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August 5, 2005

Mr. Iim Swendseid

Teck Cominco Alaska, Inc.

Red Dog Operations

3105 Lakeshore Drive, Building A, Suite 101
Anchorage, Alaska 99517

Operations and Maintenance Manual
Mine Water Diversion Dam

NID ID# AK 00260

Red Dog Mine, Alaska

PO 1245255-S, Contract RD-2-06
URS Job No. 33757358

Dear Mr. Swendseid:

We are pleased to submit three copies of the Operations and Maintcnance (O&M) Manual,
Revision 2, for the Mine Water Diversion Dam at Red Dog Mine. Revision 2 supercedes all
previous versions of the manual. The dam is also known as the Red Dog Creek Dam.

The scope of this work was authorized by Teck Cominco Alaska, Inc., in Purchase Order No.
12590538, Contract No. RD-02-06.

We thank you for the opportunity to have been of service and we trust that the information
provided will be useful in the operation of the mine water diversion system. Please call if you
have questions or need additional information.

Yours truly,

URS CORPORATION A
P e

Cecil M. Urlich, P.E.
Vice President
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Appendix A - Daily and Weekly/Quarterly Inspection Sheets

Appendix B - Operation and Maintenance Procedures for Piezometer Data Collection
Appendix C -Operation and Maintenance Procedures for Thermistor Data Collection
Appendix D -Inspection, Calibration and Maintenance Procedures for Data Collection Devices
Appendix E - Operators Manual for Dedicated Ultrasonic Flowmeter
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A. GENERAL

PROJECT DATA SHEET

Dam Name: Red Dog Mine Water Diversion Dam
NID Number:  AK 00260
Hazard Potential Class:  Class I
Purpose:  Diversion of mine water runoff to tailings pond
Year Built: 1991
Year Modified: 1992 Pump system madified
lat/iong
Location: N 68-04-08 W 162-52-40 (GPS)
Reservoir Name: Mine Water Retention Basin
River or Creek Name:  Red Dog Creek
Owner:  Teck Cominco Alaska, Inc
Owner Contact:  Jim Swendseid, P.E.
B. DAM
Type: Rockfill Embankment
Core Type: Geomembrane and benionitic clay liner system
Crest Length: 350 feet
Crest Width: 45 feet
Crest Elevation: 8§41 feet
Crest Height (from d/s toe) 25 feet
Hydraulic Height: 20 feet
C. PRIMARY SPILLWAY
Type: Open channel to Red Dog Creek diversion ditch
Location:  Intersection of dam and diversion ditch dike
Spillway Crest Elevation: 841
Top Width: 104 feet
Bottom Width: 100 feet
Length: 20 feet
Discharge Capacity at Dam Crest:  >75 cfs
D. OUTLET WORKS
Type: Eight submersible pumps (max)
Location: Timber dike retaining wall upstream of the dam
Inlet Invert Elevation:  Varies from 800 to 830 feet
Qutlet Invert Elevation: 930 feet
Three [4-inch pipes. One insulated line regularly used. Two non-
Diameter: insulated lines available when eight pumps rn. inches
Length: 2500 feat
Qutlet Type:  Open pipe
Discharge Capacity at Dam Crest: 23 cfs
v URS
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E.

F.

RESERVOIR
Normal Water Surface Elevation:

Normal Storage Capacity:
Maximum Water Surface
Elevation:

Maximum Storage Capacity:
Maximum Surface Area at Dam

Crest:

Surface Area at Spillway Crest:

HYDROLOGY

Drainage Basin Area:
Average Annual Rainfall:
100 Year/24 Hour Rainfall:
100 Year Flood:

Probable Maximum Precipitation:

Probable Maximum Flood:
Flood of Record:
Inflow Design Flood:

0.34

17.5

25

75 (17 rain in 60 minutes)

59

Not applicable

Not applicable

73

vi

feet
acre-feet

feet
acre-feet

ACres

acres

sq. miles

inches

inches
cfs

inches
cfs
cfs
cfs
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1.0 INTRODUCTION

This Operations and Maintecnance (O&M) Manual, Revision 1, provides operation and
maintenance guidelines for the mine water diverston dam at the Teck Cominco Alaska Inc.
(TCAK) Red Dog Mine in Alaska. The dam is also known as the Red Dog Creek mine water
diversion dam and Red Dog Creek dam.

The mine water diversion dam is classificd by Alaska Department of Natural Resources (ADNR)
as a Class HI (low hazard) dam as defined in Title 11 of Alaska Administrative Code (AAC)
93.157. This classification is assigned to a dam if is determined that the failure or improper
operation of the dam will result in:

(a) limited impacts to rural or undeveloped land, rural or secondary roads, and structures,
(b) property losses or damage limited to the owner of the barrier; or,
(c) insignificant danger to public health.”

The O&M program is defined by the U.S. Bureau of Reclamation as a “systematic means of
ensuring that « dam is operated and maintained adequately for ensuring the continued safe
operation of the dam and the continued productive use of the reservoir.” The O&M Manual
fulfills the requirements of “Guidelines for Cooperation with the Alaska Dam Safety Program,”
dated September 26, 2003,

The O&M Manual describes procedures for operating the mine water diversion dam under normal
and extreme reservoir level and flow conditions. It also provides technical guidance and
procedures for monitoring, inspection, and long-term maintenance programs. The following
information is included in this O&M Manual:

¢ General information, including a description of the dam, its purpose and features, and
identification of the parties responsible for its requirements.

¢ Project data sheet completed with completed with information compiled during a Periodic
Safety Inspection of the dam in October 2004.

¢ Operating guidelines such as valve opening and closing procedures and stage-storage-
discharge curves.

» Schedule for routine maintenance of all aspects of the system that require routine attention,
as well as maintenance instructions, if required.

s Schedule for routine inspection and monitoring, including a site-specific visual inspection
checklist and data forms.

e Descriptton of unusual conditions that could occur and operating procedures to be
performed under those conditions, including special inspections and incident reporting.

This Revision 1 of the O&M Manual supercedes previous versions of the manual. The
responsibility, location and distribution of the manual at the mine site are discussed in Section 3.0.



» Non-woven geotextile protection above and below the composite liner systemn

e  One-inch minus crushed rock fill bedding material above and below the geotextile

¢ Riprap protection on the upstream slope of the dam

» Instrumentation consisting of piezometers and thermistors in and around the dam.
The diversion dam temporarily impounds mine water in the retaining basin during peak flows.
During normal operations, excluding spring breakup and large storms, there is little to no water

behind the dam. Water is only retained behind the dam when inflow to the basin exceeds the pump
capacity. During years of heavy precipitation, this has occurred over two one-week periods.

2.2. SPILLWAY

The spillway crest is a low part of an access road that separates the retaining basin {rom the
diversion channel. The crest discharges to the diversion channel, which discharges over a chute to
Red Dog Creck. The spillway crest is at El. 841 which is one foot below the dam crest. The
spillway consists of the following major components.

* Crest consisting of a 1.0-foot deep low part of the access road

¢ Crest width of 150 feet at the base and 250 feet at the top to facilitate vehicle access

¢ Channel that is the lowest part of the clean water diversion channel

e Chute in a relatively steep rock cut at the end of the diversion channel below the dam.

The purpose of the spillway is to discharge water from the retaining basin if the inflow to the basin
exceeds the combined capacity of the basin and pumpback system. The basin has a capacity of
about 45 acrefeet to the spillway crest, however, continuous pumping keeps the water level low.
The access road provides access for maintenance vehicles to the retaining basin.

2.3. PUMPBACK SYSTEM

The pumpback system is located in the lower south part of the retaining basin upstrecam of the left
abutment of the dam. The system operates using two to eight pumps to remove mine water from
the retaining basin, and convey the water by means of up to three pipelines to the tailings facility.
It consists of the following major components:

¢ Timber crib retaining wall used to hang up to eight pumps into the retaining basin.

¢ A 6-foot diameter corrugated metal pipe (CMP) extending down the wall to a sump.

» Two Flygt BS2400 submersible pumps in the CMP at lower sump levels for winter usc.

e Four Flygt BS2400 ‘§ubmersible pumps and four Grundfos 1000s750-2 turbine well pumps.

¢ One insulated@-iggchdiameler and 2,400-foot-long HDPE pipelines to the tailings facility
3 URS
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The location of the official O&M manual shall be in the office of the Responsible Party. In
addition the “Responsible Party” shall distribute copies of the O&M manual to other mine staff
with mine walter diversion responsibilities.

3.2, REGULATORY REFERENCE DOCUMENTS

The Responsible Party should have available, and be familiar with, the following documents
prepared by the Dam Safety and Construction Unit, Water Resources Section, Division of Mining,
Land and Water, Alaska Department of Natural Resources (ADNR):

e “Revision 1 of the Guidelines for Cooperation with the Alaska Dam Safety Program”,
June 30, 2005, based on revisions to Alaska dam safety regulations articulated under
Article 3of 11 AAC 93.

o “Certificate of Approval to Operate a Dam” to Teck Cominco Alaska Inc., for Red Dog
Mine Water Diversion Dam (NID ID#AK00260).

A new Certificate of Approval to Operate a Dam will be issued by ADNR after the most current
PSI report and O&M manual are approved by ADNR.

3.3. PROJECT REFERENCE DOCUMENTS

The Responsible Party should have available, and be familiar with, the following project
documents, or with any superceding updates of these documents:

¢ Cominco Engineering Services Ltd (CESL), “Red Dog Mine Drainage Project: Water
Management. Volume T and T1,” January 1991.

¢ EBA Engincering, Inc. “Geotechnical Field Report: Mine Water Diversion Dam (731-
0175,” for Cominco Engineering Services Ltd., January 1991.

e EBA Engincering, Inc. “Design of Mine Water Diversion Dam: Supporting Design
Report,” for Cominco Engineering Services Ltd., Janvary 1991.

» EBA Engineering, Inc. “As-Built Report, Mine Water Diversion Dam 0731-0175/7.” for
Cominco Alaska Ltd., September 1991.

o Teck Cominco Alaska, Inc., “2004 Annual Instrumentation Report, Red Dog Creek Mine
Water Diversion Dam, Red Dog Mine”, to ADNR, January 10, 2005 (and all annual
reports).

» URS Corporation “Minewater Pumpback Facility Retaining Wall (Crib)”, Memorandum to
Teck Cominco Alaska Inc., September 27, 2001.

* URS Corporation “Report, Red Dog Creek Pumpback Retaining Wall Stabilization
Temporary Support System, Red Dog Mine, Alaska”, May 8, 2002.

¢ URS Corporation “Periodic Safety Inspection Report, Mine Water Diversion Dam, Red
Dog Mine Project,” for Teck Cominco Alaska, Inc., August 5, 2005.

5 URS
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When signs of an impending break-up appear each spring, the daily inspection must increase
attention at the spillway and pump sumps for any obstructions that might block flow, such as
floating ice and other debris. Promptly remove any such materials, and increase the frequency of
checking as necessary to prevent the spillway and sumps from becoming blocked.

4.2, WEEKLY INSPECTION

The mine water diversion dam and surrounding areas should be visually inspected weekly for any
unusual behavior. This inspection is more detailed than the daily inspection, and is documented in
the “Visual Mine Water Diversion Dam Inspection” sheet in Appendix A.

The duties of the mine staff responsible for the weekly inspection are to {ill out the “Visual Mine
Water Diversion Dam Inspection” sheet by completing the following:

o Identify the temperature range and general observations of the weather condition, wind,
wave action and snow cover

¢ Visually scan the mine water diversion dam, spillway and surrounding areas for unusual
behavior

o Visually scan the pump station retaining wall for bulges and settlement, and the pump
station buildings and the three pipelines for unexpected behavior

» Inspect the crest, toe, east buttress, west buttress, upstream slope and downstrcam slope for
signs of cracks, slumps and seepage

e Promptly report any unexpected behavior or unto the Responsible Party and describe in the
“Other comments” section of the inspection sheet.

In the event of an unexpected behavior, the Responsible Party 1s to:

o Investigate and assess if the behavior is an unusual occurrence or emergency as defined
later in this O&M Manual, and take appropriate action

» Keep a writien log of the date, nature of the unexpected behavior, action taken, and other
pertinent information

4.3. QUARTERLY INSPECTION AND MAINTENANCE

At quarterly intervals, the Responsible Party should walk over the diversion dam, spillway and
pumpback system arcas, closely view the retaining wall, and inspect all accessible parts of the
system. This inspection is documented in the same “Visual Mine Water Dam Inspection” sheet in
Appendix A that is used for the weekly inspections.

The spillway, dam toe and retaining wall base areas are inaccessible for close examination during
the winter because of snow. Therefore, attempts should be made to complete two of the four

7 URS
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5.0 INSTRUMENTATION MONITORING

5.1. INSTRUMENTATION DESCRIPTION

Instrumentation for monitoring the dam and pump back facility include:

e Thermistors for collecting temperature data.

¢ Piczometers for collecting water level data

» Flowmeters for estimating the quantity of mine water pumped to the tailings pond.
e Water level detectors for maintaining operating levels in the refaining basin.

¢ Prism targets on the retaining wall for monitoring wall movements.

The approximate locations of these instruments are shown on Plate 1. Instrumentation results
should be considered along with the inspection results and other data to evaluate if problems exist
and there is a need for repair, maintenance or further study.

3.1.1 Thermistors

Three thermistors (T-1, T-2 and T-3) are located along the downstream edge of the dam crest.
Their lengths are 70, 100 and 100 feet respectively. T-1 is located at the left abutment. T-2 is
located in the south part of the dam over the creek channel. T-3 is located at the right abutment
contact with the access road.

The thermistor strings are YSI 44034 equivalent and are manufactured by Dryden Instrumentation
of Anchorage, Alaska. These instruments measure foundation temperatures to indicate the
presence and extent of thawed zones through which seepage could occur.

5.1.2 Piezometers

Seven piezometers (P-1 to P-7) have been installed to characterize water levels and ground water
flow in relation to the drainage system. The piezometers are vibrating wire type transducers
manufactured by Geokon of Lebanon, New Hampshire.

Three piezometers (P-1, P-3 and P-6) are located along the downstrcam edge of the dam crest near
thermistors T-1, T-2 and T-3, respectively. P-1 s at the left abutment. P-3 is in the south part of the
dam over the creek channel. P-5 is at the right abutment contact with the access road. The
transducers are located from 11 to 15 feet into the original ground.

Two piezometers (P-2 and P-5) are installed along the centerline of the dam crest, near the left and
right abutments, respectively. P-2 is directly upstream of T-2 and P-3. P-5 is directly upstrcam of

9 URS
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T-3 and P-6. The transducers are located in the dam fill, approximately at the original stream bed
elevation of 817 feet (EL. 817).

Two piezometers (P-4 and P-7) are located in the creek channel at the downstream toe of the dam
about 100 feet from the crest centerline. P-4 is in line with P-2 and P-3. P-7 is not lined up with
any dam piezometers. The transducers are below the creek bed at El. 798.

5.1.3 Flow Meters

The Doppler flow meters installed in the three pipelines provide an estimate of the total volume of
mine water pumped from the retaining basin to the tailings facility. The flow meters are
manufactured by Polysonics of Houston, Texas. They are permanent, non-contact, ultrasonic flow
meters that measure fluid flow from the outside of full pipes.

5.1.4 Water Level Detectors

Water levels in the retaining basin are controlled by a PLC (Programmable Logic Controller) tied
into an ultrasonic level detector. It is programmed o track the minimum and maximum flows and
calculate the average for the day. Every 24 hours, this file is saved and readings start being
recorded for the next 24 hours.

5.1.5 Prism Targets
Six prism targets are located in a bulged area of the retaining wall to monitor the lateral and

vertical displacement of the wall. The targets are placed in pairs in the upper and lower parts of the
wall in three vertical planes.

5.2. DATA COLLECTION
5.2.1 Frequency of Data Collection

Thermistors are to be read:

¢ Quarterly under nermal retaining basin operating conditions

Piezometers are to be read:

o Quarterly under normal retaining basin operating conditions
e Monthly if the water level behind the dam is rising at a rate faster than six inches per day
»  Weekly if the water level behind the dam is rising at a rate faster than one foot per day
s Daily or more frequently if either:
o flooding causes the water level in the basin to rise above El. 340
o unusual seepage develops at or near the dam
o any piczometer shows sudden changes in water level
10 URS
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Flow meter and water level indicator data are to be recorded and saved as follows:

+ Record data by the automated PLC system.
» Save the file every 24 hours and start the new day’s rcadings.

The retaining wall prism targets are to be read:

e Quarterly under the following situations:
o normal retaining basin operating conditions
o no visibie wall movement

* Every two weeks or more frequently if either:

o wall movement is visually observed
o flooding causes the water level in the basin to rise above El. 829.5

s Some event may require that readings be taken more frequently than under normal
operation conditions. Such readings must continue at the increased frequency until the
event is over, and until either the readings have returned to the pre-event condition, or the
situation has stabilized.

During the next PSI of the mine water diversion dam, the schedule of readings should be reviewed
and the reading intervals should be modified as warranted.
5.2.2 Data Collection Methods

The elevation of water in the retaining basin and location of any unusual seeps should be noted
when the instrumentation data are recorded.

The Responsible Party must be alert for erratic or unreasonable readings that may indicate
instrument malfunctions or operator error. Instruments must be re-read or repaired as necessary.

5.2.2.1 Thermistor Data

Thermistor data can be read either manually or with automated data recording devices. Thermistor
readings should include resistance values from each thermistor. Data from thermistors are read
using either.

» The automated procedure using Hewlett Packard 200 collector and a TSKMUX analog to
digital converter and multiplexer.

¢ Fluke multimeter and Dryden instrumentation switchbox.

Standard operating procedures for data collection, inspection, calibration, and maintenance
procedures for the thermistors are summarized in the Appendix C.

11 URS
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5,222 Piezometer Data

Data from the vibrating wire piezometers are to be read using a GEOKON GK-403 data recording
device. Readings should include resistance values from each piezometer. There may be occasional
erratic and false readings due to:

» Atmospheric pressure changes because there is no head pressure on the upstream side of
the dam and the piezometers are relatively shallow.

* Ice buildup in the well if the internal thermistor within the piezometer indicates frozen
ground and the water level is elevated.

Standard operating procedures for data collection, inspection, calibration, and maintenance
procedures for the piezometers are summarized in Appendix B.

5.2.2.3 Flow Meter Data

Flow meter data, along with water level measurements in the retaining basin, are to be displayed
on a screen in the Mill control room including several alarms. The flow rates of mine water
pumped from the retaining basin should be reviewed annually to estimate winter and summer
quantities.

The operator manual for the flow meters is included in Appendix E.

5.2.2.4 Water Level Data

Water level data from the retaining basin, along with flow meter data, are to be displayed on a
screen in the Mill control room including several alarms. Pump “turn on/shut oft™ indicators are
set to maintain the water level at El. 820. Maximum water level data should be plotted annually
against piezometer data to note any trends that may exist.

Appendix E describes the management of the pumpback system.

5.2.2.5 Prism Targets

Survey measurements of the two prism targets on the retaining wall are to be plotted as
displacements from an assumed vertical plane against time. TCAK has defined a vertical plane that
intersects the comers of the wall, and assumed that the wall was built vertical and the corners have
not moved. The “y” axis of the plane is coincident with the wall. Positive changes along the “x”
axis represent movement of the wall out from its original position.

The magnitude and rate of change of “x” is the most critical information to be obtained from the
surveys. This should be monitored, especially during any visual observations of movement, during
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drawdown of water through the wall backfill after the wall may have been partly inundated, and
during the freeze thaw activity.

[

The magnitude and rate of change of “y” represents settlement of the wall and must be monitored.
This is not as critical as the “x” movement, but excess vertical movement could cause differential
settlement of the ground surface and possible damage to the surface pump and pipe systems,
especially at pipe connections.

6.0 UNUSUAL OCCURENCES AND EMERGENCIES

6.1. UNUSUAL OCCURRENCE PROCEDURES

Unusual occurrences are events or conditions that are not normally encountered during routine
operations and which may endanger the facility. Examples include:

o Storms and floods.

o Earthquakes.

* Increased seepage or changes in seepage character.

* Landslides around the reservoir perimeter and dam area.

» Fire or explosions.

+ Human interference by terrorism, vandalism, or accidents.
¢ Incidents of potential environmental damage.

« Imuminent rise of basin water level above the flood storage threshold.

The following steps are to be taken in the event of an unusual occurrence:

¢ Immediately report unusual occurrences to the Responsible Party and Mine Management.
e Promptly make a special inspection and evaluate the significance of the occurrence.

» Take protective or corrective actions as appropriate for the nature of the occurrence.

e Activate emergency procedures discussed below, if necessary.

» If emergency procedures are activated, inform State Dam Safcty Engineer within 24 hours.
6.2. EMERGENCY PROCEDURES

Emergencies are serious situations which develop suddenly and unexpectedly, threaten the
structural integrity of the dam, and demand immediate attention. Examples include:

* [Impending or actual release of water caused by improper operation, accidental damage,

sabotage, or general failure of the dam and its appurtenances.
13 URS
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e Impending flood conditions, even when the dam is not in danger of failure.
¢ Unusual increase in either seepage or turbidity of the seepage.
s Large or local earthquakes.
Emergencies should be handled by putting pre-existing contingency plans into action. If

emergency procedures are activated, inform the State Dam Safety Engineer and the dam design
engineer within 24 hours.

6.3. CONTINGENCY PLAN

The contingency plans should be periodically reviewed and updated. Contingency plans have been
developed to address the potential for two types of failure:

e Hydrologic failure that results in water flow over the dam and spillway because of flooding
of the retaining basin.

e Structural failure that would most likely occur as a result of catastrophic events such as an
earthquake or human interference.

6.3.1 Hydrologic Failure
Three possible reasons for a hydrologic failure that could cause the retaining basin to fill faster
than it can be pumped out are as follows:

e High precipitation or runoff collection from the mine and exploration areas

s Pump or power malfunction and higher than normal precipitation or runoff

e Failure of the retaining wall that would immobilize the pumpback system.

If the pond level reaches El. 829.5, one or more of the following measures are to be taken:

e Mobilize and use backup pumps and generators
¢ Build impoundments to temporarily retain mine water on lower benches in the mine area
» Use sandbags, riprap and other available materials for extra erosion control
Check that the spillway in the access road is clear and graded to specifications
6.3.2 Structural Failure
Based upon the level of monitoring, inspection and maintenance conducted on the mine water

diversion dam, it is appears that any failure that might occur will most likely be the result of a
major catastrophic event such as and earthquake or vandalism:

o If the pumpback system is intact, continue pumping the retaining basin to below El. 820. If
the pumpback system was not intact, implement the contingencies in Section 6.3.1.

14 URS
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» If the retaining basin is full, downstream erosion damage will be minimal. Most sediment
will likely not flow beyond the culverts at the confluence of Red Dog Creek and South
Fork Red Dog Creek, and probably not beyond the fish weir.

Implement the following emergency action plan to the pumpback system retaining wall if the wall
experiences any new movement that is sudden and rapid, which could indicate an accelerating
condition that may not provide enough time to install the support system. The emergency plan
could include:

» Dumping a rock fill buttress in front of the wall

o Installing a steel cable retention system across the face of the wall, with both ends of each
cable attached to anchors drilled into the ground beside the walls.
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DRAWINGS
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APPENDIX A

DAILY AND WEEKLY/QUARTERLY INSPECTION SHEETS
EMS Daily Dam & Pumping Inspection Sheet

Visual Mine Water Diversion Dam and Seepage Pond Inspection



EMS DAILY DAM & PUMPING INSPECTION SHEET

Temperature
Date: Name: General Weather
Condition
Overburden Diversion System
IfhECk condition of all pumps & Operating Lines Inlact Berms Intact Spills
ining as well as roads Yes | No |} Yes§ No |} Yes| No | ves] No
“ O0O0O00O 0000
Comment
RedDogCreekPumpback & Dam East Wasl Downslream Upsiream
Surfaces checked for; Crest Toe Hutlress Buttress Slope Slope
: cracks, feaks and slumps _] _I _’
i Auxiliary pump cperaling Waler Leve! Number of Pumps Avail.
I Yes{ No (highflow) Grunfos | Bibo
-
Comment
Tailings Dam East West Downstream  [Upstream
Surfaces checked for; Crest Toe Buttress | Buliress Slope Slope
cracks, feaks and slumps __I
Comment
Seepage Dam Fast West Downstreamn  |Upsirearn Water level
Surfaces checked for; Crest Toe Butiress Butiress Slope Slope {highflow}
cracks, leaks and slhuimps | _I _____]
Comment
Freshwater Dam East Woest Downstream  [Upstream
Surfaces checked for; Crest Tae Buitress Butlress Slope Slope
cracks. leaks and slumps I _l

Comment

Termplate Daily Inspection Sht xls




Cominrn Alaska Incorparated = Red Dog Mine
Engineering Department
Visual Red Dog Creek Diversion Dam Inspection

Annual Inspection Date: Mine Shifter:

Quarterly Inspection Time: Engineering:

Weekly Inspection

Temperature: [Je1toabove [ J2tt040 D-21 lo 40

_ |:|61 {0 8O |___|o to 20 [:]41 to -60
‘ [J#ttos0 |:|-1 to -20 []-61 tobelow

Circle observations:

Weather: {Clear, Scattered Clouds, Overcast, Rain, Snow)
Winds: (none, light, medium, high) and (NE, NW, SE.-SW)----- - -

Snow cover on dam: (none, uniform, unexpecled areas of melting, normal melting)
Visibility due to snow cover: (good, moderate, poor)

Retaining basin water level: (na change, rising, dropping) and (open, parialty frozen, fully frozen)

RDC diversion dam: circle "yes" or "no" to the existing conditions:

Upstream Downstream
Crest Toe Abutments Slope Slope
Poor visibility
due fo snow cover yes I no yes { no yes /na yes / no yes / no
Cracks yes / no yes /no yes / no yes / no yes/no
Slumps es /no yes / no yes / no es / no yes / no
Seepage yes /no yes / no es /no
Changes in seepage {circle ong) {circle one) {(circle one)
no change no change no change
increased fiow increased flow increased flow
decreased flow decreased flow decreased flow
Other comments: ' .
Dam Spillway & Diversion Spiltlway: “X" or circle the existing conditions;
dam spillway Diversion Spillway
Condition: (good condition, requires attention} {good condition, requires allention)
Water flow: {none, low, medium, high} (none, low, medium, high)
lce buildup: (open, low, medium}

Other comments:

MARK LOCATIONS ON MAFP (REVERSE SIDE OF PAGE).

Report unexpected behavior promptiy to the Mine Supt, Sr. Mine Engineer and Mine Ops. Coordinator.







APPENDIX B

OPERATION AND MAINTENANCE PROCEDURES
FOR PIEZOMETER DATA COLLECTION



PROCEDURE FOR READING PIEZOMETER AND ACTIVE LAYER
PIEZOMETER DATA AND DOWNLOADING THE GEOKON GK-403
READOUT BOX

Collecting Piezometer Data

- Place the Geokon switch in position ‘GG’. In this position, the Geokon will store
data into a 2D array that has 256 columns and 256 rows. Each piezometer 1s
designated by its own column, with each row storing a different reading for that
piezometer. In our case, the readings are grouped by week, so we store data in the
row that corresponds to the week being read, for example Week #1 readings are
stored in Row 1. This facilitates the downloading process and confines the data to
the first 4 rows. The sequence of column numbers and piezometer names is shown
at right.

- To take a reading for a specific piezometer, scroll to the row designated for that
week and over to the column designated for that particular piezometer. Use the
joystick to change columns («——) and rows (T|). The piezometer name should
show in the center of the Geokon display, for example “ID: P6”. It is important that
the row number stays the same for each piezometer in the weekly group being read.
The Geokon displays the reading that is currently in the array for that setting under
the heading “MEM” (the bottom part of the display) and the reading that it is
receiving under the heading “NOW?” (the top part of the display). When you are
satisfied that you are at the correct piezometer and in the correct row, check to see
that the value for ‘NOW’ is reasonable (magnitude 1000) then push the
‘select/store’ button to record the data. If the ‘NOW’ reading is 9999999, try
adjusting the cable connection to get better contact.

- For piezometers that require Packer pressure, record the pressure on the packer
pressure gauge in the ‘Pre-psi’ space on the piezometer form. If the pressure is
more than 10 psi below the pressure written on the inside of the well cap, it must be
repressurized before the next month’s reading is taken. Follow the ‘Pressurizing the
Packer” directions overleaf.

- Repeat this for all the piezometers for the week. Once you have read all of them,
download the GK-403 in the office following the ‘Transfermng Data’ directions

overleaf.

- NOTE: You must read the T-Dam Baro on each day of data recording. If you can
not finish all the week’s piezometers in one day, transfer the Geokon data at the
end of the day as per the directions overleaf. After the data is transferred into the
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database, clear the old data from the row in the Geokon box. Re-read the T-Dam
Baro on the next day or whenever the remaining readings are taken. This way the
T-Dam Baro data will relate to each day’s data and no data will be duplicated in the
database.

Collecting ALP data

- Place the M-Scope probe in the well and note the depth to conductance. The depth
should be measured from the top of the steel casing. If the water is frozen, record
the depth to the top of the ice, or if there is ice in the bottom of the hole with water
sitting on top of it, record the depths to both the water and the ice.

- Write the depth(s) in the space provided for the ALPs on the weekly check list
form.

Pressurizing the Packer

- Do not try repressurizing the packer if the temperature i1s below -25°F as the
Schrader valve starts sticking, making it impossible to hold the packer pressure.
You should wait until the temperature rises to at least -25°F before trying to
repressurize the packer.

- Remove the cap from the compressed nitrogen cylinder and instali tﬁe 400psi
regulator, tightening lightly with a 1-1/8 inch wrench. (These are normal right hand
threads.)

- Open the cylinder valve, the primary gauge should read 2200psi or less.

- Open the pressure regulator valve until the pressure reads at least the required
packer pressure.

- Connect the fill hose to the Schrader valve on the wellhcad and pressurize to the
pressure written on the inside of the well cap. Do not over pressurize!

- Record the final pressure in the ‘Now-psi’ space on the piezometer form.
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APPENDIX C

OPERATION AND MAINTENANCE PROCEDURES
FOR THERMISTOR DATA COLLECTION



Reading/Downloading Thermistors with the HP200

s  Turn on the HP200 and check the date and time at the HP Banner. The HP 200 should always
open and be closed at this banner to save batteries.

Connect @ pin HP 200 cable to the Dryden electronic box.

Press the ‘&’ key to bring up the more applications menu.

Press the menu key and ‘A’ for the Application menu.

Press ‘T for terminate all and ‘OK” to terminate system manager.

You are now in DOS mode at AANTHERMS>  (if you are not, get there by typing “A:”, “enter”,
then “CD THERMS”)

¢ Press ‘T24” and ‘enter” to start the program.

File Opening

1. Type O to open a file for data collection.

2. Type in the name of the file with the following naming convention, “TM followed by the reading
date™, for example TM 102497 for readings on October 24, 1997, and hit enter. At this point, you will
get a new screen; type A for append, then enter.

3. You should be back at the options screen. At the top of the screen a message will appear giving the
data file name, for example “Writing ANTHERMS\TM1024”. This message is your check to know
that the data collector is ready to read thermistors.

Reading Thermistor Data

1. TypeR, for Read, to go to the Red Dog thermistor list

2. Connect the data collector to a thermistor.

3. Scroll down the list using the PGUP and PGDN keys until the thermistor you want to read is
highlighted. Thermistor names are listed in the first column, locations in the second column.

4. Once on the thermistor name, hit the enter key to read the thermistor.

5. After 4 seconds the thermistor data will come up on the screen. Typing O will Ok the reading, typing
R will Reread the thermistor, and typing C will Cancel the reading.

6. Repeat steps 2 to 6 until all the thermistors you want to read have been read.

7. When you have finished reading thermistors for the day, you will be at the Red Dog thermistor list

that step 1 refers to. Hit X to exit reading mode.

Closing Down the Data Collector

1.

Hit 200 at the DOS prompt and you will go back to the HP banner and can shut off the HP200.

Transferring the downloaded files from HP200 to server

1. Connect HP200 to desktop serial port

2. Open transfile software executable: On the PC side, start the trwin200.exe program by clicking on
the “Start” menu “Mine survey_engineering -> tfwin200"”. On the HP side, type “&”, then *F”.

3. Drag files from A drive of HP200 to: Y:\Minetech\Inter\MonitonTHERMIS\RAWDATA

4. To turn off The HP200, type “CTRL Menu”, “menu F X", “menu A X” to get to the banner.

URS

33737338

WDm_compagicommonii63\Red Dog Mine\Dam Safety Inspections\2004 PSI for TD,FWD,MWD\Mine Water Diversion Dam\MWD Q&M rev

IWWD O&M Manual Rev Ldoc



Updating the Excel thermistor files

I. Start the Update Macro by clicking the “UpdateThermsXLS” icon in the “Mine
survey_engineering’ mentu.

2. Type in the name of the thermistor rawdata file to be dumped, and enter.
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Standard Operating Procedure for Obtaining Thermistor String Readings

Equipment:

Procedure:

“Fluke Multimeter”

1 Thermistor Well Data form

1 Pencil

1 Fluke multimeter with leads (Fluke model 23, Series 11}
1 Dryden Instrumentation Switchbox

1 #2126 Master padlock key

Drive to well.

Unlock and remove the protective cap.

Pull excess thermistor cable from well casing.

Remove dust cover from the 50 pin male plug on cable end.

Connect the leads to the multimeter by pushing the black lead into the port labeled
‘corn’ and the red lead into the port labeled “C2" (chms).

Connect the red and black leads from the multirneter to the red and black terminal
posts on the switchbox.

Tum on multimeter by turning the main selector switch to 2" DC.
Meter should read 0.00.
Push toggle switch on switchbox to “Test” position.

Record the reading displayed on the multimeter on the Thermistor Well Data form.
The reading should be very close to the number stamped on the faceplate of the
Dryden switchbox (16325 Q (Because the multimeter is an auto-ranging type it
may read 16.32 or 16.33 KQ). If the multimeter does not display something close
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to this reading then the multinieter is too cold. (See operating range for the
multimeter in the owner’s manual). Warm the multimeter and try again. You may
wish to change the battery in the multimeter.

- Tum right toggle to “read’ position.
- Turn left toggle to “1 - 12” position.

- Tum selector switch to “1” position and read and record the reading on the
“Thermistor Well Data” form.

- Repeat process for switch positions 2 - 12.
- Turn toggle switch to “13 - 24” position.
- Continue to read and record data for positions 13 through 24.

- Take another reading in the test position and record. Again, this reading should be
similar to the reading stamped n the faceplate of the switch box.

- Make sure the well number, date, time, outside air temperature and the name of the
operator are on the form.

- Tumn off the multimeter and disconnect leads.
- Instail dust cover on the 50 pin connector plug.
- Carefully coil the excess cable back into the well casing,.

- Lock the protective cap back into place.
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APPENDIX D

INSPECTION, CALIBRATION, AND MAINTENANCE PROCEDURES FOR DATA
COLLECTION DEVICES

From Water Management Consultants “Quality Assurance Project Plan for
the Ifydraulic Characterization of the Tailings Impoundment”, January 1998
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B.4 Instrument inspection, calibration, and maintenance

B.4.1 Dryden swilchbox and Fluke multimeter

The Dryden switchbox and Fluke ‘multimeter shall be inspected for damage and proper function
prior to use. The switchbox is subject to significant mechanical wear, so a backup unit shouid be
available in case of failure of the primary unit. A record of repairs for all equipment must be
maintained in the log books. ’

Each thermiistor string was lested in an icebath by Dryden instrumentation prior shiprent. The
results of the icebath calibrations are presented in appendices of Phase 1 and subsequent reports.
The calibration data are used in equations ta reduce the data to temperatures. Each thermislor
string is tested a second time priof to instaliation to confirm proper function of the string. No other
calibrations are required. A calibration check is required immediately before and after each
thermistor string reading. When the Fluke model 23, Series. It meter is tumed on, with the Dryden
switch box in the off position, it should give a reading of 0.00, When the switch box is set to the
“TEST" position it should give a reading matching fhe resistance shown on the switch box (16325
Q or 16.32 or 16.33 KQ). After reading all of the thermistor nodes, a “TEST" reading is taken
again. If actual readings differ from these values, the themmistor data are invalid. Erroneous
readings may be due to excessive cold or a low battery. It is the responsibility of mine personnel
to correct the problem and take the readings again. Unstable thermistor readings must be noted
in the log book. Unstable readings may be due to poor connections, a faulty switchbox, or
shorling of the thermistor siring. All comective actions and repairs must be noted in the log book.

B.4.2 FElectronic well sounder

Electronic well sounders must be inspected for function and damage prior to each usage and shall
be periodically {at least annually) catibrated against a new sounder or tape. Calibration must
include a zero and a span check. The comection factor (if any) must be applied to subsequent
measurements and indicated as such in the log book. Field conditions that prevent measurement
of waler levels with the required degree of precision shall be noted in-the log and appropriate
corrective action taken and recorded in the log. A broken well sounder cable must be catibrated
after repair, and the service recorded in the log. An example of a comtection for a repaired weill
sounder with stretch using a finear regression is given below for the data in Table B-2.

Table B-2 Example of well sounder calibration data

New sounder or tape reading (X} " Old sounder reading {Y)
1 (zero) 0.00 26
2 {span) 300.00 302.71

Comected measurement = (Y3-Y1)/(Y2/(X2+Y1)), where Y3 is a new reading

or

Comected measurement = (Y3—2_6)I(302.71I(300+2.S)) = {Y3-2.6)/1.000364
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B.4.3 Geokon GK-403 readout

The GK-403 readout instrument must be inspected for damage prior to each use. The face plate

should be cleaned periodically with a soft cloth dampened with soap and water. Do not use

solvents of any type. The connector sockels may be cleaned with a small stiff brush moistened
with soapy water. Thoroughly dry the sockets after cleaning. When the unitis not used for a long
period of time, it should be left connected to the battery charger. The GK-403 uses lead-acid type
batteries and will not develop a memory as is typical of Ni-cad batteries.

The manufacturer recomnmends that the readout unit be periodically (every 12 months) retumed
for inspection, cleaning and calibration. Record all service in the log book.

B.5 Data acquisifion from non-direct sources
Dala cotiected prior to the date of entry of the Consent Decree that have been used in achieving

compliance with Appendix B of the Consent Decree were acquired from several sources. These
data and sources include:

. Historic thermistor data - Cominco Inc.,

. Surface water flow data - Cominco inc.,

. Climate data - Design Report, Proposed Tailings Dam, Dames and Moore, Inc.
1967 and subsequent data by Cominco Inc.,

. Fish Monitoring Study - Ott et al, Alaska Department of Fish and Game, 1984,
and

. A Water Balance Mode! for the Red Dog Mine - Hydrometrics Inc., 1996 and

subsequent data by Cominco Inc.

These data were reviewed in detail during development of Phase | analyses. Data which were
questionable or did not appear to be representative of aclual conditions (such as high ground
temperature measurements during winter months, of temperatures which were outside of
observed or expected fiuctuations in other areas of the site) were not used in the analyses. All
data retained for use from Phase | are considered valid and usablie.

B¢ Data management plan

This section describes the data management plan as required by Appendix_B o_f the (_?0(1591_1{
Decree. The data management process for the groundwaler investigation Is outlined in
Figure B-3.

.l.. ’
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B.6.1 Data recording

Prior to each routine data acquisition event (thermistor and piezometer measurements), a
checkiist is prepared by the designated Cominco team teader. The checklist indicates sites to be
monitored, the dale of measurement, and the team member that carmied out the data collection.
Data are recorded on the forms in Appendix A or in dedicated bound field books. |If dedicated
bound field books are used, all data shown on the forms must be recorded. When all of-the data
have been collected, the data sheets are copied and {orwarded to the Cominco Project Manager
or directly to the WMCI Project Manager for processing. ‘

Data collected include the following:

. resistance measurements from site themmistors,
. manual measurements of depth to water within open screened wells,
. measurements of “digits” iepresenling -electrical impulses from vibrating wire

transducers, and

. subpermafrost groundwater samples for age.

B.6.2 Data transfonmation

Both thermistor and vibrating wire transducer measurements require transformation prior to use in
site anatyses. Thermistor data consist of resistance measuremnent which are converted to
representative temperatures by the following general equation:

T = 1/{A + B(InR) + C(InR)’} - Y - 273.15

where:
T = {emperature {C°)
AB.C = empirical correction coefficients, (0.0012807, 0.000268, 9.073 x 10°%)
R = measured resistance (€2) '
Y = temperature bias correction based on icebath calibration

This equation has-been programmed into spreadsheets for use by mine personnel, and in an
Microsoft Access database kept by WMCI as the overall project database (Section B.6.4).
Calibration sheets for éach thermistor string installed are kept on file at WMCH, and will be
reported in the various Groundwater Monitoring Pregram phase repors.



Data acquisition 17

Vibrating wire transducers measure “digits™ which represent the electronic signal in the wire.
These readings are first converted to tolal pressure acting on the transducer, and then to head of
water. The equation to convert “digils” to total pressure, including temperature and barometric

corections is: .

P=(R,-R) X G) + (Te-T) XK) - (S - S) X F)
where:

= total pressure acting on transducer {psi)

zero transducer digit reading (zero applied pressure reading at time of calibration)
transducer digit reading from measurement

calibration factor from calibration (psifdigit)

= lemperature at time of measurement (*C)

temperature at calibration (*C).

thermal factor (psir°C rise) o

barometric pressure at time of measurement (inches of mercury)

= barometric pressure at calibration (inches of mercury)

= conversion factor between inches of mercury to psi

AAOIPT
ol Mmoot

-

-

MmN R
[

If 2 barometric correction is not available as part of transducer calibration, it can be estimated by a
separate transducer measuring open air pressures.

The total estimated pressure in psi is then converted to feet of water by the following relationship:
1 psi=2.3108 ftof H,O

These equations have been programmed into spreadsheels for use by mine personnel, and in an
Microsoft Access database kept by WMCI as the overall project database (Section B.6.4).
Calibration sheets for each vibrating wire transducer installed are kept on file at WMCI, and wilt be
reported in the various Groundwater Monitoring Phase reports.

B.6.3 Data transmittal

Raw data are collected by mine personnel and either noted in a field log book or in the themmistor
datalogger. Copies of both field notes and raw electranic data are kept on file at the mine. Mine
personnel either hand enter or electronically download raw data into spreadsheets for
transformation of resistance and digit readings into temperatures and water levels, respectively.
These spreadsheets are used at the mine as appropriate, but do not represent the overall site
database used for technical analysis.

Copies of all raw data (hard copies or raw electronic versions) are also forwarded to WMCH for
inclusion into the master site database. WMCI personnel either hand enter or electronically
downtoad all measurement data into the master site database. This database uses Microsoft
Access software, and is contralled by a designated WMCI database manager.
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DEDICATED ULTRASONIC FLOWMETER
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Polysonics’ products are warranted 0 be free from defects in material and workmanship at
the time of shipment and for one year thereafter. Any claimed defects in Polysonics’ products
must be reported within the warranty period. Polysonics shall kave the right to inspect such
products at buyer’s plant er to require buyer to retum such products to Polysonics’ plant.

In the eveat Polysonics requests return of its products, Buyer shail ship with transportation
charges paid by the Buyer 10 Polysonics® plant. Shipmeat of repaired or replacement goods
from Polysonics’ plant shall be F.Q.B. Polysonics® plant. A shop charge may apply for
alignment and calibration services. Polyscnics shall be liable only to replace or repair, at its
option, free of charge, products which are found by Polysonics to be defective in material oc
workmanship, and which are reported to Polysonics within the wammnty period as provided
above. This right to replacement chall be Buyer’s exclusive remedy agaiost Polysonics.

Polysouaics shall not be hable for Iabor charges or other losses or damages of any kind or
description, including but not limited to, incideatad, special or consequential damages caused
by defective products. This warranty shall be void if recommendations provided by
Polysonics or its Sales Representatives are not followed concerning methods of operation,
usape and storage or exposure to corrosive conditions.

Matenals and/or products furnished to Polysonics by other suppliers shall carry no warranty
except such suppliers’ warranties as to matenals and workmanship. Polysonics disclaims ali

warranties, expressed or implied, with respect 1o such products,

EXCEPT AS OTHERWISE AGREED TO IN WRITING BY POLYSONICS, THE .

WARRANTIES GIVEN ABOVE ARE IN LIEU OF AllL. OTHER WARRANTIES,
EXPRESSED OR IMPLIED, AND POLYSONICS HEREBY DISCLAIMS All. OTHER

WARRANTIES, INCLUDING THOSE OF MERCHANTABILITY AND FITNESS FOR |t
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CHAPTER 1
EQUIPMENT DESCRIPTION
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Figure 1-1
Model MST Flowmeter .
BRIEF DESCRIPTION « Yisunal over-range indication whea fluid velocity

The Polysonics Model MST flowmeter (Figure 1-1) is
a permanent, non-contact, ultrasouic flowrmeter that
measures fluid flow from the outside of full pipes. Both
cnglish and metri¢ versions of the flowmeter are avail-
able. The Model MST flowmeter is normally supplied
with a NEMA 4X non-metallic housing. An optional
NEM A 7 (explosion proof) housing can be supplied for
bazardous environments. The transducers are designed
to meet BASEFA requirements. Figure 1-2 contains
technical specifications for the flowmeter.

Features of the Model MST inciude:
= Simultancous digital display of flow rate and tota]
flow.

11/1/90

has exceeded the full scale setting.
Five-position velocity range swilch with
calibration test position to ensure accurate
calibration aod maximum resolufion.
Auto-range totalizer in selectable, volumetne
units. -

4-20 mA iaterface that can be connecied to an
external device, such as, a chart recorder.

0-10 VDC interface that can be connected to an
external device, such as, & chart recorder. 7
Positive zero interface that can be connected to
an exicrpal device, such 2s, a pump coutroller,
that causes e contact closure when & no flow
condition exists. The contact closure will activate
the Jow signal circurt that iohibits flow rate

1-1
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CHAPTER 1 - EQUIPMENT DESCRIF {1ON .

Flow Range

Pipe Inside Diameter
Rapge

Output

External Adjustments
Lincanity
Repeatability
Accuracy

Transmitter Temperature
Range

Transducer

Transducer Temperature
Range

Signal Strength Indicator
Power Requirements

Housing

‘Range, seasitivity, d-ffl?P_i'_JB :;d mA_Q‘“P“'

53 switch selectable ranges plus CAL TEST position. For US flowmeters, ranges
arc 2, 4, 8, 16, and 32 feet per second. For metric flowmeters, ranges are 5, 1,
2, 4, and 8 melers per second.

For US flowmeters, .Z-inches to 99.9-inches. For metnic flowmeters, .S mm to
2,499 mm. .

4-20 mA DC into 750 chms

+1-0.5% full scale

+/-0.1% full scale
+/- 2% full scale

-10°F to +160°F

(-23°Cto +71°C)

Duat head type designed to moct BASEFA requirements with standard 20 foot
armored cable. Custom Jeagth cables are available as an option. Dual head
underwaterfunderground type is avzilable gs an option.

30°F to +300°F
(-34°C to +149°C)

Analog signal strength meter and LED signal condition indicator.

IE5S VAC or 220 VAC 1 /- 20%, switch selectable

NEMA 4X oog-metallic housing

readings and totalizer counting during no flow -

conditicns.

* Ratefiotal factor to allow for computation znd-
indication of total flow in virtuaily eny

congineering unit.

Figure 1-2
Model MST Technical Specifications

Signal Strength Meter, A meter that provides an
indication of the streagth of the received Doppler
signal. With no flow, provides &n indication of back-
ground noise and is used to adjust the SENSITIVITY
control. i

* Doppler signal strength indicator with operate

and alest LEDs

* Damping end Sensitivity adjustments for

Display, Ao LCD display that shows setup parasmeters
and flow readings.

customized flow response.

LIST OF SUPPLIED ITEMS

Operate Light, A green Light that is lit when the
Doppler signal strength is sufficient to measure fluid

Figure 1-3 s a list or standard and optional jtems flow.
supplied with the Model MST flowmeter. ' -

DESCRIPTION OF FRONT PANEL

INDICATORS

Alert Lipht, A red Light that ic Lt when the Doppler
signal sirength 15 insufficient to measure fluid flow. A
flashing ALERT light with 2 continuously lit OPER-
ATE light indicates the preseace of spurious high

The front panel indicators described below are labeled
in Figurc 14,

11/1/90



CHAPTER 1 - EQUIPMENT DESCRIPTION

STANDARD ITEMS
QUANTITY DESCRIPTION POLYSONICS
P/N

1 Flowmeter 207720005

H Operator’s Manual 20807-0001

1 Acessory Kit, Includes The Following Items: 20806-000t

1 + 2 Ounce Tube Ultrasonic Coupling Compouad e 10823-0001 - -y -

4 * 32 Inch Stainless Stecl Pipe Strap - 10605-0001 ) J‘

'8 Universal Mounting Kit 208070001 s i

2 * Bracket 20322-0001 ;

2 * U-Clamp 10609-0001

4 + 1/4-20 x 3/8-inch Flat Head Screws 110160001

OPTIONAL ITEMS
QUANTITY DESCRIPTION POLYSONICS
P/N

1 Fuse 20 x 5 oun, 0.5 Af250 V Fast-blo (flowmeter without heater 10261-0003
zssembly and 115 VAC line voltage)

1 Fuse 20 x 5 mm, 0.2 A/250 V Fast-blo (flowmeter without heater 10261-0001
assembly and 240 VAC line voltage)

1 Fuse 20 x 5 mm, 0.4 Af250 V Fast-blo (flowmeter withk heater 10261-0002
assembly and 115 YAC lioe viotage)

1 Fuse 20 x 5 mm, 0.6 A/250 'V Fast-blo (flowmecter with beater 102610004
assembly and 240 VAC line voltage)

1 Proportional Sampler Board 20020-0632

1 Dual Alarm Board (For HifLo Alarms) 20071-0002

1 Counter Board (For Mechanical Totalizer) 200050002

1 Intermal Heater Assembly (115 VAC line voliage) 20761001

3 Internz]l Heater Assembly {240 VAC linc voltage) 20761-0002

1 Standard Transducer Set 203040001

2 Underwater/Underground Transducer (Single Trrasducer On An 20752-1020
Individual Cable) ,

1 Underwater/Underground Transducer, Y-Configuration 20753-1020

Figure 1-3
LIST OF ITEMS SUPPLIED WITH FLOWMETER

frequéncy noise signals that may cause erroneous flow
rate readiogs.

Signal Processor - and + Lights, Lights that flash
when the signal processor cirenit is compensating for
interfering signals above or below the correct flow rate.
Fluctuation between the two conditions is expected. A
continuously lit + lagip iodicates an sbonormality.

11/1/90

DESCRITPTION OF FRONT PANEL CONTROLS
The froat panel controls described below are labeled in

Figurc 1-4.

Yelocity Range Swiich, A switch used to set the
full-scale value of the flowmeter for Muid veloaity. For
english flowmeters, the velocity range is in feet per
second (FPS). For wctiic flowmeters, the velocity
range is in meters per second (MPS). The VELOCITY
RANGE switch also has a CAL TEST position used for

testing the calibration of the flowmeter.

-3



CHAPTER 1 - EQUIPMENT DESCRIPTION

VELOCITY RANGE
SWITCH
OPERATE LAMP — \\
ALERTLAMP v
SENSITIVITY
CONTROL

- +

il

(m reocrescn SET SWITCH

SIGNAL PROCESSOR O o ¢ | 1
«AND + LAMPS l + Q g;
TaT @ pave e ety n-P 7

SIGNALPROCESSOR Q } ‘ : ' ' : ’ ‘ : ’ .-Pﬂc ¢ THUMBSCREW
TEST/AUTO SWITCII—JF" "@; W v e EWIR P:l—-v—n @
o @ W Pt
aOtar WET —
KEYBOARD

Figure 1-4
tront Panel

. A control that sets the gain of the
Doppler receiver circuit. The SENSITIVITY control is
used to adjust the flowmeler o conditions at the trans-
ducer site, so that there is 2 sufficient signal for reliable
readings while assuring low-signal cutoff under no-
flow coanditions.

- Damping Control, A control that suppresses short-
term fluctuations in the fluid velocity reading and
adjusts response time fo changes in fluid velocity.
Response to changes will be stower as the DAMPING
control is tumed clockwise. -

Signal Processor Test/Auto Switch, A switch that
coatrols the signal processor circuit and is used to verify
that the circuit is operating. The signal processor circuit
compensates for flow conditions that cause low or high
flow rate readings. The switch is normally ta the AUTO
position which enables the signal processor circuit. In
the TEST position, the signal processor circuit is dis-

1-4

abled. With the switch in the TEST position, the
SIGNAL PROCESSCR - and + lights will stop flash-
ing and the flow rate reading wall change, indicating
that the signal processing circuit was operating when
the switch was in the AUTO positioa. :

MA Ouiput Control, A control used to adjust the 4-20

mA interface and the 0-10 VDC interface to give 20
mA and 10 VDC output, respectively, at 50% 1o 100%
of the selected velocity range.

Set Switch, A swiich that 1s pressed when the MA
QUTPUT coutrol is used to adjust the 4-20 mA inter-
face and the 0-10 VDC inlerface. —

- Tk
Keyboard, A key pad used to sctup and control the

flowmeter's microprocessor. The {CLEARJkey actsas
a delete key. .

11/1/90



CHAPTER 2
PROGRAMMING

GENERAL
Figure 1-4 is an illustration of the front panel of the

Model MST Dedicated Ultrasonic Flowmeter. All
switches, coatrols and the keyboard used to program
the flowmeter arc mouated on the front panel and have
been labeled in Figure 1-4.

The steps to program the flowmeter are as follows:
* Set velocity range.
= Set flow rate units.
= Sel the flow rate faclor, if required.
e Set the 4-20 mA and 0-10 VDC interfaces, if
required.
» Tum the totalizer on, 3f required.

To access the controls on the front panel of the flow-
meter, unscrew the six front cover screws (Figure 1-1)
using a straight slotted screwdriver and swing the front
cover open. After completion of programming, close
the front cover and tighten the six front cover scpews.

-pmff"go?é/f)

SET VELOCITY RANGE -2, 5.5 ¢ 46 )<
1. The velocity range is set to the next position above
the fluid velocity, i.e., the velogity swiich is set to 16
fora fluid velocity of 12 feet per second. This procedure
should not have to be performed again unless the fiuid
velocity being measured exceeds the velocily range
setting.

NOTE
Equatiens for caleulating fuid velocity are included
in Appendix B, Flow Conversion Data,

2. Turn o the electrical power to the flowmeter,

3. Rotate the VELOCITY RANGE switch to the ap-
propriate position.

SET FLOW RATE UNITS <~~~

1. The flow rate units are set at the time the flowmeter
is placed in service. This procedure should not have to
be performed again ualess the flow mate units arc to be
chanped or the flowmeter's transducer is moved to
apother pipe with a different inside diameter.

11/1/90

2. Ture the SENSITIVITY and DAMPING controls

w to lhctr minimum positions.
[ . o ‘54,‘

3. For english flowmeters, FPS XX.XX VOI:UBJE
PROGRAM OFF will appear on the dxsplay 1For
metric flowmeters, MPS XX.XX VOLUME: PRO-
GRAM OFF will appear on the display. L

4. Initialize the flowmeter by pressing the {F] key
followed by the [.] key followed by the [CLEAR] key.
The display will momentanly flash signaling thit the
flowmeter has been mitialized,

NOTE .
Inltializing the flowmeter erases all program pa-
mmeters.

5. Press the {[PRG] key. ENTER PASSWORD will
appear on the display.

LT 5T

6. Key in the two charmacter password and then press
the {YES] key.

NOTE

The password for all new flowmeters is set at the

factory 00, ) — —?5)
5.

7. ENTER PIPE LD. will gppear on the display after
the password has been entercd.

8. Key in the pipe inside diameter and then press the

- [YES) key. Appendix C, Pipe Schedules, lists inside

diameters for various nominal pipe sizes and materials.
The accuracy of the flow sate measurements will be
enhanced if an actual measured pipe inside diameter is

used,

9. Forcoglish flowmeters, 1S FLOW RATE UNITIN

GPM? will appear on the display. For metac flowme-

ters, IS FLOW RATE UNIT IN L/SEC? will appear
on the display.

[0, If this is the correct flow rate unit, press the {fYES]
key. Otherwise, press the [NO] key and the next
available flow rale unit will appear on the display.
Continue pressing the [NO] key uvatil the desired flow

2-1




CHAPTER 2 - PROGKAMMING

UNITS DESCRITTION UNITS DESCRIPTION
GPM Gallons:per minute L/SEC Liters per second
GPH Gallons per hour L/MIN Liters per minute
GPD Galloos per day L/HR Liters per hour %
MGD Millioa gallons per day §\
IGPM Imperial gallons per minute IGPS lmopedial gallons per second 3
. IGPM Lmperial gallons per mmulc '_
CFs Cubic feet per second ) IGPRH | Imperial gallons perhour g
CFM Cubic fect per minute SRS EELEN RO
CFH Cubic fect per hour ‘M3/SEC Cubic meters per second 2 _
CFD Cubsic fect per day M3/MIN Crbic meters per minute ~+F FUARE
L ' M3/HR Cubic meters per hour R
IBM Liquor barrels per minute M3I/DAY Cubic meters per day ‘3’3 '
IBH" { Liquor barrels per hour Co e
LBD Liquor basrels per day KG/SEC Kilograms per second =
KG/MIN Kilograms per minute 7
oBs Ghl barrels per secoad KG/HOUR | Kilograms per hour
OBM Oil barrels per minute KG/DAY Kiloprams per day
OBH Gil barrels per hour
OBD Oil barrels per day OBS Oil barrels per second
OBM Oil barrels per minute
Figure 2-1 OBH il bacrels per hour
Flow Rate Units For US Flowmeters OBD Ot barrels per day
Figure 2.2

rate unit appears on the display and then press the [YES]

key. P

14

NOTE -
. Flow rate units for english Nowmeters are as shown

In Figurc 2-1. Flow rate uniis for metric flowmeters .

are shown in Fipure 2-2. Al kilogram units are based
on 8 specific pravity of one, A specific gravity of one
Is defined ns onc U.S. gallon of water weighing 8.3283
pounds iu air af a tcmperatore of 60 degrees Fahren-
heit. If a fluld with a specific gravity other than one
is being measured, a flow rate factor must be applied
as described in the Set Flow Rate Factor section.

1. The flow rate will appear on the top linc of the
display and the velocity rate will be appear on the
bottom line of the display.

1Z. The flowmeter is now set to measure fluid flow.

SET FLOW PATE FACTOR

1. Flow rates in units other than those shown in Figures
Z-1 and 2-2 can be shown on the display by sclecting
the available flow raic unit closest to the desired unit
and applying a flow rate factor. Flow is measured in
the selecied unit and then multiplied by the flow rate
factor {cxpressed as a percentage) and the result is
shown on the display.

2-2

- yds. sec. = 1 yd. mﬁ-

Flow Rate Units For Metric Flowmeters

Example
It is desired to measure the flow 1n a pipe in cubic ya.rds

persocond. e

To measure the flow in cubic yards per second, a flow
rate multiplier must be used because cubic yards per
second is not one of the available flow rate units for the
flowmeter. Select cubic feet per second (the closest flow
rate uail the flowimeter can be programmed to measure)
and determine the flow rate multiplier required to
convert cubic feet per second to cubic yards per sec-
ond. Based upon one cubic yard equal nine cubic fezt,
cubic feet per second can be converted to cubic yards
per secoud as follows

x ft.3/sec.

= 1/9 x R sec.

= 111 f3zec; or,

1L1% ¥ fsee. -

i

The flow rate facior fo convest cubic feet per second to

cubic yards per second is F1.1%. o
-

CAUTION

The tow rate actor must be set before the totalizer

is turned on. If the totalizer is on when the flow rate

factor Is set, the totallzer does not reset to zere and

dozs not convert the exdsting reading to the new

-

11/1/99
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onits. The totalizer will start counting using the new
enits added to the existing reading which was based
on the old units,

2. Press the {Fl key followed by the [RATE FACTOR]
key. '

3. _% will appear on the top line of the display with
the percent sign blinking. Key in the flow rate factor
expressed as & perceatage snd press the [YES] key. The
flow rate factor can be any number between 1.001%
snd 199.9%.

4. The flow rate shown on the display is now based
upon the sclectad flow rate unit multiplicd by the flow
rate factor. To indicate this, the flow rate factor fol-
lowed by a blinking % is shown on the top line of the

display.

5. To turn the flow rate factor off, press the {F] key
followed by the [RATE FACTOR] key followed by the
{CLEAR] key. The flow rate factor and the blinking %
on the top line wil disappear and the flow rate will
again be displayed in the selected flow rate unit.

SET 4-20 mA AND 6-10 VDC INTERFACES

L. The flowmeter 1s equipped with a 4-20 mA interfatce
and a 0-10 YDC interface that can each be connected
10 an external device, such as, a chart recorder. The full
" scale output of the 4-20 mA interface can bé set from
the keyboard. The 0-10 VDC interface is slaved to the
4-20 mA inlerface so that the 0-10 VDC interface full
scale output is set st the same time as the 4-20 mA
interface.

IMPORTANT
The 4-20 mA and the 0-10 VDC interfaces must be

set before the totalizer is turned on. The SET switch

is disabled when the totalizer is operating te prevent
invalid totalizer counts. The Mlowmeter cannot proc-
ess flow information when the SET switch is de-
pressed.

2. Press the [F} key and then press the [OUTPUT
RANGE] key.

3. ENTER 20 MA RANGE 7 XXX,
where XXX is the current flow rate units, will appear
on the display.

4. Key in the desirced value for the full scale output of
the miterfaces and thea press the [YES] key.

11/1/90
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5. Turn the MA OUTPUT coatrol lock (farge knob at
the bottom of the control) counter<lockwise to unlock -
the control.

6. Press and continue to hold the SET button located’
on the front panel. #### XXX RANGE AD-
JUST --->» (or) <---, where ##¥4 is the value keyed in
for the full scale output and XXX is the current ﬂow
rate units, will appear on the display. Sy e
7. If -2 is dispiayed, tum the MA OQOUTPUT control
clockwise uatil the ermow disappears and the word SET
appcars on the display, The SET button can now be

released and the full scale cufput is now programmed.
If the MA QUTPUT control is at the full clockwise
position and SET bas not appeared on the display, the
VELOCITY RANGE swilch must be rotated to a higher
velocity range. Coatinue moving to a higher rangc until
the <— errow appears on the display. Now the MA
OUTPUT control ¢an be tumed counter—clockwise until

the ammow disappears and SET appears on the display.

8. If <--- is displayed, tum the MA QUTPUT control
counterclockwise until the arrow disappears and the
word SET appear< on the display. The SET batton can
now be released and the full scale output is mow
programuned. If the MA OUTPUT coatrol is at the full
counter-clockwise position and SET has not appeared
oan the display, the VELOCITY RANGE switch must
be rotated to & lower velocily range. Continue moving .
to a Jower range until the —-> arrow appears on the
display. Now the MA OUTPUT coatrol can be tumed
clockwise until the arrow dls:;ppcars and SET appears
on the display.

9. Tum the MA OUTPUT coatrol lock (farge knob at

the bottom of the control) clockwise to lock the coatrol.

10. HSET never appears on the display at any velocity
range, the 4-20 mA and 0-10 VDC interfaces cannot be

used with the current flow rate unit. To be able to usc

the interfaces, reprogram the flowmeter to use & flow
rate unit with # larger time period, such as, changing
GPM to MGD.

TURN TOTALIZER ON »

E. The totalizer is wsed to measure the total volume of
fluid that flows during a period of time. The totalizer
starts counting at the ime it is tumed on and continues
counting until it is turned off os resel. At the time the
totalizer is turned on, the volume unit to be used by the

2-3
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UNITS DESCRIFTION

GAL Gallons

IGAL Tmpenal gallons -

F13 Cubic feet

1TR Litexs

M3 Cubic Meters

LBL Liguor Barrels

OBL | Oal Barrels

ACFT *[“Acre Feet

KG Kilograms
‘Figure 2-3

Totalizer Units

totalizer display reading and manual range mode or auto
up-ranging mode are specified.

2. Press the [TOTALIZER ON/HOL D) key, The flow
rate will appear on the top linc of the display.

3. For english units, H:=GAL? will appear on the left
side of the botiom line of the display. For metric uaits,
H:LTR? will appear on the left side of the bottom line
of the display. The H: indicates that the totatizer is in
the hold mode and not presently counting.

4. If this is the comrect totalizer unit, press the [YES]
key. Otherwise, press the [NO} key and the next
available totalizer usit will appear on the display,
Coatinue pressing the [NO] key until the desired total-
izer unit appears on the display and then press the [YES]
key.

NOTE
Totalizer unifs are as shown in Figure 2.3, .

S, X1? will appear on right side of the battom line of
the display.

6. If this is the correct totalizer multiplics, press the
{ YES] key. Otherwise, press the {NOJ key agd the next
available totalizer multiplier will appear o the display.
Continue pressing the [NOJ key uatil the desired total-
1zer multiplicr appears on the display,

7. To select the displayed totalizer multiplier and place
the flowmeter in the manual range mode, press the
{CLEAR] key. When the totalizer reaches the Jargest
number for the selected totalizer multiplier, the totalizer
will reset and start counting again at 000.

24

8. To select the displayed totalizer muitiplier and plar

the flowmeter in the suto up-ranging mode, press i,

[YES] key. An a will be displayed af the end of the
bottom hine indicating that the auto up-ranging mode is
actrvated. When the totalizer reaches the largest pumber
for the selected totalizer multiplier, the totalizer will
aulouﬁtical]y increment {0 the pext Larger totalizer
mu.ltip!icr. This process will contipue through all total-
izer multipliers. When the totalizer reaches the largest
number for the last totalizer multiplicr, the touhm will
reset and start counting agam at D000; howcvcf, ﬂ]e

X 10000 muitiplier will remain d:spiayod indicating that

the totalizer overflowed and reset.

9. The H: will disappcar from the display and the
totalizer will begin to count. The flow rate will be
shown on the top line of the display and the totalizer
count will be shown ca the bottom line of the display.

10. If a flow rate factor is being used, the totalizer will
count based on the calculated flow rate unit.

CAUTION
The totalizer does not convert the existing reading to
the npew units when the flow rate factor is sct or
turmned off. If the flow rate factor is set to & new value

or turned off with the totalizer turned on, reset the ©
totalizer or make r notation of the new flow rate

factor and the totalizer count at the time the flow rate
factor was changed.

11. A non-blinking % will be displayed at the begin-
ning of the bottom line to signal that the totalizer is
counting ixt the factored mode. If the flow rate factor s
turned off, the non-blinking % at the beginning of the
bottom line will disappear and the totalizer will begin
to count 1a the selected unit.

SET DISPLAY UPDATE RATE

1. The fluid flow ratc shown on the display can be set
to update every 2, 4, 6 or B seconds at any time when
the flowmeter is operaling.

2. To change the display update rate, press the [F] key
followed by the [UPDATE RATE] key followed by the
[2]. [4). [6], oc [8] key to specify the number of seconds
between updates.

3. The display will momentarily flash, sigoaling that
the new value was accepted. If an incorrect value was
keyed in, the display will not flash and the d:splay
updatc rate will not be changed. :

11/1/90
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~ CHAPTER 3
OPERATION

GENERAL :
Figurc 1-4 is an ilfustration of the front panet of the

Model MST Dedicated Ultrasonic Flowmeter. All
switches, controls and indicators used to operate the
flowmeter are mounted oo the front panel and are
labeled in Figure 1-4. To access the controls on the
front pancl of the flowmeler, unscrew the six front
cover screws (Frgure 1-1) using s straight slotted screw-
driver and swing the front cover open. After the con-
trols have been set, close the front cover and tighten the
six front cover screws.

Before the flowmeter can be placed in operation, it must
first be programmed as described in Chapter 2, Pro-
gramming, and have the {ransducers installed as de-
scribed in Chapter 5, Instalfation,

SET SENSITIVITY
L. The fluid in the pipe whose flow is (0 be measured
must be tn a sicady state operating condilion at the time
the seasitivity is set.

2. Turn the SENSITIVITY and DAMPING control
counter-clockwise 10 their minimum positions.

3. Turn the SENSITIVITY control clockwise until the
SIGNAL STRENGTH meter rcading is one-third of the
way info the green arca of the meter scale.

4. Allow the fluid flow rate reading time to stabilize
and thea verify that the SIGNAL STRENGTH mectcr
reading is still one-third of the way into the green area
of the meter scale.

5. Coulinue to perform steps 3 and 4 watil the SIGNAL
STRENGTH meter reading remains ope-third of the
way into the green arca of the meter scale.

SET DAMPING

L. The fluid in the pipe whose flow is to be measured
must be in & steady state operating condition at the time
the damping 1s set.

2. If the fluid velocity reading is fluctuating, turm the
DAMPING control clockwise uatil the fluid velocity
reading becotnes stable.

11/1/90

CHANGE DISPLAY UPDATE RATE

1. The fluid flow rate shown on the display can be set
to update every 2, 4, 6 or 8 seconds at any time when
the flowmeter is operating. e

2. To change the display update rate, press the [F] key
followed by the [UPDATE RATE] key followed by the
(2], {4], [6], or [8] key to specify the number of seconds
between updates.

3. The display will momentarily flash, signaling that
the ncw valuc was sccepled. If an incorredt value was
keyed in, the display will not flash and the display
update rate wall not be changed.

CHANGE TOTALIZER UNITS

L. The totalizer units can be changed by pressing the
[F} key immediately followed by the [TOTALIZER
UNITS] key.

2. Whea this is done the totalizer will teinporarily be

put in the hold mode and an IT: will be displayed st the
beginning of the bottom hne.

3. The operator can now sclect a new units by continu-
ally pressing the [NO] key.

4. When the desired units is displayed, press the [YES]
key. Atthis time, the H: at the beginning of the bottom
line will begin flashing signaling that the totalizer is’
still in the hold mode. Press the [TOTAILIZER
ON/HOLD} key to disengage the hold mode and start
the totalizer counting.

CAUTION
The totalizer does not convert the existing reading to
the new units when the totalizerunits are changed.
Reset the totolizer or make a notation of the new
totalizer units and the totalizer count at the time the
totalizer units were changed. -

CHANGE TOTALIZER MULTIPLIER

1. The totalizer multiplier can be changed by pressing
the [F] key immediately followed by the {TOTALIZER
MULTIPLIER] key.
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2. When this is done the totabizer will temmporanty be

put in the hold mode and an H: will be displayed at the
beginning of the bottom line.

3. The operator can now sclect a new muitiplier by
coutinually pressing the {NOJ key.

4. Wkea the desired multiplicr is displayed, the [YES]
key is pressed, C

oA

5. At this time the H: at the beginning of the bottom
line will begin flashing signaling that the tolalizer is
still in the hold mode.

6. Press the [TOTALIZER ON/HOLD] key to disen-
gage the hold mode and start the totalizer counting, -

CAUTION
The totalizer does not convert the exisling readiag to
the new units when the totalizer mul tiplier is
changed. Reset the totalizer or make a notation of the
new totalizer multiplier nnd the totalizer count at the
time the totalizer multiplier was changed.

RESET TOTALIZER
1. The totalizer can be rest to zero be pressing the [F]
key followed by the [TOTALIZER RESET] key.

2. This will reset the counter to 0000,

NOTE
This will only reset the internal electronic totalizer,
it has no effect on an optional internal mechanical
totalizer or a remote totalizer,

PLACETOTALIZER ON HOLD
1. The totalizer can be placed on hold by pressing the
[TOTALIZER ON/HOLD)] key.

2. When this s done, the totalizer will held jis count

and indicate a {lashing H: at the beginning of the bottom
line (o signal that the totalizer is in the hold mode.

3. Pressing the [TOTALIZER ON/HOLD] key again
will cause the flashing H: to disappear and the totalizer
wiil start counting again.

NOTE
The totalizer should be reset after being placed on
hold. The cucrent totalizer count is incorrect as 1§
does not Include the volume of fluid that Oowed while
the totalizer was on hold.
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TURN TOTALIZER OFF

L. To tumn the totalizer off, place the totalizer in the

hold mode by pressing the [TOTALIZER ON/HOLD]
key.

2. When this is dooe, the totalizer will hold its count

and indicate a flashing H: at the beginning of the
bottom line to signal that the totalizer is ig the hold

3. Press the [CLEAR] key.

4. The totalizer is turned off. W

S. The bottom line of the display will now read TOT
OFF and the fluid velocity will be shown on the right
side.

CHECK PIPE ID STATUS
I. To view the pipe inside dizmeter for which the

flowmeter is currently programmed, press the [F] key
and then press the [PIPE ID STATUS] key.

2. For english units, CURRENT PIPE ID IS
#HF & FH [N, where ##4.#R is the pipe inside diameter,
will appear on the display. For metric units, CUR-
RENT PiPE ID IS ###& #& MM, where S48 8¥F is

the pipe inside diameter, will appear on the display.

This message will appear for approzimztely 5 seconds”
and then return to the previous display screen.

CALIBRATION TEST

I. The flowmeter has an calibration test function that
can be activated from the keyboard. This test routine
checks the display and checks for correct calibration of
the flowmeter,

2. Tum the DAMPING control 1o the minimum posi-
tion {full counter—clockwise) position.

3. Rotatc the YELOCITY RANGE switch fo the CAL
TEST position. -

4. Press the [F] key and thea press the [TEST] key.

5. TEST IN PROGRESS will appear on the top fine
of the display. Graphics characters will scroll acruss the
bottom line of the display for approximately 18 sec-

onds.
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6. If the calibration test was successful, TEST OK
SELECT RANGE will appear on the display.

7. If the calibration test was not successful, TEST

FAILED REFER TO MANUAL will appear on the
display.

NOTE
An unsuccessful calibration test is caused by the
DAMPING centrel not being at the minimum posi-
tionr or the Aowmcter being out of calibration. If the

11/1/90
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DAMPING contrel was not at the miniraum position
repeat steps 1 through 7 above. If the DAMPING -
control was at the minimum posifion, have the flow-
meter serviced.

8. Rotate the VELOCITY RANGE switch to the posi-
tion it was in beforc the calibration test.

9. Set the DAMPING control as described in lhc_ Set
Dampisg section. .
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POWER SUPPLY

so,um\

FUSE

Fipure 4-1
Power Supply Fusc

PRINTED CIRCUIT BOARD IIANDLING
A reasonable degree of caution should be observed

whea handling printed circuit boards so that they are
rot contaminated or affected by static electricity. The
following steps should be observed any time the flow-
meter housing is opened:

= Tumn off the electrical power to the flowmeter
before the housing is opened.

+ Wash any grease or dirt from your hands before
handling any of the electronic parts in the
flowmeter. Grease and dint are 2 source of
corfosion which could rendcr the flowmceter
inoperative.

* Never open the flowmeter housing in a
hazardous cnvironment or in the presence of
rain, heavy fog oc zirborne chemicals.

= To remove a board from the flowmeter, pull
straight out or by rocking very slightly. The
board should be gripped by the fiberplass base
material and not the components on the board,

» Do not disconnect any cables attached ta the
board because they can be easily damaged.

+ Handle the board by the edges, being careful o
avoid touching the gold plated coniact fingers.
If the board is {0 be moved 10 anather location,
place it in an anti-static bag. Ia the absence of

11/1/90

FUSE RATINGS (AMFS)
Glvenn K
NOMINAL | WITHOUT | WITH _
LINE OPTIONAL OPTIONAL
VOLTAGE HEATER HFATER
120 VAC 0.5A 0.6A
220VAC 0.2A 0.4A
Figurc 4.2

Power Supply Fuse Amperc Ratings

an amti-static bag, the board can be wrapped
with aluminum foil. If a replacement board is
being installed it will be in an anti-stadc bag
that can be used for the removed board.

+ Switch settings on the board can be changed
with a fingernail, small screw driver, or a dull
pick. A hall paint pen or pencil canaiso ba used;
however, asmall ink or lead smudge will be left
on the switch. Minimize the size of this smudge
because a large build-up can get inside the
switch and cause malfunciions.

POWER S5UPPLY FUSE REPIACEMENT
L. Turn off the electnical power to the flowmeter,

2. Unscrew the six front cover screws (Figure 1-1)
using a straight slotted screwdnver and swing the front

caver open.

3. Unscrew the two thumbscrews on the right side of
the front panel (Figure 1-4) and swing the hinged fiont
paael open.

4. The fuse is located on the Power Supply boand in
the lowes lefl corner of the flowmeter housing {(Figure
4-1). Rotate the fuse extractor a quarier tura counter-
clockwise with & stratght slotted screwdriver. The fuse
extractor along with the fuse will spring up above the
top of the fuse holder. 1.ift the fuse extractor and Fase
out of the flowmeter housmig.

5. Remove the burped out fuse fromrthc fuse extractor.
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6. losert a new 20 x 5 mm, 250 V Fast-blo fuse with
the appropriale ampere rating specified in Figure 4-2
into fuse extractor,

7. Place the fuse and fuse ext{ractor into the fuse holder.
Press the fuse extractor into the fuse holder and rotate
the fuse extractor a guarter turmm clockwise with a
straight slofted screwdriver.

8. Swing the hinged front panc! closed and tighten the
two thumbscrews on the right side of the front panet.

9. Swing the froot cover closed and tighten the six froat
COVCI SCIEWS,

10. Tum on the electrcal power to the flowmeter.

REPLACE TRANSDUCER COUPLING
COMPOUND _

1. Loosen the transducer mounting strap and slide the
transducers out from under the strzp.

2. Wipe the old coupling compound from the pipe and
transducer faces.

3. Apply a heavy coat of Polysonics’ Ultrasonic Cou-
pling Compound to each transducer face (Figure 5-3).

4. Lift the strap and slide the transducers underncath
allowing the strap to engape the two indentations on
either side of the transducers while keeping the traps-
ducers about 1/2-inch away from the pipe.

5. Position the transducers and strap to the predeter-
mined location on the pipe and tightcn the stap. The
strap only needs to be tight enough fo hold the trans-
ducers from sliding on the pipe. This can be tested by
trying to rotate or slide the transducers slightly while
lightcaing the strap. -

6. Aftex tightening the stmp verify that the Ultrasonic

Coupling Compound is squeezing out on 2ll sides of the

transducers forming a bead aloag the edge. Any voids
or air gaps under the tansducers will reduce the ultra-
sonic signal and caa render the flowmeter inoperative.

CHANGE PASSWORD e

L. The flowmeter is password protected to prevent
unauthorized programming changes. Programming pa-
rameters can be viewed without entenag the password;
bhowever, changes cannot be made. After the two char-
acter password has been correctly keyed in, program-

q-2

ming changes can be made. If more than one minute
passes belween keystrokes, the flowmeter will request -
resntey of the password before additional programming
changes can be made.

2. Unscrew the six froot cover screws (Figure 1-1)
using a straight slotied screwdriver and swing the front
cover open. :

-
3. Press the [F] key and then press the [PASSWORD]
key. 13
I
4. ENTER PASSWORD will appear on the display. |
Key in the current password and press the [YES}) key.

NOTE
The password for alt new flowneters is set at the
fadiory to 00,

5. NEW PASSWORD will appear on the display.

6. To change the password, key in a npew tw6 characes
password and press the [YES] key. The password has
now been changed.

7. To leave the current password in effect, press the

[NO? key.

8. Swing the front cover closed and tighten the six front
COVET SCITWS,

PASSWORD OVERRIDE

1. If the current password has beea forgotten, a pass-
wurd cvernde switch located oo the DC board inside
the flowmeter can be used to view the current password
and, optionally, assign a new password.

2. Tum off the electrical power to the flowmeter.

3. Unscrew the six front cover screws (Figure 1-1)
using a straight slotted screwdriver and swing the front

cover open.

4. Upscrew the two thumbscrews on the right side of
the front panel (Figure 14) and swing the hinged front
papel open.

5. Uascrew the printed circuit board bold down clamp
thumbscrew and remove the printed circuit board hold
down clamp (Figure 4-3).
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DC Board

6. Remove the DC board from the fourth slot from the
feft side of the flowmeter (Figure 4-3).

NOTE
Handle printed circuit boards as described in the
Printed Ciccuit Board Handling section of Chapter
4, Maintenance.

7- Move switch five of the six position dip switch
(SW1) mounted at the botlom left corner of the DC
board to the ON position (Figure 4-1).

8. Replace the DC board in the fourth slot from the left
side of the flowmeter (Figure 4-3). Turn oo the electri-
cal power to the flowmeter.

*9. Initialize the flowmeter by pressing the [F] key

foliowed by the {.] key followed by the [CLEAR] key.
The display will momeatarity flash signaling that the
flowmeter has been initialized.

NOTE

The flowmeter must be initialized following any
change te the six position dip switch (S5WE) on the

4-4

DC board. Initializing the flowmeter erases all pro-
gram parameters.

10. Press the [F]key and press the [PASSWORD] key.

11. CURRENT PASSWORD ##, where 4

is the password, will appear on the display for approxi-

mately 4 seconds then NEW PASSWORD
T will appear on the display. i

-12. To leave the current password in effect, press the

[NO] key. To change the password, key in the new
password end press the [YES] key.

I3. Tumn off the clectrical power to the flowmeter.

14. Remove the DC board from the fourth slot from
the Ieft side of the flowmelter (Figure 4-3),

15. Move switch five of the six position dip switch
(SW1) mounted at the bottom left comer of the DC
board to the OFF position (Figure 4-4).

16. Replace the DC board in the fourth slot from the
feft side of the flowmeter (Figure 4-3).

17, Replace the printed circuit board hold down clamp
and thumbscrew.

18. Swing the binged front panel closed and tighten the
two thumbscrews on the right side of the front panel.

19. Swing the front cover closed and tighten the six
front cover screws.

20. Tumm on the eléctrical power to the flowmeter.
21. Reprogram the flowmeter as described in Chapter
2, Programming. The flowmeter must be repro-

grammed following any change to the six position dip
switch (SW1) oa the DC board.
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INSTALLATION

Figure 5-1
Transducer Mounting For Less Than
24-Inch Diameter Pipe

TRANSDUCER MOUNTING

L. At the site where the transducers are going to be
mounted (Figure 5-1 and 5-2), clean an area on the pipe
slightly larger than the transducer to the bare mictal,

2. Place the transducer mounting strap around the pipe
(series two or wore straps for large pipes) and snap the
wornm gear assembly in place with some slack in the
straps,

3. Apply a heavy coat of Polysonics” Ultrasonic Cou-
pling Compound to the face of each transducer (Figure
5-3).

4. Laft the strap and slide the transducers undemeath
allowing the strap to engage the two indeptations on
either side of the transducers while keeping the trans-
ducers about 1/2-inch away from the pipe.

5. Posilion the transducers and strap {o the predeter-
wined focation on the pipe and tighten the strap. The
strap only needs to be tight cnough to hold the trans-
ducers from stiding on the pipe. This can be tested by
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Figure 5-2
Transducer Mounting For 24-Inch And
Larger Diameter Pipe

trying to rotate or slide the transducer(s) slightly while
tightening the strap.

6. Aficr tghiening the strap venfy that the Ulttasonic
Coupling Compound is squeezing out on all sides of the
transducers forming & bead along the edge. Any voids
or air gaps under the transducers will reduce the ultra-

sonic signal and can render the flowmeter inoperative.-

FLOWMETER HOUSING INSTALLATION

1. The flowmeler honsing should Le mounted on a
verlical surface with the conduit holes located at the
bottom of the housing. Mounting dimensicns and con-
duit Jocations are shown in Figure 5-4.

2. If the NMowmeter bousing is to be mounted on a flat
surface, attach the four mounting cars (Figure 54) 10
the back of the housing using the 1/4-20 x 3/8-inch ftat
head screws. Attach the flowmeter housing to the flat
surface with screws through the mounting boles in the

mounting ears.
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Figure 5-3-
Application of Ultrasonic Coupling Compound

3. If the flowmeter housing is ko be mounted to a
unistrut or pipe, use the universal mounting kit (Fig 5-
5). Attach the mounting brackeis to the back of the

.. ~housing using the 1/4-20 x 3/8-inch flat head screws.

. or a pipe, place the two clamps around the pipe, insert
“the threaded ends of the clamps through the damp
- shackles and mounting holes in the mounting brackets,

and screw the nuts onto the threaded ends of the
clamps. Position the height of the flowmeter housing on
the pipe and tighten the nuts on the damps.

For a unistrut, place the two damps or four bolts
through holes in the unistrut at the proper height, inser:
the threaded ends of the clamps through the mounting
holes in the mounting brackets, screw the nuts onto the -
threaded ends of the clamps, and tighten the nuts.

4. Instell the required conduits end wiring for Vthe
flowmeter in socordance with applicable codes and

standards.

CAUTION b

Makn sure power cables are not routed through the
mmamndnituihennxﬂimyinputnndoutputcabkuh
reduce electrical noise. Auxiliary input and output
cablea that are lined voltage connactions to external
davices, should be routed through the power conduit.

/N

This symbol indicated that the operator must refer to
the instruction manual prior to makiag any connections
to the equipment. -

" o - e —
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Figure 54

Mounting Dimensions and Conduit Locations

o-2




Jr—

This symbol indicates a PROTECTIVE GROUND
TERMINAL which must be connected to earth ground
prior to making any other connection to the equipment.

VIRING CONNECTIONS AND VOLTAGE
SELECTION

WARNING: Equipment must be grounded to an earth -

ground on the PROTECTIVE GROUNDING
TERMINAL before any other connections are made.

120 VAC OPERATION

1. Unscrew the six front cover screws {Fig 1-1) using a
straight slotted screwier and swing the front cover open.

2. Unscrew the two thumbscrews on the right side of the
binged front panel opening.

3. Unscrew the two screws that hold the proteclive cover
in place aver the power supply terminals and remove the
cover.

4. Check to eee that the LINE VOLTAGE SELECT
switch is set in the 120 position. If it is not, use a
straight slotted screw driver to carcfully change it to
that position,.

5. Verify that the correct fuse for the selected h
voltage is installed in flowmeter by following ¢
instructions in the Fuse Replacement sectjon of O Y
4, Maintenance.
6. The power cable is connected to the terminals label
AC INPUT on the Power supply board (Fig 5.4
Connection the hot wire to the L} tetminal, connect t'
neutral wire to the L2 terminal and connect the grow
wire to the GND terminal.

-1..Replace the protective cover over the power Bupp
terminals and replace the two screws that hold it -
place. '

240 VAC OPERATION

1. Unscrew the siz front cover screws (Fig 1-1) uﬁng
straight slotted screwdriver and using the front cove

open.

2. Unscrew the two thumbscrews on the right side of th;
binged front panel opening. '

3. Unscrew the two screws that hold the protective cave
in place over the power supply terminals and remove th
cover,

4. Check to see that the LINE VOLTAGE SELX™
switch is set in the 240 position. If it is not, v
straight slotted screw driver to carefully change i" t
that position.

5. Verify that the correct fuse for the selected lim
voltage is installed in the flowmeter by following th
instruction in the Fuse Replacement section of Chapte
4, Maintenance.

6. The power cable is connected to the terminals tables
AC INPUT on the Power Supply board (Fig 5-6)
Connect one of the hot wires to the L1 terminal and the
other hot wire to the L2 terminal and connect the
ground wire to the GND terminal.

7. Replace the protective cover over the power supply
terminals and replace the two screws that hold it in
place.

5-3



et

LINE VOLTAGE SELECT///\X_’///’

—

=i

B

PIXSE

=) O

ouTPUT

=G

©
N

jal

Zhl D |

1,

GND

NELTRAL A= RO

. [ ——.
| CONTRAST @
CONTROL
' POWER  InPUTS
POWEF SUFFLY BDARD e BUELT S TRANS DUCCRS
Figure 5-6 . i

Line Voltage Selection and Wiring

TRANSDUCER AND AUXILIARY OUTPUT CABLE

1. The transducer cable is conpected to the terminals
labeled TRANSDUCER on the far right side of the
flowmeter housing (Fig 5-6). Connect the gray wire to
the GND terminal, connect one of the white wires to the
T terminal and the other white wire to the R terminal,
and connect the black wire to the SH terminal. The
white wires and the T and R terminals are
interchangeable allowing either while wire to be
connecied to cither terminals.

2. The auxiliary output cable for the 4-20 mA interface
for an external device, such ns, a chart recrder, is
connected to the terminals labeled MA OUTPUT
immediately Lo the Jeft of the transducer terminsls (Fig
5-6). Connect the positive polarity wire to the +
terminal and the negative polarity wire to the - terminal.
The 4-20 mA interface output is rated for a loop
resistance of up to 750 ohmns and is isolated for 1500
~olts.

3. The euxiliary output cable for the 0-10 YDC interface
for an external device, such as, a chart recorder, is
connected to the terminals labeled 0-10 V OUTPUT on
the far right side of the flowmeter housing sbove the
transducer terminals (Fig 56). Connect the positive
polarity wire to the + terminal and the negative polarity
wire to the - terminal.

NOTE

The sourco of the 0-10 YDC output voltage is not
ipolated and la returned to the internal ground of the
flowmeter. Therefore, it must bo connecied to an
isolated devica.

4. The suxiliary input cable for the positive zero
interfoce used to inhibit flow rate readings and totalizer
counting during no flow conditions is connected to the
terminals labeled ZERO on the far right Slde of the
flowmeter housing above the transducer terminals (Fig
5-6). The terminals are interchangeable allowing either
wire to be connected to either of the terminals.



5. Swing the hinged front panel closed and tighten the
two thumbscrews on the right of the front panel.

6. Swing the front cover closed and tighten the six front
JOVET SCTeWS.

SET DISPL.AY CONTRAST

L. With electrical power to the flowmeter turned on,
unscrew the gix front cover screws (Fig 1-1) using a
straight slotted screwdriver and swing the front cover

open

2. Unscrew the two thumbscrews on the right side of the
front panel (Fig 14) and swing the hinged front panel
open.

CAUTION . .
Avoid touching any components in the flowmeter to
provent electrical shock. Use an insulated screwdriver
to adjust the CONTRAST control.

3. Adjust the display contrast by turning the
CONTRAST control on the power supply board (Fig 5-6)
using a phillips or small straight slotted screwdriver. To
darken the chamcters on the display, turn the
CONTRAST control  clockwise. To lighten the
characters on the display, turn the CONTRAST control
counterclockwise.

" Swing the hinged front panel closed and tighten the
.wo thumbscrews on the right side of the front panel.

5. Swing the front cover closed and tighten the six front
COVET BCIrews.

TRANSDUCER SITE SELECTION
The following criteria should be considered when
selecting the site for installation of the transducers:
. The site cshould be easily accessible for
installation, Jater inspection, and servicing.
. A location for mounting the flowmeter housing
must be within the reach of the transducer cable
. {20 to 100 it maxiraum).
» The pipe temperature must be within the
transducer temperature rating:
. Do not mount transducers on severely vibrating

pipes.

The site should be as far away as possibia fro
noise gources, such as, throttling valves, pr
orifices, and reduced pipe sections.
transducer should be mounted s0 th. 4
ultrasonic signal is directed away from noi
sources. The transducer directs the wltrasoy
signal in the direction of its own cahle.

If possible, the site should be upstream of noi
BOUTCES.

The site should be as far away as possible fro
fluid velodity increasing devices, such as, orifi
plates, partially dosed valves, and venturis.
Do not mount the transducers close to a turbis
meter. The flowmeter will read the velocity .
the fluid coming off the turbine blades.

The section of piping where the transducers g
to be mounted must always be full of fuid.
vertical pipe with upward flow or a fy
horizontal section is recommended.

Do not mount the transducers on a vertical pij
with downward flow. The pipe may not be fu
of fluid.

If a horizontal section of piping is selecter
mount the transducer on the sides of the 2ip
Do mot mount the transducers on the op an
bottom of pipe. Foaming at the top of the pif
or sediment st the botiom of the pipe ma
interfere with the ultresonic signals.

For less than 24-inch diameter pipe, mour  }
transducers opposite erch other at the 3 o’clée
and 9 o'dock position (Fig 5-1).

For 24-inch and larger pipes, mount th
transducers on the same side of the pipe st th
2 v'dock and 4 o'dock positions, two to si
inches apart (Fig 5-6). :
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CHAPTER 6

TROUBLESHOOTING

TROUBLESHOOTING CHART

PROBLEM

CAUSE

SOLUTION

Erratic flow rate readings or a
drastic change in the flow rate
readings. :

The transducers were mounted
downstream of a noise source,
such as, a throttling valve, pump,
orifice, or reduced pipe section.

Move the transducers upstream of
the noise source.

Incorrect Flow Rate Readings.

1. The transducers were mounted
on the top and bottom of a
horizontal pipe. Foaming at
the top or sediment at the
bottom of the pipe is
interfering with the ulirasonic
signal. '

2. The transducers are mounicd
on a vertical pipe with flow in
the downward direction. The
pipe is not full of fluid.

1. Move the transducers 1o the
sides of the pipe.

2. Move 1he transducers 1o
another location where the
pipe is full.

Incorrect flow rate in clean fluids.

1. Astrong turbulence producing
component, such as, a venturi,
otifice plate or partially closed
valve, is acoustically within
range of the transducers. The
flowmeter is yeading the fluid
velocity throvgh the restricted

opening.
2. The flowmeter is programmed

for the wrong pipe¢ inside
diamelcr.

1. Move the transducers 10 an
acoustically Isolated section of
pipe, such as, between wo
clbows, which will confine the
ultrasonic signal.

2. Reprogram the flowmeter for
the correct pipe inside
diameter.

Weak or erratic ultrasonic signal.

1. The transducers are mountied
on opposite sides of the pipe.

2. The fluid being measured is a
ctean fluid.

3. Low fluid veloaty.

I. Move the wransducers 10 the
same side of the pipe.

2. Move the transducers near a
pump ot discharge. In extreme
cases, inject aif or pitrogen
nto the fluid.

3. Move the trapsducers 10 2
seduced diameter section of
piping. If 2 reduced diameicr
section of piping does not
exist, onec may have to be
installed 1o be able fo measure
Nuid flow.

1i/1/90
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TROUBLESHOOTING CHART

PROBLEM

CAUSE

SOLUTION

Weak or erratic ultrasonic signal.

4. The transducers are mounted
on fiberglass pipe thal
attcpnuales the ultrasonic
signal.

5. The transducers are mounted
on lined pipe that attennates
the ultrasonic signal.

6. Voids or air gaps cxist in the.

coupling compound under the
transducers.

4, Move the transdecers o a-
section of piping that is not
fiberglass.

5. Move the transducers to-a
section of piping that is not
lined or is lined with another |
materjal. ’ >

6. Remove the transducers, clean
the old coupling compouad
from ihe transducers and pipe,
apply a heavy coat of coupling
compound 1o the transducers,
and remount the transducers.

The flow rate reading increases
when a contral valve is partially
closed 10 reduce the fluid flow.

The uansducers are mounted 100
close (o the control valve. When
the valve is partially closed, the
flowmeter is mcasuring the
increased fluid velocity as it goes
through the -estricted opening in
the control valve,

Move the transducers further
away from the conirol valve.

Thellowmeter has been operating
satisfactorily. Suddenly, the
flowmeter can no longer measure
the flow rate.

1. Air bubbles have started 10
form in the fluid resulting in
too many bubbles to allow the
ulirasonic signal 1o penetrate
the flow stream.

2. The sludge has become 0O
dense to 2llow the ultrasonic
signal 10 penelrate the flow

T ostream.

3. A newingredicnt was added fo
the fluid that is absorbing the
ultrasonic signal.

4. The coupling compound nnder
the transducers has washed
away.

1. Reset the SENSITIVITY

control to correct for changes
in the ftuid.

Z. Reset the SENSITIVITY
control 10 correct for changes
in the fluid.

3. Resct the SENSITIVITY
control to correct for changes
in the {luid.

4. Remove the transducers, clean
the old coupling compound
from the transducers and the
pipe. apply.a heavy coat of
coupling compound (o the
transducers, and remount the
transducers.

A flashing ALERT light and a
continuously it OPERATE light.

There arc spurious high frequency
noise signals that may cause
incorrect flow rate readings.

=
Dciermine the cause of the
spurious signals and take
appmpriatc action w0 c¢liminate
them.

62
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CHAPTER 6 - TROUBLESHOOTING

~

TROUBLESHOOTING CHART

FPROBLEM

CAUSE

SOLUTION

Continvously lit SJGNAL

PROCESSOR + light.

The signal processor circuit
cannot compensale for afl of the
spurious low frequency noise
signals that are preseqt.

Move the wransducers o another
focation.

The SENSITIVITY control is
rotated more than 75% of the way
10 the full clockwise position.

The strength of the reflected
ultrasonic signal is weak and
causes the flowmeter 10 be more
susceptlible 1o interfering
frequencies.

Remove the transducers, clean the
old coupling compound from the
transducers and the pipe, apply a
heavy coat of coupling compound
1o the transducers, remount the b
transducers, and r:sct:the
SENSITIVITY coatrol. If the
SENSITIVITY control is stilt
more than 75% of the way to the
Tull clockwise position, move the
iransducess 1o another location

Calibration Test Failed.

1. The DAMPING control was
not at the minimum (full
counter-clockwise) position.

2. The flowmeter is out of
calibration.

1. Turn the DAMPING control
to the minimum position and
perform the calibration test
again.

2. Have the flowmeter serviced.

11/1/90

6-3



CHAPTER 7
ACCESSORIES

ACCESSORY KIT

The sccessory kit includes fous transducer mounting
straps and oae tube of Ultrasconic Coupling Compound,
The trunsdvcer mounting straps are 32-inch long stain-
less steel pipe straps with 2 worm screw tightening
device. A 5/16-inch wrench fits the hex head of the

worm screw. The Ultrasonic Coupling Compound is

supplied in a two ounce tube and is good for tempesa-
tures up t0 250°F. The compound is in grease form and
is made from a mineral oil base.

11/1/90

UNIVERSAL MOUNTING KIT

The universal mousting kit includes two mounting
brackets, two nickel plated U-bolt and chackle clamps
and four screws. The movnting kit facilitates mounting
the flowmctcr housing to & uaistrut or pipe. The mount-
ing brackets are used to adapt the mounting pattern of
the flowmeter housing to the clamps with the slotted
boles in the bracket accepting the threaded portion of
the clamps. The screws are standard 1/4-20 thread flag
head screws 3/8-inch long.
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CHAPTER 8
OPTIONS
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Figure 8-1
Dual Alarm Board
DUAL ALARM OPTION
DESCRIPTION | board. Alarm 1 is sef to be a high trip oc low trip alarm

The Dual Alarm board (Figure 8-1) consists of two
independently operating flow alarm menitors that can
bec connected 1o external anounciators, They may be
used as a HI-LO alarm, dual HI or dual LO alarms. The
et point of cach alarm is & percentage of the flowme-
ter's full scale flow rate. Additionally, each alarm may
be sct for a high trip or & low trip. The green LEDs are
Lit whea the relays are energized,

Both alarm monitors have an on-bozrd terminal stnp
with SPDT cootacts available for coanection fo an
external annunciator. The relay contacts are rated at |
A, 24 VDC or 1157240 YAC, pon-inductive. The
fiysteresis {deadband) is fixed &t 0.8% of span.

SET POINT

1. The set point of alarm ! is set with the two rotary
switches on the left side of the board and slarm 2 1s set
with the two rotary switches on the right side of the

11/1/90

using the left HIZLO slide switch and alasin 2 15 set
using the right HI/LO slide switch.

2. Calculate the flowmeter’s full scale flow rate as
described in Appendix B, Flow Conversion Data.

3. Calculate the set point for each alarm as = percentage
of the flowmeter's full scale flow rate.

4. For each alarm, rotate the left rotary switch to the
aumber that is in the 10 position of the set point sumber
and rotate the right rotary switch to the number that is
in (he unit position of the set point oumber. In Figure
8-1 the left rotary switch of alarm ! is set to 7 and ‘the
right sotary switch of alarm 1 is set to 8 for a set point

of 78 percent.

8-1



CHAPTER 3 - OPTIONS

NOTE -
Alarm set points must be recalcatated and reset if the
VELOCFITY RANGE switch or the flow rate factor is
changed.

5. For each alarm, move its HI/LO slide switch to the
HI position if the alarm is to be x high trip slarm or to
the L.O position if the alarm is to be 1 fow trip alasm.

- - =" Example
The flowmeter's VELOCITY RANGE switch is get at
8, the pipe inside diameter is 7.981-inches and the
flowmeter's flow rate units are set to gallons per
minute. A high slarm is desired for 973 galloas per
minute and & low alarm is desired for 250 galions perT
minute. '

Calculate the flowmeter’s full scale flow rate as de-
scribed in Appendix B, Flow Conversion Data:

Full Scale = VR x ID?x 2.45
Flow Rate

8 x 7.981%x 2.45
1,248 pal_/min.

1)

Calculate the set points for the high and Jow alarms:

High Alarm = High Alarm Value / Full Scale
Set Point Flow Rate
973 gal./min. 7 1,248 gal./min.
= T78or78%

f

= Low Alarm Value / Full Scale
Flow Rate

= 250 gal./min. / 1,248 gal./min.

= 20r20%

Low Alarm
Set Point

The alarms in Figure 8-1 are set as required by this
example. The lcft alarm is set to 78 % of the full scale
fluid rate as 2 high alann, and the right alarm is set to
20% of the full scale flow rate as & low alarm.

INSTALLATION
L. Tum off the electrical power to the flowmeter.

it R L RS P R S T

2. Unscrew the six front cover screws (Figure I-1°
using a stright slotted screwdriver snd swing the
hinged front cover open.

3. Unscrew the two thumbscrews on the right side of
the froot panel (Figure 1-4) and swinp the hinged front

pancl open.

. 4- Unscrew the printed circuit board hold down clamp
thumbscrew a0d remove the printed circuit board b3|d
+

down clamp (Figure 4-3).

5. The external annunciator for each alarm is connectad
to the Dual Alarm board st the terminals on the left end
of the board (Figure 8-1). The first threc terminals on
top are for alarm ] and the last three terminals on bottom
are for alarm 2.

NOTE
Hsandle printed circult boards as described In the
Printed Circuit Board Handling section of Chapter
4, Maintenance,

é. To connect the external annunciator as 2 normally
closed circuil, connect one wire to the NC (top) termi-
nal end connect the other wire 1o the C {middle)

termenal.
7. To connect the. annunciator as a sormally open

circuit, connect one wire (o the NO (bottom) terminal
and coonect the other wire to the C (middle) terminal.

8. Place the Dual Alarm board in the first slot from the
Jeft side of the flowmeter (Figure 4-3).

9. Replace the printed circuit board hold down clamp
and thumbscrew.

10. Swing the hinged front panel closed and tighten the
two thumbscrews on the right side of the front panel.

11. Swing the front cover closed and tighten the six
front cover screws.

12. Tusn on the electrical power to the flowmeter.
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Figure 8-2 Figure 8-3

Remote Totalizer Powered By Flowmeter

Remote Totalizer Powered By An
External Power Source (Dry Contact)

REMOTE TOTALIZER

DESCRIPTION
The rcmote totalizer is an external counter that replaces

the totalizer count shown on the flowmeter display. The
remote totalizer may be configured to be powered by

the flowmeter (Figure 8-4) or by an external power -

source (Figure 8-5). This coufiguration is set at the
factory.

When the remote totalizer is powered by the flowmcter,
the output is 15 VDC and is limited to 2 W. A 50
millisecond pulse will be provided each time the fluid
volume programmed into the totalizer occurs.

Whea the remole totalizer is powered by an external

-power source, the output is defined as a dry contact

relay and is rated at 2 A DC resistive Joad or 0.5 A at
115 VAC at a normal temperature of 25°C. The contact
closure can be configused st the factory to normally
open or notmally closed. The relzy will activate each
time the fluid volume programmed into the totalizer
OoCCurs.

SETPOINT
Theze are no set points for this option.

MAINTENANCE
L. A fuse for the remote totalizer is located on the
Counter board (Figure 8-4).

11/1/90

1. To replace the fuse, twrn off the power to the
flowmeter.

3. Unscrew the six front cover screws (Figure I-1)
using a strzight slotted screwdriver and swing the

hinged front cover open.

4. Unscrew the two thumbscrews on the right side of
the front panel (Figure 1-4) and swing the hinged front

panel open.

5. Unserew the printed circuit board hold dovwn clamp
thumbscrew and remove the printed circuit board hold

down clamp (Figure 4-3).

6. Remove the Counter board from the fifih slot from
the Ieft side of the flowmeter (Figure 4-3).

NOTE -
Handle printed circuit boards as described In the
Peinted Clrcuit Board Handling section of Chapter

4, Maintenance.

"

7. Remove the burned out fuse from the fuse holder on
the Counter board using a small straight slotted screw-
driver (Figure 8-6).

8.3
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Figure 8-4
Counter Board

8. Insert amew 0.2 A7250 V Fast-blo fuse into the fuse
bolder.

#. Replace the Counter board in the fifth slof from the
Left side of the flowmeter (Figure 4-3).

10. Replace the printed circuit board bold down clamp
and thumbscrew.

1. Swing the hinged front panel closed and tighten the
two thumbscrews on the right side of the front panel.

12. Swing the front cover closed and tighten the six
front cover screws.

13. Tum on the electrical power ta the flowmeter.

INSTALLATION
L. Tum off the clectrical power to the flowmeter.

8-4

2. Unscrew the six froot cover screws (Figure I-1)
using a straight slotted screwdriver and swing the

hinged front cover open.

3. Uascrew the two thumbscrews on the right side of
the flowmeter housing front panel (Figure 14) and
swing the hirged front panel open.

4. The auxiliary output cable for the remote totalizer is
connected to the terminals labeled PULSE OUTPUT
on the far nght side of the flowmeter housing above the
transducer terminals (Figure 5-5).

CAUTION
The output for the remote totalizer Is set at the
factory as either dry contact or +15V pulsed output
The same terminals are used for types of output

5. If the remote totalizer js powered by the flowmeter,

connect the positive palanty wire to the I terminal and
connect the negative polanty wire to the 2 termipal.

11/1/90



NOTE
The ovtput far a remote totzlizer powered by the
flowmeter is +15 V, maximum 3 waotts, 50 millisec-
ond, pulsed output.

6. If the remote totalizer is powered by an external
power source, connect one wire to the 1 lesminal and
the other ware to the 2 terminal. Either wire can be
connected to either terminal.

NOTE
The ootput for & vemote totalizer powered by an
external power source Is dry contact closure.

T. Unscrew the printed circvit board hold down clamp
thumbscrew and remove the printed circuit board hold
down clamp (Figure 4-3).

8. Remove the DC board from the fourth slot from the
left side of the flowmeter (Figure 4-3).

NOTE
Handle printed circuit boards as described In the
Printed Circuit Board Handling scction of Chapter
4, Maintenance.

11/1/90
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9. Move switch four of the six position dip switch
(SW1) mounted 2t the bottom leRt corner of the DO
board to the ON position (Figure 4-4).

10. Replace the DC board in the fourth slot from the
Jeft side of the flowmeter (Figure 4-3).

11. Place the Counter board in the fifth slot from the

Ieft side of the ﬂowmdcr (anu:c 4-3). . 3%
Torlse o oTR %"Eﬁ—;j ’

12, chhcclhcpnnlcd cu’cualboaxdboldd wa clarmp

and thumbscrew. -

-

13 Swmg the hinged front panel closed and ztplaoé—.!hc
two thumbscrews on the right side of the front panel.

14. Swing the front cover closed and txghlcn the six
front cover screws. _

15. Tum on the electrical power to the flowmeter.
16. Reprogram the flowmeter 2s descnibed in Chapter
2, Programming. The flowmeter must be repro-

grammed following any change to the six position dip
switch (SW1) on the DC board.
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APPENDIX A
GLOSSARY

Accuracy
A measuze of the preciseness of an instrument’s me2surements when compared to a known standard.. Accuracy is

generully specified as the maximum ervor of the instruments measurement expressed as 2 percentage.

Attenpation . i
The reduction in streagth of an electrical or ultrasonic signal, i.c., the weakening of Doppler signal.

Clean Floid e
A fluid that bas few suspeaded particlcs. Examples of clean fluids are distilled water, solvents, and atcholic beverapes,

Demping :
The slowing of instantaneous signal changes 1o provide a more gradual or lower frequency response to the process

e surement. -

Dedicated
For permanent mounting; non-portable.

Dirty Fluids .
Liquids containing suspended solids, contaminant, particles, or bubbles. Examples of dirty fluids err sewngs, paper

pulp, and coal siurry.

. Doppler Theory , p \
Devetoped by Christian Doppler; the effect wherein th=re is @ measrable change of sound or light fr~1iecacy csa

function of the sclative velocity of the source to the nbs=rver.

Doppler Shift . . .
The measured difference between transmitted nnd -eceived frequencies 2s a result of fluid motion.

English Flowmeter . ) c
A flowmeter that measures fluid flow using measurem=nt units, i.c., feet, inches, gallons, efc., that are stzndard in

the United States of America.

Full Scale Flow Rate L : :
The highest fluid flow rate that can be measured by the flowmeter with its current settings. The full scale flow rate

is dependant vpon the setting of the VELOCITY RANGE switch, the pipe inside dianeter and the sctting of the flow
rate factor. The full scale flow rate is calculated as described in Appendix B, Flow Conversion Data.

Internal Frequency Standard (IFS) ) . .
A standard feature on all Polysonics flowmeters, that is 2 built-in frequency source having a pre-assigned value of

calibration checks 1 the field.

Intrinsiceity Safe o ) ) .
Conforming to standard set forth by & regulating agency which limits the voltage and current levels in & device sa,jt

is ocapable of causing combustion through & spark or heat producing component in explosive or hazardous areas.

LCD
Liquid Crystal Display
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LED
Light emitiing dicde.

Linearity
The ability of the flowmeter to establish & relationship between actual flow and its outpuf, often called the

characteristic curve of the flowmeter, to spproximate 2 straight line relationship.

Metric Flowmeter
A flowmscter that measures fluid flow using measurement units, i.¢., meters, mﬂlu:uclcrs fiters, etc., that ars standarq

ia the metric system. - N

NEMA-4X e
An ipdustry standard for instrument enclosures that are water tight and corrosion resistant with no cxposod metal
surfaces. The cnclosun: must pass a hose cst, using a 1-inch nozzle, delivering 65 GPM at a 10 foot distance for 5

minules.

NEMA-7
An industry standard for explosion proof instrument caclosuses in hazardous eavironments, such as, an almospbere

of ethylether, ethylene, cyclopropanc gasoline, petroleum, alcohol of naturat gas.

Noise
Any frequencies plckc:d up by the Doppler flovancter which are not Dopples shifted frequencies.

Password
A two character code that must be correctly keyed in before the vser can aceess the programming funmons of the

flowmeter.

Positive Zero e -
The option added to Polysonics flowmeters which inhibits backflow inuic=**on or volume accumulation vader no-flow

conditions. This is accomplished Dy activating the fow signal circuit under 2 no-flow condition. It reqriires a contact
clasure from ao extemnal device, cuch as, a pemp, In order to *mitiats (s function.

Repeatability
The ability of a flowmeter to reproduce a measurergent each time 8 set condition is repeated.

Sharry
A mixture of 2 fluid with any insoluble material such as clay, cement, coal, cic. usually described in terms of percent

solids content.

Tetalizer _
A feature of the ﬂowmclcr that counts the total volume of fluid that flows past the transducers from the time the

totalizer 1s turned on uatil it is placed on hold or is turned off.
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APPENDIX B
FLOW CONVERSION DATA

FULL SCALE FLOW RATE :
The flowmeter's full scale flow rate is dependant upon the setting of the VELOCITY RANGE switch, the pipe inside
diameter and the setting. of the flow mate factor. The following equations are used to calculate the full scalc,ﬂqw.-,r;t_c

with units of galléns per minite or Liters per minute: i } .l ‘ e
Full Scale Flow Rate For US = VR 1ID?x 245 x CFx FRF Tl
Flowmeters T : '

Full Sale Flow Rate For = VRx ID?x.04712x FRF

Meiric Flowmeters

Where: CF = - Conversion factor to convert gallons pef minute for US Bowmeters; or, Jiters per minute
for metric flowmeters, to the flow ratc units currently set on the flowineter
FRF = Fiow rate factor (usc a vatue of 1 if the flowmeter does not currently have a flow rate factor)
I = Pipc inside diameter
VR = VELOCITY RANGE switch sctting (2, 4, 8, 16, or 32 f./sec.)

CONVERSION FORMUILAS 7 :
The following are conversion formulas that are useful when dealing wath fluid flow:

FLUID VELOCITY FLUID FLOW RATE TEMPERATURE
FPS = GPM/(ID* x 2.45) GPM = FPSx ID*x2.45 °F = ("Cx 1.8) + 32
MPS = LPM/(ID? x .04712) LPM = MPS x ID? x 04712 °C =(°F-32)/1.8

Where: IFPS == Feet per second
GFPM = Gallons per minute
ID = Pipe inside diameter
LPM = Liters per minute
MPS = Melers per second
°F = Degrees Fahrenheit
*C = Degrees Centigrade

TO CONVERT INTO MUL‘I'IPLY BY
Cubic Meters U.5. Gallons 264.2
Fect Meters 03048
U.S. Galjons Imperial Gallons 0.83267
Inches Millimeters ' ) 25.4
Meters Feet 3.281
Millimeters Inches 0.03933%
Liters ULS. Gallons (12642
US. Gallons | Cubic Meters 03785
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APPENDIX B - FLOW COMYERSION DATA

VELOCITY CONVERSION TABLE FPS to GPM
VELOCITY
NOMINAL —
PIPESIZE 05 1.0 2.0 30 40 50 6.0 2.0 10 15
(SCH 40) FPS | FPS | FPS | FPS | FPS | FPS | FPS | FPS | Frs | Fps
1 13 2.7 5.4 8 11 13 16 n 27 40
s 32 6.5 13 19 25 32 38 51 64| 95
2* 52| 105 21 3t 42 52 63 84 105 | 157
25" 715 15 30 45 60 75 20 119 149 274
> 115 23 45 69 92 115 138 134 | 2311 248
3 20 40 so| w9} 19| 99| 38| 38| 397 398
5 31 62 125 187 | 250} 312 374 499 | 624 o936
& 45 90 180 27| 360 451 s41| 721 901 | 1352
8 78 156 312 468 624 | 780 936 | 1248 | 1561 | 2341
10" 123 26| 4921 7381 98¢ 1230| 1476 ) 19681 246501 6901 G
12 175 | 349 ) 698 | 147 ] 1397] 1746 § 2095 | 2793 | 3492 | 5237 lf;
147 211 ] 422 sas| 1266} 1688 | 2110 | 2532 | 3376 f 4220 6330
16 276 ss1 | 1103 | 1654 | 22051 27564773308 | as10 | 5513 | &260
18 39| 698 | 1396 | 2093 2791 | 3489 | 4187 | 5582 | 6978 | 10466
20* 434 8671 1734 | "602 1 3469 | 4336 ] 5203 | 6938 [ 8672 | 13008
24" 627 ) 1254 | 2508 | 3763 | s017§ 6271 | 75251 10034 § 12542 | 183814
" W48 | 2096 | 4192 | 6288 | 8385 | 10481 | 12577 | 16769 | 20961 | 31442
6 1522 | 3044 | 6089 | 9133 112177 | 15221 | 18266 | 24354 | 30443 | 45664
42" 2048 | 4169 | 8338 [ 12506 | 16675 | 20844 | 25013 | 33351 | 41688 | 62532
48" 2735 | 5470 | 10940 | 16409 | 21879 | 27349 | 32819 | 43758 | 54698 | 82047
54 3441 | 6882 | 13764 | 20646 | 27528 | 34410 | 41292 | 55056 | 68821
60" 4192 | 8385 | 16769 | 25154 | 33538 | 41923 | 50307 | 67076 | 83845
CONVERSION FORMULA TE = S5 R50 L= ARIA. 5625
GPM = FPSx ID*x 2.45 Sz = OO
Where: FPS = Feet per second = <7 = F
GPM = Gallons per minutie -- S 2 (/;"ﬂﬂf&f?)
1D ] inside diameter — /=5, 235 & 7
7373
G K Ty = S F 27 A T
- - 27
/5;57(7<j7 T T e ety = S S .—333
P oy 2 = =2 ——
e - O e Eos
,l:,,l-_:’,’ .ST-:?; ﬂsfjdffc_‘_ﬁ()/y’,(_J I T ’
11/1/90
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APPENDIX C
PIPE SCHEDULES

TRE
-
i

v kgL ke

it

-

T ‘NOTE ,
The following tables arc provided to assist in programmieg the flowmeter. The inside diameters shown In the
tables were calculated based upon the outside diameter and mirimum wall thickness specified in applicable
standards. The actual pipe inside diameter may vary from the dimension In the tables by as much as much as

25% of the plpe minimum wall thickness_ The accuracy of the flow rate measurements will be entanced ifan actual
measured pipe Inside diameter is used.
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STEEL, STAINLESS STEEL AND PVC PIPE
STANDARD SCUEDULES

_zr._:p AND QUTSIDE E_}Ernmxv IN INCIIES

INSIDE DIAMETER
NOMINAL SCH10 ) _
PIPE SCH | (LIGHT | ScCHi SCH STD. sCHl SCH 5Cl1 SCH SCH SCH SCH
SIZE 5 WALL) 20 30 WALL 4 &0 X8TG 30 100 120 140 144 0.0,

1" 1.185 1.097 1.048 1.049 0957 0.957 0,185 13135
125" 1,53 1.442 1.380 1.380 1278 1.278 1.160 1.660
1.5" 177 1.682 1610 1.610 1.500 1.500 1.338 1.500
2° 2.245 2.157 2.067 2.007 1.939 1.939 1.687 23758
25" 2,708 2635 2.459 2.409 2323 233 2125 2.878
3 3334 3.260 1.068 3.068 2,000 2.9 2.624 3.500
35 3834 3.760 3.548 3548 2364 3.364 4,000
4 4334 42650 4.026 | 4.026 3826 | 3.8 3,624 3438 | 4.500
Ly 5345 5295 5.047 5.047 48113 4.813 4.563 4313 5561
. b 6.407 6.357 6.065 | 0065 5761 5761 3.501 5.187 6,625
g 8.407 8,328 8.125 8.07 7.981 7.081 7.813 7.625 7.625 7437 7187 7.001 §.813 B.623
10 10.482 10,42 10.25 10.13 10,02 | 1002 9750 ! 9750 | 9562 | 93121 9062 BIS0 | 8S00 1 1075
12¢ 12.420 12,39 12.25 12.09 1200 | 11938 | 11626 | 11.75 1137 | 1106 | 1075 1050 | 1002 | 12.7%
14" 13.50 1337 13,25 13.25 10 13,124 | 12814 13.00 12.50 12.31 11.81 11,50 11.18 14,00
16" 15.50 15.37 15.25 @ 15000 | 14688 1 1500 14,31 13.93 13.56 1312 12.81 16,00
18" 17.50 17.37 17.12 17.25 | 16876 | 16.564 17.00 16,12 15.68 15.25 14,87 14,43 14.00
20" 16.50 19.25 16.25 1925 1 18814 | 18376 1 19.00 1793 | 1743 17.00 16.50 10.06 1 20.00
24" 23.50 2325 23,28 2325 1 2026 | 22126 23.00 21,56 20.93 20,83 15,87 18,31 24.00
ap* 2037 28.00 29.00 29.25 1 24250 29.00 30.00
36" 537 35.00 35.00 35,25 3525 35.00 35.00

1

42° 41,25 41.25 41.00 _

48" 4725 | 4725 47.00

APPENDIX C - PIPE SCHEDULES

11/3/90
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APPENDIX C - PIPE SCHEDULES

DUCTILE IRON PIIE
. STANDARD CLASSES
INSIDE AND OUTSIDE DIAMETERS IN INCHES .
INSIDE DIAMETER CEMENT LINING *
NOMINAL : ,
PIPE OUTSIDE CLASS CLASS CLASS CLASS CLASS CLASS CLASS ' S8TD DOUBLE
SIZE  |DIAMETER 50 st 52 53 34 55 56 THICKNESS | THICKNESS
3 3,96 3.46 3.40 3.34 3.28 322 3.16
4" 4.80 4.28 4.22 4.10, 4,10 4,04 3.98
6" 6.90 6.40 6.34 6.2% 6.2z! 6.16 6.10 6.04 128 250
g 9.05 8.51 8.45 8.39 8.33 827 8.21 8.15
10 11.10 1052 10,46 - 10,40 1034 10.28 10.22 10.16
12" 13.20 12.58 1252 ¢ 1246 12.40 1234 12.28 1222
14" 1530 14.64 14,58 14.52 14.4¢1 14,40 14.34 14.28
16" 17.40 1672 16.66. g_ﬁ 16.54! 14 48 16.42 1636
18° 19,50 1880 824 e mer 1§ 18,50 18.44 1875 378
20" 21.60 2088 20,821 2076 ¢+ 20.7¢ 2064 20.58 20.52
24" 25.80 25,04 2498/ 2492 24.86|- 24.80 24.74 24.68
30t 32.00 3122 3L14 31.06 30.98 3050 30.82 30.74
36 38.30 374 3734 37.06 37,14 3704 36.94 36.84
42" 44,50 4356 43.44 4332 43.20 43038 42,96 42,84 250 500
a8* 50.80 4978 49.64 49.50 49,36 49.22 49,08 48.94
54" 57.10 5596 5580 55.64 55.4% 5532 55.16 $5.00

* Reduce the pipe inside diameter by two times the dimension shown, These lining thickaesses also apply to cas! iroa pipe,
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MODEL MST
DEDICATED ULTRASONIC FLOWMETER

ADDENDUM TO OPERATORS MANUAL

R ";'”"?f' o maummz s e

DUAL ALARM OPTION PAGE 81
Cross out thie second paragraph on page 8-1 and substitute the following:

Both slarm monitors have an on-board terminal strip with SPDT contacts available for
connection to an external annunciator. The relay contacts are rated at 1 A, 24 VDC.
WARNING: To reduce the risk of eloctrical shock do not connect voltages grestar than
24 VDC or 24 VAC to the tarm:nnal strip on this printed circuit eard.

The hysteresis (deadband) is fixed at 0.8% of span. :

REMOTE TOTALIZER PAGE 8-3
Cross out the third paragraph on page 8-3 and substitute the following:

When the remote totalizer is powered by an external power source, the output is
defined as a dry contact relay and is rated at 2.3 DC resistive load.

WARNING: To reduce the risk of eloctrical ashock do not connect voltages greater than
24 VDC or 24 VAC to the terminal strip on this printod circuit card.

The contact closure ean be configured at the factory to normally open or normally
closed. The relay will activate each time the fluid volume programmed into the totalizer

OCCurs.
CHAPTER 3 - OPERATION  PAGE 3-2

Under the CALIBRATION TEST section, cross out paragraph 3, and
replace it with the following:

3. Rotste the VELOCITY RANGE switch to the CAL TEST position. Wait for about
one minute to allow the unit to finish responding before going on to the next step.

-

PROPORTIONAL SAMPLER

This section is an addition to the manual and was not previously included.



INSTALLATION
1. Tum off the electrical power to the
flowmeter.

2 Unscrew the six front cover screws (Figure |-
1) using & screwdniver and swing the hinged
from cover open.

& Unscrew the two thumbecrews on the night
side of the from panel (Figure 14) and BWing
the hinged front panel open.

4. Unscrew the printed circuit board hold down
damp thumbscrew and remove the printed
circuit board hold down damp (Figure 4-3),

8. The externsl fluid sampling deviee is
connected to the board at the termipals on the
left end of the board (Figure 82). The relay
contacts are rated at 2 A, 24 VDC.

WABNING: To reduce ths riek of alectrics]
ahock do not connect voltsges greatar than 24
VDC or 24 VAC to the tarmical strip on this
printed circuit cand.

NCTE
Handle printed dronit boards xs doscribed in the
Printed Circuit Board Handling maction of
Chapter 4, Meintanance,

6. To connect the external fluid sampling device
es a normally closed dircuit, connect one wire to
the NC (bottom) terminal and connect the other
wire to the C (middle) terminal.

7. To connect the external fluid sampling device
Bs a normoally open drouit, connect one wire to
the NO (top) terminal and conpect the other

wire to the C (middle)} termina].

8. Place the Proportional Sampler board in the
second slot from the left side of the flowmeter.

9. Turn on the elecirical power to the

fRowmeter.

CAUTION
Avold touching any compopants in the
flowmstsr o prevent alsciriom] ahock Use
ireuisted tocls to pu-ﬁ:rmtxvnmnxy
adjustmants to tha tims contral.

10. Verify that the duration of the output signal
is correctly set by using & stopwatch to measure
the time interval LED #3 remains lit. The
amount of time LED #3 remains lit ahould
equal the duration of the output signal required
for the external fluid sampling device.

11. If LED #3 does not remain lit the correct
amount of time, edjust the TIME control using
a straight slotted screwdriver. Turn the TIME
control dockwine to increase the duration of the
output signal end counter-clockwise to decrease
the duration of the output signa}.

12 Re-perform steps 10 and 11 unt} the
duration of the output gignal is set correctly.

13. Replace the printed drcuit board hold down
clamp and thumb screw.

14. Swing the hinged from panel closed and
tighten the two thumbscrews on the right side
of the front panel.

16. Swing the front cover closed and Hghten the

#iz front cover screws.
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Figure 81 _
Proportional Sampler Board

PROPORTIONAL SAMPLER OPTION

DESCRIPTION

The Proportional Sampler board (Figure 8-2) provides
o cutput xignzl at preset sample time intervals that
represent a specified volume of fluid baving flowed past
the flowmeter’s transducers. This output rgnal is used
o sctivate am external fluid sampling device. The
duration of the output signal can be set from 1 10 90
seconds to coatrol the size of the sample.

CONTROLS AND INDICATORS

Tea Turn Rete Control, A control that gats the sumple

time interval. Figure 8-3 is a table of sctrings for the
TEN TURN RATE control.

JumperK, A four position movable jumper that creates

% 4 to 1 muldplication factor in the sarmple time interval
for cach position moved, Position 1 is the longest
sample time interval and position 4 is the shortest
semple time interval. Figure 8-3 is & table of settings
for JUMPER K.

11/1/90

Time Control, A control that sets the duration of the
output signal used 10 activate an externz) fiuid sampling
device. This duratiog is sdjustable from 1 1o 90 sec-
onds. Time increzses as the control is mmed clockwise,

LED #1, This green light flashes during low flow rates
and it Iit solid during high flow rates _

LED #2, This red light jc 1it when the duration of the
output siguil is looger than the sample time interval.
When the sample time interval smd the output signal
duration are properly set, this light should pever be e

1ED #3, This yellow light is on for the duration of the
output signal.

SET POINT

1. The sample time intervalis setusing & set point based
upon a flow rate equal to the flowsneter's full scale flow
rite. The cample ime intarval for the actual flow rate



LT

FULL SCALE FLOW RATE
SAMPLE TIME INTERVAL TEN
{IN SECONDS) TURN
RATE
JUMPER K POSITION CONTROL
DIAL POT
1 2 3 4 SETTING
334 96 24 6 0
448 112 18 7 033
b b 128 3 B 0.67
576 144 3 9 1.00
640 160 40 10 133
T4 176 44 11 L67
768 192 48 12 - 200
832 208 52 13 233
896 24 56 14 267
260 240 60 15 3.00
1624 256 64 16 333
1088 72 68 17 3.67
1152 288 72 i8 4.00 }
12156 g 76 19 433
1280 320 80 20 467
1344 335 84 21 5.00
1408 352 88 22 533
1472} 368 92 3 3.67
1536 334 96 24 6.00
1600 400 100 25 633
1664 416 04 25 &.67
1728 432 108 27 7.00
1792 443 112 28 133
1856 454 116 29 7.67
1920 480 120 30 B.00
1984 496 124 31 £33
2048 512 128 32 867
Figure 82

Ten Turn Rate Control And Jumper K Settings

of the fluid in the pipe will be proportional to the full
scale flow rate divided by the scrual flow rate.

2. Calculate the flowmeter's full scale flow mle as
described in Appendix B, Flow Coaversion Data.

3. Calculate the full scele flow rate sample timne interval
by dividing the desired volume of fluid to flow between
samples by the flowmeter's full scale flow rate. Coavert
the full scale flow rate sample time interval to seconds.

- NOTE
The full scale Dow rate sample time Interval must be
recalculated and reset if the VELOCITY RANGE
switch or the flow rate factor Is changed.

4. Look up the full scale flow rate sample time interval
calculated in stcp 3 in Figure 8-3 to deteturine the gat
points for JUMPER K sod the TEN TURN RATE
coutiol. Move JUMPER K to ity sct point 20d tirm the
mmummmldmwwinmpoin:
(Figure 8-2).

5. Tum the TIME control 1o the ocutput signe] durstion
»et point required for the extemal fuid sampling de-
vice. In the full conoter—<clockwise position, the dun-
ticn of the output signal will be coe second and in the
full clockwise position the duration of the output signal
will be 90 soconds. During instalistion of the Propor-
ticaal Sampler board, this setting will be verifiod a5
described in the Installation section below.

: Exnmple
The flowmeter's VELOCIT\E RANGE switch 15 pet st

B, the pipe mside dinmeter is 7.981-inches and the
Bowmeter's flow rate units are set to gallons per
migute, A semple is desired after every 10,000 gallons
of fluzd flow.

Calcuate the flowineter’s full scale flow rate as de-
scribed I Appendix B, Flow Conversien Data:

Full Scale = VR z ID? x 2.45

Flow Rate
- §x7.981%x2.45

= 1,248gal./min.

Calculate the full scale flow mte sample time interval:
Full Scale = Fluid Volume Between Samples / Full
Flow Rate  Scale Flow Rate
Sample Time
Interval

= 10,000 gat. /1,248 gal/min.

= 8.0l scc. rounded to 8 sec.

Look up the st points for JUMPER K and the TEN
TURN RATE control dial pot in Figure B-3 for the full
scale flow mte sample time wterval of 8 secopds:
JUMPER K = Position 4 v
TENTURN = 0.67

RATE conool
dial pot scriing
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APPENDIX F

POLLUTION PREVENTION AND
BEST MANAGEMENT PRACTICES PLAN



Red Dog Creek Pumpback Facility
Pollution Prevention and Best Management Practices Plan

General Information: The Mine Water Diversion Dam diverts impacted water from two
exploration areas and the open pit workings into a retaining basin behind the dam. A pumpback
system conveys this water from the basin to the tailings facility for future treatment and discharge.
Four TCAK operating groups share responsibility for operation of the pumpback facility:

e Mill Maintenance is responsible for mechanical maintenance (pumps, pipes, etc.)
o Electrical and Instrumentation (E&I) maintains the electrical components of the system
¢ Mill Operations monitors the flows and water levels on a daily basis

* Mine Operations is responsible for the dam, diversions, retaining wall and retaining basin.

The flows are monitored in the Mill Control Room by the control room operator. The levels are
controlled by a Programmable Logic Controller {(PLC) tied into an ultrasonic level detector. There
are two ultrasonic detectors installed at the pumpback facility. One is located a metal culvert
standpipe. The other is outside the culvert.

High level alarms in the Mill Control Room alert operators when the water level is approaching
additional action levels.

Winter Operations: Winter operations typically encompass the period from October I to May 1.
It is dunng this time that flows are the lowest, averaging about 310,000 gallons per day (gpd). This
flow 1s handled by two pumps installed inside a corrugated metal pipe (CMP):

¢ One pump is set to start up when the water level rises to an elevation of 820 feet (El. 820)
and shuts off when the water level drops to EL 816.

e The second pump is set to come on when the water level reaches EL 821 and off when the
water level drops to EL §19.

These pumps are capable of pumping flows between 1200 and 1600 gpm. They discharge through
a l4-inch outside diameter 2,400-foot long insulated pipeline to the tailings impoundment. An
emergency generator is permanently stationed at this location to provide backup power to the
pumnps in the event the main mine power fails. In case a mechanical or electrical pump [lailure
occurs, spares are availahle,

Summer Operations: Summer operations typically encompass the period from May 1 through
October 1. A much wider range in flows occurs during the summer, averaging approximately 1.9

URS
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million gpd. Up to eight pumps are used. This totals a maximum pumping capacity of 10,000 gpm.
The two winter pumps are staged within the CMP. The remaining six pumps are hung outside over
the retaining wall where they can be lowered into the sump when needed.

When {lows approach 500,000 gpd, the summer operations start. The sump is cleaned out, timbers
are installed in the log weir, additional pumps are added as needed, ultrasonic level indicators are
set, and a seepage return pump is installed below the dam. Each additional pump is capable of
pumping 1200 to 1600 gpm for a total summer pumping capacity of 9,600 to 10,200 gpm..

Good Housekeeping

Good housekeeping is accomplished on a weekly basis at the pumpback system to reduce the
potential for pollutton. Examples are:

» Keeping pump staging area free of extraneous material

» Keeping snow cleared in front of gencrator connex

Preventative Maintenance

Operational Practices: Periodic equipment maintenance is conducted to prevent mechanical
failure. Specific preventative maintenance information 1s maintained on a computer inventory and
mainienance software program by the Mill Maintenance Department. This program includes
mventory records, maintenance logs, and maintenance schedules. The dam 1s inspected daily by a
qualified person and the inspection sheet 1s kept in the Survey Office. A more detailed inspection
15 performed monthly and this inspection sheet is also kept in the Survey Office.

The dam 1s classed as Hazard Class HI according to Alaska State Statutes (11 AAC 93.157). A
permit is required for the operation of the dam “Certificate of Approval to Operate a Dam”, Permit
Number AK00260. Under this hazard classification, a certified engineer must perform a dam
inspection at an interval not to exceed five years. These results must be forwarded to the State of
Alaska, Department of Natural Resources for continued approval to operate. The records of these
inspections are located in the Mine Engineering files.

Preventative maintenance inspections of the pumpback system are completed as follows:

« At the end of the summer season, the pumps outside the CMP are pulled and prepared for
the next freshet. The pumps are rebuilt if there is a problem when they are removed.

* The emergency gencrator is started up and run once a month for approximately one-hour to
msure that cverything 1s operating properly.
URS
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e The Mill Operations group checks the pumpback area four times during each shift.

¢ The E&I group checks the area daily to insure the proper operation of pumps in summer
and winter and to insure the heat trace is functioning in the winter.

* During summer, the seepage high lcvel alarm is checked by moving the float up and seeing
if there 1s an alarm m the Mill Control Room.

The primary sump is cleaned by Mine Operations every spring. A record of this cleaning is
maintained on file. 1t is cleaned as necded.

Visual Inspections: Visual inspections allow Mill Operations and Mill Maintenance personnel to
detect equipment problems before an incident occurs.

e Walk Through Inspections are oversight inspections to ensure that all pumps are
functioning properly. This is conducted during the shift.

Pollution Prevention and Response

Potential Sources of Pollution: Smatl fuel, glycol or oil spills are possible. Also possible is the
potential for seepage to escape from the dam and impact Red Dog Creek directly, if the water
levels in the pond become high enough.

Pollution Prevention Measures: A spill at the pumpback facility is possible where the generator
or pumps are being serviced, repatred and cleaned. If this should occur, matnienance personnel
would clean the spill using absorbent material and pads. The total amount of dicsel fuel at the
generator is 1000 gallons. Spill prevention measures include cleaning spills up immediately and
marmntaining a double walled tank at the emergency generator location.

Pollution Prevention Practices in Place: Mill Maintenance, Mill Operations and Mine
Operations personnel have implemented the pollution prevention measures outlined below.

Training

Training: Mill Maintenance personnel typically handle used oil and non-hazardous solvents. Most
Mill Maintenance, Mill Operations and Mine Operations personnel have had spill response
traming. See the C-Plan for specific details on spill response. Job performance observations are
made by supervisors prior to allowing assumption of regular duties in that particular area.

Job specific training includes the following functional areas;

e Material handling
URS
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e Proper vehicle operation use

e Safety training

» Chemical hazards

* First aid

¢ Incident reporting procedures

¢ HAZWOPER training

*  On-the-job training

* Road system precautions

¢ Safety apparel

* Inspection of work area

*  Proper lLifting

¢ Radio communications

» Employee safety manual

e Location of eye wash stations

e Shop safety practices and procedures;

* Proper use of shop equipment and tools
e Proper chocking and parking of equipment;
¢ Guiding equipment in and out of shop.

A training program should be implemented to include visual inspections of embankment dams. A
training module from the U.S. Bureau of Reclamation “Training Aids for dam safety” titled “
Inspection of Embankment Dams” is recommended.

Sediment and Erosion Control: Management of Runoff

The pumpback system is built upon a gravel pad that is designed to slope sufficiently for good
drainage of precipitation, but not steep enough to cause erosion problems.

Every spring, the sump is cleaned by Mine Operations personnel to insure adequate water depth
and the additional pumps are instalied by Mill Maintenance personnel to deal with the mine water

inflows. The sump is cleaned as needed.
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