the Hi side process connec-
tion, with the LO side being vented to atmosphere. The
hydraulic head pressure acting against the process
diaphragm is a direct measurement of the liquid level.
The effect of atmospheric pressure is canceled be-
cause this pressure is applied to both sides of the
transmitter.

A recommended open tank installation is shown in
Figure 3.

-"'; . i Figure 3-Liquid level transmitter 621 Lin Open tank installation

In the closed tank application, Figure 4, the effect of tank pressure is canceled by connecting the Hi side and
LO side of the primary transducer to the tank. The HI side connection is made by mounting the transmitter on
the tank nozzle. A compensating leg connects to the LO side near the top of the tank. It is important to
ensure that this leg is either completely free of liquid (dry leg) or completely filled to a constant level (wet leg).

! *J . ' i

INSTALLATION WITH DRY LEG INSTALLATION WITH WET LEG

Condensate trap J]
(optional)

Min. level

Gate valve Ftllin9 tee

Wet leg
•>,

e.g. mod. 621N

I

1

I

I

I

I

I

I

i

I

I

I
Figure 4 - Liquid level transmitter 621N/623D in closed tank installation



For a better understanding, three applications of liquid level measure are shown, as follows:

Application no. 1 Liquid Level Open Tank Using a Flange-Mounted Transmitter 621L

Span = H1*G1, in inches w.g. if H1 is in inches
G1 = specific gravity of the process liquid
Lower range value = [H2*G1], in inches w.g. if H2 is in inches

-Upper range value = Lower range value + span

Max level

Minimum
level

Low side vented

Minimum level must be at
or above this datum

•̂ c

Transmitter datum —'

Application no. 2: Liquid Level - Closed Tank
Using a Flange-Mounted Transmitter 621N /623D (No Condensable Vapors)

Max level

Span = H1 *G1, in inches w.g. if H1 is in inches
G1 = specific gravity of the process liquid
Lower range value = [H2*G1], in inches w.g. if H2 is
in inches
Upper range value = Lower range value + span

Minimum
level

Minimum level must not
be below this datum

Transmitter d&Uifn
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Application no. 3: Liquid Level - Closed Tank
Using a Flange-Mounted Transmitter mod. 621N / 623D and a Wet Leg (With Condensable Vapors)

Fining tee

Max level

Minimum level must be at
or above this datum

Impulse lines filled
with stable liquid

Minimum
level

Tfansmitter datum

Span = H1*G1, in inches w.g. if H1 is in inches
Lower range value = [H2*G1 ]-[H4*Gw], in inches w.g. if H2 and H4 are in inches
Upper range value = Lower range value + span
Gl = specific gravity of process liquid • .;-
Gw = specific gravity of liquid in wet leg :^ •- :

Sensor Trimming t-r- K
If a sensor trimming operation is requested for 621L/N, follow the relevant procedure of the Hand Held
Communicator (K-HT) and PC Software instructions. If the result is not satisfactory after having carried out
either the ZERO TRIMMING or the FULL TRIMMING, the operation must be repeated with a special variation
for these transmitters. This special procedure dedicated to the model 621 L/N, is as follows:

a) LOW TRIM (low value) for FULL TRIM operation, or ZERO TRIM, only.
A standard operation must be performed according to the procedure. If the result is not satisfactory
the operation must be repeated with a similar procedure but with a new value which has to be en-
tered. This value must be calculated, as follows, taking in consideration the error with reversed sign:

new V entered = V applied - (V displayed - V applied)* (*) error

-1 st Example: Trimming at 10 mbar (applied value)
If the displayed value (via HART) after the first operation, is 10.2 mbar, then the error is +0.2 (10.2 -
10).
The new value to be therefore entered is 9.8 mbar (10 - 0.2).

- 2nd Example: Trimming at true zero (0 mbar)
If the displayed value (via HART) after the first operation, is -0.5 mbar, the operation must be re-
peated entering + 0.5 mbar.

Note: The LOW TRIM and ZERO TRIM operations affect the span as they do not change the upper
range value previously set. So a high trimming operation according to point b, is highly recom-
mended.
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Adfu.tin.nt. Wentiflcattontag

Min. clearance , /
to remove 17(0.67) K(1.02) \ 120(4.72) / 37(1.46) 17(0.67)
ttw covw

Output meter

Terminal hou»in9
•We

RATING

ANSI 150 R.F.
ANSI 150 R.F.
ANSI 300 R.F.
ANSI 300 R.F.
ANSI 600 R.F.
ANSI 600 R.F.
DIN ND 16 FORM C
DIN ND 16 FORM C
DIN ND 40 FORM C
DIN ND 40 FORM C
DIN ND 64 FORM E
DIN ND 64 FORM E
DIN ND 100 FORM E
DIN ND 100 FORME

SIZE

2"
3'
2"
3'
2"
3"

DN50
DN80
DN50
DN80
DN50
DN80
DN50
DN80

flush

60 (2.36)
89 (3.50)
60 (2.36)
89 (3.50)
60 (2.36)
89 (3.50)
60 (2.36)
89 (3.50)
60 (2.36)
89 (3.50)
60 (2.36)
89 (3.50)
60 (2.36)
89 (3.50)

A
extended

48(1.89)
73 (2.87)
48(1.89)
73 (2.87)
48(1.89)
73 (2.87)

48(1.89)'
73 (2.87)
48 (1.89)
73 (2.87)
48 (1.89)
73 (2.87)
48(1.89)
73 (2.87)

B

92 (3.62)
127 (5.0)
92 (3.62)
127 (5.0)
92 (3.62)
127(5.0)
102 (4.02)
138 (5.43)
102 (4.02)
138 (5.43)
102 (4.02)
138 (5.43)
102(4.02)
138 (5.43)

C

120.6 (4.75)
152.4 (6.0)
127 (5.0)
168.2 (6.62)
127 (5.0)
168.2 (6.62)
125 (4.92)
160 (6.30)
125 (4.92)
160 (6.30)
135(5.31)
170 (6.69)
145(5.71)
180(7.09)

D

152.5 (6.0)
190.5(7.5)
165 (6.50)
209.5 (8.25)
165 (6.50)
209.5 (8.25)
165 (6.50)
200 (7.87)
165 (6.50)
200 (7.87)
180 (7.09)
215 (8.46)
195 (7.68)
230 (9.05)

E

20 (0.79)
20 (0.79)
20 (0.79)
22.3 (0.88)
20 (0.79)
22.3 (0.88)
18 (0.71)
18(0.71)
18(0.71)
18(0.71)
22 (0.87)
22 (0.87)
26(1.02)
26(1.02)

No.of
holes

4
4
8
8
8
8
4
8
4
8
4
8
4
8

F

19.1 (0.75)
23.8 (0.94)
22.3 (0.88)
28.5(1.12)
25.4(1.0)
31.8(1.25)
20 (0.79)
20 (0.79)
20 (0.79)
24 (0.94)
26(1.02)
28(1.10)
28(1.10)
32(1.26)

G

9.5 (0.37)
9.5 (0.37)
9.5 (0.37)
9.5 (0.37)
9.5 (0.37)
9.5 (0.37)
9.5 (0.37)
9.5 (0.37)
9.5 (0.37)
9.5 (0.37)
9.5 (0.37)
9.5 (0.37)
9.5 (0.37)
9.5 (0.37)

b) HIGH TRIM (high value) for FULL TRIM operation.
A standard operation must be performed according to the procedure. If the result is not satisfactory
the operation must be repeated with a procedure similar to that shown at point a above, (new
calculated value with error taken with reversed sign).
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This model, as already said, is suitable for liquid level measurement. Thefluid, in this case, must be clean,
free of solids and not viscous. This is becausethe process diaphragm is recessed relative to the flange face.

The model 623D has been designed to connect to a flanged tank nozzle, or similar ANSI (DIN) tiffing. Stan-
dard connections for 2/3-inch Class 150/300, and equivalent DIN, are available (see Figures 1 and 2).
This model is specifically dedicated to closed (pressurized) tanks (see Figure 4 and Applications no. 2 and
no. 3).

Mounting recommendations are like those of model 621L/N.

...Jj >;

Electrical eonnactkiM
Adjustments Identification tag

17(0.67) 25(0.98) \ 120(4.72) / 35(1.38) 17(0.67)
Min. durance _J___t_+__ 1 i,

RATING

ANSI 150 R.F.
ANSI 150 R.F.
ANSI 300 R.F.
ANSI 300 R.F.
DIN ND 16 FORM C
DIN ND 16 FORM C
DIN ND 40 FORM C
DIN ND 40 FORM C

SIZE

2"
3"
2"
3"

DN50
DN80
DN50
DN80

A

53 (2.09)
77 (3.04)
53 (2.09)
77 (3.04)
53 (2.09)
77 (3.04)
53 (2.09)
77 (3.04)

B

92 (3.62)
127 (5.0)
92 (3.62)
127 (5.0)
102 (4.02)
138(5.43)
102 (4.02)
138 (5.43)

C

120.6 (4.75)
152.4(6.0)
127 (5.0)
168.2 (6.62)
125 (4.92)
160 (6.30)
125 (4.92)
160 (6.30)

D

152.5 (6.0)
190.5(7.5)
165 (6.50)
209.5 (8.25)
165 (6.50)
200 (7.87)
165 (6.50)
200 (7.87)

E

20 (0.79)
20 (0.79)
20 (0.79)
22.3 (0.88)
18(0.71)
18(0.71)
18(0.71)
18(0.71)

No.of
holes

4
4
8
8
4
8
4
8

F

19.5 (0.77)
24 (0.95)
22.5 (0.89)
29(1.15)
20 (0.79)
20 (0.79)
20 (0.79)
24(0.95)

G

1.6(0.07)
1.6(0.07)
1.6(0.07)
1.6(0.07)
3(0.12)
2 (0.08)

3 (0.12)
2 (0.08)
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sPares List SOOT Series Electronic Transmitters•^••^—___^^^

D a i ' " thiS
t"'

St ar6 °n'y f°r transmi«ers manufactured in the United States. Kits
parts requ.rements for one transm,tter. See page 9 for Dismantling and Reassembly instructions.

Recommended spares:

• one part of category "A" for every 25 transmitters.

• one part of category "B" for every 50 transmitters.

18

17

15

621D
621D DRAFT

621G
621A

31



621D, 621D Draft, 621G, 621A Item Number Cross Reference List
Item
no.
1
2

3
4
5
6
8
9
10

11
12
13
14
15
16
17

18

Description

"O" rings for cover
Electronics housing (includes items 3, 7, 8, and 9)
-1/2" NPT
Tang Screw
Blind cover (NOTED
Windowed cover for LCD or analog output indicator
Windowed cover for integral display
zero and span local adjustment
KIT external earth connection assembly
OUTPUT INDICATOR (see below)

analog 0/100% linear scale
analog 0-10 square root scale
LCD digital

Integral display (LCD digital uP driven)
KIT-Terminal block assembly
KIT-Surge protector assembly (NOTE 2)
Secondary electronics module
Sensor assembly ;

"O" ring — :r "
KIT-Process flange "O" ring (see below)

Vton :
PTFE

KIT-Flange adapter "O" ring (see below)
~ Vrton -

PTFE

Category

B

B

A
A
B

B

B

PartN

DR0023

PN0106
AN0077
AN0086
AN0080
DR0022

EL0001
EL0002
AN0087
DR0031
DR0005
DR0024
DR0026

DR0009
DR0032

DR0015
DR0033

Qty.
pertx

2
1

2*
1
1
2
1
1

1
1
1

1

1

Notes: 1. A total of (2) covers are required per transmitter. Item 4 may be used in conjunction with
items 5 and 6.

2. Not available with 10th character 2, 4 or 5 electrical codes.
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621G
621A

621 G, 621A Item Number Cross Reference List
Item
No.

19

20

21
22
23
24

Description

Process flange with
1/4" NPT
KIT
flange adaptor
Blind flange
Vent bushing
Vent screw
Plug

Category

A

Model

621 D
621 G/A

All
All
All

AISI
316Lss

19S291J
19S292J

76P791J
9P2891J
76P790J

Hast "C"

19S291Z
19S292Z

76P465Z
9P1237Z
76P464Z

Monel
400

19S291M
19S292M

76P465M
9P1237M
76P464M

AISI
316L

(Nace)

19S291J
19S292J

76P791J
9P2891J
76S301J

Qty

1

1
1
1

Item
no.

Description

KIT: Standard bracket
KIT: Angle style mtg. bracket

Category

PENDING

Stainless
steel

T6DXM2
T6DXM4

Carbon steel

T6DXM1
T6DXM3

Qty.

1
1

Item
no.
25

Description

KIT: bolts and nuts
for process flanges

Category Model

621D/621G
621 A

AISI 316ss

155S1202
155S1205

Carbon
steel

155S1200
155S1203

Alloy steel

155S1201
155S1204

Qty

1
1
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This sheet applies only to transmitters installed
in loops which are NOT Intrinsically Safe.

Note : digit meaning of
"7" = FM approval
"8" = CSA and FM combined approval

Drawing applies only to following cat Nos:
621 n * * « * * 7 * * « * *
(631) R 8

• .r G .
_ p . . . . . . .

A
V

2-WIRE SYSTEM CONNECTIONS

621

623
(633)
624
and
614

622

L
M
S

P
A
V

8

Separate Transmitter
Power Supply

Transmitter Power Supply
Built into

Receiving instrument

* Can be any digit

Receiving
instrument

External Ground External Ground
Connection

TRANSMITTER (See Mote* 1 end 2)
TnT

TRANSMITTER <S» Note* 1 ind 2)

Notes:
1. If transmitter has an internal output meter, jumper W

is omitted.

2. Non-incendive component field wiring parameters ;.
VMAX=SSV dc, lMAx=250 MA, O =0, L =0 for installation
in non incendive circuits in Class I Division 2 Groups
A,B,C,D hazardous locations. See National Electric ,
Code section 501-4 (b) exception (Applies to FM
Approval only)

3. Non-incendive equipment for installation in Class I
Division 2 Groups A,B,C,D hazardous locations. See
National Electric Code articles 500 and 501 and
Canadian Electric Code Rules 18.150 through 154.

4. Use Listed dust tight seal at conduit entry for installa-
tion in Class II, III hazardous locations.

Output (2-wire transmitter):
4to20mAdc

' Power:
24V dc norminal
10.5V min, 55V max.

Notfor Construction unless Certified

TITLE
600 T Series

6XXTransmitters "Control drawing"

DATE 12-5-1996

No. 1H5-15-10064
Sh 1 of 5



This sheet applies only to FM Approved and CSA
Certified transmitters installed in Intrinsically Safe Loops

KENT-TAYLOR 2-WIRE SYSTEM CONNECTIONS
(Refer to Sheet 3 for Approved Loop Configuration) I

S§ptrtt«Tr»n*mltttr
Peww Supply

SMNOttt

rtnsmltWr Pow»r Supply
Built Into

ftoc*jyjnflnstrum«nt

InsUrunMnt

jrttmil Ground
Connection

£t\ 1
'S' L^_ ®

THAN

H

s»

1-

^_
IIT

_

_^
rep,W(Sot Notts land 2)

Eztomol Ground
Comocnon

®t ®

TMK

H

st

h

«rr

_

rei

•̂

2.

^

<> 18.

H

Output (Kent-Taylor 2-wire transmitter): 4 to 20 mA dc

Power : 24V dc nominal, 10.5V min

Notes :
1. If transmitter has an internal output meter, jumper W is omitted

2. Maximum entity parameters for transmitter (FM approval only):
VMAX = 30V dc, IMAX = 215 mA, Ci = 0, Li = 0.
Barrier Voc or VT => 6V.

3. For CSA Certification, use CSA Certified zener barriers: one barrier
rated 28V 300 Ohm with or without one 28V/diode or 10V/47 Ohm
return barrier.

4. Use Listed dust tight seal at conduit entry for installation in Class II, I
hazardous locations.

rr TITLE
600 T Series

6XX Transmitters "Control drawing"

DATE 4-4-1994
No. 1H5-15-10064

Sh 2 of 5
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This sheet applies only to FM Approved anc
Certified transmitters installed in Intrinsical

ICSA
ly Safe Loops

INTRINSIC SAFETY
APPROVED LOOP CONFIGURATION

Installation and wiring must be In accordance with Information
In Instruction Manual supplied with Barrier/Converter Module

HAZARDOUS
(CLASSIFIED) LOCATION Mty bo Dlv. 2 tocMon If III oqulpmont Ms boon tBDnMd tor Or* 2 " % ••

< 5
N K N .

n
n bitrinsld

SMOFto
I 1 i TOrmlm

~

vS/LiJ Qutout

ApprovM
••rrtor/Cenvtrttr ^

"'Y <sJ?3£2)
te r~i ni — i i — ini — ii — i

.rp
n-HUtrdOUS I |—

StflArM) ' 1'
Ttrmlnils . ,

......

*)2iJ*̂ '3[*tr •=• •=• Ottttr Equipment

RodundMt
Grounds

Or* SlnglO Or Dutl Chlnnol tirrltr
(SOONOM1)

1A«nrav«d r~J
*— j bitrinslel

1 StfiFIl
}=J Tttmlnl

L±J
Psyl - 1 Output

IXXTmnsmltMr
eXTSorlOB

J»V (SMShOH2) Locfttlon 1 1 r^^
StftArM) I— ' "—M n n 7*nn"1"8 "^

Dr-ra
•±•4:

Grounds

Dr-rd
±±

1 1

__

X ' -• "'
K

IP** •::•' - .

^

iwg smgn uvnim mtnmn
Both Iwriors must bi Suno "oMrlty

(SMNOt02)

Notes:
1. When one side of output barrier circuit can be grounded, use one single channel barrier.

When neither side of output circuit can be grounded, use one dual channel barrier
or two single channel barriers.

2. Return barrier must be either diode return Or 10V 47 ohm

TITLE 600 T Series
6XX Transmitters "Control draw

DATE

ing" NO.

4-4-1994

1H5-1 5-1 0064
Sh3of5



This sheet applies only to CSA
Certified transmitters installed in Intrinsically Safe and
Non-lncendive Loops

WARNING - EXPLOSION HAZARD - SUBSTITUTION OF COMPONENTS MAY

IMPAIR SUITABILITY FOR CLASS I, DIVISION 2
and

ADVERTISEMENT- RISQUE D'EXPLOSION - LA SUBSTITUTION DE COMPO-

SANTS PEUT RENDRE CE MATERIEL INACCEPTABLE POUR LES EMPLACE-

MENTS DE CLASS \, DIVISION 2

Ex i INTRINSICALLY SAFE/SECURITE INTRINSEQUE WHEN CONNECTED PER

WITH GROUP LIMITATION STATED HEREIN

- MAXIMUM AMBIENT TEMPERATURES BETWEEN 60°C AND 85°C ALLOWED ONLY

IN CLASS 1, GROUPS C, D; CLASS II, GROUPS E,F,G; AND CLASS III AREAS AND

WHEN USED WITH CLASS 1, GROUPS A,B RATED BARRIERS

- TRANSMITTER GROUND MUST BE AT SAME POTENTIAL AS BARRIER GROUND

TITLE *>*«£-•--+.
600 T Series

^XX Transmitters "Control drawing"

DATE 4-4-1994

1H5-15-10064
Sh4of5



ENTITY AND NON-INCENDIVE COMPONENT FIELD WIRING CONCEPTS

Entity Concept

Equipment which is FM approved for intrinsic safety may be connected to barriers based on the ENTITY CONCEPT.
This concept permits interconnection of approved transmitters, meters and other devices in combinations which have
not been specifically examined by FM, provided that the agency's criteria are met. The combination is then intrinsically
safe if the entity concept is acceptable to the authority having jurisdiction over the installation.

The entity concept criteria are as follows:

The intrinsically safe devices, other than barriers, must not be a source of power.

The maximum voltage (VMAX) and current (!MAX), which the device can receive and remain intrinsically safe,
must be equal to or greater than the voltage (Voc or VT) and current (Isc or IT) which can be delivered by
the barrier.

The sum of the maximum unprotected capacitance (Ci) for each intrinsically device and the interconnecting
wiring must be less than the capacitance (C«) which can be safely connected to the barrier.

The sum of the maximum unprotected inductance (b) for each intrinsically device and the interconnecting
wiring must be less than the inductance (L\) which can be safely connected to the barrier.

The maximum entity parameters VMAX, IMAX, O and L for the 600T Series transmitter are listed on page 2 of this
document.

The entity parameters Voc or VT, Isc or IT, C* and L> for barriers are provided by the barrier manufacturer.

Non-incendive Component Field Wiring concepts

The non-incendive field wiring concept is very similar to the entity concept except it allows devices approved with Non-
incendive Component Field Wiring parameters to be installed in Class I Division 2 hazardous locations when
connected to appropriate sources of power provided that the appropriate criteria are met. The combination is then
safe if the concept is acceptable to the authority having jurisdiction over the installation.

The criteria are as follows:
There must be only one source of power. The source may be an intrinsic safety barrier or it may be a device
marked with Non-incendive Component Field Wiring parameters suitable for connection to non-incendive
circuit components located in Division 2 hazardous locations.

The maximum voltage (VMAX) and current (!MAX), which the device can receive and remain non-incendive,
must be equal to or greater than the voltage (Voc or VT) and current (Isc or IT) which can be delivered by
the source of power.

The sum of the maximum unprotected capacitance (Ci) for each device and the interconnecting wiring must
be less than the capacitance (C*) which can be safely connected to the source of power.

The sum of the maximum unprotected inductance (L) for each device and the interconnecting wiring must
be less than the inductance (U) which can be safely connected to the source of power.

The Non-incendive Component Field Wiring parameters VMAX, IMAX, G and L for the 600T Series transmitter are listed
on page 1 of this document.

The parameters, Voc or VT, Isc or IT, CA and LA, for the source of power are provided by the manufacturer of that
equipment

TITLE 600 T Series
6XX Transmitters "Control drawing"

DATE 4-4-1994
No. 1H 5-15-10064

Sh 5 of 5



PRODUCTS AND SERVICING

A Comprehensive Instrumentation Range
Sensors, transmitters and related instruments for flow,
temperature, pressure, level and other process variables

rfowmeters
electromagnetic, ultrasonic, turbine, differential pressure, Wedge,
rotary shunt, coriolis.

Differential Pressure transmitters
electronic and pneumatic.

Temperature
sensors and transmitters, fiber optic systems.

Pressure transmitters

Level
sensors and controllers.

Tank gauging systems
Cable-length measuring systems

Indicators, recorders, controllers and process management
systems

Recorders
circular and strip-chart types - single and multi-point - for
temperature, pressure, flow and many other process measure-
ments.

Controllers
digital display, electronic, pneumatic. Discrete single-loop and
multi-loop controllers which can be linked to a common display
station, process computer or personal computer.

Pneumatic panel or rack-mounted display and control
instrumentation

Servicing
ABB Kent-Taylor provides a comprehensive after
sales service via a Worldwide Service Organiza-
tion. Contact one of the following offices for details
on your nearest Service and Repair Center.

United Kingdom
London
ABB Kent-Taylor Limited
Tel: (1480) 470781
FAX: (1480) 470787

United States of America
Rochester, New York
ABB Kent-Taylor Inc.
Tel: (716) 292-6050
Fax: (716) 273-6207

Italy
Lenno (Como)
ABB Kent-Taylor SpA
Tel: (0344) 58111
Fax: (0344) 56278

-r -
if

' -t- ^
?V-

Liquid and gas monitors and analyzers for on-line and
laboratory applications
Sensors
pH, redox, selective ion, conductivity and dissolved oxygen.

Monitors and Analyzers
for water quality monitoring in environmental and power genera-
tion and general industrial applications.

Packaged analytical instrumentation laboratories

Gas analyzers
Zrconia, paramagnetic, infrared, thermal conductivity.

£3^-. x
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Instructions for Integral Orifice
Flow Element With Upstream
and Downstream Piping
and With Threaded Connections

1330L Z 1, 2, 4, 5, 6, 8 Model A
1330LZ 0 Model A

E-412-46A
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NOTICE

information in this manual is intended only to assist our customers in the efficient operation of
our equipment Use of this manual for any other purpose is specifically prohibited and its
contents are not to be reproduced in full or part without prior approval of Marketing
Communications Department, ABB Kent-Taylor.

Use of DANGER, WARNING, CAUTION and NOTE

This publication includes DANGER, WARNING, CAUTION and NOTE information where
appropriate to point out safety related or other important information.

DANGER - Hazards which will result in severe personal injury or death.

WARNING - Hazards which could result in personal injury.

CAUTION - Hazards which could result in equipment or property damage.

NOTE - Alerts user to pertinent facts and conditions.

Although DANGER and WARNING hazards are related to personal injury, and CAUTION
hazards are associated with equipment or property damage, it should be understood that
operation of damaged equipment could, under certain operational conditions, result in
degraded process system performance leading to personal injury or death. Therefore, comply
fully with all DANGER, WARNING and CAUTION notices.

TRADEMARKS

HastelloyC is a trademark of Cabot
Teflon is a trademark of E.I. DuPont de Nemours & Co.
LA-CO Oxytite is a trademark of Lake Chemical Co.

Prepared by:
MARKETING COMMUNICATIONS DEPARTMENT 505

ABB Kent-Taylor

Printed in U.S.A.

P.O. Box 20550 Rochester, NY 14602-0550
(716) 292-6050

• 1991. ABB Kent-Taylor Inc. TP-910119
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INTRODUCTION

SECTION 1
INTRODUCTION

1.1 DESCRIPTION
The ABB Kent-Taylor Integral Orifice Row Elements are primary measuring elements
which sense fluid flow and develop a differential pressure as a function of the volume flow
rate. This differential pressure is measured by an ABB Kent-Taylor differential pressure
transmitter. The differential pressure measurement can be related to volume flow rate by
using either a calibration report for the specific element or a standard flow equation
applying to all integral orifice elements. A calibration report based on an ABB Kent-Taylor
Row Laboratory calibration is supplied with the element when specified on the order.
Refer to 3.2 Accuracy and 3.3 How Equations.

The element connects directly to a standard differential pressure transmitter with a 2-1/8
inch center-to-center distance between the high and low pressure ports. The ABB Kent-
Taylor transmitters which accept these flow elements are available with either electronic or
pneumatic output.

The elements are available with several different orifice bore diameters to provide the
required differential pressures over a wide range of flow rates. The orifice plate is
removable, permitting the orifice bore to be changed in the field if the process
requirements change. Elements with threaded connections have an optional cleaning for
use on oxygen service applications.

On elements with piping, the upstream and downstream piping is welded to the body of
the element. The piping is available in either 1/2-inch, 1-inch, or 1-1/2-inch sizes, and the
pipe sections have flanged end connections with several flange options available. The
pipe sections provide the minimum straight pipe length required for accurate
measurement. The material of the orifice body, pipe, and flanges is type 316 SST.

1.2 EXPLANATION OF SERIAL AND CATALOG NUMBERS
The serial number stamped on the data plate consists of the catalog number and a
sequential identification number. The catalog number describes the construction of the
element. An X before the catalog number indicates that the element has been built to
meet a customer's special requirements.

1-1
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Sample Serial No. 1330L Z.2 1, 1 0 1 - 555 A

Catalog
Number

Basic Catalog No.

Electrical Code —

Pipe Size and Orifice Bore

Flange Connections

Material of Construction

Calibration

Sequential Identification No.

Model (Design Level)

BASIC CATALOG NUMBER
1330L - Integral Orifice Row Element

ELECTRICAL CODE
2 - No Electrical Components

PIPE SIZE AND ORIFICE BORE
Refer to Table 1-1 for description of digits

FLANGE CONNECTIONS
0 - None
1 - Class 150 ANSI flanges
2 - Class 300 ANSI flanges
4 - BS 10 Table D flanges
5 - DIN ND10 flanges
6 - BS 10 Table H flanges
8 - DIN ND40 flanges
9 - Special

MATERIAL OF CONSTRUCTION
0 - Type 316 SST with Type 316 SST Orifice Plate
4 - Type 316 SST with Hastelloy C Orifice Plate

CALIBRATION
0 - Not Calibrated
1 - Water Calibration
9 - Special

EXAMPLE:
Serial number 1330LZ21101-555A identifies an integral Orifice Flow Element with
upstream and downstream piping ft has no electrical components (Z). The pipe size is 1
inch (2), the orifice bore in 0.020 inch (1) and the flange connection is Class 150 ANSI (1).
The material of construction is Type 316 SST with Type 316 SST orifice plate (0) and the
pipe section has been water calibrated (1). The sequential identification number is 555
and the design level is Model A.

1-2
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INTRODUCTION

1.3 TECHNICAL CHARACTERISTICS
ACCURACY
Refer to Table 1-2

MAXIMUM WORKING PRESSURE (Elements with Threaded Connections)
1/2 and 1-inch Elements: 3000 psig (21 000 kPa)
1-1/2-inch Element: 1500 psig (10 500 kPa)

MAXIMUM WORKING PRESSURE (Elements with Piping)
Refer to Table 1-3

GASKET MATERIAL
Silicate Ceramic Filled TFE

MAXIMUM OPERATING TEMPERATURE
300CF (149eC)

Tab/e 1-1. Description of Pipe Size and Orifice Bore Digits
Catalog Number

Pipe Size and Orifice
Bore Digit of Catalog No.

01
02
03
04
05
06
07
08
09
11
12
13
21
22
23
24
25
26
27
28
29
31
32
33
34
35
39

Pipe Size
Inches

1/2
1/2
1/2
1/2
1/2
1/2
1/2
1/2
1/2
1
1
1
1
1
1

1-1/2
1-1/2
1-1/2
1-1/2
1-1/2
1-1/2

Orifices

Inches

0.020
0.035
0.065
0.113
0.150
0.196
0.270
0.340

Special
0.150
0.270
0.612
0.020
0.035
0.065
0.113
0.196
0.340
0.500
0.735

Special
0.500
0.612
0.750
0.918
1.127

Special

mm

0.51
0.89
1.65
2.87
3.81
4.98
6.86
8.64
-

3.81
6.86
15.54
0.51
0.89
1.65
2.87
4.98
8.64
12.70
18.67
-

12.70
15.54
19.05
23.32
28.63

—

1-3
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Table 1-2. Accuracy

Orifice Bore
Inches

0.02 thru 0.065
0.1 13 thru 0.500
0.61 2 thru 1.127

Accuracy in % of Flow Rate

Calibrated With
Water in ABB
Kent-Taylor
Flow Lab*

±0.5
±0.5
±0.5

Uncalibrated

±5
±2
±1.5

Curve supplied with each calibrated instrument

Table 1-3. Maximum Working Pressure

Catalog
No.

1330LZ 0
1330LZ 1
1330LZ 2 ~~
1330LZ 4
1330LZ~~ 5
1330LZ 6
1330LZ 8

Flanges

None
Class 150 ANSI
Class 300 ANSI
BS 10 Table D
DINND10
BS 10 Table H
DIN ND40

Max. Working Pressure
at 100 P (38 C)

psig

275
720
100
140
500
565

kPa

1900
4900
700
980
3400
3900

1.4 IDENTIFICATION OF MATERIAL AND ORIFICE BORE
The element body material is stamped on the body as shown in Figure 1-1. The orifice
material and bore size are stamped on the orifice plate.

^Body M«t»rtol

IW-TmlWSST

OrHtoBon

J1« - Typ* 11« 8ST
HMt C - HnMUoy C

Oriflc* PUt» MMiftol

INLET SIDE OUTLET SIDE

Figure 1-1. Identification Stamping

I
I
I
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INSTALLATION

SECTION 2
INSTALLATION

2/1 SELECTING A MOUNTING LOCATION

2.1.1 General

The recommended mounting location for the element is on a horizontal plane as shown in
Figure 2-1. This location allows the integrally mounted differential pressure transmitter to
be mounted in its recommended vertical position.

Orifice

Flow
Element

MtMl

Figure 2-1. Horizontal Location of Flow Element

The element can be installed on a vertical plane as shown in Figure 2-2. However, care
must be taken to ensure that the transmitter measuring element is properly vented. With
the transmitter on its side, the lower flange cavity is difficult to vent. Gas bubbles in this
chamber can cause excessive zero shifts. Routine zero checks can minimize, if not
eliminate, this problem. In a vertical installation, the flow direction can be either up or
down.

The required upstream and downstream straight pipe lengths are built into the element.
No additional straight pipe run is required.

2.1.2 Straight Pipe Run Requirements
The integral orifice element with threaded connections must have a length of straight
unrestricted pipe on the upstream and downstream side of the orifice inside the element.
The recommended minimum straight length on the upstream side of the orifice depends
on the pipe diameter, orifice diameter, and the fitting at the end of the straight run.
Minimum upstream lengths are shown in Table 2-1. The recommended minimum length
of downstream straight pipe run is 6 pipe diameters (6D) for all pipe fittings.

2-1



IB-4H104

INSTALLATION

Orifice

Transmitter

Figure 2-2. Vertical Location of Flow Element

Table 2-1. Minimum Upstream Straight Pipe Length Required for Various Flow Obstructions

Pipe Size
(inches)

1/2

1

1-1/2

Orifice
Diam. Inches

0.020
0.035
0.065
0.113
0.150
0.196
0.270
0.340

0.150
0.270
0.020
0.035
0.065
0.113
0.196
0.340
0.500
0.612
0.735

0.500
0.612
0.750
0.918
1.127

Minimum Straight Pipe Length -Inches

Tee or
Elbow

60

70

90

60

60

60

120

60
60
70
80
130

Reducer or
Expander

80

90

100

90

80

80

120

80
80
90
100
130

Valves or
Regulators

160

190

280

180

140

180

190

180
200
240
280
360

2 Elbows on
Different Planes

140

160

220

160

120

160

220

160
170
190
220
300

D = 0.622 for 1/2-inch pipe size; 1 .049 for 1-inch pipe size; 1 .61 for 1-1/2-inch pipe size

I
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INSTALLATION

2.2 INSTALLATION PRECAUTIONS FOR OXYGEN SERVICE ELEMENT

Elements with threaded connections have an optional cleaning for use on oxygen service
applications. Integral orifice flow elements which have been specially cleaned for oxygen
service are packed in protective plastic bags prior to shipment. To prevent possible
contamination of the cleaned surfaces, do not remove the parts from the bags until the
time of installation. Handle all specially cleaned parts with plastic (polyethylene) gloves.
Do not contaminate these parts with oil, grease or any combustible material. If parts
become contaminated, remove contamination with clean trichlorethylene.

All tools and equipment used for assembly and installation must be oil free and clean. To
check cleaned surfaces and tools for possible contamination, use a long wave ultraviolet
lamp.

When mounting the element in the process pipe line, do not use ordinary pipe dope or
Teflon tape to seal process connections. The thread sealant must be approved for use in
oxygen service. Seal process connections with Fluoramics, Inc. LOX-8 paste or
equivalent.

CAUTION
When using Teflon tape, do not allow excess tape to protrude into the
process stream. Excess tape can shred and break off, causing
particle contamination inside tne pipe.

2.3 MOUNTING AND DIFFERENTIAL PRESSURE CONNECTIONS

WARNING
Exceeding the maximum pressure rating of the element can cause
personal injury and damage to equipment. Make sure that process
pressure does not exceed pressure rating (MWP) stamped on data
plate.

2.3.1 Elements with Threaded Connections
When mounting the element, be sure to orient it so that the flow enters from the side
stamped INLET on the orifice plate, Figure 1-1. The high pressure port is on the inlet side
of the element and must be connected to the high pressure side of the differential
pressure transmitter.

WARNING
Maximum working pressure rating of element may be different than
rating of transmitter. Exceeding the pressure rating can cause
personal injury and damage equipment. Make sure that process
pressure does not exceed lowest pressure rating of either the
element or transmitter.

2-3
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Mounting dimensions for the elements are shown in Figures 2-3 and 2-4. The element is
supplied with two ring gaskets and four mounting screws for connection to a
differential pressure transmitter at the high and low pressure ports.

Transmitter
Mounting

Low
Pressure Com
l/2"«mNPT
riMNPT

Orifice Plate

Pressure Conn
l/2"intNPT

or
rtntNPT

INCHES mm
1-1/16 26.99
1-5/16 33.34
1-31/32 50.01
3-15/16100.01
4-1/16 103.19
4-5/16 109.54

XB-1210-171R)

All dimensions in inches.

For reference only,
not for construction.

Figure 2-3. Mounting Dimensions for 1/2 Inch and 11nch Elements

Orifie* Plot*

Transmitter
Mounting

Pressure Conn
hi/2* M MPT

-. Hioh
Preuuri Conn
I-I/Z"|MNPT

X*-l2l<M7ai)

INCHES mm
1-1/16 26.99
1-5/16 33.34
1-31/32 50.01
3-15/16100.01
4-1/16 103.19
4-5/16 109.54

AH dimensions in inches.

For reference only,
not for construction.

Figure 2-4. Mounting Dimensions for 1-112 Inch Elements

Remove all plastic shipping plugs from the element ports. Remove any foreign matter
from the mating surfaces of the element and transmitter. Position the ring gaskets in the
grooves on the mating surfaces of the element. Connect the element to the transmitter
using the four mounting bolts supplied. Be sure the high pressure side of the transmitter
is connected to the INLET side of the element. Tighten the four mounting bolts to a
torque of 250 to 300 inch-lbs (28.2 to 33.9 Mm).
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INSTALLATION

Mount the assembled transmitter and flow element in the pipe line. Refer to the
transmitter instructions for additional mounting information. A union connection is required
in the process line to permit installation of the element.

NOTE
If it is more convenient, the flow element can be mounted in the
pipe line before connecting the transmitter to the element

2.3.2 Elements with Upstream and Downstream Piping
When mounting the element, be sure to orient it so that the flow will be in the direction
indicated by the arrow shown in Figure 2-5. Row must enter the element at the upstream
end; this is the end with the longer pipe section. The high pressure port is on the
upstream side of the element and must be connected to the high pressure side of the
differential pressure transmitter.

A gasket must be inserted between each element flange and its mating process flange.
The flange gaskets are to be supplied by the customer. These gaskets should be of a
type which will withstand the maximum process temperature and pressure which will resist
corrosive attack by the process fluid. Gaskets may be selected in accordance with ANSI
Standard B16.5, using the Group 1 type for raised face flanges.

It is important that the flanges in the process pipe line be of the same class and type as
the element flanges. The element flanges can be Class 150, Class 300, British Standard
or DIN.

WARNING
Maximum working pressure rating of element may be different than
rating of transmitter. Exceeding the pressure rating can cause
personal injury and damage equipment. Make sure that process
pressure does not exceed lowest pressure rating of either the
element or transmitter.

2-5
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Transmitter
Mounting

Clan 150 ANSI Raised Face Flange
Clou 300 ANSI Raited Face Flange
BSIO Table D Flange
BSIO Table H Flange
DIN ND tO Flange
DIN

WUMV riange v.
ND40 Flange \

Catalog No.

1330LZO

1330L21

1330LZ2

1330LZ3

K
1/2

1

1

1-1/2

A
43/16

24

24

24

38

B

8

8

8

8

C

2-1/2

2-1/2

2-1/2

3

for reference only,
not for construction.

All dimensions In inches.

INCHES mm

^6 4?61-1/16 26.99
2-1/2 63.50
3 76.20
8 203.20

24 609.20
38 965 JO

Figure 2-5. Mounting Dimensions for Elements With Upstream and Downstream Piping
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OPERATION

SECTION 3
OPERATION

3.1 STARTUP
Before any true transmitter zero reading can be taken it is necessary to establish that the
process pipe and flow element are solid filled with process fluid and that there is no flow.
A shut-off valve or control valve downstream from the element will facilitate this condition.
Opening the valve for a short time will remove any gasses that are present in the system.
It will also be necessary to purge air from the transmitter body by opening the vent valves
on the high- and low-side flanges. Any air present in the transmitter body will cause a
false zero reading.

3.1.1 Zero Check
With the flow element under full line pressure, at normal operating temperature and at zero
flow, the transmitter output can be adjusted to an exact zero reading on the readout
device. If possible, open the downstream valve for a few seconds and then close it. The
readout device should return to a zero reading. If it does not, readjust the zero screw on
the transmitter. Repeat this procedure two or three times to establish a true zero.

3.1.2 Span Check
In most cases it will not be possible to check for the correct span because this would
require a field calibration. The transmitter associated with the flow element has been
calibrated at the factory to agree with the calibration and/or calculation of the element.

NOTE
A calibration report is supplied with each flow element that is
calibrated in the ABB Kent-Taylor Row Laboratory. Check the
calibration report to see that the maximum differential of the
element agrees with the differential span of the transmitter. K it
does not, it will be necessary to recalibrate the transmitter. A
flow data sheet with calculations is provided for flow elements that
are not laboratory calibrated.

3.2 ACCURACY
The body of the integral orifice assembly provides a precisely controlled diameter (D)
adjacent to the orifice plate, Figures 3-1 and 3-2. For elements with piping.the pipe
sections are Schedule 40 pipe with standard pipe manufacturing tolerances. The pipe
tolerances do not affect accuracy because of the controlled body diameter.

All flow elements that are calibrated in the ABB Kent-Taylor Row Laboratory are calibrated
to ± 0.5% of flow. The accuracy of uncalibrated flow elements may be 2 to 5% of flow
span, depending on the type of element, pipe size and orifice size; refer to Table 1-2.
Additional errors will occur if the process fluid density differs from the design value. The
percent errors given do not include the inherent errors of the transmitter which are
normally very small until flow rates fall below 30% of maximum flow (9% of maximum
differential pressure).

3-1
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SehWuta « Pip.
nir. r. e» i-wn

Ortfto*

VraMur* Tap* foK

BHta

F/gure 3-7. Cross-Section View of Flow Eement With Upstream and Downstream Piping

Orfflc*

1/2-. 1- or 1-1/2" bit. HPT

Figure 3-1. Cross-Section View of Flow Element With Threaded Connections
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3.3 FLOW EQUATIONS

The standard flow equations for integral orifice elements are as follows:

Liquid Row at flowing temperature

q= 5.668 Fa K d2 ^h gf

Liquid Row at 60°F

Gas Row

Steam Flow

where q
Q
W
Fa
K
d
h
gf
gt
Fpv
Y
Pf
Tf
G
V

5.668 Fa K d2 rq. _ yh gf

Q = 7727 Fa Fpv K d2 Y

W = 359 Fa K d2 Y

Maximum flow rate, gallons/min
Maximum flow rate, SCFH
Maximum flow rate, Ibs/hr
Orifice expansion factor, Rgure 3-3
Row coefficient, Table 3-1
Orifice diameter, inches
Maximum differential pressure, inches of water
Liquid specific gravity at flowing temperature
Liquid specific gravity at 60 °F
Gas compressibility factor (normally 1)
Gas expansion factor, Rgure 3-4
Pressure of flowing fluid, psia
Temperature of flowing fluid, degrees Rankine (°F +
Gas specific gravity
Specific volume of steam, cu ft/lb

460)

3.4 METRIC CONVERSIONS
1 kPa = 0.1450 psi
1 bar = 14.50 psi
1 kg/cm2 = 14.22 psi
1 mm Hg = 0.5357 inches of water
1 meter = 3.281 ft
1 cm = 0.3937 inches
1 liter = 0.2642 gals
1 Imp Gal = 1.201 gals
1 cu meter/sec = 35.32 cu ft/sec
1 kg/hr = 2.205 Ibs/hr
•C = 5/9(°F-32)

3-3



IB-4H104

OPERATION

LOI2

UHI

1.010
1.009

1.008

1.007

Fo 1.006

1.005

1.003

L002
1.001

1.000;

316 SSI

it
r4-Monela

//

• -Corbon Steel

200 400 600 800 1000
Temperoture-'F

A-904-SOI1)

Figure 3-3. Orifice Expansion Factor

Table 3-1. Orifice Flow Coefficient

Pipe
Size

(Inches)

1/2

1

1-1/2

Orifice
Bore

(Inches)

0.020
0.035
0.065
0.113
0.150
0.196
0.270
0.340

0.150
0.270
0.020
0.035
0.065
0.113
0.196
0.340
0.500
0.612
0.735

0.500
0.612
0.750
0.917
1.127

Nominal
Flow

Coefficient K

0.670
0.642
0.628
0.612
0.608
0.608
0.619
0.642

0.604
0.604
0.645
0.635
0.620
0.605
0.603
0.605
0.630
0.666
0.715

0.611
0.614
0.623
0.650
0.714
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1.00

0.99

0,98

0.97
05 1.0 1.5

- inches H20/psio

2.0

A-904-SICI)

Pipe
Size

(Inches)

1/2

1

1-1/2

Orifice
Bore

(Inches)

0.020
0.035
0.065
0.113
0.150
0.196
0.270
0.340
0.150
0.270
0.020
0.035
0.065
0.113
0.196
0.340
0.500
0.612
0.735
0.500
0.612
0.750
0.917
1.127

P

0.1
0.1
0.1
0.2
0.2
0.3
0.4
0.5
0.1
0.2
0.1
0.1
0.1
0.1
0.2
0.3
0.5
0.6
0.7
0.3
0.4
0.5
0.6
0.7

Figure 3-4. Gas Expansion Factor
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SECTION 4
MAINTENANCE

4.1 REMOVING ELEMENT FROM SERVICE

WARNING
Process pressure and material retained in the How element can
cause injury and damage to equipment. Standard plant safety
procedures must be followed when removing the element from
service.

Shut off the process pressure before loosening any bolts. Disconnect the transmitter from
the element by removing the four mounting screws connecting the element to the
transmitter flanges, then disconnect the element from the process pipe line.

4.2 CHANGING ORIFICE
The orifice can be changed by disassembling the element as shown in Figures 4-1 and 4-
2. When installing the new orifice, be sure to orient it as shown in Figures 4-1 and 4-2.
Use new gaskets to insure proper sealing.

WARNING
On 1-112-inch elements, be sure to use the hardened steel washers
under the nuts and bolt heads to assure adequate bearing strength.

The correct body bolts, nuts, and mounting bolts must be used to maintain the specified
pressure rating of the element. The identification code on the bolt heads and nuts must
be as shown in Figures 4-1 and 4-2. Tighten body bolts to the following torque values:

1/2-inch and 1-inch Elements:
250 to 350 inch-lb (28.2 to 39.5 Nm)

1-1/2-inch element:
400 to 425 inch-lb (45.2 to 48 Nm)

NOTE
When reconnecting the element to the transmitter, use new
gaskets and torque connecting screws as specified under 2.3
Mounting and Differential Pressure Connections.

4-1
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MOUNTING BOLTS (4>

o
ASTM A-364

Orada BD 17/16 Ota.)

Wgh Pleasure Side
of Transmitter

NUTSO)

ASTM A-194
Grade 2H

BODY BOLTS
1/2-inch Etommt
1-inch Element

O
8AE Qt»d« 5 (3/8 Die.)

1-1/2 inch Bamant

O-
ASTM A-364 Bowmalloy

Gr*d«BD
17/16 Oia.)

W12-SO

Figure 4-2. Exploded View of Flow Element With Threaded Connections
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SECTION 5

PARTS LIST

5.1 ORDERING INFORMATION

When ordering parts, always specify the complete serial number of the instrument.

5.2 RECOMMENDED SPARE PARTS
A plus ( + ) sign before the item number indicates that the item is a recommended spare
part.

5.3 PARTS AVAILABILITY
This parts list may contain parts that are not saleable. These parts are identified with an
asterisk (*) in the part number column. They are listed and shown as required to provide
a comprehensive breakdown of the assembly.

5.4 PARTS IDENTIFICATION
A dash (-) in the item number column indicates that the part is not illustrated in the
referenced figure. A dash (-) in the part number column indicates there is no part
identification available.

Some part descriptions have dots preceding them. These dots indicate that the parts are
components of the assembly or subassembly (SA) which immediately proceeds them in
the listing.

5.5 UNDERSCORE IDENTIFICATION
Underscores in place of characters in a catalog number (e.g. 1330L2 A)
indicate any character may apply. Refer to 1.2 Explanation of Serial and Catalog
Numbers. Underscores in place of characters in a part number (e.g. 127S932- )
indicate that more than one character may apply. The part number may be referenced to
another page or section for selection of required characters.
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5.6 PARTS LISTING
Refer to Figure 5-1.

Item
1
2
3
4
4
5
6
7
8
8
9

+ 10
+ 10
11
12
13

Part No.
3P1424
6P
9P1566
9P1 907-3
9P1 929-2
22P958
27S

32P803-1
32P818
43P900-1
43P900-8
43P900-13
45P2296

*

542M167

Description No. Reo'd
Protective Cover 1
Orifice Plate; refer to Table 5-1 for part numbers 1
Element Mounting Bolt 4
Body Mounting Bolt, Grade BD - 1330LZ2 2
Body Mounting Bolt, Grade BD - 1330LZ3 2
Body Mounting Washer - 1330L23 4
Body and Flange, Downstream; refer to Table 5-2 for part numbers 1
Body and Flange, Upstream; refer to Table 5-2 for part numbers 1
Body Mounting Nut, Grade 2HB - 1330L22 2
Body Mounting Nut, Grade 2HB - 1330LZ3 2
Element Mounting Gasket 2
Body Mounting Gasket - 1330L22 2
Body Mounting Gasket - 1330LZ3 2
Label 2
Data Plate 1
Protective Cover Retaining Nut, 7/16"-20 4
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Table 5-1. Part Numbers for Orifice Plates

1
Inch
Pipe

1-1/2
Inch
Pipe

Catalog Number

1330U

2

2

2

2

2

2

2

2

3

3

3

3

3

I
*f T *•

1

2

3

4

5

6

7

8

1

2

3

4

5

^0.2
3.4

0.2
3.4

0.2
3.4

0.2
3.4
0.2
3.4

0.2
3.4

0.2
3.4
0.2
3.4
0.2
3.4

0.2
3.4
0.2
3.4

0.2
. 3.4

0.2
3.4

Part

Number

6P2835J020
6P2835Z020

6P2835J035
6P2835Z035

6P2835J065
6P2835Z065

6P2835J113
6P28352113

6P2835J196
6P2835Z196

6P2835J340
6P2835Z340

6P2835J500
6P2835Z500

6P2835J735
6P2835Z735
6P3396JA
6P3396ZA

6P3396JB
6P3396ZB

6P3396JC
6P3396ZC

6P3396JD
6P3396ZD

6P3396JE
6P3396ZE

Orifice Size

(inches)

0.020

0.035

0.065

0.113

0.196

0.340

0.500

0.735

0.500

0.612

0.750

0.918

1.127

(mm)

0.51

0.89

1.65

2.87

4.98

8.64

12.70

18.67

12.70

15.54

19.05

23.32

28.63

Table 5-2. Part Numbers tor Bodies and Flanges

1
Inch
Pipe

1-1/2
Inch
Pice• •f"

Catalog Number

1330LZ
r v

2
2
2

2
2
2

3
3

3
3
3
3

"1
2
3
4

5
6
1

2

3
4

5
6

Part Number

Downstream hem 6

27S529SG01
27S529SG05

27S530SG01

27S530SG05

27S531SG01

27S531SG05

27S529SG02

27S529SG06

27S530SG02

27S530SG06

27S531SG02

27S531SG06

Upstream Item 7

27S529SG03
27S529SG07

27S530SG03
27S530SG07

27S531SG03
27S531SG07

27S529SG04

27S529SG08

27S530SG04

27S530SG08

27S531SG04

27S531SG08
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PRODUCTS AND SERVICING

A Comprehensive Instrumentation Range

Sensors, transmitters and related instruments for flow,
temperature, pressure, level and other process vari-
ables

Flowmeters
electromagnetic, ultrasonic, turbine, differential pressure,

Wedge, rotary shunt pilot

Differential Pressure transmitters
electronic and pneumatic.

Temperature
sensors and transmitters, fiber optic systems.

Pressure transmitters

Level
sensors and controllers.

Tank gauging systems

Cable-length measuring systems

Indicators, recorders, controllers and process man-
agement systems

Recorders
circular and strip-chart types - single and multi-point - for
temperature, pressure, flow and many other process mea-
surements.

Controllers
digital display, electronic, pneumatic. Discrete single-loop
and multi-loop controllers which can be linked to a common
display station, process computer or personal computer.

Pneumatic panel or rack-mounted display and control
instrumentation

Liquid and gas monitors and analyzers for on-line and
laboratory applications
Sensors
pH, redox, selective ion, conductivity, dissolved oxygen.

Monitors and Analyzers
for water quality monitoring in environmental and power gen-

eration applications.

Packaged analytical instrumentation laboratories

Gas analyzers
Zirconia, paramagnetic, infrared, thermal conductivity.

Servicing

ABB Kent-Taylor provides a comprehensive
after sales service via a Worldwide Service
Organization. Contact one of the following
offices for details on your nearest Service and
Repair Center.

United Kingdom
London
ABB Kent-Taylor Limited
Tel: (0480) 470781
FAX: (0480) 470787

United States of America
Rochester, New York
ABB Kent-Taylor Inc.
Tel: (716) 292-6050
Fax: (716) 273-6207

Italy
Lenno (Como)
ABB Kent-Taylor SpA
Tel: (0344) 58111
Fax: (0344) 56278
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FROM WEAPONS TO WILDLIFE

THE TRANSFORMATION

OF THE
ROCKY MOUNTAIN ARSENAL

by Karen B. Wiley and Steven L Rhodes



i\ n 1942, the U.S. Department of War built a

m chemical weapons plant northeast of Denver,

^P*' Colorado. Following World War II and through-

out the Korean and Vietnam conflicts and most of the

Cold War, the Rocky Mountain Arsenal was used for the

manufacture of nerve gas, conventional weapons, rocket

fuel, and even commercial pesticide products. Decades of

military and commercial production activities at the arse-

nal generated hazardous pollutants, some of which even-

tually migrated into the surrounding soil and groundwa-

ter, both on- and off-post. The federal government admits

that the arsenal "is one of the Defense Department's most

contaminated installations."1

By the 1980s, much of the arsenal's 27-square-mile

expanse had been designated a Superfund site that by

law required extensive, costly cleanup. The arsenal's

steward, the U.S. Army, stubbornly resisted its sister fed-

eral agency, the Environmental Protection Agency

(EPA), and EPA's insistence on comprehensive cleanup.

Shell Chemical Company, which had manufactured

pesticides in the former mustard gas facility at the arse-

nal, also strenuously opposed extensive cleanup of the

site because it would have to pay a sizable portion of

the remediation costs. Colorado's health department,

governor, attorney general, and congressional delega-

tion, as well as representatives of neighboring local gov-

ernments, worried residents in the adjacent communi-

ties, environmental activists, civilian employees at the

arsenal, and others joined the fray, with forces sharply

divided over how extensive—and expensive—any

cleanup of the Rocky Mountain Arsenal should be. A

tangle of litigation, intergovernmental rancor, unrealis-

tic and incomprehensible cleanup plans and cost esti-

mates, and public concerns about human health and
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safety made any movement toward
actually solving the arsenal problem
nearly impossible.

Then, in 1992, 50 years after the
arsenal's creation, an almost surreal
solution to the problem converted an-
tagonists into collaborators. An idea
born of controversy, conflict, and hap-
penstance transformed a perceived
wasteland into the future site of a
wildlife refuge adjacent to a metro-
politan area of more than a million
people2 (see Figure 1 on page 7). In
short order, a bitter, lengthy, and cost-
ly dispute about the future of Rocky
Mountain Arsenal virtually dissolved
into a shared vision of a reformed,
rededicated public amenity: a vast
open space reserved for flora and
fauna, nature education, and public
tours, with select areas to be desig-
nated as permanently off-limits to
public access.

How did this improbable solution to
such a troublesome, complicated envi-
ronmental problem arise? How was a
litigious, politically sensitive stale-
mate over environmental cleanup sud-
denly transformed into a widely sup-
ported plan? What lessons can we

learn from the Rocky Mountain Arse-
nal experience, particularly with
respect to other contaminated sites
dating from the Cold War and before?

The answers to these questions
hinge on three interrelated factors:
first, an extended dispute between the
federal and state governments con-
cerning jurisdiction over cleanup of
arsenal contamination; second, a pro-
posal to build a new commercial air-
port and a new regional beltway, both
of which would dramatically change
land-use patterns around the arsenal;
and third, the totally coincidental—
and surprising—appearance of a num-
ber of bald eagles within the arsenal
boundaries. The convergence of these
three factors framed and narrowed the
range of options available to all parties
interested in a long-term resolution of
the arsenal problem.

The transformation of the Rocky
Mountain Arsenal from military and
commercial to aesthetic and recre-
ational uses may not at first appear to
offer useful lessons for other contam-
inated federal facilities. However, the
arsenal is not the only instance of a
military installation unintentionally

The U.S. Army constructed a state-of-the-art chemical weapons facility in 1942 at the
Rocky Mountain Arsenal to compete with German\'s much-feared chemical weapons
program during World War II.

providing protected habitat for an
unusual array of wildlife.3 Also, one
should not overlook the insights from
the arsenal case regarding the influ-
ence of local land-use planning and
the importance of state jurisdiction
over cleanup of contaminated govern-
ment facilities. In addition, the arsenal
offers a reminder of the imporiance of
sheer luck in resolving controversial
policy questions.

History of the Arsenal

Rocky Mountain Arsenal was built
during World War II as a production
facility for chemical and incendiary
weapons, a function that il conlinued
to serve until the early 1970s. In 1953.
during the Korean War. the U.S. Army
began the operation of a faci l i ty in the
northeast quadrant of the arsenal for
the manufacture of binary nerve gas
weapons. The army ceased producing
nerve gas weapons there in the earh
1970s, but the facility remained on
standby for another decade. During
the 1970s and 1980s, the fac i l i ty was
used primarily for neutralizing and
incinerating chemical warfare material
and for storage of chemical weapon^
awaiting decommissioning.4 (For an
extended chronology of events, see tin-
box on page 8.)

Beginning in 1946. the U.S. govern-
ment leased portions of the arsenal to
private companies for the production
of commercial chemicals. J u l i u s H\-
man and Company produced pesti-
cides at the arsenal from 1947 to I l»5I.
at which time Shell Chemical Compa-
ny acquired Hyman and then contin-
ued production until 1982. Colorado
Fuel and Iron Company manufactured
a variety of industrial chemicals such
as chlorinated benzenes, ch lo r ine .
naphthalene, caustic, and DDT from
1946 to 1948. In addition, the U.S. Air
Force utilized a portion of the arsenal
for the manufacture of rocket fuel for
civilian and military space programs/

Both government and commercial
occupants disposed of contaminants
resulting from their m a n u f a c t u r i n g

ENVIRONMENT June 1998



activities at numerous sites around the
arsenal. Some of these pollutants
eventually found their way off-post
through groundwater transport (see
Figure 2 on page 9). The first reported
evidence of off-post contamination

came in 1951, when farmers discov-
ered damage to crops grown near the
arsenal.6 The army undertook several
studies following these claims and
reports of on-post fish kills, but the
findings were not made public. The

Figure 1. Map of Rocky Mountain Arsenal, Denver vicinity, 1986

ARAPAHOE CO

DOUGLAS CO

SOURCE: Environmental Science and Engineering. Inc.. Report on Accelerated Cleanup
Plan lor the Contamination at RMA. Draft Final Report (Commerce City, Colo.: Rocky Moun-
tain Arsenal. Program Manager's Office, June 1986).

Volume 40 Number 5

army also constructed a series of on-
post surface impoundments—includ-
ing an asphalt-lined pond known as
Basin F—to consolidate liquid wastes
from military and commercial activi-
ties at the facility. This, however, did
not completely eliminate the contami-
nation hazard. In 1957, residents liv-
ing near the arsenal detected well-
water contamination, which prompted
the county health department to
request information from the army
about arsenal activities. The army's
response was merely to assure resi-
dents that they had nothing to fear
from arsenal operations. As a result,
the county health department asked
the U.S. Public Health Sen-ice (PHS)
to investigate, and PHS concluded that
the arsenal was, in fact, the source of
the pollution. The army subsequently
made public its own earlier studies of
the origins of off-post water contami-
nation.7 Several residents filed damage
claims against the army for pollution
of their wells, and a local newspaper
charged that the army had been "tardy
and secretive" in its responses to pub-
lic concerns.8

Recognizing that it had to address
a potentially serious contamination
problem, the army began construction
of a deep injection well in 1961.
intended for the permanent disposal of
the arsenal's chemical wastes. More
than 150 million gallons of liquid
waste were injected to a depth of
12.045 feet, but this disposal method
was suspended in 1966 because of
"growing suspicion that the injection
operations had caused an unusual
series of earthquakes centered in the
RMA area."9 More than 20 years later,
the well was permanently sealed.

After closure of the deep injection
well, the army returned to the earlier
disposal method of surface impound-
ment. This continued until the mid-
1970s, when the army and the Col-
orado Department of Health detected
several carcinogenic contaminants in
ground- and surface water outside the
arsenal's boundaries.1" This prompted
the state health department in 1975 to

ENVIRONMENT 7
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ROCKY MOUNTAIN ARSENAL TIMELINE

1942: Rocky Mountain Arsenal estab-
lished to produce chemical and incendi-
ary weapons
1946: Pesticide and industrial chemicals
production by private companies begins
at arsenal
1950: Construction of nerve gas produc-
tion facility <North Plants) begun
1951: Agricultural crop damage discov-
ered on farms adjacent to arsenal

Army responds by constructing on-
post impoundments, including Basin F
1953: Manufacturing of nerve gas GB
(Sarin) begun at arsenal
1957: Contamination discovered in resi-
dential drinking water wells adjacent to
arsenal, resulting in U.S. Public Health
Service study
1970: Arsenal weapons production
facility placed on standby status
1974: Carcinogens (DIMP and DCPD)
discovered in off-post ground- and sur-
face waters
1975: Colorado Department of Health
issues three Administrative Orders
1981: New off-post ground water conta-
mination detected
1982: Army announces study of 14
alternative cleanup options

Memorandum of Agreement be-
tween Army, state of Colorado. Environ-
mental Protection Agency, and Shell

1983: Army sues Shell for $1.8 billion
in natural resource damages and cleanup
costs

State of Colorado sues Army and
Shell for natural resource damages
under CERCLA

Shell sues its insurers
1984: Arsenal weapons disposal opera-
tions closed

Army announces selection of clean-
up option
1985: District Court consolidates 1983
Army-Shell and Colorado-Army and
rules that Army and Shell are liable
1986: Colorado sues Army under
RCRA to gain control over Basin F
cleanup

Eagles discovered at arsenal
1987: Army nominates Basin F as
Superfund site; Department of Justice
moves for dismissal of state RCRA case
1988: Shell loses suit against its insurers
Army and Shell file consent decree

Romer and Brown convene arsenal
open space forum
1989: Army/Department of Justice
motion to dismiss state's RCRA case
denied

Army sues Colorado again, claiming
state lacks authority over federal facilities

Army and Shell sign Settlement
Agreement allocating costs

Federal Facilities Agreement signed
by Army, Shell, EPA, Department of
Interior, Department of Justice, and U.S.
Agency for Toxic Substances and Dis-
ease Registry

National Wildlife Federation sug-
gests Congress designate arsenal a
National Wildlife Refuge
1991: Rep. Schroeder introduces bill
(H.R. 1435) and holds hearings on
refuge proposal

District Court rules against state of
Colorado's authority over arsenal
cleanup: Colorado appeals
1992: Rocky Mountain Arsenal Nation-
al Wildlife Refuge Act passes
1993: Circuit court reverses district
court, ruling in favor of state authority
over arsenal cleanup; Army appeals

Modified 1988 Army-Shell consent
decree entered by court
1994: Supreme Court upholds state of
Colorado's cleanup oversight authority
Army and Colorado sign consent decree
settling state's 1986 RCRA suit

Army sues Colorado over state's
DIMP standard
1995: Army, EPA, and Colorado agree
to "Conceptual Remedy" (Schoettler
Agreement)
1996: Record of Decision published
FWS unveils wildlife refuge plan

issue administrative orders for the
army and Shell Chemical to stop dis-
charging diisopropylmethylphospho-
nate (DIMP) and dicyclopentadiene
(DCPD) into both groundwater and
surface waters of the arsenal, clean up
the pollution sources, and monitor
water quality." As a result of the
state's administrative orders, army
officials for the first time publicly
discussed cleaning up the arsenal.
The army's precise intent regarding
cleanup was unclear, however. Ac-
cording to local newspaper reports at
the time, two arsenal officials declared
that the army would decontaminate the
entire arsenal by 1991 at a cost of
$300 million.12 A different army offi-
cial subsequently stated that there had
been no intent to clean up the entire
arsenal, despite the local news reports
to the contrary.13

The army's actual response was to
pursue a pollution containment strate-
gy rather than a total or partial on-post
cleanup program. Between 1975 and
1980, the army constructed and operat-
ed a groundwater purification system
along the boundaries of the arsenal
where the state health department had
detected off-post contamination.14

Unfortunately, in 1981 the army's pol-
lution containment strategy proved to
be insufficient: new groundwater con-
tamination was detected west of the
arsenal in heretofore uncontaminated
water wells in Commerce City. Thus,
confronted with evidence that its on-
post containment strategy was inade-
quate, the army reported in July
1982—seven years after initiating its
containment strategy—that it was
examining a series of 14 alternative
cleanup options. Meanwhile, the pollu-

tion containment strategy would Con-
tinue and the arsenal boundan ground-
water purification systems would con-
tinue to operate indefinitely.''

Six months later, the arm\ an-
nounced cost estimates that ran as high
as $6 billion, with implementation
timeframes from 1995 to 2010 The
public was stunned. Some observers
speculated that the army was anting
to abandon all cleanup efforts b;. pro-
jecting a price tag so high that Con-
gress would refuse funding/" Howev-
er, on the same day the ami} an-
nounced that arsenal cleanup could
cost as much as 56 billion, ii also
signed a Memorandum of Agreement
with the state health department. EPA.
and Shell Chemical.'" The agreement
detailed cooperative procedure-- for
monitoring and remedying ihe arse-
nal's pollution problems. It committed
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the army to continue its evaluation of
various remediation strategies.

The following year the army re-
leased a new analysis comparing four
arsenal decontamination scenarios.18

The four options ranged in cost from
S210 million to Si.86 billion, each
with different assumptions about how
much contaminated material was to be
removed and whether permanent dis-
posal of that material was to be on- or
off-post.19 In late 1984, the army-
announced its selection of a cleanup
option costing S357 million with a tar-
get completion date of 2000.*' This
option entailed the consolidation of all
contaminated materials in a permanent
on-post disposal site.

Rising Conflict

Three important developments dur-
ing the 1980s dramatically affected
the arsenal's future and the respective
influence of the many parties in-
volved. First, there was an escalation
in two legal conflicts, one between
Shell Chemical and the army over
who should pay for cleanup, and the
other between the state of Colorado
and the federal government over who
should have the final say regarding the
extent of cleanup. Second, two major
construction projects were proposed
by local authorities, one for a new
commercial airport east of the arsenal
and the other for a new tollroad
around the eastern side of metropoli-
tan Denver. The third significant de-
velopment was the surprising ap-
pearance of dozens of bald eagles
within the arsenal's boundary.

The Litigation Escalation

As the army continued to refine and
evaluate remediation options while
pursuing its pollution containment
strategy, signatories to the Memoran-
dum of Agreement were pursuing
divergent goals. By 1983, it was be-
coming increasingly evident that the
panics involved had conflicting inter-
ests. The army investigated decontam-
ination options but continued to imple-

Volume 40 Number 5

Figure 2. On- and off-post contamination from the Rocky
Mountain Arsenal

General areas of
known or suspected
contaminants in
groundwater

General direction of
groundwater movement

Current or proposed
contaminant systems

Proposed well location

flOCKY
MOUNTAIN
ARSENAL

SOURCE: MRS Water Consultants. Inc.. for South Adams County Water and Sanitation District
(February 1985).

ment only its containment strategy.
Shell Chemical was potentially re-
sponsible for at least some remedia-
tion costs but was naturally concerned
about the impact of these costs on its
bottom line and therefore sought to
minimize them. The Colorado Depart-
ment of Health, on the other hand,
was demanding a comprehensive de-

contamination program for the arse-
nal, irrespective of cost. The arsenal's
neighbors—both residents and local
governments—shared the state's ob-
jections to mere containment as a
Jong-term answer. EPA was responsi-
ble for enforcing federal antipollution
laws but appeared reluctant to exercise
its enforcement authority over the

ENVIRONMENT 9
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1 completion of more than 31 environmental cleanup projects, the Rocky Mountain Arsenal will be transformed into the coumr\'s
largest urban wildlife refuge.

army. The U.S. Department of Justice
sought to protect the federal govern-
ment's supremacy and its purse strings
by controlling whether and to what
extent federal laws applied to federal
facilities such as the arsenal. Both
EPA and the Justice Department ulti-
mately aligned themselves with the
army regarding jurisdiction. These
conflicting interests resulted in several
lawsuits regarding questions of au-
thority and responsibility for decisions
about cost and extent of cleanup: by
the army against Shell Chemical, by
Shell Chemical against its insurers,
by Colorado against the army and
Shell Chemical, and by the army
against Colorado.31

The Army, Shell Chemical, and the
Insurers. Considering that the estimat-
ed cleanup costs could potentially run
into the billions, the army claimed that
Shell Chemical should pay part of the
tab, while Shell argued that the

cleanup responsibility belonged solely
to its landlord, the army. When the
army sued Shell Chemical's parent
company, Shell Oil, for $1.8 billion in
1983," Shell attempted to shift finan-
cial liability to its insurers and filed
suit against them. The resulting jury
trial began in October 1987 and
required moving the courtroom to a
remodeled auditorium to accommo-
date representatives of all the parties to
the lawsuit, including approximately
250 insurance companies. In late
1988, the jury decided against Shell,
which announced shortly thereafter its
intention to write off $120 million in
after-tax income because of the ver-
dict.23 Shell's incentives to reach an
accord with the army were altered by
this outcome, but there was still no set-
tlement in sight.

The State versus Shell Chemical and
the Army. Both Shell and the army
were on the defensive concerning the

state's claims for compensation for
damage to its natural resources. Col-
orado asserted that both the army and
Shell Chemical should pay substaniia)
monetary penalties for the contamina-
tion of groundwater flowing from
under the arsenal. Further. Colorado
claimed that the federal government
and Shell should pay for the state's
enforcement, administrative, and legal
costs arising from pollution crossing
the arsenal boundary. The first skir-
mish had occurred in 1975 when the
Colorado Department of Health issued
three administrative orders against the
army and Shell for violations of the
Colorado Water Quality Control Act
after two hazardous chemicals had
been detected in groundwater samples
taken north of the arsenal.:J After sim-
mering for a decade, the dispute turned
into open warfare in the mid-1980s. By
late 1983, it appeared that any further
pollution abatement beyond contain-
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mem would have to await the outcome
of lengthy litigation between the state
of Colorado, the U.S. government, and
Shell Chemical. Colorado filed suit in
that year against the army and Shell for
natural resource damage under the fed-
eral Comprehensive Environmental
Response, Compensation, and Liabili-
ty Act (CERCLA, or Superfund).25

Two years later, the state added a claim
for reimbursement of CERCLA re-
sponse expenditures.26

Colorado versus the United States.
Colorado sought not only compensa-
tion for past damage done to the state's
natural assets but also control over
future cleanup standards and methods
at the arsenal. To that end, the state ini-
tiated another major offensive in 1986
by suing the army under the state's
Resource Conservation and Recovery
Act (RCRA) delegated program, the
Colorado Hazardous Waste Manage-
ment Act (CHWMA). The state
charged that the army had violated
groundwater monitoring regulations at
Basin F, the only major pollution site
on the arsenal still not on Superfund's
National Priorities List (NPL) by that
time.27 The army countered in late
1987 by nominating Basin F for addi-
tion to the NPL and the Department of
Justice filed a motion to dismiss the
state's case on the grounds that Super-
fund sites were not subject to state
jurisdiction under RCRA. In early
1989 the court denied the motion to
dismiss the state's complaint.28

As the end of the 1980s drew near,
all major players were involved in
legal actions against one another. The
state of Colorado, Shell Chemical, and
the federal government were locked in
a knot of litigation that showed little
prospect of loosening.

Regional Development Proposals

Into this mix was added the compli-
cation of two local land-use proposals
that could potentially affect arsenal
cleanup decisions. One was a private
sector proposal to construct a new
highway around the east side of met-
ropolitan Denver. Known as E-470,

Volume 40 Number 5

Weapons—such as this napalm bomb assembled ai Rocky Mountain Arsenal in
1951—were produced during an effort to provide munitions for the Korean War.

the proposed tollroad was intended to
relieve traffic congestion on the inter-
state highways that intersect in the
heart of metropolitan Denver and to
help complete a regional beltway that
had only been partly constructed in the
1970s. The second, more significant
proposal was the city of Denver's plan
to construct and operate a new interna-
tional airport east of the arsenal.29

Either of these proposed projects
could be expected to spawn substantial
new commercial, residential, and in-
dustrial development around the arse-
nal, thereby bringing new participants
into an already crowded dispute about
the facility's future.

The proposed new airport was espe-
cially relevant to the arsenal contro-
versy because the city announced that
its preferred site would actually incor-
porate a narrow strip of land along the
arsenal's eastern edge. The sheer size
of the proposed new airport and its
projected aviation and commercial
activity promised to dramatically
change land-use patterns in the entire
northeastern quadrant of metropolitan
Denver, most notably in the area
immediately adjacent to the arsenal.

At the time the new airport and E-
470 beltway were first publicly pro-
posed, development in the northeast-

(i onlinucti tin page -^i
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Weapons to Wildlife
(continued from page 11)

em metropolitan area had largely been
confined to the Interstate 70 highway
corridor. Development in this region
had been greatly restricted by the pres-
ence of the arsenal and Denver's Sta-
pleton International Airport, whose
combined 35-square-mile area had
been a major obstacle to urban expan-
sion in the northeastern metropolitan
area. In fact, as of the mid-1980s near-
ly all of the land to the north and east
of the arsenal was unirrigated farm-
land, with a mix of industrial and resi-
dential development abutting the west-
em and southern borders.

While both the new airport and the
new highway project would inevitably
stimulate new development around the
arsenal, it was the proposed new air-
port that most dramatically fired the
imaginations of real estate investors,
developers, and local government
planners. It should be no surprise that
the sponsors and supporters of each of
these proposed projects were con-
cerned about the plans and prospects
for the arsenal's cleanup and future
use. What before then had only been a
topic of interest to state and federal
government officials became a focus
of attention for regional transportation
planners, real estate developers, and
local, state, and national politicians.

The two immediate concerns were
whether the city of Denver would be
able to utilize an eastern strip of the
arsenal for the new airport and whether
Commerce City would be able to
obtain access across the arsenal to the
proposed airport and the E-470 belt-
way. For years, Denver officials openly
contemplated expansion of the city's
Stapleton Airport onto arsenal proper-
ty. However, on-post contamination in
that area and concerns about possible
legal and financial liability for cleanup
finally convinced Denver officials that
airport expansion onto most parts of
the arsenal land should be avoided.
Consequently, airport planners opted
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The Rocky Mountain Arsenal now provides habitat for more than 300 species of wildlife.
including this mule deer fawn.

for a new airport site that would
require only a small fraction of the
arsenal's land area on the least polluted
eastern boundary. Nevertheless, a new
airport, no matter where located,
would attract significant development
in the vicinity of the arsenal.

Commerce City's growth and eco-
nomic development had been limited
for decades by the presence of the arse-
nal immediately east of the city. How-
ever, the prospect of both a new inter-
national airport and a regional beltway
caused Commerce City officials and
businesses to view the arsenal as a new
frontier for economic development,
both in terms of new employment and
in terms of an expanded municipal tax
base. Officials envisioned annexing all
or parts of the arsenal to Commerce
City for new airport-related industrial

and commercial development. This was
predicated, of course, on sufficient
cleanup for such land uses. Commerce
City officials envisioned the construc-
tion of (and development along) new
surface transportation corridors across
the arsenal to the proposed airport and
regional beltway.30

These regional development propos-
als prompted new questions about off-
post contamination and the army's
cleanup plans in general. In the areas
to the east or south of the arsenal
where there had not yet been any evi-
dence of surface or groundwater pollu-
tion, investors envisioned airport- and
beltway-related development in the
years ahead. Landowners with proper-
ties neighboring or near the arsenal
also had begun to receive inquiries
from real estate investors, causing the
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owners to ask whether the military
and/or industrial activities on the arse-
nal might have depressed their proper-
ty values. Thus, there were now sever-
al new parties interested in resolving
the arsenal problem in addition to the
state, federal agencies, and Shell
Chemical.

Arrival of the Bald Eagles

The outcome of this case was over-
whelmingly influenced by the inter-
vention of sheer luck. In the proverbial
words of Niccolo Machiavelli, "It is
probably true that Fortune is the
arbiter of half the things we do, leav-
ing the other half or so to be controlled
by ourselves."31

By 1986, the positions of the liti-
gants and other players in the arsenal
drama had hardened to the point that it
seemed there might never be a resolu-
tion. This changed, however, with the
introduction of a new, complicating
factor in the early winter of 1986:
Approximately two dozen bald eagles
were observed in the southeast quad-
rant of the arsenal, appearing to have
established a winter roost among a
stand of tall cotton wood trees." Any
unexpected appearance of an endan-
gered species might have unsettled
some stakeholders' preconceived no-
tions about the fate of the arsenal but
the bald eagle is not just any endan-
gered species. It is the national symbol
and the longest-standing entry on the
list of endangered species, protected
under an Act of Congress first passed
in 1940.33

As an endangered species, the
eagles introduced yet another regula-
tory participant and a new layer of
rules to the arsenal dispute. Under fed-
eral law, the U.S. Fish and Wildlife
Service (FWS) had jurisdiction to take
virtually any action it deemed neces-
sary to protect the eagles. Consequent-
ly. FWS could conceivably prohibit
any arsenal cleanup or require more
extensive remediation; it could even
p-event the construction of the new
airport and/or the beltway anywhere
near the eagles' winter roost. However,

before making any such determina-
tions, FWS required additional infor-
mation about the eagles and their
behavior on and around the arsenal.
This meant that until FWS could suffi-
ciently characterize the eagles' use of
the arsenal and surrounding territory
(e.g., as prey base and roost area), any
activity that might disturb the raptors'
activities was effectively prohibited.

Because of the eagles, the arsenal
disputants were compelled to reevalu-
ate their positions concerning future
area land use, and this in turn forced
reexamination of their preferences
concerning both the extent and meth-
ods of cleanup. Prior to the eagles'
arrival, land-use preferences differed
among parties depending on what
each had to gain or lose. The Colorado
Department of Health had adopted the
position that the arsenal should be
clean enough to support relatively
unlimited human use, perhaps even
residential use. This dictated that the
army and Shell Chemical should
undertake—and pay for—a compre-
hensive cleanup of contamination
both on- and off-post. In contrast, the
army and Shell had come to support a
selective remediation policy that
included on-site pollution contain-
ment and treatment. This assumed
continued restrictions on public ac-
cess to and use of arsenal property.
Neighboring local governments such
as Commerce City and Adams Coun-
ty envisioned revenue-generating com-
mercial, industrial, and residential
land uses that would integrate most if
not all of the arsenal into a regional
development plan fueled by the new
airport and beltway. Denver's posture
was consistent with that of these other
local jurisdictions. It based its plans
on the assumption that any future
arsenal land use would be compatible
with the airport.34

The Refuge Proposal

The arrival of the eagles came as a
shock to all of the parties in the arse-
nal conflict, whose unyielding posi-

tions heretofore had largely resulted in a
policy stalemate concerning the facility's
future. The eagles also galvanized the
attention of previously uninvolved par-
ties. The result of the shakeup was a
novel proposal for future use of the arse-
nal. At least as early as 1988, FWS qui-
etly raised the idea of dedicating the

The chemical manufacturing disposal
basin known as Basin F is shown full
of hazardous liquid waste in 1984 (top
photograph), during the interim soil
cleanup stage in 1989 (middle), and
during the final stage of draining the
asphalt-lined pond in 1993 (bottom I.
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Annually. 30,000 people visit the wildlife refuge, which now provides hiking trails and bald eagle lookout stations.

arsenal land for use as a short-grass
prairie wildlife preserve.35 At first, the
idea struck most as naive and funda-
mentally impractical: How could such
a polluted expanse become a safe
haven for deer, antelope, hawks,
eagles, ducks, prairie dogs, and the
like? In fact, however, the arsenal was
already an unintended wildlife pre-
serve, which supported an abundant
wildlife population in large measure
because of its decades of isolation.36

Gradually the wildlife preserve idea
began to attract serious consideration.
Not only did it evolve into a real pos-
sibility in technical terms, it also
offered an escape from the gridlock
over both future land use and the level
of environmental cleanup.

In early 1988, Colorado Governor
Roy Romer and U.S. Senator Hank
Brown publicly proposed that the arse-
nal be converted to an "open space
park," and Romer convened a work-
shop of land-use experts to discuss
options. By the end of 1988, the army
and FWS had signed an agreement to
protect the eagles' winter roost on the
arsenal. In March 1989, the army
agreed to grant FWS management
responsibility for arsenal wildlife until
1993. Six months later, FWS opened a
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bald eagle viewing site on the east side
of the arsenal.

In addition, environmental groups
had launched an energetic public
information campaign in support of
converting the arsenal into an urban
wildlife refuge. Newspaper stories on
the natural attractions of the arsenal
began appearing regularly. Glossy cal-
endars and a book of photographs fea-
turing arsenal wildlife were pub-
lished.37 In 1989, officials of the
National Wildlife Federation (NWF),
a private environmental group, urged
Denver's congresswoman, Patricia
Schroeder, to introduce an amendment
to a Department of Defense spending
bill to designate the arsenal a national
wildlife refuge.38 Although Scnroed-
er's amendment would have mandated
the use of the arsenal as wildlife habi-
tat, it would also have required a
speedier and less ambitious cleanup
(only to the level required for open
space uses). Largely due to the opposi-
tion of other Colorado leaders, includ-
ing the governor and one of the state's
senators, the amendment failed to pass
the House that session; however, this
prompted new negotiations among the
arsenal stakeholders.39

Adams County and Commerce City

objected to the refuge plan.4" Com-
merce City officials had long envi-
sioned using some portion of the
arsenal for local economic develop-
ment purposes, but the refuge propos-
al threatened that prospect. Conse-
quently, they suggested that Com-
merce City obtain some portion of un-
contaminated arsenal land for eco-
nomic development in the future. In
early 1992, the federal government
agreed in principle to sell approxi-
mately 800 acres along the western
boundary of the arsenal. (See Figure
3 on page 31.) The proceeds from the
sale would be used by FWS to
finance construction of a Refuge Vis-
itor Center.41 The Visitor Center \\ a<
eventually constructed near the v.e>:
entrance of the arsenal property

Once Commerce City's concerns
had been addressed, the \\a\ was
cleared for congressional action in
support of the refuge concept. In 1991.
Rep. Schroeder joined forces with
other members of the Colorado con-
gressional delegation to advance her
bill (H.R. 1435) to designate the arse-
nal a national wildlife refuge, transfer
ownership and management to the
U.S. Department of the Interior, and
leave cleanup responsibility in the
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hands of the army. In October 1992,
Congress enacted the law creating the
Rocky Mountain Arsenal National
Wildlife Refuge.":

The "Conceptual Remedy"

The legislative foundation for the
transformation of the arsenal into a
national wildlife refuge was a notable
achievement. The passage of the
Rocky Mountain Arsenal National
Wildlife Refuge Act, however, did not
eliminate the dispute about whether
the state of Colorado or the federal
government would have jurisdiction
over cleanup standards and methods.

Irrespective of the refuge law, the
army was proceeding with its own
cleanup plans, most notably to inciner-
ate liquid wastes then impounded in
the arsenal's notorious Basin F and to
use another surface impoundment—
Basin A—as the site of a permanent
on-site hazardous waste disposal
facility.43 The state of Colorado object-
ed to both the Basin F and Basin A
plans, but its objections went unheed-
ed until the Tenth Federal Circuit
Court of Appeals ruled in favor of state
authority over arsenal cleanup. The
army and the Department of Justice
agreed to let the state monitor Basin F
waste incineration—the first instance
of cooperation with the state—but the
army proceeded with plans to use
Basin A as a disposal site. Conse-
quently, the state objected to the Basin
A plans and was joined this time by
EPA. which ordered an overhaul of the
Basin A plans as well. In the mean-
time, the army proceeded with an
appeal to the U.S. Supreme Court,
which in January 1994 upheld the
Tenth Circuit's decision to grant
cleanup oversight authority to the
state. This prompted the army and the
state to sign a consent decree in June
1994, which finally settled the state's
!986 Resource Conservation and
Recovery Act suit.44

During the following year, under the
v-.atchfu! prodding of the Colorado
governor's office, the army, EPA, and

the state hammered out an agreement "Conceptual Remedy."45 A year later.
specifying that henceforth wastes representatives of all the stakeholder
would be placed in a landfill rather groups, including environmentalists
than incinerated. This agreement, and grassroots activists, had been per-
signed in June 1995, was known as the suaded to support the agreement.

Figure 3. Parcelization and land use of the western border
of Rocky Mountain Arsenal (Commerce City)

Land use

Visitor Learning Center

Business/Research Center

Service/Commercial

"Village" (Mixed Use/Business)

Community Park

Prairie Reserve

Prairie Reserve

Service/Commercial

R§CK '.MOUNTAIN" ARSENAL

SOURCE: Rocky Mountain Arsenal, Surplus Property Master Plan (Commerce City. Colo,
1995).
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Although this did not entirely end the
conflict between the state and the fed-
eral government, it did resolve most of
the major intergovernmental disputes.46

The Conceptual Remedy evolved
quickly into the final Record of Deci-
sion, the ultimate plan for all subse-
quent cleanup efforts. The Record of
Decision detailed a $2.2 billion
cleanup program, most of which was
to be completed by the year 2012.47

Among the tasks to be accomplished

from the arsenal) as well as limitations
on public access to capped and cov-
ered areas.48 Because much of the con-
taminated material will be stored on-
post and must be monitored for an
indefinite period of time, there is no
true end-point for the cleanup. Rather,
the Record of Decision stipulates
reviews every five years to ensure the
continued safety of the arsenal and its
neighbors. Shortly after the official
signing of the Conceptual Remedy and

The bald eagle's status as an endangered species gave the U.S. Fish and Wildlife Service
jurisdiction to take virtually any action it deemed necessary to protect the bird.

were continued containment, treat-
ment, and monitoring of groundwater
plumes; demolition of contaminated
structures, monitoring and treatment
of contaminated debris, and their dis-
posal in an on-post, state-of-the-art
hazardous waste landfill; excavation
and treatment of contaminated soil and
disposal in the on-post landfill; exten-
sion of municipal water lines to
replace contaminated well water for
affected Adams County residents;
establishment of a medical monitoring
program for evaluating and remedying
off-post human health effects; creation
of a trust fund to ensure long-term
support of cleanup activities; and
restrictions on land and water use (i.e.,
prohibitions on agriculture, the use of
on-post groundwater for drinking, and
consumption of fish and game taken
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Record of Decision, FWS unveiled a
comprehensive, $65 million wildlife
refuge plan.49

Some critics complained that the
state government had capitulated on
some of its cleanup demands—most
notably on the issue of on-post waste
burial, which the state had previously
protested vehemently.50 There contin-
ued to be occasional complaints about
the escalation of costs, lax army finan-
cial oversight, and inadequacies of
cleanup procedures and standards, but
the number and frequency of news sto-
ries regarding arsenal cleanup declined
substantially after the announcement
of the Conceptual Remedy. In 1996,
there were only 10 arsenal stories in
the two major Denver newspapers and
in 1997 there were only 8, compared
with more than 100 annually at the

height of the controversy in 1988 and
1989. Most of the recent stories have
been short announcements of remedia-
tion contract awards, payments of fines
to the state, and upcoming wildlife
viewing events.

Lessons

More than a decade ago, the authors
of this piece published an article in
Environment speculating that the ap-
pearance of bald eagles and the
empowerment of the state to compel
the federal government to comply with
federal environmental laws might sub-
stantially affect the pace and extent of
cleanup of the Rocky Mountain Arse-
nal." Recent history, in fact, has
demonstrated that these were the two
central determinants in delimiting
both the final cleanup and the future
use of the arsenal.

In retrospect, the arrival of the bald
eagles proved to be critical to breaking
the stalemate over the scale and scope
of the arsenal cleanup. As explained
above, the eagles' arrival dealt an
entirely new and unexpected legal and
institutional card into the controversy.
The eagles brought the Endangered
Species Act and the U.S. Fish and
Wildlife Service into the jurisdictional
dispute between the Colorado Depart-
ment of Health, on the one hand, and
the U.S. Army and EPA. on the other.
The insertion of an endangered species
into the federal-versus-state cleanup
dispute tipped the balance of power in
favor of the army because the Endan-
gered Species Act prohibits any distur-
bance of an area used by listed wild-
life. Purely by accident, this coincided
with the army's express interest in lim-
iting the geographic scope of the
cleanup. The federal government thus
gained a strategic advantage in the
jurisdictional dispute with the state.

The question of ultimate jurisdiction
over the level of cleanup, however,
remained unsettled pending the out-
come of Colorado's RCRA lawsuit
against the army. In 1991, the state's
strategic position relative to the army
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was further weakened as a result of the
district court's decision in favor of the
federal government. The state would
not win its legal appeal concerning
cleanup jurisdiction for another two
years. In the interim, the refuge propos-
al began to look quite attractive to all
the stakeholders and gained sufficient
momentum to become law in 1992.

The federal circuit court, however,
found in favor of the state's claim for
jurisdiction under RCRA in 1993, and
in 1994 the U.S. Supreme Court
declined to alter that decision. This
confirmed the state as an equal partner
with the army and its sister agencies in
designing and overseeing arsenal
restoration. Thus, the combined impact
of the bald eagles and the court deci-
sions was to transform the relationship
between the state and the federal gov-
ernment from that of deadlocked
adversaries to coequal partners with
respect to cleanup and any future use
of the arsenal. Once the wildlife refuge
framework had been established by
Congress, these partners were able to
refocus their energies on achieving a
common goal that dictated limitations
on future use of the entire arsenal and,
consequently, the geographic scope as
well as the level of cleanup.

The two critical variables that
forced resolution were fortune and
federalism. The fortuitous appearance
of the eagles brought the Endangered
Species Act's requirements into play.
The court's decision in favor of the
state rested on fundamental principles
of federalism. These two elements
combined—the eagles and the court
decision—clarified the respective
roles and powers of the partners.
Finally, the refuge idea—another for-
tuitous consequence of the eagles'
appearance—defined the goal for the
partners in terms of future land use.
Were it not for this congressionally
mandated end-use of the arsenal, it is
probable that the federal and state
agencies would still be embroiled in
litigation over the scope, level, and
purpose of cleaning up this facility.

The history of the cleanup and ongo-
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ing transformation of the
Rocky Mountain Arsenal
offers three important lessons
that may prove useful to pub-
lic deliberations about the
conversion of other govern-
ment installations, including
military facilities cited for
future base closure or realign-
ment as well as several
Department of Energy com-
pounds.52

First, the arsenal is only
one U.S. military installation
that over time became an
accidental shelter for wildlife
near intensely developed
areas. In fact, the Nature
Conservancy reports that
"many Defense installations
are located along coastlines,
in agricultural regions, or
near urban areas. As a result,
they often harbor the last or
largest remnants of imperiled
habitats."" Thus federal
agencies in the future may
confront the challenge of
managing conflicting environmental
objectives similar to those evident in
the case of the Rocky Mountain Arse-
nal (i.e., the nature and extent of con-
tamination cleanup, protection of hab-
itat, and the expectations and desires
of each facility's neighbors).

Second, the arsenal experience
underlines the importance of collabo-
rating with—as opposed to alienat-
ing—local land-use, planning, and
state government agencies with
respect to the development and imple-
mentation of federal facility cleanup,
conversion, and reuse programs. Fed-
eral facilities, contaminated or not,
are nestled among local and state gov-
ernment entities that are responsive to
the concerns of private property own-
ers, businesses, parents, and others.
The army's arsenal cleanup and con-
tamination efforts might have pro-
ceeded with less litigation and con-
frontation had the federal government
been more responsive to local sensi-
tivities following the discovery of on-

Two do~en bald eagles made the southeast
quadrant of the Rocky Mountain Arsenal their
winter roost site.

and off-post contamination. This is
not to suggest that the army and other
federal agencies should have bowed 10
every state and local demand concern-
ing the arsenal. However, the constitu-
tional principle of federalism and
existing case law generally empower
state and municipal authorities to
challenge in court any action of the
national government that ma\
adversely affect local interests—even
if such challenges cause delays and
rising costs to all taxpayers. Thus, the
unwanted consequences of inadequate
responsiveness to local concerns may
include lengthy and costly litigation,
the adoption of inflexible and uncom-
promising positions by all concerned,
and extended delays in accomplishing
anything beyond technical assess-
ment, cost-benefit analyses, and feasi-
bility studies.

Third, the arsenal experience de-
monstrates the influence of chance or
accident on human affairs. In the case
of the arsenal, the appearance of bald
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Rocky Mountain Arsenal's South Plant underwent extensive cleanup in 1994.

eagles abruptly and unalterably under-
mined the state government's en-
trenched position concerning cleanup.
The superimposition of yet another
layer of legal and regulatory con-
straints—embodied in the Endangered
Species Act and the jurisdiction of the
U.S. Fish and Wildlife Sen-ice—dra-
matically altered the character and
direction of the dispute about the arse-
nal's future and challenged both feder-
al and state authorities to revisit their
intractable positions. The unexpected
entry of an endangered species in the
midst of the arsenal controversy
helped break the stalemate over the
scope, direction, and pace of the arse-
nal cleanup.

In summary, the cleanup and con-
version of the Rocky Mountain Arse-
nal to nonmilitary. nonsecurity pur-
poses has involved issues and
concerns that are very likely to arise in
relation to other government installa-
tions that have outlived their original
missions. Efforts to remediate and
transform these places inevitably will
prompt jurisdictional and other dis-
putes. The arsenal experience demon-
strates that national defense installa-
tions that are or may be scheduled for
closure or conversion may have unan-
ticipated values that citizens wish to
present: that national and local gov-
ernment authorities can facilitate the
timely conversion of such installations
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by collaboration instead of confronta-
tion; and that citizens and government
officials should be receptive to any
new opportunity to creatively integrate
government facilities into the fabric of
the surrounding land.
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EOSDIS Sampler CD-ROM

NASA Earth Science Data
on CD-ROM

A sampler collection of Earth Science
animations, images and information from
NASA's Earth Observing System Data and
Information System is now available on a
complimentary CD-ROM.

Featured images and animations include:

• Sea surface temperature associated
with El Nino

• Aerosol distributions following the
Mount Pinatubo eruption

• Near-real time global UV-B radiation
• The Antarctic ozone hole season
• Northern Hemisphere snow cover and

sea-ice extent
To request a copy of this multimedia
presentation, send E-mail to:

ciesin.info® ciesin.org
2250 Pierce Road

University Center, MI 48710 USA
Phone:(517)797-2727
http://tniw.ciesin.org

Consortium for International
Earth Science Information Network
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1.1 Measuring System

The S

SPflRLING INSTRUMENTS' INC

E - IxkxDxV

flow
ine9pwvng>irtiwii»..,.....-^T:^rr:rr: ;. .v.l^z.t-**^/ ,
an obstrudionlBss device for monitoring the volumetric ' cross sectional area

626 444 2569 P.02/19

Q^^^ î

A

specification lrno>,

ThaFMffil consists ofa cast ductile in n sensorfined with

to the sensor to form a compact unfc. It may be remote

1.2 Operating Principle

Operation is baaed on Faraday's Low of Magnetic Induc-
tion. An electrically conductive liquid flowing through a
magneticfteld Induces a voltage which is perpendicular to
thfafieU and to the direction of the flow. This vottage is
proportional to the average flew velocity. See figure 1.1.

Current!

Measuring Principle
Figure 1.1

Current I

The mathematicBlfomiuladesciftingFaiBdey'slaw reads:

E = BxLxV

Induced voltageE
B
L
V

« Magnetic field intensity (flux density)
* Distance between the electrodes (pipe diameter)
• Average flow vetodty of Bquld

1J Application to Magnetic ROW Meaaurement

in a magnate fiowmeter the Iqukl acts as a moving
conductor asftflows through the pipe. The induced voltage
in the liquid is measured by two sensing electrodes
mounted opposite eech ether In the meter sensing head.

The length of the conductor to equal to the distance
between sensing electrodes end also the internal dtanv
star of the pipe. The flux density la proportional to the coil
current I times a constant, k. The above formula can be

M follows

IDS-621Page2

D2

Note that if I is held constant, E ft proportional to Q. 77w
Induced wattage ft OrBCfy proportional to the everaye
flow/ate.

1.4 Interference

1.4.1 Beetrochemteal Interference

The signal voltage Is measured by two electrodes. Gal-
vanic elements form on the surface areas between the
km-cofuluctk>gllqjklarxlthenieialetectiixtes,Thepolari-
zation voltages which resut are dependent on tempera,
ture, pressure, and the chemical composition of the
electrodes end (quid. They are direct voltages which
cannot be predicted and which can be different at each
electrode. The signal voltage must be separated from the
interference direct vofcaga.

1.4.2 Induction Interference (Quadrature)

Electrode cables connect the electrodes with tne meter
electronics. Because these cables must run within the
magnetic field, a voltage is induced which is proportional
to the rate of change of the magnetic field strength. The
meter design minimizes the length of conductor within the
magnetic field in order to keep the value of this interfer-
ence as tow as possible.

1.4.3 Grounding

Magnetic flowmeters measure small voltages in order to
calculate flow. These are generated by the conductive
Iquid flowing through the magnetic field within the How
tuba Therefore, grounding on both sides of the roster Is
essential to remove stray voltages or current* end ensure
satisfactory operation. See Section 3.6 for more detail.
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1.4.4 Other Interference Voltages

p?te and the liquids wRNn fwm we often used M
adductors for tfcctrt^ ̂ wnding, Tt*crwrtw«voltaee
potential between electrodes which can behlghrelatteto
the signal voltage. Proper grounding of the fkwmeter to
theKquH is Mcessary to achieve correct meter operation,
In metallic pipe*, •« neeesaary grounding of the
FM621 to •ooompftehed by buOMn grounding elec-
trode*. In non-conductive piping, grounding rings
nwy ba raqidrvd. See Figure 1J2.

Cabto or braid torn grouncHnp
rtng to ground connection on
pipe or to 9«und ttnmrwi on

626 444 2569 P.03x19

COW «wtar pip* or ethar oaod gnjund.

typical both

U*grwOe Hawmeter
f " "^ ww

t ^or noo-conowcw6.

Grounding Rings
Figure 1.2

4*20 MA

117 we KM

1. MMniring S«nsw 6. Zero Cutoff
2. Input Ampffier 7. Input/Output Iselatar (Optoeoupler)
3. Sample-&-Ho)d 8. Positive Z«ro Return
4. Summation Point 9. Coil Current MuKptewr
5. Vohag»-»o-Fr»quency Converter 10. Power Supply Section

Block Dlvgnwn
Figure 1J

11. Cofl Correction Signal
12. System Clock Generator
13. Frequency/Current Converter
14. Pufse/Frequency/Display

Out put PCB (Option)
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I* Construction ,

1 1.5.1 Sensor
£i-

The FM621 WATERHAWK Is manufactured n a wafer- § -
style configuration, n is a Vangeless east ductile iron g «~

• hoxflbalnedv^polyuredTanewfthanlntegrBirtieasuring * ~
• trwisrrttter. *~

INC

~r\
\v^

^̂ •••M

• °' 1 '
• TVwBttuntQssste^senslnaelftctrodssarBlnstaltedlntha ° K * j*.^
* por/urethane ttner. Two grounding electrodes are ir>

stalled ki each of the sizes 1' and V meters. One Typical A

1 bands' meters.

1
All internal oevRtesinthe»ensorhoiBirxjara«ledwRhtne Reference Conditions!
same potyuwthane that forms the sensor iner. This 26' C, at 1,3 and 10 1|
prevents collection of moisture. Temperature affect, 0

Voltage effect, 0.3% F
• When properly connected with customer-installed, ttquld-

tigrttcondultî ancptionalfBCtofy-lnstaJ^ Bepsatebiiitv: within ± OJ
the flow sensor wfll withstand accidental submergence.
Standard configuration of the aeneor is NEMA-4X. Power Consumption; LM

• 1.55 Transmitter putpytgig
Analog

IThetrarsnitterlshousedinadte-castalurruriurn, corro- Digital',
sion resistant. NEMA-4X instrument enclosure. The etec- a.
tribal f̂ nnckrtinrM afat murrain ft rj .rifli ilfr furi iisinn «tta\riKnrl
to and separate from the transndtter electronics.

1 UBSpeeiffcations

1
Power Requirements: - See nameptate for correct rating.

input
Fuse remo

100 Vac 1 10% 50/90 Hz ±10%, 0.5 amp condi
1 1 1 7 Vac ± 10% 50/60 Hz ±10%, 0.5 amp

230 Vac ±10% 5Q/eOHzi10%, .25 amp Minkr
24 Vdc ±10% 2.0 «mp

•
Fuse: FuBJS

CE
4

S(
S
pi

Js:8irni
-20mA
atodpi
caledp
alaewid

ontvnw)
b. Unsealed

proxfanati
•^Hzn

Signal: Poa»h
e contact to dr^
tion can occur.

mm Conduct iv

GslftVeledtyP

dtarM
dcir
ilsec
uise
th.O-
imur,
freq

sVSC
iexlr

/e zi
/sou

&i2

flnfli
6x20 BUSS

1 Wire Size: Ambient Temp. Umfts: -2
Power: 16 AWG 14 AWQ Max (Dtepley may darken abo
Signal: 18 AWG

Liquid Temperature LJmh
I f i Q U l t d CiMfil "TV** wire ground of pmiar cahk.

Temperatures above 1 9
Standard Accuracy: electronics separately I

I± 2% of rate with flow velocity above 1 fps (02 mps)* oondudwftycjf 20 micro
* .02 fps below 1 tos regardless of fufl scale.

"Accuracy statement based on digital outputs t̂oraaff TemP6rattjre Ljm

1
• IDS-621 Page 4

) I

»m<

acun
lure

patul
.025'
tate/

W6F

• tha

sous
ito8C
>rFre
24'

10rt
n.
uenc
Imse
[to 10

ero r
tputt

3mte

0*to
ve12

£181

626

0

•ey<

Isca
liFu
10%

s

in 25

solal
10 oh
quen
*/dci
cmax

y.1S
>ntim
00 oh

stum
ozen

romh

041 ti
{0-1

1201

«»F|

D»F<

8*r(ftrc)
max. dbd
mho and r
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0 SO 10
OKI*

totve

Is.
IScaJeTC
Fluctuation

VA(12Wif24Vde

ad Analog and Dlflf
msmax.
icy
iquare wave, 25 r
.into 160 ohm Impe

vote putee train, a
*. Frequency rate 0
ro (See section S.1

(PZR). Connect
a when an empty pi

io/cm

a 0-33 fps
toO-10mps)

F(-30"to49fC).
SO»O)

30°C)

require mounting fl
ince 15 feet at ttqu
rdn.vek)cnyof1fp<

140DF(-̂ 0»toeoet

>*
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CONSTRUCTION
Metering Tuba (Rangcless) Cast duclte ton {1-B-)
Uning Polyurethane
Etectrodea 316 SS. Others optional
Housing Die-Cist Aluminum

H-brtdEpoxy Coated
Protection rating NEMA-4X Hose-down

proof
Electrical rating General Purpose

IJMsfohsitgsabllty

The FM821 tnwsmfcsr b designed to oft used w«h any
FM621 sensor. Bedronte* art oomptetey Snterchang*-
able and flow ranges adjustable wRh ft pcter«tam«ter. A
DVM fe requlrtd to change span (see MCtfen 5.2). Contact
the factory. HorizontalV mounted transmitter housing*
an not interchanoeabte with vertictf or r*mote mount
units. Only Btetransmitterhoualnas ar» intflrchangeabte.

O
Vertical mount

1'- 6'Flangstess

Meter Dimensions
Figure 1.5

FLOW AND DIMENSIONAL DATA

METER SIZE (In.)
MOM

1

2

3

4

6

8

ACT

0,812

1.600

2.900
3.800

6.000
7.750

GAL
t2% above

1FPS

1.8

7
20
35

88
147

IONS PER MINUTE-
Mtn.tuflscal.

i 3FPS
4.8

21
60

105
264
441

Max. Ml scale

33FPS
S3

231
660

1155

2910

4850

DIMENSIONS IN INCHES/MM

A

hi
7,69

8.25

10.58
12.22

14.60
16T6S

mm
IBS
235
269
310

371
423

B

in
2.62

4.25

5.40

6.60

9.00

10.70

ntm
74

106
137
168

229
272

C

in
4.06

4.06

6.06
6.06

8.00

8.00

mm

103

103
154

154

203
203

D(V«ttc

in
12.09
13.65
16.28

16.62

19.12
21.37

aiMcurt)

nvn

307

347

388

422

486

*$

•SPM calculated at actual ID.

1DS-621Page5
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14 Application Considerations
SPftRLING INSTRUMENTS' INC 626 444 2569 P.06/19

SECHON H • PRE4N6TALLATION

The WATERHAWK can be used to accurate^ measure
the volumetric flow rate of squids having a mWmum
eonductrvtyof20mteromho/eni.

wW no* prevent meter operation, bul wi produce a posi-
five WWTOT equal to the % by volume flflBwi

It is recommended that the WATERHAWK nol be utilized
for Iqifids containing more than trace amounts of adds or
caustics or Bqukte containing high percentages of abrasive
materials. If the BquW to be measured tete Into the abouB
categories, contact Spariingfc application engineers lor
clarification. Us* of this device outside U
range could damage the meter and void the warranty.

Full scale flow rates should be selected above 3 feet
ear second (1 meter per second) for beat accuracy.
Full scale flow rates below 0-4 feet per second may
degrade meter accuracy (consult factory). Verify
proper velocities from the nomogram In figure 1.7.
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Figure 1.7
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2.1 Receiving and Impacted
When the equipment Is received, the outside of the
package should be inspected for damage. If any damage
or shortage Is found, notation to that effect should be
made on the canter1* delivery receipt
Vbuaty inspect the sensor ana transmitter for damage
from rough handling or faulty packaging. If concealed
damage Is dfeeovered, noBfyftedeHvsrlng carrier at once
end request an inspection. Confirm telephone conversa-
tions In writing. If inspection a> not made, prepare en
affidavit staling that you notified the transportation com-
pany awl thai they faJlad to taspee*. Save contaJnais and
packaging material.
R is eesential mat the carrier be notified within 15 days
from the date of delivery in order to be in a posHon to
present your dalm. Make your claim promptly.
Unpacking end handing of FM621 magnetic ftowmeters
should be consistent wAn the procedures used to handle
field instruments.

22 Storage
This equipment should be stored In a dean, dry environ*
ment Do not store outside in an unprotected area. Ob-
aerve the storage temperature requirements. Unpowered
storage should not exceed 2 years.

24 Return of Equipment
Obtain an RGA (Returned Goods Authorization) number
from the factory prior to returning any materials. The RGA
number should be marked on the outride of me package.
FeJure to obtain authorization wW unnecessarily delay
any work to be performed at the factory.
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SECTION Di - INSTALLATION

Select a pips tocsWt wWoh wB always be fuf of liquid,
The equipment shot*! be located where the sensor win be
accessible for adjustment Provide • minimum of 18'
clearance to the electronic* endosure.

The meter may be located In any posibOT from vertical to
horizontal. Flow may be In ether direction through the
meter, Vertical mstaJatton wHh the Hquldflowlnflupwwcb,

£26 444 2569 P.07/19

a ft! pipe condition (see Fig. 3.1a).

Horizontal installation requires that the sensing etoo-
trades be posKoned in the horizontal plane and grounding
electrodes be positioned at the bottom of the meter
(seeFig.3.1b).

The 621 sensor housing should be JnstaBed with the arrow
pointing to Ihe right or upwards, This Indicates direction of
Dow. R is oonskJered poor practice to mount meter with
flow In a downward direction, as this may impair meter
accuracy (see Fig. 3.1o).

If the flow should be in the opposite direction from the
arrow, reverse the cofi plug. POWER TO -me UNIT
MUST BE DISCONNECTED face Fig. 5.1).

If your Waterhawk is equipped with flow rate indfcator or
totalizer, re-orient the dtopiay board to suit the desired
viewing direction (See paragraph &3).

Provide at least three pipe diameters of straight piping
approach between an upstream ebow and the midpoint of
the meter. More straight approach should be provided
after valves or multiple elbows. Provide at leastlOdiame-
tereaftw expanders or laterals wrik^ are smaBer diameter
than the toe size (See Figure 3.1 d).

I

Meter Installation
Flours 3.1

32 Transmitter Housing
The transmitter has been mounted either horizontally,
with the coverfecing up, orverttcaiyiMtnlheccwfacing
outboard (optbnaQ.lt is recommended that you do not at-
ternDttorainovae/di8tunthelrBi)snstterhoustng.ltoouId
invalidate the etectrioa! rating of Iheewaosureandciisate
amc4stur«prc«emandopersl«naJtanunioftrieurHt.

£
HorfartsI Mount Vwfcal Mount

Tranatnltter Housing
Figure 12

34 Remounting the Transmitter Display
The optional transmitter display can bs rotated inside the

POWER MUSTBEOFF. Tore-mount the disoiav. remova
the enclosure cover. Simply pull up gently on the comers of
the dfcplay board to disengage from the plastic retainers.
^g. 4.1a). Do not remove screws. Rotate the board 90*.
180*. or 270* to the desred position. (Be careful not to
ojjmporolslodge the wiring, Do not touch any components
on the PCS.) Press down on the four corners to re-seat the
PCS on the retainer* and replace the enclosure cover. Be
sure cover is sealed to ensure proper seal.

M Sunshteld
The sunshield » an optional accessory designed to pro-
vide better readability of the optional flow rate/totalizer
displays during periods of bright sunlight It abo protects
Ihe electronics from heat bu&d-up due to direct exposure
to sunlight.

3.4.1 SunsNdd Installation
The sunshield is attached with four bolts and nuts for
vertk^lynwunledtransmatersorwahtwobohsandnuts
for horizontally mounted transmitters. Remove the cover
of the electronics enclosure (4 screws) and expose the
large mounting holes in the enclosure. Use the hardware
supplied wRh the sunshield to mount k to the enclosure.

SurahMd

Surtohteld Installation
IDS-O?1 Page 7
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SJPlpa Connection*
Th» sensor tfifnstaWed between two proc»»ipipeflang(ss,
The sensor oonteins § po^uw îne Mnar. The b*ep% of
this liner must be maintained forthtflowrnrtcrto function.
CARE SHOULD BE TAKEN DURING INSTALLATION
TO mSUfU THAT THIS UNER IS NOT DAUAGCD.
Depending upon meter toe. a number of bolts wil be
required to mount the FM82t between existing tanges,
(ANSI, AWWA, DIN. JIS, BS Of AS).

Mounting hardware and gaskets are not suppied with the
FM621 unless oniartd as an option. » is. however.

*"
. Mosl . oonv

fyuiedgMkete mater̂ s are acc»ptawe.8e« tables
below for flange and bolt specifications.

Table 3.1 Flano* and Bott Bpecrloaflons - ANSI and AWWA {Gaskets and bolts supplied by others)
nuns*

1
1

2
2

3

4

e

fMh? hx* CJrota Ota UmlBflMW

1EO 4-1/4
300 4-7/8
eoo 4-7*

ISO 6
300 6-1/2

ISO 7-1

ISO 8

ISO 9-

ff

1/2

9-1*
$-l/»
3.1fl

44W
S

e

7-1fl

ft.1/2
10-5/B

«®6/l
40JM
4®y*
4@3W
e®3M
8®M4
4 ©ax
a®?*
8S3/4
807/e
B®7^

12®7»
8 150 11-Wi 114*4 8®7/»
• aoo 13 12 J£&1

T«We35

25

BO

SO

100
100
180

200

7A*-14X&-V» 17
M-11 X7-1A 17
W-11 x7-1« 17
6,»-11 X7-1« 17
$8-11 X7-1/Z 17
B»-11 «7-1« 17
am-ii itw/z 24
a/4-ii>»ift.i» 14
M-11 xs-i/a »
9M-10* 1«V1/? »
5/8-11 X »-1/2 M
9/4-10X10-1/2 30
3M-10x1C-1V2 30
y«-ia«i2 _4S_

DIN Flange and Bolt Specifications
Pressure O.D.
BE mtt. I,,, ^B^K

10 Bv 119

10 BAR IS*
UBAfl MS
10 BAR aoo

10 BAR 120
IB BAR 220
10BAR 26$

10 BAR 340
16 BAR 340

Be*
OtcU
es

125
125

160

ISO
180
C40
240

295
2S5

Nurrtbsjf
OfHetos

4
4

4
4

•«
8
8
8
ft
8

12

Hole BrtlStw
Cte
14 M12
14 M12

18 M16
18 MIS

18 Mitt
IB — yis
18 MIS
18 MIS
22 M20
22 1120

22 MZQ
22 M20

Term
Umlbto«4

84
,** -
2/1
2.4
JM
W
42
«
45
45
42
8J3
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3£ Grounding

SPARLING INSTRUMENTS' INC 626 444 2569 P.09/19

ntfalwhenthere

The WATERHAWK has bufc-ln grounding electrodes.
The grounding electrode* are fci continuaus contact with
the process IquW providing a direct means for grounding
electrical noise in the BquW and eliminating the need for
grounding rings or straps in most cases. The grounding
electrode* are connected to the met* housing and to the
AC power electric* ground. The traramBter electronics
operates on dc power and is isolated and floating eteotri-
caDy* The aianat outputs therefore are isolated from

Buid ar AC mtnd a J e r a noise.

Grounding electrodes ensure axceRettf performance of the
meter in Bqukte such as water, water-baaed aiudgae «nd
alurrfes, end other WghV conductive BqukJs In conductive
pipes such as cartaontfeHatainlessBtoel, ductile iron, eto.
Thfe makes it unnecessary to art! and tap the adjacent pipe
flanges and comectthemalectricajytathe meter ground.

In cases whefearKii>-corKtoctr« pipe, or pipe lr>ed with
a non-conductive lining (such as bitumastic, glass, etc.)
or a very tow conductivity BquW is present, groundmg
rings should be used to supplement the existing
groundng electrodes.

Grounding rings are shaped like orifice plates. Copper
braid or cable can be connected to them end then to
ground. They should be made from material that is com-
patible wft the process Squid, and can be obtained from
Sperling if required.

Qrounding rings should be instated with four gaskets —
one each between the grounding ring and the meter and
between the grounding ring and the pipe flange. They
should be concentric wan both the pipe and the fiowme-
ter and then connected with 12 AWQ braid or wire to each
other and to the ground terminal on thesensorortoagood
external ground (see Pig. 3.4).

Cold water pipe or
other good ground.

Qrounding rtogs are ateo considered«
fe an eJedrfea! potenlto! In Ihe Iqukt — such as, but not
Imted to, caftodte protection,

The electrical noise potential in the process liquid is ala
similar level to the electrical ground pianetowhtGhtheAC
supply ground is connected. This grounding method sta-
blfcos the electrical field whhm the sensor measuring
section permtting accurate flow detection. Contact our
technical support group n process iouid is maintained at

3.7 Electrical Connections

Unscrew the smal blind cover of the conduit enclosure to
gain access to the I / O FOB. Separate conduit entrances
an provided for power and signal wiring. Conduit en-
trances are 3/4' NPT. Conduit connections should follow
good practice and should be routed from below the meter.
If cortdut cannot be routed from below, prcvMe moisture
traps to prevent moisture from entering the meter enclo-
sure, See Figures 3.5,3.6 and &8.

GOOD *
B*« conifil arrange-
row*. MftWum e«n not TUntmlttw

MO)EU» wH ooteot and
tD

ttcrtca. warranty my

Conduit Connecttora
Figure 3.5

IDS-S21 Page 9
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A correction diagram IB located in the condul connection
Motion (figure 3.8a). Detennktt which of the output* (440
mA, putoa or fraqjuency) •» to bo wed Connect tha
required outputs to TB 201 as ahown In figure S.8b.

Analog output 800 ohms max Impedance
Pulse output; 160 ohms rrih Impedance
Frequency output 1000 Ohms min impedance

Both output* ars floating and use the tame Isolated
ground. H both outputs are uaed simultaneously,w . *— _ • •—• *«•—*«_

are grounded, • ground loop win occur cawing
•rronoou* signals. __

Figure 3.6

CAUTION
ONLY ONE LOAD MAY HAVE A LEG STRAPPED
TO GROUND UNLESS THE LOADS ARE ISO-
LATED FROM EACH OTHER.

T_l_

iwe
117 we
»VDC 1

t 9

VO Board Connectton*
Figure 3£b

OnTB 202 oorwwctpower wireatothe power Input (terminate
7 & 8). Be sure to conn^th* ground wir* totennirial9.lt
reqifrBd, conned the PosRK/eZwo Return (P2I^ input. Note

jumpered and connected to external contacts (PZR. When
the meter is equipped with a flow tale indfealoryou wffi not*
« jumper »cfciaaterTninatea&4.1flhe4-£OmA output iatobe
connected to a. load - remova trite iumper. It the jumper
remains in poaJHon, there will be no remote 4-20 mA output,

The external load on the outputs must be wRhfc the limfts
specified. Calculate the external tad by tuinmiia tl* input
resistanoe, including all mterBonnacting cable, ftignai cable
of 1 W2 gauge is normaly adequate.

S.8R«n»toiylountGdTrtrwnJttdr (vertical mount only)

Remote mounBng of the electronics is required when
process temperatures exceed 158"F (70*0), when rtoe
vtbrgagnfep*'^p^ when ease of readabJFrty is required
or when fiocxfng It powlbja. Ftemote mounting should be
used when high process temperatures exist at high ambJ-
ent temperatures.

A bracket for wal or pipe mounting iefurniehed as part of
the optional remote mounting ML Interconnecting cable is
suppfied between the sensor and transmtter enclosure.
The cable I* pre-wired to the transmitter. Also supplied is
a sensor mounted NCMA-4X rated junction box in wnfcn
coil and electrode connections are made.

The standard interconnecting cable length is 15 feet
Shorter or longer cables should be ordered from the
factory. Do m>f «tfwmpf to c/M/if e me cable length In
the field.

CAUTION
OONQTMAKE CONNECTIONS WHILE POWER IS
APPLIED. DISCONNECT POWER BEFORE PRO-
CEEDING.

Currw* end «WfcrpiJ<*0 Ofd «WfcrpiJ<
oirtpuVPZR

GpHoml dfcriay

mtagmtly Motmted Timsmftter
IDS-C21 Page 10
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Connect terminate 1 through 7 with the special cable
provided. See figure 3.7. Installation in meUl conduit is
recommended for RFI protection as well as
physical protection,

fittings between transmitter and the sensor. A drip leg In
the conduit tostaJMonbrecommeridad.

Mount he transmitter housing to a pipe by removing the
transmitter cover end attaching the etectwrtcs housing to
fhe flat sheet metal bracket and pipe brackets using the
hardware supplied. You may mount the unft dSrectty to a
wal wthout MtfHfl the flat ahaat metal bracket. Sd6
Figure 3.8.

The transmitter may be fitted with rate indicator and/or
totalizer. Use caution when rernoving the cover end
working near the indicator displays. ,

When the housing is securely mounted, remove the
covers from th« two 3/4* NPT connection boxes. Note the
Basket positions. Two ffteen foot cables are furnished
win fiie remote tt. One of these cables has ftvewfresand
the other has three.

With the cable pulled through the conduk, drees the ends
and oonnect the five-wire cable (electrode cable) to termi-
nal board TO201 in the tower connection box. Also con-
nect the lhret»-wire cable (cofl cable) toTBZOZ. OBSERVE
THE COLOR CODE See Figure

Remove tie cover trwn the sensor-mounted junction box.
{Figure 3.8b). Insure twt the gasket is replaced in the
same postton for positive seal. Connect the five-wire
cable and the three-wire caUft as shown In Figure 3.8c.
OBSERVE THE: COtOft CODE. (See Figure 3,84). Be
certain to oonnect the green ground wire to the ground

remote PCB.

Power oonneoSion

Sensor

Wfl*»r-figm ccrdult
required if subject to
•ooding (drip tog

Wourtf Transmitter (option)
3.7

The FM621 flow sensor, when fitted by the factory with a sensor junction box, si suitable for accidental
submergence to 30 feet of water for 48 hours. The transmitter Is rjgt suftabtota submergence.
Htrw e«KcV Is suberttofe^^
of «w uaer. epaelaj gaskeflng Is supplied when accidental ettomeiiBenese-proof is ordered »M option.
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.
WKOTOM V M -
»**> t>»r >*rST .•.

Remote mount con«gur»ilon Includes:
<D Sensor-mourted junction bocwBh PCS
® Remote mount transmitta
® SheotmaUiI bracket
® Pipe brackets

Drip teg recommended in conduit Installation. |

Qremd

Cabr CedM fer Rwnoto PCS
Hgim&M

RamotePCB

Page 12

Remote Mount Connections
Figure 3-B
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SECTION IV-START-UP

4.1 SferMJp Checks

SPflRLING INSTRUMENTS' INC

Example:
626 444 2569 P.13/19

Prior to applying power, ttw foBowkig cheeks should be
made:
a) Check the ftowmeter nameptalB to Insure that the

power supply voltage is correct
b) V«nfythM««etectricalconnee*iortt are correct See

figures 3.6 and $.7,
C] Check tticpoterty of BXtwnal bads connected to the

outputs,
d) Cheok the flow dfrecfion. If the arrow on the flow

•armor te not pointing in the direction of flow -1)»
meter win not function. See paragraph 4JZ to change
flow direction.

42 Changing th« flow direction

The tow direction can U changed by reversing the
position of the coil plug J3 on the amplifier PCS with the
power off. See figure 5.1, page 15,

48 Resetting the optional LCD totalizer

To dear the totalizer dfcptey to zero. brJety short out the
two pins marked "RESET on the rate/totalizer board (*ee
Figure 4.1, page 14).

SECTION V - CALIBRATION

6.1 Calibration

All flow/meters are eafibrated before leaving the factory.
No field recaHbration fe required.

WARNING
When the oover to removed and tine voftage Is
applied to the meter, eeveral points have suffi-
cient voltage to be hazardous NEVER UNPLUG
TIE CONNECTOR PCB WITH THE POWER ON.

Changing Meter Range (4*20 mA outpuQ
(Refer to figure 5.1, page 15)

Necessary Toote:
Digital Ohmmatar
(SoWwinglronandi •w metal film reabtor. 60 PPM or
better may be required for some range changes.)

Value to bo taken from the nameplate on the
transmitter housing:

Meter constant K

CatauMBanewvaJueforlharvrerenro^

R(ohms) - KxQ
7.5

where Q is Ihe desired measuring range m GPM.

Meter constant
(from fiie nameptate): K -1605.86

Needed: New value tor Rx

Solution:
RX « 1605.8BX100

Rx . 21410

[ TURN OrTPOWEn BEFORE PROCEBDINqi |

UfttrterelerenoePCBc t̂iieampBMtfPCBandconneciihe
digital ohmmeter across the resistor and potentiometer,
(llguw 5.1). Adjiisi»«r>ew value of Rxwlh^petenttome-
ter replacing the fbced resistor If necessary to obtain the
correct value of Rx. You Ml find easier access to the
reference PCB, if you first remove rate/total PCB, If fitted.

In our example, adjust the pot to get • reading of 21.41 K
ohms. Disconnect the ohnimeter and plug the reference
PCB into the main amplifier board. Re-eppV power and
Install the enclosure cover. MAKE CERTAIN TO OBTAIN
A GOOD SEAL AROUND THE COVER GASKET.

&3 ReecaVno, optional dlgftai rate dlaptay

This procedure fc necessary whenever you change meter
range for current output (sou section Sjg. Also, to select
newflow units to display.youshouldcarry outstep Sifirst
Once the 4-20 mA output tracks the flow in desired units.
proceed asfolovMS. On the rate/totalizer board (see figure
4.1),move the juropertoTAL" position and adjust "SPAN"
pot, until yuu MM th* lull scale tow in selected unte on the
display. Then move the jump«back to "W posWon. You
may have to change the location of the decimal point by
resofdering selection points. TURN THE POWER OFF.

For: Solder: Leave Open:

xocxx
XJLXX *E*, "OPS", *C"
xxxjc -E","D",-DPr

"DPS", "D", "DPI"
-DP3",T)P2','C"

Abo if the futt scale is a number below "400" (disregarding
the decimal point), bridge solder point "A" (otherwise leave
ft open). if you want to activate a dummy zero in the test
position of the display (for fuR scales greater than "2000"),
solder "YES* and open "NO* (otherwise "YES* la left open
and'NO* abridged.)

IDS-621 Page 13
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Totefizerieset
(ertort out p*ns)

626 444 2569 P.14/19
Chenge decimal pomt wcaoon
on flw rate display

FJow rate
display

Change displayed
ikw units

Operate
jumper
position

BASIC ASSY NO. 5511

TOT ASSY NO. 551B43Certiorate
jumper-7
position

*£3£-S RATE ASST NO. 551S35

FRED MBS* NO. 5S12S9

B OUt' —1,
4ET TB 4 I

Sol(terpoint"A*

Totalizer
disptay

these screws Rate/Totalizer PCS
Figure 4.1

Battery
- Display face pt«e

Figure 4.1a

pltstte retalnera (4)
LJ oomecn joJB on

•mptBtr PC8

IDS-821 Pag* 14
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Ptofltrampawer
uunnMtonboK

Mug tram InputtMiput FOB

JS connector tof

VAC
BUBS »0-»+fl WC 1/*A
ttapr »»voc a*.

AmpttMrPCB
Figure 5.1

J3-rev«r«e MI cnange
tow direction

For «todrcd* circuit cornnuny
tact taee page

Ttimptf tor currant

ISOohmioomirwi

Shown as 100 - 117 Vte to change to 890 Vte.
CM Itaea A, Cut Traee 6. Jumper pads

C and tratttl 1M amp 1Un.

TodHimete230VacFigure 3.1a

IDS-821 P»ge 15
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SXRescaflng the Pufee Rite Output Option SECTION VI • MAlNTEKANCe

Series FM621 flowmetars may be ordered wSh an addi-
tional printed circuit board that provides a 24 Vdc pulse
rate output proportional to low. This circuit board H
equipped with pube rale scaling earamry to divide the
frequency so that each pulse represents a known volume
of process liquid in pre-defined engineering units. Meters
are factory set per the original order. The following proce-
dure allows divider resetting in the field tt necessary.

Example:
Meter constant K (see nameptate): 2769.23
Required output registration, R: lOOGaVPufee

Needed;
Divided factor, N
N.KxR

Where:
R * Registration In gallons/pulse
K « Mrier constant in pulses/gaRon
N » 2769.23 x 100 * 276,923.0

N should be e number lets than 9,899,000, The result may
be rounded off to four significant digits. N » 276,800.

Restate the N value as the product of a coefficient
between 100 and 9999 and • mullpller of 1,10.100 or
1000. Where more than one combination Is possible,
make the coefficient as large as possible and the multiplier
small. N a 2769x100.

The coefficient Is set by bridging solder points on the
rate and totalizer board. Bridge onty one multiplier,
i.e. 1,10,100, or 1000. See figure 52.

In the example 2788 x 100 above:
At the <1000> location. Bolder bridge 2.
At the <100> location, solder 4,2 and I.Trwtttrtals 7.
At the-el Os- location, colder 4and 2. This totals 6,

Then soider 8 and 1 to give you the test tigft, 9. Now
sel*ct"X 100* just to the right

No routine maintenance is required.

TheHow sensor is of cast ductile ton construction and has
no replaceable parts. In the event of a failure, the flow
sensor must be replaced. The transmitter to removable.

Spaftngfcrepair/exchange program allows you to expedte
replacamamofadefecttofiawsweorortf̂ ^
equipment Is «*htatr»vi«rranty period (two years), afbced
price */«l be charged to the buy« for replacemert of the
defective equipmeOL The appropriate credit w» be Issued
upon return of the goods to the factory In good condition.

TreuWeshoflttng integrated circuit devces can be difficult.
|t is recommended that PCS level maintenance naj
be Attempted.

Caution must be exercised when connecting test
probes - even • momentary accidental short circuit may
damage an 1C device. Only qualified technicians should
attempt to service this equipment

In the event of a malfunction in the transmitter, a replace-
ment PCS assembly can be quickly substituted for fte
detective assembly, minimizing, system down time. Servio
ing by subsfituHon of spare ewwnbiie* Is more economical
than stocking alar̂ c variety of K3 chips, transistors, diodes,
etc. Also, test equipment requirements and the level of
technical expertise necessary are minimized. It is sug-
gested that the user contact the Sparling service facility for
technical assistance at 800/800-FLOW.

SECTION VII -TROUBUESHOOUNG

7.1 General

Each flowmeter is rigorously tested during production.
Itie final test stage is a wet flow calibration in Sparling's
precision primary flow laboratory traceable to the National
Institute of Standards and Technology (formerly NBS).

PiMae Rate

IDS-821Page16

0efo/e troubhthvoOng, weftfly verify the oper-
ating condition* at the meter:

1. Verify the interconnecting wiring by using a local
mWiammeter connected tothe current output with
no other load connected.

2. Verify that the sensor Is completely filled with
liquid. An empty or partially ful sensor will continue
to send a flow signal even with no flow.

3. Verify that the flow test comparison is valid to be
sure that the meter is in error.

4.
that t exceeds 20 micromhos/om.

6. Verify that there is suitable grounding of the meter
and interconnecting piping. See figure 3.4.
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7,2 Troubleshooting Chart

Trie fofetfrttj trouble shootinfl chart should assist in

626 444 2569 P.17x19

contact Technical Assistance at BQQftOO-FLGW

SYMPTOM

1. Display i» blank.

2. Display is turning black around the edges.

3. Display Is difficult to real

* L^cptaytfu now mco cnuriyvs rajwy yiaw»|.

5. Recorder trace is too wide (paints).

6. Rate display and/or current output does net cor-
rectly track the flow.

7. Dfepfey is correct, but totaBzar does not correcUy
track the flow.

8. Display and outputs art al zero.

9. Display and outputs are not zero at zero flaw.

10. Display and outputs ere erratic or wander.

PQ5SB3UE CAUSE AND CURE
1 .Cheek the power and the luae. Uhedt all PCS and

field eonnaetlons, See thatT«rninais3&4onTB 201
are jumpered.

2 . Tempareumt e too mgn inside tne enclosure. Relo-
cate the meter or shield against fhe heat aouree.
Continuing to power the meter in thte condition wi»
permanently damage the display.

3. Improve the lighting conditions tf ambient fight is dim.

4. Unsteady Sow. Increase damping. Figure 5.1.

5. Increase damping. Figure 5.1 .

.InyvlTBiA MUVGUuii VI nr-ioi ie»isi£:;ivC Wnicn uOTInva

the How rate for 20mA.
Change the malar range. See section 5.2.
Reccale the diglta) rate display. See section 5.3.

7. Incorrect pulse scaling. See section 6.4.

8. Dry Sensor
FuR pipe no flow condition.
PZH contact dosed.
Reverse flow conditions (change flow direction).

9, Leaky valves
Soms liquid movement.

10. Pipe partially full.
Large air bubbles are present in the process liquid.
Increase the head in the tine by restricting down-
stream fiow.
Pipe freshly drained, tf part of process cycle, ufflae
PZR to inhibit outputs.

If the above steps fail to correct the problem, try different
ftow rates and disconnecting toads temporarily and see if
the problem persists.

Please have the following information available when you
can:

What an tftc fiouf rotes, the orientation of m* meter
In the pipeline, environments! conditions end the
output loads on the meter?

How tM you verify the discrepancy?

Uotorsurlalnixnber {see meter nameptete on Iran*- /^e the jjtsfcete fnelaltaf awl concentric wfift the
bore of the meter?

Description of th* problem. (Dbptny, current output,
tttheplptog material lei

Is th» pipe tuft of liquid?

When does th» symptom occur V repeat?

sonductlve, le the meter

Contact Technical Assistance 8007800-FLOW for addi-
tional help.

IDS-621 Page 17
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. 7 A Circuit Board Reptaoecnent

I N o adjustments are required I a drcut hoard is replaced.
The PCB has been calibrated at to factory. Make eure

I wrft the original flow sensor.

7 A Electronic* PCS Replacement

•• Metier electronics are mounted on an easily removable
PCB. This PCB oontstns no i/w jfifw'oeaWs t&rtf-

|
• 7 A Sensor Testing

1 end coils enchased In a cast ductile iron housing. Defective
sensors should be returned to the factory for repair. OB-

_ TAIN ARETURNED GOODS AlTTHORrZATION PRIOR

1 TO RETURNING MATERIALS TO PREVENT DELAYS.

7.6 Con continuity Testing

1
•

|

CAUTION
DO NOT MAKE OR BREAK COIL CONNECTION
WHILE POWER IS APPLIED. DISCONNECT
POWER BEFORE PROCEEDING.

Unplug cofl plug J3 (see Fig. K.1). Using a short test lead,
connect ohmmeter between coil wires and measure resis-

™ tancsdl50eftrRsron«^(±5%ifunpewsT«dat98*F:}.

1

1

1

1

1

1

Refer to figure 5.1.

The nominal ooB resistance tor afl sizes is 1 SO ohms. It the
coll resistance is too high or tow (including open and short
circuits) tha sensor must be returned to the factory for
Inspection and/or repair.

The sensor can fa?! for the following reasons:

1 . Defective coll windings
2. Moisture peitutraliftg the cell housings due to

leaking electrodes.
3. Mnisiurepenetratlngthesensorjunctioriboxdue

to loose conduit connections or junction box
cover.

•

•

IDS-ffil Page IB

INC
7J Cc!J &»**•« Teat

526 444 2569 P.18/19

Required test equipment Initiation tester 1010 ohm

Disconnect power and signal cablee.

Disconnect coR (tag J3.

Connect Insulation tester between colt wire and housing
ground, Test the insulation at 500 Vdc. A reading below
10,000 mag ohms Indicates moisture in the aenaor. The
aansormust be returned to thefeetory tor inspection ejxV
or repair.

7 J Electrode ClrcuK Continuity Test

from tha pipeline. Drain sensor and dry
Interior thoroughly.

Unplug electrode cable PCB (figure S.1).

Connect ohmmeterta El on cable PCB (center conductor
of one electrode cab!*) and to the electrodes which are
accassfcle through the open sensor. (Use the sensing
etedrodes which are located opposite each other midway
through the sensor, Do not use the grounding electrodes
which are located at the ends of the pipe).

Measure 0 ohms lor one electrode and °° ohms for
the other.

Connect ohmmeter to E2 and repeat the above procedure.
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7.6 Etertrode Circuit limitation Test

Unplug electrode cable PCS.

Connect 'mutation tester three ways:

1. Between El and housing ground

2. Between E2 and housing ground

8. Between E1 and E2

A reading below 1400 meg ohms at 600 Vde indicate*
moisture in the senaar.Returni the swwortothe factory for
fcwpeoton and repair.

INSTRUMENTS' INC 626 444 2569 P.19/19

SECTION VIM REPLACEMENT PARTS t«T

Part Number
1. Main AmpBfierPCB (4-20 mA standard)

100-117 Vac 551095
230 Vac 551285
24 Vdc 661277

2. Rfrte/TttaJizerPCB (optional}
4-20 mA only 561269
No display and frequency.
Plow-rate display only 951235
Totalizer display only 551243
Flow and totalizer dtapteys combined 661251
No dbplaya, external 651136
totafeer output only

3. Fuse, 5X20 BUSS
100-117 Vac 0.5 amp 138532

230 Vac .25 amp 138231
24 Vdc 2.0 amp 136558

4. Transmitter, remote mount 551722
assembly includes:
a} Remote electronics enclosure
b) Sensor Junction box
c) 16 ft. cable assembly
d) Cable grip
e) Mounting brackets and hardware

6. Replacement remote mount cable, ft
3-eonductor 142860
2-conductor/doubte shieki
with overall shield 139924

6. Remote mount PCB 650071

7. Sunshield tot 552089

Page 19
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* WARNING *
IMPORTANT SAFETY INSTRUCTIONS

RULES FOR SAFE INSTALLATION AND OPERATION
1. Read these rules and instructions carefully. Failure to

follow them could cause serious bodily injury and/or
property damage.

2. Check your local codes before installing. YCL must
comply with their rules.

3. For maximum safety, this product should be connected
to a grounded circuit equipped with a ground fault
interrupter device.

4. Before installing this product, have the electrical cir-
cuit checked by an electrician to make sure it is
property grounded.

5. Before installing or servicing your pump, BE CER-
TAIN pump power source is disconnected.

6 Make sure the line voltage and frequency ot the
electrical current supply agrees with the motor
wiring. If motor is dual voltage type, BE SURE it is
wired correctly for your power supply.

7. Complete pump and piping system MUST be pro-
tected against below freezing temperature. Failure
to do so could cause severe damage and voids the
Warranty.

3. Avoid system pressures that may exceed one and a
half times the operating point selected from the
pump performance curve.

9. Do not run your pump dry. If it is. there will be dam-
age to the pump seal.

INSTALLATION

PACKAGE CONTENTS - 1. Each pump is carefully tested
and packaged at the factory.
2. The catalog ists all parts included with package. A packing
list packed with pump, also lists contents.
3. Be sure all parts have been furnished and that nothing has
been damaged in shipment.
4. OPEN PACKAGES AND MAKE THIS CHECK BEFORF
GOING ON JOB.

PIPING - Pipes must line up and not be forced into position
by unions. Piping should be independently supported near
the pump so that no strain will be placed on the pump
casing. Where any noise is objectionable, pump should be
insulated from the piping with rubber connections. Always
keep pipe size as large as possible and use a minimum of fit-
tings to reduce friction losses.

SUCTION PIPING - Suction pipe should be direct and as
short as possible. It should be at least one size larger than
suction inlet tapping and should have a minimum of elbows
and fittings. The piping should be laid out so that it slopes
upward to pump without dips or high points so that air pockets
are eliminated. The highest point in the suction piping should
be the pump inlet except where liquid flows to the pump inlet
under pressure.

The suction pipe must be tight and free of air leaks or pump
will not operate properly.

DISCHARGE PIPING - Discharge piping should never be
smaller than pump tapping and should preferably be one size
larger. A gate valve should always be installed in discharge
line for throttling if capacity is not correct. To protect the pump
from water hammer and to prevent backflow, a check valve
should be installed In the discharge line between the pump
and gate valve.

ELECTRICAL CONNECTIONS - Be sure motor wring is
connected for voltage being used. Unit should be connected
to a separate circuit. A fused disconnect switch or circuit
breaker must be used in this circuit. Wire of sufficient size
should ba used to keep voltage drop to a maximum of 5%.

Single phase motors have built-in overloed protection.
Flexible metallic conduit should be used to protect tne motor
leads.

PRIMING - The pump must be primed before starting. The
pump casing and suction piping must be filled with water
before starting motor. In the CDU models, remove vent plug in
top ot casing while pouring in priming water. A hand pump or
ejector can be used for priming when desired. Whan water is
pourec into pump to prime, remove all air before starting motor.

STARTING - When the pump is up to operating speed, open
the discharge valve to obtain desired capacity or pressure. Do
not allow the pump to run for long periods with the discharge
valve tightly closed. If the pump runs for an extended period
of time without liquid being discharged, the liquid in the pump
case can gel extremely hot.

ROTATION - All single phase motors are single rotation and
leave factory with proper rotation.

FREEZING - Care should be taken to prevent the pump from
freezing during cold weather. It may be necessary, when there
is any possibility of this, to drain the pump casing when not in
operation. Drain oy removing the pipe plug in the bottom ot
the casing,

ROTARY SEAL - "S" Series pumps are fitted only with rotary
seal. This seal is recommended for LIQUIDS free from abra-
sives.

LOCATION OF UNIT - The pump should be installed as near
to the liquid source as is practical so that the static suction lift
(vertical distance from the center line of the pump to water
level) is minimum, and so that a short, direct suction pipe may
be used. The capacity of a centrifugal pump is reduced when
the unit is operated under a high suction lift. The piping should
be as fres from turns and bends as possiDle, as elbows and fit-
tings greatly increase friction loss. Place the unit so that it is
readily accessible tor service and maintenance and on a solid
foundation, which provides a ngid and vibration-tr** support.
Protect the pump against flooding and excess moisture.

Ampco Pumps Company
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8 10 15 2C 30 40 SO 60 80 100

CAPACITY IN 0PM
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MODEL: 3U SELECTION CHART
M'/VIN

u.; 0.3 04 O.S 0.6 0.8 1.0

— 10

30 40 SO 60 80 100 ISO 200
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* Three phase motor oniy.

300 400

GPM
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SPECIFICATIONS EPS

Size
Suction

Discharge

Ranqe of H.P.

Ranqe of Performance
Capacity
Head

Liquid Handled
Type of Liquid
Temperature

Working Pressure

Materials
Casing
Impeller (Closed Type)
Shaft
Bracket
Shaft Seal

Bearing

Direction of Rotation

Motor
Type
Speed
Single Phase

Three Phase

Motor Protection

Ampco Pumps Company

CDU70 :11/." NPT thread
CDU 120:1%" NPT thread
CDU200: V/2 NPT thread
1" NPT thread

3/4 H.P. to 3 H.P.

5.5 to 90 GPM at 3450 R.P.M.
23 to 144 feet at 3450 R.P.M.

Clean Water
CDU70:Max. 140°F (60CC)
CDU 120: Max. 194°F(90aC)
CDU200:Max. 194°F(90°C)
Max. 115P.S.I. (8 Bar)

304 Stainless Steel
304 Stainless Steel
Stainless Sleei
Aluminum
Mechanical Seal

John Crane Type 21
Ball Bearing

Clockwise when viewed
from motor end

NEMA56J Frame
60 Hz 3450 RPM (2 poles)
TEFC: 3/4 H.P. to 3 H.P.
OOP : 3/4 H.P. to 3 H.P.

115/230 V
TEFC: 3/4 HP. to 3 H.P.
OOP : 3/4 H.P. to 3 H.P.

208-230/450 V
Single Phase:

Built-in overload protection

CDU120&200:
Max. 250°F (121 °C) with

optional seal

High Temp. Version
Mild Chemical Version

Explosion proof

I
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SPECIFICATIONS EPSC

Suction
(15015. ANSI R.F.
Equivalent)

Discharge
(150lb.ANSIR.F
Equivalent)

Range of H.P.

Range of Performance
Capacity
Head

Liquid Handled
Type of Liquid
Temperature

Working Pressure

Materials
Casing
Impeller (Closed Type)
Shaft
Bracket
Shaft Seal

Bearing

Direction of Rotation

Motor
Type
Speed
Single Phase

Three Phase

Motor Protection

Standard Accessories

3U32 : 2" ANSI Equivalent
3U40 : 2W ANSI Equivalent
3U50 : 2Vi" ANSI Equivalent

3U32 : IW ANSI Equivalent
3U40 : 1V4" ANSI Equivalent
3U50 : 2" ANSI Equivalent

3 H.P. to 15 H.P.

13 to 380 GPM at 3450 R.P.M.
33 to 285 feet at 3450 R.P.M.

Clean Water
Max194°F(90°C)

Max. 145 P.S.I. (10 Bar)

304 Stainless Steel
304 Stainless Steel
Stainless Steel
Cast Iron
Mechanical Seal

John Crane Type 21
Ball Bearing

Clockwise when viewed from
motor end

NEMA JM Frame
60 Hz 3450 RPM (2 poles)
TEFC:3H.P. to 10 H.P.
OOP: 3 H.P. to 10 H.P.
TEFC: 3 H.P. to 15 H.P
OOP: 3 H.P. to 15 H.P.

208-230/460V
Overload protection must be
provided

Suction and Discharge
Flange Gasket

Motor Support

Max. 250°F (121 °C) with
optional seal

High Temp. Version
Mild Chemical Version

Explosion proof:
3 H.P. to 10 H.P.

Ampco Pumps Company



VIEW EPS

*»«

No. 212 & Air Vent Plug.
*** Part No, 212s Drain Plug.

**** Part No. 120-1 and 120-3 are round head
(hexagon hole) bolt.

CASING

CASING COVER

BRACKET

IMPELLER

CASING RING

MECHANICAL SEAL

"O' RING

BOLT

BOLT

BOLT

NUT

WASHER

WASHER

BASE

PLUG

MOTOR

SHAFT

304 STAINLESS

304 STAINLESS

ALUMINUM

304 STAINLtSS

RUBBER

RUBBER

304 STAINLESS

STEEL

STEEL

304 STAINLESS

304 STAINLESS

ALUMINUM

STEEL

304 STAINLESS

AISI 304

A283 Grade D

A283 Grade D

AISI 304

AISI 304

A283 Grade D

AISI 304

NEMA 56J Frame

NEWA 56J Frame

Ampco Pumps Company
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SECTIONAL VIEW EPSC

* Part No. 107-2 bonty for
Model 32-200,40-200, 50-160.

001
011
018
021
039
107-1
107-2
111III

115
120-1
120-2
120-3
125
129
135-1
135-2
135-3
135-4
160[ « ww

212& i &
800
830

B&fe î̂ SNftii^^PiWPPIPt'iit

CASING
CASING COVER

BRACKET

«.'iWi WJWWjjVWWWtWs

304 STAINLESS
304 STAINLESS

CAST IRON
IMPELLER i 304 STAINLESS

KEY
CASING RING
CASING RING

MECHANICAL SEAL
"0" RING

BOLT
BOLT
BOLT
BOLT
NUT

WASHER
WASHER
WASHER
WASHER

MOTOR SUPPORT
PLUG

MOTOR
SHAFT

SUCTION FLANGE
GASKET

DISCHARGE FLANGE
GASKET

304 STAINLESS
304 STAINLESS
304 STAINLESS

_

RUBBER
304 STAINLESS

STEEL
STEEL

304 STAINLESS
304 STAINLESS
304 STAINLESS
304 STAINLESS

STEEL
STEEL
STEEL

304 STAINLESS

gf̂ l!̂ tf»|:
iloieooEyiR

AISI 304
AISI 304

A48 Class 30
AISI 304
AISI 304
AISI 304
AISI 304

AISI 304
A283 Grade D
A283 Grade D

AISI 304
AISI 304
AISI 304
AISI 304

A283 Grade D
A2S3 Grade D
A283 Grade 0

AISI 304
NEMA JM Frame
NEMA JM Frame

fflBKP'
11111i11i

8/10/12
4
4
1

8/10/12
1

8/10/12
4
4
2
1
1
1
1
1

Ampco Pumps Company



MAINTENANCE

Service
Keep ventilation openings clear of extraneous objects
which may hinder free flow of air thru motor. Motor bear-
ings are lubricated during manufacture. Additional lubrica-
tion is not required during their normal lifetime.

Draining
The pump and piping should always be protected against
freezing temperatures. If there is any danger of freezing,
the unit should be drained. To drain the pump, remove the
drain plug at the bottom of the volute, and remove the
priming plug to vent the pump. Drain ail Piping.

REMOVING MOTOR FOR SERVICE AND
REPLACING SHAFT SEAL (Fig. 1)

Shaft Seal Replacement
Turn disconnect switch to "OFF" position. .

1. Remove the four cap screws holding pump volute to
motor.

2. Separate volute from motor

3. Remove shaft closure on end of motor opposite shaft

4. With a large screwdriver, hold shaft and remove
impeller. NOTE: shaft to impeller has right hand
thread. Shaft seal is now accessible.

5. Pry rotating shaft seal member from impeller (Fig 1A).

6. Pry ceramic seat free and remove from motor (Fig.
1B).

7. Remove loose particles from seat cavity in motor
bracket and wipe clean.

Installing New Shaft Seal
Before handling shaft seal parts, wipe hands clean.

1. Wet the inside surfaces of the seal cavity in bracket
with a few drops of lubricating oil.

2. Coat rubber cup enclosing the ceramic seal with oil.

3. Place rotating seal member in position on impeller and
press or lightly tap into place. Take care not to press
against the polished seal surface (Fig. 1C).

4. Place ceramic seal over shaft and push into cavity
securely using cardboard washer and 3/4" pipe to
push in place (Fig 1D).

5. Position impeller on shaft and tighten securely (Fig.
IE).

6. Shaft must rotate freely without binding.

7. Place volute gasket in position.

8. Assemble volute to motor.

9 Replace volute to motor cap screws and tighten
securely

10. Pumping unit repair now complete.

ROTATING SHAFT
SEAL MEMBER

SCREWDRIVER

ROTATING SHAFT
SEAL MEMBER

•PIPE

-SEAL SEAT

FIG. 1

Ampco Pumps Company
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DISASSEMBLY INSTRUCTIONS

All pumping parts can be removed Irom case without dis-
turbing the piping.

POWER SUPPLY - Open the power supply switch con-
tacts and remove fuses. Disconnect the electrical wiring
from the motor.

VOLUTE CASE
(a) Drain pump case by removing drain plugs.
(b) Remove the bolts securing volute case to pump

bracket.
(c) Pry volute case from seal plate with a screwdriver

IMPELLER
(a) Hold the motor shaft with a screwdriver in the shaft

end slot. Grasp and turn the Impeller counter-
clockwise (as viewed from pump end).

SEAL
{a) Remove the rotating part of the seal by pulling it off

the shaft.
(b) The stationary seat can be pressed from the seal

plate

CHECK LIST FOR EXAMINATION OF PUMP PARTS

IMPELLER

Replace the impeller if any vane is broken, excessive ero-
sion shows, or if labyrinth surfaces are worn. Impeller cap-
Knew, washer and lockwasher should be replaced if dam-
aged.

MECHANICAL SEAL

Seal face, *O" ring and sealing members should be free of
burrs and din. Complete seal assembly simple us
replaced if not in perfect condition

SHAFT

Check for straightness.

SHAFT SLEEVES

Shaft sleeve surface under seal or packing must be clean,
smooth and without any grooves. It should be replaced if
necessary.

VOLUTE AND SEAL/PACKING PLATE LABYRINTH SUR-
FACES (Wear Rings)

If worn, replace the necessary part. If furnished with
pressed in wear rings, only the rings need be replaced.

GASKETS

Volute, suction pipe and discharge pipe gaskets should be
checked for damage. Replace rt necessary.

NOTE
If replacement parts are ordered, please furnish the follow-
ing information to your Ampco distributor:

1. Reference Numbers
2. Description oi Pump Pan
3. Ampco Model Number and Serial Number on the

Nameplate.

ASSEMBLY INSTRUCTIONS

All pump parts should be cleaned thoroughly before being
reassembled.

MOTOR

(a) Assure that the rubber slinger is in place on the motor
shaft.

SEAL

(a) A new pump seal should always be used when
rebuiiding a pump.

(b) Apply some light oil to the rubber which surrounds
the ceramic stationary seat. Insert the seal seat into
the seal plate using finger pressure to press firmly
and squarely until it bottoms. Care must be taken to
keep grease and dirt off face areas of the seal. Be
sure the seal faces are not damaged during assem-
bly (cracked, scratched, or chipped) or the seal will
leak.

icj Position the seal plate into the motor flange. Use care
not to cnip the stationary seal seat by hitting the
motor shaft.

(d) By hand, carefully press the rotating seal assembly
onto the motor shaft. The smooth face of the carbon
ring must contact the ceramic seat The ruboer ring
must seal against the shaft.

IMPELLER

(a) Hold the motor shaft with a screwdriver.
(b) Turn the impeller clockwise onto the shaft. Check that

'.r-n rjDDer ring of the seal is positioned on the shaft.

VOLUTE

(a) Assure that a new or good condition gasket is in
place on the seal plate.

(b) Carefully position the volute in alignment over the
impeller and seal plate.

(c) Assemble the components with cap screws.

RESTARTING OPERATION

(a) Prime the pump by adding liquid tc the volute case
through the top plug.

(D) Reconnect electric power,
(c) After a few minutes of operation, check that there is

no leakage from the pump or piping.

Ampco Pumps Company



Pump does not
run.

• Faulty connection of power supply
circuit.

• Wrong wiring of control circuit.
• Bound shaft
• Mechanical seal faces stuck

together
• Faulty motor
• Damage to bearing

Check power supply circuit.

Correct control circuit.
Remove cause of obstruction.
Release seal by turning shaft.

Repair or replace motor.
Repair or replace any damaged
bearing.

Pump does not
pump water.
Inadequate quan-
tity.

Considerable voltage drop.
Rotation direction reversed.
Lack of priming.
High discharge head.
Large piping loss.
Clogged foot valve.
Leakage from suction piping.
Too high suction lift.
Low water level.

Overcurrent • Considerable fluctuation of power
supply voltage.

• Considerable voltage drop.
• Low head and overflow rate.
• Damaged bearing.

Correct rotation direction.
Reprime the pump.
Re-examine the plan.
Re-examine the plan.
Clear foot valve suction.
Check and repair suction piping.
Re-install as per our instructions,
Foot valve in ample immersion.

• Throttle flow rate at outlet.
• Replace any damaged bearing.

Pump vibrates,
excessive operat-
ing noise

• Beyond rated capacity.
• Cavitation.
• Improper piping.
• Damaged bearing.
• Foreign matter clogging cooling

fan.

• Reduce flow rate.
• Consult distributor
• Secure piping again.
• Replace any damaged bearing.
• Remove foreign matter.

Pressurizing
application.
Pump starts and
soon stops

• Too limited pressure switch set-
ting.

• Leakage in system.

Pump does not
stop

Too high pressure setting.

Replace pressure switch to wider
range.
Check and repair leaks.

Reduce max pressure setting to
the lower in pressure switch.

MAINTENANCE:
The pump does not require special maintenance.
The following rules must be observed for safe operation:
if the pump is not going to be used for a long period, the pump should be drained of water and flushed with clean
water. Where the pump is exposed to freezing temperatures, it snould always De left drained when not in use.

• All specifications suO«ec! to cflange without notics

Ampco Pumps Company 10
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TECHNICAL DATA

304 Stainless Steel Products
Materials Siijtahility For Pumpag^ • APPLICATIONS

Item Cone. Temp.
No. PumpageTVpc Formula % °C

1 Acetic acid CtoCOOH 10 20

2 Ammonium bcaJbonat* NH.CO, 10 20

3 Ammonium carbonate (NH.)iCO> 60

4 Ammonium chlorida NHC. 10 20

5 Ammonium hydroxide NH.OH 10 <fiO

6 Ammonium nitrate NKNOi 5

7 Beer

8 Benzicacid &H.COOH 10 20

9 Bewficacid C.H.COOH 20

10 Boncaod H.8O 5 20

11 Borcaod HiBOi 5 60

12 Brine

13 Buryneacid CiHiCOOH Wat. Sol

u Calcium ehlonde C.C., 20

15 Calcium niiraie C.(NOij> 10

16 Calcium phosphate C«(PO.)i 10 <100

17 Cr.ncaad C.HiO 5 20

18 Coffee

19 Coppersuflate .. C.SO. 5 20

20 Elhyltna glycd QtOH CHOH

21 Ruos&xaad H»SiF. 20 20

22 Fruil juices

23 Hydrocyanic aod HCN 20

24 Hydrogen peroxide 20

25 Uctieadd &K.O> 5 S65

26 Lactic acid driO> 10 20

27 Magnesium chloride Me Cu

28 Magnesium sullate M«SO< 20

29 Malecadd (CHCO»H>, 10 20

30 Milk

31 Nitric acid HNO> 20 2C

32 Nitheaod HNO. 20 70

33 Otecacid C..HaOp 20 20

34 Oxalic acid (CXOH), S10 £20

35 Oxali: acid <COOH)> 10 70
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Where hot and aggressive Equids an to be pumped. In addition to checking the
chemical compatibility, bear in mind that any deviations in Ump«ralure, densiiy
and viscosity from the reference data would bring about variations in terms of
power input, hydraulic performance and suction capacity. MaKe sure, in all
eases, that the power input is not higher than the cated power and Die suction lift
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Pumpage Type
Phosphoric add

Phihalic acid

Potassium bicarbonate

Potassium carbonate

Potassium chloride

Potassium hydroxide

Cone.
Formula %

H.PO.

C.H-(COOH), Wat Sol.

KHCO, 30

KiCa 40

KC, 10

KOH 10

Potassium permanganate KM. 0,

Potassium phosphate

Potassium sutfate

Propioric acid

Propylene grycol

Salicylic acid

Sodium txcarbonaie

Sodium caitonate

Sodium chloride

Sodium hydroxide

Sodium nitrate

Sodium phosphate

Sodium sulfale

Sullunc acid

Suiluious acid

Sailurous acid

Tannic acid

Tartars acid

Tea

Vinegar

Water

Water, condensation

Water, de-cationized

Water, demineralized

Water, distilled

Water, mine

Water, sea

Water, thermal
Wine-Whiskey

KHjPO. 10

K>SO.

CHiCfiCOiH 20

CHiCHOHCHaOH 60

&KOHCOOH

KUHCO: 10

UuCO>

nUC.

N.OH <10

N. NO) 10

N«PO.

Kusa s
HiSO. 10

H;SO> Sat

HiSOi 10

C.HtO. 10

C.H.O. 10

Temp.
•c

£SO

20

20

20

20

<80

20

80

20

20

20

20

<60

<60

SI 00

<$0

20

20

20

20

20

£60

5110
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•CodeKey: l.Good 2= Fair 3 a Poor 4 > NM Recommended
Important— Pumpages coded 3 •poor* may result in reduced or unsatisfactory
service life
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I
LIMITED WARRANTY I

Ampco Pumps warrants its centrifugal pumps v
against defects in material and workmanship < •'
under recommended use and service for a . I
period of one year from the date of shipment.
Responsibility under this warranty is limited to •
furnishing or repairing or replacing, at Ampco I
Pumps' option, without charge, f.o.b. its plant,
any part which within one year from date of •
shipment is proved to have been defective at I
the time it was shipped. In no event shall
Ampco Pumps be held liable for damages or •
delays caused by defective material and no I
allowance will be made for returned parts,
repairs or alterations unless written consent or •
approval is given by Ampco Pumps. »

This warranty is void and does not apply if •
damage is caused by improper installation, •
improper maintenance, accident, alteration,
abuse or misuse. •

Warranty service and information will be
provided by Ampco Pumps upon receipt of •
written notice describing the defect or problem . •,
to: Ampco Pumps Company, 4000 W.
Burnham Street, Milwaukee, Wl 53215. •

All motor warranties are to be handled through
the particular motor manufacturer's authorized I
local service center. •
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