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Foreword

This instruction manual is designed to help you gain a thorough understanding of the
operation of the equipment. Isco recommends that you read this manual completely
before placing the equipment in service.

Although Isco designs reliability into all equipment, there is always the possibility of a
malfunction. This manual may help in diagnosing and repairing the malfunction.

If the problem persists, call or email the Isco Customer Service Department for assis-
tance. Contact information is provided below. Simple difficulties can often be diag-
nnsed over the phone. If it is necessary to return the equipment to the factory for
service, please follow the shipping instructions provided by the Customer Service
Department, including the use of the Return Authorization Number specified. Be
sure to include a note describing the malfunction. This will aid in the prompt
repair and return of the equipment.

Isco welcomes suggestions that would improve the information presented in this man-
ual or enhance the operatinn of the equipment. itself.
Contact Information
Phone: (800) 228-4373 (USA, Canada, Mexico)
(402) 464-0231 (Outside North America)

Repair Servica: (800) 775-2965 (Analytical and Process
Monitoring Instruments)

(800) 228-4373  (Samplers and Flow Meters}
Fax: {402) 465-3022
Email address: info@isco.com
Website: www.isco.com
Return equipment to: 4700 Superior Street, Lincoln, NE 68504-1398
Other correspondence: P.O. Box 82531, Lincoln, NE 68501-2531
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MODEL 2900

CHAPTER 1 - INTRODUCTION

1.0 Introduction - The first chapter of the Model 2900 Instruction Manual provides a general introduction to the sam-

1.1 Manual Organization -

pler. Tt consists of a brief discussion of the organization of the manual, an overall description
of the sampler, and a list of technical specifications.

The purpuse uf this manual is to provide the uscr, in a clear and concise manner, with the
information necessary to operate, maintain, and service the Model 2900 Sampier. To accom-
plish this purpose, the manual is organized into six chapters.

« Chapter 1 is a general introduction to the sampler.

« Chapter 2 concems preparation, programming, and general operation of the sampler.
» Chapter 3 contains information on routine maintenance.

- Chapter 4 concerns the major options available for use with the sampler.

« Chapter 5 is a detailed description of the construction of the sampler.

« Chapter 6 includes servicing information and a troubleshooting guide.

1.2 Description of the Model 2900 Sampler - The Model 2900 Sampler (see Figure 1.2-1) is a programmable

Flexible Sampling Intervals

Programming

Fearures

liquid sampler designed to collect up to 24 separate sequential (discrete) samples from a liquid
source. The sampler is available with either a 24 bottle or 12 bottle base section. The sam-
pler is also fully programmable for composite sampling. Either base section can easily be
converted for composite sampling.

Both sequential and composite samples may be collected at equal time intervals using the
sampler's internal timing circuitry or at equal flow volume intervals using flow pulse inputs
from an external flow meter. In the time mode, the interval between samples may be set
from 1 to 9999 minutes in one minute intervals, or, in the flow mode, the interval may be
set from 1 to 9999 flow pulses in 1 pulse intervals. Sample collection may also be manu-
ally initiated at any time.

Sample volumes of up to 500 milliliters at each sample initiation may be selected in 10
milliliter increments. When the 24 hottle base section is used, samples are collected in 300
ml polyethylene sample bottles. The 12 bottle base section provides 375 ml glass sample
bottles with polystyrene foam lined plastic caps. Plastic bottles (500 ml) are also available
for the 12 bottle base section. The plastic boules have polypropylene lined caps. Should
composite samples be required, a 1 galion glass container with plastic lid is available. Both
the 24 bottle and 12 bottle base sections accept the 1 gallon composite container. A locating
insert, which can be used in either base, is required to position the 1 gallon container.

The Model 2900's sampling program is set up using a keypad and a liquid crystal display. In
the programming mode, the display “steps” the user through the sampler programming pro-
cess by indicating the quantity (for example, sample volume) to be set. The desired quantity
is then entered on the twenty-four position keypad and simultaneously shown an the display.
In this way, all of the information necessary to set up the desired sampling program may be
quickly and easily entered. In operation, the display shows the status of the sampling pro-
gram;, for example, the time remaining until the next sample, the current botsle number, the
number of composite samples, eic.

A standard feature of the Model 2900 is a bottles per sample or samples per bottle multi-
plexer. When the 24 bottle mode is used, up to 24 bottles to be filled at each sampling in-
terval. When the 12 bottle mode is used, up to 12 bottle can be filled at each sampling
interval. In both modes, up to ten samples can be placed in each sample bottle. Also standard
is a sample volume calibration mode. The volume of sample liquid delivered may be set on
the keypad, or may be calibrated for special applications such as cxtra leng suction lines or a
suction line precondition by sample liquid. The sampler also features a software program
lock which prevents the sampler's program from being changed by unauthorized personnel.

1-1
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Figure 1.2-1 Model 2908 Sampler
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Pumping

Construction

MODEL 2900

The Model 2000 Sampler uses the Isco peristaltic pump system to transport the sample from
the source to the sample bottle. The sample is under pumped flow at all times; there are no
metering chambers or gravity-fed internal tubing. The only materials in contact with the
sample are the vinyl or Teflon® suction line; the polypropylene and stainless steel inlet
strainer (use optional); the silicone rubber pump tubing; and the polyethylene, plastic, or
glass sample bottles. Cleaning the system between sampling locations is uncomplicated and
may be accomplished by simply replacing relatively inexpensive lengths of tubing. Each
sampling cycle includes an air prepurge and postpurge to clear the suction line both before
and after sampling.

The sampler is designed to operate over a temperature range of 0°C to 50°C (32°F to 120°F)
in ambicnt conditions including high humidity, rain, or dust. The electronics and mecha-
nisms are housed in the rugged, watertight, high impact strength, 0.64 cm (1/4 in.) thick
structural foam control unit enclosure. The keypad and display used to set up and monitor the
sampling program are contained on the sealed top panel of the control unit. These controls
are always visible and accessible to the user, and no further cover is required to seal the con-
trol unit or protect the controls. The sampler may be powered by either a 12 volt DC battery

or a “line” power source. A complete list of Isco's power sources is available in the Isco
Power Products Guide.

The Model 2900 is made up of three sections which are held together by a series of clasps.
These three sections are shown in the exploded view of Figure 1.2-2; this figure shows the
24 borile base section. Figure 1.2-3 shows the 12 bottle base scction. Figure 1.2-4 shows
the 1 gallon container and the locating insert.

COVER - The cover encloses the mechanical and electrical components of the sampler, af-
fording them additional protection.

CENTER SECTION - This section pumps, meters, and distributes the desired samples. The
electronic circuitry, programming controls, and mechanisms are contained in this
section.

BASE SECTION or SAMPLE BOTTLE TUB - This tub holds the sequential or composite
sample bottles and insulaies the coliected samples from the vutside environment.

1.3 Controls, Indicators, and Connectors - The controls, indicators, and connectors of the Model 2900 Sampler

are briefly described in Table 1.3-1. Refer to Figure 2.2-1 for a view of the controls and tndi-
cators. Refer to Figure 2.1-5 for a view of the connectors.

1.4 Technical Specifications - The technical specifications of the Model 2900 Sampler are found in Table 1.4-1.
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Figure 1.2-2 Disassembled Sampler
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Figure 1.2-3 12 Bottle Base Section
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Table 1.3-1 Controls, Indicators, and Connectors

CONTROLS KEY NAME FUNCTION
1. CONTROL keys MANUAL SAMPLE Initiates Sampling Cycle.
NEXT BOTTLE Manually advances distributor.

PUMP JOG FWD, PUMP JOG REY,
PUMP CONT, FWD, PUMP STOP

Manually controls action Of pump. Also
used in sample volume calibration.

2, NUMERIC keys

OFF, ON
0-9

Tums sampler off and on.

Used to enter values for the program
quantity to be set.

3, PROGRAM keys

PROGRAM/STEP, ENTER VALUE,
CLEAR ENTRY. START SAMPLING,
HALT SAMPLING, RESUME SAMPLING

Used to control program entry and
execution.

INDICATOR

READING

FUNCTION

1. Liquid Crystal Display
A. Standby State

B. Program State

C. Run State

A. STNDBY legend on. Alternates among
bottle number, time or flow pulse
interval to next sample, and
multiplex step. If sampling
previously completed, bottle number
replaced with “FULL.”

B. PRGM legend on.
Various

C. RUN legend on. Alternates among
bottle number, time or flow pulse
interval to next sample, and
multiplex step.

A. Shows that the sampler is in standby
state and indicates present status of
the sampling program.

B. Shows the value of the program
quantity step indicated as currently
stored in memory or a new value as it
is being entered.

C. Shows the current operational status
of the sampler.

D. Program Complete State D.“FULL” D. Indicates that the sampling program
has been completed.
2. INTERNAL CASE HUMIDITY Blue = Safe. Indicates the relative humidity inside the

Indicator Card

Pink or White = Replace desiccant.

control unit case.

CONNECTOR TYPE FUNCTION
1. 12VDC 2 conductor plug 12 volt DC power input for sampler.
2. FLOW METER 6 conductor plug Connector for flow meter or other

accessory gquipment.

i-6
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Table 1.4-1 Technical Specifications

PHYSICAL SIZE: Height: 59 cm (23-1/4 in.)

(Both base sections) Diameter: 44.1 cm (17-3/8 in.)

DRY WEIGHT: 22-1/4 1bs. {10 kg)

(24 bottle base section)

SAMPLING FREQUENCY: 1 to 9999 minutes between consecutive samples in | minute
intervals, or flow propertional.

SAMPLE VOLUME: 500 ml per sequential sample, maximum, settable in 10 ml
steps.

990 ml per compesite sample maximum.
SAMFLE VOLUME REPEATABILITY: + 10 ml, typical.

SAMPLE COLLECTION MODES: Sequential time or sequential flow.
Composite time or composite flow.

POWER REQUIRED:

1. SAMPLER 1.12VDC

2.POWER PACK 2. 120 V 50/60 Hz or

240 V 50/60 H=.

EXTERNAL NICAD BATTERY CAPACITY:
(see section 3.4.3)

Capacity of Nicad battery after 18 hr. charge: 140 samples of
500 ml each, 3' head, typical.

INTERNAL LITHIUM BATTERY LIFE:

5 - 10 years, typical (maintains sampling program settings).

TIME BASE ACCURACY: Better thar 0.007% (quartz crystal controlled clock).

SUCTION (INTAKF) TUBING: 1. Vinyl - 1/4" ID X 10’ long (0.64 cm X 3 m), 1/4" ID X 25'
line (0.95 cm X 7.6 m), 3/8" ID X 10" long (0.95 cm X 3 m),
or 3/8" ID X 25"leng (0.95 cm X 7.6 m).

2. Teflon - 3/8" ID X 10" long (0.95 cm X 3 m) or 3/8" ID X 25'

long (0.95 cm X 7.6 m}.

SUCTION LIFT: 26 ft. (7.9 m). maximum.

PUMP FLOW RATE 1300 mi/min.

(3 ft. head with a 10 ft. suction line):

LINE TRANSPORT VELOCITY (3 FT. HEAD):
1. 174" I SUCTION LINE

2, 3/8" ID SUCTION LINE

1. 2.5 ft/sec. (79 cm/sec.)

2. 1.1 RJsec. (32 cm/sec.)

OVERCURRENT PROTECTION:

2 amp fuse

SAMPLE BOTTLE CAPACITY:

24 polyethylene bottles: 500 ml

12 glass bottles: 375 ml

12 plastic bottles: 500 ml

Glass composite container; 1 gallon (3785 ml)
Plastic composite container: 1 gallon (3785 ml)

FLOW METER INPUT REQUIRED TO INITIATE SAMPLER
FLOW PULSE:

12 volt DC pulse or isolated contact closure of at least 25
millisecond duration.

COOLING CAPACTITY: 24 bottles

12 bottles

With the 24 bottle base section full of uncontained cubed ice
(4-1/2 Ibs.) and 24 polyethylene bottles full of 65°F liquid,
the following cooling can be typically expected:

After 24 hours - 14°F lower than ambient.
After 48 hours - 5°F lower than ambient.

With the 24 bottle base section full of uncontained cubed ice
(11 Ibs.) and 12 polyethylene bottles full of 65°F liguid,
the following cooling can be typically expected:

After 24 hours - 29°F lower than ambient.

After 48 hours - 5°F lower than ambient.

1-7
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MODEL 2900

CHAPTER 2 - OPERATING PROCEDURES

2.0 OPERATING PROCEDURES - This second chapter of the Model 2900 Instruction Manual provides the information
necessary for the day-to-day operation of the sampler. Included are sections covering prepa-
ration for use, setting up a sampling program, placing the sampler into operation, and sample
recovery.

2.1 Preparation for Use - The following sections detail the preparations required for the sampler before a sampling pro-
gram is set up. They include descriptions of various preparational procedures, such as as-
sembly and disassembly of the case, preparation of the bottle tub, attaching the suction line,
connection to a power source, ¢ic. A section providing instructions for converting a base sec-
tion to accept the composite container is included.

2.1.1 Assembly and Disassembly of the Case - In order to prepare the sampler for use, the case must be disassembled to
gain access to the various sections of the sampler. Refer to Figures 1.2-1 and 1.2-2. To gain
access to the center section, unlatch the three black rubber draw catches and lift the top
cover off. The catches are unlatched by simply stretching them up and out of their mating
receptacles in the top cover. To gain access to the wb, unlach the three lower stainless steel
latches and lift the center section straight up. To reassemble the case, reverse the above pro-
cedures. Note that the center section and the tub are keyed to prevent incorrect assembly.

2.1.2 Preparation of the 24-Bottle Tub - The 24 bottle tub, shown in Figure 2.1-1, is supplied with 24 wide-mouth
wedge shaped polyethylene bottles with a capacity of 500 ml each. The botties have foamed
polystyrene lined caps.

Bottle retaining ring The retaining ring for the bottles is a tan plastic funne! that rests on top of the slanted portion
of the bottles and fits down inside the circle of bottles. It is held in place by four large
“rubber bands' that are attached to the bottom of the tb. Each of these rubber bands is
stretched up and hooked onto a comresponding hook located on the ring. Note that the retain-
ing ring is necessary only if ice is used to cool the samples. The ice melt water could cause
the bottles to float, interfering with the sampler's operation, If ice is used, the retaining ring
is needed to prevent this. However, if ice is not used. the retaining ring is not necessary. as
the wedge shape of the bottles firmly holds them in place.

Bottle fill order The order in which the bottles are filled by the Model 2900 is indicated on the floor plate the
24 bottle tub (Figurc 2.1-1). This platc is numbered 1 through 24. Each number corresponds
to one of the 24 bottles.

Tub preparation The sample bottle tub is prepared by first disassembling the case as described in section

2.1.1, separating the tub from the rest of the sampler. The sampler is shipped with the sample
bottles in place. For the initiat use, the only preparation necessary will be to remove the bot-
tle caps. These boitle caps can be stored in the center of the tub, if ice is not used. For subse-
quent use, the sample bottles are removed by removing the bottle retaining ring first.
Remove the tan plastic retaining ring (Figure 2.1-1) from the tub by pulling up on each of
the rubber bands, disconnecting them from the hooks on the ring. Then lift the ring out and
remove the full bottles. Place the new bottles in the tub as shown in Figure 2.1-1. Finally re-
place the bortle rewaining ring. Take care that all boules are fined properly into the base be-
fore replacing the bottle retaining ring.

NOTE

All 24 bottles must be installed in the tub to assure that they are properly
held in place.
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Figure 2.1-1 24 Bottle Tub

Draw Cords

Retaining Ring
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2.1.3 Preparation of the 12 Bottle Tub - The 12 bottle tub, shown in Figure 2.1-2, is supplied with 12 cylindrical 375 ml

Bottle retaining ring

Adjusting the Retaining
Ring

Bottle fill order

Tub preparation

glass battles or 12 plastic bottles with a capacity of 500 ml. The 375 ml glass bottles have
polystyrene lined plastic caps. The plastic bottles have polypropylene lined caps.

The retaining ring for the bottles is a stainless steel band that fits down inside the circle of
boules. It expands outwardly to hold the bottles firmly against the interior wall of the base.
Remove the retaining ring from the base by loosening the latch and lifting the ring out of the
base. Figure 2.1-2 shows the retaining ring.

The 12 bottle retaining ring is designed to retain both the glass and plastic bottles without
adjustment. However, the diarneter of the ring can be adjusted by changing the length of the
latching bolt in the latch. To adjust the diameter of the ring, first loosen the lock nut at the
base of the bolt. Refer to Figure 2.1-.3. Next, loosen or tighten the bolt until the diameter of
the latched ring is correct. Secure the bolt into position by tightening the lock nut.

Use caution when adjusting the ring. If the ring is too small, it will not hold the bottles in
position. The plastic borles must be compressed slightly v hold them firmly in place.
However, if the ring is too large when latched and presses too tightly against the bottles, it
will deform the plastic bottles excessively and decrease their capacity. Under extreme condi-
tions, the ring may break the glass bottles.

The order in which the bottles are filled by the Model 2900 is indicated on the outer rim of
the 12 bottle tub (Figure 2.1-2). Each number corresponds to one of the 12 bottles.

The sample bottle tub is prepared by first disassembling the case as described in section
2.1.1, separating the tub from the rest of the sampler. The sampler is shipped with the sample
botiles in place. For the, initial use, the only preparation necessary will be to remove the
bottle caps. These bottle caps can be stored in the center of the tub, if ice is not used. For
subsequent use, the sample bottles are removed by removing the bottle retaining ring first.
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Remove the stainless steel retaining ring (Figure 2.1-2). Then, lift the ring out and remove
the full bottles. Place the new bottles in the tub as shown in Figure 2.1-2. Finally replace the
bottle retaining ring when all bottles are fitted properly into the base.

NOTE

All 12 bottles must be installed In the tub to assure that they are properly
held in place.

Fignrs 2.1.2 12 Bottle Tub

Stainless Steel Retaining
Ring

To remove the ring,
disengage the latch and lift
ring out of the tub,

Bolt

Lock Nut
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2.1.4 Cooling the Samples - For some applications, it may be necessary 1o keep the collected samples cooler than the

Insulation

ambient conditions at the site, This can be accomplished by placing cubed or crushed ice in
the center of the tub. Ice can be either dumped into the empty space provided in the center of
the tub or contained in a plastic bag.

For the most uniform cooling, it is best not to contain the ice but to let the resulting melt
water run in between the sample bottes, creating an ice bath in the bottom of the wb. The
quantity of ice used is dependent upon the required sample temperature and the ambient
temperature of the sampling site. The capacity of the 24 bottle tub is approximately 4-1/2
pounds of cubed ice. Refer to Table 1.4-1 for cooling specifications.

NOTE
When cooling samples with ice, the melt water may cause the bottles 1o float
when you remove the retaining ring.

To aid in cooling the samples, both the center section and the tub have double-walled con-
struction with polyurethane foam insulation,

2.1.5 Attaching the Suction Line - The suction line of the Model 2900 Sampler is the piece of tubing that extends from

Shipment of suction lines

the sampler's pump to the liquid source. There are six standard suction lines available for use
with the Model 2900. Four of the sucticn lines are made of vinyl tubing, and are available
with two different inside diameters and two different lengths: 1/4 in. (0.64 cm) or 3/8 in.
{0.94 cm) inside diameter and 10 ft. (3 m) or 25 ft. (7.5 m) length.

The other two suction lines are made of FEP Teflon with a pnlyethylene protective cover,
and are available only in a 3/8 in. inside diameter with lengths of 10 and 25 ft. The thin
polyethylene cover over the 0.02 in. (0.051 cm) wall Teflon tubing is to prevent the Teflon
liner from kinking or collapsing in service and to protect it from abrasion and damage. Note
that the minimum bend radius of the Teflon suction line is four inches.

The 1/4 and 3/8 inch ID vinyl suction lines are shipped from the factory with a polypropy-
lene bodied weighted inlet strainer installed on the end of the suction line. Optional all
stainless steel strainers are also available for use with the vinyl or Teflon suction lines. If a
stainless steel strainer was ordered with the Teflon suction line, it will be attached to the line
at the factory. For sampling from highly acidic flow streams, an all plastic strainer is avail -
able. Bulk suction line can be purchased without strainers.

The suction lines, with strainer assembly attached, are shipped from the factory coiled in the
center portion of the tub. The line-strainer assernbly may be removed by disassembling the
case as described in section 2.1.1.

There are slightly different procedures for attaching the three types of suction lines. These
procedures are discussed in the following sections.

2.1.5.1 1/4 Inch ID Vinyl Suction Line - The first step in installing the 1/4 inch ID vinyl suction line is to remove the

pump cover. This is done by loosening the four captivated thumbscrews indicated in Figure
2.1-4,A and pulling the outer pump case straight away from thc control box. Looscn the
lower clamp and slide the pump tubing guide and clamp assembly up the pump wbe. Insert
the end of the suction tmbe in which the stainless steel ferrule is installed into the end of the
pump tube approximately 1/2 inch (1.3 cm), as shown in Figure 2.1-4,A. Next, slide the
pump tubing guide and clamp assembly down over this junction so that the clamp can be
tightened on the stainless steel ferrule and tighten the clamp.

Now the pump tubing guide and clamp assembly can be replaced in the inner pump case hatf
so that its groove mates with the semicircular opening in the pump case. Slip the pump tube
under the rollers so that the pump tubing does not interfere with the installation of the outer
pump case half. Replace the outer pump case half so that the grooves of the pump tubing
guide and clamp assembly fit properly into both halves of the pump, and tighten the four
thumbscrews,
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For instructions pertaining to the removal of the suction line and replacement of the suction
tubing refer to section 3.3.1.

2.1.5.2 3/8 Inch ID Vinyl Suction Line - The installation procedure for the 3/8 inch 1D vinyl suction line is similar to that

Removal

used for the 1/4 inch ID vinyl suction line, except that the suction line does not fit directly
into the pump tubing. Instead, a longer 3/8 inch ID stainless steel ferrule is installed in the
suction line to connect it to the pump tube.

To install the 3/8 inch ID vinyl suction line, follow the same procedure as for the 1/4 inch 1D
suction line. However, instead of inserting the entire suction line and ferrule, insert only the
portion of the ferrule extending out of the end of the suction line inio the pump tube until the
cnds of the two tubes are touching, as shown in Figure 2.1-4 B. The pump tnbing guide and
clamp assembly is then tightened to secure the pump tube to the stainless steel ferrule. The
remainder of the installation is the same as for the 1/4 inch ID vinyl suction line. An addi-
tional clamp, as shown in Figure 2.1-4,B, is provided to secure the suction line to the ferrule.

For instructions pertaining to the removal of the suction line and replacement of the suction
tubing, refer to section 3.3.2.

2.1.5.3 3/8 Inch ID Teflon Suction Line - The installation procedure for the 3/8 inch ID Teflon suction line is similar to

Removal

that for the 1/4 inch ID vinyl line. The Teflon suction line is simply slipped inside the sili-
cone rubber pump tube, as shown in Figure 2.1-4,C. It is not necessary or desirable to strip
the polyethylene cover off the Teflon tubing prior to inscrting it into the pump twbe. Wetting
the outside of the suction line may aid the insertion.

For instructions pertaining to the removal of the suction line and replacement of the suction
tubing, refer to section 3.3.3.

2.1.6 Placement of the Suction Line and Intake - When placing the suction line from the sampler to the sampling point,

Suction line length
recommendations

Inlet strainers

it is important to route the line so that it is always sloped downhill. This will insure that the
suction line drains completely when the peristaltic pump reverses to purge the suction line of
the liquid. Otherwise, cross-contamination of samples could occur. Also, when the sampler
is used in weather near freezing, it is important to have maximum draining of the suction
line to minimize the possibility of a clogged line due to freezing of any liquid in the line.

As a general practice, it is advisable to use as short a line as is consistent with the sampling
application. This will aid in the downhill routing mentioned and reduce the amount of liquid
held in the suction line during the purge cycle caused by loops of coiled suction line. A
shorter suction line will also conserve battery energy. Refer to section 2.2.6.] for instruc-
tions on the use of nonstandard length suction lines.

The 1/4 and 3/8 inch ID vinyl suction lines are shipped from the factory with a polypropy-
lene bodied weighted inlet strainer installed on the end of the suction line, as shown in
Figure 2.1-5,A. Optional all stainless steel strainers are also available for use with the vinyl
or Teflon suction lines. Figure 2.1-5,B shows the stainless sie¢l strainer. For sampling from
highly acidic flow streams, an all plastic strainer is available

The purpose of the strainer is to prevent solid particles over a certain diameter from entering
and clogging the suction line. The swainer supplied with the 1/4 inch ID suction line has
15/64 inch (.56 cm) diameter holes, preventing any particles larger than this from entering
into the strainer, while the strainer supplied with the vinyl 3/8 inch ID suction line has 23/64
inch (.91 cm) diameter holes in it for the same purposc. The usc of the strainer is recom
mended for bottom sampling or sampling from streams where large solid particles are
present.
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Figure 2.1-4 Suction Line Assemblies

A. 1/4" Vinyl Suction Line

Pump Tubing Guide

* ]
1/4" Stainless Steel Ferrule
Mounted Inside of Suction Line
Clamp \
- — /
®'oc o o o0 orer_’d 2
. N = #
1/4" Strainer
1/4” ID Vinyl * Loosen to Remove
Suction Line Pump Cover
B. 3/8" Vinyl Suction Line Silicone Pump Tube Pump Tubing Guide
and Clamp Assembly
3/8" Stainless Steel Ferrule
Mounted Inside Pump * "
Tube and Suction Line
Clamp
(leio o o o oo TIf 5
3/8" Straincr % .
3!8"_ID V_inyl CLAMP * Loosen to Remove
Suction Line Pump Cover
C. 3/8" Teflon Suction Line Silicone Pump Tube Pump Tubing Guide
and Clamp Assembly
Slip Teflon Suction Line i »

(with cover) Inside Pump Tube \ %
Clamp N

so o o o o e I g nil

[ ——

3/8" Sminless Steel e

Strainer (optional) 3/8" ID Polypropylene Covered
Teflon Suction Line
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Use of strainer optional

Prepurge

Intake placement
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However, the use of the weighted strainer is optional. Some field investigation results indi-
cate that, particularly when heavy suspended solids are involved and flow stream velocities
are significant, more representative samples are obtained without the strainer. If the strainer
is not used, it is recommended that a short piece of thin walled aluminum tubing be attached
to the end of the suction line and the tubing anchored in the flow stream so that the inlet is
oriented upstream. The thin wall will provide minimum disturbance of the flow stream dur-
ing sampling, and aluminum ions are usnally not of concern in subsequent analysis.

Whether the strainer is used or not, the prepurge cycle of the Model 2900 Sampler should be
sufficient to remove any debris which may collect over the strainer or tubing entrance during
periods between sampling cycles.

In either case, the placement of the sampler intake is vital to assure the collection of repre-
sentative samples. The intake (either the strainer or tbing only) should be placed in the
main flow and not in an eddy or at the edge of flow. The vertical position of the intake in the
flow is also important. An intake at the bottom may result in excess heavy solids and no
floating materials, while placement at the top may result in the opposite. Judgment must be
exercised in placing the intakc according 1o the type of sample to be collected.

The suction line tends to float in deep flow streams, dislodging the line and strainer. The
chart below shows the maximum depths you can submerge the lines and strainers without
risks of floatation. At depths exceeding the safe limits shown in the table, anchor the line
and strainer securely.

Strainer Maximum Depth for:
1/4" Vinyl Line 3/8" Vinyl Line 3/8" Teflon Line
Stainless Steel 00} 0 -==——- 22 feet 15 feet
Low-Flow Stainless Steel 14 feet 7 feet ———
Polypropylene 22 feet Ilfeet | e
ceve | e dfect | meees-

Figure 2.1-5A Polypropylene Strainer with Debris Deflector in Place
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Figure 2.1-5B Stainless Steel Strainer

Clamp and Suction Line

2.1.6.1 Replacing the Suction Line on the Strainer - A debris deflector prevents debris from accumulating on the hose
clamp which attaches the strainer to the vinyl line. The 3/8 inch polypropylene strainer is
shipped with the line attached and the debris deflector in place.
To replace the line on the strainer:
1. Push the deflector back up the line 1o expose the hose clamp. See Figure 2.1-3,C.
2. Loosen the clamp and pull the line from the strainer's ferrule.
3. Remove the deflector from the ¢ld line and thread it on the new line.
4, Thread the hose clamp on the new line.
5. Slip the line onto the ferrule and secure it with the hose clamp.
6. Push the debris deflector down the vinyl line and onto the strainer. Figure 2.1-5,B shows

the deflector in place.

Figure 2.1-5C Polypropylene Strainer with Debris Deflector
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2.1.7 Placement of the Sampler - The following sections describe the placement and installation of the Model 2900 at the
sampling site. The first section describes safety procedures while the second section dis-
cusses general installation details.

2.1.7.1 Safety Procedures - In the field installation of the Model 2900, the safety of the personnel involved should be the
foremost consideration. No project is so important or deadline so critical as to justify the risk
nf human life.

The following two sections present safety procedures applicable to working in and around
manholes and sewers. The first, section 2.1.7.1.1, presenis some general safety procedures.
The second section, 2.1.7.1.2, addresses the special problem of lethal atmospheres in sewers.

WARNING

The 29000 Sampler has not been approved for use in hazardous locations as
defined by the National Electrical Code.

CAUTION

Before any sampler is Installed, the proper safety precautions must be
taken. The following discussion of safety procedures Is only a general
gulideiine. Each situation In which you install a sampler varles, You must
take into account the individual circumstances of each instaliation.

Additional safely considerations, other than those discussed here, may be
required. Check applicable guidelines, codes, and regulations of federal,
state, cily, and county agencies.

2.1.7.1.1 General Safety Procedures - The following procedures are those used by Black & Veaich, a respected consult-
ing firm, and are published here by their kind permission.

“Field personnel must keep safety uppermost in their minds at all times. When working
above ground, rules of common sense and safety prevail. However, when entering manholes.
strict safety procedures must be observed. Failure to do se could jeopardize not only your
own life, but also the lives of other crew members.

“1, Hazards. There are many hazards connected with entering manholes. Some of the most
common hazards are:

“Adverse Atmosphere. The manhole may contain flammable or poisonous gases or
the atmosphere may be deficient in oxygen. Forced ventilation may be necessary.

“Deteriorated Rungs. Manhole steps may be corroded and not strong enough to
support a man. It may be difficult to inspect the rungs because of poor lighting.

“Traffic. Whenever manholes are located in the traveled way, barricades and warn-
ing devices are essential to direct traffic away from an open manhole.

“Falling Object. Items placed near the manhole opening may fall and injure a
worker in the manhole,

“Sharp Edges. Sharp edges of items in or near a manhole may cause cuts or bruises.

“Lifting Injuries. Unless proper tools are used to remove manhole covers, back in-
juries or injuries to hands or feet may result.,
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“2, Planning. Advance planning should include arrangements for test equipment, tools, ven-
tilating equipment, protective clothing, traffic warning devices, ladders, safety har-
ness, and adequate number of personnel. Hasty actions may result in serious injuries.
Time spent in the manhole should be kept to a minimum.

3, Adverse Atmosphere. (Refer to Table 2.1-1.) Before entering a manhole, tests should
be made for explosive atmosphere, presence of hydrogen sulfide, and oxygen defi-
ciency. Since combustible or toxic vapors may be heavier than air, the tests on the
atmosphere must be run at least 3/4 of the way down the manhole.

“Whenever adverse amnosphere is encountered, forced ventilation must be used to
create safe conditions. After the ventilating equipment has been operated for a few
minutes, the atmosphere in the manhole should be retested before anyone enters the
manhole.

“When explosive conditions are encountered, the ventilating blower should be placed
upwind to prevent igniting any gas that is emerging from the opening. When a gaso-
line engine blower is used, it must be located so that exhavst fumes cannot enter the

manhole.

“If testing equipment is not available, the manhole should be assumed to contain an
unsafe armosphere and forced ventilation must be provided. It should never be us-
sumed that a manhole is safe just because there is no odor or the manhole has been
entered previously.

“4. Entering Manholes. Since the top of the manhole is usually flush with the surrounding
surface, there may not be anything for the person who is entering the manhole to
grab on to steady himself. Persons who are entering manholes should not be permit-
ted to carry anything in their hands as they enter the manhole, to ensure that their
hands will be free to hold on or grab if they slip. A good method for entering a man-
hole is to sit on the surface facing the manhole steps or ladder, with the feet in the
hole and the arms straddling the opening for support. As the body slides forward and
downward, the feet can engage a rung, and the back can rest apainst the opposite side
of the opening. If there is any doubt about the soundness of the manhole steps, a
portable ladder should be used.

“A person should never enter a manhole unless he is wearing personal safety equip-
ment, including a safety harness and a hard hat. Two persons should be stationed at
the surface continuously while anyone is working inside a manhole, to lift him out if
he is overcome or injured. One man cannot lift an unconscious man out of a man-
hole. The persons stationed at the surface should also function as guards to keep
people and vehicles away from the manhole opening. To avoid a serious injury, a
person should not be lifted out of a manhole by his arm unless it is a dire emergency.

“When more than one person must enter a manhole, the first person should reach the
bottom and step off the ladder before the next one starts down. When two men climb
at the same time, the upper one can cause the lower one to fall hy slipping or step-
ping on his fingers.

“8, Traffic Protection. In addition to traffic cones, markers, warning signs, and barricades,
a vehicle or a heavy piece of equipment should be placed between the working area
and oncoming traffic. Flashing warning signals should be used to alert drivers and
pedestrians. Orange safety vests should be wom by personnel stationed at the surface
when the manhole is located in a vehicular traffic area.

“6. Falling Object. All loose iterns should be kept away from the manhole opening. This
applies to hand tools as well as stones, gravel and other objects.
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“7_ Removing the Covers Manhole covers should be removed with a properly designed
hook. Use of a pick ax, screwdriver, or small pry bar may result in injury. A suitable
tool can be made from 3/4 inch round or hex stock. Two inches of one end should be
bent at a right angle and the other end should be formed into a D-handle wide enough
to accommedate both hands. Even with this tool, care must be exercised to prevent
the cover from being dropped on the toes. The two inch projection should be inserted
into one of the holes in the cover, the handle grasped with both hands, and the cover
lifted by straightening the legs which have been slightly bent at the knees.

“8. Other Precautions. Other precautions which should be taken when entering a manhole
are:

Wear a hard hat.

Wear coveralls or removable outer garment which can be readily removed
when the work is completed.

Wear boots or non-sparking safety shoes.

Wear rubberized or waterproof gloves.

Wear a safety hamess with a stout rope attached.

Do not smoke.

Avoid touching yourself above the collar until you have cleaned your hands.

“9, Emergencies. Every member of the crew should be instructed on procedures to be fol-

lowed in cases of an emergency. It is the duty of each crew chief to have a list of
emergency phone numbers, including the nearest hospital and ambulance service,

police precinct, fire station, and rescue or general emergency number,

“10, Field Equipment. The following equipment will be available for use:

Blowers Hard Hats Gloves”
Breathing apparatus Harnesses

Coveralls Manhole irons

First aid kits Pick axes

Emergency flashers Rain slickers

Flashlights Ropes

Mirrors Safety vests

Gas detectors Traffic cones

Gas masks Waders
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Table 2.1-1
Hazardous Gases
Ges Chemical Common Specilic Physio- Max. Max Baplosive Likely Mo Simplest snd
Formula Propertios Gravity logical Safe Safe Range Loaticn Common Cheapeit
or Effect* M| 8Hrn (% by vol of Sources Safe Method
Vapor Exposure| Exposure | In air.) Highest of Testing
Density ppo. Mo Limits Concentration
Air= 1 lrwerfupper]

Ammonis NH3 Irviant and poison- | 0.60 Cauges throat and 300 a5 16 2% Noar wop. Sewers, chemical Detectable
ol Coloriess with oy irriladun st w Concenirates fecd rooms odor ar lew
churacteristic odor. 0.05%, coughing 500 in closed up- concentrations.

at 0.17%. Short per spaccs.
axposuro at 0.5%
1o 1% [atal

Bemzzne CsHé | Irritant, colorless, 277 Slight symptoms 3,000 B L3 71 A1 bottom, [ndustcial waates, Combustible

anesthetic, after several howrs o vamish, sohvents. gas indicator.
axposure at 0.16% 5,000
o 0.32%. 2% rapidly
[atal

Carbon cs2 Nesrly odorieas 264 Very poisoncus, —_ 13 13 40 | Atbottom As insecticide. Combustible

Risulfide when pure, estor irritating. vomiting, g indicator.
lews, anesthetic cotrvulsiond, peychic
Poisonowt disturbanca

Carbon 02 Asphyxiant. Color- 153 Cannot ba endured 40,000 5,000 — — | Atbottom: Producu of com- Omygen

Lhoxde lasa, odoriear When L 19% muce thay w when beated bustica, sowac gas, delicency
breathed in largs a (cw minutes, aven 50,000 may suatily sudge. Aleo asues indicator.
quantities may causs It subject Is at rest at painta from carbonaceous
acid tastz, Non-flam- and oxygen content above bortom. strate.
able. Not generally normal. Acts on me-
predent in danger- piralory oervea
ol smounts unless
an oxygen deflciency
exisls.

Carbon (1] Chemical gsphys- 097 Combines with hepo- | 400 %0 125 740 | Nearwop, Manufsctured gax, CO Ampoules

Monoxide iaar. Colordess, gobin of biood. Un- espedially it flue gas, products
odorless, tastelest, consciousness in 30 present with of combustion, mo-

Plammable. min &t 02% o illuminating tor exhausts. Fires
Poisonous. 0.25%, Fatal in 4 br, gas. of aimost any kind.
at@.1%, Headacha in
(ew hours at ¢.02%.

Carhon CCl4 Heavy ethernal 53 [ntestinal upset, loss 1.000 100 - - Al bouom. Indusrial Detectable

Tewra- odor. of consciousness, to wastes, ador at low

chloride possible renat 1500 solvent. concenteations

demage, respicatory cheaning,
Eailure.

Chilorine c2 brritany. Yallow- 49 [sritates rewpiratory 4 1 - - At hottom, Chiborine cylindar Detactable
green color. Chok- tract, Kills taost ani- and feed line leaka odar at fow
ing odor detectable maly in 8 very short concentralions,
in very low coac e ax 1.1%.

Non-flammable.

Formal- CHIO | Colorices, 107 Ircitating to — i 70 70 | MNear bouom Incompiets combust- | Detsetable

detryde pungent, the nose. ion of organics. Com- | odor.
wdfomtiog mon oir pollutent,
odor fungicide,

Gasoline C5H12 | Volstile solveor 0 Ancethatie offccts 4,000 1000 L3 640 | Atbouom Scrvite stations, L Combuatibia

w Caloriesa. Odor o whon inhaled. Ropid- 0o Farages, storage g indicator
CoH20 | ooticeable ;. 40 ly fanal ot 24%. Dan- 7,000 tanks, houses Z Oxypen
0.03%. gerous for shoot ex- deficiency
Flammable. poaure at L1 to 22%. ndicator.**

Hydrogen H2 Simple asphyx- 007 Acts wechanically — - 40 MO | Atwp Manut d gas, | Combustib
ant. Coloriegs, o deprive tissucs sludge digs s indi
odorbess, tosts- of axygen. Docs tank gas, clectroiysis
lews, Flammable, not suppoct life of water. Rarely

from rock strata.

Hydrogen HCN Paint odar of 093 Slight symptoms ap- - 10 &0 400 | Neariop Inseeticida Detactor Wwhe

Cynnide bitter almonds. PRAC UPOD AXPCRLUICS and
Coloress gaa 1o 0.002% 15 0.004%.. rodenticide.

0% rapidiy (acal

*Percentages shown represent volume of gen in air.
**For concenteation over 0.3%.
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Table 2.1-1
Hazardous Gases, Continued
Gay Chemical Commen Speci(ic Poyslo- Max bdnx Explcabve Likcly Moat Sicapleat snd
Formuls Properior® Gravity Iogical Safe Safe Range Lomtion Common Cheapest
or Effects &0 Mig. BHr. | (% bywl of Sources Safe Method
Vapor Exposure | Bxposure in i) Higheat of Tedting
Density {ppm) (ppm) Limits Concentraticn
{Air=1) lomeriupper]

Hydrogen H2S lrritant and poison- L1% [mpelrs sense of 200 2 43 450 | Near bottom, but | Coal gas, petro- 1L H2S Amponle.

Sullde ous volatile som- umell, rapidly as o may be above leumn, sewer pan. 2 5% by weight
pound. Rotten egg enacemoation in- 300 bottom if air i Fumes [rom lead neetate
odor in small econcen- creasen. Death in hented and highly | blating under solution.
raoons. Exposure few minues al bumid some sonditions
for 2 o 15 min. a1 0.2%. Exposure 0 Sludge gas.

QA01% impairs seree 0.07 o 0,1% rap-
of smell Odor not idly causcs acute
evident at high con- poiscning, Paralyz-
eanirations. Color- e reaniravory

less. Flammable. canter.

Methane CH4 Simple ssphyxiant 0.55 Asta mechanically Protably - 5.0 150 | A:cop, increasing | Naturs! gas, sludge | 1. Combustible
Coloriess, odorieas, 1o deprive tissues no lmit, w certain depth. | gas, faclured g3 indi
astelens, fiam- of oxygen. Does prodded AL, BEWET AL 2 Omypen deficien-
mable not support lfc oxygon Strata of sedimen ay indiaator.

pereent- tary ocigin. In
age o sul- swnmps or
ficient marshes

tor life.

Mitrogen N2 Simple asphyxiant. (117} Physiolagically —_— — — — | Nertop, but may | Sewer gan, sludge | Oxygen delficiency
Coloriess, tasteless inert be found near pas Also issuen indicator.
Non-flammable botram. from some rock
Principal conat- sirsta.
want of air (about
%)

Nilrogzn NO Coloriess 104 & to 150 ppm 0 16 —_ — 1 Near botiom. Indusrial wastes. | NO?2 delaetor tube

Cnides causcs irritation Common air

N Caloress, swee1 and coughing pollutsnt
adar 152 hyxiant

NOz Raddigh-brown. 158 100 ppm dangerous
irritating odor 200 ppm {ptal
Deadly poison

Onygen o Coloriess, odorices, 111 Narmal gir conlain - — — — | Varisble st deplati Oxygen defici

{in mir) Laneless. Supports 20.8% of 02 Man diflerent levels. from poor ventila- | indicator.
combusiion. can wierate down o tion and absorp-

12%. Min. safe B hr. tion, or chemical
expesure, 14 w 16%, sonsumption of
Below 10%, danger- cypen

ous Lo fife, Below §

to 7% probably [atal.

Ozone 03 [rritant and L6§ Max nawirally ec- [T} (1T - — | Nesr bowom, Where czane is Deteciable odor
polsonous, curring level 0.04 usad for dinin- at 0015 ppm.
Strong electrical ppm 0.05 ppm cauy- fection
odor. Strong, e irmiwstion of cycs
cxidizer. Coloricss, snd oose. 110 10
At 1 ppm., strong ppm canses head-
sifurdike odor. ache, nausex: can

cause comn. Symp-
toms similar 1 -
distion demag=.

Sludge ~—** | Mostly a simple Var- Will not support No date. Would 53 193 | Nesrwpof From digestion See componenta

Gan aspliyxiant. Moy able life vary widely with siructure of studge.
be praciically compoaition.
edarices, colories

Sulfur 502 Coloriess, pungent 226 Inflammation of the 50 0 — — | At botiom, ¢an Industrial waste, Detectable

Dioxide odor. Suffocating, eyes. 400 Lo 500 ppm 1] bine with combuets taste and odor 3t
corrosive, paison- immediately fatal 100 water 1o form COmMOon air low cancentrgtions.
o, non-llammeble. sulfurous acid polluant

‘Toluene C7HR Coloriess. il At 200 - 500 ppm, 200 100 12? 70 | Al bottom Sohvent. Combustible
Benzene-like headuche, namen, gas indicator.
ador bad taste, basitude

Turpentine | C1¢H16 | Colorless, char 484 Eye irritation. Head- - 100 08 Al boriom. Salvent, used L Detectable odor
cteristic odor. ache, dizziness, nau- - n paint at low

scp, rritation of the concentralions.
kidneyv 2 Combusible
gas indicator,

Xyiene CaH10 | Coleriess, 66 Narcotic in bigh - 100 Al bortom. SolvenL Combustible
flammmable. eoneentrations. Loes L1 10 gas indicator.

wxic than benzenc,

* Percentages shosm represent volume of gas in air.
** Mostly methane and carbon dicaide with small smounts of bydrogen, nitrogen, hydrogen millide, and coygen; occasionslly traces of earbon monoxide
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2.1.7.1.2 Lethal Atmospheres in Sewers - The following is an article written by Dr. Richard D. Pomeroy, and published
in the October 1980 issue of “Deeds & Data” of the WPCF. Dr. Pomeroy is particularly well
known for his studies, over a period of nearly 50 years, in the field of the control of hydro-
gen sulfide and other odors in sewers and treatment plants. He has personally worked in a
great many functioning sewers. In the earlier years he did so, he admits, with little know]-
edge of the grave hazards to which he exposed himself.

“It is gratifying that the subject of hazards to people working in sewers is receiving much
more attention than in past years, and good safety procedures are prescribed in various pub-
lications on this subject. It is essential that people know and use correct procedures.

“It is less important to know just what the hazardous components of sewer atmospheres are,
as safety precautions should in general be broadly applicable, but there should be a reason-
able understanding of this subject. It is disturbing to see statements in print that do not re-
flect true conditions.

“One of the most common errors is the assumption that people have died from a lack of
oxygen. The human body i¢ able to function very well with substantially reduced oxygen
concentrations. No one worries about going to Santa Fe, New Mexico, (elev. 2,100 m),
where the partial pressure of oxygen is equal to 16.2 percent {a normal atmosphere is about
21 percent) oxygen. When first going there, a person may experience a little “shortness of
breath” following exercise. People in good health are not afraid to drive over the high passes
in the Rocky Mountains. At Loveland Pass, oxygen pressure is 13.2 percent of a normal at-
mosphere. At the top of Mt. Whitney, oxygen is equal to 12.2 percent. Many hikers go there,
and to higher peaks as well. After adequate acclimation. they may climb to the top of Mt
Everest, where oxygen is equal to only 6.7 percent.

“The lowest oxygen concentrations that I have observed in a sewer atmosphere was 13 per-
cent. It was in a sealed chamber, near sea level, upstream from an inverted siphon on a
metropolitan trunk. A man would be foolish to enter the chamber. Without ventilation, he
might die, but not from lack of oxygen.

“It seems unhkely that anyone has ever died in a sewer from suffocation, that is, a lack of
oxygen. Deaths have often been attributed to “asphyxiation.” This is a word which, accord-
ing to the dictionary, is used to mean death from an atmosphere that does not support life.
The word has sometimes been misinterpreted as meaning suffocation, which is enly cne
kind of asphyxiation.

“In nearly all cases of death in sewers, the real killer is hydrogen sulfide. It is important that
this fact be recognized. Many cities diligently test fur caplusive gases, which is very impor-
tant, and they may measure the oxygen concentration which usually is snimportant, but they
rarely measure H3S. Death has occurred where it is unlikely that there was any measurable
reduction in the oxygen concentration. Wastewater containing 2 mg/1 of dissolved sulfide,
and at a pH of 7.0, can produce, in a chamber with high trbulence, a concentration of 300
ppm H3S, in the air. This is considered to be a lethal concentration. Many people have died
from H38, not only in sewers and industries, but also from swamps and from hot springs. In
one resort arca, at least five persons died from H2S poisoning before the people were ready
to admit that H3S is not a therapeutic agent. Hardly a year passes in the U.S, without a sewer
fatality from H3S as well as deaths elsewhere in the world.

“The presence of H2S in a sewer atmosphere is easily determined. A bellows-and-ampoule
type of tester is very satisfactory for the purpose, even though it is only crudely quantitative.
When using a tester of this type, do not bring the air to the ampoule by way of a tube, as this
may change the H7S concentration. Hang the ampoule in the air to be tested, with a suction
tube to the bulb or bellows.

“Lead acetate paper is very useful as a qualitative indicator. It cannot be used to estimate the

amount of sulfide, but it will quickly turn black in an atmosphere containing only a tenth of
a lethal concentration.
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“Electrodes or other similar electrical indicating devices for H2S in air have been marketed.
Some of them are known to be unreliable, and we know of none that have proved depend-
able. Do not use one unless you check it at frequent intervals against air containing known
H5S concenirations. A supposed safety device that is unreliable is worse than none at all.

“Remember that the nose fails, too, when it comes to sensing dangerous concentrations of
H,S.

“Various other toxic gases have been mentioned in some publications. It is unlikely that any
person has been asphyxiated in a sewer by any of those other gases, except possibly chlo-
rine. The vapor of gasoline and other hydrocarbons is sometimes present in amounts that
could cause discomfont and illness, but under that condition, the explosion hazard would be
far more serious. The explosimeter tests, as well as the sense of smell, would wamn of the
danger. Pipelines in chemical plants might contain any number of harmful vapors. They. too.
are sensed by smell and explosimeter tests if they get into the public sewer. Such occur-
rences are rare.

“The atlempt (o instill a sense of urgency about real hazards is diluted if a man is told to give
attention 1o a long list of things that in fact are irrelevant.

“Be very careful to avoid high H2S concentrations, flammable atmospheres, and hazards of
physical injuries, Remember that much H3S may be released by the stirring up of sludge in
the bottom of a structure. Obey your senses in respect to irritating gases, such as chlorine
(unconsciousness comes suddenly from breathing too much). Be cautious about strange
odors. Do not determine percent oxygen in the air. There is a danger that the result will in-
fluence a man's thinking about the sericusness of the real hazards. Most important, use am-
ple ventilation, and do not enter a potentially hazardous siructure except in a good safety
harness with two men at the top who can lift you out.”

2.1.7.2 General Installation Procedures - When installing the Model 2900 Sampler at the sampling site, it should be

Manholes and suspension
hamess

placed on a relatively flat surface. Placement of the sampler on a steeply inclined surface
may result in the sample partially missing the sample bottle opening.

The sampler is designed to fit through a circular manhole opening as small as 18 inches (46
cm) in diameter. A stainless steel cable harness is available as an option for lowering or rais-
ing the unit through a manhole. The unit may also be suspended from the same harness dur-
ing operation, as shown in Figure 1.2-1.

2.1.8 Connection to Power Source - The Model 2900 can be supplied with power from one any 12-volt power source,

Internal battery

including those listed in the Isco Power Products Guide. Refer to that manval for more
information. You can also power the sampler from an external 12 volt direct current source
(such as an automotive or marine battery). To power the sampler, simply connect the power-
source connector to the 12 VDC connector on the sampler, shown in Figure 2,1-6,

A small lithium battery is mounted inside the sampler. This battery keeps the sampler's elec-
trenic logic and timing circuitry operative when the external power source is intermupted and
alse maintains the sampler's program when the unit is shut off or external power is discon-
nected. In this way, the sampler's program sequence is not lost during a power interrupticn
or even when the sampler is turned off. However, the internal battery will not operate the
sampler's pump. The lithium battery has an expected life of five to ten years under normal
use.
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2.1.9 Connection to a Flow Meter - As discussed in Chapter 1, the Model 2900 can collect samples on a flow propor-

tional basis using flow inputs from an external flow meter. Electronically, the Model 2900
requires a 12 volt DC pulse or an isolated contact closure of at least 25 millisecond duration
to cause a sample 1o be taken and/or register a flow pulse. Connection of the sampler to Isco
and non-Isco flow meters is discussed in the following sections. If a connect cable is not at-
tached to the flow meter socket on the side of the sampler control box, be sure that the pro-
tective cover is tightly screwed in place to maintain the watertightmess of the unit.

2.1.9.1 Isco Flow Meter - Connect cables to connect the Model 2900 to an Isco flow meter can be purchased with the

Figure 2.1-6 Sampler

Connections

flow meter. To make the connection, attach the appropriate cable connector to the flow me-
ter per directions in the flow meter instruction manual, and attach the ather connector to the
FLOW METER socket on the side of the sampler control box, as shown in Figure 2.1-6.
Refer to the flow meter instruction manual and section 2.2.5.2 for further details.

Fuse Holder Flow Meter Connector

12 VDC Connector

2.1.9.2 Non-Isco Flow Meters - Certain non-Isco flow meters can be directly interfaced with the Model 2900 Sampler.

Interface devices

These are flow meters having an isolated contact closure type output of at least 25 millisec-
ond duration, the frequency of the contact closures being directly proportional to total flow.
A connector and cable clamp to connect a non-Isco flow meter to the Model 2900 are avail-
able from Isco, part number 68-1680-060. The isolated contact closure from the flow meter
should be connected to pins A and C of the six pin connector. The connector prewired to a
22 ft. (6.7 m) cable is also available from Isco.

Attach the non-Isco flow meter connector to the FLOW METER socket on the side of the
Model 2900 Sampler control box. The sampler will now accept flow pulse inputs from the
flow meter. Refer to the instruction manual of the flow meter being used and section 2.2.5.2
for further information. :

The 2900 Sampler can also be used with flow meters having other types of outputs, for ex-
ample, a 4 to 20 mA output directly proportional io flow rate. However, these flow meters
require a special interface device o convert their cupurt signal into one compatibie with the
2900 Sampler. Two interfaces are available: the Type A Interface and the 4 - 20 mA
Sampler Input Interface. Each interface connects to the flow meter connector on the rear of
the sampler. Consult the factory for assistance in interfacing the sampler with non-Isco flow
meters.

Type A Interface- Converts flow pulse duration output from non-Isco flow meters to ac-
cepuable flow pulses.

4-20 mA Sampler Input Interface - Converts 4 to 20 mA output signals from non-Isco
flow meters to acceptable flow pulses.
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2.2 Setting Up a Sampling Program - After the preparations described in sections 2.1 through 2.1.5.2 have heen com-

Typical sampling cycle

Peristaltic pump

Volumetric determination

Yolume counting

pleted, the Model 2900 Sampler can be programmed for automatic sample collection in a
number of different modes. The following sections describe the procedures for setting up an
automatic sampling program. Included are sections discussing the types of samples which
may be collected, describing the sampler controls and indicators in detail, explaining stan-
dard and advanced programming techniques, and describing sample recovery procedures.

For reference, the sequence of events in a typical sequential sampling cycle is described
below:

1. The interval (either in minutes or flow pulses) since the previous sample reaches the pre-
sel value and an automatic sampling cycle is initiated.

2. The pump rotates in the reverse direction to air prepurge the suction line inlet of any ac-
cumulated debris.

3. The pump direction changes, pumping in the forward direction to fill the suction line.

4. After the suction line has been filled to the pump inlet, the sample volume measuring por-
tion of the sampling cycle begins. The pump continues to rotate in the forward direc-
tion until the preset volume of sample has been delivered to the appropriate sample
bottle.

5. The pump direction again changes, pumping in the reverse direction to air postpurge the
suction line to avoid cross-contamination of samples. The pump then shuts off,

6. The distributor rotates to the position of the next sample bottle to be filled.

7. The sample interval is again being counted down from the preset value, until "zero" is
reached and the cycle begins again at step 1.

This process continues until the last bottle has been filled, at which time the sampler auto-
matically shuts off.

Also for general reference, following is a brief description of the method by which the sam-
ple volume is determined. As discussed in section 1.2, the Model 2900 uses a peristaltic
pump to transport the sample from the sonrce to the sample bottle. When compared with
other suction lift sample gathering methods, a peristaltic pump has numerous advantages:
simplicity, reliability, no metering chamber required, easily cleaned, etc. However, the de-
termination of the volumetric delivery of a peristaltic pump presents significant design
problems, especially when different suction head lifts are considered. The Model 2900 ad-
dresses these problems through the use of sophisticated, patented microprocessor-based
control logic.

The Model 2900 Sampler determines the volumetric delivery of its peristaltic pump by elec-
tronically counting revolutions of the pump rotor. Each revolution of the pump rotor corre-
sponds to & certain volume of sample liquid. However, the volume of liquid delivered by one
revolution of the pump rotor changes as the suction head of the pump changes and when the
type of suction line being used is changed. The function of programming a suction head
value into the sampler is to establish a relationship between the operating suction head and
the volume delivered by one revolution of the pump rotor. The function of programming a
suction line type into the sampler 15 to establish a relationship between the type of suction
line being used and the volume delivered by one revolution of the pump rotor. Thus, for a
given suction head and given type of suction line, one revolution of the pump rotor results in
the delivery of a fixed, known amount of sample volume.

As discussed above, the sample pumping portion of a sampling cycle consists of two parts:

suction line fill and sample volume delivery. The sampler "knows" the volume of the suction

line being used by the diameter and length of the suction line programmed. To fill the suc-

tion line, the sampler "counts" a number of pump rotor revolutions corresponding to the vol-

ume of the suction line. After the suction line has been filled, the sample volume delivery is
217
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accomplished in a similar manner. The sampler "counts" a number of pump rotor revolutions
corresponding to the programmed sample volume. Thus, based on a given operating suction
head and a given type of suction line, the sampler fills the suction line and delivers the prese-
lected volume to the sample bottle.

The sample delivery process is discussed at much greater length in sections 2.2.2 and 2.2.3,
below. However, it is very important to note that the volume delivered by a peristaltic pump
can be influenced by a number of factors other than those discussed above. Thus, even with
the sophistication of the sample volume measuring functions of the Model 2900, the volume
of sample deposited in the sample bottle may vary from the programmed nominal sample
volume. The repeatability of a sample volume from sample to sample (which normally is the
most important consideration) will typically be within the £ 10 ml specification stated in
Table 1.4-1, The wide range of sample volumes which may be programmed will allow any
sample volume to be repeatably placed in the sample bottle through a trial-and-error process
or by calibrating the sample volume, as discussed in section 2.2.6.1. But, the inherent poten-
tial variation between the programmed sample volume and the volume of sample actually
placed in the sample bottle should be kept in mind when reading the following sections.

2.2.1 Types of Samples - The Model 2000 Sampler is principally designed to collect sequential {discrete) samples.

Sequential time

Sequential flow

Sequential samples and
multiplexing

Composite time

Composite flow

Composite

However, it can easily be converted to collect composite samples. To provide a frame of ref-
erence for the following sections, the types of samples which may be coliected using the
Model 2900 are briefly discussed:

In a sequential time sample, each individual sample collected is placed in a separate, identi-
fiable sample bottle. Samples are collected at equal increments of time.

In a sequential flow sample, each individual sample collected is placed in a separate, identi-
fiable sample bottle. Samples are collected at equal increments of flow volume, as measured
by an associated flow meter.

A sequential time or flow sample represents a "snapshot” of the flow stream at a particular
point in time. Note that both sequential time and flow samples may be multiplexed. In sam-
ples per bottle multiplexing, a set number of individual samples are placed into the same
sample bottle. In bottles per sample multiplexing, a set number of bottles are filled at each
sample interval.

In a composite time sample, the individual samples collected are combined ("'composited™
into a single container. Samples are collected at equal increments of time.

In a composite flow sample, the individual samples are combined into a single container.
Samplecs arc collected at cqual increments of flow volume, as measurcd by an associated
flow meter.

A composite time or flow sample represents an average of the characteristics of the flow
stream over the total elapsed time of sampling.
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2.2.2 Pragramming Overview - To provide a general background for the discussion of the controls and indicators and

Definition of programming
terms

Sampler states

Programming process

sampler programming, following is an overview of the sampler's programming techniques.
The sampier is programmed through the use of a 24-position keypad and a 4-character liquid
crystal display (LCD) with nire additional descriptive legends. The keypad is used to enter
program quantities and to control certain sampler functions. The display is used to show the
program quantities being set, to indicate the operational status of the sampler, and to "'step"
the user through the sampler programming process by indicating the quantity to be
programmed.

The "program quantities” are simply the quantities that define the sample and the sampling
process: for example, the type of sample to be collected (sequential time), the interval be-
tween samples (30 minutes), the sample volume (150 ml), type of suction line being used
(174" X 25", etc. The sampler's "program" consists of a stored collection of the program
quantities that completely define the sampling process, and the act of "programming" the
sampler consists of establishing and storing the desired settings of the program quantities.
"Running” or "executing” the sampler's program causes a series of samples to be collected
according to the program quantities stored in the sampler’s program.

To fully understand the sampler's programming techniques, it is necessary to realize that the
sampler has five basic states: off, standby, program, run, and full (program complete). In the
off state, the display is blanked and none of the controls {(except on) are functional.
However, even in the off state, all the program quantities are retained by an internal battery.
In the =candby stane, the sampler is waiting either to be programmed or to have the program
run. In the program state the programming functions are enabled. The sampler’s pump can be
operated manually only in the standby and program states. In the run state, the program is
being executed and the pump can only be operated under program control. In the full state
(program complete}, all bottles (either sequential or composite containers) have been filled
according to the program and the sampler is dormant, waiting to be restarted.

From this overview, it can be seen that the Model 2900 Sampier is not "programmed™ in the
sense that a programmable calculator or home computer is programmed. The actual micro-
processor-based program that controls the overall action of the sampler is built into the unit,
and cannot be modified by the user. In the sense that it will be used in this manual, pro-
gramming refers to the process of establishing and storing the desired settings of the pro-
gram quantities. The sampler's programming process is self-prompting in that the display
steps the user through the programming sequence in a logical order, indicating the program
quantity to be established. The sampler will accept only appropriate values for the program
quantities, and will reject any unacceptable values. Thus, the sampler's programming process
is simple and straight forward.

2.2.3 Description of Controls and Indicators - The control panel of the Model 2900 Sampler is showa in Fi gure 2.2-1,

The operation and use of the keypad, the liquid crystal display, and the humidity indicator
are discussed in detail in the following sections.

2.2.3.1 Keypad - The twenty-four position keypad is used to program the sampler and to control manually certain func-

tions of the sampler. The individual key switches that make up the keypad feature both tac-
tile and audio feedback to assure that the key switch has been successfully actuated. When
one of the key switches is pressed, the user will "feel” the resistance of the spring member in
the switch, and should easily be able to note when the switch "passes over center" into the
actuation point. Also, when one of the key switches is successfully actuated, an audio indica-
tor inside the sampler will "beep” once to confirm the successful actation of the switches,

The keypad switches are divided into three functional groups, which will be discussed indi-
vidually in the following sections.
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Figure 2.2-1 Model 2900 Control Panel
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2 = 24 bottle sequential flow
3 = 12 bottle sequential ime
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2.2.3.1.1 CONTROL KEYS - The left column of six keys on the keypad make up the manual control keys. These keys

MANUAL SAMPLE key

NEXT BOTTLE key

PUMP JOG FWD key

PUMP JOG REV key

PUMP CONT. FWD key

PUMP STOP key

gllow some of the sampler's functions to be manually controlled, outside of program opera-
tion. The six CONTROL keys are:

Pressing the MANUAL SAMPLE key of a sampler in the standby state will cause a sampie
to be collected according to the sampler's present program. The collection of a manual sam-
ple does not alter any of the preset program quantities (for example, the interval 1o the next
sample); a manual sample is simply an "extra" sample outside of the normal sampling pro-
gram. The sampler's logic will prevent a manual sample from being collected in a sample
botile which the sampler believes to be “full." Note that the manual sample key is functional
only when the sampler is in the standby state.

Pressing the NEXT BOTTLE key of a sampler in the standby state will cause the distributor
to be indexed to the next bottle. Multiple depressions of the key will cause the distributor to
be advanced a like number of bottles. Advancing the distributor past the last (24th) bottle
will cause it to be reset to the first bottle position. Note that the NEXT BOTTLE key is func-
tional only when the sampler is in the standby state.

Pressing the PUMP JOG FWD (forward) key will cause the sampler's pump to run in the
forward direction as long as the key is held down. When the key is released, the pump will
stop. Note that the PUMP JOG FWD key is functional only when the sampler is in the
standby state or in the program state (for calibration of sample volume as discussed in sec-
tion 2.2.6.1).

Pressing the PUMP JOG REV (reverse) key will cause the sampler's pump to tun in the re-
verse direction as long as the key is held down. When the key is released, the pump will
stop. Note that the PUMP JOG REV key is functional only when the sampler is in the
standby state or in the program state (for calibration of sample volume, as discussed in sec-
tion 2.2.6.1).

Pressing the PUMP CONT. FWD (continuous forward) key will cause the sampler’s pump fo
run continuously in the forward direction. The pump may be stopped by pressing the PUMP
STOP key, as described below. Note that the PUMP CONT. FWD key is functional only
when the sampler is in the standby state.

Pressing the PUMP STOP key will cause the sampler's pump to immediately cease pumping.
Note that the PUMP STOP key is functional any time that the sampler's pump is running,
regardless of whether it is running under manual or program control,

2.2.3.1.2 NUMBER KEYS - The center two columns of twelve keys on the keypad make up the NUMBER KEYS. These

OFF key

ON key

Numeric keys

keys turn the sampler on and off, and allow program gquantities to be entered. The twelve
NUMERIC KEYS arc:

Pressing the OFF key blanks the liquid crystal display, disables all keys except the ON key,
and immediately interrupts any action of the sampler (pumping or movement of the distribu-
tor). Note that an internal battery maintains the program quantities even when the unit is
turned off.

Pressing the ON key of a sampler which has been turned off will reactivate the display and
place the sampler into the standby state.

Pressing any of the numeric keys will cause the number entered to be shown on the display.
They are used 10 enieT program quantides into the sampler.

2.2.3.1.3 PROGRAM KEYS - The right celumn of six keys on the keypad make up the CONTROL keys. These keys are

PROGRAM/STEP key

used to set up and centrol the execution of the sampler's program. The six CONTROL keys
are:

Pressing the PROGRAM/STEP key of a sampler in the standby state will cause the sampler
to be transferred from the standby to the program state. Once the sampler is in the program
state, depressing the PROGRAM/STEP key will cause the quantity shown in the display to
be loaded into memery and the unit to be stepped to the next program quantity. A depression

2-21



Implied ENTER VALUE

Program scan

ENTER VALUE key

CLEAR ENTRY key

START SAMPLING key

HALT SAMPLING key

Time incrementing
continues

MODEL 2900

of the PROGRAM/STEP key afier the last applicahle program quantity stap wilt cause the
sampler to be returned to the standby state from the program state. Thus, the
PROGRAM/STEP key is used to place the sampler into the program state and to step
through the program quantities to be set.

The PROGRAM/STEP key may also be used in place of the ENTER VALUE key
(discussed below), as the PROGRAM/STEP key contains an implied enter value function.
Pressing the PROGRAMYSTEP key of a sampler in the full {program complete) state will
cause the sampler to be transferred to the program state,

Depressing the PROGRAM/STEP key of a sampler in the run state will cause the sampler to
be placed into a program scan mode, showing on the display the program quantity step num-
ber followed by the value of the program quantity set. This allows the settings of the pro-
gram quantities to be checked without halting the sampler's program by repeatedly pressing
the PROGRAM/STEP key. While the program is being scanned in this manner, the PRGM
legend will be shown on the display in addition to the RUN legend. If, after a program scan
has been initiated, the PROGRAM/STEP key is not pressed again, the scan mode will be
terminated after approximately 60 seconds. After the last applicable program quantity has
heen stepped through, the sampler will retum to the normal nn state.

Pressing the ENTER VALUE key will canse the program quantity shown on the liquid crys-
tal display to be loaded into the sampler's memery. It should be emphasized that depressing
the ENTER VALUE key does not sequence the sampler to the next program quantity. If the
ENTER VALUE key is used, the unit must be seguenced by the use of the
PROGRAM/STEP key. Pressing the ENTER VALUE key also restores the alternation of the
display between the program quantity step number and the newly entered value. The
ENTER VALUE key is also used to place a sampler in the standby state into a special pro-
gram mode so that the Liquid Level Sampler Actuator mode of operation may be set, as de-
scribed in section 2.2.6.2. Note that this key is functional only for a sampler in the program
or standby state.

Pressing the CLEAR ENTRY key will cause a newly entered value shown on the display to
be replaced with the previously entered value. A second depression of the CLEAR ENTRY
key (without an intermediate depression of one of the numeric keys) will cause the sampler
10 be transferred from the program to the standby state. Likewise, if no new value has been
entered using the numeric keys before the CLEAR ENTRY key is pressed, the sampler will
also be transferred from the program to the standby state. This is to provide the user with a
means of getting out of the programming state without sequencing through all the program
quantities, When the sampler is being programmed in the calibrate sample volume mode
(section 2.2.6.1), in certain instances the CLEAR ENTRY key may be used to step back-
wards through the quantities being cntered, as described in the referenced section. The
CLEAR ENTRY key is also used to place a sampler in the standby state into a special pro-
gramm mode so that the program lock may be engaged, as described in section 2.2.6.3. Note
that the CLEAR ENTRY key is functional only for a sampler in the program or standby
state.

Depressing the START SAMPLING key of a sampler in standby or full (program complete)
state will cause the distributor to be reset ta the hottle number one position, and cause the
sampling program 1o begin according to the program quantities previously set. Note that the
START SAMPLING key is functional only for a sampler in the standby or full states.

Pressing the HALT PROGRAM key of a sumpler in the run swate will cause the sampling
program which is in operation to be halted and will transfer the sampier to the standby state.
This allows the sampler’s program to be modified, if desired. Time incrementing will contin-
ue even after the program has been halted, If the interval to the next sample reaches zero
while the program is halted, no sample will be collected, the time interval to the next sample
will be reset to the programmed interval, and time incrementing will continue. A missed
sample will not be remembered and consequently will not be collected when the program is
resumed by the RESUME SAMPLING key. Flow pulsc incrementing will ccasc until the
program is resumed. If the HALT SAMPLING key is pressed while the sampler's pump is
running, the pump will immediately stop. Note that the HALT SAMPLING key is functional
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only for a sampler in the run state. The use of the HALT SAMPLING key is further dis-
cussed in section 2.2.6.3, below.

The HALT SAMPLING key can also be used to access the special programming step used
to select English or metric units of measure for the samplet, Refer to section 2.2.6.3.1 for
more information.

Pressing the RESUME SAMPLING key of a sampler in the standby state will canse the
sampling program as it currently exists to begin execution. The distributor will not be reset,
The RESUME SAMPLING key is normally used to resume the program of a previously
running sampler whose program has been interrupted by the HALT SAMPLING key. If,
during the time while the program was halted, no program guantities ur only the interval
between samples and/or the interval to the first/next sample were changed, the sampling
program will be resumed, upon depression of the RESUME SAMPLING key, at the point
where it was halted, according to the program quantities currently set. If, on the other hand,
any program quantities other than the interval between samples or the interval to the
first/next sample were changed during the program halt, behavior of the sampler upon pro-
gram resumption depends upon two factors. First, if the sampler is operating in one of the
multiplex modes, and the multiplex number is something other than one, when the RESUME
SAMPLING key is pressed, the distributor will advance to the next bottle and the multiplex
number will be reset to one. And second, if the program was halted during a sample collec-
tion (while the pump is running), when the RESUME SAMPLING key is pressed the suction
line will be purged and the distributor advanced to the next bottle. Note that the RESUME
SAMPLING key is functional only for a sampler in the standby state. The use of the
RESUME SAMPLING key is further discussed in section 2.2.6.3, below.

2.2.3.2 Display - The 4-digit liquid crystal display (LCD) with nine additional descriptive legends is used to display the

QFF state

STANDBY state

program quantities being set, to display the operational status of the sampler, and to "step"
the user through the programming process in a logical manner. The nature of the display de-
pends upen which of the five possible states the sampler is in.

For a sampler in the OFF state, the display is blanked (turned off).

For a sampler in the standby state, the STNDBY (standby) legend on the display will always
be on. For the sampler has been previously programmed to be in either the sequential time or
sequential flow mode, the present position of the distributor or the bottle number (" XX ™)
will alternate with the time or flow pnlze interval to the next sample ("00XX'"), as shown in
Figure 2.2-2,A. When the bottle number is shown, the BTL# (botile number) legend will be
on; when the time or flow pulse interval is shown, either the TIME or FLOW legend (as ap-
propriate) will be on.

H the sampler has been previously programmed to be in either of the multiplex modes of op-
eration, the MPLX (multiplex) legend will always be on. If the sampler is operating in a
multiplex samples per bottle mode, a third quantity will be added to the sequence, the multi-
plex step number (" X ), as shown in Figure 2.2-2,B. When the multiplex step number is
shown, the MPLX (multiplex) and STEP legends will be on.

For a sampler previously programmed for the composite mode in the standby statc, the
STNDBY (standby) legend on the display will always be on. The time or flow pulse interval
to the next sample ("00XX") will alternate with the total number of composite samples col-
lected (" XXX"), as shown in Figure 2.2-2,C. When the time or flow pulse interval is shown,
cither the TIME or FLOW legend (as appropriate) will be on; when the number of composite
samples collected is shown, the COMP (composite) legend will be on.

If a sequential sampling program has been previously completed (all 12 or 24 bottles filled
or all composite samples taken.), when the sampler is in the standby state, the bottle number
or number of composite samples taken in the alternating sequence will be replaced with the
text "FULL," as shown in Figure 2.2-2,D, Note that when the distributor is moving when the
sampler is in the standby state, the final destinalion boule number will be shown, not the
current position of the distributor,
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Figure 2.2-2 Display Modes

A. Standby State (nonmultiplex mode)
Alternates between:

BILS 14 smosy | and

Next sample bottle number

B. Standby state (multiplex samples per bottle mode)

Altemnates among:
BTLA 1 4 smoey | and
Next sample bottle number

C. Standby state {composite mode)
Alternates among:

[ 0015 svu | and

Time or flow pulse interval
to next sample

D. Standby state (sequential sampling previously completed)

Alternates among:
FULL and

E. Standby state (composite sampling previously completed)

Alternates among:
TiNE

0015 smoev | and

Time or flow pulse interval
to next sample
F. Program state
Alternates between:
TIME PAGM
STER 1 and

Program quantity step
number

MODEL 2300

TIME

0015 smom

Time or flow pulse interval
to next sample

3 STEP
MPLX BTHDBY

Next sample multiplex step
number

125

COMP

Total nurnber of composite
samples collected

1 ot

Next sample multiplex step
number

125

Total number of compaosite
samples collected

0060

Value of program quantity.
(For example, time interval
between samples.)
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Figure 2.2-2 Display Modes (continued)

G. Run state (nonmultiplex mode)

Alternates between:
MPLX 1 2 and
AUN
Next sample bottle number

H. Run state {(multiplex bottles per sample mode)
Alternates between:

e, 13 ]and

Next sample bottle number

L. Run state (multiplex samples per bottle mode)

Next sample bottle number

J. Run state (composite mode)
Alternates among:

FLOw

0017 and

Time or flow pulse interval
10 next sample

K. Run state (while the pump is running)

o 0018 and

Bottle number into which
sample is being placed
{nonmultiplex mode)

L. Run state (program scan mode)
Alternates between:

TIME

2 9UTEP a-.nd

Program guantity siep
number

M. Full state (sequential modes)

FULL
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FLOow
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Time or flow pulse interval
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10 next sample

MPLY
RUN
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sample number and

53

Total number of composite
samples collected

2 0015 m]

Bottle number into which
sample is being placed
(multiplex mode)

PROM
0060
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(for example, time interval
between sample)
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MODEL 2%00

Figure 2.2.2 Display Modes (continnad)

N. Standby state (composite mode)

Alternates among:

PROGRAM statc

RUN state

FULL and 125

COmMP

‘Fotal number of composite
samples collected

If a composite sampling program has been previously completed (the composite container
filled), a third quantity will be added to the alternation of the display, the text "FULL," as
shown in Figure 2.2-2E.

For a sampler in the program state, the PRGM (program) legend on the display will always
be on, and the display will initially alternate between a number which indicates the program
quantity to be set (" X ') and the current value of the program quantity indicated (" XX"), as
shown in Figure 2.2-2,F. The program quantity step number refers to the 10 numbered pro-
gram quantity descriptions listed on the sampler’s control panel directly below the display;
these are discussed in detail laier in this section. When the program quantity step number is
shown on the display both the PRGM and STEP (program step) legends will be on. When
the program quantity presently set is shown, the STEP legend will be tarned off.

As s00n as a new program quantity is entered on the numeric keypad, the alternating nature
of the display will be halted and the new value being entered will be shown on the display.
The altermation of the display between the program quantity step oumber and the value of
the program guantity indicated will be restored when either the ENTER or
PROGRAM/STEP key is pressed. Either the TIME or FLOW legend (as appropriate for the
mode selected) will be on when the sampler is in the program state. If either of the multiplex
modes of operation have been selected, the MPLX (multiplex) legend will be on. If the com-
posite mode of operation have been selected, the COMP (composite) legend will also be on.

It should be noted that during the tme when a new program quantity is being entered on the
numeric keypad, if there is no further activity on the keypad for approximately five minutes,
the alternation of the display will be restored with the previously established program quan-
tity value being shown.

For a sampler in the run state, the RUN legend on the display will always be on. For a sam-
pler programmed for sequential sampling, the display will altemnate between the next sample
bottle number (" XX ") and the time or flow pulse interval to the next sample ("00XX™), as
shown in Figure 2.2-2,G. When the bottle number is shown, the BTL# (bottle number) leg-
end will be on; when the time or flow pulse interval is shown, either the TIME or FLOW
legend {(as appropriate) will be on.

If the sampler is operating in one of the two multiplex modes, the MPLX (multiplex) legend
will always be on while the sampler is in the min state. If the sampler is operating in the
multiplex bottles per sample mode, the display will alternate between the bottle number and
the time or flow pulse interval to the next sample, as shown in Figure 2.2-2 H. If the sampler
is operating in the multiplex samples per bottle mode, a third quantity will be added to the
alternating display, the next sample multiplex step number (" X ™), as shown in Figure 2.2-
2L

For a sampler previously programmed for composite sampling and operating in the run state,
the RUN legend on the display will always be on. The display will alternate between the
time or flow pulse interval to the next sample (""00XX") and the total number of composite
samples collected (" XXX'"), as shown in Figure 2.2-2.J. When the time or flow pulse inter-
val is shown, either the TIME or FLOW legend (as appropriate) will be on; when the num-
ber of composite samples collected is shown, the COMP (composite) legend will be on.
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For a sampler programmed for sequential sampling and operating in the run state, the
following is displays appear. When the multiplex step number is shown, the MPLX and
STEP (multiplex step) legends will be on. During the time while a sequential sample is ac-
tually being collected (that is, while the pump is running), the bottle number into which the
sample is being placed will be shown on the display (" XX ") and the BTL# legend will be
on, as shown in Figure 2.2-2,K. Either the TIME or FLOW legend will be on as appropriate,
and the MPLX legend will be on if one of the multiplex modes has been programmed.

As described in section 2.2.3.1.3, a sampler in the run state may be placed into a special pro-
gram scan mode. In this mode, both the RUN and PRGM legends will be on simultaneously.
The display will allemate between the program quantity step number (" X " and the current
value of the program quantity indicated (" XX"), as shown in Figure 2.2-2,L. When the pro-
gram quantity step number is shown on the display, the STEP legend will also be on.

When a sequential program has been completed, the display will show the text "FULL," as
shown in Figure 2.2-2,M. None of the legends will be on. When a comgposite program has
been completed, the display will alternate between the text "FULL" and the total number of
samples collected before sampling was terminated (" XXX, as shown in Figure 2.2-2,N.

The display also indicates error conditions which may occur during operation of the sampler.
If the sampler's pump becomes jammed (for example, by the formation of ice in the pump
tube), the display will indicate this condition with the word "HELP." The "HELP" display
will be shown when the sampler attempts to run a jammed pump, either under program con-
trol or responding to the manual pump controls. To prevent injury due te unexpected actua-
tion of the pump during servicing, the sampler will be "locked-up" as long as the "HELP"
error message is shown on the display. In other words, simply unjamming the pump will not
cause the pump to resume action, not will it cause the sampling program to be restarted or
allow the pump to be operated manually. The display may be cleared of the "HELP" error
message and normal operation restored by turning the sampler off and back on.

If the distributor is not in place over the proper bottle when a sampling cycle is initiated
(either manually or under program control), the display will show four dashes ("----" as
long as the distributor is not over the proper butde. The pump will not run until the distribu-
tor is over the proper bottle, The "----" error message will be cleared from the display and
the sample will be collected when the distributor reaches its proper position over a sample
bottle.

As discussed in section 6.6, the Model 2900 antomatically runs diagnostic checks on its
internal RAM and PROM memory upon power up and during operation. If an error is de-
tected during power up {refer to section 6.6.1), the display will hecame "stuck" on one of the
following error messages: "PPPP" or "EEEE." If an error is detected during operation (refer
to section 6.6.2), other ervor messages will also be shown in the display. In this case, the er-
ror message consists of the letters EE {"-EE-") and in sore instances a number. The display
will also show other quantities and possibly emror messages during the manually initiated di-
agnostic routine, as discussed in section 6.6.3.

Depending upon the circumstances, the sampler may indicate a low battery in any one of
several ways. If the sampler's batiery is dead or extremely low, the sampler will be com-
pletely inoperative; the display will not light and the pump will not run. If the sampler's bat-
tery is discharged, but not completely dead, the low battery condition will be indicated on

the sampler's display. In this case, the display may read cither "HELP," "PPPP." or "EFEE"

Depending upon the state of discharge of the battery, the sampler's pump may also repeat-
edly cycle on and off during a sampling cycle. If any of these indications are present, it
should be assumed that the battery is low and the sampler's battery should be replaced or
recharged. However, it should be noted that the "HELP," "PPPP," or "EEEE" displays may
also indicate other types of problems. If replacing or recharging the sampler's battery does
not resture the normal operation of the display, refer to Table 6.7-1 for further troubleshoot-
ing instructions.
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As mentioned, there are ten program quantity step descriptions listed on the sampler's con-
trol panel directly below the display. The program guantity step descriptions list the program
quantity to be set and indicate the acceptable settings. They are numbered 1 through 10, and
correspond to the program quantity step numbers (PRGM STEP) shown on the display when
the sampler is in the program mode. Their purpose is to "step" the user through the sampler
programming process by indicating the program quantity to be set. When the sampler is
placed into the program state by pressing the PROGRAM/STEP key, PRGM STEP 1 will be
shown on the display. indicating that the first program quantity (MODE) is 1o be set.

Subsequent depressions of the PROGRAM/STEP key will cause the unit to sequentially step
through the program quantities to be set. Depending upon the type of sampling program be-
ing established certain of the program quantity stcps may be skipped, as described below,
When the PROGRAM/STEP key is pressed after the last program quantity has been set, the
sampler will be transferred from the program to the standby state. Note that for a sampler in
the program state, if there is no activity on the keypad for five minutes, the sampler will au-
tomatically be transferred from the program to the standby state.

Table 2.2-1 Sampler Error Messages

ERROR MESSAGE MEANING
“HELP" Sampler’s pump jammed.
Hmmm Distributor not in position over proper bettle at time of sample
initiation.
Stuck on “PPPP.” Failed PROM check during power up.
Swuck on “EEEE.” Failed RAM check during power up.

Time or flow pulse interval tc next sample replaced by “-EE-" in | Failed PROM or RAM check while operating in the run state.
the norma! rotation of the display

Alternates berween “-BE-" and *

L" Failed PROM check whiic operating in off or standby states, or in
run state and subsequently placed into off or standby state.

Alternates between “-EE-"" and *

2" Failed RAM check while operating in off or standby states, or in
run state and subsequently placed into off or standby state.

Alternates between “-EB-" and *

3" Distributor time out error detected either during normal operation
{standby or run states) or during manually initiated

diagnostics.

Alternates between “-EE-" and “

4" Distributor bottle 1/24 phase error detected either during normal
operation (standby or run states) or during manually initiated
diagnostics.

Alternates between “-EE-" and “

5" Distributor total number of bottles error detected during manually
initiated diagnostics.

Alternates between “-EE-" and **

6." Pump rotation counting optics error detected during pumping
potion of manually initiated diagnostics.
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When PRGM STEP 1 (MODE) is shown on the display, the basic mode of sampler opera-
tion may be selected. The mode to be used is selected by entering on the keypad the number
associated with the mode. The two modes available and the numbers used to select them are
as follows,

1 = 24 bottle sequential time
2 = 24 bottle sequential flow
3 = 12 bottle sequential time
4 = 12 bottle sequential flow
5 = composite time
6 = compesite flow

These modes of operation were briefly described in section 2,2.1, above. For example, to se-
lect & time mode of operation, the oumber 1 should be entered in the keypad. If MODE 1 (24
bottle sequential time) is selected, the TIME legend on the display will be on while the
sampler is in the program state. If MODE 2 (flow) is selected, the FLOW legend on the dis-
play will be on. If MODE 5 (compoesite time) is selected, the COMP and TIME legends on
the display will be on.

When PRGM STEP 2 (INTERVAL BETWEEN SAMPLES) is shown on the display, the
time or flow pulse interval between samples may be selected. When the sampler is operating
in the time mode (mode 1), the interval is set in minutes. The time interval between samples
is selected by entering on the keypad any value between 1 and 9999 minutes. When the
sampler is operating in the flow mode (mode 2), the interval is set in flow pulses (received
from an external flow meter). A flow pulse is simply an electronic signal from the flow me-
ter indicating that a certain fixed total volume of liquid has flowed past the flow meter, for
example, 10,000 gallons. The flow interval between samples is selected by entering on the
keypad any value between 1 and 9999 flow pulses.

When setting the interval between samples, be sure that the interval selected is longer than
the duration of the sampling cycle described in section 2.2. The duration of the sampling
cycle will vary according to the program quantities selected, and if it is questionable, the du-
ration may be delermined by simply timing one complete cycle. For truly representative
sampling, the interval between samples selected (either in minutes or the fastest anticipated
flow pulse rate) should be longer than the duration of the sampling cycle established.
Otherwise certain sample initiations will occur at improper times, although no sample initia-
tions will be lost.

Then PRGM STEP 3 (DELAY TO FIRST/NEXT SAMPLE) is shown on the display, the
time delay to the first (or the next) sample may be selected. The time delay to the firstnext
sample is selected by entering on the keypad any value between 1 and 9999 minates. This
allows the user to establish a time delay to the first sample independent of the normal inter-
val between samples, permitting the synchronization of the sampling program with real
clock time or any other external event. Since time continues to advance for a sampler in the
program state, the start time delay to the first sample stars at the moment the delay is en-
tered on the keypad. If the sampler is not placed into the run state before the delay to the first
sample has counted down to zern, the delay to the first sample will be automatically reset to
the normal interval between samples, and the counting down process restarted.

It is very important to realize that the program quantity set when PRGM STEP 3 (DELAY
TO FIRST/NEXT SAMPLE) is shown on the display is different from all the other program
quantities. The DELAY TO FIRST/NEXT SAMPLE step provides the user with access to
the register in the sampler's memory which contains the time interval until the next sample is
collected. When PRGM STEP 3 (DELAY TO FIRST/NEXT SAMPLE) is shown on the
display, the time interval remaining until the next sample (which may be the first or a subse-
quent sample) is collected will be shown on the display and may be changed by a keypad en-
try. Unlike the other program quantities, which remain constant until changed, the delay to
the first/next sample is continuously being counted down, reflecting the decreasing amount
of time remaining until the next sample is collected. Thus, the delay to the first/next sample
program quantity is a dynamic quantity, which is counted down from the value entered
quantity on the keypad. As mentioned, this allows the user to establish a delay 1o the first
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sample which differs from rhe interval between the remainder of the samples. It also allows
the user to modify the time interval to the next sample by halting the sampler's operation and
changing the value of the delay to first/next sample as described in section 2.2.6.3.

For a sampler operating in the sequential or composite flow modes (mode 2, 4, or 6), PRGM
STEP 3 (DELAY TO FIRST/NEXT SAMPLE) is skipped.

When PRGM STEP 4 (NOMINAL SAMPLE VOLUME) is shown on the display, the
nominal sample volume to be placed in the sample bottle may be selected. Sample volume is
programmed in terms of 10's of milliliters {m1) of nominal delivered sample volume. The
nomina)l sample volume is selected by entering on the keypad any volume between 1 and 50
-10's of ml for scquential samples and between 1 and 99 10's of ml for compusite sampling.
For example, a keypad entry of 25 would result in a nominal 250 ml (25 X 10) sample.

A keypad entry of 0 while PRGM STEP 4 (NOMINAL SAMPLE VOLUME) is shown on
the display places the sampler into the calibrate sample volume mode. This mode allows the
user to calibrate the delivered sample volume precisely for a given setup. The calibrate sam-
ple volume process is described later in this section and in section 2.2.6.1.

It is very important to note that the name of this program quantity refers to the nominal
sample volume. The programmed delivery volume should be used only as a nominat indica-
tion of the volume of liquid which the sampler will actually deliver into the sample bottle.
Depending upon the conditions of use {as discussed below), the actual delivered volume
may be different than the programmed volume, although the repeatability of the delivered
sample will typically be within the + 10 m specification stated in Table 1.4-1, Thus, while
the volume of sample delivered into the sample bottles may vary from the programmed set-
ting, the volume of sample will be quite repeatable from bottle to bettle. It is essential to
realize that the nominal sample volume is programmable to within 10 ml. This does not im-
ply that the volume of sample actually delivered to the sample bottle will match the pro-
grammed volume within 10 mi; as with many digital controls, the nominal sample volume
has greater setability than it has accuracy.

The volume delivered by a peristaltic pump (the type used in the Model 2900 Sampler) is
affected by a number of factors: operating suction head, atmospheric pressure, installation
and condition of pump tubing, length and inside diameter of the suction line, etc. The volu-
metric measuring functiens programmed into the Model 2900 were determined by careful
tests using the correct length of pump tubing and the standard suction lines, at precisely
measured operating heads. Any deviation from these conditions will result in a delivered
volume which may be different from the programmed volume. For example, impraper instal-
lation of the pump tubing (too little or too much tubing in the pump housing) will cause a
decrease in pumping cfficicncy and a resultant decrease in delivered volume.

In sampling procedures where the actual delivered volume is critical (for example, in the
multiplex samples per bottle mode), it may be advantageous to select the sample volume us-
ing the calibrate sample volume mode. This is described in section 2.2.6.1.

When PRGM STEP 5 (TYPE OF SUCTION LINE) is shown on the display, the type of
suction line ta he nsed with the sampler may be selected. The suction line to be used is se-
lected by entering on the keypad the number associated with the suction line. The four suc-
tion lines available and the numbers used to select them are as follows:

1 =1/4"X 10' (/4 in, ID X 10 f1. long vinyl suction line)
(Metric: 6,35 mm X 3 m)

2=1/4"X 25'(1/4 in. ID X 25 ft. Jong vinyl suction line)
(Metric: 6.35 mm X 7.6 m)

3=3/8"X 10' (3/8 in. ID X 10 ft. long vinyl or Teflon suction lines)
(Metric: 9.53 mm X 3 m)

4=13/8" X 25' (3/8 in. ID X 25 ft. long vinyl or Teflon suction lines)
(Metric: 6.35 mm X 7.6 m)

These suction lines were briefly described in section 2.1.4, above. For example, to set the
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sampler up for nse with a 1/4" X 10" suction ling, the number 1 should be entered on the
keypad.

If suction line configurations other than the four listed above are used with the sampler, the
calibrate sample volume mode of operation, described later in this section and in section
2.2.6.1, will have to be used to establish the sample volume. When the calibrate sample
volume mode is used, it is not necessary to specify the type of suction line, and conse-
quently, PRGM STEP 5 (TYPE OF SUCTION LINE) is skipped when this mode is selected.

When PRGM STEP 6 (SUCTION HEAD) is shown on the display, the actual operating suc-
tion head of the sampler may be selected. Suction head is the vertical distance the sample
must be lifted from the liquid source to the sampler pump. It does not include any horizontal
components, but rather is simply the vertical distance from the surface of the liquid source
{not the suction line inlet) to the pump inlet. This should not be confused with the suction
line length (the physical length of the suction line) which may include some horizontal com-
ponents.

The actmal operating suction head is selected by entering on the keypad any value between 1
and 20 ft. or 4 to 60 decimeters of suction head. If 2 10 ft. (3 m) suction line has been pro-
grammed, a suction head of greater than 10 ft. or 30 decimeters may not be selected. Suction
head can be entered in metric units of measure by placing the sampler into the metric mode
of operation.

The Model 2900 Sampler determines the delivered sample volume by counting revolutions
of the peristaltic pump rotor. The volume of liquid delivered by one revolution of the pump
rotor is a function of the suction head of the pump. As the suction head increases, the vol-
ume delivered by one revolution of the pump rotor decreases and vice versa. The pro-
grammed suction head value is used to compensate for these changes in delivered volume
with operating suction head.

To properly program the suction head, first determine the actual suction head under which
the sampler will be operating. Keep in mind that this is the vertical distance from the surface
of the liquid source to the sampler pump inlet. Then, enter on the keypad the suction head
from 1 to 20 fi. which is closest to the actual suction head. For example, if the actual operat-
ing suction head for a particular setup were 8-3/4 fi., a suction head of 9 ft should be entered
on the keypad.

In some sampling applications, the operating suction head varies with time because the level
of the liquid source is changing due to changing flow rates, the effect of intermittent pumps,
etc. In this case, a suction head value should be programmed which is a time weighted aver-
age of the suction heads cxpected to be encountered. It should be recognized, though, that
the volume of samples coilected during periods of time when the actual suction head does
not match the programmed suction head will vary from nominal values.

When the calibrate sample volume mode is used, it is not necessary to specify the suction
head, and consequently, PRGM STEP 6 (SUCTION HEAD) is skipped when this mode is
selected.

When PRGM STEP 7 (CALIBRATE SAMPLE VOLUME) is shown on the display, the
delivered sample volume may be directly calibrated. This is an alternative to the normal
method of sample volume selection (selecting the nominal sample volume, type of suction
line, and suction head), and is used to calibrate the delivered sample volume precisely for a
given setup. It is useful when very accurate sample volume determination is necessary (for
example, when using the samples per bottle muitiplex mode) or when nonstandard sampling
conditions are encountered (for example, using a nonstandard suction line). The calibrate
sample volume mode is selected by entering a zero when PRGM STEP 4 (NOMINAL
SAMPLE VOLUME) is shown on the display, as described above.

The calibratc samplc volume procedure is fully described in section 2.2.6.1. Briefly, w cali-

brate the sample volume, the pump tubing is removed from the distributor arm and placed

over a graduated cylinder. Then, using the PUMP JOG FWD and PUMP JOG REV keys, a

suction line prepurge, line and bottle fill, and suction line postpurge are programmed by
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pumping the desired amount of sample volume into the graduated cylinder. The number of
volume counts associated with each segment of the sampling cycle will be shown in the
display as it is being programmed, along with a "P" (for purge) or "F" (for fill) designator to
identify the segment being programmed. Up to five complete fill-purge cycles may be pro-
grammed, allowing for suction line preconditioning or other special sampling cycles, The
end of the sampling cycle is marked by entering a volume count value of zero on the
NUMERIC KEYPAD for either a purge or fill cycle as desired.

PRGM STEP 7 (CALIBRATE SAMPLE VOLUME) will be skipped unless a zero was en-
tered when the PRGM STEP 4 (NOMINAL SAMPLE VOLUME) was shown on the

display.

When PRGM STEP 8 (MULTIPLEX MODE) is shown on the display, the mode of multi-
plex operation may be selected. The mode to be used is selected by entering on the keypad
the number associated with the mode. The modes available and the numbers used to select
them are as follows:

1 = OFF
2= BOTTLES PER SAMPLE
3 = SAMPLES PER BOTTLE

When the bottles per sample mode is selected, up to twenty-four consecutive bottles may be
filled in immediate succession. When the samples per bottle mode is selected, up to four
consecutive samples may be composited into a common bottle. The bottles per sample mode
is useful where a sample volume greater than the capacity of a single bottle is required, or
where various types of preservatives must be added to the samples. The samples per bottle
mode is useful when it is desirable to collect a series of small composite sampies. For exam-
ple, four samples at 15 minute intervals can be collected in each bottle, resulting in a series
of hourly composite samples. When either of the multiplex modes is selected {MODE 2 or
3), the MPLX (multiplex) legend on the display will be on while the sampler is in the pro-

gram state,

In either mode, the sequence of each sample collection cycle remains the same, and only in
the addition of immediate consecutive samples or in the action of the distributor does the
multiplexer differ from normal sampling. In the bottles per sample mode of operation, when
a sampling cycle is initiated (either by internal time or external flow pulse signals), a normal
sampling cycle occurs: prepurge, sample callection, postpurge and distributor rotation to the
next bottle. Inmediately then, however, a second complete sampling cycle is initiated and
the next bottle is filled to the preset volume. This immediate filling of consecutive adjacent
sample bottles by a complete sampling cycle continues up to the number of bottles (a maxi-
mum of 24) programmed. The sampler then pauses until the next sample injtiation signal oc-
curs, at which time the sampling into multiple adjacent bottles will Tepeat.

In the samples per bottle mode of operation when a sampling cycle is initiated. a normal
sampling cycle again occurs with the exception that the distributor does not index to the next
bottle position at the end of the cycle. The sampler pauses until the next sampling cycle is
initiated, at which time a second sample is collected and deposited into the sample bottle.
This compositing of multiple samples continues up to the number of samples (a maximum of
4) programmed. After the last sample is deposited in the bottle, the distributor immediately
rotates to the next boitle position and the collection of multiple samples into the same bottle
will repeat at the time or flow interval programmed.

MULTIPLEX mode skipped PRGM STEP 8 (MULTIPLEX MODE) will be skipped if modes 5 or 6 (composite time or

composite flow) were entered in PRGM STEP 1 (MODE).
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When PRGM STEP 9 (MUT.TIPLEX NUMRER) i¢ shown on the display, the number of
consecutive bottles to be filled or the number of samples to be composited into a single bot-
tle may be selected. The quantity to be selected is determined by the multiplex mode previ-
ously programmed.

When the bottles per sample multiplex mode has been programmed, the number of consecu-
tive adjacent bottles to be filled at each sampling cycle initiation is selected when PRGM
STEP 9 (MULTIPLEX NUMBER) is shown on the display. The entries the sampler will ac-
cept varies according to the mode selected in PRGM STEP 1 (MODE). For example, the
sampler will accept multiplex numbers of 2 to 24 for samplers previously programmed for
24 bottle sequential sampling in PRGM STEP 1 (MODE). Samplers previously programmed
for 12 bottle scquential sampling will accept multiplex numbers of 2 to 12, The acceplable
entries are noted on the control panel label under the bottles per sample heading of step 9.
The control panel label is shown in Figure 2.2-1.

When programming the sampler in the 24 bottle sequential mode, selecting 2, 3, 4, 6, 8, 12,
or 24 bottles per sample will result in twelve sets of two identical samples, eight sets of three
identical samples, six sets of four identical samples, four sets of six identical samples, three
sets of eight identical samples, two sets of twelve identical samples or one set of twenty-four
immediately consecutive samples, respectively. If any other number of bottles per sample is
selected, the last set of samples will contain a smaller number of samples than the number
programmed. For example, programming 5 bottles per sample will result in four sets of five
identical samples and one last ser of four identical samples.

A comparable multiplexing scheme is used for sampler programmed in the 12 bottle sequen-
tial mode. Selecting 2, 3, 4, 6, or 12 bottles per sample will result in six sets of two identical
samples, four sets of three identical samples, three sets of four identical samples, two sets of
six identical samples, or one set of twelve immediately consecutive samples, respectively. If
any other number of bottles per sample is selected, the last set of samples will contain a
smaller number of samples,

If the bottles per sample multiplex mode is being used to collect a volume larger than the
capacity of a single bottle (500 ml), divide the desired total volume by 500 ml and round the
answer to the next higher number {i0 a maximum of 24 for the 24 bottle tub or 12 for the 12
botile tub). The resulting number is the number of bottles selection which will result in the
desired tota] volume being collected in a series of consecutive bottles. (Note that a sample
volume of 500 m] should be programmed.)

If the multiplex bottles per sample mode is being used to add preservatives to 2 number of
consecutive samples, select a number of bottles value equal to the number of different bot-
tles to be used in onc scquence (to a maximum of 24 or 12, depending on the mode selected
in PRGM STEP ! (MODE)). Then add the preservatives to the bottles in a repeating se-
quence. When selecting the volume per sample, be sure to take the volume of the preserva-
tive into account, to prevent a possible bottle overfiow.

When the samples per bottle multiplex mode has been programmed, the pumber of samples
to be composited into a single bottle is selected when PRGM STEP 9 (MULTIPLEX
NUMEER) it shown con the display. When using this mode, be sure that the total volume of
the samples to be composited does not exceed the capacity of a single bottle. This will allow
two 250 ml samples, three 160 ml samples, or four 120 ml samples to be placed in the 500
ml bottle used by the 24 bottle b. Alternatively, it will allow two 180 ml samples, three
125 ml samples, or four 90 ml samples to be placed in the 375 ml bottle used by the 12 bot-
tle tub.

When selecting the sample size in the samples per bottle multiplex mode, the + 10 ml sam-
ple volume repeatability should be kept in mind (refer to Table 1.4-1 and sections 2.2).
Because the sample volume programmed is only a "nominal" value, it is probably prudent to
select a total sample volume which is somewhat less than the volumetric capacity of the bot-
tle, as a safety factor. Consideration should also be given o programming the szmple vol-
ume using the calibrate sample volume mode, as described below and in section 2.2.6.1; this
will generally result in more accuracy in the volume selection process.
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FRGM STEP 9 (MULTIPLEX NUMBER) is skipped when nonmultiplex operation has
been selected.

When PRGM STEP 10 (NUMBERS of SAMPLES) is shown on the display, the number of
individual composite samples to be collected before the sampling process is terminated may
be selected. The number of composite samples is selected by entering on the keypad any
value between 1 and 999 samples. For example programming a value of 50 for the number
of composite samples will cause the sampler to place 50 individual samples into the com-
posite container, and then shut off. When using this mode, be sure that the total volume of
the samples to be composited does not exceed the capacity of the one gallon (3785 ml) com-
positc bottlc.

2.2.3.3 Humidity Indicator - A humidity indicator, labeled INTERNAL CASE HUMIDITY, is located in the lower right

Use of the indicaror

hand comner of the control panel. The humidity indicator, visible through a window in the
parel, indicates the amount of moisture which is present inside the control box. The paper
indicator is all blue in a dry state. If moisture begins to accumulate in the control box, the
numbered areas on the indicator will turn light pink or white, starting with the area num-
bered '20." This indicates that the relative humidity inside the control box exceeds 20%. As
more moisture accumulates in the control box, the areas numbered "30" and "40" will wrn
light pink or white, indicating relative humidities of 30% and 40%.

The conmrel box is a completely sesled unit, which does not need 10 be opened during normal
operation. It is shipped from the factory with a fresh 4 oz. bag of desiccant installed inside
the control box. This desiccant should absorb any moisture which might leak into the control
box. Thus, the humidity indicator should remain blue under normal conditions. If the 30%
area of the humidity indicator mirns light pink or white, the control unit should be opened,
inspected to determine if there is a leak, and the desiccant renewed, as described in section
5.

2.24 General Programming Considerations - An overview of the sampler programming process was presented in sec-

Learning to program

Basic programming
sequence

tion 2.2.2, above. The sections following this section will present detailed procedures on
standard and advanced sampler programming. This section will introduce some general pro-
gramming considerations and procedures that are common to all the sampler programming
modes.

The most effective way to learn how to program the Model 2900 Sampler is to read this and
the following sections, get a sampler, and experiment. The sampler cannot be harmed by im-
proper programming, so there is nothing to be lost by experimenting. The Modet 2900 is
basically a simple, straightforward, "user-friendly" unit. However, as with most pro-
grammable devices, there are certain rules and quirks that must be learned. A few minutes in
the office or laboratory spent in actually programming the sampler and observing its opera-
tion usually proves to be a worthwhile investment of time. Simply "playing" with the sam-
pler is the best way to become familiar with prograrnming, and may help avoid costly delays
or problems when the sampler is used in the field.

The basic programming sequence comprises seven steps and is listed on the Model 2900
cantrol panel:

1. Press ON key.

2. Press PROGRAM/STEF key.

3. Enter, on the NUMBER KEYS, the desired setting for program step indicaied on
the display.

4, Press ENTER VALUE key.
5. Press PROGRAM/STEP key.

6. Repeat steps 3, 4, and 5 for all program steps.
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7. Press START SAMPLING key to start sampling program.

Pressing the ON key turns the sampler on and places it in the standby state. Pressing the
PROGRAM/STEP key transfers the sampler into the program state (allowing it to be pro-
grammed). PRGM STEP 1 (MODE) will be shown in the display, indicating that the mode
of sampler operation is to be programmed. Note that the display alternates between PRGM
STEP 1 and the mode previously programmed. One of the two modes may then be selected
by pressing a key on the NUMERIC KEYPAD corresponding to the desired mode. As soon
as a number is entered on the keypad, the altemating nature of the display is stopped, and
only the newly entered mode is shown on the display. The mode selected is then entered into
the sampler's memory by pressing the ENTER VALUE key. After the ENTER VALUE key
has been pressed, the alternation of the display between PRGM STEP 1 and the newly en-
tered mode is restored. Pressing the PROGRAM/STEP key steps the unit to PRGM STEP 2
(INTERVAL BETWEEN SAMPLES). The interval between samples is then programmed in
a similar manner, and the next program quantity is sequenced to. This process is repeated
until all the program quantities have been programmed, at which time pressing the
PROGRAM/STEP key will retumn the sampler to the standby state. If the sampler is left in
the program state, and there is no activity on the keyboard for approximately five minutes, it
will be automatically transferred to the standby state. Pressing the START SAMPLING key
places the sampler into the run state, resets the distributor to the bottle number 1 position (if
it is oot already there), and starts the sampling program.

As mentioned in section 2.2.3.1.3, the PROGRAM/STEP key contains an implied enter
value function. Thus, if the user desires, the PROGRAM/STEP key may be used alone both
to enter into the sampler's memory the quantity being programmed and to simultaneously
sequence to the next program quantity. This is one less keystroke than is used in the basic
programming sequence listed above (press ENTER VALUE key, then press
PROGRAM/STEP key). Functionally, the ENTER VALUE key is redundant, since its func-
tion is contained within the PROGRAM/STEP key. However, the ENTER VALUE key is
provided because its use is thought to be more intuitively obvious to the beginning user. The
programming procedures in the following sections utilize the two step method (ENTER
VALUE and PROGRAM/STEF) of entering a program quantity into memory and sequenc-
ing to the next program quantity. However, the reader should recognize that this two step
procedure can (and probably will by the experienced programmer) be replaced by a single
depression of the PROGRAM/STEP key.

Also as mentioned in section 2,2.3.1.3, the CLEAR ENTRY key has additional uses beyond
¢learing a previously entered program guantity. Pressing the CLEAR ENTRY key will cause
a newly entered program quantity shown on the display to be replaced with the previously
entered program quantity. This allows keyboard entry ermurs 0 be corrected belore the pro-
gram quantity is loaded into the sampler's memory, A second depression of the CLEAR
ENTRY key (without an intermediate depression of one of the nomeric keys) will cause the
sampler to be ransferred from the program to the standby state. Likewise, if no new value
has been entered before the CLEAR ENTRY key is pressed, the sampler will also be trans-
ferred from the program to the standby state. This is to provide the user with a means of get-
ting out of the programming state without sequencing through all the program quantities.
This ie useful when it is necessary to change only one of the program quantities. The quan-
tity to be changed may be sequenced to using the PROGRAM/STEP key, the new quantity
entered, and the sampler transferred from the program to the standby state by pressing the
CLEAR ENTRY key.

Ag discussed in section 2.2.3.1, the sampler's keypad features both tactile and audio feed-
back 1o assure that the key switch has been successfully actuated during the programming
process. When one of the keys is pressed, the user will both feel the switch as it is actuated
and hear a "beep" generated by an audio indicator inside the sampler.

An audio indication is also provided should the user attempt to key in a value which is in-

valid for the progrum quantity being set. In the case of an invalid entry, the sampler will

"beep" rapidly for a few moments, and then replace on the display the improper entry with

the previously entered value. For example, when PRGM STEP 1 (MODE) is shown on the

display, only the numbers 1, 2, 3, 4, 5, and 6 are valid entries. As soon as an invalid entry is
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keyed in on the numeric keypad, say a 7, the sampler will "beep” rapidly for a few moments,
and then replace the 7 on the display with the previously entered value, say a 1.

As discussed in section 2.2.2, the sampler has five basic states of operation. Depending on
which state the sampler is in, only certain keys on the keypad will be functional. In the off
state, only the ON key is functional. In the standby state, all keys are functional except the
numeric keys 0 through 9. In the program state, the numeric keys 0 through 9 and the first
three program control keys (PROGRAM/STEP, ENTER VALUE, and CLEAR ENTRY) are
functional. When the calibrate sample volume mode is being used, the PUMP JOG FWD
and PUMP JOG REV keys are also functional in the program state, but only when PRGM
STEP 7 (CALIBRATE SAMPLE VOLUME) is shown on the display. In the run state, only
the PUMP STOP, PROGRAM/STEP, and HALT SAMPLING keys are functional. In the
full state, the first four program control keys (PROGRAM/STEP, ENTER VALUE, CLEAR
ENTRY, and START SAMPLING) are functional. Of course, in all states except off, the
OFF key is also functional.

After the sampler has been programmed and placed into operation (sampler in the run state),
the programmed values of the various program quantities may be reviewed at any time by
pressing the PROGRAM/STEP key. This places the sampler into a program scan mode.
whereby all the program quantities may be stepped through by repeatedly pressing the
PROGRAM/STEP key, showing on the display the program quantity step number followed
by the value of the program quantity. While the program is being scanned in this manner the
PRGM legend will be shown on the display in addition to the RUN legend. If, after a pro-
gram scan has been initiated, the PROGRAM/STEP key is not pressed again, the scan mode
will be terminated after approximately 60 seconds. After the last applicable program quan-
tity has been stepped through, the sampler will return to the normal run state. If a sample
initiation occurs during a program scan, the sample will be delayed until after the scan has
ended.

As mentioned in section 2.1.7, the Model 2900 Sampler has a small internal lithium battery
which maintains the sampler's program when external power is interrupted or the unit is
turned off. Thus, the sampler has what is conventionally referred to as "continuous mem-
ory.” When the sampler is shipped from the factory, the unit will be programmed with a
standard test program. The user should be aware that, because of the continugus memory,
there will always be a program in existence in the sampler.

As a final note to the general programming considerations, the timing and flow pulse count-
ing logic of the sampler will be discussed. The timing logic of the sampler was established to
allow the user to easily synchronize sample collections with real time. This is accomplished
by continuously decrementing (counting down) the time interval to the next sample in all
sampler states except off. In this way, synchronization with real cleck time may be easily
and directly established by setting of delay to the first/next sample. For example, if the time
of day is 9:37 and it is desired to collect the first sample at 10:00, programming a delay to
first/next sample of 23 minutes would accomplish this, since the delay to the first sample is
decremented from the moment the delay is programmed. Also, synchronization is not lost
when the program is interrupted by the use of the HALT key or when the program is com-
pleted. Time decrementing is stopped only when the sampler is turned off. The flow pulse
interval to the next sample, on the other hand. is decremented only when the sampler is in
the run state.
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Consistent with this is the manner in which the time or flow pulse delay to the first sample is
handied upon program start (the depression of the START SAMPLING key) for the two ba-
sic modes of sampler operation:

Modes 1, 3, 5 (all time paced modes) - The delay is not affected by program start.

Modes 2, 4, 6 (all flow paced modes) - Upon program start, the flow pulse interval to
the first sample will be reset to the programmed flow pulse interval between
samples.

2.2.5 Standard Programming - The fellowing two sections describe in detail the methods of programming the Model

2900 Sampler for automatic sample collection in the sequential time and flow modes. The
procedures in the following sections define the "standard"” programming techniques for the
sampler. For the more advanced programming techniques, refer to section 2.2.6, below.

To fully understand the programming methods discussed in the following sections, the
reader should be thoroughly familiar with the introductory material on programming and the
sampler's controls, presented in sections 2.2.1 through 2.2.4. Each of the following sections
will present a specific set of step-by-step instructions for programming the sampler in one of
the six standard modes. With the exception of the composite programming examples, all in-
structions assume the 24 bottle tub is being used.

2.2.5.1 Sequential Time - The object of sequential time sampling using the Model 2900 is to collect a sequential series of

discrete equal volume samples at a known regular time interval and to place these samples in
an identifiable series of sampie bottles. To program the sampler for automatic operation in a
sequential time mode, the use of the following set of step-by-step instructions is recom-
mended. These instructions assume that the sampler is off and that the sample bottle tub has
been properly prepared with 24 sample bottles, as described in section 2.1.2.

STEF NO.

PROGRAM QUANTITY TO DISPLAY
BE SET

1. Press ON key. Places the
sampler into the standby
state.

1. None 1. STANDBY legend on. This alternates between bottle number * 3" -
BTL# legend), time or flow pulse interval to next sample (*0014'™ -
TIME or FLOW legend), and the multiplex step number (* 2"* -
MPLX STEP legend), if applicable. If sampling previously completed,
bottle number replaced with text “FULL." If the multiplex mode is
programmed, the MPLX legend is on.

2. Press PROGRAMYSTEP
key. This places the
sampler into the program
State.

2. MODE 2. Altemnates between PRGM STEP 1 and previously programmed mode
(* 2"*). PRGM legend is on as long as sampler remains in program
state, FLOW™ legend on.

3. Enter mode 1 (TIME) on the
numeric keypacd.,

4, Press ENTER VALUE key.

5. Press PROGRAM/STEP
key.

3. MODE kb
4. MODE 4. Alternates between PRGM STEP 1 and newly entersd mode (* 1"},
TIME legend is on as long as sampler remains in program state.
3. INTERVAL 5. Alternates between PRGM STEP 2 and previously programmed
BETWEEN interval in minutes ("' 15™*).
SAMPLES
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STEP NO. I’ROGlmg ggé@rm TO DISPLAY
6. Enter on the numeric 6. INTERVAL 6." 60"
keypad the desired interval BETWEEN
between samples in SAMPLES
minutes (up ro 9960
minutes). For example,
assume it is desired 1o
collect samples at 60
minute intervals -- enter 60
on the numeric keypad.
7. Press ENTER VALUE key. 7.INTERVAL 7. Alternates between PRGM STEP 2 and newly entered interval in
BETWEEN minutes “ ¢0™).
SAMPLES
8. Press PROGRAM/STEP 8. DELAY TO 8. Aliernates between PRGM STEP 3 and present interval to the next
key. FIRST/NEXT sample in minutes ** 117'*).
SAMPLE
0. Enter on the numeric 9. DELAY TO 9.« 45"
keypad the desired delay FIRST/NEXT
until the first sample is SAMPLE
collected in minutes (up to
90090 minutes).
Note that this is the time
interval from the present
time until the time when it
is desired to collect the first
sample. For example,
assumec that it is presently
7:15 a.m,, and it is desired
to collect the first sample at
8:00 a.m. -- enter 45 on the
numeric keypad.
10. Press ENTER VALUE 10. DELAY TO 10. Alternates between PRGM STEP 3 and present interval to the next
key. FIRST/NEXT sample in minutes (* 45™).
SAMPLE
11. Press PROGRAM/STEP 11, NOMINAL 11. Alternates between PRGM STEP 4 and previcusly programmed
key. SAMPLE VOLUME nominal sample volume in 10's of ml (* 45"*).
12. Enter on the numeric 12. NOMINAL 12.* 25"
keypad the desired sample SAMPLE VOLUME
volume in 10’s of
milliliters (to & maximum
of 50). For example,
assume that it is desired to
collcct samplcs with a
volume of 250 mi -- enter
25 on the numeric keypad.
13. Press ENTER VALUE 13. NOMINAL 13. ALTERNATES BETWEEN PROGRAM STEP 4 and newly entered
key. SAMPLE VOLUME sample volume in 10's of ml (* 23™).
STEF NO. PROGRAM QUANTITY TO DISFLAY
BE SET
14, Press PROGRAM/STEP  14. TYPE CF 14, Alternates between PRGM STEP 5 and previously programmed type
key. SUCTION LINE of suction line (* 3"*).
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STEP NO. PROGRAthQsEJéArNT]TY TO DISFLAY
15. Enter on the numeric 15. TYPE OF 15« 1"
keypad the number SUCTION LINE
corresponding to the
desired type of suction line.
For example, assume that a
1/4" ID X 10’ long suction
line is being vsed -- enter
type 1 {1/4” X 10") on the
numeric keypad.
16. Press ENTER VALUE 16. TYPE OF 16. Alternates between PRGM STEP 5 and newly entered type of suction
key. SUCTION LINE line * 1™

17. Press PROGRAM/STEP
key.

17. SUCTION HEAD  17. Alternates between PRGM STEP 6 and previously programmed
suction head in feet (“ 10°'%).

18. Enter on the numeric
keypad the suction head in
feet, to a maximnm of 20
ft. The suction head is the
vertical distance from the
surface of the liquid source
to the pump inlet. For
example, assume that the
suction head in 6 ft, -- enter
6 on the numeric keypad.

18. SUCTION HEAD 18.“ §"

19. Press ENTER VALUE
key.

19. SUCTION HEAD 19. Alternates between PRGM STEP 6 and newly entered suction head in
feet (* 6").

20, Press PROGRAM STEF
PROGRAM key.

20. MULTIPLEX 20. Alternates between PRGM STEP 7 and previously programmed
MODE multiplex mode (* 2"*). For mode 2, MPLX legend on.

21, Enter on the numeric
keypad the number
correspending to the
desired mode of multiplex
operation on the numeric
keypad. For example,
assume that no multiplex
operation is desired -- enter
mode 1 on the numeric
keypad.

21. MULTIPLEX 214 1"
MODE

(NOTE: Instruction and
examples of multiplex
programming will be
presented late in this
section.)

22. Press ENTER VALUE
key.

22. MULTIPLEX 22. Alternates between PRGM STEP 7 and newly entered multiplex mode
MODE (“_1'"). MPLX legend off.

23. Press PROGRAM/STEP
key. This retumns the
sampler to the standby
state.

23. None 23. STNDBY legend on. Altemates between bottle number (* 3"-
BTL# legend and the time interval to next sample (“0014™ ); if

sampling previously completed, bottle number replaced with text
“FIILE.".
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STEP NO.

PROGRAM QUANTITY TO
BE SET

DISPLAY

24, Press the START
SAMPLING key. This
places the sampler in the
run state. If the display
previously had shown a
bottle number other than |
or “FULL," the distributor
will automatically be
repositioned to the bottle
number 1 position.

24. None 24, RUN legend on. Alternates between bottle number (1" - BTL#
legend) and rime interval in minutes until the first/next sample is

collected (0042 - TIME legend).

Operation in time mode

Mulriplex bottles per
sample example

This completes the programming of Model 2900 Sampler in a non-multiplex sequential time
mode. Following the example, after the initial delay of 45 minutes from the moment the 45
minute delay was entered in step 9, a sample of 250 ml will be placed in the first sample bot-
tle at 8:00 a.m. The display will continue 10 alternate between the time in minutes remaining
until the next sample is collected (for example, "0031" - TIME legend) and the bottle num-
ber into which the sample will be placed (for example, " 2 " - BTL# legend). After the first
sample has been collected, the time interval to the next sample will be reset to the pro-
grammed value of 60 and will start decrementing. When it decrements to zero, a sample will
be collected, the display will be reset to the programmed value of 60 and the decrementing
process will be started again. The 250 ml samples will continue 10 be collected at 60 minute
intervals on the hour until the 24th and last sample bottle has been filled, at which time the
sampler will shut off, and the display will read "FULL."

The above instructions and accompanying example are concerned with non-multiplex time
sampling. To program the sampler for time sampling with multiplex bottles per sample, fol-
low steps 1 through 20, above. Then, follow these procedures:

PROGRAM QUANTITY TO DISPLAY
STEP NO. B
21. Enter on the numeric 21. MULTIPLEX 2L 2
keypad mode 2 (BOTTLES MODE
PER SAMPLE).
22. Press ENTER VALUE 22, MULTIPLEX 22. Alternates between PRGM STEP 7 and newly entered multiplex mode
key. MODE (2. MPLX legend remains on.
23. Press PROGRAM/STEP  23. MULTIPLEX 23. Alternates between PRGM STEP 8 and previously programmed
key. NUMBER number of bottles per sample (* 2%,
24. Enter on the numeric 24. MULTIPLEX 24" 3
keypad of the desired NUMBER
number of multiplex bottles

per sample (to a maximum of

24). For example, assume
that it is desired to collect 3

identical samples in separate

bottles at each sample
initiation -- enter 3 on the
numeric keypad.

25, Press ENTER YALUE
key.

25. MULTIPLEX
NUMBER

25. Altiernates berween PRGM STEP 8 and newly entered number of
bottles per sample (* 3.
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PROGRAM QUANTITY TO DISPLAY
STEP NO. i
26. Press PROGRAM/STEP 26, None 26. STANDBY and MPLX legends on. Alternates between boile number
key. This retuns the sampler (* 3" - BTL# legend) and time interval to next sample (“0014" -
to the standhby state. TIME legend); if sampling previously complete, bottle number
replaced with text “FULL.”
27. Press the START 27. None 27. RUN and MPLX legends on. Altemates between bottle number

SAMPLING key. This places
the sampler in the run state.
If the display previously had
shown a bottle number other
than ! or “FULL,” the
distributor will automatically

(" 01" - BTL# legend) and time interval o firsvnext sample (0042 -
TIME legend).

be repositioned to the bottle
number 1 position.

* EXAMPLE - may be other value

Operation in
multiplex bottles
per sample mode

Multiplex samples per
bottle example

This completes the programming of the Model 2900 Sampler in a multiplex bottles per
sample time mode. Following the example, afier the initial delay of 45 minutes from the
moment the 45 minutes delay was entered in step 9, samples of 250 ml will be immediately
placed in each of the first three sample borttles, at 8:00 a.m. The action of the display will be
as described above; only the number of the first bottle in the sequence of three bottles to be
filled will ever be shown (bottle number 1, 4, 7, 11, etc.). The MPLX legend of the display
always remains on to indicate that the sampler is in a multiplex mode. Sixty minutes after
the first sampling cycle, the next three bottles will be filled with 250 ml each. This process
will continue at an interval of 60 minutes until the last of eight sets of three bottles each has
been filled, at which time the sampler will shut off and the display will read "FULL." The
result is eight sets of three sample bottles containing essentially identicat 250 ml samples
each.

To program the sampler for time sampling with multiplex samples per bottle, follow steps
1 through 20 above. Then, follow these procedures:

STEF MO, PROGRAM QUANTITY TO DISPLAY
21. Enter on the numeric 21. MULTIPLEX 2L 3T
keypad mode 3 (SAMPLES MODE
PER BOTTLE).
22, Press ENTER VALUE 2. MULTIPLEX 22. Aliernates between PRGM STEP 7 and newly entered multiplex mode
key. MODE (* 3. MPLX legend remains on.
23. Press PROGRAM/STEP  23. MULTIPLEX 23. Alternates between PRGM STEP 8 and previously programmed
key. NUMBER number of samples per botile (4",
24, Enter on the numeric 24. MULTIPLEX 24,4 2
keypad the desired number NUMBER

of multiplex samples per

bottle (to a maximum of 10).

For example, assume that it
is desired to composite 2
equal size samples into each
individual sample bottle --
enter 2 on the numeric

_ keypad.
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FROGRAM QUANTITY TO DISPLAY
STEP NO. Y T
25. Press ENTER VALUE 25. MULTIPLEX 25. Alternates between PRGM STEP 8 and newly entered number of
key. NUMBER samples per bottle (* 2"). =
PROGRAM QUANTITY TO TSPLAY
STEP NO. M QuaT
26. Press PROGRAM/STEP  26. None 26. STNDBY and MPLX legends on. Alternates among bottle number

key. This returns the sampler
to the standby state.

(* 3" - BTL# legend), time interval to next sample (“0014” - TIME
legend), and the multiplex step number (“ 2" - MPLX STEP legend);
if sampling previously completed, bottle number replaced with text
(‘HJLI-“

27, Press the START
SAMPLING key. This places
the sampler in the run state.
If the display previcusly had
shown a bottle number other
than 1 or “FULL,” the
distributor will automaticaily
be repositioned to the
number 1 position,

27. None 27. RUN and MPLX legend on. Altemnates among bottle number (17 -
BTL# legend), time interval to first/next sample (“0042” - TIME
legend), and the multiplex step number (* 1" - MPLX STEP legend).

* EXAMPLE - may be other value

Operation in multplex
samples per bottle mode

This completes the programming of the Model 2900 Sampler in a multiplex samples per
bottle time mode. Following the example, after the initial delay of 45 minutes from the mo-
ment the 45 minute delay was entered in step 9, a 250 ml sample will be placed in the first
sample bottle at 8:00 a.m. After the sample has been collected, the distributor will not move,
but rather remains over the first sample bottle. A second 250 ml sample will then be placed
in the frst sample boule at a 60 minute interval. After the second sample has been placed in
the first sample bottle, the distributor will index to the second sample bottle and the process
of compositing two samples at 60 minute intervals into each of the sample bottles will con-
tinue. The action of the display will be as described above, except that a third alternating
quantity will be added, the multiplex step number of the next sample (for example, ™ 3 "' -
MPLX STEP legend).The display thus indicates both the bottle number and multiplex step
number of the next sample to be collected. The MPLX legend of the display always remains
on 1o indicate that the sampler is in a multiplex mode. The sampling process continues until
the final sample is composited into the 24th and last sample bottle, at which time the sampler
will shut off, and the display will read "FULL." The result is 24--500 ml samples, each com-
posed of two individual 250 m] composite samples collected at 60 minute intervals.

2.2.5.2 Sequential Flow - The object of sequential flow sampling using the Model 2900 is to collect a sequential series of

Flow example

discrete equal volume samples at a known regular flow interval and to place these samples in
an identifiable series of sample bottles. As discussed in section 2.1.8, the Model 2900 will
accept flow proportional inputs of a certain specific pature from an external flow meter.
These electronic flow input signals are transmitted to the sampler at fixed increments of total
flow, for example every 10,000 gallons. That is, each time 10,000 gallons of liquid has
flowed past the flow meter, a signal is sent to the sampler, which registers it as a single flow
pulse. The Model 2900 Sampler can be programmed to totalize any number of flow pulses
from 1 to 9999 before a sampling cycle is initiated. For example, if the sampler were pro-
grammed to totalize 5 flow pulses and each flow pulse represented 10,000 gallons of total
flow, a sample would be collected each time 50,000 gallons (5 flow pulses of 10,000 gallons
each) had flowed past the flow meter.

To program the sampler for automatic operation in a flow mode the use of the following set
of step-by-step instructions is recommended. These instructions assume that the sampler is
off and that the sample bottle b has been properly prepared with 24 sample boitles, as de-
scribed in section 2.1.2.
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STEP NO.

PROGRAM QUANTTTY TO DISPLAY
BE SET

1. Press ON key. This places
the sampler into the standby
state.

1. None 1. STNDBY legend on. Alternates between bottle number (* 3" - BTL#
legend), time or flow pulse interval to next sample (“C014™* - TIME
or FLOW legend), and the multiplex step number (* 2" - MPLX
STEP legend), if applicable. If campling previously completed, bottle
number replaced with text “FULL.” If multiplex mede programmed,
MPLX legend on.

2, Press PROGRAM/STEP
key. This places the sampler

2. MODE 2. Aliemates between PRGM STEP 1 und previously programmed mode
(* 1"#%). PRGM legend is on as long as sampler remains in program

into the program state. state. TIME* legend on.
3. Enter on the numeric 3. MODE e
keypad Mode 2 (FLOW).
4, Press ENTER VALUE key. 4. MODE 4. Alternates between PRGM STEP 1 and newly entered mode (* 27).

FLOW legend is on as long a sampler remains in program state.

5. Press PROGRAM/STEP 5. INTERVAL 5. Ahemates between PRGM STEP 2 and previously programmed
key. BETWEEN interval in flow pulses (* 13'™).
SAMPLES
6. Enter on the numeric 6. INTERVAL 6." 5"
keypad the desired interval BETWEEN
between samples in flow SAMPLES
pulses (up to 9999 flow
pulses. For example, assume
it is desired to collect
samples at 100,000 gallon
intervals, and each flow
pulse represents 20,000
gallons -- enter 5
(100,000/20,000 = 5) on the
numeric keypad.
7. Press ENTER VALUE key. 7. INTERVAL 7. Alternates between PRGM STEP 2 and newly entered interval in flow
BETWEEN pulses (* 5"
SAMPLES
8. Press PROGRAM/STEP 8. NOMINAL 8. Alternates between PRGM STEP 4 and previously programmed

key.

SAMPLE YOLUME nominal sample volume in 10's of ml (* 25"%).

9. Enter on the numeric 9. NOMINAL 9." 457
keypad the desired nominal SAMPLE VOLUME
sample volume in 10’s of
milliliters (to a maximum of
50). For example, assume
that it is desired to collect
samples with a volume of
450 ml -- enter 45 on the
numeric keypad.
10. Press ENTER VALUE 10. NOMINAL 10. Altemates between PRGM STEP 4 and newly entered sample volume
key. SAMPLE VOLUME in 10's of m1 (** 45™).
11. Press PROGRAM/STEP 11. TYPE OF 11, Alternates between PRGM STEP 5 and previously programmed type
key. SUCTION LINE of suction line (* 3"%),
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PROGRAM QUANTITY 10 DISPLAY
STEP NO. e
12. Enter on the numeric 12. TYPEOF 122, 2
keypad the number SUCTION LINE
conresponding to the desire
type of suction line. For
example, assume that a 1/4”
ID by 25" long suction line is
being used — enter type 2
(174" X 25') on the numeric
keypad.
13. Press ENTER VALUE 13. TYPEOF 13. Altenates between PRGM STEP 5 and newly entered type of suction
key. SUCTION LINE line (* 2.
14. Press PROGRAM/STEP 14. SUCTION HEAD 14. Alternates between PRGM STEP 6 and previously programmed
key. suction head in feet (* 10"%).
15. Enter on the numeric 15. SUCTION HEAD 15." 127

keypud the suction head in
feet, to & maximum of 20
feet. The suction head is the
vertical distance from the
surface of the liquid suuwrge
to the pump inlet. For
example, assume that the
suction head is 12 feet --
enter 12 on the numeric

keypad.

16. Press ENTER VALUE 16. SUCTION HEAD 16. Alternates between PRGM STEP 6 and newly entered suction head in
key. feet (" 127).

17. Press PROGRAM/STEP 17. MULTIPLEX 17. Alternates between PRGM STEP 7 and previously programmed
key. MODE multiplex mode {* 2"*). For mode 2, MPLX legend on.

18. Enter the number 18. MULTIPLEX 18« 1"

corresponding to the desired MODE
mode of multiplex opcration

on the numeric keypad. For

example, assume that no

multiplex operation is

desired -- enter modc 1 on

the numeric keypad.

NOTE: Instructions and
examples of multiplex
programming were presented
in section 2.2,5.1,

19. Press ENTER VALUE 19. MULTIPLEX 19. Alternates betwesn PRGM STEP 7 and newly entered multiplex mode
key. MODE (* 1"). MPLX legend off.

20. Press PROGRAM/STEP 20. None 20. STNDBY legend on. Alternates between bottle number (* 3" - BTL#
key. This returns the sampler legend) and flow pulse interval o next sample (*0003™ - FLOW
to the standby state. legend); if sampling previously completed, bottle number replaced

with text “FULL.”
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STEP NO. PROGRA!\& S;.Jéﬂ_trmm TO DISPLAY
21. Press the START 21. None 21.RUN legend on. Altemates between bottle number (“ 1), BTL#
SAMPLING key. This places legend) and interval in flow pulses until the firstnext sample is
the sarnpler in the run state. collected (*0003" . FLOW legend).
If the display previously had
shown a bottle number other

than | or “FULL,” the
distributor will automatically
be repositioned to the bottle
number | position.

* EXAMFLE - may be other value

Operation in flow mode This completes the programming of the Mode] 2900 Sampler in a flow mode. Following the
example, the sampler will collect the first 450 ml sample in the first sample bottle after 5
flow puises (100,000 gallons) have been received from the external flow meter. The display
will continue to alternate between the interval in flow pulses remaining until the next sample
is collected (for example, “0004” - FLOW legend) and the bottle number inte which the
sample will be placed (for example, " 2 " - BTL# legend), The flow pulse interval to the next
sample is reset to the programmed value of 5 when the START SAMPLING key is pressed
in step 21. As flow pulses are received from the external flow meter, the flow pulse interval
to the next sample shown in the display will decrement to zero, at which point a sample will
be collected, the display will be reset to the programmed value of 5 and the decrementing
process will begin again as flow pulses are received. The 450 ml samples will continue to be
collected at 5 flow pulse (100,000 gallon) intervals until the 24th and last sample bottle has
been filled, at which time the sampler will shut off, and the display will read "FULL."

2.2.5.3 Compeosite Time - The object of composite time sampling using the Model 2900 is to collect a series of discrete,
equal volume samples at a8 known regular time intervel, and to place these samples inlo a
single composite sample container. When programming the sampler in a composite time
mode, two quantities must be calculated to allow the sampler to be programmed in a rational
manner: the total number of samples o be collected and the volume of each individual

sample.
Calculation of total To calculate the total number of samples to be collected, two quantities must be known: the
number of samples time increment between samples and the total time over which the composite sample is to be

collected. The total number of samples to be collected is calculated by dividing the total time
over which the composite sample is to be collected by the time increment between samples.
For example, assume that the duration of the composite sampling is o be 24 hours and that it
is desired to collect samples at 15 minute intervais. The total number of samples to be col-
lected is calculated:

12 hours X 60 minutes/hour = 120 minutes
720 minutes + 15 minutes/sample = 48 samples
Thus 48 individual samples will be collected over the 12 hour peried.
Calculation of To calculate the volume of each individual sample, the size of the composite container being

sample volume used and the total number of samples to be collected (calculated above) must be known. Isco
provides a 1 gallon (3,785 m]) container for use with the Model 2900.

The individual sample volume is calculated by simply dividing the volume of the composite
sample containcr by the total number of samples to be collected. For example, assume that a
total of 96 samples are to be collected in the one gallon container. The individual sample
volume is then calculated:

3785 ml + 48 samples = 78.85 ml/sample
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Thus, a sample volume of 70 ml (the next smaller volume which may be programmed on the
Maodel 2900) will result in the desired composite sample. It is important to select an individ-
ual sample volume which will not result in an overfilled sample container under worst-case
conditions. Because of the basic uncertainty of the delivered sample volume exactly match-
ing the programmed nominal sample volume and the £ 10 m} sample repeatability, it is good
practice to select a sample volume which is slightly smaller than the calculated sample vol-
ume. This is to prevent over filling of the sample container. For critical applications, it may
be useful to use the calibrate sample volume mode, as described in section 2.2.6.1.

The nominal total volume of the composite sample may be calculated by multiplying the
programmed nominal sample volume by the total number of samples to be collected. In the
example:

70 mi X 48 = 3360 ml

It should be kept in mind that this calculated nominal total volume may vary from the actual
total volume because of variations in the actal volume of each individual sample from the
programmed nominal sample volume.

After the volume of each individual sample and the total number of samples 1o be collected
have been determined, the sampler may be programmed for automatic operation in a com-
posite time mode by the use of the following set of siep-by-step insiructions. These instruc-
tions assume that the sampler is off, and that a composite sample container has been in-
stalled, as described in section 3.3.4.

PROGRAM QUANTITY TO DISPLAY
STEP NO, o

1. Press ON key. Places the 1. None 1. STANDBY legend on. This alternates between time or flow pulse
sampler into the standby interval to next sample (*0014"* - TIME or FLOW legend), and the
state. number of composite samples collectad (* 45" - COMP legend); if

sampling previously completed, text “FULL” will be added to the
alternation of the display.

2. Press PROGRAM/STEP 2. MODE 2. Alemates between PRGM STEP 1 and previously programmed mode
key. This places the ** 2"*). PRGM legend is on as long as sampler remains in program
sampler into the program state. FLOW* legend on.
state.

3. Enter mode 1 (TIME) on the 3. MODE T
numeric keypad.

4. Press ENTER VALUE key. 4. MODE 4. Alternates between PRGM STEP 1 and newly entered mode (1"}

TIME legend is on as long as sampler remains in program state.

5. Press PROGRAM/STEP 5, INTERVAL 5. Altemnates between PRGM STEP 2 and previously programmed

key. BETWEEN interval in minutes (* 307*).
SAMPLES

6. Enter on the numeric 6. INTERVAL 6. 157
keypad the desired interval BETWEEN
between samples in SAMPLES

minutes (up to 9999
minutes). For example,
assume it is desired to
collect samples at 15

minute intervals -- enter 13

on the numeric keypad.
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STEP NO. PROGRA!\g Eg&m TO DISPLAY
7. Press ENTER VALUE key. 7.INTERVAL 7. Alternates between PRGM STEP 2 and newly entered interval in
BETWEEN minutes * 15").
SAMPLES
. Prese PROGRAM/STEP R DELAY TO 8. Alternates between PRGM STEP 3 and present interval to the next
key. FIRST/NEXT sample in minutes (* 11"*).
SAMPLE
9. Enter on the numeric 9. DELAY TO 9. 45"
kcypad the desired delay FIRST/NEXT
until the first sample is SAMPLE
collected in minutes (up to
9999 minutes).
Note that this is the time
interval from the present
time until the time when it
is desired o collect the first
sample. For example,
assume that it is presently
7:15 amm., and it is desired
w cullect the first sample at
8:00 a.m. -- enter 45 on the
numeric keypad.
10. Press ENTER VALUE 10. DELAY TO 10. Alternates between PRGM STEP 3 and present interval to the next
key. FIRST/NEAT sample in minutes ¢ 45™).
SAMPLE
11. Press PROGRAM/STEP 11, NOMINAL 11. Alternates between PRGM STEP 4 and previously programmed

key.

SAMPLE VOLUME nominal sample volume in 10's of ml (** 70"%),

12. Enter on the numeric
keypad the desired sample
volume in 10's of
milliliters (to a maximum
of 50). For example,
assume that it is desired to
collect samples with a
volume of 40 ml -- enter 4
on the numeric keypad.

12. NOMINAL .= 7
SAMPLE VOLUME

13. Press ENTER VALUE
key.

13. NOMINAL 13. Alternates between PROGRAM STEP 4 and newly entered sample
SAMPLE VOLUME volume in 10’sof ml (* 7").

14. Press PROGRAM/STEP
key.

14. TYPE OF 14, Alternates between PRGM STEP 5 and previously programmed type
SUCTION LINE of suction line {** 1").

15. Enter on the numeric
keypad the namber
carresponding to the
desired type of suction line.
For example, assume that &
3/8" 1D X 19 long suction
line is being used -- enter
type 3 (3/8"ID X 10% on
the numeric keypad.

15. TYPE OF 15" 3"
SUCTION LINE

16. Press ENTER VALUE
key.

16. TYPE OF 16. Alternates between PRGM STEP 5 and newly entered type of suction
SUCTION LINE line (* 3™.
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PROGRAM QUANTITY TO DISPLAY
STEP NO. BESET

17. Press PROGRAM/STEP 17, SUCTION HEAD  17. Alternates between PRGM STEP 6 and previously programmed

key. suction head in feet (* 10™*).
18. Enter on the numeric 18. SUCTION HEAD 8. &
keypad the suction head in

feet, to a maximum of 20
ft. The suction head is the
vertical distance from the
surface of the liquid source
to the pump iniet. For
example, assume that the
suction head in 8 ft. -- enter
8 on the numeric keypad.

19. Press ENTER VALUE 19. SUCTION HEAD 19. Altemates between PRGM STEP 6 and newly entered suction head in

key. feet (* 8.
20. Press PROGRAM/STEP 20. NUMBER OF 20. Alternates between PRGM STEP 10 and newly entered suction head
key. SAMPLES in feet (* 3™,
21. Enter on the numeric 21. NUMBER OF 21+ 48"
keypad the desired total SAMPLES
number of individual

samples which make up the
composite sample. For
example, assume that it is
desired to composite 48
individual samples -- enter
48 on the numeric keypad

22. Press ENTER VALUE 22. NUMBER OF 22. Alternates between PRGM STEP 10 and newly entered number of
key. SAMPLES samples (* 487).

23, Press PROGRAM/STEP 23, None 23. STNDBY legend on. Aliernates between time interval to next sample
key. This retums the sampler (*0D14""* - TIME legend) and number of composite samples collected
to the standby state. (* 45™* - COMP legend); if sampling previously compieted, text

“FULL” will be added to the alternation of the display.

* EXAMPLE - may be other value

Cperation in composite This completes the programming of the Model 2900 Sampler in composite time mode.

time mode Following the example, afier the initial delay of 25 minutes from the moment the 25 minute
delay was entered in step 9, the sampler will place the first individual sample in the compos-
ite container at 12:00 noon. The display will continue to alternate between the time in min-
utes remaining until the next sample is collected (for example, "0011" - TIME legend) and
the total number of individual samples which have been placed in the composite container
{for example, " 36" - COMP legend). After the first sumple has been cullecied, the time in-
terval to the next sample will be reset to the programmed value of 15 and will continue
decrementing. When it decrements to zero, a sample will be collected, the display will be re-
set to the programmed value of 15, and the decrementing process will be started again. The
process of placing individual samples into the composite container will continue until the
48th and last sample is placed in the container (after a 24 hour period), at which time the
sampier will shut-off and the display will aliernate between the text "FULL" and the total
number of samples collected (" 48" - COMP legend).

2.2.5.4 Composite Flow - The object of composite flow sampling using the Model 2900 is 1o collect a series of discrete,
equal volume samples at a known, regular flow interval, and w place these samples into a
single composite sample container. The Model 2900 will accept flow proportional inputs of
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Calculation of flow
increment between samples

Calculation of number
flow pulses

MODEL 2900

a certain specific nature from an external flow meter. These electronic flow input signals are
transmitted to the sampler at fixed increments of total flow, for example every 10,000 gal-
lons. That is, each time 10,000 gallons of liquid has flowed past the flow meter, a signal is
sent to the sampler, which registers it as a single flow pulse. The Model 2900 Sampler can
be programmed to totalize any number of flow pulses from 1 to 9999 before a sampling cy-
cle is initiated. For example, if the sampler were programmed to totalize 5 flow pulses and
each flow pulse represented 10,000 gallons of total flow, a sample would be collected cach
time 50,000 gallons (5 flow pulses of 10,000 gallons each) had flowed past the flow meter.

When programming the sampler in a composite flow mode, three quantities must be calcu-
lated to allow the sampler to be programmed in a rational manner: the flow volume incre-
ment between samples (number of flow pulses), the total number of samples to be collected,
and the volume of each individual sample.

To calculate the flow increment between samples, the average flow rate of the flow stream
and either the desired average time interval between individual samples or the total desired
number of individual samples to be collected over the sampling period must be known. If the
desired average lime interval known berween individual samples is known, the flow incre-
ment between samples can be determined by calculating how much flow, based on the aver-
age flow rate) occurs during that time interval. For example, assume that the average flow is
2.5 MGD and it is desired to collect a sample every 30 minutes. based on this flow. The flow
increment between samples is calculated:

2.5 MGD = 2,500,000 gallons/day
2,500,000 gallons/day X 1 day/24 hours X 1 hour/60 minutes = 1736.11 gallons/minute
1736.11 gatlons’minute X 30 minutes/sample = 52,083 gallons/sample

Thus, the desired flow increment between samples is approximately 52,000 gallons.
Alternatively. if the total number of samples to be callected over the total sampling period is
known, the flow increment known between samples can be determined by calculating how
much total flow will occur during the sampling period, and dividing this by the total number
of samples to be collected. For example, assume that the average flow is 1.75 MGD, that the
composite sampling peried is 2 days, and that it is desired to collect 100 individual samples.
The flow increment between samples is calculated:

1.75 MGD = 1,750,000 gallons/day

1,750,000 gallons/day X 2 days = 3,500,000 gallons
3,500,000 gallons

3,500,000 gallons + 100 samples = 35,000 gallons per sample

Thus, the desired flow increment between samples is approximately 35,000 gallons.

Once the desired flow increment between samples is known. the number of flow pulses to be
programmed into the sampler may be calculated, assuming that the volume of the flow
pulses from the flow meter is known. The number of flow pulses is calculated by dividing
the flow increment between samples by the volume of each flow pulse. Using the first ex-
ample above, the flow increment between samples was calculated as 52,000 gallons; assume
that each flow pulse represents 10,000 gallons of flow. The number of flow pulses to be pro-
grammed into the sampler is calculated:

32,000 gallons + 10,000 gallons/flow pulse = 5.2 flow pulses
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Rounding this to an even number results in 5 flow pulses to be programmed into the sam-
pler. This in turn results in a flow increment between samples of 50,000 gallons (5 flow
pulses X 10,000 gallons/flow pulses).

To calculate the total number of samples to be collected, three quantities must be known: the
average flow rate, the flow of samples increment between samples (calculatcd above), and
the total time over which the composite sample is to be collected. The total number of sam-
Ples to be collected is determined by first calculating the total fiow volume over the sam-
pling period, and then dividing this by the flow increment between samples. For example,
assume that the average flow is 2.5 MGD, the flow increment between samples is 50,000
gallons, and the composite sample is to be collected over a 24 hour period. The total flow
volume over a 24 hour period is:

2.5 MGD = 2,500,000 gallons/day
2,500,000 gallons/day X 1 day = 2,500,000 gallons
The total number of samples to be collected in this 24 hour period is then calculated:
2,5000,000 gallons - 50,000 gallons/sample = 50 samples
Thus, based on an average flow of 2.5 MGD, 50 samples will be collected.

To calculate the volume of each individual sample, the volume of the composite sample con-
tainer being used and the total number of samples to be collected (calculated above) must be
known. Isco provides a 1 gallon (3,785 ml) container for use with the Model 2900.

The individual sample volume is calculated by simply dividing the volume of the composite
sample container being used by the total number of samples to be collected. For example,
assume that a total of 50 samples are to be collected in the one gallon container. The indi-
vidual sample volume is then calculated:

3785 ml + 25 samples = 151.4 ml/sample

Thus, a sample volume of 150 ml (the next smaller volume which may be programmed on
the Model 2900) will result in the desired composite sample. It is important to select an indi-
vidual sample volume which will not result in an overfilled sample container under worst-
case conditions. Because of the basic uncertainty of the considerations delivered sample vol-
ume exactly matching the programmed nominal sample volume and the * 10 ml sample re-
peatability, it is good practice to select a nominal sample volume which is slightly smaller
than the calculated sample volume. This is to prevent overfilling of the sample container. In
the example. an individual nominal sample volume of 150 ml is a prudent choice because is
will not result in an overfilled container. For critical applications, it may be useful to use the
calibrate sample volume mode, as described in section 2.2.6.1.

The nominal volume of the composite sample may be calculated by multiplying the pro-
grammed nominal sample volume by the total volume number of samples to be collected. In
the example:

150 ml/sample X 25 samples = 3750 ml

It should be kept in mind that this calculated nominal total volume may vary from the actual
total volume becanse of variations in the actual volume of each individual sample from the
programmed nominal sample volume, and the total time to collect the 25 individual samples
may vary from the desired time period because of variations in the average flow rate used
for calculations.

After the flow volume increment between samples (number of flow example pulses), the to-
tal number of samples to be collected, and the volume of each individual sample have been
determined, the sampler may be programmed for automatic operation in a composite flow
mode by the use of the following set of step-by-step instructions. These instructions assume
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that the sampler is off and that the composite sample container has been installed, as de-

scribed in section 3.3.4.

STEP NO. PROGRA!\; é)géﬂ'\rrmTYTo DISPLAY

1. Press ON key. Places the 1. None 1. STANDBY legend on. This alternates between time or flow pulse
sampler into the standby interval to next sample (“0014* - TIME or FLOW legend), and the
state. number of composite samples collected (* 45"* - COMP legend); if

sampling previously completed, text “FULL” will be added 10 the
alternation of the display.

2. Press PROGRAM/STEP 2. MODE 2. Alternates betwesn PRGM STEP | and previously programmed mode
key. This places the (* 27*). PRGM legend is on as long as sampler remains in program
sampler into the program state. FLOW™ legend on.
state.

3. Enter mode 6 3.MODE 3" 6
(COMPOSITE FLOW} on
the numeric keypad.

4. Press ENTER VALUE key. 4. MODE 4. Alternates between PRGM STEP 1 and newly entered mode (* 6%).

FLOW legend is on as long as sampler remains in program state.

5. Press PROGRAM/STEP 5.INTERVAL 5. Altemates between PRGM STEP 2 and previously programmed

key. BETWEEN interval in flow pulses (* 157%),
SAMPLES :

6. Enter on the numeric 6. INTERVAL 6." 5"
keypad the desired interval BETWEEN
between samples in flow SAMPLES
pulses {up to 9999 flow
pulses). For example,
assume it is desired to
collect samples at 150,000
gallon intervals and each
flow pulse represents
10,000 gallons -- enter 5
(50,000/10/000 = 5) on the
numeric keypad.

7. Press ENTER VALUE key. 7. INTERVAL 7. Alternates between PRGM STEP 2 and newly entered interval in flow

BETWEEN pulses “ 5™.
SAMPLES

8. Press PROGRAM/STEP 8. NOMINAL 8. Alternates between PRGM STEP 4 and previously programmed
key. SAMPLE YOLUME nominal sample volume in 10's of ml (* SO™™).

9. Enter on the numeric 9. NOMINAL 9.* 15”
keypad the desired sample SAMPLE VOLUME
volume in 10°s of
milliliters (to a maximum
of 99). For example,
assume that it is desired to
collect samples with a
volume of 150 m! -- enter
15 on the numeric keypad.

10. Press ENTER VALUE 10. NOMINAL 10, Alternates between PROGRAM STEP 4 and newly entered sample
key. SAMPLE VOLUME volume in 10°s of ml (* 15™).
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PROGRAM QUANTITY TO DISPLAY
STEP NO. s
11. Press PROGRAM/STEP 11. TYPE OF 11. Alternates between PRGM STEP 5 and previously programmed type
key. SUCTION LINE of suction line (* 3"%).
12. Enter on the numeric 12. TYPLC OF 12.« 4"
keypad the number SUCTION LINE
comesponding to the
desired type of suction line.

For exumple, assuine that a
3/8" ID X 25' long suction
line is being used -- enter
type 4 (3/8"ID X 257 on

the numeric keypad.
13. Press ENTER VALUE 13. TYPE OF 13, Alternates between PRGM STEP 5 and newly entered type of suction
key. SUCTION LINE line (*_47). B
14. Press PROGRAM/STEP  14. SUCTION HEAD 14, Altemates between PRGM STEP 6 and previously programmed
key. suction head in feet (** 10"*).
15. Enter on the numeric 15. SUCTION HEAD 15, 18"
keypad the suction head in

feet, to a maximum of 20
ft. The suction head is the
vertical distance from the
surface of the liquid source
to the pump inlet. For
example, assume that the
suction head in 18 ft. -
enter 18 on the numeric

keypad.
16. Press ENTER VALUE 16. SUCTION HEAD 16, Alternates between PRGM STEP 6 and newly entered suction head in
key. feet (* 18™).
17. Press PROGRAM/STEP  17. NUMBER OF 17. Alternates between PRGM STEP 10 and newly entered suction head
key. SAMPLES in feet (* 75").
18. Enter on the numcric 18. NUMBER OF 18 « 25»
keypad the desired total SAMPLES

number of individual
samples which make up the
eomposite sample. For
example, assurne that it is
desired to composite 25
individual samples -- enter
25 on the numeric keypad.

19. Press ENTER VALUE 19. NUMBER OF 19. Alternates between PRGM STEP 10 and newly entered number of
key. SAMPLES samples (* 25™).

20. Press PROGRAM/STEP  20. None 20. STNDBY legend on. Alternates between time interval to next sample
key. This retums the sampler ("0014™ - FLOW legend) and number of composite samples collected
to the standby state. (* 457% - COMP legend); if sampling previously completed, text

“FULL" will be added to the alternation of the display.

21. Press the START 21. None 21. RUN legend on. Alternates between flow pulse interval until the
SAMPLING key. This placcs first/next sample is cotlected (* 57* - FLOW legemd) and (he (il
the sampler in the run state. number of composite samples which have been collected (* 0"* -

COMP legend).

* EXAMPLE - may be other value
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This completes the programming of the Model 2900 Sampler in the flow mode composite
flow mode. Following the example, the sampler will place the first individual 150 ml sample
in the composite sample container after 5 flow pulses (50,000 gallons) have been received
from the external flow meter. The display will continue to alternate between the interval in
flow pulses remaining until the next sample is collected (for example, "0004" - FLOW leg-
end) and the total number of individual samples which have been placed in the composite
container (for example, "' 14" - COMP legend). The flow pulse interval to the next sample is
reset to the programmed value of 5 when the START PROGRAM key is pressed in step 21.
As flow pulses are received from the external flow meter, the flow pulse interval to the next
sample shown in the display will decrement to zero, at which peint a sample will be col-
lected, the display will be reset to the programmed value of 5, and the decrementing process
will begin again as flow pulses are received. The process of placing 150 ml samples into the
composite container will continue until the 25th and last sample is placed in the container, at
which time the sampler will shut off and the display will rotate between the text "FULL" and
the total number of samples collected ("' 25" - COMP legend).

2.2.6 Advanced Propramming - The following four sections describe in detail some advanced programming techniques

Advanced programming
techniques

for the Model 2900 Sampler. As described in section 2.2.5, the time and flow modes typi-
cally account for the vast majority of sampling applications. However, special applications
or situations may require the use of the "advanced" programming techniques described in the
following sections. These techniques are described separately from the ‘'standard" pro-
gramming techniques so as not to add unnecessary and potentially confusing maierial to the
programming procedures normally nsed.

Included are sections describing an alternate method of selecting the sample volume, the
modes available in the sampler for use with the Model 1640 Liquid Level Sampler Actator,
the use of the program HALT and RESUME keys, and the program lock feature. To fully
understand the advanced programming techniques discussed in the following sections, the
reader should be thoroughly familiar with the introductory material on programming and the
sampler’s controls, presented in section 2.2.1 through 2.2.4, and the standard programming
techniques presented in section 2.2.5,

2.2.6.1 Calibrate Sample Volume - The normal method of selecting the sample volume, as described in section 2,2.5, is

Cverview of calibration
process

to program into the sampler the desired nominal sample volume, the type of suction line be-
ing used. and the applicable suction head. The calibrate sample volume mode affers an al-
ternative method of selecting the sample volume. The calibrate sample volume mode is used
to precisely the delivered sample volume precisely for a given set up of the sampler. It is
useful when very accurate sample volume determination is necessary (for example, when
using the samples per bottle multiplex mode), or when nonstandard sampling conditions are
encountered (typically, a nonstandard suction line length).

The calibrate sample volume mode is selected by entering a zero when PRGM STEP 4
(NOMINAL SAMPLE VOLUME) is shown on the display. Then, when PRGM STEP 7
(CALIBRATE SAMPLE VOLUME) is shown on the display in its expected order in the
programming sequence, the delivered sample volume may be directly calibrated. Briefly, to
calibrate the sample volume, the sampler is set up exactly as it will be used, and the pump
tubing is removed from the distributor arm and placed in a graduated cylinder.

Then, using the PUMP JOG REV and PUMP JOG FWD keys, a suction line prepurge, a
suction line and boule ill, and a sucton line postpurge are programmed by pumping the de-
sired amount of sample velume into the graduated cylinder. The number of volume counts
associated with each segment of the sampling cycle will be shown in the display as it is be-
ing programmed, along with a "P" (for Purge) or *F" (for Fill) and a numeric designator to
identify the segment being programmed. Up to five complete purge-fill-purge cycles may be
programmed, allowing for suction line preconditioning or other special sampling cycles. The
end of the sampling cycle is marked by entering a volume count value of zero on the
NUMERIC KEYPAD for cither a purge or fill cycle as desired.
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In detail, the sample volume is calibrated as follows. If it is known that a calibrate sample
volume mode of operation is to be used, the sampler should be physically prepared before
the programming process is started. This is done by placing the sampler in the locatien in
which it will be used, attaching the suction line which will be used to the pump, and placing
the inlet end of the suction line in its final position in the flow stream. Then, remove the
pump tube from the distributor arm (refer to section 3.2). This is accomplished by discon-
necting power from the unit, separating the center section from the remainder of the sampler
(as described in section 2.1.1), and turning the center section over, as shown in Figure 3.2-1.

Unscrew the distributor arm retaining nut, as shown in Figure 3.2-1, and pull the am off the
distributor shaft. The pump tube may then be pulled out of the distributor arm. Next, wumn the
center section back over, pull the mbe out of the pump tube port indicated in Figure
3.2-1, and replace the center section on the sample bottle tub. Finally, place the end of the
tube over a graduated cylinder. A 1000 ml plastic graduated cylinder is optionally available
for sample volume calibration; however, any cylinder of sufficient volume graduated in cc's
or ml's may be used.

After a sampler has been physically prepared for the sample volume calibration process, the
sampler may be programmed. As noted, the sample volume calibrate mode of operation is
selected by entering a zero when PRGM STEP 4 (NOMINAL SAMPLE VOLUME) is
shown on the display. Then, when PRGM STEP 7 (CALIBRATE SAMPLE VOLUME) is
shown on the display during programming, the volume calibration may be made. Before de-
scribing the calibration process, three items need to be discussed. First, during the calibration
process, a number termed "volume counts” will be shown in the display. The number of
volume counts is directly related te rotations of the peristaltic pump rotor. It is displayed to
provide a frame of reference and 1o allow direct keyboard entry of volume counts for previ-
ously calibrated setup conditions. However, it is not practical to directly relate the number of
volume counts to a number of milliliters of delivered volume. It is best to consider the vol-
ume count as an arbitrary, dimensionless number. Second, it should be kept in mind that the
sampler's pump constitutes the major source of sampler power consumption. If the sampler
is being powered by a batiery, some care should be exercised not to calibrate in
unnecessarily long pre- and postpurge cycles. This could lead to an unnecessary current
drain on the battery. Third, calibration should be completed with as little delay as possible
between the various sampling cycles. This is to prevent draining of the tubing which would
not occur during a normal sampling cycle.

When the calibrate samplk volume mode of operation has been selected, the presence of the
text PRGM STEP 7 (CALIBRATE SAMPLE VOLUME) on the display signifies that the
volume calibration can be made. Initially, the display will alternate between a previously
programmed number of volume counts (for example, " 250") and a PO ("PO--"), indicating
that the number of volume counts shown represents the number of volume counts for the
initial purge cycle (the prepurge). The prepurge cycle is calibrated by tumning the pump on
using the PUMP JOG REY key. Holding the PUMP JOG REV key down causes the alterna-
tion of display to cease, the display to be reset to zero, and the pump to be turned on in re-
verse, providing an air prepurge of the line and intake. The number of volume counts regis-
tered for the prepurge will be shown on the display as they are accumulated. When the de-
sired preporge has been obtained, releasing the PUMP JOG REV key will cause the pump to
stop. The typical duration of a prepurge is only a few seconds, since its purpose is to clear
any accumulated debris from the inlet of the suction line. However, a very heavily laden
flow stream may require a longer prepurge. If a satisfactory prepurge is not obtained, press
the CLEAR ENTRY key and repeat the calibration process. After a satisfactory prepurge has
been obtained, pressing the ENTER VALUE key will cause the number of prepurge volume
counts to be loaded into the sampler's memory, and restores the display's alternation between
the newly calibrated number of prepurge counts and "PO--", Alternatively, if the number of
volume counts for the prepurge is known from a previous calibration process, a prepurge
value of 0 to 9999 volume counts may be entered on the numeric keypad. As soon as the
first numeric key is pressed, the alternation of the display will stop and the prepurge number
will be shown on the display as it is entered, Note that for the initial purge cycle only (the
prepurge) a zero is a valid entry for the mumber of volume counts. Since the prepurge is not
absolutely necessary, it may be left off in applications where battery life is critical, After the
desired number of prepurge volume counts has been entered, pressing the ENTER VALUE
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key will load the new number of counts into the sampler's memory and restore the display's
alternation between the newly entered number of counts and "PO-.". After the correct num-
ber of prepurge volume counts has been obtained, either by keyboard entry or by using the
PUMP JOG REV key, the display may be stepped to the next quantity to be calibrated by
pressing the PROGRAM/STEP key. If the number of prepurge volume counts initially
shown on the display is known to be correct, for example, from a previous calibration pro-
cess, it may be retained by pressing the PROGRAM/STEP key. This also will cause the dis-
play to be stepped to the next quantity to be set. [t should be noted that instead of using the
sequence of loading the newly entered number of prepurge volume counts into the sampler's
memory using the ENTER VALUE key and then stepping to the next quantity to be pro-
grammed, both functions may be accomplished by pressing the PROGRAM/STEP key,
since it contains an implied ENTER VALUE function.

After the prepurge has been loaded by pressing the PROGRAM/STEP key, the display will
alternate between a previously programmed aumber of volume counts (for example, "1000™)
and an F1 ("F1--"), indicating that the number of volume counts shown represents the num-
ber of volume counts for the first line and bottle fill cycle. The line and bottle fill cycle is
calibrated by holding the outlet of the pump tube at the bottom of the graduated cylinder and
turning the pump on using the PUMP JOG FWD key. Locating the end of the tube in the
bottom of the cylinder reduces turbulence, allowing more accurate determination of the vol-
ume of liquid. Holding the PUMP JOG FWD key down causes the alternation of the display
to cease, the display to be reset to zero, and the pump to be tumed on in the forward direc-
tion, causing the suction line to be filled with liquid and a sample 1o be placed in the gradu-
ated cylinder. The oumber of volume counts registered for the line and boule fill will be
shown on the display as they are accumulated. When the desired sample volume has been
obtained in the graduated cylinder, releasing the PUMP JOG FWD key will cause the pump
to stop. If too much sample volume was obtained, the excess may be pumped out of the
graduated cylinder using the PUMP JOG REV key. After a satisfactory line and bottle fill
has been obtained, pressing the ENTER VALUE key will cause the number of fill volume
counts to be loaded into the sampler's memory, and restores the display's alternation between
the newly calibrated number of fill counts and '"F1--". Alternatively, if the number of volume
counts for the line and bottle fill is known from a previous calibration process, a fill value of
1 to 9999 volume counts may be entered on the numeric keypad, as described for the pre-
purge. The remainder of the procedure is also the same as for the prepurge.

After the first line and borte fill has been loaded by pressing the PROGRAM/STEP key, the
display will alternate between a previously programmed number of volume counts (for ex-
ample, " 500") and a P1 ("P1--"), indicating that the number of volume counts shown repre-
sents the number of volume counts for the first Postpurge cycle. The postpurge cycle is cali-
brated by removing the pump tube from the graduated cylinder and turning the pump on us-
ing the PUMP JOG REYV key. Holding the PUMP JOG REY key down causes (he alteration
of the display to cease, the display to be reset to zero, and the pump to be turned on in re-
verse, forcing the liquid out of the suction line. The number of volume counts registered for
the postpurge will be shown on the display as they are accumulated. When the desired post-
purge has been obtained, releasing the PUMP JOG REV key will cause the pump to stop.
The typical duration of the postpurge is the number of volume counts sufficient to clear the
suction line, This may be determined by watching for bubbles to flow from the inlet of the
suction line. 1f a satisfactory postpurge is not obtained, press the CLEAR ENTRY key and
repeat the calibration process. After a satisfactory postpurge has been obtained, pressing the
ENTER VALUE key will cause the number of postpurge volume counts to be loaded into
the sampler's memory, and restores the display's alternation between the newly calibrated
number of postpurge counts and "P1--". Alternatively, if the number of volume counts for
the postpurge is known from a previous calibration process, a postpurge value of 1 to 9999
volume counts may be entered on the numeric keypad, as described for the prepurge. The
remainder of the procedure is also the same as for the prepurge.

After the first postpurge has been loaded by pressing the PROGRAM/STEP key, the display

will aliernate between a previously programmed oumber of volume counts (for example,

" 0"y and an F2 ('F2--"), indicating that the number of volume counts shown represents the

number of volume counts for the second line and bottle fill cycle. At this point, a normal

complete sampling cycle, consisting of a prepurge, a line and bottle fill of the desired vol-

ume, and a postpurge, has been programmed into the sampler. The end of the normal sam-
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pling cycle is marked by entering a volume count value of zern nn the numeric keypad for
the second fill cycie. After a zero has been entered, pressing the PROGRAM/STEP key will
cause the sampler to be transferred to the standby state.

However, if desired, the first postpurge cycle may be followed by another fill cycle, fol-
lowed by ancther postpurge cycle, etc., up 1o a total of five complete fill--postpurge cycles
(F5, P3). These fill and postpurge cycles are calibrated or directly entered as described
above. The end of a sampling cycle is always marked by entering a volume count value of
zero on the numeric keypad for either a purge or fill cycle as desired. Additional cycles be-
yond the normal prepurge, line and bottle fill and postpurge are typically used to provide a
suction line precondition mode of operation, although other uses are possible. Certain re-
searchers have suggested that a suction linc sample liquid flush prior to the actual sampling
cycle may be desirable to eliminate cross-contamination due to residue in the suction line, A
suction line precondition mode may be established using the calibrate sample volume func-
tions by limiting the first fill cycle to filling the suction line just up to the inlet of the pump.
This would then be followed by a normal postpurge, a normal line and bottle fill, and a final
postpurge. If desired, the preconditioning suction line fill could be repeated several times. In
operation, the suction line is actually flushed with the sample liquid one or more times, nor-
malizing the concentration of pollutants in the suction line and eliminating the possibility of
any cross-contamination from the previously collected sample.

After the sample volume calibration has been completed, the pump tube needs to be rein-
stalled in the diswibulor arm (refer to section 3.2). Feed the free end of the wbe down
through the pump tube port in the center section. Then, turn the center section over again,
and feed the end of the tube into the body of the distributor arm, as shown in Figure 3.2-3,A.
Next, feed the end of the tube into the outlet of the distributor arm, such that the end of the
tube is flush with the end of the arm, as shown in Figore 3.2-3,B. Finally, reinstali the dis-
tributor arm on the distributor shaft and screw on the distributor arm retaining nut. Be sure
that the nut is tight. As a final check, inspect the length of exposed tube under the center sec-
tion; there should be no excessive slack in this wbe.

As a final confirmation of the calibrated sample volume, a test sample may be collected us-
ing the MANUAL SAMPLE key. The volume of this sample should then be measured. If the
desired sample volume is not obtained, repeat the calibration process, as described above.

In the calibrate sample volume mode, the behavior of the CLEAR ENTRY key is enhanced,
in that when the display is alternating between a number of volume counts and a P or F des-
ignator, a depression of the CLEAR ENTRY key wiil cause the display to "back-up" to show
the number of volume counts and the P or F designator of the previous purge or fill cycle.
This enhancement has been added as a programming convenience; it allows a previously en-
tered purge or fill cycle to be modified without stcpping through the entire programming se-
quence. Backing up past the initial prepurge cycle will cause the sampler to be transferred to
the standby state. When the display is not alternating, the CLEAR ENTRY key works in its
normal manner.

2.2.6.2 Liquid Level Sampler Actuator Modes - The Model 2900 Sampler may be used with an Isco Model 1640 Liquid

Mode 1

Mode 2

Level Sampler Actuator. The Model 1640 Actuator causes the sampler to remain dormant
until the liquid level in a flow stream rises to a predetermined level, at which time the sam-
pling program is initiated. The Model 2900 has three selectable modes in which the sam-
pling program may be initialed when liquid touches the Actuator's probe.

A sample is collected immediately when liguid touches the Actuator's probe, and the interval
to the next sample is reset to the programmed INTERVAL BETWEEN SAMPLES.

A sample is not collected when liquid touches the Actuator's probe and the interval to the
next sample is not reset. In this mode, when the sampler is operating in one of the time
modes, sampler time is decremented even when sample collection is inhibited by the
Actuatar; this permits synchronization of the sampling with real clock time. When the sam-
pler is operating in one of the flow modes, flow pulses are not accepted until after liquid
touches the probe.
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A sample is not collected when liquid touches the Actator's prohe and the interval to the
next sample is not reset. In this mode, when the sampler is operating in one of the time
modes, sampler time does not start decrementing until water touches the Actuator's probe;
thus, the programmed time delay to the first sample and the time interval between samples
are hoth operative. When the sampler is operating in one of the flow modes, flow pulses are
not accepted until after liquid touches the probe and the interval to the next sample is reset to
the programmed interval. This is significant only when the Model 1640 is operating in the
toggle mode.

Mode 1 is used when it is desired to collect a sample immediately when liquid touches the
Actuator's probe and collect the remainder of samples at the programmed time or flow pulse
interval berween samples. Mode 2 is typically used in ime mode when it is desired to delay
the start of sampling until liquid touches the Actuator's probe and to synchronize the collec-
tion of samples with real clock time. Mode 3 is typically used in a time mode when it is de-
sired to delay the start of sampling untl liquid touches the Actuator’s probe, and to use the
programmed delay to the first sample and the interval between samples. Modes 2 or 3 are
used in the flow mode when it is not desired te collect a sample when liquid touches the
probe, but to subsequently collect samples at the programmed flow pulse interval.

The mode of Liquid Level Sampler Actuator operation is selected by placing the sampler
into what is essentially a special mode program state. For a sampler in the standby state,
pressing the ENTER VALUE key five times in succession places the sampler into a program
state¢ where the mode of Acruator operation maybe selected. This is indicaied by PRGM
STEP 88 being shown or the display. When PRGM STEP 88 is shown, the mode of
Actuator operation previously programmed will be shown on the display. A number comre-
sponding to the desired mode of Actuator operation (1, 2, or 3) may then be entered on the
numeric keypad. The ENTER VALUE and CLEAR ENTRY keys work as in the normal
program state. Pressing the PROGRAM/STEP key returns the sampler to the standby state.

2.2.6.3 Program Halt/Resume - The HALT SAMPLING and RESUME SAMPLING keys are used to interrupt the pro-

General halt/
resume procedures

Use of HALT SAMPLING
KEY

Use of RESUME

gram of a running sampler, allowing changes to be made to the program, and then permitting
the program to be restarted, without resetting the distributor arm to the first bottle position.
The program halt/resume sequence is typically used to modify the time interval between
samples or timely interval to the firsi/next sample collection. However, it may be used to
modify any of the program quantities, if, for example, they were originally programmed in-
correctly, sampling conditions change, etc. The HALT SAMPLING key can also be used to
access the metric units of measure mode.

The general procedures for the use of the program halt/resume procedures are:
1. Halt the program by pressing the HALT SAMPLING key.

2. Using the PROGRAMY/STEP key, step to the desired program quantity (or quanti-
ties) to be changed, and make the change (or changes).

3. Return the sampler to the standby state.
4. Restart the program by pressing the RESUME SAMPLING key.

Pressing the HALT SAMPLING key of a sampler in the run state will cause the sampling
program which is in operation to be halted and will transfer the sampler to the standby state.
This allows the sampler's program to be modified as desired using the standard programming
techniques. If the sampler is operating in the time mode, time decrementing will continue
even after the program has been halted. If the time interval to the next sample reaches zero
while the program is haited, a sample will not be collected, the time interval to the next
sample will be reset to the programmed interval, and time decrementing will continue. A
missed sample will not be remembered and consequently will not be collected when the pro-
gram is resumed. If the sampler is operating in the flow mode, flow pulse decrementing will
cease until the program is resumed. If the HALT SAMPLING key is presscd while the sam-
pler's pumnp is running, the pump will immediately stop.

Pressing the RESUME SAMPLING key of a sampler in the standby state will cause the
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sampling program as it currently exists to begin execution. The distributor arm will not be
reset to the bottle number one position, (This is one of the differences between the RESUME
SAMPLING and START SAMPLING keys.) The RESUME SAMPLING key is normally
used to resume the program of a previously running sampler whose program has been inter-
rupted by the HALT SAMPLING key. If, during the time while the program was halted,

no pregram quantities or only the interval between samples and/or the delay to the first/next
sample were changed, the sampling program will be resumed, upon depression of the
RESUME SAMPLING key, at the point where it was halted, according to the program
quantities currently set. The exception to this is that, as noted above, the time interval to the
next sample will continue to decrement while the program is halted; thus, the time interval to
the first/next sample will probably be a smaller value when the program is resumed. This al-
lows the sampling to remain in synchronization with real clock time and the time interval be-
tween samples to remain constant, providing that the interval to the first/next samples does
pot decrement 1o zero while the program is halted. The flow interval to the next sample,
however, does not change during the halt; thus, under these conditions, the flow interval will
be resumed at exactly the point where it was when sampling was halted.

If, on the other hand, any program quantities other than the interval between samples or the
interval to the first/next sample were changed during the program halt, behavior of the sam-
pler upon program resumption depends upon two factors. First, if the sampler is operating in
one of the multiplex modes, and the multiplex number is something other than one, when the
RESUME SAMPLING key is pressed, the distributor will advance to the next bottle and the
multipiex number will be reset w one. And second, if the program was halied during a sam-
ple collection (while the pump is running), when the RESUME SAMPLING key is pressed
the suction line will be purged and the distributor advanced te the next bottle. Under these
conditions, the time interval to the next sample behaves as described above. The flow inter-
val to the next sample, though, will be reset to the programmed interval upon program
resumption.

It should be noted that changing program quantities during a program halt/resume sequence
quite possibly may result in subsequent samples which are not consistent with the previously
collected samples. Thus, before changing program quantities during 2 program halt, the user
should be aware of the consequences of such a change on subsequent samples, and the in-
consistencies which may result.

2.2.6.3.1 Selecting Units of Measure - The sampler's metric units of measure can be accessed by placing the sampler into

a special program state. For a sampler in the standby state. pressing the HALT SAMPLING
key five times in succession places the sampler into a program state where the units of
measure (English or metric) can be selected. This is indicated by PRGM STEP 77 being
shown on the display. When PRGM STEP 77 is shown on the display, the sampler’s units of
measure can be selected by entering the number O for English units or 1 for metric units on
the numeric keypad and pressing the PROGRAM/STEP key. English units of measure are
suction head in feet, volume in milliliters, and suction line length in feet. The metric units of
measure will be head in decimeters, volume in milliliters, and suction line length in meters.

2.2.6.4 Program Lock - To prevent casual tampering with the program set in the Model 2900, a program lock feature has

been included. When the sampler's lock is engaged, the sampler cannot be placed into a
program maode and hence, the program cannot be changed. This allows the sampler to be
programmed in the office, "locked," and then placed into operation in the field without the
danger of the program being modified. It also prevents unauthorized individuals or vandals
from tampering with the sampler's preset program.

The sampler's program lock is engaged by placing the sampler into what is essentially a
special program state. For a sampler in the standby state, pressing the CLEAR ENTRY key
five times in succession places the sampler into a program state where the program lock can
be engaged. This is indicated by PRGM STEP 99 being shown on the display. When PRGM
STEP 99 is shown on the display, the sampler’s program lock may be engaged by entering
the number "2900" on the numeric keypad and pressing the PROGRAM/STEP key. This en-
goges the sampler's program lock (as indicated by the LOCK legend of display being on)
and returns the sampler to the standby state. The ENTER VALUE and CLEAR ENTRY
keys also work as in the normal program state; however, the program lock is not engaged (or
disengaged) until the PROGRAM/STEP key is pressed. When the program lock is engaged,
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of the program control keys only the START SAMPLING, HALT SAMPLING, and
RESUME SAMPLING keys are functional, allowing the program to be started and stopped,
but not changed. The ON, OFF, and all the manual control keys remain functional, allowing
the sampler to be manually controlled. As long as the program lock is engaged, the LOCK
legend on the display will be on.

To disengage the program lock, the sampler must be in the standby state. The program lock
may then be disengaged by following the same procedures used to engage the lock: press the
CLEAR ENTRY key five times in succession, enter "2900" on the keypad, and press the
PROGRAMY/STEP key. This "toggles" the sampler out of the program lock; the LOCK leg-
end on the display will go out. The sampler's program may then be changed as desired.

2.3 Placing the Sampler into Operation - In summary, to place the Model 2900 Sampler into operation, the preparational

Programming

Intemal-battery
allows programming

Immediate collection of
first sample

Flow mode

steps described in section 2.1 must be performed. The sample boitle tub must be prepared for
use, the desired suction line attached, the suction line inlet properly placed in the liquid
source, the sampler properly placed at the sampling site, a power source connected to the
sampler, and an external flow meter (if used) properly interfaced with the sampler.

After these preparational steps have been completed, the sampler may be programmed for
automatic operation as described in section 2,2, The various program quantities must be set
to select the mode of sampler operation, the interval between samples, the sample volume,
efc.

Because the Model 2900 has an internal lithium battery providing continuous memory, the
sampler may easily be programmed in the office or the lab, taken into the field, and placed
into operation. In the field, the only program quantity that might need to be reprogrammed is
the delay to first/next sample, to assure that the sampling program is started at the desired
time. After the sampler has been properly prepared for use and programmed for operation,
the sampling program is started by pressing the START SAMPLING key.

Often, it is desired to collect the first sample while the operator is still present, as a final
check that everything is working. For a sampler operating in the time mode, this may be ac-
complished in two ways, depending upon whether or not it is desired to synchronize the
samples with real clock time. if synchronization is desired, the tirst sample may be collected
by assuring that the distributor is over the bottle number 1 position, pressing the MANUAL
SAMPLE key (while the sampler is in the standby state), checking to be sure the delay to the
first/next sample is set correctly to synchronize the samples with clock time, and then press-
ing the RESUME SAMPLING key. The first sample will be collected when the MANUAL
SAMPLE key is pressed. The second sample will be collected when the programmed delay
to the first/next sample times out, and subsequent samples will be collected at the pro-
grammed interval between samples. The second and remaining samples will be synchronized
with real clock time; the first sample probably will not be, and there will probably be a
nonuniform interval between the first and second samples. If synchronization is not required,
the first sample may be collected while the operator is present by programming a delay to
the first/next sample of one minute, and then pressing the START SAMPLING key. The
first sample will then be collected in approximately one minute and subsequent samples at
the programmed interval between samples,

For a sampler operating in the sequential or composite flow modes, the collection of the first
sample while the operator is present may be accomplished by pressing the MANUAL
SAMPLE key (while the sampler is in the standby state), and then pressing the RESUME
SAMPLING key. The first sample will be collected when the MANUAL SAMPLE key is
pressed, and subsequent samples will be collected at the programmed flow pulse interval be-
tween samples,

2.4 Sample Recovery - The Model 2900 Sampler will automatically cease operation after all samples have been taken.

Recovering the
entire sampler

When the sampler's program has been completed, the display will read "FULL." Because of
the automatic shut-off, timing of the recovery of the samples is not critical,

When recovering the sampler, if it must be pulled from a manhole, be sure to keep it level

to prevent spilling the collected samples. If the entire sampler is to be returned to the labora-

tary or office, disconnect the cable from the flow meter, if used. The sampler may be turned
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off, if desired, but this is not necessary. Separate the sample bottle tub from the center sec-
tion, as described in section 2.1.1, and put caps on the bottles. The sampler is now ready to
transport.

If the entire sampler is not to be returned to the lab, but only sample bottle tubs exchanged
and the sampling restarted, the sampler should not be turned off while exchanging bottie
tubs. This is because no purpose is served by tuming the unit off, and if the sampling is be-
ing done in a time mode in synchronization with real clock time, the synchronization

is preserved as long as the sampler is left on. When exchanging bottle tubs, it is also good
practice to consider the state of charge of the sampler's battery at this time, if one is being
used. The charge duration of the sampler batteries is discussed in section 3.4.3. If the sam-
pler's battery state of charge is questionable, it should be exchanged with a freshly charged
battery.

The full sample bottle tub may be exchanged for an empty one by separating the tub from
the center section as described in section 2.1.1, and installing an empty tub. After the full tub
has been removed, place caps on all the bottles. Using the sample bottle tub as a carrying
case is not only handy, it also aids in preventing mix ups in bottle order. An optional cover
for the sample bottle tub is available to aid in transportation. The cover is attached to the b
in the same manner as the center section. Tt is gond practice ta lahel the sample hottle tuh
with an adhesive label detailing the location, time, date, etc., of sampling to avoid confusion.

NOTE
When cooling samples with ice, the melt water may cause the bottles to float
when you remove the retaining ring.

After the empty sample bottle tub has been installed, the sampling maybe restarted by press-
ing the START SAMPLING key. Note that it may be necessary to reprogram the delay to
the first/next sample to start the sampling process at the desired time.
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CHAPTER 3

3.0 ROUTINE MAINTENANCE - This third chapter of the Model 2900 presents instructions for the routine main-
tenance necessary 10 keep the sampler in top operating condition. Included are sections pro-
viding information on cleaning the sampler and components, replacing the pump and suction
tubing, charging the optional batteries, and changing the internal desiccant.

Familiarization with It iz strongly recommended that the user thoroughly familiarize himself or herself with the

maintenance procedures routine maintenance procedures presented in the following paragraphs. The Model 2900
Sampler, although ruggedly built to withstand difficult field operating conditions, wiil func-
tion best and maintain maximum reliability when these simple maintenance procedures are
followed. As with any piece of field operated equipment, a certain amount of preventive
maintenance is necessary to keep the sampler functioning properly.

3.1 Cleaning the Sampler - The following sections present instructions for cleaning the sampler case. sampler wb-
ing, and sampler bottles, and cleaning protocols for priority pollutants.

3.1.1 Case - The top cover and mb may be cleaned by submersion in warm soapy water or by spraying them with a
hose. The center section may also be cleancd in a similar manner provided that the FLOW
METER external electrical connector is tightly capped and that the fuse holder is tightly
screwed in place. It is good practice to minimize direct liquid contact with the control box.

The sampler may be disassembled for cleaning by following the instructions found in section
2.1.1.

3.1.2 Tubing - The sucticn line and pump tubing may be cleaned by placing the end of the suction line in a cleaning
solution and pumping this solution through the tubing system using the pump CONTROL
keys (see section 2.2.3.1.1). Follow with a clean water rinse.

3.1.3 Sample Bottles - The polyethylene plastic sample bottles have a wide mouth to facilitate cleaning and are
formed so that they have no inaccessible corners, The plastic bullles can be washed in a
dishwasher, but not autoclaved. The 375 ml and 1 gallon glass containers also have a wide
mount for easy cleaning; these containers can be washed in a dishwasher. The plastic lids
should not be autoclaved.

3.1.4 Cleaning Protocols for Priority Pollutants - The following sections are excerpted from U.S.
Environmental Protection Agency Publications EPA-600/4-77-039 ("Sampling of Water and
Wastewater' by Dr. Phillip E. Shelley) to provide an example of sampler cleaning proce-
dures for priority pollutants.

The proper cleaning of all equipment used in the sampling of water and wastewater is essen-
tizl to ensuring valid resules from laboratory analysis. Cleaning protocols should be devel-
oped for all sampling equipment early in the design of the wastewater characterization pro-
gram. Here also, the laboratory analyst should be consulted, both to ensure that the proce-
dures and techniques are adequate, as well as to avoid including practices that are not war-
ranted in view of the analysis to be performed,

As an example, Lair (1974) has set down the standard operating procedures for cleaning sam-
ple containers and field equipment used by USEPA Region IV Survcillance and Analysis
field personnel engaged in NPDES compliance monitoring. They are reproduced below for a
typical automatic sampler and related sampling equipment.

Isco Glass Sample Ceontainers

1. One spectro grade acetone rinse.

2, Dishwasher cycle (wash and tap water rinse, no detergent).

3. Acid rise with at least 20 percent hydrochleric acid.
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4. Dishwasher cycle, tap and distilled water rinse cycles, no detergent.
5. Replace in covered Isco bases.
Suction Tubing (1/4, 3/8 Vinyl er Teflon)

1. Do not reuse suction tubing. No cleaning required. New suction mbing is to be used
for each new sampling setup.

2. Use Teflon tubing where samples for organics are to be collected.
Isco Pump Tube
1. Rinse by pumping hot tap water through tubing for at least 2 minutes.

2. Acid wash wbing by pumping as least a 20 percent solution ot hydrochloric acid
through tubing for at least 2 minuies,

3. Rinse by pumping hot tap water through tubing for at least 2 minutes.
4. Rinse by pumping distilled water through tubing for at least 2 minutes.
Teflon Tubing

1. Rinse twice with spectro grade acetone.

Z. Rinse thoroughly with hot tap waler using a brush if possible to remove particulate
matter and surface film.

3. Rinse thoroughly three times with tap water.

4. Acid wash with at least 20 percent hydrochloric acid.

5. Rinsc thoroughly three times with tap water.

6. Rinse thoroughly three times with distilled water.

7. Rinse thoroughly with petroleum ether and dry by pulling room air through tubing.
8. Dry overnight in warm oven (less than 150°F) if possible.

9. Cap ends with aluminum foil.

3.2 Replacement of Pump Tubing - The pump tube provides two functions in the Model 2900 Sampler, First, it

Inspection of
pump tubing

S€Ives as & pump wbe in the sampler peristaltic pump. Second, it serves as a distribution
tube, routing the sample liquid from the pump outlet to the sample bottle. The pump tube
consists of a single 35 inch (89 cm) long piece of a special silicone rubber tubing. This par-
ticular type of silicone rubber tbing is used because of its superior mechanical properties
and because it does not contain any organic materials, This latter point is extremely impor-
tant if samples are 1o be collected in which organic materials are of interest. Other types of
silicone rubber tubing may contain organic materials which are vsed as vulcanizing agents.
During the vulcanizing process, these compounds are converted inte other compounds which
may be leached by the sample. Therefore, if another silicone tubing is used in the pump, the
sample may be contaminated with organic compounds leached from the pump tubing. The
silicone rubber tubing supplied by Isco for use with the Model 2900 will not contribute any
organic material to the sample.

The silicone rubber tubing is reliable and long-lived. However, due to the constant mechan-
ical strain placed on the tubing by the peristaltic action of the pump, it will cventually fa-
tigue and fail. It is good practice to periodically remove the outer pump case half (as de-
scribed below) and inspect the tubing for wear, replacing it with the spare pump tube in-
cluded with the sampler if necessary. Additional pump tubing sections are available from
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Isco. If the liquid being sampled contains a high percentage of fairly large suspended solids,
the inspections should be fairly frequent. If the liquid is relatively free of solids, the inspec-
tions may be less frequent. Note that since the amount of tubing (13.5 inches) actually used
in the pump is less than half of the total length of the pump tube (35 inches), in certain
cases the tube may be used twice in the pump by simply turning it around. This is possible,
of course, only if the portion of the tibe previously used in the pump has not been split or
otherwise damaged to the point of leaking.

The first step in replacing the pump tube is to remove it from the distributor arm located on
the underside of the center section. This is done by disconnecting power from the unit, sepa-
rating the center section from the remainder of the sampler (as described in section 2.1.1),
and turning this section over, as shown in Figure 3.2-1, Unscrew the distributor arm retain-
ing nut, indicated in Figure 3.2-1, and pull the arm off the distributor shaft. The pump tube
may then be pulled out of the distributor arm. Finally, twrn the center section back over, and
pull the tube out of the pump tube port, indicated in Figure 3.2-1.

The pump tube may now be removed from the pump itselt. First remove the outer pump
case half by loosening the four captivated thumbscrews indicated in Figure 2.1-2. This will
expose the pump tubing which is squeezed between the pump rollers and the curved surface
of the inner pump case half. Extract the mbing and the pump tubing guide and clamp assem-
blies from the inner case half. Then, loosen and remove the pump tubing guide and clamp
assemblies from the pump tube, Remove the suction line, if attached, as described in section
3.3 below. This completes the removal of the old pump tube.

To install the new pump tube, first reinstall the suction line, as described in paragraph 2.1.4.
Then, replace and tighten the pump tubing guide and clamp assemblies, as shown in Figure
3.2-2. Be sure that pump tubing guide and clamp assembly at the outlet end of the pump
tmbing is positioned at the edge of the black band on the pump tube. The edge of the black
band is located 13.5 inches (34.3 cm) from the inlet end of the pump tube and is used for
placement of the outlet pump tbing guide and clamp assembly. This placement is critical to
prolong the life of the pump tube and to assure efficient operation and accurate delivery
volumes.

The pump tubing guide and clamp assemblies may now be replaced in the pump in the inner
pump case half so ihat their grooves mate with the semi-circular openings in the pump case,
with the black band on the top of the pump. Slip the pump tubing under the rollers so that
the pump tubing does not interfere with the installation of the outer pump case half. Replace
the outer pump case half so that the grooves of the pump tubing guide and clamp assembly
fit properly into both halves of the pump, and tighten the four thumbscrews.

Next, feed the free end of the tube down through the tube port in the center section. Then,
turn the center section over again, and feed the end of the tube into the body of the distributor
arm, as shown in Figure 3.2-3,A. Next, feed the end of the tube into the outlet of the dis-
tributor arm, such that the end of the tbe protrudes 1/8" beyond the end of the distributor
arm, as shown in Figure 3.2-3,B. Finally, reinstall the distributor arm on the distributor
shaft and screw on the distributor arm retaining nut. Be sure that the retaining nut is tight.
This completes the installation of the new pump tube. As a final check, inspect the length
of exposed tube under the center section. There should be no excessive slack in this tube; it
should be installed such that it continuously slopes downward from the bottam of the center
section to the point where it enters the distributor arm. This is, of course, to prevent any
low spots in the tube which might not completely drain of sample liquid. If there is any ex-
cessive slack, adjust the length of the tubing under the center section by pulling tube out of
the pump tube port.

To maximize pump tubing life and pumping efficiency, it is very important to maintain 13
to 13-1/2 inches of tubing inside the pump. This may normally be accomplished by care-
fully following the above instructions and correctly positioning the black band on the pump
tube. However, as a final check, the following procedure may be followed. After the new
pump tube has been installed as above, loosen the clamp on the top (outlet) of the pump.
Then, using the PUMP JOG FWD key, run the pump briefly, allowing the pump tubing to
“seek" correct positioning in the pump. While the pump is still running, retighten the top
clamp. The pump tube should now te correctly installed.
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Figure 3.2-3 Feed end of pump tube into distributor arm body.

Installation of the
Pump Tube

Insert pump tube into ouilet of distributor arm.
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3.3 Replacement of Suction Tubing - It may be desirable to replace the sampler suction tubing for one of several

Inspection and
cleaning of suction line

Replacement vinyl
suction lines

Replacement Teflon line

reasons. The suction tubing may have been worn, cut, contaminated, or otherwise damaged.
In the case of critical sampling, it may be necessary to replace the suction line between sam-
pling programs, to aveid cross-contamination or it may be necessary to replace the suction
line with a line of a different configuration, when changing sampling site conditions,

In any case, it is good practice to periodically inspect the suction line for damage. The suc-
tion and the remainder of the pump tubing system should be cleaned occasionally as de-
scribed in section 3.1.2.

Replacement vinyl suction lines are available from Isco in two forms. First, a complete suc-
tion line, with weighted strainer, is available in 10 foot and 25 foot lengths for the 1/4 inch
and 3/8 inch ID vinyl suction tubes. Second, bulk suction tbe in the 1/4 inch 1D and 3/8&
inch ID vinyl wbe is available in 100, 500, and 1000 feot rolls.

The 3/8 inch ID Teflon suction tubing is available from Isco in lengths of 10 and 25 feet. If
a stainless steel strainer was ordered with the Teflon suction line, it will be anached to the
line at the factory.

The following paragraphs discuss the replacement of the complete suction line-strainer as-
semblies, the sizing of the suction line, and the assembly and installation of the bulk
tubing.

3.3.1 1/4 Inch ID Vinyl Suction Line - The suction tubc is rcmoved from the pump by first removing the outer

Complete new
suction line

Bulk suction line

pump case half by loosening the four captive thumbscrews indicated in Figure 2.1-2. Extract
the pump tubing and loosen the pump inlet tubing guide and clamp assembly, and slip it up
the pump tube 1o expose the junction between the suction line and pump tube. Finally, pull
the suction line out of the pump tube.

If a complete new suction line-strainer assembly of the standard 10 or 25 foot length is to be
used, it is installed as described in section 2.1.4.1.

If is it desired to utilize bulk suction tubing, it will first be necessary to disassemble the old
suction line, which was just removed. First, remove the small stainless steel ferrule from
within the end of the suction line by sliing the tubing with a sharp knife. The ferrule is
necessary to prevent the collapse of the pump and suction tubing when the pump tobing
guide and clamp assembly is tightened. Then, remove the strainer and hose clamp from the
opposite end of the suction line, as described above. Cut the new suction fube to the desired
length, and force the stainless steel ferrule into the end of the suction mbe until the ends are
flush. Install the strainer on the opposite end of the suction tube and tighten the hose clamp.
The new suction line may now be installed in the pump as described in paragraph 2.1.4.1.

3.3.2 3/8 Inch ID Vinyl Suction Line - The suction tube is removed from the pump by first removing the outer

Bulk suction line

pump case half by loosening the four captive thumbscrews indicated in Figure 2.1-2. Extract
the pump tubing and loosen the pump inlet tubing guide and clamp assembly, and slip it up
the pump wbe 10 expose the junction berween the suction line and pump wbe. Finally, pull
the suction line out of the pump tube.

If a complete new suction line-strainer assembly of the standard 10 or 25 foot length is to be
used, it 1s installed as described in section 2.1.5.2.

If it is desired to utilize bulk suction wbe in replacing the suction line, it will first be neces-
sary to disasscmblc the old suction line, which was just removed. First, remove the small
stainless stee] ferrule from within the end of the suction line by loosening the hose clamp,
and slipping the ferrule out of the tube. The ferrule serves as a union between the suction
tubing when the pump tubing guide and clamp assembly is tightened. Then, remove the
strainer and hose clamp from the opposite end of the suction line, as described above. Cut
the new suction tube to the desired length, and force the stainless steel ferrule into the end of
the suction tube, until approximately half of it is in the suction tube, and secure it in place
with the hoga clamp. Install the strainer on the opposite end of the suction tube and tighten
the hose clamp. The new suction line may now be installed in the pump as described in
section 2.1.4.2.
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3.3.3 378 Inch ID Teflon Suction Lines - The suction tube is removed from the pump by first removing the

Stainless steel strainer

Figure 3.3-1 Attaching
the Stainless Steel
Strainer to the Teflon
Suction Line

outer pump case half by loosening the four captive thumbscrews indicated in Figure 2.1-2.
Extract the pump tubing and loosen the pump inlet tubing guide and clamp assembly, and
slip it up the pump tube to expose the junction between the suction line and pump tube,
Finally, pull the suction line out of the pump tube.

If a new suction line (either with or without the optional stainless steel strainer) is to be
used, it is installed as steel strainer described in section 2.1.4.3. To install the optional stain-
less steel strainer, carefully slip the strainer's tapered connector inside the suction line and
tighten the hose clamp supplied with the strainer, as shown in Figure 3.3-1.

Strainer Clamp Suction Line

3.3.4 Conversion for Composite Saﬁpling - The 2900 Sampler is fully programmable for time-paced and flow-

paced composite sampling. To prepare the sampler for composite sampling, the sampler's
center section must be converted for composite sampling. This involves removing the dis-
tributer arm assembly, installing a shorter pump tube, and installing the composite tube
locating strap. The preparation is completed by the addition of a locating ring to the base
section.

The steps needed to convert the sampler follow:

1. Separate the center section from the remainder of the sampier, as described in section
2.1.1.

2. Remove the pump tube and distributor arm from the sampler, as described in section 3.2,

3. Tum the center section over and remove two of the screws which attach the control box to
the center section. The two screw should be located diagonally across from each
other. Refer to Figure 3.3-1.

4, Install the tube locating strap as illustrated in Figure 3.3-1,

5. Feed the 27 inch composite pump tube (supplied with the locating strap and locating
ring) through the port in the center section, place it in the locating strap. Next,
install the composite tube in the pump as described in section 3.2.

6. Place the locating ring in the bottom of the base section. To seat the ring in the b,
orient the ring as shown in Figure 3.3-3. The locating insert can be usad in either the
24 bottle or 12 bottle tub.

7. Place the composite container in the tub and reassemble the sampler.

Note: When cooling composite samples with ice, the melt water may
cause the bottle to float when the center section is removed.
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Figure 3.3-2 Installation of Composite Tube Adapter
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3.4 Changing the Internal Desiccant - If the humidity indicator described in section 2.2.3.4 indicates the presence

Inspection of
control box

Renewing desiccant bags

of moisture inside the control box, the control box should be inspected to determine if there
is a leak, and the desiccant renewed. This is done by unscrewing the ten screws around the
outer rim of the control box cover, and carefully lifting the cover off the control box.

CAUTION

The control box contains electronic circuitry which will be
damaged by silatic discharge. Open the controf box only in a
statlc free environment, as described In section 6.4.

ALWAYS DISCONNECT THE POWER BEFORE OPENING THE
CONTROL BOX.

Inspect the inside of the control box for obvious sources of leaks or the presence of collected
moisture. 1f there is a leak. the leak should be repaired by referring to sections 6.5 and 6.7,
or returning the control box to the factory. It is strongly recommended that a leaking control
box be retumed to the factory for analysis, since the factory has specialized equipment to de-
tect leaks and thorcughly test the units after repair.

Place a sheet of brown paper on a flat metal sheet. You can use a brown grocery bag and a
typical cookie sheet. Place only the bags on the sheet. Do not stack the bags on top of each
other or allow them to touch. Place in a vented, circulating forced air, convection oven in a
well ventilated room. Allow two inches of air space between the top of the bags and the next
metal tray above the bags. Keep the tray a minimum of 16 inches from heating element.
Heat the bags at a temperature of 240 to 250°F (116 to 121°C) for 12 to 16 hours. At the
end of the time period, the bags should be immediately removed and placed in an air tight
container for cooling. The desiccant will be recharged to approximately 80 to 90% of its
previous capacity. After repeated recharging, the desiccant bag may require replacement.
Replacement bags of desiccant are available from Isco; refer to Table 6.7-1,

Some bags will have the temperature and time for recharging the desiccant printed on the
bag. If they differ, use the temperature and time printed on the bag.

The procedure is completed by reinstalling the control box cover. Before reinstalling the

cover, coat the cover's gasket with a light film of silicone grease. Tighten the ten screws
which hold the control box cover in place using a cross-torquing pattern in even steps.
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Figure 3.4-1 Control Box Intermal Dessicant
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CHAPTER 4

4.0 OPTIONS - This fourth chapter of the Model 2900 [nstruction Manual presents information regarding the sampler
locking option available for use with the sampler.

4.1 Sampler Locking - If it is desired to lock the Model 2900 Sampler to prevent tampering with the controls and
sample bottles, an optional sampler locking package is available. The locking package con-
sists of three stainless steel cables and a padlock. To secure the sampler, place the large loop
on the end of the cable aver one of the latch tabs (with the loop up), and then feed the end of
the cable with the small loop up from the bottom through the hole in the latch tab, as
shown in Figure 4.1-1,A. Repeat this with the other two cables, and gather the ends of the
cables with the small loops at the center of the top cover. Then, feed the padlock through the
loops and lock, as shown in Figure 4.1-1,B.

Figure 4.1-1 Locking the Sampler
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CHAPTER 5

5.0 CONSTRUCTION OF THE MODEL 2900 SAMPLER - This fifth chapter of the Model 2900 Instruction

Manual provides a detailed description of certain aspects of the mechanical and electronic
construction of the sampler 10 provide background information which may be necessary for
special applications or troubleshooting.

5.1 Description of Mechanical Construction - The following paragraphs provide information on the weather and

corrosion resistance of the sampler, on the pump and pump drive system of the sampler, and
on the liquid distribution system of the sampler.

5.1.1 Weather and Corrosion Resistance - The Model 2900 Sampler is designed to be operated in hostile envi-

ABS exterior

Use in sunlight

Other materials

Control box

Submersion

Temperature range

ronments such as sanitary sewers without additional protection. However, since a great deal
of plastic is utilized in the construction of the sampler, some restrictions regarding the envi-
ronment must be observed to prevent premature failure of the plastic parts.

The tan plastic used in the basic construction of the machine is ABS (acrylonitrile-butadiene-
styrene). ABS plastic exhibits good resistance to aqueous solutions containing common
acids and bases, Resistance 10 hydrocarbons, alcohols, vapors from paint thinners such as ke-
tone or aromatic solvents should be suspect however, and placing the sampler in such an en-
vironment should be preceded with a test of an ABS sample in the environment.

NOTE

Isco is not responsible for damage to plastic parts caused by
chemical atfack.

ABS plastic is resistant to damage from sunlight, but will exhibit some weakening and hard-
ening over a long period of direct sunlight exposure. It is recommended that the outside of
the sampler case be sprayed with a good reflective paint, such as aluminum paint, if it is to
be continually used in direct sunlight.

All' hasps and other case fittings are made of stainless steel or black styrene-butadiene rubber
(SBR). All other extemnal components are made of either stainless steel, anodized aluminum,
or acetyl plastic.

The electronic circuitry, gear trains, drive motors, etc. are housed in a Noryl™ plastic control
box. The control box is a completely sealed unit that does not need to be opened during op-
eration. The sampler is programmed and the display read via a label that covers the control
box cover. A molded gasket seals the control box cover to the control box bottom section,
The contents of the control box are further protected by one 4 oz. bag of moisture-absorbing
desiccant installed inside the control box.

Providing that the electrical connectors are either capped or properly attached to their mating
connectors which are provided with O-ring seals and that the fuse holder is tightly screwed in
place, the sampler will withstand a 6 ft. submersion in water for 30 min. without water
leakage into the control box. However, such submersion should be avoided.

The Model 2900 Sampler can be operated in a temperature range of between 32° F and 120°
F. Short exposures to temperatures under 32° F can be tolerated if the suction line does not
freeze.

5.1.2 Pump and Pump Drive System - Transfer of liquid from the source (flow stream) to the sample boitle is ac-

complished through the use of the peristaltic pump shown in Figure 3.2-2. Liquid is forced
through the pump by the progressive squeezing action of the pump tube by two rollers turn-
ing inside the curved surface of the pump case. The tubing used in the pump is a special
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grade of silicone tubing 3/8 inch ID, 5/8 inch OD. Features of the peristaltic pump include
self-priming, inherent pulsation of the flow stream to help prevent clogging, and a vacuem
pulling capacity of 26 feet of water at sea level.

The pump is driven by a direct current motor, coupled to the pump through a gear train, as
shown in Figure 5.1-1. The pump is run in one direction to draw liquid from a source and in
the opposite direction to purge the suction line of liquid. At 3 feet of 1ift, the pump will typ-
ically deliver 1500 milliliters of liquid per minute through a 3/8 inch ID suction line. The
delivery rate will vary directly with the voltage applied to the sampler. However, volumetric
accuracy is not significantly affected by pump speed since the delivery volume is based on an
clectronic count of the number of revolutions of the pump shaft.

Pump Gear Train Distributor Moctor

Pump Motor Distributor Gear Case

5.1.3 Liquid Distribution System - Liquid is transferred from the source to the pump through either 1/4 or 3/8 inch

Distributor positioning

ID vinyl suction tubing or /8 inch ID Teflon suction tubing. The pump outlets to the rotat-
ing disiributor tube (which is actually a continuation of the pump tube) located directly un-
demneath the pump and control section, as shown in Figure 3.2-1. The liquid is pumped out
of the distributor tube directly into the sample bottle. The distributor tube is held in place
and rotated by the distributar arm shown in Figure 3.2-1.

The positioning of the distributor is controlled by a Geneva drive mechanism located within
the distributor gear case assembly shown in Figure 5.1-1. The mechanism causes the outlet
of the distributor o be centered sequentally above each of the 12 or 24 sample bottles. The
distributor will rotate counterclockwise, stopping at each bottle location until the last sam-
ple bottle location is reached. At this point, sampling will cease. The distributor is reset to
the botile number 1 position by reversing its direction and rotating clockwise to the starting
position. A mechanical stop prevents the distributor from directly moving from the last to
the 1st bottle filling position. The rotating distributor arm (and diswributor shaft) is driven by
a direct current moter and multi-stage gear train, also located within the distributor gear case
assembly.

CAUTION

Do not attempt to rotate the distributor arm manually, as severe
damage may resuit,
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5.2 Electronic Circuitry - The following is a general description of the Model 2900 Sampler electronic circuitry.

Power supply

Clock

Central processing unit

Refer to the main circuit board schematic diagram, Figure 5.2-1, the power supply circuit
board schematic diagram, Figure 5.2-2, the case schematic diagram, Figure 5.2-3, and the
pictorial views of the circuit boards, Figures 5.2-4 and 5.2-5. Note that in the following de-
scription reference will be made to components, such as R3, b7, IC2, etc. Except as noted,
the components will be located on the main circuit board assembly (mounted to the underside
of the control box cover). The components located on the power circuit board assembly
(mounted on the distributor gear case) will be specifically identified in the text.

The Model 2900 is a microprocessor based instrument. The microprocessor is like a minia-
ture computer that executes a program which is stored in the sampler, The program is a se-
ries of commands or instructions that tell the microprocessor what to do in order to accom-
plish the various functions which the sampler must perform.

The circuitry of the sampler (the "hardware") is discussed in the following paragraphs.
However, the program that controls the system (the "software") is discussed only as is neces-
sary to describe the operation of the hardware. A complete discussion of the software is be-
yond the scope of this manual,

The Model 2900 Sampler utilizes either a 12 volt battery or an Isco 12 volt DC normal
speed power pack as its external power source. The external power source enters the Model
2900 through the 12 volt DC connector on the side of the control box, The power source is
fused with a 2 amp slow blow fuse. Access to the fuse can be obtained on the side of the
control box, as described in section 6.2. Diodes CR1 on the power circuit board and CR1 are
isolation diodes, used to isolate the 5 volt regulator from the 12 volt circuitry. Capacitor C2
and diode Z6 on the power board are used 1o filter high voltage spikes generated by the mo-
tors. C1 is used as a voltage filter for the 5 volt regulator source.

The CMOS logic circuitry used in the Mode] 2900 is powered by a 5 volt supply rail. Ul,
Q5, R16, R17, R31, R32, and C15, C3 constitute the regulation circuitry for the 5 volt rail.
The 5 volt rail is also current regulated. CR6, CR7, and R31 limit the maximum amount of
curremt flow.

One other source of power is a battery contained within the RAM chip. The purpose of this
batiery is to keep the RAM rail supplied with enough voltage to maintain its memory (data
stored in RAM). The battery will not source current until the 5 volt rail drops below a fixed
point.

The time base for all operations of the Model 2900 Sampler is derived from a 1.2288 MHz
crystal. U2, R18, C14, C16 and the crystal form a 1.2288 MHz oscillator. The zero output
(pin 9) of U2 wili clock the CPU (US) with a 1.2288 MHz clock signal. Inside US is a di-
vide-by-eight counter which produces a 153.6 HZ frequency that appears at TPA, pin 34 and
TPB, pin 33.

U2 also generates a 37.5 HZ clock signal (Q14, pin 3) which clocks U3, whose output
forms the interrupt signal supplied to pin 36 of US. All the registers are up-dated and flags
serviced during each interrupt cycle.

The U3 output signal also clocks U3 reset, cavsing the removal of the wait signal on pin 2
of the CP'U chip. After the servicing of the interrupt, U5 will output a high vn pin 5 and pin
4. The output from pin 5 will reset U3, setting the stage for the next interrupt signal. The
output from pin 4 will clock U3, causing the CPU to go into its wait mode of operation.

The central processing unit is a CDP1802 CMOS unit seiected for its low current consump-
tion. This unit controls the various data transfers that occur on its 8-bit data bus. It commu-
nicates with associated circuitry by sending or receiving 8-bit "bytes” from the data bus,
sensing high or low levels on its external flag (EF) lines, or its interrupt input. It controls
data transfers through its memory address lines, its "N" lines, the memory read line (MRD),
and the memory write line (MWR).
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The memory select and latch circuoit consists of U7 and U17. These chips are required since
the CPU issues its 16-bit memory address in two consecutive 8-bit bytes on the memory ad-
dress lines, pins 25-32. When TPA occurs, U7 latches the 8 bits of the high order byte, U?
will then generate address lines A8 through A15. The address line A15 is used to select either
U10 (PROM) or U13 (RAM). MAO through MA12 are used to address specific locations
within these chips. Memory address line 15 is utilized as both a chip select (CS) and a chip
enable (CE) signal. The three IC chips concerned with the memory addressing are U35 (CPU),
U13 (RAM), and U10 (ROM).

The read only memory (ROM} contains the list of steps (the program) which the CPU is to
execute. U10 is an erasable programmable read only memory chip. This IC's program can be
erascd by cxposing it to ultraviolet light. The content of the ROM is non-volatile; that is, it
does not change if power is removed or lost.

When a particular byte is to be read, the sequence of events begins with the presentation of
the high order memory address byte at the memory address lines of the CPU. When TPA
goes high, U7 latches the memory address byte. The CPU then issues the low order byte
(MAO through MA7) of the memory address to be read. The low order bits (MAO through
MA12) will determine the particular byte to be read within the ROM or RAM., Then, if
MALIS is low, the PROM will be selected or if MA1S is high, the RAM will be selected
through U17. When the CPU issues the memory read signal (MRD), the selected byte of
data will be placed on the data bus where it will be received by the CPU and perhaps by one
of the auxiliary circuits connected 10 the dara bus.

The random access memory (RAM) is a temporary data storage area. The RAM used by the
Model 2900, U13, contains 2048 bytes, each byte consisting of 8 bits. The RAM. unlike
the ROM, can be written into. The RAM is accessed in the same manner as the ROM.

If the RAM is selected by the memory latch and select circuit (U7 and U17), it will present
the contents of the addressed cell to the data bus when the MRD line goes low (pin 20}, or it
will write the byte presented on the data bus into the addressed cell when the MWR line goes
low (pin 21),

The data contained in the RAM would ordinarily be retained only as long as power is pre-
sent. In order not to lose data stored in the RAM, the RAM used in the Model 2900 contains
an internal battery. (This battery is explained in the power supply circuit description.)

When power is first applied to the Model 2900, the circuitry microprocessor and all the in-
put/output ports must be reset. In order to accomplish this, U12, U6, R56, R57, R58, and
C25 are used. U12 is used as a voltage detector. When the 5 volt rail reaches 5 volts, deter-
mined by the veltage divider R56 and R57, the output (pin 4) of U12 will go high. This
output then passes through two inverters (U6). This allows the 5 volt rail to stabilize before
the clear line goes high and allows the CPU to start.

The Model 2900 keypad utilizes a 6 row, 4 column touch keypad for all manual switching
needs. The keypad operates on an "XY" axis system. U4, U16, U8, and U18 combine with
the keypad (P1) to form the circuitry needed to read which key is being depressed. Ul6 is a
decoder chip that has two inpots and four outputs. The purpose of U16 is to apply a ground
potential on one of the columns at a specific tme. The output that goes low is determined
by the inputs to the IC. The inputs are derived from the output device U18. U18 receives its
information from the data bus lines. To determine which switch is being depressed, U4, an
input device, will read the rows of the keypad.

The program constantly strobes the keypad to determine if any switches are being depressed.
This is accomplished by U138 first taking the information from the data bus lines and apply-
ing twa bits to the inputs of U16. U16 then decodes these two bits and one of its four out-
puts will go low. This will place a ground potential on one of the four columns of the key-
pad. Next, U4 will be selected and read to determine if any of its inputs are low. The CPU
can detcrmine which switch has been depressed by knowiog which column it placed low and
which U4 input went low.

5-4



LCD display

Low voltage detect

Distributor motor controt

Distributor position sensor

Pump motor control

Pump velume count sensor

Flow pulse

MODEL 2900

The LCD display circuit consists of U16, U18 through U23, and the LCD component. U22
is a four-digit CMOS display decoder and driver device. The information that will be decoded
comes in on the data bus. After this information is decoded, U22 will output signals to the
LCD component to drive specific segments of each digit.

U18 through U21 and U23 compile the circuitry that drives the individual legends located
within the LCD component. The information that determines which legend is to be selected
is passed to U18 and U19 via the data bus lines. U18 and U19 will then interpret this infor-
mation and select the correct legend. This select signal will be passed through an exclusive--
or gate prior to being applied to the LCD component.

The low voltage detect circuit consists of U11, U6, R53, R54, R55, and C24. This circuit
monitors the 12 volt source and will enable the unit to go into a non-active (idle) state of
operation when the source voltage is lower than approximately 9.2 volts. When the source
voltage for the voltage divider R53 and R54 reaches approximately 9.2 volts, the output of
U1l will go low. This low will cause a high signal on the output of the inverter U6. This
high signal is then passed to the CPU and sets the interrupt to the CPU. The CPU will then
go into an idle state unti] the source voltage is brought back above 9.2 volts.

The distributor motor driver circuitry is located on the power board. Transistors Q3, QS5,
Q10, Q11, Q12, and Q13 (on the power board) along with associated resistors drive the dis-
tributor motor in response to logic signals from U9 on the main circuit board. When the dis-
tributor is to advance, U9 - pin 9 (on the main board) goes high. This turns on transistors
Q3, Q10, and Q13. When the distributor is reset, U9 - pin 10 (on the main board) goes high.
This turns on transistors Q5, Q11, and Q12, causing the distributor motor to rotate in the
reverse direction.

U9, U4, Q6, R37, R3B, R41, R48, C18, and the interrupt module comprise the distributor
position sensor circuitry. When output Q7 (pin 1) of U9 goes high, Q6 is biased (urned on),
thus supplying a ground to the interrupt module's LED. This ground allows the LED to turn
on, which in turn biases the interrupt module's phote transistor when the interrupt flag is
not blacking the LED's light path. When the photo transistor is turned on, a 5 volt signal is
applied to pin 16 (DI4) of U4. This 5 volt signal indicates that the distributor is not over a
botile.

The circuitry that controls the pump motor is also located on the power circuit board.
Transistors Q1, Q2, and Q6 to Q9 along with assaciated resistors are nsed to apply power to
the pump motor when required. When the pump is to run in the forward direction, the CPU
causes an output instruction to occur that sets pin 11 of U9 on the main circuit board to a
high (+5 volt) level. This turns on Q1 cn the power board which in turn biases Q6 and Q9.
Q6 and Q9 then apply power to the pump motor. When the pump is o run in the reverse di-
rection, pin 12 of U9 is set to a high level, turning Q2, Q7, and Q8 on. This applies power
to the motor in the reverse polarity.

The pump interrupt module, U6, R39, R40, and C20 combine to form the pump volume
count sensor circuitry. The pump interrapt module is an LED-photo transistor device. When
the pump's volume disk rotates between the photo transistor and LED, a pulse is generated.
This pulse passes through an inverter prior to going to the CPU. The CPU counts each
pulse to determine the amount of volume that is being pumped. R40 and C20 form a timing
constant to eliminate noise.

Flow pulsc inputs from an external flow meter enter the sampler on pin C of the flow meter
connector. They then pass through a wiring harness to P2, pin 12. R34 and Z1 maintain the
flow pulse input level to U6 at 6.8 volts. R35 and C17 form a timing constant to eliminate
any noise. U6 inverts the flow pulses and also forms a buffer between the input and U4. U4
is an input device which will place the flow pulse on the data bus so that this information
can be retrieved by the CPU.
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The event mark signal present at pin E of the flow meter occurs during the beginning of a
prepurge portion of a sampling cycle. It is a 12 volt DC signal, capable of driving a 2 amp
load. The circuit consists of U9, Q2, Q3, Q4, R12, R13, R14, R15, and R33. At the begin-
ning of a pump cycle, U9 will output a high signal from Q4 (pin 13). This high will bias
Q2 on. Q2 in turn will bias Q3 on, which in turn biases Q4 on. When Q4 turns on, 12
volts will be applied to pin E of the flow meter connector.

If a Model 1640 Liquid Level Sampler Actuator is being used with the Model 2900, the in-
hibit signal enters the sampler through pin F of the flow meter connector. Pin F is normally
pulled high by R46, When the inhibit signal is present, the high is pulled low. The low is
inverted by UJ6. The resulting high is then passed to U5, which is the CPU device. The CPU
notes the flag change and halts all sampling processes.

The bottle number circuitry generates a series of pulse signals that represent the bottle num-
ber that the Model 2900 distributor arm is on. These pulses are sent out through pin D of
the flow meter connector. U9 will receive the information from the data bus and pass this in-
formation out Q5 (pin 14). This signal will bias Q7, which then biases Q8, placing a 5 volt
pulsed signal on pin D of the connector.

U138, Q1, DS1, and R1 combine to form the beeper circuitry, When U18 outputs a 5 volt
DC signal (QO, pin 9) Q1 is biased. A biased Q1 places a ground on DSI (beeper), which in
tum allows 12 volis DC o be drupped across the beeper, causing an audio tone.



MODEL 2900

Figure 5.2-2 Power Supply Circuit Board Schematic Diagram
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Figure 5.2-3 Case Schematic Diagram
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Figure 5.2-4 Main Circuit Board Assembly
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Figure 5.2-5 Power Supply Circuit Board Assembly
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CHAPTER 6

6.0 SERVICING AND TROUBLESHOOTING - The sixth chapter of the Model 2900 Instruction Manual pre-

Background for servicing

sents sampler servicing information and a trouble shooting guide to assist the user in correct-
ing any malfunctions which might occur. Included are paragraphs providing information on
the replacement of the external fuse, on the removal of the control box, on the care of
CMOS circuitry in general, on gaining access to the electronic components, and on the
description of the sampler's celf-diagnostics. Also included is a troubleshooting section and
illustrated replacement parts list.

Before attempting to service or repair the sampler, it is strongly suggested that Chapter 5 of
this instruction manual covering the construction of the sampler be thoroughly read and un-
derstood. Should any service related questions arise, feel free to consult with our Customer
Service Department at the location listed in the preface to this instruction manual.

6.1 Replacement of the Fuse - The Model 2900 Sampler is protected by a 2 amp “slow blow" fuse, located on the

side of the control box near the connectors, as shown in Figure 2.1-5. Should the fuse blow,
it may be replaced by unscrewing the fuse holder cover, removing the blown fuse, inserting a
new fuse in the holder, and reinstalling the holder cover. To maintain watertightness of the
control box, be sure the fuse holder is tightly screwed in place. Should the fuse repeatedly
blow, it probably indicates a problem in the electronic circuitry.

6.2 Removal of the Control Box - Should there be a problem with the sampler which requires factory service, it is

Packing for return

usually easiest to return only the control box for repair. The control box is removed from the
sampler in the following manner. First, separate the center section from the sampler follow-
ing the procedure described in section 2.1.1 and disconnect the power source from the control
box. Remove the suction tube from the pump, and turn the center section over, as shown in
Figure 6.2-1.

Unscrew the distributor arm retaining nut, indicated in Figure 6.2-1, and pull the arm off the
distributor shaft. Pull the pump tube out of the distributor arm, and feed it out of the pump
tube port in the center section, The control box may then be removed by unscrewing the four
screws indicated in Figure 6.2-1, and lifting the center section plastic off the control box.
Screw the four screws and their lock washers into the control box to prevent losing them.

When returning the control box to the factory for repair, be sure to pack it securely, protect-
ing the distributor shaft, and include a note explaining the problem.
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Figure 6.2-1 Removing the Control Box

Pump Tube Port Distributor Arm Retaining Nut

Remove the Conirol Box by Unscrewing Four Screws
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6.3 Hints on Troubleshooting and Repair of CMOS Circuitry - Most of the Model 2900 Sampler circuitry

Protection from

consists of complimentary CMOS components. Because of the extremely high input
impedance of CMOS integrated circuits, certain precautions must be taken when working on
such circuitry.

The voltage levels present from static build-up due to walking static discharge over carpeted
floors, movement of woolen or synthetic clothes over chair seats, workbenches, etc., are suf-
ficiently high to destroy CMOS circuitry when performing repair work. Ideally, all tools,
soldering irons, etc., should be conducted to a grounded metal work bench, with grounding
straps applied to the wrists of personnel. It is recognized that in most field repair situations,
such precautions are impractical. However, certain extreme hazards must be avoided.

1. Never remove the control panel or perform any electronic work in a room with a
carpeted floor.

2, Always roll up work clothes sleeves so that your bare arms are in contact with the
working surface.

3. Avoid using a work surface made of an extremely good insulator such as '"Formica
or glass. Metal is best; a wood surface would be next best.

4, The depree of hazard will usually depend upon the level of humidity. Be particularly
careful if the work place is extremely dry.

5. When arriving at the workplace, after the unit has been opened for repair, always
make an effort to touch the metal chassis with at least one hand before touch-
ing any of the circuit conductors.

6. Be especially careful of the CMOS integrated circuits when they are removed from
the rest of the circuitry. Simply being connected to the rest of the circuitry
will, in most cases, provide some protection. Most of the circuitry is quite -
well protected from such damage when a battery or power pack is connected.
However, never remove or replace an IC while the circuit is under power.

6.4 Access to Electronic and Other Internal Components - All of the electronic components of the Model

Observe static precautions

2900 Sampler are mounted within the control box. The basic circuitry of the sampler is con-
tained on a single circuit board assembly which is mounted to the underside of the control
box cover.

As discussed in section 6.6, below, Isco believes that the Model 2900 is most efficiently
serviced by returning it to the factory. However, should the user choose to service the unit,
the electronic components may be accessed as follows. When handling the internal compo-
nents, be sure to observe precaution regarding CMOS circuitry described in section 6.3.

To pain access to the electronic components, first disconnect the power source from the
sampler. Then, remove the ten screws around the outer edge of the control box cover. Lift
the cover off the control box's base, and tumn it over, as shown in Figure 6.4-1. The control
box cover assembly may be disconnected from the control box lower section by disconnect-
ing the connector indicated in Figure 6.4-2. The main circuit board assembly of the Model
2900 is protected by an aluminum shield. To remove this shield, unscrew the four screws in-
dicated in Figure 6.4-1, and lift the shield off. This will reveal the main circuit board, as
shown in Figure 6.4-2. To remove the circuit board assembly from the conuul box cover,
unscrew the four hex threaded standoffs, indicated in Figure 6.4-2. The circuit board may now
be pulled away from the control box cover. To completely disconnect the circuit board as-
sembly from the cover, disconnect the connector shown in Figure 6.4-2.
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Figure 6.4-1 View of Unplug to disconnect control box cover assembly from lower section
the Underside of the
Control Box Cover Shield

Figure 6.4-2 Main Unplug to disconnect circuit board from cover.
Circuit Board Main circuit board assembly

Unserew to remnve circuit hoard
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Figure 6.4-3 Control Plastic tray
Box Tray Removal

Unscrew to remove tray.

Fipure 6.4-4 Power

Circuit Board Disconnect to remove circuit board
Removal

Figure 6.4-5
Distributor Gear Case
Removal

Unscrew to remove distributor gear case
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The distributor and pump gear case assemblies are located in the lower section of the control
box. To gain access to these and other components in the control box lower section, remove
the three screws indicated in Figure 6.4-3. Then lift the plastic tray straight up out of the
control box. The distributor gear case may be removed from the control box by disconnect-
ing the three electrical connectors and unscrewing the three hex threaded standoffs from the
power circuit board, indicated in Figure 6.4-4. The power circuit board may now be removed,
which will then allow access to the three screws securing the distributor gear case to the cab-
inet bottom. Unscrew the three screws indicated in Figure 6.4-5, and lift the distributor gear
case straight out of the control box. The pump gear case may then be removed by removing
the pump's outer case and unscrewing the four screws on the pump's inner case.

6.5 Self-Diagnostics - The Model 2900 is programmed to run self-diagnostic routines to check out certain key circuit

components and other aspects of its operation. Three different self-diagnostic routines are or
may be nun: power up diagnostics, diagnostics during normal operation, and manually initi-
ated diagnostics. These are discussed individually in the following sections. The sampler's er-
ror messages are summarized in Table 2.2-1.

6.5.1 Power Up - Upon power up, the sampler rune diagnostic routines on its PROM (programmable read only mem-

Operation of display

ory) and RAM (random access memory). The PROM, which stores the sampler's operating
program, has its checksum verified. The RAM, which is used for temporary storage, is sub-
jected to a pattern check. Power up is defined as a condition where external power {either a
battery or power pack) has been removed from the sampler for a period of time iong enough
for the capacitors to discharge (approximately 10 seconds), and is then reconnected.

Upon power up. the sampler's display will show "PPPP." indicating that the PROM checks
are being made, If the PROM check is successful, the display will show "EEEE," indicating
that the RAM checks are being made. If the RAM check is successful, the display will be
cleared indicating the end of the power up diagnostics. If the sampler fails either portion of
the diagnostic checks, the display will "stick" on either '"PPPP" or "EEEE," depending upon
which failed. The display can be cleared only by powering the unit down and back up.
However, this will cause the power up diagnostics to be run again, and the probability is
high that the sampler will fail the diagnostics at the same point again. After the diagnostics
have been run, if the sampler had been on when power was removed, the distributor will run
to its "home" pesition (a stop just before the bottle 1 position) to verify registration, and
then retum to its previous position. If the sampler had been off when power was removed,
the distributar arm will run to its home pngition the first time it is umed on after a power

up.

6.5.1 Normal Operation - When the sampler is in the off, standby, and run states, a PROM checksum and RAM pat-

tern check (similar to the power up diagnostic checks) are run approximately every 30 sec-
onds. Thus, during the majority of the sampler's normal operation, the PROM and RAM are
checked on a regular, frequent basis.

As long as the PROM and RAM checks are successful, the user will not even be aware that
the checks are being run. However, should the sampler fail one of the checks, an error condi-
tion will be indicated on the display. If the sampler is operating in the off or standby states
when an error is detected, the display will rotate between two EEs ("-EE-") and either a 1 ("
1M ora2(" 2™. The 1 indicates a failure to pass the PROM check, while a 2 indicates a
failure to pass the RAM check. If the sampler is operating in the run mode, two EE's ('-EE-
" will replace time or flow pulse interval to the next sample in the normal rotation of the
display. There will be no indication as to whether the error occurred during a PROM or
RAM check. However, if a sampler with an error detected while in the run state is subse-
quently transferred from the run to the off or standby state, the display will alternate between
two EEs ("-EE-'") and eithera 1 (" 1")ora2 (" 2.
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Clearing error message

6.5.2 Manually Initiated -

Automatic portion

Individual procedures

Terminate diagnosrics

Event mark

MODEL 2900

The error message may be cleared from the display only by powering the unit down and back
up. However, this will cause the power up diagnostics to be run, and there is a good chance
that a PROM or RAM error will again be detected. The excepton to this is if the error were
originally caused by transitory electronic malfunction ("glitch") and not a hard error.

A more extensive diagnostic routine may also be manually initiated when desired. For a
sampler in the standby state. pressing the PUMP STOP key five times in succession will
cause the manually initiated diagnostic routine to be run. The manually initiated diagnostic
routine is composed of two portions. The first portion runs automatically. The second por-
tion consists of a number of individual tests which may be run at the operator's option.

The automatic portion of the manually initiated diagnostics begins shortly after the PUMP
STOP key is pressed five times. First, the nine legends are individually turned on in order
(TIME, FLOW, COMP, BTL #, MPLX, PRGM, STEP, STNDBY, LOCK, and RUN).
Then, the following series of patterns are shown on the display:

|lmll
Il] 1 1 1 (1]
n2222"
H3333"
I!4444ll
"5355"
II6666II
"
"8838"
"ogog"
II1234I|
II2468I|
"3579"
" __n
"HELP"

The display is then cleared, and the pump is turned on in the forward direction for approxi-
mately 2 secands. After the pump shuts off, the display will alternate between two numbers.
These numbers are used at the factory t check the optical system that counts revolutions of
the pump. The smaller of these two numbers should be at least 100, and the larger should be
less than twice the smaller nomber. If the optical system is inoperative, an error message
will be shown on the display: a rotation between two EEs ("-EE-"y and a ¢ (" 6'7), indicating
faulty pump rotation counting optics.

This completes the automatic portion of the manually initiated diagnostics. At this point,
the user may choose to end the diagnostics, or may choose to run one or more of several in-
dividuval diagnostic procedures. These procedures are started by pressing the keys listed below,
When the procedure is ended, the display will return to the rotation between the two numbers
that ended the automatic portion of the diagnostics. If there is no activity on the keypad
within approximately 60 seconds after the diagnostics have ended, the sampler will automati-
cally be transferred to the standby state.

OFF - Pressing the OFF key terminates the diagnostics and transfers the sampler to the off
state.

ON - Pressing the ON key terminates the diagnostics and transfers the sampler to the standby
state.

MANUAL SAMPLE - Pressing the MANUAL SAMPLE key causes a single check  event
mark signal to be sent out on pin E of the FLOW METER coonector.
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Distributor checks

Pump tests

Clearing error messages

6.6 Troubleshooting - The

Factory service
recommended

User servicing

Troubleshooting hints

Questions to
bc answered
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START SAMPLING . Pressing the START SAMPLING key causes 37.5 Hz, 12 volt
square wave to be sent out on pin E of the FLOW METER connector. This signal is a mea-
sure of the time base of the sampler, and should be accurate to within + 0.0833%. This sig-
nal is present for approximately two minutes, and may be terminated by pressing any key
except START PROGRAM/RESET DISTRIBUTOR.

NEXT BOTTLE - Pressing the NEXT BOTTLE key starts the distributor diagnostic routine.
The distributor will run in reverse to just ahead of the first bottle, then run forward to just
beyond the twenty-fourth bottle. Pressing ON reverses back to the first bottle position; then
the distributor will advance to the bottle it was on when the diagnostic started, (The diagnos-
tic assumes that the sampler is using the 24 bottle modes.) If a hard error is detected in the
distributor's optical system during this diagnostic routinc, distributor movement will cease,
and an error message will be displayed. The display will alternate between two EEs ("-EE-")
and eithera 3 (" 3", a4 (" 4M,0ora 5 (" 5"). A 3 represents a time out error, indicating
that the distributor limits were not reached within an allowable time interval. A 4 represents
a bottle number 1/24 phase error, indicating that a mismatch in timing was noted between
the occurrence of the first or last bottle positdon and the distributor limit indicators. A 5 rep-
resents a total number of bottles error, indicating that more or less than the correct number
{24) of bottles were detected.

PUMP JOG FWD - Pressing the PUMP JOG FWD key causes the forward pump test of the
automatic portion of the test to be repeated. This again ends with the display rotating be-
tween Two numbers,

PUMP JOG REY - Pressing the PUMP JOG REV key causes the same pump test to be
run, except in the reverse direction.

An error message generated during the manually initiated diagnostics may be cleared from the
display only by powering the unit down and back up. Upon power up, the display will return
to the rotation of the two numbers that ended the automatic portion of the diagnostics.

electronic circuitry of the Model 2900 is almost completely solid state, and its reliability
is usually high. If the unit should fail to operate properly, the problem will most likely be
mechanical. Items such as a broken or intermittent connection in the power cable or wiring
harness shoukd be suspected,

If an electronic problem is suspected, Isco strangly recommends that the sampler be returned
to the factory for servicing. Due to the complex nature of the microprocessor-based sampler
circuitry, specialized knowledge and instrumentation are required for troubleshooting. The
Isco service department has the trained technicians and specially designed equipment neces-
sary for timely, efficient troubleshooting and repair of the Model 2900 Sampler.,

To reiterate, Isco believes that the user will normally be time and money ahead to return the
sampler to the factory for service. However, if the user has the facilities and desires to service
the unit her or himself, she or he is, of course, free to do so. In this case, the best aid to
troubleshooting is a thorough understanding of the sampler circuitry, as described in section
5.2. The Isco Cuostomer Service Department {at the location listed in the preface to this
manuoal) is available to provide additional information and advice with regard to servicing.

Following are some hints which may be of use in troubleshooting the sampler. In attempt-
ing to isolate problems with the unit, the CPU and memory should be assumed to be work-
ing properly until anempts 10 find problems in peripheral circuitry have been exhausted.
This is for two reasons. First, the likelihood of failure is far greater on transistor drive cir-
cuits, etc., than it is on the CPU or memory. Second, it is doubtful if the repair facility
would have the equipment or the time to do meaningful troubleshooting on the CPU or
memory.

The first questions to be answered when a problem exists are. Is the 5 volt rail up? Is there a
shorted or open drive transistor? Is there a cold solder joint? These are the type of questions
to be answered before atternpting to troubleshoot the CPU and memory.



CPU checks

MODEL 2900

Some checks on CPU operation can he marde, however, with an ascilloscope operating at a

high sweep rate (1M Hz or greater). If either of both SCO or SC1 outpuis (pins 6 and 5) of
the CPU show activity, the CPU is at least running, and executing some part of the pro-
gram. If no activity is present, the clear line to the CPU should be checked. It should be
high. If not, circuitry external to the CPU is stopping the CPU. If it is high and the CPU is
not running, check the terminals of the crystal to see if the oscillator is running. It should
always run.

Troubleshooting guide

guide is presented in Table 6.6-1.

Return of unit
to factory

To aid in troubleshooting relatively simple problems with the sampler, a troubleshooting

If trouble symptoms persist and cannot be located, ship the unit to the factory or consult our
Customer Service Department, at the location listed in the preface to this manual.

6.7 Replacement Parts List - An illustrated list of common replacement parts for the Model 2900 Sampler can be
found in Table 6.7-1. When ordering a replacement part, be sure to include the Isco assembly
or part number, a complete description, and the serial number of the sampler on which the
part is 1o be used. The serial number can be found on the tag affixed to the side of the sam-
pler control unit.

Table 6.6-1 Model 2900 Troubleshooting Guide

SYMPTOM

PROBABLE CAUSE

SOLUTION

. Sampler completely inoperative;
display does not light.

a. Dcad battery

b. Blown fuse

a. Replace ur recharge batiery

b. Replace fuse; see section 6.1.

2. Sample volumes incorrect

a. Pump tubing installed incomectly

b. Defective pump tubing

¢. Suction head or suction line valves
incorrectly programmed.

a. Install pump wbing per instruction in
section 3.2.

b. Replace pump tubing

<. Program per section 2.2

3, Pump cycles on and off during Low battery Replace or recharge battery
sampling cycle
4. Display reads “HELP" a. Low bettery & Replace or recharge battery

b. Sampler’s pump jammed by ice,
broken pump tube, or foreign object

b. Unjam pump

3. Display reads “--—"

a. Distributor still moving at time of
sarnple initiation

b. Distributor jammed or broken

a. Wait for distributor to be positioned
properly over botile

b. Check for obvious impediments:
consult factory

6. Display reads "PPPP"" or “EEEE"

a. Low battery

b. Failed FROM or RAM check during
power up

a. Replace or recharge battery

b. Consuit factory

7. Display reads “-EE-," possibly
alternating with a * 1" or “ 2"

Failed PROM or RAM check while in off,
standby or run states

Consult factory

1. Display reads “-EE-,” possibly

alternating with a * 3" or * 4»

Distributor jammed or broken

Check for obvious impediments; consult
factory

6-9




MODEL 23%00

13




MODEL 2900

See exploded view

22 ,
See exploded view

See exploded view



MODEL 2900

S0

6-12



MODEL 2900




MODEL 2%00




MODEL 2900

6-15



MODEL 2900

123

6-16



MODEL 2900 SAMPLER
REPLACEMENT PARTS LIST

ITEM | COMPLETE | INDIVIDUAL DESCRIPTION
NO. ASSEMBLY PARTS
1 60-2904-002 Top Cover Assy
5 68-2500-005 Model 2900 RPL Control Box
6 60-2904-003 Center Section Assy.
7 109060501 Draw Catch - Small
10 60-2923-007 Distributor Arm Nut
11 60-2903-008 Distributor Arm
12 109-0601-01 Draw Catch - Large
13 60-1393-142 Draw Catch Keeper Mod
18 60-2503-063 Desiccant Tray Standoff
19 60-2903-062 Desiccant Tray
20 60-2904-022 Power Circuit Board Assy. - Q.A.
21 60-2904-007 Distributor Gear Case Assy.
22 60-2904-008 Pump Gear Case Assy.
23 60-2904-010 Control Box Sub. Assy.
24 60-2704-024 Pump Housi_ng Assy. - lnsi_de (Bcfol:e S/N 6830-001)
60-2704-100 Pump Housing Assy. - Inside (Starting with S/N 6830-001)

*Not Shown
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MODEL 290¢ SAMPLER
REPLACEMENT PARTS LIST

ITEM | COMPLETE | INDIVIDUAL DESCRIPTION
NO. ASSEMBLY PARTS
25 202-1001-35 O-Ring #135
26 202-9999-03 Lip Seal 3/4" Bore 3/8" Shaft
27 231-9145-12 SST 8-32 X 3/4" Self Sealing Screw
60-2703-106 Pump Housing Besaring - Inside (Before S/N 6830-001)
28 60-3703-012 Pump Housing Bushing - Inside (Starting with S/N 6830-001)
29 60-2704-044 Pump Tubing Assy. 35"
30 60-2704-019 Pump Rotor Assy.
60-2703-107 Pump Housing Bearing - Qutside (Before S/N 6830-001)
3t 60-3703-012 Pump Housing Bushing (Starting with S/N 6830-001)
32 60-2703-044 Pump Housing Thumbscrew
60-2704-025 FPump Housing Assy. - Outside {Before S/N 6830-001)
33 60-2704-098 Pump Housing Assy. - Outside (Starting with S/N 6830-001)
34 60-2704-011 Tubing Clamp Assy.
35 099-0002-08 Humi-sorb Desiccant Bag - 4 oz, *
40 60-2904-027 Control Box Mod. Assy,
41 60-1393-082 Seal Gasket for Amp 2 Pin
42 60-1473-057 Seal Gasket for Amp Plog
43 140-1006-00 Amp Panel Mt. MS3102A-14S-6P
44 149-1001-00 Amp Dust Cover MS$9760-14
45 140-1602-01 Amp Panel Mt. MS3102R-10SL-4P
46 60-2703-079 Fuse Holder Mod.
47 202-1001-07 O-Ring #107 Buna-N
48 411-0311-62 Fuse 3AG 2 Amp SB 125V
*Not Shown 6-18




MODEL 2900 SAMPLER
REPLACEMENT PARTS LIST

ITEM | COMPLETE | INDIVIDUAL DESCRIPTION
NO. ASSEMBLY PARTS

49 60-2904-071 Conn Backing Plate Assy. w/ Gasket
50 202-9999-04 Lip Seal 1-1/2" Bore 1" Shaft
55 113-3245-00 Capacitor .047 MFD 100V
56 400-2147-13 Zener Diode IN4T44A 15V 1W
57 120-0001-00 Ferrite Bead
58 60-2904-017 Pump Motor Assy.
59 60-2903-046 Pump Encoder Disc
60 201-3123-00 Bearing Bronze F1.252 1D .377 OD
61 60-2904-021 Rear Support Plate Assy.
62 60-2903-022 Pump Support Motor Plate
63 60-2903-017 Pump Shaft Bearing
64 60-2904-019 Pump Shaft Assy.
65 60-2703-058 Pump Shaft Spacer
66 60-2904-020 Pump Support Plate Assy.
67 60-2703-037 Pump Shaft Spacer Plate
68 201-3123-00 Bearing Bronze F1.252 1D .377 OD
69 60-2903-013 Pump Spacer
70 60-2504-.018 Pinion Shaft Assy.
71 60-2903-019 Pump Spacer, Short

*Not Shown




MODEL 2900 SAMPLER
REPLACEMENT PARTS LIST

ITEM| COMPLETE | INDIVIDUAL DESCRIPTION
NO. ASSEMBLY PARTS

76 201-3123-00 Bearing Bronze F1.252 ID .377 OD
77 201-3115-00 Bearing Bronze Fl .189 ID .314 QD
78 60-2004-014 Distributor Top Plate Assy.
79 201-3113-00 Bearing Bronze F1.127ID .315 OD
80 237-3024-00 Spacer Alum 1/4" Hex 4-40 X 3/8"
81 60-2903-034 Distributor Plate Spacer
82 60-2903-031 Encoder Disc
83 60-2904-012 Geneva Wheel Shaft Assy,
84 60-2904-011 Driver Arm Shaft Assy.
85 119-0203-00 Cap. Ceramic .1uf 25V
86 120-0001-00 Fermite Bead
87 400-2147-13 Zener Diode 1N4744A 15V 1W
33 60-2704-003 Distributor Motor Assy.
89 60-2903-036 Distributor Motor Plate
9 60-2903-033 Distributor Motor Spacer
9] 60-2703-062 Distributor Gear Mod
92 60-2903-029 Idler Shaft
93 209-0005-01 SST Retaining Ring 5133-12H
94 60-2904-015 Distributor Bottom Plate Assy. (includes items 95 and 96)
95 201-3113-00 Bearing Bronze F1.127 ID .315 OD
%6 201-3115-00 Bearing Bronze F1.189 ID ,314 0D

*Not Shown
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MODEL 2900 SAMPLER
REPLACEMENT PARTS LIST

ITEM | COMPLETE INDIVIDUAL DESCRIPTION
NO. ASSEMBLY PARTS
97 209-0006-00 SST Retaining Ring 5133-18H
98 60-2904-013 Distributor Shaft Assy.
99 60-2903-040 Locking Lever Bearing
100 60-2903-042 Locking Lever
101 60-2903-039 Hold Down Locking Lever
109 60-2904-067 Cont. Panel Sub. Assy. - 2900 Series
110 60-2903-011 Control Box Gasket
111 60-2903-050 Keyboard Support
112 60-2903-056 CPU Shield Spacer
13 60-2903-051 CPU Shield
114 60-2504-023 Main Circuit Board Assy. - Q.A.
115 60-2703-064 Humidity Indicator Hold Down
116 490-0013-00 Humidity Indicator Card
117 60-2904-026 Keypad Wiring Harness
118 G0-2903-083 Keyboard Button Mokded
*Not Shown 6-21




MODEL 2900 SAMPLER
REPLACEMENT PARTS LIST

ITEM | COMPLETE | INDIVIDUAL DESCRIPTION
NO. ASSEMBLY PARTS
123 60-2904-058 Sample Bottle Tub
124 50-1634-153 Teflon Lined Glass Cap Assy.
125 60-1683-090 Glass Bottle (New Style)
126 60-2904-062 12 Bottle Expander Ring
130 60-2903-127 Bottle Retaining Ring
131 60-3704-111 Bottle Hold Down Cord Assy.
132 439-0002-00 Cable Clamp Nylon 1/4 In,
133 299-0334-00 500 ml Bottle Cap w/Foam Liner
134 60-2903-006 500 m] Sample Bottle
135 60-2904-035 Sample Botlle Tub Assy.
137 68-2900-002 24 - 500 ml Polyeth. Btls. w/Caps*
138 60-2903-006 500 ml Sample Bottle*
139 299.0334-00 500 ml Bottle Cap w/Foam Liner*
141* | 60-2904-064 fﬂugémtﬁ :}ﬂu"mt;’)'g Assy.
142* 60-2904-066 Strap Assembly
143* 60-2904-065 Insert Assembly
144+ 60-2604-059 Pump Tubing Assy. - 29"

*Not Shown

6-22




MODEL 2300 SAMPLER
REPLACEMENT PARTS LIST

ITEM | COMPLETE INDIVIDUAL DESCRIPTION
NO. ASSEMBLY PARTS
147* 60-1684-140 Nicad Power Cable
148+ 430-3299-00 Line Cord
149+ 60-1683-216 UL Qutdoor Line Cord STOW-A
6-23
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Isco instruments covered by this warranty
have a one-year limited warranty covering
parts and labor.

Any instrument that fails during the warranty
period, due to faulty parts or workmanship,
will be repaired at the factory at no charge to
the customer. Isco's exclusive liability is
limited to repair or replacement of defectijve
instruments. Isco is not lable for
consequential damages.

Isco will pay surface transportation charges
both ways within the 48 contiguous United
States if the instrument proves to be defective
within 30 days of shipment. Throughout the
remainder of the warranty period, the
customer will pay to return the instrument to
Isco, and Isco will pay surface transportation
to return the repaired instrument to the
customer. Isco will not pay air freight or
customer's packing and crating charges.

The warranty for any instrument is the one in
effect on date of shipment. Warranty period

* This warraaty applies to USA s, Cust

Before retuming any instrument for repair, piease call, fax, or e
department for instructions. Many problems can often be diagnosed and corrected over
the phone, or by e-mail, without returning the instrument to the factory.

One Year Limited Warranty *

Factory Service

in other countries should contact their lsco denler for warranty service.

begins on the shipping date, unless Isco
agrees in writing to a different date.

Excluded from this warranty are normal
wear; expendable items such as charts,
ribbon, tubing, and glassware; and damage
due to corrosion, misuse, accident, or lack of
proper maintenance. This warranty does not
eover lsco on-line Process Analyzers and
certain Isco SFE instruments, which are
covered under different warranty terms, nor
does it cover products not sold under the Tsco
trademark or for which any other warranty is
specifically stated in sales literature.

This warranty is cxpressly in licu of all viher
warranties and obligations and Isco
specifically disclaims any warranty of
merchantability or fitness for a particular
purpose. Any changes in this warranty must
be in writing and signed by a corporate
officer.

The warrantor is Isco, Inc. 4700 Superior,
Lincoln. NE 68504, U.S.A.

Instruments needing factory repair should be packed carefully, preferably in the
original carton, and shipped to the attention of the service department. Small, non-
fragile items can be sent by insured parcel post. PLEASE BE SURE TO ENCLOSE A

NOTE EXPLAINING THE DEFECT.

Return instruments to: Isco, Inc. - Attention Repair Service

4700 Superior Street

Lincoln NE 68504 USA

Mailing address: Isco, Inc.

PO Box 82531

Lincoln NE 68501 USA
Phone: Repair service: (800)775-2965 (b Instruments)

(800)228-4373 (samplers & flowmeters)

Sales & General Information (800)228-4373 (USA & Canada)

-mail the Isco service

Nevemnber 2000 « #2217

Fax: (402) 465-3001
Email: service@isco.com

Isco, Inc




