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1.0 INTRODUCTION

1.1 OBJECTIVES OF THE SAMPLING PROGRAM

The overall objectives of the Remedial Investigation and Feasibility Study
(RI/FS) to be undertaken at the Hunts Disposal Landfill (HDL) site in
Caledonia, Wisconsin, are to determine the nature and extent of the
contamination problem at the site, and to develop and evaluate remedial
alternatives. While the focus of the effort is to assess the extent of
existing contamination, effort will also be directed towards assessing the
potential for future contamination based on the wastes present at the site
and the development activities occurring in the areig

The focus of the field sampling effort is to ascertain the extent of
existing contamination, if any, and to assess the potential for future
contamination based on the wastes present at the site. The other objective
of this sampling activity is to fill in the rather limited data available
on the site keeping in mind the future development activities at and near
the site. The analysis from the field investigation would be basis for the
development of the Rl which would characterize the site.

Specific objectives, based primarily on information contained in the Work
Assigmment (2-5L3D), include:

o Assess the nature and extent of groundwater, surface water, and
soil contamination on and adjacent to the site.

o Assess the role that contaminants from the Hunts Disposal Landfill
Site play on the overall quality of water in the Root River, the
on-site lake, and on the nearby groundwater supplies.

0 Assess the extent of off-site migration of contaminants and their
impact on potential receptors.

00201/09
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o Identify potential pathways for exposure.

0 Ascertain whether the site poses a hazard to public health,
welfare, or the environment.

0 Recommend the most effective, most implementable and least costly
remedial alternatives.

1.2 SCOPE OF SAMPLING ACTIVITIES

The scope of the sampling activities at the HDL site includes the installa-
tion of 18 groundwater monitoring wells, and the collection and analysis of
158 investigative samples, 18 duplicates and 10 field blanks. The media/
matrices to be sampled include surface water, sediment, soil, and
groundwater. 176 samples will be analyzed for TCL and TAL parameters and
and 10 samples will analyzed for three geotechnical parameters:
permeability, porosity and grain-size. The number of sample containers
actually sent to the laboratory will vary depending on the analyses being
requested. However, each "sample" is designed to represent homogeneous
material which reflects the environmental condition of the location sampled
at the time the sample was taken.

The overall sampling effort is summarized in Table 1-1. The details of the
sampling and analysis program are summarized in Table 1-2. Table 1-2
provides the specific parameters to be measured, the number and frequency
of sampling, the level of QC effort for each environmental media/matrix.

00201/09



Type
Soil
-=Surficial

Sampling and Analysis Plan
Hunts Disposal Landfill

--Soil1 Borings (Split-Spoon Samples) 18
--Soi1 Borings (Shelby-Tube Samples) 10

Groundwater
--Monitoring-ﬂel]s*

(Installed and Existing)

-~Monitoring Wells*
(Existing)

-~Residential He]]s*

Surface Water
--River/Lake/Pits*

Sediment
--River/Lake/Pits

TOTALS:

Revisfon: Revised Draft
Section: 1
Date: July 1988
Page No.: 3 of 6
TABLE 1-1
SUMMARY OF SAMPLING EFFORT
Investigative Duplicate
35 4
2
42 6
3 1
10 1
20 2
20 2
158 18

*Duplicate matrix spike volume will be collected for one in ten

for all organic samples.
volatiles and extractable organics.

laboratory.

container of volatile organic samples

00201/09
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samples
This consists of triple the sample volume for
Spiking will be performed by the
One trip blank will be included with each shipment



SAWPLE MATRIX

SMlg\dFS

FIFLD PARAME TERS

Soits (Surficial)

Surtace water
Samgtlas

Sediagnts

$oil Horings
(Split-Spoon
Samples)

Qualitative organic
vapor screening with
Hitw or OVA and Hiu

-Geophysical invest-
igation.
-Radiological invest-
igation

Dualitetive arganic
vapor screening with
HNu or (WA and HNu
-ph

-Specific Conductance
-Temperature

Oualitative organic
vapor screening with
HINg or OVA and Ity

Qualitative orgenic
vapor screening with
1N or VA and Wy

TABLE -2

LARDRATORY PARAMETENS

--RAS Organics Package
From CLP Including
N Teatatively
tdeat{fied Parameters/a.

--RAS Inorganics/Metals
From CLP/b,

~<RAS Inorganics Package/
Cyanide From CLP/b,

=<RAS Organics Package
From CLP facluding

30 tentatively identified

Parameters/a.

--RAS [norganics Package/
Metals from CLP
Unfiitered Samples/b.

--RAS Inorgantcs Package/
Metals from CLP
Filtered Samples/h,

«=RAS inorganics Package/
Cyanide from CLP
Unfilitered/h.

--RAS fOirgantcs Package
From CLP tacluding 30
Tentatively identified
Parameters/a.

-<RAS Inorganics Package/
Metals from CLP/h,

--RAS Inorganics Package/
Cyanide From CLP/b,

(For selected samples

non head space analysis)
RAS Organics Packaye
from CLE taclmling 0
tentatively fdentified
Parameters/a,

--RAS Inorganics Package/
Metals From CLP/h,

-=RAS Inargenics Package/
Cyanide From (1P/b,

(

AMPLING AND ANALYSIS PROGRAM - HUNTS DISPOSAL LANDFILL

INVESTIGATIVE . SANPLES

SAMWPLES DUPL ICATE BLANK MAIRIR
N0, FREQ TOTAL ND. FRED TOTAL N0, FREQ TOTAL  TOIAL
3% ] 35 4 ] 4 - - - 39
% 1 % q 1 4 - - . »
KL | k1) 4 ) 4 - - - 39
20 1 20 ? 1 2 2 ) 2 24
2 1 20 2 | 2 2 ) 2 24
2 1 20 2 1 2 2 1 2 r{]
2 1 20 2 |} 2 2 ) 2 24
20 1 20 2 | 2 - - - 22
20 1 20 2 1 2 - - - 22
20 1 20 2 | ? - - - 22
18 1 18 2 1 2 - - - 20
8 t 1] / | ? - - - 20
(LI | n ? | ? - - - 20




SAMPLE MATRIX

TABLE 1-2 (Continued)

SUMMARY OF SAMPLING AND ANALYSIS PROGRAM - HUNTS DISPOSAL LANDFILL

FIELD PARAMETERS

Groundwater

Monitaring Well
Semples

(3 enisting and

I ewly

Instal bt wellg)

Qualitative organic

vapor screening with

Wiy or OVA and Hilu
inew wells anly)

~pil

~Specific Conductance

~Temperature

-Bail Down/Hydrau-
1ic conductivit
(new wells only

LARORATORY PARAME TERS

--Physical Geotechnical
Parameter from CLP
SAS/c.

Gratn size
Permeahility
Porosity

--SAS Organics Package
From CLP Including
30 Tentatively
Identified Parameters/
NDrinking Water Netec-
tion Liefts/c.

--RAS inorganics Package/
Metals From CLP
filtered Samples/h.

=-RAS Inorganics Package/
Cyanide From CLP
iInfiltered Samples/b.

-=SAS Inarganic Package
for Total Dissolved
Sollds/c.

Filtered Samples

---RAS Organics Package
plus SAS Fast-
turnaround/c.

From CLP Including
30 tentatively

Identified Parameters/a.

--=RAS Inorganics Package
plus SAS Fast-
turnaround/c.

Metals from CEP
Filtered Samples/h,

INVESTIGATIVE
SANPLES

MO, FREQ TOTAL
0 i ©
a2 (¥
2 2 42
4 B 4 4?2
2y 2 4?2

3 1 3

)

(X, SAMPLES
DUPLICATE
N, FREQ TOTAL

ALANK MIRIK
W0, FREQ TOTAL  [0FAL
- - - [

1 2 & 54
I o2 06 54
1 2 6 54
I 2 6 54
I T 5

I B 5




TABLE 1-2 (Continued)
SUMMARY OF SAMPLING AND ANALYSIS PROGRAM - HUNTS DISPOSAL

INVESTIGATIVE
SAMPLES

SAMPLE MATRIX FIELD PARAMETERS LABORATORY PARAMETERS NO. FREQ TOTAL

LANDFILL

QC SAMPLES

DUPLICATE
NO. FREQ TOTAL

NO. FREQ TOTAL

BLANK

MATRIX
TOTAL

---RAS Inorganics Package 3 1 3
plus SAS Fast-
turnaround/c.
Cyanide from CLP
Unfiltered samples/b.

Residential -pH --SAS Organic Package 10 1 10
Wells -Specific Conductance From CLP
-Temperature Including 30 Tenta-
tively Identified
Parameters/Drinking
Water Detection Limits/c.

--SAS Inorganic Package/ 10 1 10
Metals (including
Mercury) from CLP/
Drinking Water
Detection Limits/
Unfiltered Samples/c.

--SAS Inorganic Package/ 10 1 10
Cyanide From CLP/
Orinking Water
Detection Limits/
Unfiltered Samples/c.

a. Parameters to be analyzed for are 1isted in Table 4-2 of the QAPP.
b. Parameters to be analyzed for are listed in Table 4-3 of the QAPP.
c. Parameters to be analyzed for are listed in Appendix 3 of the SAP.

-3

1

1

NOTE: Matrix Spike/Matrix Spike Duplicate analyses will be performed on a 1 per 10 sample basis for every aqueous sampling

event. Triple the normal sample volume for organics analyses will be collected for these samples.

trip blank will be included with each shipment container of volatile organic samples.

00201/24-3
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2.0 SAMPLE LOCATIONS

2,1 SOIL SAMPLES

2.1.1 SURFICIAL SOIL

In order to characterize the extent of surface soil contamination at the
site, and the extent of surface migration of contaminated materials, 35
surficial sofl samples will be collected at locations on and near the site.
Included in the single round of samples will be duplicate samples taken at
four locations. At least one upgradient "clean" location and one "dirty"
ltocation will be chosen for duplicate sampling. These samples will be
analyzed for RAS CLP organic and inorganic parameters. The final number of
samples is subject to change based on new information obtained during the
field investigation. Locations at which samples will be taken include:

0 Areas surrounding the filled portion on the site.
o Areas adjacent to surface water bodies.

o Soil in contact with observed leachate seeps.

o Selected areas of the surface cover.

o Additional background locations outside the site boundary
to be determined in the field.

2.1.2 SUBSURFACE SOIL BORINGS (SPLIT-SPOON SAMPLES)

Subsurface soil samples will be collected during the drilling of the
deepest monitoring well at each well cluster. At the first deep well, the
boring will be continually split-spoon sampled to a depth of approximately
60 feet to establish the geologic conditions at the site. During the

00201/08
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drilling of the remaining deep monitoring wells at each well nest,
continuous split-spoon samples will be collected until just below the water
table and at five foot intervals thereafter or where there are any changes
fn lithology. An experienced geologist will classify all sofl samples and
record pertinent drilling information.

It is estimated that two subsurface split-spoon soil samples will be
retained at each of the well clusters. Thus there will be a total of

20 split-spoon samples. These samples will analyzed by the CLP for TCL
organics and TAL metals. One duplicate sample will be collected and
analyzed for every 10 subsurface soifl samples submitted. The selection of
which samples to be submitted for analysis will be based on observed
lithological changes and/or on the results of HNu head space monitoring.
At each of the sampling locatfons, one undisturbed sample (Shelby tube)
will be retained for laboratory determination of grain size, permeability
and porosity. The number of samples may vary based on new information
obtained during the drilling of each well.

2.2 GROUNDWATER SAMPLES

2,2,1 MONITORING WELL SAMPLES

A detailed groundwater investigation will be performed in order to further
assess the hydrologic characteristics of the aquifer(s) within the site
area, and to obtain groundwater samples that can be considered
representative of the chemical quality within the associated aquifer(s).

Presently there are three existing monitoring wells within the site study
area which could play an important part in this investigation. If wells
prove to be usable and accessible, these wells will be sampled and water
level measurements taken. Although QA/QC during installation of these
wells is currently unknown, this point will be taken into account when
reviewing and analyzing the analytical data.

00201/08
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Assuming access to the existing monitoring well can be gained, it fis
estimated that a total of 18 additional monitoring wells will be installed.
Sixteen of these wells will be located in eight "nests" each consisting of
a shallow well and a deep well. The other two wells will be single shallow
wells at the two different locations. Preliminary locations and depths of
the new monitoring wells and the locations of the existing wells are shown
in Figure 2-1,

For this investigation, two different well depths will be used to collect
hydrogeologic data. Shallow monitoring wells will be screened from 5 to 15
feet below the ground surface. These wells will provide information on
water table hydrology and will intercept any contamination that may be
floating on top of the water table. "Deep" wells will be completed between
the 20 and 40 foot range, depending on geology of that well location and if
there are indications of contamination (from the head space analysis).
These wells will give information on deeper potential contamination
migration routes. A1l existing wells are shallow. The wells nests are
situated to enable complete coverage to be given to all locations around
the landfill area without intrusively drilling into the landfill.

Although, generally water in the region moves laterally from west to east
through the glacial material, it is anticipated that in the area of the
landfill shallow groundwater is moving towards the Root River. Therefore,
the well locations have been situated at various points between,the land-
fi1l and the river to intercept the groundwater flowing in that direction.
Well nest locations 6, 8, and 9 on Figure 2-1 are the proposed background
locations situated in an areas where landfilling activities are not known
to have occurred. The data from these wells will aid in segregating
possible inherent area contamination from landfill related contamination.
The rationale for each monfitoring well location is shown in Table 2-1.

It is estimated that samples will be collected from 3 existing monitoring
wells and 18 proposed monitoring wells. The sampling will be conducted no
sooner than one week after the last proposed monitoring well has been
developed. A second phase of groundwater sampling will be conducted after

00201/08
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TABLE 2-1

RATIONALE FOR PLACEMENT OF NEW
GROUNDWATER MONITORING WELLS
AT HUNTS DISPOSAL LANDFILL

(Refer to Figure 2-1 for location
of wells; wells 1, 2 & 3 are
existing monfitoring wells)

Placement Rationale

Placed to intercept shallow (4,5, 10 & 11) and
deep (4 & 10) groundwater flow from the
landfill toward the Rog} River.

Placed to intercept shallow and deep ground-
water flow north from the landfill (7) and
east from the landfill (12),

Placed to determine if groundwater contamina-
tion has migrated a significant distance
southeast from the landfill., Also needed to
help establish regional groundwater flow
system.

Assumed to be background locations. However,
will be used to confirm this assumption and
place 1imits on groundwater contaminant
migration to the north (8), the northeast (6),
and southwest below the river (9). Also
needed to help establish regional groundwater
flow system.
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analytical results from the first round have been received and evaluated.

The 3 exjsting monitoring wells will be sampled during the first week of
field activities with a fast turnaround request placed on the analytical
results., These results will provide fnitfal insight fnto current
groundwater activities and will aid the field geologist in making decisions
during the installation of the 18 proposed monitoring wells.

One duplicate and one field blank will be collected for every ten
groundwater samples. A1l organic samples will be sent for full CLP
analyses for volatiles, semi-volatiles, pesticides and PCBs. 1In addition,
the protocol for obtafning low quantitation limits for drinking water
samples will be applied via a SAS request. All inorganic samples will be
analyzed for total metals and cyanide via RAS protocol. The number of
groundwater samples may change based on new information obtained during the
field investigation.

2.2.2 RESIDENTIAL WELL SAMPLES

Residential well groundwater sampling well be performed at homes in the
general area of the landfill. Ten (10) homes are scheduled to be sampled.
The analysis will provide an indication of the quality of drinking water
within the general site area. One duplicate and one field blank will also
be collected for QC purposes. A1l samples will be sent to the CLP for
analysis under SAS protoco! for low detection limits for drinking water
samples. The number of samples may change based on new information
obtained during field investigation. Figure 2-2 displays the locations of
the ten homes to be sampled.

2.3 SURFACE WATER SAMPLES

Surface water has been fdentified as a potential migration pathway from the
site. In addition to characterjzing this pathway, sampling at on- and

00201/08
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off-site surface water locations will provide an indication of the
leachability of hazardous contaminants from surficial soils and sediments
should these various media exhibit similar contaminants at each location.

The Root River is the major surface drainage feature in the area of the
site and, therefore, will be included in the surface water sampling activi-
ties. In addition, selected on-site standing water pools located during
the field investigation will be sampled.

A total of 20 surface water samples will be taken., Stations will be
located: 1) upstream of the site area, 2) immediately adjacent to the site,
and 3) at selected locations in the area of the site. Surface water
sampling locations are shown in Figure 2-3. A1l samples will be sent to
the CLP for full RAS analysis for organics, metals, and cyanide. Also
included will be 2 duplicate samples and 2 field blanks.

2.4 SEDIMENT SAMPLES

Depending on the physical/chemical nature of a contaminant and on the
method of deposition, it is possible for the sediments underlying a con-
taminated body of water to exhibit levels of contamination. If the Root
River or lake contain contamination, sampling the sediment would give an
indication of this contamination. A total of 20 sediment samples will be
collected at the same locations as the surface water samples. Also
included are 2 duplicate samples. Stations will be located upstream of the
site area, immediately adjacent to the site, in and along the banks of the
lake, and at selected locations upstream and downstream of the site in the
Root River. -

Sediment sample locations are shown in Figure 2-3. Al) sediment samples
will be sent to a CLP laboratory for full RAS analysis for organics,
metals, and cyanide. Field blanks are not used for sediment samples. The
number of samples is subject to change based on new information obtained
during the field investigation. -
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2.5 DOCUMENTING SAMPLING LOCATIONS

The physical locations of all monitoring wells, borings and on-site (or
immediately adjacent off-site) sampling sites will be staked, documented
photographically and their locations and elevations determined by a regis-
tered surveyor. All points will be tied to the nearest United States
Geological Survey (USGS) datum point and plotted on a scaled site map.
Taping surveys will use existing buildings, 1ight poles and similar fixed
objects shown on the existing site map as reference points. At least three
reference points will be used to locate each sampling site. The leveling
survey will be tied to mean sea level datum, which may require an off-site
traverse to establish an on-site benchmark.

2,6 DEVIATION FROM PLANNED SAMPLING ACTIVITIES

If through other activities at the site, the opportunity is presented to
obtain types of samples not listed (e.g. waste materials), these will be
collected in order to present further information concerning site condi-
tions and materials disposed of at the site.

2,7 GEOPHYSICAL INVESTIGATION

A geophysical survey will be conducted to determine whether there are
locations with a concentrated distribution of buried metal objects. The
primary geophysical techniques to be used for this investigation will be
magnetometer surveys and/or ground-penetrating radar.

The emphasis of the geophysical fnvestigation will be to assess whether
there are identifiable portions of the landfill in which metal objects are
concentrated. If this is found to be the case, the remedial option of a
partial removal could be explored further.

A1) final decisions concerning the ultimate area of investigation will
depend to an extent on findings and interpretations obtained in the field.
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2.8 RADIOLOGIC INVESTIGATION

In order to check surface gamma radiation in the area of the landfill, a
walk-over site survey will be performed. Prior to performing the survey,
the background gamma radiation level will be established by surveying
undisturbed areas in the vicinity of the site. The survey will consist of
site traverses on 200 foot spacings with a calibrated gamima ray detection
meter. Readings will be observed continuously and recorded at 200 foot
intervals along each traverse. Any anomalous readings will be noted. Any
area measuring 2 to 3 times the background radiation level per hour will be
staked out and subjected to a more detafled investigation. A beta and
alpha survey will be performed after the gamma investigation and will focus
on landfill areas where there has been significant erosion of cover
materials.

It is anticipated that no areas will exceed the level of 2-3 times the
background radiation level. If areas of high radiation are discovered, a
work assignment amendment would be sought in order to initiate further
studies.
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3.0 SAMPLE NUMBERING SYSTEM

A1l samples for chemical analysis, including field duplicates, field blanks
and trip blanks will be given two identification numbers: one will be the
U.S. EPA Central Regional Laboratory (CRL) serial identification number,
the other will be an in-house location identification number.

3.1 U.S. EPA CRL SAMPLE NUMBERING SYSTEM

Each sample must have a U.,S. EPA CRL sample number regardless of the lab-
oratory to which it s being shipped. The CRL sample number consists of
nine alphanumeric characters as follows:

88 - designates fiscal year (October 1, 1987 through
September 30, 1988

R - indicates samples sent by members of the REM V Team

J - designates project manager (as assigned, A through
Z)

01 - designates survey number (as assigned, 01 through 99
for each project manager A through Z)

S - indicates sample type (S = sample; D = duplicate;
R = blank)

01 - designates sample number within a given survey (as
assigned, 01 through 99 for each survey)

Survey and sample numbers are site-specific and are allocated in blocks for
each sampling trip. Individual sample codes are assigned to specific
samples by the Project Manager or sample team leader. A record of all CRL
sample identification numbers will be entered in the field log book and on
all other paperwork and labels. CRL numbers will also be cross-referenced
to chain-of-custody and shipping documents. A description of the sample
location will be entered into the field log book, including compass
directions and distances from reference points.
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3.2 SAMPLE LOCATION IDENTIFICATION SYSTEM

Each sample will also be assigned a location identifier.
will consist of three parts:

This identifier

0 Project identifier--a two-letter designation used to
identify the site; for Hunts Disposal Landfill these
letters will be HL, followed by a one character code
indicating the work phase of the RI investigation (1, 2,

etc.)

o Sample type and location--a two letter designation of

the sample type followed by a two-digit number for the

sampling location. A list of the two-letter codes for

sample types is presented in Table 3-1.

o Sample designation and sequence--a one or two character
code indicating whether the sample is a duplicate (D),
trip blank (TB) or field blank (FB). The second two
characters will be numbers (01, 02, etc.) indicating the

sequence of sample events for that location.

If a sample is considered to be a background sample, this will be
indicated by the addition of two-letter characters placed at the
end of the location identifier. The two characters will be BG

(background).

Some examples of the sampling number system are as follows:

0 HL1-SW04-S01: Hunts Disposal Landfill, work phase I,
surface water sample, location 04, first sample, taken

at this location.'
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TABLE 3-1

SAMPLE TYPE CODES

Type Code
Air (Ambient) AS
Water Supply (Residential Well) RW
Soil Areas (Surficial) SL
Soil Borings SB
Groundwater (Monitoring Wells) GW
Sediment (Stream and Pond) SD
Surface Water SW
Other oT

00201/06
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o HL1-SLO8-DO1: Hunts Disposal Landfill, work phase I,
surficial soil area sample, location 08, first duplicate
sample taken at this location.

o HL2-SD02-TBO2: Hunts Disposal Landfill, work phase II,
sediment sample, location 02, second trip blank taken
for this sample location.

o HL1-GWO2-FBO3: Hunts Disposal Landfi1l, work phase I,
groundwater sample, location 02, third field blank
(taken on sampling equipment prior to collecting
investigative samples at this location) taken at this
sample location, «

o HL1-RW04-SO01: Hunts Disposal Landfill, work phase I,
residential well sample, location 04, first sample taken
at this location.

0 HL1-SW03-S01-BG: Hunt Disposal Landfill, work phase I,
surface water, location 03, first sample taken at this
location, background sample.

The identification system for soil borings has an amended format.
An example of this format is as follows:

o HL2-SBO1D-010-012: Hunts Disposal Landfill, work phase
II, soil boring, location 01, duplicate sample, sample
taken from the 10-foot to 12-foot depth interval.

A1l sample location identifiers will be recorded in the field notebook with
an accurate description of the sampling location. These will also be
recorded on the Sample ldentification Record Form (Figure 3-1) and will be
used for computer tracking and identification of each sample.
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4,0 SAMPLING EQUIPMENT AND PROCEDURES

4.1 SURFICIAL SOIL SAMPLING

Surficial soil samples will be collected from 35 locations on and near the
site. The soil will be collected to a depth of 6 inches using a stainless
steel scoop. Samples will be obtained by scooping the soil from a small
area and placing it on a stainless steel tray. The soil will be mixed with
stainless steel spoons or spatulas until a homogeneous mixture is obtained.
(See Section 4.5 for details on compositing.) It will then be divided into
portions and placed in sample containers. Volatile samples will be placed
directly into sample containers without mixing. The stainless steel
spatula, scoop, and tray will be decontaminated directly after use
according to the procedures outlined in Table 4-1,

4,2 SOIL SAMPLES COLLECTED DURING DRILLING

During the installation of the eighteen new monitoring wells, split-spoon
samples (soil borings samples) will be collected from the deepest well at
each well location. Two samples per well will be selected and sent to the
CLP for analysis unless the field geologist determines the need for
additional analytical information pertaining to a particular core sample.
Eight of the ten well nest locations consist of a shallow and a deep well
and the remaining two shallow wells will be installed at two separate
locations. Therefore, an estimated twenty soil boring sampies will be
analyzed.

As was previously described in Section 2.1.2.1, the boring for the first
deep well will be continually split-spoon sampled to a depth of
approximately 60 feet to establish the geologic conditions at the site.
During the drilling of the remaining deep monitoring wells at each well
nest, continuous split-spoon samples will be collected until just below the
water table and at five foot intervals thereafter or where there are any
apparent changes in lithology.
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Each sofl sample will screened for volatile organics using a head space
analysis method. When the sample is brought to the surface, it will be
immediately transferred to a sample jar, quickly covered with aluminum foil
and put in a warm place. After the sample had warmed up to approximately
75 °F, allowing any volatile materials to collect in the head space above
the soil sample, an HNu probe will be used to pierce the aluminum foil and
the subsequent meter readings recorded. The field geologist will select
which samples will be submitted for analysis. This decision will be based
on observed lithological changes and/or the results of the HNu head space
monitoring.

Soil sample containers will be filled using stainless steel spoons and
spatulas. The VOA sample containers will be filled first without any
mixing or compositing. Where necessary a decontaminated chisel will be
used to breakup the core sample into small pieces. After the VOA sample
containers are filled, the remaining sample containers will be filled. If
the sample core appears highly non-homogeneous it will be necessary to
composite the remaining sample according to the procedures discussed in
Section 4.5 prior to filling the remaining sagmple containers. A1l sampling
equipment will be decontaminated directly after use according to the
procedures outlined in Table 4-1. Lithology samples will be retained
in-house for geological assessment at a later time. All samples will be
representative of materials encountered and will be obtained by driving a
2-inch outside diameter (0D) sample spoon with a 140-pound weight free
falling 30 inches. In general, all drilling and sampling operations will
conform to American Society for Testing and Materials (ASTM) standards.
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TABLE 4-1

STANDARD DECONTAMINATION PROTOCOL FOR SAMPLING EQUIPMENT

- Scrub equipment thoroughly with stiff-bristle brushes in a
low-sudsing detergent solution,

- Rinse equipment with tap water by submerging and/or spraying.
- Rinse equipment with isopropanol by spraying until dripping.

- Rinse equipment with distilled water by spraying until
dripping.

- Place equipment on aluminum foil and allow to air-dry for five
to ten minutes.

- Wrap equipment in aluminum foil (shiny side away from
equipment surface) for handling and/or storage until next use.

A1l excess run-off or drippings produced during the decontami-
nation procedure must be retained and poured into a marked
55-gallon drum, and stored onsite for future testing and
disposal.

In addition to the standard protocol, pumps and discharge lines
will be decontaminated by pumping the detergent solution, tap-
water rinse and distilled water rinse through the equipment. All
downhole drilling equipment and materials will be decontaminated
via steam cleaning unless the field geologist determines
otherwise. e.g. The presence of o0il or grease would require that
Step 1 in the above protocol be followed prior to steam cleaning.
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4,3 GROUNDWATER SAMPLING

4,3.1 MONITORING WELL SAMPLES

Groundwater samples will be collected from the 3 existing and 18 newly
installed monitoring wells. Samples will be collected using the
following procedures:

0 The well will be inspected for above ground damage.

o The air above the water column will be screened for
organic vapors with an HNu or OVA,

o The depth to the water level in the well will be measur-
ed with a weighted steel, or Fiberglas tapefdr with an

electronic sounding device. The weight will be designed
to create a popping sound on contact with the water

surface. Electronic sounding devices normally emit a

visible and/or audible signal upon contact with water.
The depth to water and the time of measurement will be
recorded.

0 Based on the water level measurement and the depth of
the well, the volume of standing water in the well will
be calculated.

o The well will be purged using a positive displacement
pump constructed of chemically inert materials. The
standard procedure will be to pump until at least three
well volumes have been removed.

o A1l downhole equipment shall be cleaned prior to sam-
pling using the following method:

- Rinse with clean distilled water;
- Rinse with isopropanol and allow to air dry, and
- Rinse at least once with clean distilled water

o Beginning with the fourth volume, periodic measurements
of pH, specific conductance and temperature will be made
using the procedures contained in Appendix 1.

o Purging may cease when measurements for all three
parameters have stabilized (+0.25 pH units, #50
umhos/cm, and +0.5 degrees C) for three consecutive
readings or after five well volumes have been removed.
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If the well pumps dry before three volumes have been
removed, the well will be allowed to recharge for 15
minutes and then pumped dry again.

0 The sample will be obtained with a dedicated PVC bailer.
The bailer will be raised and lowered in the well using
a new length of polypropylene cord at each location.

o The sampling and purging equipment will be decontamina-
ted in accordance with the standard protocol presented
in Table 4-1 prior to each use.

4,3.2 RESIDENTIAL WELL SAMPLING

Residential well samples will be collected from selected residential wells
in the site vicinity. Access to all of these wells will be coordinated by
the U.S. EPA, Residential aeration, softening and/or other devices will be
disconnected prior to sampling. The well pumps will be operated for at
least 10 minutes prior to collection of the sample. Field measurement of
pH, specific conductance and temperature will be performed using the
procedures contained in Appendix 1.

4.4 SURFACE WATER SAMPLING

Surface water samples will be collected from 20 locations including the
Root River, the lake to the north of the site and at various other areas on
and near the site. The river and lake samples will be obtained midstream
just below the water's surface. Additional sampling locations may be
identified if field observation warrant further investigation. For all
shallow surface water sampling locations, a pond sampler with either the
sample bottle or an intermediate disposable sampling container will be used
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to collect the sample. Intermediate disposable containers will be wide
mouth glass soil sample bottles. Field measurements (temperature, pH, and
conductivity) will be made in the intermediate container after sample
collection is completed. The sample bottle will be sealed, marked, and
labeled according to established chain-of-custody procedures. The
intermediate container used for sampling will be discarded after sampling
is complete at each location. Use of the sample bottle or intermediate
sample container for each sampling location will eliminate the potential of
a cross-contamination problem.

The sampler(s) will submerge an intermediate disposable container or sample
bottle directly into the water at midstream. The sampling container will
be evacuated.. Additional water will be allowed to enter the container and
the sample will be collected from the newly entering water. In the river
and stream, where two locations have an upstream-downstream relationship,
the downstream location will be sampled first so that disturbances to water
and sediment resulting from sample collection at one location do not affect
the subsequently sampled location. In each instance, the container's mouth
should be positioned so that it faces upstream. Field measurement of pH,
specific conductance and temperature will be performed using the procedures
contained in Appendix 1. At least 2 of the 20 surface water samples will
be collected at a depth from the lake and/or river. A Kemmerer sampler
will be utilized to collect the sample and convey it to the surface.

There, the appropriate sample containers will be filled, with the VOA
containers filled first. Ihformation concerning flow in the Root River
will be obtained from avai]éb1e data sources.

4.5 SEDIMENT SAMPLES

Sediment samples will be collected at 20 locations in and around the area
of the landfill. Stations Qi]] be upstream of the site area, immediately
adjacent to the site, in and along the banks of the lake and at selected
locations in the Root River; Samples taken from the banks of the lake and
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in those areas of shallow water, will be collected using either a 4-inch
diameter bucket auger or stainless steel hand trowels and spoons. Samples
taken at depth from the Root River and lake will be collected using a
gravity core sampler. The top 6 to 24 inches of solid material at each
sampling location will be collected. The VOA portion of each sediment
sample will not be composited. Instead a small portion of undisturbed
sediment taken directly from the hand auger or sampler will be placed in
each VOA sample container. The remaining sample will be placed in a
stainless steel mixing bowl or tray. When enough material has been
collected to fill all sample containers, the sample will be composited and
the remaining sample containers filled appropriately.

The compositing procedure is designed to ensure an acceptable degree of
mixing. Using a decontaminated stainless steel spoon or spatula, sample
material will be broken up into one-half inch diameter pieces or smaller.
The soil particles will then be stirred {using spoons or spatulas), so that
all of the soil at the bottom of the tray or bowl is displaced to the top
and vice versa. This action will be repeated at least three times (the
motion is similar to gently tossing a salad). The end result of composit-
ing is to acquire a soil mixture that appears to have the same properties
throughout such as color, grain size distribution and density/plasticity.

A1l sampling equipment, in¢cluding spatulas and spoons will be decontami-
nated in accordance with the standard decontamination protocol presented in
Table 4-1 prior to each use.

4,6 MONITORING WELL INSTALLATION

Eighteen monitoring wells will be installed at ten separate locations in
the site study area. The final configuration may vary based on additional
information gained during the field activities. The well installation
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procedure will be designed to provide additional information concerning the
stratigraphy and lithology of the area, aquifer continuity and direction(s)
of groundwater flow.

4,6,1 Two-Well Nests

Eight of the ten monitoring well locations will have a two-well nest

installed using the following procedures with the deeper well installed

first:

00201/07

The working end of the drilling rig and all equipment,
tools and materials will be steam cleaned prior to dril-
ling at each location. Provisions will be made to keep
the equipment, tools and materials from coming into
contact with surficial soils during drilling and well
installation.

The borehole will be advanced using hollow stem auger
drilling methods. The depth of the well will be
determined in the field but will generally be about
20-40 feet below the water table.

Samples will be collected using 2-inch split-spoon sam-
plers. Samples will be collected continuously until the
water table is reached and at 5-foot intervals to the
bottom of the boring displaying apparent changes in
lithology. As each sample is recovered, it will be
qualitatively screened for organic vapors using an OVA
or HNu {instrument. The instrument readings and soil
description will be entered into a sampling logbook.

The boring will be logged by a geologist or geotechnical
engineer and the samples retained for future reference
and possible geotechnical index testing.

Drilling and sampling will proceed until indicated by
the on-site geologist.

The well will be constructed of 2-inch diameter,
schedule 40 polyvinyl chloride pipe with flush-threaded
joints and a five-foot screened interval at the bottom.
The screen will be continuously slotted with openings of
0.010 inches.
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o0 The annular space around the screen will be backfilled
with a silt-free flint sand to a height at least two
feet above the top of the screen. A three-foot seal of
compressed pure bentonite pellets will be placed above
the sand pack, and the remaining annular space will be
filled with a cement-bentonite grout placed with a
tremie pipe.

0 A six-inch diameter, locking protective casing will be
installed at the surface with a concrete anchor and run-
off diversion apron. Locks will be provided. Vehicle-
bumper posts will be installed around the well if it is
located in a traffic area.

o The well will be developed by air surging or surge block
until at least five well volumes have been removed and
clear water is obtained during pumping. Well
development will be performed by the drilling contractor
under the supervision of the field geologist. Upon com-
pletion of development, a bail down recovery test, as
described in Subsection 4.9, will be performed to docu-
ment the sensitivity of the well and provide data for
calculating the hydraulic conductivity of the screened
interval.

The shallow wells at these locations (two-well nests) will be installed
using similar procedures except as follows:

o Samples will not be collected unless drill cuttings or
monitoring instruments show contamination or conditions
which vary from the deeper boring at the location.

o The depth of the boring will be determined in the field
and will be screened at depths selected by the onsite
geologist.

o The screened interval will span the water table surface.

o The screened interval will be ten feet in length.

o Extra care will be taken to ensure that the annulus of
the well is completely sealed against surface runoff,

The details of well construction for two-well nests are shown on Figure
4-1,
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4.6,2 Single-Well Installations

Monitoring wells at these locations will have only one well screened at the
depth of interest. There will be two locations with this configuration.
Proposed monitoring well locations are presented in Figure 2-1 of this
document.

The single wells will be installed using the following procedures:

00201/07

The working end of the drilling rig and all equipment, tools and
materials will be steam cleaned prior to drilling at each
location. Provisions will be made to keep the equipment, tools
and materials from coming into contact with surficial soils during
drilling and well installation.

The borehole will be advanced using hollow stem auger drilling
methods.

Samples will be collected using 2-inch split-spoon samplers.
Samples will be collected continuously until the water table is
reached and at 5 foot intervals to the bottom of the boring, or
where there are any apparent changes in lithology. As each sample
is recovered, it will be qualitatively screened for organic vapors
using an OVA or HNu instrument. The instrument readings and soil
description will be entered into a sampling log-book. The boring
will be logged by a geologist or geotechnical engineer and the
samples retained for future reference and possible geotechnical
index testing.

The well will be constructed of 2-inch diameter, schedule 40
polyvinyl chloride pipe with flush-threaded joints and five-foot
screened intervals at the bottom. The screen will be continuously
slotted with opening of 0.010 inches.
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The annular space around the screen will be backfilled with a
silt-free flint sand to a height at least two feet above the top
of the screen. A three-foot seal of compressed pure bentonite
pellets will be placed above the sand pack.

A six-inch diameter, locking protective casing will be installed
at the surface with a concrete anchor and runoff diversion apron.
The riser will be covered with a loosely fitting, PVC screw-on
cap. Locks will provided. Three vehicle-bumper posts will be
installed around the well if it is in a traffic area.

The well will be developed by air surging or surge block until at
least five well volumes have been removed and clear water is

obtained during pumping. Upon completion of development, a
bail-down recovery test, as described in Subsection 4.9, will be

performed to document the sensitivity of the well and provide data
for calculating the hydraulic conductivity of the screened
interval.

The details of well construction for the single-well installations are

shown on

Figure 4-2,

4,7 QUALITATIVE ORGANIC VAPOR SCREENING OF SOIL SAMPLES

The purpose of the organic vapor screening activity is to obtain a

preliminary indication of the magnitude and distribution of volatile

contaminants in the subsurface. This procedure will be performed on all
split-spoon samples taken during drilling. (The samples that will be sent
for laboratory analysis have been predetermined by depth so that an

attenuation profile can be obtained). Screening data may also be used to

adjust the depths of monitoring wells. Equipment needed for this screening

will be an HNu or an HNu in conjunction with an OVA, However, the HNu

alone should be adequate for a qualitative screening. General procedures
for use of the equipment for the detection of volatiles associated with
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split-spoon samples is as follows:

Verify that the OVA or HNu have been calibrated before
field use and that the equipment is functioning proper-
ly. (For calibration and operating information refer to
"Instruction & Service Manual, MI 2R900AC, Century Sys-
tems, Portable Organic Vapor Analyzer, Model OVA-128"
and Instruction Manual for Model! Pl 101, Photoionization
Analyzer, HNu Systems, 1975).

As the split-spoon is opened, pass the air intakes along
the sample at a distance of about one-half inch, noting
the location and magnitude of any readings. Record all
readings in the field 1og notebook.

If the OVA is used for the initial screening, and it is
believed that methane is interfering with readings,
attempt a second reading using the HNu. Ifghydrogen
sulfide is believed to be interfering with HNu readings,
attempt to verify HpS presence with an appropriate
indicator tube.

Record the highest reading on each instrument for each
six-inch interval of sample recovered, identifying
interferences and the basis of measurement.

Before the borehole is advanced or the next sample is
taken, place the air intakes in the hollowstem, noting
any readings and interferences as above.

In addition to the general procedures noted above, headspace analyses will

also be performed. A description of headspace screening procedures is

presented in Table 4-2.

00201/07
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TABLE 4-2
QUALITATIVE FIELD SCREENING FOR VOLATILE ORGANICS

Scope and Application

This method is applicable for qualitative screening at the
sampling location for volatile organics.

Summary of Method

The vapor in the head space above the samples is measured with an
OVA or HNu for a meter deflection, which indicates the presence
of organics.

Aggaratus

(A) Organic Vapor Analyzer (OVA) or Photoionization Detector
(HNu)

(B) Sealed Jar

(C) Aluminum Foi)

Sample Handling and Preparation

Collect samples as specified in the QAPP and place in an 8-oz.
jar until half full, Place aluminum foil over the jar mouth to
achieve as tight a seal as possible. Screw the jar 1id in place
and allow_the sample to warm to ambient temperature (approxi-
mately 75°F), by setting it out in the sun or by placing it in a
heated room.

Procedure

After the sample has warmed, which allows volatile organics to
enter the head space, poke the OVA/HNu probe through the foil. A
deflection upscale indicates the presence of volatile organics.
Adjust the scale {f necessary.
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4,8 BAILDOWN TESTING OF WELLS

The basic concept of a baildown test is that the rate of rise of the water
level in a well after an "instantaneous" withdrawal of a “slug" of water is
a function of aquifer hydraulic conductivity. Thus by measuring water
levels at various times following withdrawal of the slug, the hydraulic
conductivity can be calculated. The basic requirements are to quickly
displace a large slug of water and to quickly and accurately measure the
water level in the well after the displacement. Analysis of test data will
use appropriate computational methods such as that presented by Bouwer, H.
and R.C. Rice, 1977, "A Slug Test for Determining Hydraulic Conductivity of
Unconfined Aquifers with Completely or Partially Penetrating Wells", Water
Resources Research, vol. 12, no. 3, pp. 423-428,

Baildown testing of monitoring wells installed at the Hunts Landfill will
be performed as follows:

o Not less than 24 hours after development of the well, an
initial measurement of static water level will be made.

o A volume of water will then be displaced as rapidly as
possible using a solid slug inserted or withdrawn from
the well.

0 Using a pressure transducer attached to recording
equipment, water level measurements will be made at
gradually increasing time intervals until the water
level returns to near the static level.

o The data will be plotted in the field (water level vs.
log time) using semi-log paper to determine if the data
are sufficient to establish a reasonable straight-line
relationship.

00201/07



Sampling and Analysis Plan
Hunts Disposal Landfill
Revision: Revised Draft
Sectfon: 4

Date: July 1988

Page No.: 17 of 17

4.9 STORAGE AND DISPOSAL OF DRILLING AND SAMPLING WASTES

The sampling and drilling activities are expected to generate solid and
liquid "wastes". The activities, the anticipated type and amount of waste,
and the planned handling of the wastes are summarized below.

0 Surface water sampling: No wastes anticipated.

o Sediment sampling: solids, any excess sediment
collected in sampler will be returned to area of origin;
liquids =-- none.

o Water supply well sampling: no wastes anticipated.

o Soil area sampling: solids, any excess soil collected
will be returned to holes created by sample collection;
liquids -- none.

0 Monitoring well installation: solids, approximately 1
cubic foot of cuttings per 10 linear feet of borehole
will be retained in drums for future disposal. Liquids,
up to 0.16 gallons per linear foot of well volume of
water removed during well development, will be temporar-
ily retained in drums until head space analysis can be
performed on a representative sample. An HNu will be
used for this analysis. If the reading is between
background and 5 ppm, the contents of the drum will be
emptied in the area of collection. Otherwise the drums
will be stored onsite for future testing and disposal.

o Groundwater sampling: solids -- none; liquids, up to
0.16 gallons per lineal foot of well volume of water
purged from wells prior to sampling will be temporarily
retained in drums. The procedure similar to that
described previously for monitoring well installation
1iquids will be followed.

o Decontamination Procedures: A1l run-off and drippings
from the decontamination of equipment and contaminated
vehicles will be retained and pumped into 55 gallon
drums. These drums will be stored onsite for future
testing and disposal.
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5.0 SAMPLE ANALYSIS AND HANDLING

5.1 ANALYSIS PROGRAM

The analysis program for the samples collected during implementation of
this plan §s summarized in Table 1-2. A1l soil samples and surface water
samples collected for chemical analyses will be analyzed under RAS organic
protocol which uses GC screening followed by GC/MS analysis for the
quantitation of 126 TCL parameters. They will also be analyzed for 24 TAL
parameters under RAS inorganic protocol. Residential well water will be
analyzed for 126 TCL parameters and 24 TAL parameters under SAS protocol
for low quantitation 1imits. Groundwater organic samples will also be
analyzed for 126 TCL parameters under SAS protocol for low quantitation
1imits but RAS inorganic protocol will be utilized during the analysis of
the 24 TAL parameters. A1l samples are expected to be low concentration
samples and all analyses will be performed by assigned CLP facilities.

5.2 SAMPLE CONTAINERS AND PRESERVATION

5.2.1 Medium Hazard Samples

Medium hazard samples collected for chemical analysis by the CLP will be
packed and shipped in containers appropriate for the intended testing and
in accordance with the U.S. EPA protocols listed in Table 5-1.

5.2.2 Low Hazard Samples

Low hazard samples collected for chemical analysis by the CLP and CRL will
be contained and preserved?as appropriate for the intended testing and in
accordance with U.S. EPA pﬁotocols listed in Table 5-2. If required, sam-
ples will be placed on 1cef1mmed1ate1y after collection to maintain a tem-
perature of 4 degrees centﬁgrade.
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TABLE 5-1

REQUIRED SAMPLE VOLUME, CONTAINERS AND PRESERVATION FOR SOLID SAMPLES TESTED BY THE CLP
Low and Medium Concentration

Analysis Container Preservation Maximm Holding Time Yolume of Sample
Acid extractables, One 8-n2, glass lced to 4°C 5 days to extraction FIN 3/4 teN)
Rase/neitral wide mouth hottle 40 after extraction

exiractables, with Teflon-|ined

Pesticides/PCRs cap

Yolatiles Twn 120-m1 qlass leed tn 4°C 7 days FI11 completely

wide mouth viats
with Teflon-1ined
caps '
Metals and Cyanide One 8-02, wide Tced to 4°C 6 months (metals) FIVY 3/4 full
mouth bottle 14 days (cyanide)

26 days (mercury)

NOTE: Al organic samples must he protected from 1ight.

Nne valatile trip hlank (ultra-pure HPLC grade water poured directly into two 40-ml vials) will he suppiied
per VOA shipment container,




Analysis
ORGANIC

Aclid extractahle,
Rase/neutral
extractahle,
Pesticides/PCBs
{Low Level)

Volatiles
(l.ow Level)

INORGANIC
Metals
(l.ow Level)

Cyanide
(Low Level)

Container

Two AN-0z. gylass
amher bottles u!t”
Teflon-11ned caps—

Two 40-ml1 volatile
organic analysis (VOA)
vials with,[eflon-
lined caps—

One 1-1{ter high
density polyethylene
hottle

One 1-1{ter high
density polyethylene
hottle

TABLE 5-2

Low Concentration

Preservation Maximum Holding Time

lced to 4°C 7 days until extraction
40 days after extraction

lced to 4% 7 days

1:1 HNO, to pH 6 months

pH < 2 26 days (mercury)

lced to 4%

6N NAOH to pH 14 days

pH > 12

lced to 4%

REQUIRED SAMPLE VOLUME, CONTAINERS AND PRESERVATION FOR AQUEOUS SAMPLES TESTED BY THE CLP

Yolume of Smple

F111 to neck of hottle

Fi1) completely,
No air bubbles

Fi1) to shoulder of
hottle

F111 to shoulder of
bottle

NOTE: v Three 1-11ter glass amher bottles with Teflon-,1neu cups ire required for drlntlnq water samples.,

b4 Four 40-m} VOA vials with Teflan-1ined caps are required for drinking water nnpln.

l’m medium level samples must he sealed in dividual paint cans for shipment,
NOTE: A1l organic samples must be protected from 1ight.




Analysts
ORGANIC

Acid extractahle,
Hase/acutral
extractable,
l‘.-n.icldesll'cn'l
(Medium Level )~

Yolatiles 1/
(Medium Level )=

INORGANIC
N.tl‘ ' s l /
{Meddium Love) )

Cyantde 1/
(Medim Level)—

Container

Four 32-07. wide

msouth glass jars with

Taflon-1{ned caps

Two 40-m) volatfile

organic analysis (YOA)

glass vials with
Teflon-1ined caps

Nne 16-0z. wide
wouth glass jar
hottie

One 16-nz2. wide
mouth glass jar
hottle

TABLE 5-2 (Continued)

Medium Concentration

Preservation

lced to 4°C

lced to 4%

1:1 M0, to pH
i ¢ 2 2/
lced to 4%C &

6N NADH to pH

pit > 12
lced to 4° u

NOTE : Y AV) medim level samples must be sealed in individual paint cans for shipment.

Maximm Holding Time

7 days unti] extraction
40 days after extraction

7 days

6 months
26 days (mercury)

14 days

REQUIRED SAMPLE VOLUME, CONTAINERS AND PRESERVATION FOR AQUEOUS SAMPLES TESTED BY TME CLP

Yolume of le

F111 to neck of bottle

F111 completely,
No air bubbles

Fi11 to shoulder of
bottle

Fi11 to shoulder of
bottle

2 If samples are considered medium level due solely to elevated concentrations of organics, then the

fnorganic samples will he preserved as normal,

NOTE: A1l organic samples must be protected from 1ight

However, if inorganic concentrations are also known to be
elevated, no preservatives will he added to either total metals or cyanide samples.



TABLE 5-2 (Continued)

REQUIRED SAMPLE VOLUME, CONTAINERS AND PRESERVATION FOR AQUEOUS SAMPLES TESTED 8Y THE CLP

Low and Medium Concentration

Analysis Container Preservation Maximgym Holding Time Volume of Spmple
INORGARIC (Contfnued)
Dissolved Metals* One 1-11ter high 1:1 HNO, to ph § months Fi11 to shoulder of
(Low Level) density polyethylene <2’ 26 days (mercury) bottle

hott le lced to 4°C

(Filtered on site)
Total Nissolved One 1-liter high Tced to 4% 7 days Filled to shoulder of
Sotfds® denc ity polyethylene bottle
(Low Level) hottle

(Filtered on site)
§ NORGANIC
Hssolved Nch;ls' One 32-02. wide 1:1 HNO; to pH 6 months Fﬂl‘to shoulder of
(Medium Level mouth glass jar pH < 2 26 days (mercu bottle

(f1)tered on site) lced to 4°%C ys ( ry)

{Filtered on site)
Tatal Nissolved One 32-02, wide lced to 4°C 7 days Filled to shoulder of
Solids* mouth glass jar hottle
(Medium Level) {filtered on site)

(Filtered on site)

* Applicable to groundwater samples only,

NOTE: AV} Organic Samples must be protected from light,
Mater samples collected for Matrix Spike/Matrix Spike Duplicete require triple the volume specified for volatile organics
and extractahles, In addition, one volatile trip blank (ultra-pure HPLC grade water poured directly into two 40-m) vials)
will be supplied per VOA shipment contatner.

If residual chlorine or sulfides are suspected to be present in the groundwater, the following tests will be performed on
the cyanide water sample before the sample is preserved with 10N sodfum hydroxide:

A drop of sample will be tested with potassium fodide-starch test paper (Kl-starch paper);: a blue color indicates
the presence of oxidizing agents and the need for treatment. Ascorbic acid will then be added, a few crystals at a
time, until a drop of sample produces no color on the indicator paper., Then an additional 0.69 of ascorhic acld
will he added for each liter of sample volume,

A drop of sample will he tested on lead acetate paper !gevlousl!_mutemd with acetic acid huffer solution.
Darkening of the paper will indicate the presence of S . I1f S is present it will he removed by the addition of
powered cadmium carbonate until a drop of the treated solution does not darken the lead acetate test paper. The
solution wil) then he fiitered before sodium hydroxide preservative is added to tha sample (stabilizatton pH > 12).

0n201/27-3
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Monitoring well groundwater samples collected for RAS inorganics metals
analysis will be filtered in the field as soon as possible after collection
and prior to the addition of nitric acid preservative. Filtering will be
done with a pressure filtration device and 0.45 micron filter paper. Pro-
cedure for filtration of samples is contained in Appendix 2. Residential
well samples collected for metals analysis will not be filtered prior to
acid preservation. Both filtered and unfiltered surface water samples for
metals analysis will be collected and sent to the CLP,

5.3 SAMPLE PACKAGING AND SHIPMENT

Following sampling, the exterior of all sample bottles will be inftially
decontaminated (if necessary) near the sampling location by wiping outer
surface with a moist cloth prior to transportation to the Contamination
Reduction Zone where the Support Technician will complete decontamination
of bottles. Filled sample bottles should not be sprayed with water during
decontamination because this water could contact the sample if container is
not tightly sealed. A sampling team member will help the Field Data
Coordinator (FDC) prepare documentation and package the bottles for
shipment according to the following procedures:

0 Where required, check to make sure that the sample is
properly preserved; tighten cap securely and seal with
tape; mark liquid levels if bottles are partially full,

0 Make sure traffic report labels, CRL number labels, and
custody tags are securely attached to the sample con-
tainer; place each container in a ZiplLoc Baggie,
ensuring that labels can be read.

o For medium concentration samples, place sample container
in a metal paint can. Fill the excess space with vermi-
culite or equivalent absorbent material. Mark the sam-
ple number and proper DOT hazard classification on each
can. Unknown samples will be classified as "Flammable
Solid N.0.S. UN 1325." Seal paint cans using 3 clips to
affix 1id.
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o Place containers in a cooler 1ined with two inches of
vermiculite or equivalent absorbent material, F8r Tow
concentration samples, maintain temperature at 4°C with
cold packs or ice sealed in plastic bags. Fill remain-
fng space in cooler with additional packing material.

o Put chain-of-custody forms and sample documentation
forms in a ZipLoc Baggie and tape to inside of cooler
lid.

0 Close cooler and seal shut with strapping tape; if
cooler has a drain port, seal it shut with tape; place
one custody seal across closure at front of cooler and
across hinge area at back of cooler.

o Affix airbill with shipper's and consignee's addresses
to top of cooler; if samples are liquid, place “This End
Up" labels appropriately.

la

o For medium concentration samples, label coolers with

proper DOT hazard classification markings.

The Field Manager should contact the REM V Sampling Coordinator to confirm
sample shipment dates to the CLP for Routine Analytical Service (RAS)
analyses, and two weeks in advance for Special Analytical Service (SAS)
analyses. The Field Manager will notify the Sampling Coordinator of any
last minute changes in the sampling schedule. Upon shipment of samples to
the CLP, the FDC will call the Sampling Coordinator (before 5:30 p.m.
central time on the day of the shipment or early the following morning).
The Sampling Coordinator must be notified by 2:00 p.m. Friday for shipments
to the CLP for Saturday delivery/pick-up. The Sampling Coordinator be
provided with the following information.

Case and/or SAS numbers.

Name of laboratory(s).

Date of shipment,

Carrier, airbill :number.

Number and matrices of samples shipped.

Information regarding changes or delays pertaining to
the activity.

000000

00201/05



Sampling and Analysis Plan
Hunts Disposal Landfill
Revision: Revised Draft
Section: 5

Date: July 1988

Page No.: 8 of 9

A1l samples will be shipped via Federal Express for next day delivery.
Organic samples will be shipped within 24 hours of collection and inorganic

samples within 48 hours of collection.

5.4 QUALITY CONTROL REQUIREMENTS

A1l sampling activities will include the procedures as described in the
following paragraphs. The anticipated QC effort associated with specific
sampling activities is shown in Table 1-2,

Field Duplicates

For water and soil samples, one duplicate (of the same type and container
size) will be collected for every 10 samples (or portion thereof) during
each sampling activity. Duplicate samples will be collected by alternately
filling two sets of sample bottles or air tubes from the same sample unit
(e.g., bail of water, scoop of sediment, spoon of soil, flowing water
source pump) for each set of parameters.

Trip Blanks

For all sample media, a trip blank for volatile organic analysis (VOA) will
be fncluded in each sample shipment containing samples for volatile organic
analysis. The trip blank will consist of two 40-ml VOA vials and will be
prepared in the field by a member of the field team. Preparation of the
trip blank entails the pouring of ultra-pure (HPLC grade) water into the
two 40-m1 vials (leaving no head space), and carefully securing the caps to
ensure the absence of air bubbles. This procedure will occur outside in a
location away from the area of contamination and away from exhaust fumes,
cigarette smoke or any form of aerosol sprays. The trip blank will be
documented on a Traffic Report form and on a Chain-Of-Custody form for a
shipment being sent to the Contract Laboratory Program.

00201/05
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Field Blanks

For every 10 aqueous samples (or portion thereof) collected during sampling
activities, one field blank will be collected. The field blank will be
prepared by pouring reagent grade distilled water over freshly decontami-
nated unused sampling equipment. The VOA vials will be filled first by
collecting the water in the vials as it runs off the equipment. Then the
remaining sample liquid will be collected in large decontaminated stainless
steel buckets. When enough sample volume has been collected all extract-
able and tnorganic sample containers will be filled. Each field blank will
be documented on a Traffic Report Form and on a Chain-0f-Custody Record
Form and will be sent to the CLP for Routine Analytical Services as
designated by the IFB. Field documentation of each field blank will be
handled by the relevant field personnel.

Matrix Spikes and Matrix Spike Duplicates

For soil and water samples, one sample out of every 10 (or portion thereof)
collected for volatile organic analysis and extractable organic analysis
during each sampling activity will be labeled as a matrix spike duplicate
(MSD). The matrix spike duplicate sample must be collected at triple the
volume normally collected for this parameter. The MSD will be documented
on the Traffic Report Form and on a Chain-Of-Custody Record Form for
samples sent to CLP. Matrix spike analysis by the CLP will be performed as
designated by the IFB and does not require documentation from field person-
nel. No trip blanks or field blanks will be used for MSD analysis.

00201/05
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6.0 SAMPLE DOCUMENTATION AND TRACKING

6.1 FIELD RECORDS

Field observations and other pertinent information pertaining to the
collection of samples will be recorded in bound log books using black
waterproof ink. Standard formats will be developed so that data relating
to the collection of each type of sample and to the installation of
monitoring wells are consistently recorded. The data to be recorded will
include date, time, samplers, location, sample number, custody tag number,
weather, instrument readings and visual description of sample, in addition
to other data specific to each sample type. The standard formats are
presented in Tables 6-1 through 6-7. In addition to written records,
photographs will be taken as needed to further clarify sampling activities.

6.2 CHAIN-OF-CUSTODY PROCEDURES

A1l samples will be collected and handled in accordance with established
Chain-of-Custody procedures. These procedures are summarized below.

o All information required on the custody tag, including the
signatures of all sampling team members and a predesignated
location description, will be filled out in the field.

o Prior to relinquishing samples for packaging and shipment, one
member of the sampling team will transfer all data contained on the
custody tags to a Chain-of-Custody Record, which responsible team
members will sign.

o The individual who prepared the Chain-of-Custody Record will
relinquish the samples to the sample handling technician, who will
prepare all CLP traffic reports and affix appropriate traffic
report labels to the sample containers.

0 The technician will package the samples for shipment making sure

that all traffic reports, Chain-of-Custody Records and
documentation paper work is enclosed.

00201/04



TABLE 6-1

HUNTS DISPOSAL LANDFILL
SURFACE WATER SAMPLING

DATE: LOCATION:

FIELD SAMPLE NO.:

SAMPLERS:

WEATHER:

TIME COLLECTION BEGAN: HRS.
TIME COLLECTION ENDED: HRS,

INTERMEDIATE BOTTLE USED: YES - NO

LOCATION DESCRIPTION:

SAMPLE DESCRIPTION:

00201/04
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LOGGED BY:

FIELD MEASUREMENTS:
pH:____ STANDARD UNIT

SPEC. COND.: umhos/cm

TEMPERATURE : oC

CUSTODY TAG NUMBERS:
ORGANICS:
INORGANICS:
CYANIDE:

REMARKS :




HUNTS DISPOSAL LANDFILL
SOIL/SEDIMENT SAMPLING

DATE: LOCATION:

FIELD SAMPLE NO.:

TABLE 6-2

SAMPLERS:

WEATHER:

TIME COLLECTION BEGAN:

HRS.

TIME COLLECTION ENDED:

HRS.

DEPTH INTERVAL:

INCHES

LOCATION DESCRIPTION:

SOIL DESCRIPTION:

00201 /04
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LOGGED BY:

CUSTODY TAG NUMBERS:
ORGANICS:

INORGANICS:

CYANIDE:

DIOXIN:

REMARKS :
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HUNTS DISPOSAL LANDFILL
WELL INSTALLATION

LOCATION: UNIT:

INSTALLERS:

TABLE 6-3

WEATHER:

LOCATION DESCRIPTION:

TIME DRILLING BEGAN:
DATE:

HRS.

TIME DRILLING ENDED:
DATE:

HRS.

TIME INSTALLATION BEGAN:
DATE:

HRS.

TIME INSTALLATION ENDED:
DATE:

HRS.

TIME DEVELOPMENT BEGAN:
DATE:

HRS.

TIME DEVELOPMENT ENDED:
DATE:

HRS.

TOTAL DEPTH OF BORING:

FEET
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LOGGED BY:

WELL CONSTRUCTION:

SCREEN LENGTH: FEET
SLOT TYPE: MILLED-CONTINUOUS
SLOT SIZE: INCHES
WELL DIAMETER: INCHES
RISER LENGTH: FEET

RISER MATERIAL:
COUPLING METHOD:

DEPTH TO TIP OF SCREEN:
FEET

ANNULUS BACK FILLINGS (FEET):

DEPTH OF SENSING ZONE:

FEET

PROTECTIVE CASING:
DIAMETER: INCHES
LENGTH: FEET
STICK-UP: FEET

LOCKING: YES - NO
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TABLE 6-3 (continued)

CASING FLUSHED CLEAN: YES - NO
WELL DEVELOPMENT:
INITIAL WATER DEPTH:
VOLUME IN WELL:
VOLUME REMOVED
SURGE AND PUMP CYCLES: 1-2-3-4-5
FINAL DISCHARGE CLEAR: YES - NO

BAILDOWN RECOVERY TEST:

INITIAL WATER DEPTH: FEET

WELL DIAMETER: INCHES

WATER VOLUME REMOVED: GALS.
DURATION OF BAILDOWN: MINS.,

RECOVERY MEASUREMENTS:
TIME(MIN):  DEPTH(FEET)
0

1/2

REMARKS:

00201704



HUNTS DISPOSAL LANDFILL
WELL INSTALLATION - FIELD SAMPLING

BORING
LOCATION:

TABLE 6-4

FIELD SAMPLE NO.:

TIME SAMPLE COLLECTED:

SAMPLE TYPE:

HRS.

SPLIT SPOON - SHELBY TUBE
DEPTH INTERVAL:

BLOW COUNTS / RECOVERY (INCHES)

/

SAMPLE DESCRIPTION:

ORGANIC VAPOR SCREENING

SAMPLE
TOP

MIDDLE
BOTTOM

REMARKS :

OVA(PPM)

HNu (PPM)
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LOGGED BY:

WATER QUALITY SAMPLES:

FIELD SAMPLE NO.:
TIME SAMPLE COLLETTED: ARS
DEPTH: FEET

SAMPLE DESCRIPTION:

FIELD MEASUREMENTS:

pH____ STANDARD UNITS
SPET. COND. umhos/cm
TEMPERATURE : oC
ORGANIC VAPOR SCREENING
OVA(PPM)
HNu (PPM)
REMARKS :
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TABLE 6-5

HUNTS DISPOSAL LANDFILL
GROUNDWATER SAMPLING

DATE: LOCATION:

FIELD SAMPLE NO.:

SAMPLERS:

WEATHER:

INITIAL WATER DEPTH: FEET
TOTAL WELL DEPTH: FEET
WATER VOLUME IN WELL: GALS.
TIME PURGING BEGAN: HRS.
TIME PURGING ENDED: HRS.

DID WELL GO DRY?: YES - NO
WATER VOLUME PURGED: GALS.

LOCATION DESCRIPTION:

TIME COLLECTION BEGAN: : HRS .
TIME COLLECTION ENDED: HRS .

SAMPLE DESCRIPTION:
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LOGGED BY:

FIELD MEASUREMENTS:

pH: STANDARD UNITS
SPEC. COND.: umhos/cm
TEMPERATURE: oC

FILTERED: YES NO

CUSTODY TAG NUMBERS:
ORGANICS:
INORGANICS:
CYANIDE:

REMARKS :

00201/04
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HUNTS DISPOSAL LANDFILL
AIR SAMPLING (IF NECESSARY)

DATE: LOCATION:

TABLE 6-6

FIELD SAMPLE NO.:
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Date: July 1988

Page No.: 8 of 13

LOGGED BY:

CUSTODY TAG NUMBERS:
VOA FRACTION:

SAMPLERS:
WEATHER:
.{_-

TIME COLLECTION BEGAN: HRS. OBSERVED FLOW RATE:
TIME COLLECTION ENDED: HRS. OBSERVED FLOW RATE:
LOCATION DESCRIPTION: CALIBRATION INFORMATION:

METHOD USED:

MEASURED FLOW RATE:
READINGS: OBSERVED FLOW RATE:
EXPLOSIMETER/OXYGEN METER:

YLEL

HNu: REMARKS :
OVA:
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TABLE 6-7

HUNTS DISPOSAL LANDFILL LOGGED BY:
SOIL CORING SAMPLING
DATE: LOCATION:
SAMPLERS: FIELD SAMPLE NO.:

DEPTH INTERVAL:

TIME SAMPLE COLLECTED: HRS
WEATHER: SAMPLE DESCRIPTION:
TIME SAMPLING BEGAN: HRS. ORGANIC VAPOR SCREENING:

TIME SAMPLING ENDED:

HRS.

LOCATION DESCRIPTION:

00201/04

OVA: PPM
HNu: PPM

SAMPLE OVA(PPM)  HNu(PPM)

TOP
MIDDLE
BOTTOM

CUSTODY TAG NUMBERS:
ORGANICS:

INORGANICS:

CYANIDE:

DIOXIN:

REMARKS :

LFOR EACH SAMPLE }
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o If samples are stored temporarily prior to shipment, they will be
kept cool and placed in a secured storage area. Coolers will be
sealed and custody seals affixed just prior to shipment.

The sample handling technician will maintain lists cross-referencing site
sample numbers, custody tag numbers, traffic report numbers, analyses to be
performed, custody seal numbers, shippers' airbill numbers, and consigned
laboratories in a bound log book using black ink. (For detailed guidance
on completing Chain-of-Custody and sample tracking paperwork, refer to
“Sampling Handbook, U.S. EPA TAT, Region V, Revised 1985.")

6.3 DOCUMENTING SAMPLE LOCATIONS

Representative photographs of sampling stations with respect to surrounding
area and relaiive to objects used to locate the station will be taken. The
picture number and roll number will be logged in the field book to identify
which sampling site is depicted in the photograph. The film roll number
will be identified by taking a photograph of an information sign on the
first frame of the roll. This sign would have the job and film roll number
written on it so as to identify the pictures contained on the roll.

For example: Roll Number 1
Frame Number 1 of 36
1 Dec 1987 - Dec 1987

General locations of the sampling sites will be documented photographical-
1y, while detailed locations will be determined by taping. Sampling loca-
tions will be located by taping using at least three permanent reference
points (i.e., the site grid matrix, telephone poles, fire hydrants, manhole
covers, etc.). Depths will be measured with reference to ground surface.

00201/04
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6.4 SAMPLE DOCUMENTATION FORMS

Sample documentation required by the U.S. EPA are numbered and must be
accounted for., If a document is voided, do not destroy it: save and
return it to the REM V sample coordinator. Copies of the multiple-copy
forms must accompany samples to the laboratory.

The other copies must be sent to the Sampling Coordinator immediately
following sampling shipment. The protocol to be followed for shipping the
samples and required documentation is summarized below:

A) Chain-of-Custody Form
1. One form per shipping container (cooler).

2. Carrier service does not need to sign form if custody seals
remain intact.

3. Use for all samples.
B) Chain-of-Custody Seals

1. Two seals per shipping container to secure the 1id and
provide evidence that samples have not been tampered with.

2. Cover seals with clear tape.
3. Record seal numbers on Chain-of-Custody Form.
4. Use for all samples.

C) Organic and Inorganic Traffic Reports

1. For low and medium samples, one form required for each sample
undergoing RAS organic or inorganic analysis by CLP.

2. Preprinted stickers on forms should be affixed to the
appropriate sample containers.

3. These numbers are recorded on the Chain-of-Custody Forms.

00201/04
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If the updated muiti-sample Traffic Reports are used, each
sample requires an individual Traffic Report Sticker with a
unique imprinted Traffic Report Number.

Sample Tags

1,

2.

3.

Each sample container must have a Sample Tag affixed to it
with string or wire.

Traffic Report Number and Case Number are recorded in the
“Remarks" section of the tag.

Sample Tag Numbers are recorded on the Chain-of-Custody
Forms.

Use for all samples.
Packing List

One form is required for each "All SAS" sample request being
analyzed by the CLP. If the sampling activity extends over
several days, more than one form is used.

SAS samples are numbered using the SAS Sample Number followed
by a hyphen and progressive numerical ‘designation starting
with 1.

Adhesive sample labels must be provided by the sampler and
marked with appropriate SAS Sample Number.

Other Sample Documentation Required

R)

B)

00201/04

CLP

Sample Data Report
Must be completed for all CLP samples

For samples sent to CLP Laboratories, these forms are sent to
Sampling Coordinator to be forwarded to the RSCC.

The forms are necessary for the U.S. EPA to track the samples
and ensure data validation.

Sample Identification Record Form

1.

Will provide a means of recording crucial sample shipping and
tracking information.
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2. Will contain information as follows to be entered into the
REM V analytical database:

a) Case Number

b) CRL Number

c) Sample Matrix

d) Site Number

e) Sample Local Code
Sample Round

Sample Type (blank, replicate)
Number of Bottles
Traffic Report Numbers
Chain-of-Custody Number
Lab Code

Date Sampled

Date Shipped

Airbill Number

Sample Tag Number

O 33 —=XCu=hTW N
et st st St e S S St i S

<
3. This form must be maintained for each sample shipment and
forwarded to the Sampling Coordinator upon sampie shipment.
A11 paperwork accompanying the samples being shipped to the CLP labora-
tories will be sealed in a plastic bag that is taped to the inside of the
cooler 1id. Copies of the Chain-of-Custody Forms and other paperwork will
be retained for the field files.

The Sample Handling Coordinator will maintain lists cross-referencing site
sample numbers, custody tag number, traffic report numbers, analyses to be
performed, custody seal number, shippers' airbill numbers, and consigned
laboratories in a bound log book using black ink and on the Sample
Identification Record Forms (see Figure 3-1). For more details on sampling
paperwork, refer to “User's Guide to the Contract Laboratory Program, U.S.
EPA, Revised December, 1986".
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7.0 SAMPLING TEAM ORGANIZATION

The sampling team will consist of five individuals with the following roles
and responsibilities:

o Field Manager -- responsible for overall execution of the sampling
plan; will direct drilling activities for the soil borings and
monitoring well installations; will direct a two-man sampling team
during other sampling activities.

o Site Health and Safety Coordinator (SHSC) -- responsible for
implementation of the site safety plan as contained in the Site
Evaluation Form (SEF); will operate OVA and HNu instruments for
screening of soil samples during drilling activities; will direct a
two-man sampling team during some of the other sampling activities.

o Sample Collector -- primarily involved in sample collection, may

assist with decontamination and/or sample handling; will have the
“dirty hands" during drilling activities and when sampling with the

field manager or site safety officer.

o Decontamination Technician -~ primarily involved in decontamination
of sampling equipment and sampling team personnel, may assist with
sample collection and/or sample handling; will have the "dirty
hands"” when sampling with the field manager or site safety officer.

o Sample Handling Coordinator -- primarily involved in sample
packaging and processing of sample custody and tracking paper work,
may assist with decontamination; will remain at the command post
and coordinate procurements and communications.

The site manager will participate in all of the activities listed above.
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8.0 SAMPLING SCHEDULE

Table 8-1 provides a description for the overall schedule for the major
field activities at the HDL site. The proposed schedule is dependent on a
timely review and approval of the QAPP by U.S, EPA Quality Assurance
Office, and the timely return of validated analytical data. The
“miscellaneous” sampling event listed for the August-September time period
will be used for the collection of samples that may be considered necessary
following review of earlier data.
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TABLE 8-1

SCHEDULE FOR FIELD ACTIVITIES AT THE HDL SITE*

August

August - October

October -
November

Site Survey; Establishment of Site Grid Network
Radiologic Investigation
Geophysical Investigation

Initial Mobilization/Site Setup
Monitoring Well Installation

Soil Sampling

Surface Water and Sediment Sampling
Existing Monitoring Well Sampling
Residential Well Sampling

Monitoring Well Sampling
Other Miscellaneous Sampling as Needed

* A1l dates are for the 1988 calendar year
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APPENDIX 1

Procedures for Field Measurement of pH, Specific
Conductance and Temperature of Water Samples
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Field Measurement of pH in Water

Scope and Application

This method is applicable to samples of surface water, water supplies
and groundwater with measurement occurring at the sampling location.

Summary of Method

The pH of water is determined using a portable, field pH meter with a
temperature-compensated combination electrode.

Apparatus

A) Haake Buchler pH Meter Stick
B) 100 ml disposable beakers

(‘
Reagents
A) pH referenced buffer solutions:
1) pH = 4,00 +.01
2) pH = 7.00 +.01
3) pH = 10.00 +.01

B) distilled water

Sample Handling and Preparation

Sample aliquots for pH measurement should be obtained directly from
the sampling point in 100 ml disposable beakers. Groundwater samples
being tested during well purging can be obtained from the pump
discharge line.

Calibration
Calibrate the meter/electrode using two reference solutions that

bracket the expected pH of the sample. Reference solutions should be
at room temperature. Immerse the electrode in pH 7.00 solution and

adjust the meter as needed. Remove and rinse the electrode and repeat

using the second buffer solution. Repeat adjustments until readings
are within 0.05 pH units of the reference values.

00201/14
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Procedure

Immerse the electrode in the water while gently agitating. After
about one-half minute, record the pH reading to the nearest 0.05
units -- provided the meter readings are not fluctuating more than
+0.03 units. Be sure that temperature compensation has been provided
for. Remove and thoroughly rinse the electrode with distilled water.
Repeat the measurement procedure until four readings have been
obtained.

Interferences

Prolonged immersion of the electrode in turbid solutions can lead to
plugging of the liquid junction and erratic meter readings. The
electrode should be cleaned by gently blotting with a lab tissue and
rinsing with distilled water.

Verification of Accuracy

Following the last of the four replicate measurements, immerse the
rinsed electrode in each of the reference buffer solutions used to
calibrate the meter/electrode prior to sample measurements. If the
readings are not within 0,05 units of the reference values, recalibrate
the meter/electrode and re-do the measurement of the sample just
tested.

Assessment of Precision

Calculate the mean and standard deviation of the four replicate
measurements. If the standard deviation is greater than 0.1 units,
re-do the measurement of the sample just tested including calibration
and verification.

Reporting

Report the average value of the replicate measurements to the nearest
0.1 units,

00201/14
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Field Measurement of Specific Conductance
and Temperature

Scope and Application

This method is applicable to samples of stormwater, surface water,
water supplies and ground water measurement occurring at the sampling
point.

Summary of Methods

The specific conductance and temperature of water is determined using a
portable, field conductivity meter having manual temperature
compensation.

Apparatus

A)  YSI Model 33 S-C-T Meter with weighted probe
B) 100 m! disposable beakers

Reagents

A) 0.01 N KCL reference solution
B) Distilled Water

Sample Handling and Preparation

Sample aliquots for specific conductance and temperature should be
obtained directly from the sampling point in 100 ml disposable beakers.
Ground water samples being tested during well purging can be obtained
from the pump discharge line.

Calibration

Calibrate the thermometer in the probe against the thermometer in the
field laboratory. Readings should be within *+1 degree C. Calibrate
the specific conductance meter using the 0.01 N KC1 reference solution.
The specific conductance of this solution is 1413 umhos/cm at 25
degrees C. Adjust the meter as needed. Temperature calibration should
be performed weekly. Specific conductance calibrate should be
performed dafly during the period of use.
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Procedure

Check battery condition by turning selector dial to “Red Line". Adjust
meter as needed. Immerse the probe in the beaker while gently
agitating. Turn selector dial to "Temperature" and record temperature
of water. Turn selector dial to "Conductivity" at the scale range
appropriate to sample conductance. Record specific conductance to
three significant digits. Remove and thoroughly rinse the probe with
distilled water. Repeat temperature and specific conductance
measurements until four sets of readings have been obtained.

Assessment of Precision

Calculate the mean and standard deviation of the four specific
conductance measurements., If the standard deviation is greater than 5%
of the mean, re-do the measurement of the sample just tested.

Reporting

Report the average values of the replicate measurements to the nearest
1 degree C for temperature and to three significant digits for specific
conductance.
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APPENDIX 2

PROCEDURES FOR FILTRATION OF GROUNDWATER SAMPLES

1.0 INTRODUCTION

The sampler should carefully review any proposed procedures for filtering
samples on site. Filtration of samples in which volatile organic
constituents are of interest is not recommended, since filtration may strip
these constituents from the sample. However, filtration of samples in
which metals are the constituents of concern may be gpplicable depending on
the proposed analytical method. If total recoverable methods are to be
used, the sample should not be filtered. However, if measurement of
dissolved metals is desired, the sample should be filtered on site.

Dissolved metal samples are filtered to remove particulate matter which may
have been drawn through the well screen from the surrounding geologic
materials. These particulates may have adsorbed constituents that, once a
preservative (particularly acid) is added, may become dissolved in the
sampie. Thus, if samples truly representative of in-situ groundwater
quality are desired, filtering should be required. However, if the goal is
simply to detect the subsurface presence of a constituent, filtering may
not be recommended. Analyzing unfiltered samples may, accordingly be
particularly suitable for detection monitoring. However, establishment of
a suitable background may become a problem because water quality
measurements my be strongly influenced by the design and construction of
individual wells and the grain size distribution of the formation in which
the intake of each well is located. The sampler will need to determine
which method is most appropriate for each particular program. In some
cases both filtered and unfiltered samples may be collected and compared.
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If minerals precipitation is observed during filtration or if the chemical
species of interest are suspected to be significantly present in colloidal
form, a unfiltered acidified sample should also be collected and

subsequently analyzed for the same parameters as the filtered sample. The

containers for the filtered and unfiltered samples must be so labeled and
appropriately identified in the field notes.

2.0 PROCEDURE

If filtration is required, the use of a 0.45 micron filter is generally
considered appropriate. Occasionally well or surface waters may contain
concentrations of Total Suspended Solids (TSS) which are high enough to
result in the clogging of 0.45 micron filters. To avoid clogging,
commercially available prefilters should be used in addition to the 0.45
micron filters. A1l filters used should be made of materials compatible
with the chemical characteristics of the groundwater samples.

Filtration of groundwater samples will be performed when appropriate, as

summarized in the table below.

Analysis

Volatile
Total Metals or Ions
Dissolved Metals or lons

00201/15
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APPENDIX 3.1

SAS REQUEST FOR FAST TURNAROUND ANALYSIS OF GROUNDWATER SAMPLES
FOR
FULL RAS ORGANICS
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U.S. Environmental Protection Agency

CLP Sample Management Office SAS Number |
P.0. Box 818, Alexandria, Virgina 22313 |
PHONE: (703)/557-2490 or FTS/557-2490 |

SPECIAL ANALYTICAL SERVICES
Client Request

T_—_-T Regional Transmittal -I———_{ Telephone Request

E.

EPA Region/Client: REGION V/CCJM

RSCC Representative: JAN PELS

Telephone Number: (312) 353-2720

Date of Request: 6th June 1988

Site Name: HUNTS DISPOSAL LANDFILL

Please provide below a description of your request for Special Analytical
Services under the Contract Laboratory Program. In order to most efficiently
obtain laboratory capability for your request, please address the following
considerations, if applicable. Incomplete or erroneous information may result
in delay in the processing of your request. Please continue response on
additional sheets, or attach supplementary information as needed.

lo

General description of analytical service requested: Fast turnaround

analysis of water samples for RAS organics (volatiles, semi-volatiles and

pesticides/PCBs).

Definition and number of work units involved (specify whether whole
samples or fractions; whether organics or inorganics; whether aqueous or
soil and sediments; and whether low, medium, or high concentration):

A total of 5 low concentration water samples -- 3 investigative,

1 duplicate and 1 field blank. All analyzed for full RAS organic analysis.

Purpose of analysis (specify whether Superfund (Remedial or Enforcement),
RCRA, NPDES, etc.):

Superfund Remedfal

Estimated date(s) of collections: 11lth July thru 15th July 1988

Estimated date(s) and method of shipment: 1lth July thru 15th July 1988

00206/07
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6. Number of days analysis and data required after laboratory receipt of
samples:

7 days to analysis -~ Final report and data due within 15 days of sample

receipt.

7. Analytical protocol required (attach copy if other than a protocol
currently used in this program:

CLP protocol for RAS organics IFB WA87-J001/J002/J003 and K236/K237/K238.

8. Special technical instruction (if outside protocol requirements, specify
compound names, CAS numbers, detection limits, etc.):

CLP protocol for RAS organics

9, Analytical results required (if known, specify format for data sheets,
QA/0C reports, Chain-of-Custody documentation, etc.). If not completed,
format of results will be left to program discretion.

As per IFB

10. Other (use additional sheets or attach supplementary information, as
needed):

11, Name of sampling/shipping contact: Mona Sutherland

Phone: (312) 621-3944

00206/07



I. DATA REQUIREMENTS

Parameter Detection Limit Precision Desired
(+% or Conc.)

As per IFB

IT. QC REQUIREMENTS

Audits Required Frequency of Audits Limits* (+% or Conc.)

As per IFB

ITI, ACTION REQUIRED IF LIMITS ARE EXCEEDED:

Take corrective action.

Contact Jay Thakkar or Chuck Elly
(312) 886-1972 (312) 353-9087

Please return this request to the Sample Management Office as soon as possible
to expedite processing of your request for special analytical services.

Should you have any questions or need any assistance, please call the Sample
Management Office.
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APPENDIX 3.2

SAS REQUEST FOR FAST TURNAROUND ANALYSIS OF GROUNDWATER SAMPLES
FOR
FULL RAS INORGANICS
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U.S. Environmental Protection Agency
CLP Sample Management Office [ SAS Number

P.0. Box 818, Alexandria, Virgina 22313
PHONE: (703)/557-2490 or FTS/557-2490

SPECIAL ANALYTICAL SERVICES
Client Request

]—————[ Regional Transmittal ]—————[ Telephone Request

A. EPA Region/Client: REGION V/CCJM

B. RSCC Representative: JAN PELS

C. Telephone Number: (312) 353-2720

D. Date of Request: 6th June 1988

E. Site Name: HUNTS DISPOSAL LANDFILL

Please provide below a description of your request for Special Analytical
Services under the Contract Laboratory Program. In order to most efficiently
obtain laboratory capability for your request, please address the following
considerations, if applicable. Incomplete or erroneous information may result
in delay in the processing of your request. Please continue response on
additional sheets, or attach supplementary information as needed.

1. General description of analytical service requested: Fast turnaround

analysis of water samples for RAS inorganic (including mercury) and

cyanide.

2. Definition and number of work units involved (specify whether whole
samples or fractions; whether organics or inorganics; whether aqueous or
soil and sediments; and whether low, medium, or high concentration):

A total of 5 low concentration water samples: 3 invéstigativel

1 duplicate and 1 field blank. All analyzed for full RAS inorganic

analysis and cyanide.

3. Purpose of analysis (specify whether Superfund (Remedial or Enforcement),
RCRA, NPDES, etc.):

Superfund Remedial

4, Estimated date(s) of collections: 11lth July thru 15th July 1988

5. Estimated date(s) and method of shipment: 1lth July thru 15th July 1988

00206/08
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Number of days analysis and data required after laboratory receipt of
samples:

7 days to analysis -- Final report and data due within 15 days of sample

receipt.

Analytical protocol required (attach copy if other than a protocol
currently used in this program:

CLP Protocol for RAS inorganics IFB WAB7-K025/K(026/K027 and K201

Special technical instruction (if outside protocol requirements, specify
compound names, CAS numbers, detection limits, etc.):

CLP Protocol for RAS inorganics

Analytical results required (if known, specify format for data sheets,
QA/0C reports, Chain-of-Custody documentation, etc.). If not completed,
format of results will be left to program discretion.

As per IFB

!_-
Other (use additional sheets or attach supplementary information, as
needed):

Name of sampling/shipping contact: Mona Sutherland

Phone: (312) 621-3944

00206 /08



I. DATA REQUIREMENTS

Parameter Detection Limit Precision Desired
(+% or Conc.)

As per IFB

IT. QC REQUIREMENTS

Audits Required Frequency of Audits Limits* (+% or Conc.)

As per IFB

IIT. ACTION REQUIRED IF LIMITS ARE EXCEEDED:

Take corrective action.

Contact Jay Thakkar or Chuck Elly
(312) 886-1972 (312) 353-9087

Please return this request to the Sample Management Office as soon as possible
to expedite processing of your request for special analytical services.

Should you have any questions or need any assistance, please call the Sample
Management Office.
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U.S. Environmental Protection Agency

P.0. Box 818, Alexandria, Virgina 22313

CLP Sample Management Office ] SAS Number |

PHONE: (703)/557-2490 or FTS/557-2490

SPECIAL ANALYTICAL SERVICES
Client Request

]———-]- Regional Transmittal Telephone Request
X | ‘

EPA Region/Client: REGION V/CCJM

RSCC Representative: JAN PELS

Telephone Number: (312) 353-2720

Date of Request: 6th June 1988

Site Name: HUNTS DISPOSAL LANDFILL

Please provide below a description of your request for Special Analytical
Services under the Contract Laboratory Program. In order to most efficiently
obtain laboratory capability for your request, please address the following
considerations, if applicable. Incomplete or erroneous information may result
in delay in the processing of your request. Please continue response on
additional sheets, or attach supplementary information as needed.

1.

General description of analytical service requested: Analysis of drinking

water/residential wells and groundwater -~ for volatiles, semi~volatiles

and pesticide/PCBs with low quantitation limits.

Definition and number of work units involved (specify whether whole
samples or fractions; whether organics or inorganics; whether agueous or
soil and sediments; and whether low, medium, or high concentration):

A total of 41 low concentration water samples - 10 residential well

investigative, 1 duplicate and 1 field blank; 21 groundwater investiga-

tive, 3 duplicates and 3 blanks

Purpose of analysis (specify whether Superfund (Remedial or Enforcement),
RCRA, NPDES, etc.):

Superfund Remedial

Estimated date(s) of collections: 12th September - 23rd September, 1988:

Re-analysis of groundwater only: 14th November - 25th November 1988
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Estimated date(s) and method of shipment: 12th September - 23rd

SeptemberL.1988: Re-dnalysis of groundwater only: 14th November - 25th

November 1988

Number of days analysis and data required after laboratory receipt of
samples:

7 days to analysis -~ Final report due within 30 days of sample receipt.

Analytical protocol required (attach copy if other than a protocol
currently used in this program:

Organic Analysis IFB WA85-J664

Special technical instruction (if outside protocol requirements, specify
compound names, CAS numbers, detection limits, etc.):

1. Exceptions to Organic IFB - Attachment I

2. Required low level gquantitation limits - Attachment 1!

3. Requirements for determining quantitation limits: Easily recognizable

spectra for all compounds using 10 ng injection for ABNs and 1.5 ug/1 for

VOAs.

4, Initial calibrations: %RSD for RFs should be <40 for each VOA and ABN

compound before beginning analyses.

5. Continuing calibration: Run daily calibration standard before running

analyses, %D should be <25 for all compounds in both VOAs and ABNs., If

any ¥0s are greater than 25%, the standard should be reinjected. If still

out, rerun 3 point curve, Exception: %D for bromomethane, chloroethane,

chloromethane and vinyl chloride must be ¢35.

Analytical results required (if known, specify format for data sheets,
QA/0C reports, Chain-of-Custody documentation, etc.). If not completed,
format of results will be left to program discretion.

A1l deliverables included in the IFB are required including instrument

quantitation 1imit determinations. The lab will notify the Region prior

to diluting any sample. If Regional approval is given to dilute, all of
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the data will be submitted; data for each dilution will be reported on

separate 0ADS forms.

10. Other (use additional sheets or attach supplementary information, as

needed):

11, Name of sampling/shipping contact: Mona Sutherland

Phone: (312) 621-3944

I.  DATA REQUIREMENTS

Parameter Detection Limit Precision Desired
(+% or Conc.)
Organics See Attachment I1 Attachment I

IT. QC REQUIREMENTS

Audits Required Frequency of Audits

Limits* (% or Conc.)

Organics - As in IFB As in IFB

Attachment I

IIT., ACTION REQUIRED IF LIMITS ARE EXCEEDED:

Contact Chuck Elly or Jay Thakkar

(312) 353-9087 (312) 886-1971

Please return this request to the Sample Management Office as soon as possible
to expedite processing of your request for special analytical services.
Should you have any questions or need any assistance, please call the Sample

Management Office.

00206/03
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¥oA

DRINKING WATER (ORGANICS)
Attachment 1

Increase sample volume up to 20 m) to meet quantitation limits,

Initial Calibration: Sug/L, 10ug/L, 20ug/L for all compounds except for
acrolein and acrylonitrile, which should be run at 200ug/L, 300ug/L, 500ug/L;
vinyl chloride, chloromethane, bromomethane, acetone, 2-butanone, 2-hexanone,
and vinyl acetate, which should be run at 50ug/L, 100ug/L, 150ug/L.

Continmuing Calibration: 10ug/L except all those compounds that have a
detection Timit > 3,0ug/L but <10ug/L which are to be run at 20ug/L.

Acrolein and acrylonitrile should be run at 300ug/L.

Vinyl chloride, chloromethane, bromomethane, acetone, 2-butanone, 2-hexanone,
and vinyl acetate should be run at 50ug/L.

Surrogates: As in IFB but at 10 ug/L with percent recovery 80 - 120%.
Matrix spike: As in IFB but at 10 ug/L with percent recovery 80 - 120%.
A1l RFs must be >0.05.

Extract the entire 1iter bottle, rinse cap & bottle, and add to sample.
Decrease extract volume to help meet quantitation limits.

Initial Calibration: 20, 50, and 100 total nanograms.
Continuing Calibration: 20 nanograms except for the following- _
Benzoic acid, 2,4 - dinitrophenol, 2,4,5-trichlorophenol,
all three nitroaniline isomers, A-nitrobhenol, 4,6-dinitro-
2-methylphenol and pentachlorophenol which are to be

injected at 50 nanograms.

* Surrogates: 20 ppb BN compounds with % recoveries as listed in IFB.

40 ppb Acid compounds with % recoveries as listed in IFB,

* Matrix Spike: 20 ppb BN compounds with % recoveries as listed in IFB.

40 ppb Acid compounds with % recoveries as listed in IFB.

A1l RFs must be >0.05.

Pesticide/PCB - Extract the entire 1iter bottle, rinse cap & bottle, and add

to sample. Decrease extr?ct volume to help meet quantitation limits.
Calibration: As in IFB u;ing an attenuation setting capable of achieving
the quantitation limits 1ﬁ Atfachment II. 72 hour run sequence as in IFB,
Surrogates: Use 20% of ihe IFB amounts with % recoveries as ljisted in IFB.

Matrix Spike: Use 20% of the IFB amounts with % recoveries an listed in IFB.

NOTE: The IFB 1imits for the RPDs for the matrix spike/matrix spike duplicate results apply

for all of the organics analyses. ;

For corrective action when surrogates are outside the SAS required recovery limits, see
the IFB for re-extraction/re-analysis: requirements.

* The surrogate and matrix spike amounts 1isted are the concentrations in the liter of

sample.

Rev. 6.0
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Estimated date(s) and method of shipment: 12th September - 16th September

5.,
1988
6. Number of days analysis and data required after laboratory receipt of

samples:

Laboratory should report results within 30 days of receipt of samples.

Analytical protocol required (attach copy if other than a protocol
currently used in this program:

Inorganic analysis as per SOW785, IFB WA-85-J838, with the exceptions

listed in Attachments II & III. ICP emission spectroscopy, mercury, and

cyanide analyses follow the SOW mentioned above for sample preparation and

analysis protocol with the instrument detection limits end matrix spike

levels given in Attachment II and the QC audits as described in Attach-

ment III. GFAA analyses may be run undigested jf the samples are free of

particulates. If particulates are present the samples are to be digested

as per SOW mentioned above. The ICP digest is to be used for Sb analyses

if digestion is required. A detailed set of instructions for conducting

the GFAA analyses are included in Attachment III. Special instrument

detection limits and matrix spike levels are listed on Attachment II.

Special technical instruction (if outside protocol requirements, specify
compound names, CAS numbers, detection limits, etc.):

1.) Check the pH of each sample (wide range pH paper is acceptable).

If the pH values are outside of the specified 1imits of SOW785, contact

Region V for instruction.

2.) Instrument Detection Limits (IDL) of Attachment Il are to be met

prior to any sample analysis.

3.) Spike Ca, Mg, Na and K and all other parameters as per Attachment II.

The Spikes for these four analytes shall be a separate aliguot unless

documentation 1s;provihed that no contamination results for the other

00206/05
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11,
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analytes. The GFAA protocol is specified in Attachment III. The frequency

and limits of certain audits are changed from that given in SOW785 for all

analyses as per Attachment III,

Analytical results required (if known, specify format for data sheets,
QA/0C reports, Chain-of-Custody documentation, etc.). If not completed,
format of results will be left to program discretion.

A1l of the deliverables included in SOW785 are required. Also, provide

current quarterly XI, XII, XIII for each case. Submit Form VIII separate

for each separate parameter analyzed by MSA., Form VIII must be modified

to include the slope of each addition as well as the correlation

coefficient., Use footnotes on Form 1 for reporting results, except use

IDL of Attachment II for detection limit.

Other (use additional sheets or attach supplementary information, as
needed):

Name of sampling/shipping contact: Mona Sutherland

Phone: (312) 621-3944

00206/05
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I. DATA REQUIREMENTS

Parameter Detection Limit Precision Desired
(+% or Conc.)
ICP Metal See Attachment II 10% RPD or Duplicate
Furnace Metals See Attachment 11 Difference £ SAS IDL
of Attachment II
Mercury, Cyanide See Attachment Il as
per SOW785

I1. QC REQUIREMENTS

Audits Required Frequency of Audits Limits* (+% or Conc.)
For ICP - AES, Hg, See 9.A of Attach-
and CN.’ ment III

GFAA (undigested) As, See 9.B of Attach-

Cd, Pb, Sb, Se, T1. ment III

GFAA (undigested) As, See 9.C of Attach-

Cd, Pb, Sb, Se, T1. ment 111

ITI. ACTION REQUIRED IF LIMITS ARE EXCEEDED:

Take corrective action and repeat analysis.

Contact Jay Thakkar or Chuck Elly

(312) 886-1972 (312) 353-9087

Please return this request to the Sample Management Office as soon as possible

to expedite processing of your request for special analytical services.
Should you have any questions or need any assistance, please call the Sample

Management Office.

00206/05
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ATTACHMENT 11

Instrument Detection Limit and Spiking Level for Drinking Water

Required Instrument Required Matrix Spike
Compound Detection Limitl ug/L Concentrations ug/L
GFAA 1cp Other GFAA  ICP  Other
Metal:

1. Aluminum 100 2000

2. Antimony 5 20 500

3. Arsenic 5 20

4, Barium 50 2000

5. Beryllium 5 50

6. Cadmium 2 0.5 2 50

. Calcium 3 1000 50,000

—8. Chromjum 10 200 _

9, Cobalt 10 500

10. Copper 10 250

11. Iron 100 1000

12. Lead 2 2 20 500

13. Magnesium 3 1000 25,000

14. Manganese 10 200

15. Mercury 0.2 1.0

16. Nickel 20 400

17. Potassium 3 2000 20,000

18. Selenium 2 10

19. Silver 5 50

20. Sodium 3 1000 50,000

21. Thallium 2 20

22. Vanadium 10 500

23. Zinc 20 200

4, Cyanide 10 100

1 Instrument Detection Limits (IDL) must be met before any samples are analyzed. The Lab may
submit their quarterly Form XI with each case if all IDLs meet the detection limits.

2 1cp analysis results may only be reported for Sb, Cd and Pb, if the concentration is
> 10 times the IDL of {instrument used., If ICP results are reported, all ICP audits are

required incYuding matrix spike.

3 Report Ca, Mg, Na and K on separate Form V for Matrix Spike 1f a separate aliquot is
used for this spike.

Rev. 4.0
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5/030A-4-5/87 (Page 1 of 3)

1.

ATTACHMENT III

Special instructions for GFAA and QC requirements for all analyses.

Sample aliquots are preserved in the field as follows:

a) One 1iter preserved with 5ml/1 of 50% HNO3 to pH<2 for all metals
(excluding Hg).

b) One liter sample preserved with 0.5% HNO3 V/V and 0.05% KpCrp07 W/V
for Mercury. '

c¢) One liter of sample preserved with 5m1/1 of 6N NaOH to pH > 12 for
tyanide determination.

Analysis of the six metals (specified in Attachment 11) by graphite
furnace atomic absorption (GFAA) must use the method of standard additions for
quantitation.

A1l of the samples for GFAA metals can be analyzed without digestion 1f the
samples are clean and without any particulates. In this case, a calibration
blank, duplicate, ICVS, and CCVS shall be analyzed without digestion. =

If any of the samples contain particulate or significant suspended solids,
sample aliquots, preparation blank, duplicate, matrix spikes and lab
control samples are to be digested per page D-2 of SOW785. The samples
digested for ICP analysis are to be used for antimony determination,

No identified field blank may be used as a laboratory duplicate or matrix
spike sample

Rev. 4.0
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5/030A-4-5/87

6.1

6.2

6.3

6.4

6.5

6.6

6.7

6.8

6.9

ATTACHMENT 111

Zeeman, Smith/Hieftje background correction or equivalent (not D7) {is required
for Arsenic, Selenium and Antimony or any element with structured background
interferences.

The matrix modifiers of SOW785 are mandatory for As & Se.
L'vov platform is allowed.

Any matrix modifers for Sb, Cd, Pb and T1 must be approved by the Region V
Central Regional Laboratory's Contract Project Management Section prior to
use and documented with the raw data.

Each sample or QC audit is to be determined by the MSA using the sample or QC
audit and then three consecutive spikes.

Each calibration blank and QC audit solution must contain the same nitric
acid concentration as the sample (or diluted samples). A1l solutions analyzed
must have thelr matrix concentrations fully documented in the raw data.

Each analytical determination must have the resulting abSorbance clearly
recorded and documented in the order of determined.

The data for each MSA determination must show; siope (signal/conc.),
intercept and correlation coefficent (r). The results must be reported
on Form VIII for all samples and QC audits in order of analysis. Form
VIII must be modified to include the above mentioned slope.

Samples and QC audits will be tested in the following order for the method of
standard addition quantitation.

a) calibration blank and + 3 spikes

b) ICVS (provided by EMSL-LV) +3 spikes

c) 5 samples, each with 3 spikes

d) calibration blank + 3 spikes

e) CCVS + 3 spikes

f) succeeding sets of 5 samples, cal., blank, and CCVS.

Report the correlation coefficient for all MSA analyses. r> 0.995 {s required
for all sample and audit analyses. A correlation coefficent (r) > 0.998 is
recommended for the calibration blank or problems will occur with the sample
analysis. If r<0.995 or the slope is <35% of the initial calibration blank,
reanalyze the sample once. If the standard addition again fails these criteria,
dilute the sample and reanalyze. If the standard addition again fails, flag

the data with a "+",

Care must be taken to avoid exceeding the linear range for all GFAA analyses.
This problem {s especially severe with Cd and Pb. Dilution of the samples may
be necessary to avoid this problem,

Rev. 4.0
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9, A JCP Metals, Mercury and Cyanide

~

Digested

ATTACHMENT 111

Q.C. REQUIREMENTS

Audits Required

ICVS, CCVS, ICP serial
dilution, ICP ICS, Distilled
CN standard

Calibration Blank
Preparation Blank

Duplicate

Matrix Spike (ICP)
Matrix Spike(ICP-Ca,Mg,
Na, K)*

Matrix spike (Hg & CN)

Lab Control Sample

Frequency of Audits

as per SOW 785

Beginning of Run and
1 1n 10 thereafter

1 1n 10 samples

1 1n 10 samples

1 in 10 samples
1 in 10 samples

1 1n 10 samples

1 per sample set

*May be combined with other spike (cf item 8 of SAS)

9.B G.F.A.A. Undigested Samples

~

Audits Required
1) Duplicate

2) Calibration Blank

3) ICVS and CCVS

9.C GFAA Digested Samples

888

Audits Required
1) Calibration Blank

2) Preparation Blank
(Digested)

3) Duplicates (Digested)

4) Matrix Spike (Digested)

5) Lab Control. Sample
(0fgested)

6) ICVS, CCVS

Frequency of Audits

1 1n 10 samples

Initially and after
every 5 samples

Initially ICVS,and CCVS

after every 5 samples

Frequency of Audits
nitially and after
every 5 samples

1 in 10 samples

1 in 10 samples

1 in 10 samples

1 per set of samples

Initfally ICVS, and CCVS

after every 5 samples

(Page 3 of 3)

Limits

as per SOW 785

< IDL

< SAS IDL of
Attachment 11

10% RPD or

Difference {s

< SAS IDL, 15% For
Hg & CN

85 - 115% Recovery
85 - 115% Recovery

80 - 120%
85 - 115%

Limits

Difference of
< SAS IDL of
Attachment I
or < 10% RPD

< IDL

90% - 110%

Limits
<T0L

< SAS IDL of
Attachment 11

Difference of
< SAS IDL or
Yox RPD

85 - 115% Recovery

85 =~ 115% Recovery
90 - 110% Recovery

Rev. 4.0
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APPENDIX 3.5

SAS REQUEST FOR THE DETERMINATION OF TOTAL DISSOLVED SOLIDS (TDS)
IN GROUNDWATER SAMPLES
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U.S. Environmental Protection Agency
CLP Sample Management Office ) SAS Number

P.0. Box 818, Alexandria, Virgina 22313
PHONE: (703)/557-2490 or FTS/557-2490

SPECIAL ANALYTICAL SERVICES
Client Request

]———-T- Regional Transmittal Telephone Request
X | i

A. EPA Region/Ctient: REGION V/CCJM

. RSCC Representative: JAN PELS

B
C. Telephone Number: (312) 353-2720
D

. Date of Request: 6th June 1988

E. Site Name: HUNTS DISPOSAL LANDFILL

Please provide below a description of your request for Special Analytical
Services under the Contract Laboratory Program. In order to most efficiently
obtain laboratory capability for your request, please address the following
considerations, if applicable. Incomplete or erroneous information may result
in delay in the processing of your request. Please continue response on
additional sheets, or attach supplementary information as needed.

1. General description of analytical service requested: Analysis of total

dissolved (180°C) in groundwaters. Results are reported as mg/l1 dissolved

solids.

2. Definition and number of work units involved (specify whether whole
samples or fractions; whether organics or inorganics; whether aqueous or
soil and sediments; and whether low, medium, or high concentration):

Two rounds of groundwater sampling. Each round will have a total of 23

low concentration water samples -- 19 investigative, 2 duplicates and

2 field blanks.

3. Purpose of analysis (specify whether Superfund (Remedial or Enforcement),
RCRA, NPDES, etc.):

Superfund Remedial

4, Estimated date(s) of collections: 12th September - 16th September 1988,

Re-analysis: 14th November - 25th November 1988,
00206 /06
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5. Estimated date(s) and method of shipment: 12th September - 16th September

1988, Re-analysis: 14th November - 25th November 1988,

6. Number of days analysis and data required after laboratory receipt of
samples:

Laboratory should report results within 30 days of recefpt of samples.

7. Analytical protocol required (attach copy if other than a protocol
currently used in this program:

1.) EPA Method 160.1, 1983 ed., or

2.) Method 209B, "Standard Methods," 16th ed. Samples will be kept at

ﬁPC until sample analysis and validation of results. Holding time is

7 days from date of sample collection.

8. Special technical instruction (if outside protocol requirements, specify
compound names, CAS numbers, detection limits, etc.):

1.) Use standard aliquots of 100 m); however, do not use sample aliguots

yielding more than 200 mg residue. If residue is greater than 200 mg,

repeat the analysis using a smaller sample aliquot.

2.) 1f the pH value is less than 4,0, raise the pH of the aliquot (using

NaOH titrant) to between pH 4 and 8, and subtract the weight of sodium

added from the weight of the residue.

3.) Residue will be weighted either'to constant weight pursuant to

Section 7.6 of Method 160.1. The final weight is to be used for

calculations. Constant weight is defined as: (a.) less than 0.5 mg or

less than 4% weight loss from theApfevious weight, whichever is smaller,

or (b.) dried overnight (12 hours drying time) with a single weight used

for calculations.

9. Analytical results required (if known, specify format for data sheets,
QA/0C reports, Chain-of Custody documentation, etc.). If not completed,
format of results will be left to program discretion.

Identify the QC reference sample lot numbers used and their true values

00206/06
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with 95% confidence intervals. Bench records of tare weights, final

weights, additional weights to determine constant weights, volumes

filtered, blanks, duplicate samples, and reference samples will be

provided with copies of work sheets used to calculate results. Dates and

time of: (1.) determination of tare weights, (2.) sample filtration, and

(3.) determination of residue weights and constant residue weights will be

part of bench records. All records of analysis must he legible and

sufficient to recalculate all sample concentrations and QA results.

10, Other (use additional sheets or attach supplementary information, as
needed):

11. Name of sampling/shipping contact: Mona Sutherland

Phone: (312) 621-3944

I. DATA REQUIREMENTS

Parameter Detection Limit Precision Desired
(+% or Conc.)

TDS 20 mg/1 Difference in duplicate
Note: These are mini sample aligquots shall
mum requirements. not exceed 2 mg for
Report the acutal residues. Duplicate
detection limits used differences shall not
based on allowable exceed 10% for sample
methodology options. values greater than
200 mg/1.

00206 /06



IT. QC REQUIREMENTS

DO NOT USE ANY DESIGNATED FIELD BLANKS FOR QA AUDITS.

Audits Required Frequency of Audits Limits* (+% or Conc.)
1, 1 set of EPA QC 1 per sample set 85-115% Recovery

Mineral Reference

Samples* -- 2 concen-

tration levels.

2. Lab Nuplicate At least 1 per group +(10% or 2 mg of

of 10 or fewer samples residue)

3. Lab Blanks At least 1 per group -20 mg/1 to +20 mg/1

(100 ml _of filtered of 10 or fewer samples

reagent water

*Alternate reference samples must be approved by Region V RSCC prior to
analysis.

ITI.*ACTION REQUIRED IF LIMITS ARE EXCEEDED:

Take corrective action and retest samples.

Contact Charles T. Elly or Jay Thakkar
(312) 353-9087 (312) 886-1972

Please return this request to the Sample Management Office as soon as possible
to expedite processing of your request for special analytical services.

Should you have any questions or need any assistance, please call the Sample
Management Office.
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TRAELE 1

PARAMETER

EHENZENE
EROMODICHLOROME THANE
BROMOFORM

EROMOME THANE

CAREON TETRACHLORIDE
CHLOROEKENZENE
CH_OROETHANE
e~-CHLOROETHYL VINYL ETHER
CHLOROFORM

CH_OROME THANE
DIEROMOCHLOROME THANE
1,1-DICHLOROETHANE

1, 2-DICHLOROETHANE

1, 1-DICHLOROETHENE

TOTAL 1,2-DICHLORODETHENES
1, 2-DICHLOROPRDPANE
cis-1, 3-DICHLOPROPROPENE
trars-1,3-DICHLOROPROPENE
ETHYL EENZENE

METHYLENE CHLORIDE (&)
1,1,&, 2-TETRACHLOROETHANE
TETRACHLOROETHENE
TOLUENE ()
1,1,1-TRICHLOROETHANE
1,1.2-TRICHLOROETHANE
TRICHLORDETHENE

VINYL CHLORIDE

ACROLEIN

ACETONE (=)
ACRYLDONITRILE

CAREBON DISULFIDE
e~-BUTANQONE

VINYL RCETATE
4-METHYL~2-PENTANDNE
€-HE XANQONE

STYRENE

m-XYLENE

O=-XYLENE &«

P-XYLENE o«

« COMMON LAEORATORY SOLVENT

ATTACHMERT 17
(ALL UNITS ARE MICROGRAMS/LITER)

CRS »

T1=-43~-2
75-g7-4
7S-25-¢
74-83-9
S56-283-5
106-90-7
75-00-3
110-75-8
67-66-3
74-87-3
1284-48-1
75-34-3
107-06-2
75-35-4
156-60-5
78-87-S5

100€1-01-5
10061-02-6

100~-41-4
75-08-¢
79-34-5%
127-18-4
108-886-3
71-35-€
79-00-5
"79-01-6
75-01-4
107=-0g-8
67-64-1
107-13-1
75-1%5-0
78-93-3
108-0%-4
108-10~1
$19-78-6
100=42-F
1068-38-3
95-47-6
106-42~3

DRINKING WATER (ORGANICS)

(lofd4)

QUANTITATION )
LIMITS

[y
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% THE o-XYLENE AND p-XYLENE RRE REPORTED RS A TOTAL OF THE TWD
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DRINKING WATER (ORGANICS)

ATTACHMENT I1 (20f4)

TRELE 1 tALL UNITS ARE MICROGRAMS/LITER)
PARAMETER CAS @  QUANTITATION

LImMIT
EIS(2-CHLOROETHYL ) ETHER 111-44-4 1.5
PHENOL 108-95-¢ e
-CHLOROPHENOL 9s-57-8 e
1,3-DICHLOROEENZENE B41-73-1 g
1,4-DICHLOROEENZENE 106-46-7 e
1,2-DICHLOROBENZENE 95-50-1 €. 9
EENZYL RARLCOHOL 100-51-6 e
E1S(e-CHLOROISOPRORPYL) ETHER 39£38-32-9 c. 9
e~-METHYLPHENOL 95 -48-7 1
HEXQC-LOROETHANE 67-7¢-1 4
N-NITROSODI1PROPYLAMINE 621-64-7 1.5
NITROKRENZENE 98-95-3 e.<
4~-METHYLPHENOL 106-44-5% 1
1SOPHORONE 78-%35-1 e.5
&-N1TROPHENDL 88-75-5 e
g, 4-DIMETHYLPHENOL 1085-67-9 e
El1S(e-CHLOROETHOXY)METHANE 111-91-1 .95
&, 4~-DICHLOROPHENOL 120-83-2 e
1,2. 4~-TRICHLOROEENZENE 12n-8g-1 e
NRAPHTHALENE 91-20-3 e
4~-CHLOROANILINE 106-47-8 e
HEXRCHLORORUTARDIENE 87-68-3 2.5
EENZOIC ACID €T-85-C (30)
E~-METHYLNRAPTHALENE 91-57-6 e
&~CHLORO-3I-METHYLPHENOL 58-50-~7 1.9
HEXACHLOROCYCLOPENTADIENE T7=47~4 e
€y %,6-TRICHLORDPHENOL 88-06-2 1.5
€, %, 5-TRICHLORDOPHENDOL : 9% -95~4 1.9
2~-CHLORONARPTHALENE S1-58-7 1.5
ACENARPTHYLENE 208~-9€-8 1.5
DIMETHYL PHTHALATE 131-11-3 1.5
£.6=-DINITROTOLUENE 606-20~-2 1
ACENAPHTHENE 82-32~-9 1.5
3-N1TROANILINE 93-09-~2 .9
DIBENZOFURAN 13z-64~-9 1
2, 4-DINITROPHENOL S1-28-5 (1%5)
2,4-DINITROTOLUENE 121-14-2 1

NOTE: Limits are for reapernt water.

Rev. 5.0
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5/029__-5-4/87 DRINKING WATER (ORGANICS)

ATTACHMENT I1 (3of4)

TABLE 1 (CONTINUED) (ALL UNITS RARE MICROGRAMS/LITER)
PARAMETER ‘CAS # QUANTATATION
LIMIT
FLUORENE 86-73-7 1
4-NITROPHENOL 100-0g-7 1.5
&4-CHLOROPHENYL PHENYL ETHER 7005-7-3 1
DIETHYL PHTHALATE 84-66-2 1
&,6-DINITRO--METHYLPHENDL ©34-5¢-1 (15
N=NITROSCDIPHENYLAMINE = 86-30-6
DIPHENYLAMINE » 1c&~-39-4 1.5
L-N]ITROANILINE 100-01-€ 3
4-EROMOPHENYL PHENYL ETHER 101=-855-3 1.5
HEXACHLOROEENZENE 118-74-1 1.9
PENTARCHLOROPHENOL 87-86-% e
PHENANTHRENE 85-01-8 b
ANTHRACENE 120-31&-7 €.95
DI-r~EUTYL PHTHALATE 84-74-2 e
FLUORANTHENE ' 206-44-0 { s
PYRENE 129-00-0 1.9
BUTYL BENZYL PHTHALATE 85-68-7 3.5
CHRYSENE o« 218-01-9
EENZD (a) ANTHRACENE e+« 56-3%-3 1.5
BIS(2-ETHYLHEXYL) PHTHALATE 117-81-7
DI-r-0CTYL PHTHALATE 117-84-0 1.5
BRENZD(D)FLUORANTHENE #ss e0%-99-¢
BEENZO () FLUODRANTHENE ®#e« e¢07-08-9 1.5
EENZO (a)PYRENE S0-3z-8 €
INDENO (1, &, 3~cd) PYRENE 193-33-5 3.5
DIBRENZO (a, h) ANTHRACENE £$3-70-3 €.3
EENZO(g,h, i) PERYLENE 191-24-2 &
e-~NITROANILINE °* 88-74~4 1

- THESE TWO PARAMETERS RARE REPORTED RS A TOTAL
«» THESE TWO PARAMETERS ARE REPORTED RS A TOTAL
aae THESE TWO PRRAMETERS RARE REPORTED RS R TOTAL

VALUES IN PARENTHESES RRE ESTIMARTES. RACTUAL VALUES RRE EEING

DETERMINED RT THIS TIME.

NOTE: Limits are for reacert water.

Rev. 5.0
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APPENDIX 3.6

SAS REQUEST FOR THE DETERMINATION OF PERMEABILITY,
GRAIN SIZE AND POROSITY IN SHELBY-TUBED
SOIL BORING SAMPLES
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U.S. Environmental Protection Agency
CLP Sample Management Office ]_ SAS Number

P.0. Box 818, Alexandria, Virgina 22313
PHONE: (703)/557-2490 or FTS/557-2490

SPECIAL ANALYTICAL SERVICES
Client Request

]—-———[ Regional Transmittal I—_-]- Telephone Request

A. EPA Region/Client: REGION V/CCJM

B. RSCC Representative: JAN PELS

C. Telephone Number: (312) 353-2720

D. Date of Request: 6th June 1988

E. Site Name: HUNTS DISPOSAL LANDFILL -

Please provide below a description of your request for Special Analytical
Services under the Contract Laboratory Program. In order to most efficiently
obtain laboratory capability for your request, please address the following
considerations, if applicable. Incomplete or erroneous information may result
in delay in the processing of your request. Please continue response on
additional sheets, or attach supplementary information as needed.

1. General description of analytical service requested: Analysis of

undisturbed soil samples from borings for permeability, grain size and

porosity.

2. Definition and number of work units involved (specify whether whole
samples or fractions; whether organics or inorganics; whether aqueous or
soil and sediments; and whether low, medium, or high concentration):

A total of 10 undisturbed Shelby tube soil core samples. Concentration

analysis not applicable; however, samples will be shipped as low concen-

tration.

3. Purpose of analysis (specify whether Superfund (Remedial or Enforcement),
RCRA, NPDES, etc.):

Superfund Remedial

4, Estimated date(s) of collections: 1lst August - 2nd September 1988

00206/04
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11.
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Estimated date(s) and method of shipment: 1st August - 2nd September 1988

Federal Express Next Day Delivery

Number of days analysis and data required after laboratory receipt of
samples:

Laboratory should report results within 30 days of receipt of samples.

Analytical protocol required (attach copy if other than a protocol
currently used in this program:

Falling Head Permeability, "Laboratory Soils Testing," Engineer Manual EM

1110-2-1906, Department of the Army, Office of the Chief of Engineers,

Washington, D.C. 20314,

Measurement is to be made on undisturbed samples in Shelby tubes following

procedures outlined on Page VII - 16, Permeability Tests with Sampling

Tubes.

Special technical instruction (if outside protocol requirements, specify
compound names, CAS numbers, detection limits, etc.): Use only the method

specified above. Obtain approval of CPMS, CRL, prior to use of any other

method, Analysis is to be run on a 6.0 inch section cut from the central

portion of the tube,.

Analytical results required (if known, specify format for data sheets,
QA/OC reports, Chain-of-Custody documentation, etc.). If not completed,
format of results will be left to program discretion.

Report all raw data and parameter values used in making computations of

permeability (Section 4e(2) of attached method).

Other (use additional sheets or attach supplementary information, as
needed):

Name of sampling/shipping contact: Mona Sutherland
Phone: (312) 621-3944

00206 /04



I. DATA REQUIREMENTS

Parameter Detection Limit Precision Desired
(+% or Conc.)
Permeability 10710 cm/sec Duplicates within 10%
IT. QC REQUIREMENTS
Audits Required Frequency of Audits Limits* (+% or Conc.)
Duplicate 2 for sets <10 +10%

1 per 10 for sets >10

ITI, ACTION REQUIRED IF LIMITS ARE EXCEEDED:

Call Region V CRL if problems exist

Jay Thakkar or Chuck Elly

(312) 886-1972  (312) 353-9087

Please return this request to the Sample Management Office as soon as possible
to expedite processing of your request for special analytical services.

Should you have any questions or need any assistance, please call the Sample
Management Office.

00206/04
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4. FALLING-HEAD PERMEABILITY TEST WITH PERMEAMETER
CYLINDER. a. Use. The falling-head test with the permeameter

cylinder should in general be used for determining the permeability of
remolded samples of cohesionless soils having a permeability less than

about 10 x 104 cm per sec.

b. Apparatus. The apparatus and accessory equipment should
consist of the following: - -

(1) A permeameter cylinder similar to that shown schemat-
1cally in Figure 3b, or modified versions thereof. The permeameter
cylinder should be constructed of a transparent plastic material. The in-
"side diameter of the cylinder should be not less than about 10 times the
diameter of the largest soil particles. The use of two piezometer taps, as
shown by Figure 3b, connected to a standpipe and discharge level tube
eliminates the necessity for taking into account the height of capillary rise
which would be necessary in the case of a single standpipe of small size.
The height of capillary rise for a given tube and condition can be mea-
sured simply by standing the tube upright in a beaker full of water. The
size of standpipe to be used is generally based on experience with the
equipment used and soils tested. In order to accelerate testing, air pres-
sure may be applied to the standpipe to increase the hydraulic gradient.

(2) Perforated metal or plastic disks and circular wire
screens, 35 to 100 mesh, cut for a close fit inside the permeameter.

(3) Glass tubing, rubber or plastic tubing, stoppers, screw
clamps, etc., necessary to make connections as shown in Figure 3b.

{(4) Filter materials such as Ottawa sand, coarse sand, and
gravel of various gradations.

(5) Deaired distilled water, prepared according tot para-
graph 3b(6).

(6) Manometer board or suitable scales for measuring levels

in piezometers or standpipe.

(7) Timing device, a watch or clock with second hand.

(8) Centigrade thermometer, range 0 to 50 C, accurate to 0.1 C.

(3) Balance, sensitive to 0.1 g.
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(10) Oven (see Appendix I, WATER CONTENT - GENERAL).
(11) Scale, graduated in centimeters.

¢c. _Placement and Saturation of Specimen. Placement and satu-

ration of the specimen shall be done as described in paragraph 3c.
Identifying information for the sample and test data shall be entered on
a data sheet similar to Plate VII-2,
d. &ocedure. The procedure shall consist of the following steps:
(4) Measure a_r'i'dqrecoid the height of the specimen, L, and
the cross-sectional area of t}.xe specimen, A,
(2) With valve B open (see Fig. 3b), crack valve A and

slowly bring the water level up to the discharge level of the permeameter,

(3) Raise the head of water in the standpipe above the dis-
charge level of the permeameter, The difference in head should not result
in an excessively high hydraulic gradient during the test, Close valves
A and B, '

(4) Begin the test by opening valve B. Start the timer. As
the water flows through the specimen, measure and record the height of
water in the standpipe above the discharge level, h,, in centimeters, at
time t,, and the height of water above the discharge level, h¢, in
centimeters, at time tg.

(5) Observe and record the temperature of the water in the
permeameter.

{6) Repeat the determination of permeability, and if the com-
puted values differ by an appreciable amount, repeat the test until con-
sistent values of permeability are obtained.

e. Computations, The computations consist of the following steps:
{1) Compute the test void ratios as outlined in paragraph}i(i).

(2) Compute the coefficient of permeatility, k, by means of

the following equation:




EM 1110-2-1906
Appendix VII

30 Nov 70 .-
where a = inside area of standpipe, sq cm ..;;the sz
A = cross-sectional area of specimen, sq cm "'6. P
L = length of specimen, cm abilit
t = elapsed time (t; - t;), sec is cor

hg = height of water in standpipe above discharge level at time

t,, cm press
h¢ = height of water in standpipe above discharge level at time test 2
tp em -= if the
RT = tefnpera.ture cbrrection factor for viscosity of water ob- v specis
tained from Table VII-1, degrees C (attatned) 1 The te
1f a single standpipe of small diameter is used «s shown in Figure 2, the i remol
height of capillary rise, h., should be subtracted from the standpipe is not
readings to obtain h, and h. _ this te
f. Presentation of Results. The results of the falling-head values
permeability test shall be reported as described in paragraph 34, condit
S. PERMEABILITY TESTS WITH SAMPLING TUBES. Permeability : perfor

tests may be performed directly on undisturbed samples without removing

: T
them from the sampling tubes. The sampling tube serves as the per- should
meameter cylinder, The method is applicable primarily to cohesionless  cutting
soils which cannot b.e removed from the sampling tube without excessive testin,
disturbance. The permeability obtained is in the direction in which the " specir
sample was taken, i.e. generally vertical. The permeability obtained in a “specir
vertical direction may be substantially less than that obtained in a hori- a suit:
zontal direction. -~ than t!

Permeability tests with sampling tubes may be performed under proce:
constant-head or falling-head conditions of flow, depending on the esti- falling
mated permeability of the sample (see paragraph 2a). The equipment onas
should be capable of reproducing the conditions of flow in the“constant- to fine

head or falling-head tests. It is important that all disturbed material or prese
material containing drilling mud be removed {rom the top and bottom of 7. F
the sample. The ends of the sample should be protected by screens held

in place by perforated packers. The test procedure and computations are distu.
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the same as those described previously for each test.
6. PERMEABILITY TEST WITH PRESSURE CHAMBER,

ability test with a pressure chamber, see Figure 7, a cylindrical specimen

In the perme-

is confined in a rubber membrane and subjected to an external hydrostatic
pressure duri\ng the permeability test. The advantages of this type of

test are: (a) leakage along the sides of the specimen, which would occur
if the specimen were tested ina permeameter, is prevented, and (b) the
specimen can be tested under conditions of loading expected in the field.
The test is applicable primarily to cohesive soils in the undisturbed,
remolded, or compacted state. Complete saturation of the specimen, if it
is not fully saturated initially, is practically impossible. Consequently, -
this test should be used only for soils that are fully saturated, unless
values of permeability are purposely desired for soil.f: in an unsaturated
condition. The permeability test with the pressure chamber is usually
performed as a falling-head te_st.‘ .

The permeability specimens for use in the'pressure chamber generally
should be 2.8 in. in diam'eter, as rubber membranes and equipment for
cutting and trimming Qpecimens of this size are available for triaxial
testing apparatus (see Appendix X, TRIAXIAL COMPRESSION TESTS). A
specimen length of about 4 in. is adequate. (The dimensions of a test
specimen may be varied if equipment and supplies are available to make
a suitable test setup.} The pressure in the chamber should not be less
than the maximum head on the specimen during the test. The other test
procedure and computations are the same as those described for the
falling-head test. The linear relation between permeability and void ratio
on a semilogarithmic plot as shown in Figure 6 is usually not applicable
to fine-grained soils, particularly when compacted. Other methods of
presenting permeability-void ratio data may be desirable.

7. PERMEABILITY TESTS WITH BACK PRESSURE.

a. Description. Gas bubbles in the pores of a compacted or un-

disturbed specimen of fine-grained soil will invalidate the results of the

vi-17
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4, Estimated date(s) of collections: 1st August - 2nd September 1988

5. Estimated date(s) and method of shipment: 1st August - 2nd September 1988

Federal Express Next Day Delivery

6. Number of days analysis and data required after laboratory receipt of
samples:

No known technical holding time requirement. Analyze and report within

30 days from VTSR.

7. Analytical protocol required (attach copy if other than a protocol
currently used in this program:

Standard Method for Practice Size Analysis of Soils --

Sieve and Hydrometer Analysis, ASTM/D422-63.

8. Special technical instruction (if outside protocol requirements, specify
compound names, CAS numbers, detection limits, etc.): Use only the methods

specified above. Sieve and hydrometer analyses shall be performed on the

portion of each sample that is not used for permeability. Obtain approval

of CPMS, CRL prior to use of any other method. Rewrite SAS request to

reflect new methodology.

9. Analytical results required (if known, specify format for data sheets,
QA/0C reports, Chain-of-Custody documentation, etc.). If not completed,
format of results will be left to program discretion.

Report all raw data, including container tare weights, hydrometer readings

(along with any correction factor associated with the hydrometer used),

and 1iquid temperatures. Report particle size results as percent finer

than the specified particle diameter.

10, Other guse additional sheets or attach supplementary information, as
needed):

DO NOT SUBCONTRACT WITHOUT PRIOR REGIONAL APPROVAL

11, Name of sampling/shipping contact: Mona Sutherland

Phone: (312) 621-3944

00206704



I. DATA REQUIREMENTS

Parameter Detection Limit Precision Desired
(+% or Conc.)

PARTICLE SIZE - 2% Duplicates within 10%

% Finer than

IT. QC REQUIREMENTS

Audits Required Frequency of Audits Limits* (+% or Conc.)

Lab Duplicate 2 for sets <10 __$10%

1 per 10 for sets >10

ITI. ACTION REQUIRED IF LIMITS ARE EXCEEDED:

1.) Reanalyze

2.) Call Region V CRL if problems exist

Jay Thakkar or Chuck Elly
(312) 886-1972  (312) 353-9087

Please return this request to the Sample Management Office as soon as possible
to expedite processing of your request for special analytical services.

Should you have any questions or need any assistance, please call the Sample
Management Office.

00206/04



5/029_ -5-4/87 DRINKING WATER (OPGANICS)

ATTACHMERT 11 (4o0f4)

JABLE 1 (ALL UNITS ARE MICROGRAMS/LITER)
PARAMETER CAS QUANTITATION
LIMIT

ALDRIN 309-00-2 0. 0035
aloha EHC 319-84-6 (0. 010)
beta EHC 319-85-7 (0. 00S5)
gelta BHC 319-86-8 (0. 0035)
gama BHC (LINDANE) Sa-83-9 0. 0035
CH_ORDANE S$7-74-9 (0. 020)
4,4 =DDD 7£-S4-8B (0. 0z
4,4 -DDE 7¢-55-9 (0. C0%)
4,4'-DDT S0-29-3 0. 020
DIELDRIN 60-57-1 0.010
ENDOSULFAN 1 953-98-8 0.010
ENDOSULFAN 11 33e212-65-9 0.010
ENDOSULFAN SULFATE 1031-07-8 (0. 10)
ENDRIN 7e-e0-8 0.010
ENDRIN ALDEHYDE T421-93-4 (0. 0300
ENDRIN KETONE $3494-70-% (0. 030)
HEPTACHLOR 76-44-8 0. 030
HEPTACHLOR EPOXIDE 10264-57-3 0. 005
4,4 -METHOXYCHLDR 72-43-% 0. 020
TOXAPHENE 8001-35-2 (0. E5)
PCE-1&42 53463-21-9 (0.10)
PCE-1248 12672-29-6 (0. 10)
PCE-1234 11097-69-1 (0. 10)
PCE-1260 11096~-8e-5 (0.10)

VALUES IN PARENTHESES ARE ESTIMATES. ACTUAL VALUES ARE
CURRENTLY BEING DETERMINED. '

NOTE: Limits are for reacent water.

Rev. 5.0
4/10/87



APPENDIX 3.4

SAS REQUEST FOR ANALYSIS OF DRINKING WATER SAMPLES
FOR
FULL INORGANICS WITH LOW DETECTION LIMITS
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U.S. Environmental Protection Agency ,
CLP Sample Management Office SAS Number
P.0. Box 818, Alexandria, Virgina 22313

PHONE: (703)/557-2490 or FTS/557-2490 |

SPECIAL ANALYTICAL SERVICES
Client Request

]———-—[ Regional Transmittal Telephone Request
X I [

A.

E.

EPA Region/Client: REGION V/CCJM

RSCC Representative: JAN PELS

Telephone Number: (312) 353-2720

Date of Request: 6th June 1988

Site Name: HUNTS DISPOSAL LANDFILL

Please provide below a description of your request for Special Analytical
Services under the Contract Laboratory Program. In order to most efficiently
obtain laboratory capability for your request, please address the following

considerations, if applicable.

Incomplete or erroneous information may result

in delay in the processing of your request. Please continue response on
additional sheets, or attach supplementary information as needed.

1.

4.

General description of analytical service requested: Analysis of

residential well water for metals and cyanide using detection limits

lower than SOW785 (See Attachment II). Six elements are to be determined

by GFAA using the method of standard additions. GFAA analysis of samples

free of particulates may be conducted on the undigested sample.

Definition and number of work units involved (specify whether whole
samples or fractions; whether organics or inorganics; whether aqueous or
soil and sediments; and whether low, medium, or high concentration):

A total of 12 low concentration water samples - 10 investigative,

1 duplicate and 1 field blank.

Purpose of analysis (specify whether Superfund (Remedial or Enforcement),
RCRA, NPDES, etc.):

Superfund Remedial

Estimated date(s) of collections: 12th September - 16th September 1988

00206/05



APPENDIX 4.1

HNu PORTABLE PHOTOIONIZATION ANALYZER
MODEL PI 101
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HNu INSTRUCTION MANUAL

FOR

MODEL PI 101

PHOTOIONIZATION ANALYZER
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SECTION 1
INTRODUCTION TO THE hNu PHOTO-IONIZER

1.1 PERSONNEL

The hNu Photo-ionizer Model PI 101 is extremely simple to operate.
After a few hours of training, virtually everyone on the prograw can
be taught to use the hNu efficiently. However, since the interpretation
of its readings is often complex, personnel with specislized training
and/or knowledge in its operation must be present to evaluate the data

obtained frow it.

1.2 THEORY OF OPERATION

The hNu is a portable, non-specific vapor/gas detector employing the

principle of photoionization to detect & wide variety of chemical com-
pounds, both organic and inorganic. The hNu contains a source of ultra-
violet (UV) light within its sensor chamber. Ambient air is drawm into
the chamber with the aid of a small fan. If the ionization potential
(IP) of any molecule present in the asmbient air is lower than the energy
of the UV light source, that molecule will absorb a photon and become

ionized. The following equation is the principal reaction:
RH ¢+ hv=»RH*: ¢~

vhere, RH = trace gas
hv = A photon with an enerpgy > IP of RH

The chamber contains & pair of electrodes with a positive potential
applied to one electrode. The field thus crested drives any ions formed
by the absorption of UV light to the collector electrode, vhere the cur-
rent (proportional to concentration) is measured.

The IP of the normal constituents of embient air, i.e., 0y, Nj,
€O, CO; and H,0, are all higher than any available UV lemp source.
Therefore, the instrument does not respond to those components.

The range of the instrument is from spproximately 0.1 to 2000 ppwm,
depending on the span setting and the chemical mature of solecular spe-

cies present wvithin the sensor chamber.



1.3 INSTRUMENT OPERATION

1.3.1 Specifications

Range: 0.1 to 2000 ppm (benzene) Linear Range: 0.1 to 600 ppm
Senlitivitz: 0 to 2 ppr, wmaximur for 100 division scale

Respcnse Time: 3 seconds to 902 full scale

Operating Temperature: Ambient to 40°C.

o o o0 o o

Operating Huridity: To 952 relative humidity

1.3.2 pescription

The unit consists of a Readout/Control Assembly and a Sensor/Probe.
The Probe connects the Readout/Control Assembly via an electrical cord
and 12-pin jack (front panel mounted). The Sensor/Probe can be dis-

assembled and stored in the instrument's cover (See Figurel-l),

1.3.3 Controls (refer to Figure 1-2)
Following are the controls on the Readout/Control Asserbly:

o Six-Position Function Switch: Selects functions according to the

following:
o OFF: Complete pover shutdown.
o BATT: Verifies the condition of the battery.

© STANDBY: Energizes entire unit except UV lamp. Used to gero
instrument and to conserve power.

o Ranges 0 to 20, O to 200, O to 2000: Direct resding span of
the meter face, in ppem. '

o ZERO Potentiometer: Electronicslly zeroes the instrument.

o SPAN Potentiometer: Increases or decreasses the sensitivity of

the instrument vith respect to full scale deflection. Used to

calibrate instrument with specific span gas.

1-2
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Battery Check
Position

Low Battery Indicator
Lont(LED) \ \STAND.Y 9-2000

Ot 0-20
Power Off T~ Function
Switch

SPAN -

- 2ero /Zero Adjustment
Sensitivity /
Adjustment

Recorder Output
Hi"d“.’::g: RECORDER {5V DC)
4 @/
GND

FPigure 1-2 BNu CONTROL PANEL SCHEMATIC
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o lﬁCORDER Output Jacks: O to -5 VDC signal output for recorder.

o RECORDER Power Jack: Provides 12 VDC to drive recorder.

1.3.4 Battery Charging

To charge the basttery, plug the charger intc the jack on the side of
the instrument case. The battery is fully charged after 14 hours of
charging. Disconnect 120 VAC power before disconnecting the charger
plug. A full charge provides about 10 continuous hours of operation.
The instrument will alvays be left on charge when not in use.

The instrument is equipped with an automatic cut-off circuit which
turns off the pover if the battery voltage drops belov 11 VDC. This pre-
vents accidental damage to the electronics if it is inadvertently lef:
on. Note that the unit can be opersted with the charger on, unless it is
in a hazardous (explosive) environment; however, it must be charged in a

non-hazardous (non-explosive) area.

_‘i-
1.3.5 Operation s
Start-ug

The start-up procedure is as follows:
(1) Connect Sensor Probe to Readout/Control Assembly.

(2) Turn function switch to BATT and verify condition of the bat-

tery.

(3) Turn function switch to STANDBY and utilizing ZERO potentio-
meter, set meter to tero. Hold Sensor/Probe next to your ear

to verify that the fan is working.

(4) Set SPAN comtrol to 9.8 or to desired setting. (See Section

2.4 "Instrupent Span.%)
(5) Select appropriate range. For most survey operstions on the

PIT Project, the setting used is O to 20 ppm. A violet-coclored
glov from the UV lamp source should be cbservable at the sample

1=-5



inlet of the Prode/Sensor unit. (Avoid looking directlv in

since eye dazage can result.)

(6) Verify instrument operation. A convenient rethod is to gently

blov into the Probe. There should be a ] to 2 ppm deflection.

Shut-down
To shut the unit off:

(1) Turn function switch to OFF.

(2) Disconnect Sensor/Probe.

1.4 INSTRUMENT SPAN

The SPAN potentiometer increases or decreases the sensitivity of the

instrurent. (Counter-clockwise rotation increases the sensitivity.) At
the recormended span setting of 9.8, it quantitatively responds to ben-
zene, if benzene is the sole chemical species present. At this setting
it will also respond, but not quantitatively, to all molecules vith an 1P
of less than the energy of the UV lamp. The response to a molecule other
than benzene (at the 9.8 setting) may be greater or less than that of
benzene (on a volume/volume basis), depending on the molecule's type and
structure. If s quantitative response to a specific chemical compound is

desired, then the instrupent span must be calibrated with that compound.

1.5 IONIZATION POTENTIALS

Since the hNu is used as both a safety and a survey device on the

FIT Project, each unit is supplied with the 10.2 and the 11.7 ev UV
sources. This allows the instruwent to be used to detect a vide variety
of chemical epecies. A list of the IP of sany chemical corpounds appears

in Appendix C. Qualitative jdentification of compounds is mot possible.

1.6 CALIBRATIOR

Primary calibration of the hNu is accomplished at the factory. For
FIT applications, the calibration standard used is benzene and the SPAN
potentiometer reading is 9.8. Primary calibration is normally stable for

a long time. BRoutine calibration is most easily accowplished by using a
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manufacturer-supplied cylinder of celibration gas (provided to each re-
gion). A sample of the calibration gas is drawn into the instrument and
the SPAN potentiometer is sdjusted until the instrument is reading the
exact concentration of the calibration gas. Soall deviations from the
span setting over time are normal. Deviations of greater than + 3% indi-
cate that the lamp vindov may need cleaning or, if that doQQ not elimi-

nate the deviation, the unit needs servicing. It is FIT Project policy

that routine calibration be performed prior to each field use. This will

alsoc serve as an operational check to ensure that the instrument is re-
sponding properly. Records of routine calibratcion should be placed on
file.

1.7 Bﬁzﬁ

Any quantitative data obtained with the hNu nust be reported as the
equivalent value of its span gas. That is, vith the span set to 9.8, a
reading of 20 ppr would be reported as "20 ppm, benzene equivalent, span
= 9.8." If a span setting of other than 9.8 is used, the data must be

referenced to that particular span and/or calibration gas.

1.8 MAINTENANCE
The following subsections describe the minimum routine wmaintenance
necessary. The instrument contains only one moving part and coasumes no

gases Or reagents.

1.8.1 Cleaniq; v Li!ht Source Window

The only routine maintenance procedure specified by the manufacturer
is cleaning the light source windov every fev weeks. This procedure is
sccomplished as follows:

(1) Turn the function switch to the OFF position and disconnect the
Sensor/Probe frow the Resdout/Control Doit.

(2) BRazove the exhaust screv found near the base of the probe.
Crasp the end cap in one hand and the Probe shell in the other
and gently pull to separate the end cap and lsmp housing from
the shell.



3)

(©)

(5)

(6)

@)

Loosen the screws on the top of the end cap and separate the
end cap and ion chamber from the lamp and lemp housing. Care
must be taken so that the ion chamber doesn't fall out of the
end cap and the lamp doesn't slide out of the lamp housing.
Turn the end cap over in your hand and tap on the top of it;

the ion chamber should fall out in your hand.

Place one hand over the top of the lamp housing and tilc
slightly; the light source will slide out of the housing. The
larp vindov may now be cleaned with the manufacturer-supplied

cleaning compound.

Folloving the completion of cleaning, resssemble the unit by
first sliding the lamp back into the lamp housing. Then place
the ion chamber on top of the lamp housing, checking to make
sure that the contacts are properly aligned.

Place the end cap on top of the ion chamber and replace the two
screvs., The screvs should be tightened only enough to seal the
0" ring. DO NOT OVERTIGRTEN. Line up the pins on the base of
the lamp housing with pins inside the probe shell. Gently
slide the housing assembly into the shell; it only fits one

vay.

Replace the exhaust screw.

Figure 1-3 hows the component parts of the Probe Assembly,

1.8.2 "Fogging” of UV Light Source Window

During cold weather operstions, condensation may form on the UV

light source window, resulting in reduced levels of rgsponse. Field

operators can follov the procedure outlined in Section 1.8.1 for removing

the lamp to clear it of condensation. Consideration should alsoc be given

to more frequent cleaning when the instrument is used under very dusty

conditions, such as on a lendfill in dry weather.
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12 Pin Comnector

Exhaust Screw

Probe Shell

Figure 1-3 COMPONENT PARTS OF THE hNu PROBE ASSEMBLY
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1.9 TROUBLESHOOTING

1f any malfunctions are noted during the start-up and operational

check of the hNu prior to field use, refer to Appendix D for some basic
troubleshooting guidance. Any problems which cannot be resolved quickly
by the field operator should be referred to the factory for correction.
(See the rescurce list at the end of the manual for the address and tele-

phone number.)

1.10 SAFETY AND SHIPPING

The hNu can be carried on any aircraft as luggage; however, do not
check it unless it has been carefully psckaged. Commercial airlines will
not insure it unless it is shipped in its original container.

The hNu has Factory Mutual (M) Certification for operation in Class
1, Division 2 of the National Electrical Code. Therefore, the hNu ghould
not be used in environments vhich are above 102 of the lover explosive
limit (LEL), since the circuitry in the probe assefibly is relatively open
and could be an ignition source. This action level for I of the LEL

agrees with that for site evacuation during FIT operations.

1-10
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SECTION 2
SPECIAL APPLICATIONS OF THE OVA AND hNu

2.1 INTRODUCTION

Section 5 described general applications for use of the OVA and hNu.
Most of the regional FITs have or will have the opportunity for more
specialized use of the OVA and/or hNu. The special applications may

include monitoring for vapors or gases and/or sctual field analvsis.

2.2 MONITORING

The use of the OVA and hNu for monitoring purposes involves simply
focusing the site smbient air characterization process on a sepecific
sctivity. The objective is to ensure that the personnel involved in the
sctivity are not endangered by the changes in air quality caused by the
activity., The folloving subsections address some specific wmonitoring
applications. FIT personnel who are trained OVA/hNu operators are en-
touraged to expand these monitoring applications on the basis of personal

field experience.

2.2.1 Rydrogeologic Investigations

At sites where volatile organic vastes are buried, the inmstallation
of bore holes and wonitoring wells can expose personnel to a respiratory
hazard. Often, the preliminary air characterization of the site and
other data, such as the presence or absence of wastes on the site sur-
face, may indicate that there is no respirstory hazard. However, the
drill bit may penetrate contaminsnt-saturated soils or highly contami-
nated groundvater. Depending upon the temperature and other conditions,
dangerous conceantrations of volatiles may de prcunt- in the ares immedi-
stely asdove the bore hole. The personnel in the immediaste vicinity of
the bore hole are at grestest risk. The OVA in the survey sode or the
hNu may be used to monitor the potential for exposure by periodically
placing the sammpling prode of the instrument directly at the top of the
bore hole (drive casing). As is the case with ambient air wmonitoring,
there can be no "action levels” since the readings will be total concen-

trations. Project personnel must use their best professional judgement,
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incorporating other conditions, in order to decide vhether the use of
SCBA is warranted or vhether engineering controls such as fans can be
used to reduce the possibility of exposure.

The hNu is better suited for this type of monitoring for several
reasons. First, it will not respond to naturally occurring methane.
Second, it is less cumbersome and readily operated by & wider variety of
personnel. Third, if an hNu and OVA are available, the hNu can be used
to wonitor the drilling operation while the OVA is being used in an on-
locstion laboratory for field analysis. The probe of the OVA or hNu can
also be used in the drilling area to "eniff" soil core ssmples as they
are brought up in a split-spoon sampler. Care should be taken to iden-

tify occasional readings caused by exhasust gases from the drilling rig.

2.2.2 Remedial Response

A variety of remedial response activities can result in altering o
bient air quality. Use of the OVA and hNu to monitor air quality can
provide real-time data wvhich can be used to evaluate respiratory protec-
tion needs. The folloving list is representative of the types of work
vhich, if carried out at sites vhere volatile organics vere the principal

compounds, might require OVA or hNu monitoring:
o Overpacking or p.up transfer of leaking drums

o Transfer of individual drum contents to bulk tanks for removal

and disposal
o Staging/containment operations of leaking drums
o Excsvation of'buricd leaking drums
0 Excavation of contaminated soil for removal and disposal

o IEmergency or planned containment operations, e.g., comstruction

of leachate collection ditches

o Emergency treatment operations, e.g., air-stripping of contami-
nated groundwvater



o Emergency/on-site disposal operations, e.g., on-site incinera-

tion, detonstion where risk/cost prohibits off-site removal

2.3 FIELD ANALYSIS
The OVA in the GC mode of operation and, to a limited degree, the

hNu can be used in the field to perform preliminary analyses of various
air, wvater, or soil samples. The data generated can be of significant
value in waking field decisions, responding rapidly to an immediate
threat, reducing analytical costs, and selecting future sampling loca-
tions. The following is & list of several of these field snalytical ap-

plications:

o Preliminary volatile organic analyses of soil, surface vater, or

groundvater samples obtained during site inspections

o Analysis of soil core samples for volatile organics during moni~
toring wvell installations

o Analysis of drilling wash wvater samples during monitoring well

installation to prevent accidental contamination of clean wells

o Preliminary analysis of air samples to establish best locations
for integrated sample stations

o Rapid preliminary snalysis of tap water samples for volatile or-

geanics

Once samples have been obtained, the field analytical procedure is
essentially common for all types of sample media. Section 6 details the

procedures for preliminary field anslysis, or, sample screening.



Section 3

RESOURCE LIST

Below are the namés, addresses and telephone numbers of
individuals who may be able to answer questions or provide
help for problems encountered during the use of the OVA and
hNu:

hNu

George Marquardt, CH2M HILL
2300 NW Walnut Blvd.
Corvallis, Oregon 97339
(503) 752-4271

Mark Boedighimer, CH2M HILL
2300 NW Walnut Blvd.
Corvallis, Oregon 97339
(503) 752-4271

hNu Systems, Inc.
Service Department
(617) 964-6690, Ext. 42

Geoff Hewitt, General Sales Manager
hNu Systems, Inc.

160 Charlemont

Newton Highlands, MA 02161

(617) 964-6690
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SECTION 3

RESOURCE LIST

Belov are the pames, addresses and telephone numbers of individuals

who may be able to snsver questions or provide help for problems encoun-
tered during the use of the OVA and hNu:

3.1

3.2

3.3

OVA

Don Woods, E & £, Region V
223 West Jackson Boulevard
Chicago, IL 60606 (312) 663-9415

Dr. James Parr, £ & E, Region X
108 South Washington Street
Seattle, WA 98104 (206) 624-9537

Dr. Thomas Spittler, EPA Region I z
60 Westview Street
Lexington, MA (617) 861-6700

OVA Repair/Maintenance

Foxboro-Wilkes (&

140 Water Street 203 PV
S. Norwalk, CT 06856 (203) 853-1616

hNu

Don Woods, Z & B, Region V
223 West Jackaon Boulevard
Chicago, IL 60606 (312) 663-9415

hNu Systems, lnc.
Service Department
(617) 964-6650, Ext. 42

Geoff Bewvitt, General Sales Manager

hNu Systems, Inc.

160 Charlemont

Newton Highlands, MA 02161 (617) 964-6690

PROJECT COORDINATION

Jack Wilson, Deputy AZPM-FIT

1700 WN. Moore Straet

Rossyln Center, Suite 1930
Arlington, VA 22209 (703) 522-6065
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NOTE

This manual contains operation, service, and maintenance information
for HNU Model 101 Photoionization Analyzers equipped with the 10.2 eV lamp
and calibrated for direct reading in ppm vol/vol of benzene.
Specific information relative to units equipped with an 11.7 eV or 9.5
eV lamp or calibrated on species other than benzene is contained in the addendum
at the back of the mamual.

Page -
25 Figure 7 Electrical Block Diagram of Photoionization Analyzer

Readout Assembly: Point 19
Fan Voltage (DC)

44 Table XVIII Relative Sensitivities for Various Gases
Species Photoionization Sensitivity

Ethylene 1.0
52 Power Supply PC Board
Pads  Voltage

18 +19.4V



SECTIQN 1
INTRODUCTION .

The model PI 101 has been designed to measure the concentration of trace
gases in many industrial or plant atmospheres. The analyzer employs the prin-
ciple of photoionization for detection. This process is termed photoionization
since the absorption of ultraviolet light (a photon) by a molecule leads to ion-
ization via:

Ri+hwRi" +e
where RH = trace gas

hv = a photon with an energy 2 Ionization Potential of RH

The sensor consists of a sealed ultraviolet light source that emits pho:?ms
which are energetic enouzh to ionize many trace species (particularly organics)
but do not imize the major camponents of air such as 02. NZ' co, mz. or H20.

A chamber adjacent to the ultraviole‘t source contains a pair of electrodes. When
a positive potential is applied to one electrode, the field created drives any
ions, formed by absorption of UV light, to the collector electrode where the
carorent (proportional to concentration) is measured.

To minimize adsorption of varicus sample gases, the ion chamber is made of
an inert fluorocarbon material, is located at the sampling point, and a rapid
flowofu:plegashmintainedthrmghtheqllimdmberwhm.

The analyzer will operate either fram a rechargeable battery for more than
10 hours or contirmously from the AC battery charger. A solid state aplifier
board in the probe and a removable power supply board in the readout module enable
rapid servicing of the unit in the field.



The useful range of the instrument is from a fraction of a ppm to about
2,000 ppm. For measurement at levels above 2,000 ppm, dilution of the sample
stream with clean air is recamended. Some typical specifications for the
model PI 101 Photoionization Analyzer are given in Table 1.



—

— |

TABLE 1

SPECTFICATIONS FOR MODEL PI 101
PHOTOIGNIZATION ANALYZER

performance (benzene referred)

range 0.1 to 2000
detection limit O.

sensitivity (max) 0-2 ppm FSD over 100 division meter

Tepeatability + 1% of FSD meter seale

linear range 0.1 to 600 ppm

useful range 0.1 to 2000
to

ambient humdity to 95%
' tiperating temperature ambient to 40°C*

physical

size: probe 6.3 DIA x 28.5L (cm) (2-1/2 x 11-1/4")
readout 21W x 13D x 16.5H (cm) (8-1/4 x 5-3/16 x 6-1/2")

stowed 21W x 13D x 24H (cm) (8-1/4 x 5-3/16 x 9-142'")
cable 80 cm lang (32')

weight: probe .55 kg (20 ounces)
readout 3.2 kg (7

pounds)
total (shipping) 5.4 kg (12 pounds)
controls and functions

mode switch Off, Battery Check, Standby (zero), 0-2000, 0-200, 0-20 ppm

low battery indicator light

zexo (10 turn + 3007% FSD max)

span (10 turn counting dial 1.0 to 10 times nominal sensitivity)

readout 4-1/2" (11.3 cm) meter Taut Band movement graduated 0-5-10-15-20,
- divisions

signal ocutput for recorder 0-(-5V) FSD

mm&fwmum-jad:mudeofimmmc

power requirements of operating times

contimpous use, battery > 10 hours

contimous use with HNU recorder recuces instrument battery operating time
to 1/2 normal time

recharge time, max’< ‘14 hours, 3 hours to 90% of full charge

recharge axrent, mex .4 Amps @ 15 VIC

|



TARLE 1 (Contirmed)

coanstruction

Designed to withstand the shock and abuse to which portable instruments
are often subjected. The readout is housed in a two piece alumirum case,
and finished with & solvent resistant baked acrylic textured paint.

'nl\:sprobe is fabricated fram extruded alummm sections and machined
plastic.

sexrviceability

The probe and readout are of a modular design allowing rapid servicing
and/or replacement of mechanical and electrical components. All module
interwiring includes quick discomects.

maintenance

muﬁmtmtakumlymmvirgpan.mdmsmguesor'
reagents. The only routine maintenance procedure is cleaing the light
source window every several weeks. ;

calibration check

Check instrument calibration at least once per week with HNU calibration

standard to ensure that the high sensitivity of the instzument is main-

* Instrunent {s temperature campensated so that a 20°C change in

tenperature correspands to a change in reading of < ¥ 27 full
scale at maximm sensitivity.
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SECTION 2

2.1  Unpacking
Unpack the instrument carefully and remove the housing, the probe and any

spare parts from the shipping cartan. Place the instrument on a table or bench
with the label upright. Remove the top section of the instrument by opening the
two fasteners on the cover (see figure 1). The imner panel of the top section
can be removed by pulling up on the fasteners. The top section of the instru-
ment contains the battery charger and a waist strap. The waist strap clips on
to the strap brackets of the instrument when needed.

Before attaching the probe, check the function switch on the control panel
to make sure it is in the off position. The 12 pin interface camector for the
probe is located just below the span adjustment on the face of the instrument
(see figure 2). Carefully match the Aligmment Key in the probe cormector to
the 12 pin comector on the control panel, and then twist the probe cormector
until a distinct snap and lock is felt.

Actached to the instrument is a warranty card which should be filled out
capletely and returned to HNU Systems.

2.2  QOperation

Tum the function switch to the battery check position. The needle on the
meter should read within ar above the green battery arc on the scaleplate. If
the needle is in the lower portion of the battery arc, the instrument should be
recharged prior to meking any measurements. If red LED comes an, the battery
should be recharged.



Next, turn the function switch to the on position. In this position
the UV light source should be an. Lock into the end of the probe to see
the purple glow of the lap.

A brief description of the instrument controls and functions is shown
in Figure 2.



Figurs 1 (Continued)
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Instrument Cover

Readout Module

Unpacking the Photoioni

Figure 1.



TARLE II

BRIEF DESCRIPTION OF INSTRIMENT
CONTROLS AND FUNCTIONS*

Control RAnction
Six Position Switch OFF - Shuts off all power and raxoves DC woltages.

@l - In any other function position or measuring
mode, the electronics are on.

BATTERY CHECK - Indicates the condition of the
battery. If needle position is in lower

portion of green battery arc, the instru-
ment should be recharged.

STANDBY - UV lamp is off but electronics are on.
This position will conserve power and extend
the useful operating time between recharges
of the battery. This position {s also uti-
lized to adjust the electronic zero. -

RANGES - 0-20, 0-200, 0-2000 direct reading ranges
available at minimm gain for benzene. More
sensitivity is available by adjusting the
span potenticmeter.

Zero Potenticmeter A ten turn potentiometer is employed to adjust
the zero electronically when the instrument is
placed in the standby position with the
attached. This eliminates the need for a hydro-
carbon free gas.

Span Potenticmeter A ten tum counting potentiometer is utilized for
upscale setting of the meter on calibration gas.
Counter-clocikavise rotation increases the sensiti-
vity (~10 times). This pot can increase the sen-
sitivity to make the instrument direct reading for
nearly any gas which the instrument responds to.

#For position of layout controls see Figure 2.
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To zero the instrument, tumn the function switch to the standby position
and rotate the zero potentiometer until the meter reads zem Clockise rota-
tion of the zero potentiameter produces an upscale deflection while counterclock-
wise rotation ylelds a dounscale deflection. Note: no zero gas is needed, since
this is an electronic zero adjusanm:'(oee below). If the span adjustment setting
is changed after the zero is set, the zero should be rechecked and adjusted, if
necessary. Wait 15 or 20 seconds to ensure that the zero reading is stable. If
necessary, readjust the zero.

The instrument is now ready for calibration or measurement by switching
the finction switch to the proper measurement range. The instrument is supplied
calibrated to read directly in ppm (v/v) 0-20, 0-200, 0-2000 of benzene with
the span position set at 9.8. For additional sensitivity, the span potentiometer
is turned counterclockwise (smaller mmbers) to increase the gain. By changing
the span setting fram 10.0 to 1.0 the sensitivity is increased approximately ten
fold. Then, the 0-20, 0-200, and 0-2000 ppm scales become 0-2, 0-20, and 0-200
pro full scale, respectively. This span control is also utilized to make the
instrument scale read directly in ppm of the compound being measured. E.g., it
is adjusted to match the value of a& calibration gas to that same reading on the
instrument scale. The span control can be utilized to calibrate nearly any com-
pound, measured by photoionization, to be direct reading on the 0-20 ppm range.
For example, gain settings of 4.5 or 8.9, respectively, will provide direct reading
capability (0-20, 0-200 ppm) for vinyl chloride and trichloroethylene, respectively,
For a listing of approximate gain setting values see Table IV.

11
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qsln’ Designation: D 422 - 83 (Reapproved 1972)"

Standard Method for

PARTICLE-SIZE ANALYSIS OF SOILS'

This sandurd is iwed under the fized designation D 412: thlumhuumfonmqmmmnmuMmmﬁd

ongral adopecs ar. is the case of revision, the veas of Jast revision. A sumb

the year of Jast reappwoval.

Awm(.}“umm-mmumumm

* NOTE==Sccuon 2 was added edironalhy and sub

wd in July 1984,

1. Scope

1.1 This method covers the quantitative de-
termination of the distribution of panicle sizes
in soils. The distribution of particle sizes larger
than 75 um (retained on the No. 200 sieve) is
determined by sieving, while the distribution of
particie sizes smaller than 75 um is determined
by a sedimentation process, using a hvdrometer
10 secure the necessary data (Notes [ and 2).

Note |—Separation may be made on the No. 4
(4.75%mm). No. 40 (42S-um). or No. 200 (75-um) sicve
instead of the No. 10. For whatever sieve used. the size
shall be indicated in the report.

Note —Twofwuotdmondwmmw
vided: (/) a high-speed mechanical surrer, and (2) air
dispersion. Exiensive investigstions indicate that zir-
dispersion devices produce 8 more posilive dispersion
of plasuc soils below the 20-um size and appreaabdly
less degradanion on all sizes when used with sandy sails.
Because of the definite advantages favoring air disper-
sion. 18 use is recommended. The results from the two
types of devices differ in magnitude. depending upoa
soil type. leading to marked difTerences in particle size
disiribution. especially for sizes fioer than 20 um.

2. Applicable Documents

2.1 ASTM Siandards:

D421 Method for Dry Prepantion of Soi
Samples for Panicle-Size Analysis and De-
termination of Soil Constants®

E 11 Specification for Wire-Cloth Sieves for
Testing Purposes’

E 100 Specification for ASTM Hydrometers*

3. Apparatus

3.1 Balances—A balance sensitive 1o 0.01 g
for weighing the material passing a No. 10 (2.00-
mm) sieve, and a balance sensitive 10 0.1 % of
the mass of the sample 10 be weighed for weighing

the material retained on a No. 10 sieve,

32 Suirring Apparaius—Either apparatus A
or B may be used,

3.2.1 Apparatus A shall consist of a mechan-
ically operated stirring device in which a suitably
mounted electric motor turns a vertcal shafi ot
2 speed of not Jess than 10 000 rpm without load.
The shaft shall be equipped with a replaceable
stirring paddle made of metal, plasiic, or hard
rubber, as shown in Fig. 1. The shaft shall be of
such length that the stirring paddle will operate
not less than % in. (19.0 mm) nor more than 1%
in. (38.1 mm) above the bottom of the dispersion
cup. A special dispersion cup conforming w0
cither of the designs shown in Fig. 2 shall be
provided 10 hold the sample while it is being
dispersed.

3.22 Apparatus B shall consint of an air-jet
dispersion cup’ (Note 3) conforming 10 the gen-
eral details shown in Fig. 3 (Notes 4 and S).

Nort 3—The amount of air required by an xir-et
dispersion cup is of the order of 2 ft’/min; some small
air compreson are not capable of supplying sufficient
8ir 10 operate 3 cup.

NoTtr 4—Another air-type dispersion  device,
known at a dispersion tube, developed by Chu and
Dasvidson at lows Sute Colicge, has been shown o pve

' This method is under the juridiction of ASTM Comminar
D-18 oa Soil and Rock and » the diry responmbiiny of
Subcommutier D18.03 oa Texture. Plasuctty. aad Densty O
atierisscs of Soils

Cumdmuw&w 21, 1963. Originally pub-
lishad 1935. Replaces D412 -

'Amndlndddmsunﬂt\ldﬂm.

? Anwua! Book of ASTM Sisnderds, Vol 1402

4 Annual Book of ASTM Sisndards, Vel 1401,

? Dewsiled working drawings for this cwp are availabic & a
aominal con from the Amenan Sooety for Tesung and Ma-
wnak, 1916 Race St Philadeiphia. PA 19103 Order Adusc
Neo. 12-404220-00.

1n?



results equivalem 10 those secured by the air-jet disper-
soo cups. When it is used, soaking of the sample can
be done in the sedimentation cylinder, thus eliminating
the need for transferning the slurry. When the aire
dispersion tube i used, it shall be 30 indicaied in the

NOTE $—Wister may condense in air lines when aot
i» we This waler must be removed, either by using »
water trap on the air lise, or by biowing the water out
of the line before wsing any of Une air for dispersion
purposes.

3.3 Hydromaer—An ASTM lydrometer,
graduated 10 read in either specific gravity of the
suspension or grams per litre of suspension, and
conforming to the requirements {or hydrometers
151H or 152H in Specifications E 100. Dimen-
sions of both hydrometers are the same, the scale
being the only item of difference.

3.4 Sedimeniation Cylinder—A glass cylinder
essentially 18 in. (457 mm) in height and 2% in.
(63.5 mm) in diameter, and marked for a volume
of 1000 mL. The inside diameter shall be such
that the 1000-mL mark is 36 = 2 cm from the
botiom on the inside.

3.5 Thermometer—A thermometer accurate
10 I°F (0.5°C).

3.6 Sieves—A series of sicves, of square-mesh
woven-wire cloth, conforming 1o the require-
ments of Specification E 11. A full set of sieves

includes the following (Note 6}

3.in. (75-mm) No. 10 (2.00-mm)
2-in. (50-mm) No. 20 (§50-pm)
1%-in. (37.5-mm) No. 40 (425-um)
1-ip. (28.0-mm) No. 60 (250-um)
%-in. (19.0-mm) No. 140 (106~um)
Yig. (9.5-mm) No. 200 (75-um)
No. 4 (4.75-mm)

NoTE 6—~A st of sieves giving uniform spacing of
points for the graph, as required in Section 17, may be
used if desired. This set consists of the following sicves:

3-is. (75-mm) No. 16 (1.13-mm)
1¥-in. (37.5-mm) No. 30 (600-um)
%e-in. (19.0-m1m) No. 50 (300-um)
Wein. (9.5-mm) No. 100 (150-um)
No. 4 (4.75-mm) No. 200 (75-um)
No. § (1.36-mm)

3.7 Waier Bath or Consiani-Temperature
Room—A water bath or constani-temperature
room for mainuining the 30il suspension at a
consant temperature during the hydrometer
. analysis. A satisfactory water tank is an insulated
tank that maintains the temperature of the sus-
pension at a convenient constant iemperature at
or near 68°F (20°C). Such a device is illusirated
in Fig. 4. In cases where the work is performed
in a room at ap sutomatically controlied constant

temperature, the water bath is not Decesmary,
3.8 Begker—A beaker of 250-mL capacity.
3.9 Timing Device—A waich or clock with a
second hand.

4. Dispersing Agent

4.] A solution of sodium hexametaphosphate
(sometimnes calied sodium metaphosphate) shall
be used in distilled or demineralized water, at the
mte of 40 g of sodium hexametaphosphate/litre
of soluvon (Note 7).

Norte 7—Solutions of this salt, if acidic, slowly re-
vert or hydrolyze back 10 the orthophosphate form with
8 resullant decrease in dispersive action. Solutions
should be prepared frequently (at least once & month)
or adjusied 10 pH of 8§ or 9 by meams of sodium
aarbonate. Bottes containiag solutions should have the
date of preparation marked on them.

42 All water used shall be either distilied or
demineralized water. The water for a hydrometer
test shall be brought 10 the temperature that is
expected 10 prevail during the hydrometer 1est
For example, if the sedimentation cylinder is o
be placed in the waif? bath, the distilled or de-
mineralized water to be used shall be brought o
the temperature of the controlled water bath: or.
if the sedimenuation cvlinder is used in 3 room
with controlled temperature, the water for the
test shall be at the iemperature of the room. The
basic iemperature for the hydrometer test is 68°F
(20°C). Small variations of temperature do not
introduce differences that are of practical signif-
icance and do not prevent the use of corrections
derived as prescribed.

5. Test Sample

S.1 Prepare the test sample for mechanical
analysis as outlined in Method D 421. During
the preparation procedure the sample is divided
ino two poniions. One portion contins only
particles retained on the No. 10 (2.00-mm) sieve
while the other portion conuins only particles
passing the No. 10 sieve. The mass of air-dried
soil selected for purpose of tests, as prescribed in
Method D 421, shall be sufficient 10 yield quan-
tities for mechanical analysis as follows

5.1.1 The size of the portion reained on the
No. 10 sieve shall depend on the maximum size
of panicle, according 10 the following schedule:

Nominal Diameser of
Laryes Parucies. Approtimae Minimum
m. (mm) Mams of Poruoa, §
R0S) 300
%= (190) 1000
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Nosuaal Diameer
of Largen Panicias, Approzimate Minimum
i (mm) Mas of Poruion, g
1 (23.9) 2000
1w (81T 3000
2 (508 4000
3 3000

5.1.2 The size of the portion passing the No.
10 sieve shall be approximately 115 g for mndy
soils and approximately 65 g for silt and clay
soils.

5.2 Provision is made in Section S of Method
D 421 for weighing of the air-dry soil selecied for
purpose of 1esis. the separation of the soil on the
No. 10 sieve by dry-sieving and washing. and the
weighing of the washed and dried fraction re-
tained on the No. 10 sieve. From these two
masses the percentages retained and passing the
No. 10 sieve can be calculated in accordance
with 12.1.

NOTE $—A check oo the mass values and the thor-
oughness of puiverization of the clods may be secured
by weighing the portion passing the No. 10 sieve and
adding this value 10 the mass of the washed and oven-
dned poruon retained on the No. 10 seve.

SIEVE ANALYSIS OF PORTION RETAINED
ON NO. 10 (2.00-mm) SIEVE

6. Procedure

6.1 Separate the porion retained on the No.
10 (2.00-mm) sieve into a series of fractions using
the ¥in. (75-mm). 2-in. (30-mm), 1%-in. (37.5-
mm), l-in. (25.0-mm), %-in. (19.0-mm). %-in.
(9.5-mm), No. 4 (4.75-mm), and No. 10 sieves,
or as many as may be needed depending on the
sample, or upon the specifications for the mate-
rial under test.

6.2 Conduct the sieving operation by means
of a lateral and venical motion of the sieve,
accompanied by a jarring action in order 1o keep
the sample moving continuously over the surface
of the sieve. In no case turn or manipulate frag-
ments in the sample through the sieve by hand.
Continue sieving until not more than | mass %
of the residue on a sieve passes that sieve during
1 min of sieving. When mechanical sieving is
used, test the thoroughness of sieving by using
the hand method of sicving as described above.

6.3 Determine the mass of each fraction on a
balance conforming 10 the requirements of 3.1.
Al the end of weighing. the sum of the masses
reizined on all the sieves used should egual
closely the original mass of the quantity sieved.

HYDROMETER AND SIEVE ANALYSIS OF
PORTION PASSING THE NO. 10 (2.00-mm)

7. Determination of Composite Correction for
Hydrometer Reading

7.1 Equations for percentages of soil remain-
ing in suspension, as given in 14.3, are based on
the use of distilled or demineralized water. A
dispersing agent is used in the water, however,
and the specific gravity of the resulting liquid is
appreciably greater than that of distilled or de-
mineralized water.

7.1.1 Both s0il hydrometers are calibraled at
68°F (20°C), and variations in temperature from
this standard temperature produce inaccuracies
in the actual hydrometer readings. The amount
of the inaccuracy increases as the variaton from
the standard 1emperature increases.

7.12 Hydrometers are graduated by the man-
ufacturer 10 be read at the boriom of the menis-
cus formed by the liquid on the stem. Since it is
not possible 10 secure readings of soil suspensions
at the bontom of the meniscus. readings must be
taken at the top and a correction applied.

7.1.3 The net amount of the corrections for
the three items enumerated is designated as the
composite correction, and may be determined
experimentally.

7.2 For convenience, a graph or table of com-
posite corrections for a series of 1° temperature
difTerences for the range of expected test temper-
atures may be prepared and used as needed.
Measurement of the composite corrections may
be made at two temperatures spanning the range
of expecied test temperatures, and corrections for
the intermediate temperatures calculated assum-
ing s staight-line relationship between the two
observed values.

7.3 Prepare 1000 mL of liquid composed of
distilled or demineralized water and dispersing
agent in the same proportion as will prevail in
the sedimentation (hydrometer) test Place the
liquid in a sedimentation cyclinder and the cyl-
inder in the constant-temperature water bath. set
for one of the two temperatures 1o be used. When
the temperature of the liquid becomes constant,
insert the hydrometer, and, afier a short interval
10 permit the hvdrometer 10 come to the temper-
ature of the liquid. read the hydrometer at the
top of the meniscus formed on the stem. For
hydrometer 151H the composite correction is the
difference between this reading and one; for hy-
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drometer 152H it is the difference between the
reading and zero. Bring the liquid and the hy-
drometer to the other temperature 10 be used,
and secure the composite correction as before.

8. Hygroscopic Moisture

8.1 When the sample is weighed Tor the hy-
drometer test, weigh out an auxiliary portion of
from 10 10 J$ g in a small metal or glass con-
winer, dry the ampie 10 a constant mass in an
oven at 230 = 9°F (110 = 5°C), and weigh again.
Record the masses.

9. Dispersion of Soil Sampie

9.1 When the soil is mosuy of the clay and sit
sizes, weigh out a sampie of airdry soil of ap-
proximately 50 g When the soil is mostly sand
the sample should be approximately 100 g

9.2 Place the sample in the 250-mL beaker
and cover with 125 mL of sodiura hexameta-
phosphate solution (40 g/1). Stir until the soil is
thoroughly wetted. Allow to soak for at least 16
b .

9.3 At the end of the soaking period, disperse
the sampie further. using either stiming apparatus
A or B. If surring apparatus A is used, rransier
the soil - water slurry from the beaker into the
special dispersion cup shown in Fig 2, washing
any residue from the beaker into the cup with
disulled or demineralized water (Note 9). Add
distilled or demineralized water, if necessary, so
that the cup is more than half fuil Str for a
period of 1 min,

NOTE 9—A large size syringe is & convenient device
for handling the water in the washing operation. Other
devices include the wash-water borue and 2 hose with
nozzie connected 10 3 pressurized distilled water tak

9.4 If summing apparatus B (Fig 3) is used,
remove the cover cap and connect the cup 10 2
compressed air supply by means of s rubber hase.
A air gage must be on the line berween the cup
and the control valve. Open the control valve so
that the gage indicates 1 psi (7 kPa) pressure
(Note 10). Transfer the soil - water slurry from
the beaker 10 the air-jet dispersion cup by wash-
ing with distilled or demincralized water. Add
distilied or demineralized water, if necessary, 50

_ that the towal volume in the cup is 250 mL, but

no more.

NoTe 10—The initial air pressure of | psi is required
10 prevent the soil - water mixture from entenng the
ait-jet chamber when the mixture is transferred to the
disperson cup.

9.5 Place the cover cap on the cup and open
the air control valve until the gage pressure is 20
psi (140 kPa). Disperse the soil according to the
following schedule:

Dispersion Penod.
Plasucity indes na
Under § s
6020 w
Over 20 13

Soils containing large percentages of mica need
be dispersed for only | min. Afier the dispersion
penod, reduce the gage pressure 10 | psi prepar-
atory 10 transfer of soil - water slurry 10 the sed-
imentation cylinder.

10. Hydrometer Test

10.1 Immediately after dispersion, transfer the
soil - water slurry 10 the glass sedimentation cyl-
inder, and add distilled or demineralized water
until the 1012l volume is 1000 mL.

10.2 Using the palm of the hand over the open
end of the cylinder (or a rubber siopper in the
open end), turn the cylinder upside down and
back for a period of 1 min 10 complete the
agitation of the slurry (Note 11). Atthe end of |
min set the cylinder in & convenient location and
take hydrometer readings at the following inter-
vals of time (measured from the beginning of
sedimentation), or as many as may be needed,
depending on the sample or the specification for
the material under test: 2, 5, 15, 30, 60, 250, and
1440 min. If the controlled water bath is used,
the sedimentation cvlinder should be placed in
the bath between the 2- and Smip readings.

NoTE 11—The oumber of turns during this minute
should be approvimalely 60, counting the turn upsde
down and back as two turns. Any 30il remaining i the
bonom of the cylinder during the firn few turns should
be Jocsened by vigorous shaking of the cylinder while
flisin the inverted position.

J0.3 When it is desired 10 take a hydrometer
reading, carefully insert the hydrometer about 20
10 25 5 before the reading is due to approximately
the depth it will have when the reading is taken.
As 3000 as the reading is 1aken, carefully remove
the hydrometer and place it with s spinning
motion in & graduste of clezn distilled or demin-
eralized water,

Nore ]2 is imponant 1o remove the hvdrometer
immediately after cach reading. Readings shall be waken
at te top of the meniscus formed by the suspension
around the mtem, since it it not postible W0 securt
readings a1 he bottom of the meniscus.
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10.4 Afier each reading. take the temperature
of the suspension by inserting the thermometer
into the suspension.

11. Sieve Analysis

1.1 Afier making the final hydrometer read-
ing, transfer the suspension 10 2 Nau. 200 (75-umy)
sieve and wash with tap waier amtil the wash
water is clear. Transfer the material oo the No.
200 sieve 10 a suitable container, dry ip an oven
a1t 230 = 9°F (110 £ 5°C) and make 3 sieve
analysis of the portion retained, using as many
sicves as desired, or required for the maerial, or
upon the specification of the material under test.

CALCULATIONS AND REPORT

12. Sieve Analysis Valves for the Portion
Coarser than the No. 10 (2.00-mm) Sieve

12.1 Calculate the percentage passing the No.
10 sieve by dividing the mass passing the No. 10
sieve by the mass of soil originally split on the
No. 10 sieve. and multiplying the result by 100.
To obuin the mass passing the No. 10 sieve,
subtract the mass reuined on the No. 10 sieve
from the original mass.

12.2 To secure the total mass of soil passing
the No. 4 (4.75-mm) sieve, add 10 the mass of
the maierial passing the No. 10 sieve the mass of
the fraction passing the No. 4 sieve and retained
on the No. 10 sieve. To secure the total mass of
soil passing the %-in. (9.5-mm) sieve. add to the
toll mass of soil passing the No. 4 sieve, the
mass of the fraction passing the %-in. sieve and
retained on the No. 4 sieve. For the remaining
sieves, continue the calculavons in the same
manner.

12.3 To determine the total percentage pass-
ing for each sieve, divide the 10tal mass passing
(see 12.2) by the 1otal mass of sampiec and mul-
tipiy the result by 100.

13. Hygroscopic Moistore Correction Factor

1.1 The hydroscopic moisture correction fac-
tor is the ratio between the mass of the oven-
dnied sample and the air-dry mass before drying.
It is 3 aumber less than one, except when there
is no hygroscopic moisture.

14; Percentages of Soil in Suspension

14.] Calculate the oven-dry mass of soil used
in the hvdrometer analysis by muliplying the
air-dry mass by the hygroscopic moisture correc-

tion factor.

14.2 Caiculate the mass of a total sampie rep-
resented by the mass of soil used in the hydrom-
eter test, by dividing the oven-dry mass used by
the percentage passing the No. 10 (2.00-mm)
sieve, and multiplying the resuh by 100. This
value is the weight W in the equation for per-
cenlage remaining in suspension.

14.3 The percentage of s0il remaining in sus-
pension a1 the leve] at which the bydrometer is
measuring the density of the suspension may be
calculated as follows (Note 13): For hydrometer
151R1:

P = [(100 000/ W) x Gﬂ&- GIXR = Gy)

Nort 13—~The brackeied ponion of the equation
for hydrometer 151H is consunt for a series of readings
and may be calculated firn and then multiplied by the
poruos ip the parentheses.

For hydrometer 152H:

P = (Ra/W) x 100

where:

a = correction faction 10 be applied to the read-
ing of hvdrometer 152H. (Values shown on
the scale are computed using a specific grav-
ity of 2.65. Correction factors are given in
Tabie 1),

P = percentage of s0il remaining in suspension
a1 the level st which the bydrometer mea-
sures the density of the suspension,

R = hydrometer reading with composite correc-
tion applied (Section 7},

W’ = oven-dry mass of soil in a total test mmple
represented by mass of soil dispersed (see
142). 8.

G = specific gravity of the soil particles. and

G, = specific gravity of the liquid is which soil
particles are suspended. Use numerical
value of ope in both instances in the equa-
tion. In the first instance any possible van-
aton produces no significant effect, and in
the second instance, the composite correc-
tion for R is based on a value of one for G..

15. Diameter of Soil Particles

15.1 The diameter of a particle corresponding
to the percentage indicated by a given hydrome-
ter reading shall be calculated according 10
Stokes' lsw (Note 14), on the basis that a particle
of this diameter was at the surface of the suspen-
sion at the beginning of sedimentation and had
settied to the level at which the hydrometer s
measuring the density of the suspension. Accord-
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ing 10 Stokes’ aw:
D = 30n/980(G - Gi] X L/T

where:

D = diameter of particle. mm,

a = coeflicient of viscosity of the suspending
medium (in this case water) in poises (varies
with changes in temperature of the sus-
pending medium),

L = distance from the surface of the suspension
10 the level a1 which the density of the
suspension is being measured, cm. (For a
gven hydrometer and sedimentation cyl-
inder, values vary according 10 the hydrom-
eter readings. This distance is known as
effective depth (Table 2)), -

T = interval of time from beginning of sedimen-
wuon 10 the uaking of the reading, min,

G = specific gravity of soil particles, and

G, = specific gravity (relauve density) of sus-
pending medium (value may be used as
1.000 for all practical purposes).

NoTte !4—Sioce Siokes® law considers the terminal
velocity of a single sphere falling in an infinity of liquid.,
the sizes calculated represent the diameter of spheres
that would fall at the same raie as the soil parucies.

15.2 For convenience in calculaiions the
above equation may be written as follows:

D= kJUT

where:

K = consiamt depending on the temperature of
the suspension and the specific gravity of
the soil parucles. Values of X for a range of
temperatures and specific gravities are given
in Tabie 3. The value of X does not change
for a senies of readings constituting a test,
while valves of L and T do vary.

15.3 Values of D may be computed with suf-
ficient accuracy, using an ordipary 10-in. slide
rule.

NOTE 15—~The value of L is divided by 7 using the
A- and B-scales. the square root being indicaied on the
D-scale. Without asceraining the value of the square
rg;w;';:ayhtmulﬂpbdby&dudwmt-ar

16. Sieve Apalysis Values for Portion Finer than
) No. 10 (2.00-mm) Sieve

16.) Calculation of percentages passing the
various sieves used in sieving the portion of the
sample {rom the hvdrometer 1est involves several
fieps. The firm siep is to calculate the mass of the

122

fraction that would have been retained on the
Nao. 10 sieve had it not been removed. This masy
is equal 10 the 1ota) percentage retained op the

. No. 10 sieve (100 minus to1a] percentage passing)

times the mass of the total sample represented
by the mass of soi) used (as calculated in 142),
and the resuht divided by 100.

16.2 Calculate next the total mass passing the
No. 200 sieve. Add 10gether the fractional masses
retained on all the sieves, including the No. 10
sicve, and subtract this sum from the mass of the
total sample (as calculated in 14.2).

16.3 Calculaie next the total masses passing
each of the other sieves, in a manner similar to
that given in 122,

16.4 Calculate last the total percentages pass-
ing by dividing the 10tal mass passing (as calcu-
lated in 16.3) by the 101a) mass of sample (as
calculated in 14.2), and multiply the resuh by
100.

17. Graph

17.1 When the hydrometer analysis is per-
formed, a graph of the test results shall be made,
plotting the diameters of the pasticies on a loga-
rithmic scale as the abscissa and the percentages
smaller than the corresponding diameters 10 an
anthmetic scale as the ordinate. When the hy-
drometer analysis is not made on a porion of
the soil, the preparation of the graph is optional,
since values may be secured directly from mabu-
lated data

18. Report

18.1 The repornt shall include the following:

18.1.] Maximum size of particles,

18.1.2 Percentage passing (or remained om)
each sieve, which may be tabulated or presented
by plotting on a graph (Note 16),

18.1.3 Description of sand and gravel pari-
clex:

18.1.3.1 Shape—rounded or angular,

18.1.3.2 Hardness—hard and durabie, soft. or
weathered and friable,

18.1.4 Specific gravity, if unusually high or
low, .

18.1.5 Any difficulty in dispersing the fraction
passing the No. 10 (2.00-mm) sieve, indicating
any change in type and amount of dispersing
agent. and

18.1.6 The dispersion device used and the
length of the dispersion period.
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Nott 16— This tabulation of graph represcats the
padation of the sample tested. If particles larger than
those contained in the sample were removed before
tesung. the report shall 50 sate giving the amount and
maumum size, -

18.2 For materials 1ested for compliance with
definite specifications, the fractioas called for in
such specifications shall be reponed. The frac.
tions smaller than the No. 10 sieve shall be read
from the graph.

18.3 For materials for which compliance with
definite specifications is not indicated and when
the soil is composed almont entirely of particles
passing the No. 4 (4.75-mm) sieve, the results
read from the graph may be reported as follows:

(1) Gravel, passing 3-in. and retained on %
No.d4gievwe - 77777
(2) Sand, pesasing No. 4 sieve and re- Y
tained on No. 200 sieve """
(a) Coarse sand, passing No. 4 geve ’
and reiained on No. [Osieve °°°°°
(b) Medium sand, passing No. 10
sieve and retained on No. 40 ..... %
seve
(¢) Fine sand, passing No. 40 sieve %
and retained on No. 200 meve  ° 7"
(3) Sikkgize 0.07410000S mm = ..... %

() Qay size, smaller thas 0.005 mm
Colloids, smaller than 0.00! mm

18.4 For materials for which compliance with
definite specifications is not indicated and when
the s0il contains material retained on the No. 4
sieve sufficient to require a sieve anajysis on that
porion, the results may be reponed as follows
(Note 17}

SuEVE ANALYIS
Sieve Size
l.in
2.in.
1¥ein.
lin.
M-in
W-in.
No. 4 (4.75-mm)
No. 10 (2.00-mm)

No. 40 (425um)
Ne. 200 (?5-um)

HYDROMETER ANALYSSS
0.074 mm €

0.005 mm
0.001 mm

_ Note 17—No. § 2.36-mm) snd No. 50 (300-um)
sicves may be substituted for No. 10 and No. 40 geves.

..........
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TABLE )} Values of Correction Facrer. a, for Diflorent

Specific Gravities of Soll Pasvicies?
Specific Gty Correcuon Facror*
295 (X )
19 0.9
285 . 0.9
2.0 on
118 . (L}
2% [T _]
188 1.00
260 .
258 0
230 103
248 105

“For use in equauon for percentage of 30 remansg in
suspennion whe using Hydromewr 1S2H.

TABLE 2 Valwes of Effactive Depth Based sn Mviremeter
and Sedimemstion Cylinder of Specifiod Sineg” -

Actusl M f My
; |od Effa- Effec-
Hydrom- Effecrive drom. e droen- uve
o Deph. ow Do ew  Depa
Reading Lom Red- Lo Red Lem
"y -y
.00 | 8]
L 73
1033 74
1034 13
1.038 10
1.036 63
1037 (%]
1038 [ %]

Hwdromeser ISIH Hydromaer 152K
Eee M Effec
Acvaal < Hy- -
Hwdrom- Eg;': drom- vve  deom- tive
o Lem Depth.  ear  Deph,
Reading Read- Lem Red- L em
g ng
1.000 163 [} 163 3 12
1.001 160 ] 16.] n 111
1.002 153 2 1690 3 109
1.003 158 3 158 ) 10.?
1.004 152 4 1546 b L) 106
1.003 150 ] 153
1.006 147 ) 153 3% 104
1.007 4.4 7 152 3 102
1.008 142 | 150 B 10.1
1.009 139 9 148 » 9
1010 137 10 (L&) L) .7
1018 134 1] 143 41 94
1.012 131 12 143 < 9.4
1013 129 13 142 43 22
(Ole 124 i€ 140 o4 | X}
. 108 123 15 138 [} [ €]
1.016 1 16 137 o [ § ]
1.017 [} F ] 17 135 4 | 79
1018 1ns 18 133 a4 | V)
1.019 113 19 12 o 13
1.020 ns » 138 50 [ V)
1.02! 107 21 129 L] 19
1o 105 n 127 2 4
1.023 102 b3 ] 1235 3 14
1024 100 4 124 ] 14
1.028 [ 3] 3 122 s 3
1026 [ 7] 2 120 % 7.3
1.027 22 n 139 7 b7 ]
1.018 L9 b ] 11.7 s [ ¥ ]
1029 [ 11 29 ns » . (Y3
1.030 84 ) 114 ®0 [ %]

* Values of effecuwe depth are calculared from e ag
Lol +w(ly- (v

where
1 = effecrive Seph, e,
L, = disance along the siem of the hvdrometer frors whe wp
of the buld w0 the mari. for 3 bydromewr resding. cm.
La = overall length of U Mydromese bulb. cm,
b = volume of hvdromewer bulb. co’. and
4 = com-secuonal area of sedimentauon cyfinder, o’
Values used in calcuiaung the values in Tabie 2 are a3 follows
For both svdromaen. [S1H asd (SIH:
Iy = 140cm
¥y = 610 cm
A = N3ew’
For hvdrometer 131H:
L, = 105 cm for a reading of 1.000
= 13 cm for a reading of 1.031
For hvdrooverer 1 S2H:
Ly = 105 o for s reading of 0 g/iee
® 23 cm for & rending of 30 g/\nre
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TABLE 3 Vaiues of K for Use in Equation for Computing Diameter of Purticle in Hydrsmeror Analysis

Temperaiure, Specific Graviry of Soil Parucies .

< 248 250 233 240 243 [X") 273 200 FY )

T 001510 001305 001481 QDI4ST 001438 001414 0OII9 ODIIN4 00133
1 001511 QD1asé 001462 00143 QDI417  00IM6 O©DI3% 00136 001338
1 o112 001467 00144) Q01421 QO399 001378 0011 0OI13)  OOI1IN
" aDIla DOlas  GDI42S 003  OOI2 00136 001342 QI3 601308
*) 00)4%6 QDIA3l OCDMO8 QG416 QOIS QD134e O0OI2S 001307  0.01209
n 001438 001414 001391 QOIS OOI3E 00138 001300 G011 0017
» 001421 00137 00137 QOIS  ODI3R 001312 001294 0Q013%  0DI2S8
n 00140¢ 001381 001358 Q01337 ODI3T 001297 OOIZY 001261  0.0124)
24 001338 001365 00132 001321 001301 001282 001264 0D1246 0.0IN9
5 001372 00139 GOI3X? 001306 O0OI286 001267 001249  GOI2X?  0DI2NS
% 001357 001334 @012 00191 0012 001253  00IZS  OOINS 00101
n 00132 00I319 00177 00127 00138 00119 00122 001206 001188
n 001327 001304 001283 0DIs4 001264 001255 001208 001191  @DIITS
» 001317 001290 001269 001249 001230 001212 001198 001178 ©€ONK
» 00I798 00137 OGODI25 G0I1236 001217 OO O0DIIE2 QOIS 001149

gﬁ o T

L . .
34 No. 18 BW Go+=0.049
Chrome Ploted
Puach
0.203° 000"
{a) i
Mewic Equivalests
" 0.001 o004 0203 [ ] L]
[ ) 0.03 124 516 127 190

MIG. 1 Detall of Scirving Poddies
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SAMPLING AND ANALYSIS PLAN CONTINUED FROM LAST FOLDER



10,

-6 -

Estimated date{s) of collections: 1lst August - 2nd September 1988

Estimated date(s) and method of shipment: 1lst August - 2nd September 1988

Federal Express Next Day Delivery

Number of days analysis and data required after laboratory receipt of
samples:

Laboratory should report results within 30 days of receipt of samples.

Analytical protocol required (attach copy if other than a protocol
currently used in this program:

Method for Total Porosity in Soils: "Field and Laboratory Methods

Applicable to Overburdens and Mine Soils," Section 3.4.9 -

EPA-600/2-78-054 (See attached Method). Measurements are to be made on

undisturbed Shelby tubes sealed in wax.

Special technical instruction (if outside protocol requirements, specify
compound names, CAS numbers, detection limits, etc.):

a.) Use Section 3.4.9,1, 3.4,9.3 - 3,4,9.6 for porosity calculations.

b.) Determine bulk density using Method 3.4.4.

c.) Because samples will be shipped in sealed Shelby tubes, only use

Section 3.4.4.5 procedural Items 10 thru 17.

d.) DNetermine particle density using Method 3.4.8.

e.) Use only methods specified above. Obtain approval of CPMS, CRL prior

to use of any other method. Analysis shall be performed on the portion of

each sample that is not used for permeability or sieve and hydrometer

analysis,

Analytical results required (if known, specify format for data sheets,
QA/OC reports, Chain-of~Custody documentation, etc.). If not completed,
format of results will be left to program discretion.

Report all raw data and parameter values used in making computations of

total porosity.

Other (use additional sheets or attach supplementary information, as
needed):

00206/04



11, Name of sampling/shipping contact: Mona Sutherland
Phone: (312) 621-3944

I. DATA REQUIREMENTS

Parameter Detection Limit Precision Desired
(+% or Conc.)

Total Porosity

IT. QC REQUIREMENTS

Audits Required Frequency of Audits Limits* (% or Conc.)

Lab Duplicate 2 for sets <10 +10%

1 per 10 for sets >10

IIT. ACTION REQUIRED IF LIMITS ARE EXCEEDED:

1.) Reanalyze

2.) Call Region V CRL if problems exist

Jay Thakkar or Chuck Elly

(312) 886-1972  (312) 353-9087

i
Please return this request to the Sample Management Office as soon as possible
to expedite processing of your request for special analytical services,
Should you have any quest1ons or need any assistance, please call the Sample
Management Office. ;
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3.4.3.6 Calculations—

1. Dispersing agent correction factor = Sum total of temperature corrected
hydrometer readings of blanks/3.

2. Weight corrected 2 hour resding = (Temperature corrected 2 hour
hydrometer reading) ~ (Dispersing agent correction factor).

3. Weight corrected 40 second reading = (Temp. corrected 40 second
hydrometer reading) - (Dispersing sgent correction factor).

4, % Clay = (Weight corrected 2 hour reading/oven-dry weight of total
sample) X 100,

5. % Silt = [(Weight corrected U0 second reading - Weight corrected 2 hour
reading)/oven-dry veight of total sample] X 100.

6. % Sand = 100 - (¥ clay + % silt).

3.4.4 Bulk Density (Core Method)

3.4.4.1 Principles—

The soil bulk density determination is based on tvo measurements, a mass
measurement and a volume measurement. The mass is measured by oven drying
the sample at 105°C uptil a constant weight is obtained. The bulk volume
} measurement includes the space between the soil particles as vell as the
space occupied by the soil particles. Bulk density, the ratio of sample
., mass to sample volume, is expressed as grams per cubic centimeter (Blake,

 1965).

§3.4.4.2 Comments—

This method may be difficult or impractical in soil containing many rock
;trngnents.

A flat soil surface is prepared at the desired depth and the core sampler is

| driven into the soil. 1If driven with a heavy hammer, the head of the tool
zust be protected with a tough wooden plank or block. Care must be taken to

P se¢ that no compaction takes place so that a known volume of soil is obtained.
The sample is transferred to the laboratory and weighed while still moist.

. The sample is then dried in an oven and weighed again. This sample must be
iomediately placed in a desiccator after removing from the oven as the dry
sample will absorb moisture from the atmosphere (Baver, 1956, p. 180-182).

f3.4.4.3 Chemicals—

!One required.
3.4.4.4 Materials—

,1- Double-cylinder core sampler with steel cutting edge, driving head,
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and removable brass or aluminum sleeves.

2. Core cylinder, 7.6 cm (3 in) in diameter and 7.6 cm (3 in) in height
with 3.2 mm (0.125 4n) thick valls.

3. Balance, can be read to 0.1 g.
k. Drying oven.

S. One-pint containers.

6. Air tight plastic bags.

7. Aluminum wveighing pans.

8. Cloth dimpers

9. Desiccator containing drierite.

3.4.4.5 Procedure—

1. Assemble double-cylinder core sampler according to the instruction
manual,

2. Prepare a flat scil surface at depth in profile to be sampled.

3. Drive core sampler into the soil with the driving head until the soil
£ills the brass or aluminum sleeve and extends slightly above it.

4, Remove driving head and twvist double-cylinder core sampler.
. t.

5. Excavate soil on one side of the core sampler until the bottom of
the cutting edge can be clearly seen.

6. To insure that the contact of the core with the main soil body is
broken, run a knife across the bottom of the cutting edge. NOTE: Do this
step taking care not to disrupt the soil core.

7. Pack a cloth diaper into the top of the double-cylinder core sampler
until it rests on the top of the soil core and hold in place with one hand.

8. Gently tilt the top of the sampler towards the excavated side until the
cutting edge of the sampler is exposed. Put the other hand across the
bottom of the cutting edge to hold soil core in place. Remove core sampler
from excavation. '

9. Remove the core and sleeve from sampler by raising the cutting edge and
applying gentle pressure to bottom of soil core while using the cloth diaper
to insure that the soil core does not slide or fall from the sleeve.

10. Trim any excess s80il off both ends of the socil core so a flat surface
exists flush with the edges of the sleeve,

t
.
:
t
:
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1l. Remove the s0il from the sleeve ring and place in a pint container
lined with a plastic bag. Take care that no soil is lost in transfer.

12. Label the sample as to location, depth sampled and any other pertinent
information.

13. Transfer the samples to the laboratory.
1k, WVeigh a labeled aluminum pan and record the weight (A).
15. Transfer the moist soil sample to the pan and record the weight (B).

16. Place the pan with sample in an oven and allov to dry for 24 hours
at 105°C.

17. Remove the pan with sample from the oven and cool in a desiccator.
Weigh pan and contents. Record weight (C).

3.4.4.6 Calculations—

1. Bulk Density = (C - A)/347.5 cc, vhere 347.5 cc is the volume of the
cylinder,

2. Percent Field Moisture = ((B - C)/(C - A)) X 100,

3.4.5 Bulk Density (Saran Method)

'3,4.5.1 Principle—

Bee 3.h.h.1.

3.h.5.2 Comments—

b Care should be exercised vhen handling methyl ethyl ketone. This chemical
is toxic and flammable. An exhaust hood should be used during the mixing
of the plastic solution. Containers used for storing the solvent and the
Plastic solution must have 1ids which provide a tight seal.

One sampling pit can be used to collect samples from several different
depths. Start at the surface and vork dovnvards. Take a sample at the
surface and then remove all material until the horizontal layer at the
desired depth is exposed. Then take sample and repeat process until all
samples needed are collected. :

When trimming a clod to the desired size, be careful not to compact or

Othervise destroy it. Careful handling of the clod is necessary until
final coatings of plastic have been applied.

5; 3.4.5.3 Chemicals—

’f'l- Water,
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2. Methyl ethyl ketome (CH3COCoHs).

3. Dov Beran F310 solution in methyl ethyl ketone. NOTE: This solution ‘§
consists of 1 part Saran and T parts of methyl ethyl ketone. It is pre~
pared as follows: Under an exbaust bood, add 2310 ml of methyl ethyl ketone
to a 3.T785 liter (1 gallon) peint can. Add 330 g of Dov Baran Resin F310
to the solvent., The plastic is mixed with an air-povered or nonsparking
electric stirrer until the resin dissolves. If a high-speed stirrer is
used, the resin should dissolve in about one hour. Seal the container
tightly with 114 to prevent evaporation of solvent. Care should be exer-
cised vhen using methyl ethyl ketone since the solvent is flammable and
its vapors mix with air to form explosive mixtures. Always work with
this solvent under an exhaust hood.

3.4.5.5 Materials—

1. Tile spade and shovel.

2, Bharp knife.

3. Scissors,

L. Thread or fine wire.

5. Plastic bags (large enough to contain sample) with ties.
6. Boxes, heavy, cardboard (large enough to contain samples).
7. Cloth diapers or other suitable packing material.

8. Exhaust hood.

9. Beaker, 600 ml.

10. Balance, can be read to 0.1 g.

1l. Weighing pan, aluminum or other metal.

12. Support stand with ring clamp.

13. Drying oven.

1L, Wooden rolling pin.

15. Paper (to crush clods on).

16. Sieve with 2 mm openings (10 mesh).

3.4.5.5 Procedure—

1. Dig a pit from the surface of the socil downward until a vertical cross-
section of the soil is exposed.

PPN YL
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Can)

2.
3.

L,

5.

6.

7.

8.
9.

g 10,

11.

E 12,
| and

13,
b 1,

15,
§ 0.1

16,

17,

Starting at the surface, vork downward and remove a section of soil
larger than the clod to be studied from the face of the pit with a tile

spade.

Take a s0il clod, about 5 em in diameter, weighing form 30 to 150 g
from a larger piece of scil using & sharp knife to carefully cut sway
excess material.

Carefully break or cut off all protruding points, cut off all roots
with scissors, and brush all loose materials from clod.

Loocp thread or fine wire around clod and tie securely. Be sure to
leave a loose end of at least SO cm (20 in) of thread or fine wire.

Open can containing the plastic solution. Holding the clod by the
loose thread or fine wire, immerse it in the plastic solution for 5-10
seconds.

Remove clod from plastic solution and suspend from a previously
prepared line (like & clothes line) for 30 minutes to allov coating to dry.
NOTE: Seal container containing plastic solution tightly to prevent
evaporation of solvent.

When dry, place coated sample in airtight plastic bag. Label the sample.
Record location, depth sampled, and other pertinent information in data
boak.

‘Put the bag in a rigid cardboard container to prevent breaking or
¢ crushing of clod. NOTE: To insure that sample bag will be immobilized,
R, use cloth diapers for packing material around the plastic bag.

Transport sample to the laboratory.

Under an exhaust hood, open can containing plastic solution. Remove

£ sample from plastic bag holding it by the loose thread or fine wire and
k immerse it in the plastic solution for 30 seconds.

Remove clod from plastic solution, reseal container of plastic solution,
hang clod on a lipne under the exhaust hood for 30 minutes,

Repeat steps 11 and 12 four more times.
Fill a 600 ml beaker with approximately 350 ml of water.

Place beaker, with water, on a balance and veigh it to the nearest
€. Record weight (A).

Attach a ring clamp to the top of a support stand and position stand

B 80 that the ring clamp extends over the beaker of water on the balance.

After the final coating bas dried, take loose end of thread or fine

:fir! and lower clod into beaker of vater until clod is resting on the
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botton of the beaker. FRecord weight (BJ.” FUTE: Do not allov loose eng
of thread to fall into the beaker.

18. Loop loose end of thread or fine wire over ring clamp and slowly rni..:
clod off the bottom of beaker.

19. When clod is completely surrounded by water, record weight (C).
NOTE: It is extremely important that the clod is not touching any part
of the beaker and is entirely swrounded by water. -

20. Remove clod from beaker and place on tray in an oven at 105°C for
48 hours.

21. Remove clod from oven, cool in a desiccator and weigh to the neearest
0.1 g. Record weight (D).

22. Take s knife and carefully cut plastic coating and thread or fine
wire from clod.

23. Put all clod material on a sheet of paper and crush with s vooden
rolling pin. NOTE: Be careful not to crush soft coarse fragments, but
be sure to remove all fines from coarse fragments.

24, Pass crushed material through a 2 mm sieve.
25. Transfer all material caught on 2 mm sieve to & weighing pan and
dry in an oven at 105°C for 4 hours.

26. Cool weighing pan and sample in a desiccator. Weigh to nearest
0.1 g and record weight (E).

27. Discard material and veigh weighing pan. Record weight (F).

3.4.5.6 Celculations—

1. Legend:

A = Weight of beaker and water,.

B = Weight of beaker, wvater, and moist clod.

C = Weight of beaker, water, and moist clod suspended in water.

D = Weight of oven-dry clod.

E = Weight of weighing pan and clod material greater than 2 mm in
effective diameter.

F = Weight of weighing pan empty.

V = Volume of moist clod.
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X = Volume of coarse fragments in clod.

2. Bulk density of clod = D/V,

Where V = (C-A)/(1.00 g/ml), the density of vater is assumed to be 1.00 g/ml.
3. Bulk density of the less than 2 mm material of the clod = (D - (E - F)])/
(Vv - X), vhere: X = (E - F)/(2.65 g/ml) NOTE: This calculation assumes
that all material greater than 2 mm in effective diameter has no porosity
and has a particle density fo 2.65 g/ml.

k., Percent moisture of field sample on an oven-dry weight basis =
[((B - A) - D)/D] X 100.

3.4.6 Bulk Density (Varsol Method)

3.4.6.1 Principle—

(See 3.h.k.1)

3.4.6.2 Comments—-

The nonpolar liquid, Varsol, i{s used because of its availability,
cheapness and absence of an offensive odor. Because of {ts nonpolar
nature, it can replace air trapped in pores without causing the clod
to slake like a polar liquid (water).

: Clods used must hold together without breaking during routine field

and laboratory work. When samples are packed for transportation to the
laboratory, cushioning agents (i.e. diapers, styrofoam chips, crumpled
paper) should be used tc reduce the chances of clod breakage.

Corrections can be made for soils containing coarse fragments using steps

28 through 31 in the procedure.

b The density of each new container of Varsol should be determined by using

} 2 clean and dry S50 ml volumetric pipet and pipetting the Varsol into a

j Clean and dry preweighed beaker. The veight of the Varsol is recorded

b to 0.01 g. The pipetting and veighing is repeated a total of three times.

$ An average weight of the three readings is divided by 50 (ml of Varsol used

to determine the density).

[ 3.1.6.3 Chemicals—-

b Varsol - Trade name of EXXOF cleaning fluid (but can usually be purchased
3 {rom other suppliers). We have found Varsol to have a rather consistent
} density of 0.77 g/cc.

1 3.4.6.4 Materials—

1. Digging implements (spade and shovel).

82. Knife.
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Plastic bags (large enough to contain sample) with ties.

& w
.

Containers, rigid cardbvoard (large enough to contain samples).
. Drying oven.

. Thread (or similar light weight, thin cord).

5
6
7. palnnce. can be read to 0.1 g.
8. Weighing pan (preferably aluminum, but glass or other metal can
be substituted).

9.

Blotting paper.

10. Desiccator apparatus, vacuum type, with hole in center of 1id for
a rubber stopper (Corming 3100 or equivalent). Supported above the
bottom of the desiccator is a perforated porcelain desiccator plate
having a large center hole. A two-hole rubber stopper 1s placed in

the desiccator 1id. In one hole is placed a § mm o0.4., T-shaped tubing
connector. From one end of the T-connector, a short piece of tubing
with a hosecock clamp is applied to mallow air back into the desiccator
after evacuation. From the other end of the T-connector, attach a length
of vacuum hose with & hosecock clamp to the vacuum source equiped with
vacuum gauge. A short piece of 8 mm o.d. glass tubing (bent at 90°) is
inserted into the second hole of the rubber stopper with the 90° bend

being outside the desiccator. A length of tygon tubing is attached to the
inside end of the glass tubingo so that wvhen the desiccator is closed, the

tubing extends below and through the center hole of the porcelain plate.
Another piece of tygon tubing with hosecock is applied to the other end
of the glass tubing and cut to extend to near the bottom of the Varsol
container,

11. Support stand with ring clamp (aluminum rod can be substituted for
the ring clamp).

12. Beaker, 600 ml.
13. Wooden rolling pin (optional).
14, Brown paper {(optional).

3.4.6.5 Procedure—

1. Dig a pit from the surface of the socil downward until a vertical
cross section of the soil is exposed through the depths to be sampled.

2. Remove a large layer of soil with a spade from the face of the
sampling pit. Take a s0il clod about 5 cm in diameter and weighing from
30 to 150 g from the layer of soil. NOTE: Use a knife to cut the clod
from the soil. More than one clod can be taken for testing.
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20. After soaking, open clamp on air inlet to allow the inside of the
desiccator to return to atmospheric pressure.

-

21. Remove 1id of desiccator carefully. Remove clod on its base of blottin"
paper from the fluid, ;
22. Separate blotting paper and clod. Carefully place clod into beaker
of fluid on the balance pan and allow clod to rest on beaker bottom. Do
not let the lcose end of thread fall intc the beaker. Record weight (D).
NOTE: Separation of blotting paper and clod after removal of both from
Varsol will eliminate a fev drops of surplus fluid from the sample, but
the drainage tensicn will be slight.

23. Take loose end of thread sttached to clod and loop threed over the
ring clamp {(or straight rod) and slowly raise the clod off the bottom of
beaker,

24, When clod is completely surrounded by fluid, record wveight (E).
NOTE: It is essential that clod is not touching the sides or bottom
of the beaker and is entirely surrounded by the fluid.

25. Remove clod from beaker and place in weighing pan (pre-weighed in
step 6). Allow samples to air dry overnight under a hood.

26. Dry clods in an oven at 105°C for 2L hours.
27. Remove samples from oven. Cool in desiccator and weigh to nearest
0.1 g. Record weight (F). NOTE: Steps 28 thru 31 are necessary if

bulk density and porosity of the textural particles without coarse
fragments are required.

28. Put clod on sheet of brown paper and crush with a wooden rolling pin.
NOTE: Be careful not to crush small, soft coarse fragments, but be sure
to remove all fines from coarse fragments.

29. Pass sample through a 2 mm sieve.

30. All material caught on 2 mm sieve is transferred to a weighing pan
{pre-weighed in step 6) and dried in an oven at 105°C for U hours.

31. Coocl weighing pan and sample in deiccator. Then weigh sample plus
veighing pan and record wveight (G).

3.4.6.6 Calculations— -

1. Legend:
A = Oven-dry weight of weighing pan.
B = Weight of moist clod and weighing pan.

C = Weight of beaker and Varsol.

134



(&)

3. Put the sample in an airtight plastic bag. Label the sample,

Record location, depth sampled, and other pertinent information in data
book.

k., Put the beg in a rigid cardboard container to prevent breaking or
crushing the clod, NOTE: To insure that sample bag will be immobilized,
use cloth diapers for packing material around the plastic bag.

S. Transport the sample to the laboratory.

6. Weigh an oven-dry weighing pan and record the weight (A).

7. Carefully break off all protruding points and brush all loose
material from the clod.

8. Loop thread around clod end tie leaving about 50 cm (20 in) of thread
loose.

9. Place moist clod in weighing pan and weigh it to the nearest 0.1 g.
Record weight (B).

10. Place moist clod on a small square of heavy blotting paper in the
vacuum desiccator.

11. Apply grease to the ground glass surfaces of the 1id and the bowl
of the desiccator.

12. Place the 1id on the bowl and make a tight seal. KROTE: Make sure

the tubing extends belov and through the center hole of the porcelain base
plate in the bottom of the desiccator.

- 13. Clamp off the hoses that lead to the supply of Varsol and air inlet.
"1k, Evacuate to & pressure of less than 0.1 bar.

- 15. Clamp off hose leading to vacuum source.

16. Open clamp to hose leading to Varsol and admit fluid slowvly until it
completely covers sample.

x

i 17. After sample is completely covered with Varsol, allow sample to
[ 8oak for one hour.

‘ ! 18. Fill a 600 ml beaker with enough Varsol to cover sample completely
5 (lpproxinately 350 m1) and weigh on balance to nearest 0.1 g. Record
{ veight (C),

19. Take a support stand and attach a ring clamp at the top of stand.

Position stand in such s manner that the ring clamp extends over the
} beaker of Varsol on the balance.
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Weight of beaker, Varsol, and clod.

D
E = Weight of beaker, Varscl, and clod suspended in Varsol.

F = Oven-dry vweight of clod and we¢ighing pan.

G = Oven-dry veight of coarse fragments contained in clod and veighing pan.

X = Volume of water in clcd {equals the volume of pore space filled
with vater). '

Y = Volume of Varsol in clod (equals the volume of pore space filled
vith Varsol).

Z » Volume of clod.

T = Volume of coarse fragments.

Density of wvater = 1.00 g/cc.

Density of Varsol = 0.T7 g/cc (see 3.4.6.2).

2. Bulk density of clod = (F = A)/Z, vhere:

2 = (E - C)}/Density of Varsol.

3. Total pore space = X + Y, where:

X = (B - F)/Density of water; and

Y= [(D-C)~(B=A)~ (F - A)]/Density of Varsol.

k. Total porosity = [(X + Y)/Z] X 100.

S. Bulk density of the less than 2 mm material in the clod.

 Bulk density = (F - G)}/(2Z - T), vhere: T = (G - A)/2.65

BOTE: The coarse fragments are assumed to have no porosity; therefore,
a particle density of 2.65 g/cc is used to find the volume of the

coarse fragments. When coarse fragments have porosity the calculated
bulk density and porosity of the fines (less than 2 mm material) will be
incorrect, but bulk density and porosity of the whole clod, including coarse
fragments, vill be correct.

3:4.7 Bulk Density (Send Method)

; 3.4.7.1 Principle—

Bee 3.4,4.1

+ 3:4.7.2_ Comments—

The calculated volume of the jar and attachment remain constant as long as
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both maintaln the same relative position to each other. If the two mre to
be separated, match marks should be made to permit reassembly to this T
position. The individual measured volumes of water (Q,, Qp, and Q3) require
filling the jar snd attachment repeatedly (see 3.k.7.6, no. 1). Réplicateg ©
should not differ more than 3 ml between the highest and lovest volume '
determined, Vibration of the sand during any of the weighings or density
determinations may cause an increase in the sand bulk density and a decreas,
in sccuracy. Sand bulk density (T) may change over time due to changes

in moisture content or effective graduation. Field measurements should be
Yun as soon as possible after the sand density (T) has been determined.

Each nev bag of sand must have its sand density determined (ASTM, 1974).

.-

Care should be taken in excavating to minimize compaction of the soil

surrounding the hole. Any material falling from the sides of the hole
must be removed and placed with the material to be weighed. 1In this methoq, °
discrimination of very thin horizons is lost; however, due to the relatively !
large sample size, smal) errors in measuring the sand weight results in .
insignificant errors {Blake, 1965). , *

This method is especially suited to minesoils where coarse fragments
prevent using a core sampler, The procedure also works well in coarse
textured or unconsolidated materials that cannot be tested with either
the Varsocl or Saran techniques,

3.4.7.3 Chemicals—

Acetone (CH3C0CH3) (optional),

3.4.7.4 Materials—

1. Template consisting of a thin, flat, metal plate 30.5 cm (12 in)
square, with a 16.5 em (6.5 in) diameter hole in igs center.

2. Sand-funnel apparatus consisting of a lower cone flanged to 16.5
em (6.5 in) to fit the above template and a top cone section that is
threaded to receive the sand jug. A valve is located between the two
cones to control the sand flow into the density hole (specifications
in ASTM, 197k p. 211).

PP v ) '..u-‘-lnﬂ“-‘"'

3. A standard sand that is clean, dry, and free-floving. Particle
size should be uniform passing s sieve with 0.841 mm openings (20 mesh)
and retained on a sieve with a 0.250 mm openings (60 mesh). (Ottawa
sand or equivalent).

[

L. Balance, 20 kg (L4.10 1b) capacity which can be read to 1.0 g
(Model L-500 available from Soiltest, Inc., Evanston, IL or equivalent).

5. Large spoon.
6. Sand scoop.
7. Brown paper (optional).
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8. Wooden rolling pin (optional).
9. Sieve, 2 mm openings (10 mesh).

3.4.7.5 Procedure (modified from ASTM, 19Th)—

NOTE: Steps 1-16 and 3.4.7.6 no. 1-3 should be completed in the
laboratory prior to going to the field. Steps 1-8 and 3.4.7.6 no. 1
must be completed vhen either the jar or funnel apparatus is replaced.
Steps 9-12 and 3.4.7.6 no. 2 must be repeated for each nev bag of sand.

Steps 13-16 and 3.4.7.6 no. 3 must be repeated if the funnel apparatus
is replaced.

1. Assemble apparatus and place match marks on both the jar and funnel
apparatus to permit accurate realignment in case of separation.

2. Weigh assembled apparatus empty and record wveight (A).

3. Place apparatus upright. Open valve and fill with water until the
vater appears over the valve,

h., Close valve and pour off excess water,

Remove any vater remaining in
the funnel by sponging and then wiping dry.

5. Weigh apparatus filled with water. Record weight (B). Determine
temperature of the water and record temperature (C).

6. Discard vater in apparatus.

7. Repeat steps 3-6 two more times and determine the volume of the
spparatus from an average of the three weighings.

j 8. Thoroughly dry apparatus by the addition of acetone to absord -vater,
. followed by drying with a jet of moisture-free air or drying on a drying rack.

} 9. Place dry density apparatus upright on a firm, level surface. Close
valve and fill funnel with sand. '

P 10. Open valve and fi1l apparatus. NOTE: Keep funnel at least half full
[ of sand during the filling procedures.

' 11. Close valve sharply and remove sand remaining in funnel.
| 12. Weigh apparatus filled with sand and record weight (D).
2 13. Invert apparatus and seat in template on a clean, level, planar surface.
1"- Open valve and keep open until sand stops running.

15. Close valve sharply. Weigh apparatus snd remaining sand. Record
Pelent (E). '
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16. Replace sand following steps 9-11.

17. In the field, prepare the surface of the location to be tested so
that it is e level plane.

18. Plece template on surface. .
19. Using a large spoon, dig the test hole inside the template hole, being _ .
careful to avoid disturding the soil bounding the hole. NOTE: The excea-~ '_ %
vated hole should have a diameter equal to the diamter of the template hole,
The excavated walls of the finished hole should be as close to vertical as
possible. The hole depth should be at least 7.6 cm (3 in) but not exceed-
ing 16.5 cm (6.5 in) deep.

20. Place all loosened soil in a container, being careful not to lose any
material.

2)., Seat the density apparatus on the template and open the valve. After
the sand hes stopped flowing, close the valve sharply. :

22, Weigh apparatus and remaining sand., Record wveight (F).

23. Replace as much sand as possible from the hole back intc the jar, being‘J
careful not to get contaminants in the sand from the hole.

24, Refill apparatus with sand using steps 9-11.

RN

25. Preweigh a veighing pan and record wveight (G).

26. Place moist material removed from the test hole on the preweighed pan.
Record weight (H).

b ARG AV

27. Place material in an oven at 105°C for 16 hours.

28. Cool in desiccator and reweigh. Record weight (I).
NOTE: Steps 29-32 are optional and are used vhen bulk density without
coarse fragments is required,

29. Put excavated material on a sheet of brown paper and crush with a
wvooden rolling pin. NOTE: Be careful not to crush small soft course
fragments, but be sure to remove all fines from coarse fragments.

i S S P AR
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30. Pass sample through a 2 mm sieve.

31. All material caught on a 2 mm sieve is transferred to wveighing pan
and dried in an oven at 105°C for 4 hours.

32, Cool weighing pan and sample in desiccator. Weigh sample plus
weighing pan and record weight (J).
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3.4,

1.

A=

7.6 Caléulations—
Legend:

Weight of enpiy spparatus.

By = Weight of spparatus filled with water from first veighing
(see 3.4.7.5, steps 2 through 7).

B, = Weight of apparatus filled with water from second veighing
{see 3.4.7.5, steps 2 through 7).

By = Weight of apparatus filled with vater from third veighing
(see 3.4.7.5, steps 2 through 7).

C = Temperature of water.

D = Weight of apparatus filled with sand.

E = Weight of spparatus and sand excluding sand in funnel.

F = Weight of apparatus and sand excluding sand in excavated hole and
sand in funnel.

G = Weight of weighing pan.

H = Weight of moist sample and weighing pan.

I = Weight of oven-dry sample and weighing pan.

ll-

. (see

= la-

(see

K. =
(See

Py =

.. (nee

Py =

. (see

" J = Weight of coarse fragments and weighing pan.

" K = Volume of coarse fragments.

Weight of water required to fill spparatus on first weighing
3.4.7.5, steps 2 through 7).

Weight of water required to fill apparatus on second weighing
3.4.7.5, steps 2 through 7).

Weight of water required to fill apparatus on third veighing
3.4.7.5, steps 2 through 7).

Volume-temperature correction factor from Table 12 for first weighing
3.h.7.5, steps 2 through 7).

Volume-temperature correction factor from Table 12 for second weighing
3.4.7.5, steps 2 through 7).

Volume-temperature correction factor from Table 12 for third weighing
3.4,7.5, steps 2 through 7).
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TABLE 12. VOLUME OF WATER PER GRAM BASED ON TEMPERATURE

Volume of Volume of
Temperature (C) Water (P) Teaperature (C) Water (p).
°c al/g °c nl/g -
12 1.00048 22 1.0022) ' ¥
1 ~ 1.00073 2k 1.00268 ;3
16 1.00103 _ 26 1.00320 _§
18 1.00138 28 1.00375
.
20 1.00177 30 1.00435

Q; = Volume of water required to fill apparatus from first weighing
(see 3.4.7.5, steps 2 through 7).

Qo = Volume of water required to fill apparatus from second veighing
(see 3.4.7.5, steps 2 through 7).

Q3 = Volume of water required to fill epparatus from third wveighing (see
3°4.7.5, steps 2 through T).

R = Average volume of density apparatus.
S = Weight of sand required to fill epparatus.
T = Bulk density of sand.

U = Weight of sand required to fill funnel.

<
"

Weight of sand required to fill excavated hole and funnel.
W = Volume of excavated hole.
Y = Weight of oven-dry sample

Z = Weight of moist sample.

'e;
|

2. R = (Q; + Q + Q3)/3, vhere:

Ql' ll X Pl.
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Q2 = ¥p X Pp.

Q3 = N3 X P3, and

N =B - A,

Ny = By - A.

K3 = By - A.

3. T = 8/R, vhere:

8=D - A,

b, U=D-E,

5., V=D-F.

6. W= (V-uU)T.

7. Bulk density of soil = Y/W, vhere Y = I - G.

8. Percent moisture = [(Z - Y)/Y] X (100), vhere 2 = H - G,
9. Bulk density of the less than 2 mm material in sample.
Bulk density = [Y - (J - G))/(W - K), vhere K = (J - G)/2.65.
NOTE: The coarse fragments are assumed to have no porosity; therefore, s

B particle density of 2.65 g/cc (density of quartz) is used to find the volume
. of the coarse fragments. See note under 3.4.6.6.

(-
3.4.8 Particle Density

3.4.8.1 Principle—

The relationship of the solid soil particles to their total volume excluding
the pore spaces between particles is called the particle density. It is
normally expressed as grams per cubic centimeter. The mass of the solid
particles is found by weighing and their total volume is determined by the
displacement of & liquid vhose mass and density are known (Blake, 1965).

3.4.8.2 Comments—

It measurements of volumes and weights are done carefully, this method is

Precise. A lack of precision in either measurement may result in serious
error,

A non~polar liquid, Varsol, is used in the procedure instead of vater because
of the higher density values water gives for finely divided, active powders.
Other polar liquids (e.g. toluene, xylene, or carbon tetrachloride) can be
Wed, but they need special care in handling.
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This measurement is used to mathematically determine porosity, airspace, ana §
sedimentation rates for particle-size snalysis. Minesoil samples are ;
screened through s 2 »m sieve after rolling vith & rolling pin. Bample ig ..3
not ground with mortar and pestle. *

3.4.8.3 Chemicals —

Varsol - Trade name of EXXON cleaning fluid (but can usually be purchased
from other suppliers). We have found Varsol to have a rather consistent
density of 0.77 g/ce.

3.4.8.4% Mnterinll—-.

1. Pycnometer flask with ground glass 1id (modified Hubbard-Carmick,
Pyrex brand 1620 or equivalent).

2. Balance, can be read to 0.0001 g.
3. Vacuum desiccator.

3.4.8.5 Procedure (modified from Blake, 1965 and Gradwell, 1955)—

NOTE: All weights are recorded to + 0.0001.

i’

1. Oven dry the less than 2 mm sample at 60°C overnight.
2. Weigh a clean, dry pycnometer flask and 1id. Record weight (W,).

3. Add about 10 g of oven-dry sample to pycnometer. Clean outside and
neck of pycnometer of any soil that may have spilled during transfer.

P 2
e

L. WVeigh the pycnometer, including lid, and its contents. Record
wveight (Wg).

5. Fill pycnometer about one-half full with Varsol, washing any soil
adhering to the neck into the pycnometer.

6. Place pycnometer into the vacuum desiccator, apply vacuum, and remove
any entrapped air. Entrapped air will be removed when all bubbling ceases.

7. Remove the pycnometer and shake gently. NOTE: Repeat steps 6 and T
until all bubbling ceases.

8. Fill the pycnometer with enough Varsol so that when the 1id is put in
place, the hole in the 1id will be completely filled with Varsol.

9. Insert the 1id and seat it carefully.
10. Thoroughly dry and clean the outside of the pycnometer with a dry cloth.

11. Weigh the pycnometer and its contents. Record weight (W,.).

oAl Py AR T o0 S lag sem e 7 0n
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12, Remove sample and Varsol from the pycnometer. HNOTE: Thoroughly vash
pycnometer and 114 with Varsol to insure removal of sample.

13, Fill pycnometer with enough Varsol so that the hole in the lid vill bve
filled with Varsol when the 1lid is seated.

1h. Insert and seat 1id. Thoroughly dry the outside with a dry cloth.
15. Weigh pycnometer filled with Varsol. Record weight (W,).

3,4.8.6 Calculations—

Particle density (Dp) = dv (Wy = W )/[(Wg =~ Wg) =~ (Wgy = Wy)], where:
4dv = Density of Varsol in g/cc {see note below).
Wy = Weight pycnometer plus sample.
W = Weight of pycnometer filled with air.
v ® Weight of pycnometer filled with sample and Varsol.
W, = Weight of pycnometer filled with Varsol.

NOTE: The density of Varsol must be determined for each new supply of

Varsol. Using a pipette, add exactly SO cc to a previously tared beaker.
Record weight of the Varsol.

dv = weight (g) of Varsol/S0 cc.

3.4.9 Total Porosity
3.k.9.1 Principle—

The bulk volume of a field moist soil sample contains soil particles,

] moisture, and air. The portion of the bulk volume filled vith moisture

f and air is called pore space. Bulk density measurements (3.4.4-3.4.7) are

. calculated by dividing the oven-dry weight of the mass {ip grams) by the
bulk volume. This value is considerably lover than the average particle

density (3.4.8). This means that part of the bulk volume is pores filled

with air. Calculation of total porosity is done by converting data from

densities into volumes. The volume (VB) of the bulk semple is derived

from s bulk density measurement. The volume (VP) is the collective volume

occupied by solid particles and is derived from the particle density

- measurement. Therefore, VP/VB is the fraction of the volume occupied by

80lid particles. In this manner, total porosity can be cslculated using
the equation in 3.4.9.6 (Vemocil, 1965).

- 3.4.9.2 Comments—

:Total porosity can be measured directly if the "Varsol" method is used to
.T4nd the bulk density. The procedurse and calculations are given in 3.h4.6.
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Do not use an sssumed particle density of 2.65 g/cl3 if carbolithie K~ .
materials are present in the sample in appreciable smounts. Measure the —
particle density of this material using 3.4.8. -

3.4.9.3 Chemicals—

Rone required,

3.4.9.4 Materials—
Rone required. '

3.4.9.5 Procedure—

l. Determine the bulk density using one of the followving methods:
{a) 3.4.L; (b) 3.4.5; (c) 3.k.6; or (4) 3.k.7.

2. Determine particle density using method 3.4.8. NOTE: In cases vhere ?
great accuracy is not required, use the assumed value of 2.65 g/cn3 for -
the particle density of mineral soils.

3.4.9.6 Calculations—

1. TP = Total porosity: percentage of the bulk volume not occupied by
solids,

2. BD = Bulk density of soil.
3. PD = ?article density of soil.
4., TP = [(PD - BD)/PD] X 100.

3.4.10 Free Swelling (Settling Volume)

3.4.10.1 Principle--

Swelling is an innate property of the clays. B8velling may arise in two
different ways: (1) vater molecules becoming positioned between the
particles of clay; (2) water molecules becoming positioned within the
molecular structure of the clay mineral. Kaolinite and mica-like clays
will only exhibit swelling due to the former process; therefore, these
clays will have limited volume change, especially kaolinite. Clays of
the montmorillonite type exhibit extensive svelling mainly because of the
latter process. Free swelling is an important property of this type of
clay mineral (Marshall, 1949).

3.%4.10.2 Comments—

Step number L of 3.4.10.5 (procedure) should be performed very carefully and
slovly so that no sample is lost. Also, step number 10 should be performed
exactly as described.
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This simple method can be used effectively to evaluate the stability of
materials. Materials exhibiting extensive swelling would be unstable on

steep slope, haul-roud etc. Also, future land use would be affected by
such materials.

3.4.10.3 Chemicals—

Distilled vater (H0).

3.4.10.4 Materials—

1. Greduated cylinders, 100 ml capacity with 1 ml graduations.
2. Powder funnels.

3. Sieve, 0.25 mm openings (60 mesh).

k., Polypropylene wash bottle.

S. Balance, can be read to 0.001 g.

6. Pencil, yellow or any color that can be seen easily through turbid vater.

7. Standard 1liquid limit device (Sowers, 1965, Fig. 1-1, p. 395) adjusted
to drop a distance of 1 em.

3.4.10.5 Procedure—

l. Weigh a 10.00 g air-dry sample of earthy material ground to pass s
60 mesh sieve.

2. Fill a 100 ml graduated cylinder to the 85 ml mark with distilled
. water,

3. Put a.povder funnel in the neck of the graduated cylinder.

b, Blovly add the 10.00 g of earthy material to the graduated cylinder in
several amall increments. NOTE: This step must be done slowly so that all

. earthy material is transferred into the cylinder without unnecessary
entrapment of air.

5. Add distilled water to the cylinder until the liquid level reaches the
100 n1 mark, washing off any particles adhering to the sides of the cylinder.

6. Bet cylinder aside and let stand undisturbed for 6 hours.

T. At the end of 6 hours, place cylinder on cup of liquid limit device and
, turn crank 30 times at a rate of one revolution per second. NOTE: After
e¢¥ery five revolutions straighten cylinder without chlncins the rate if
heeellnry to keep cylinder upright.

5- Set cylinder aside and let stand undisturbed for an additional 18 hours.

145



A small DC operated fan is used to pull air through the photoimnization
sensor at a flow rate of three to seven hundred centimeters per minute (ca. 0.5
lpm). The fan provides nearly instantanecus response times (Figure 3) uwhile
consuning little power. The characteristics of a fan are such that it cannot
tolerate & significant pressure drop without affecting the flow rate and there-
fore either the instrument reading or response time. Since photoionization is
essencially a nondestructive technique, changes in flow rate do not affect the
signalbutifah:gepresmedrophiuposedattheinletofd‘apmbe, the
sacple mey not reach the sensor.



TABLE 11l

VERIFICATION OF ELECTRONIC ZERO FOR

PHOTOIONIZATION ANALY2ER®
instrument
Sample Reading (ppm) % of FS.
Room Air 0.7 3s
Roomn Air Passed Through 0.1 -
8’ x Y/4” OD Charcosl
Scrubber '
Zero Air 0.25 125
Zoro Air Pessed Through } 0.04 2
8” x /4" OD Charcoal
Scrubber

*Maximum Gain = 2 ppm full scale.



TABLE IV

RELATIVE PHOTOIONIZATION SENSITIVITIES®
FOR VARIOUS GASES

Chemical Grouping Relative Sensitivity Examples
Aromatic 10.0 Benzens, Toluens, Styrene
Aliphatic Amine 100 Disthylamine
Chlorinated Unsatursted 80 Vinyl Chioride, Vinylidene Chloride,
Trichiorosthyiene

Carbonyl! ' 8-7 MEK, MIBK, Acstons, Cyciohexene
Unssturated 385 Acrolein, Propylene, Cycichexene,

. Allyl Alcohol _
Sulfide I Hydrogen Sulfide, Methy! Mercaptan
Paratfin (C5C37) 13 Pentane, Hexane, Heptane )
Ammonis 0.3 —
Paraffin (C1-Cq) 0 Methane, Ethane . . .

*Sensitivities in ppm (v/v).
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Figure 3. Time Resporss for the Photoionizstion Analyzer.
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range from less than 1 ppm to 2000 pmn. Higher levels of various gases (to per-
centage range) can be measured but the recocmended procedure is to dilute the
saple with clean air to a concentration of less than 500 ppm. This is generally
within the linear range of the instrument and if the measured concentration is
multiplied by the dilurion ratio the correct concentration in the stream can be
determined. A typical calibration curve is shown in Figure 4. Note that the
calibration curve for benzene (the photolonization standard) is linear (over
more than three decades) uwp to about 600 ppm (V/V).

1f the probe is held close to AC power lines or power transformers, an
error may be observed. For measurements made in close proxdmity to such items,
their effect on measurements can be determined by the following procedre. Zero
the instrument in an electrically quiet area, in the standby position, then move
the instrument to the questionable area involved. If AC piclap is going to be
a problem, the meter (in the standby position) will indicate the magnitude of
the exxor.

The instrument is equipped with an automatic solid state battery protection
circuit. Uhen the battery voltage drops below ~ 11 wolts, this circult will
sutomatically tum off the power to the instrument. This prevents deep dis-
charging of the battery and considerably extends the battery life. If the instru-
ment {s unintentionally left on overnight, the battery will be unharmed because
of the battery protection circuit. If the instrument battery check reads low
and the lamp doesn't fire, plug the charger into the instrument. The power to
the analyzer should then be retirned.



™
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To charge the battery, place the mini phone plug into the jack on left
side of che bezel prior to plugging charger into 120 VAC. When discomnecting
charger, remove from 120 VAC before removing mini phone plug. The battery is
canpletely recharged overnight (ca. 14 hours). To ensure that the charger is
functioning, turn the fnction switch to the battery check position, place phome
plug into jack and plug charger into AC ocutlet. The meter should go upscale if
charger is working and is correctly inserted into the jack.

The instrument can be operated during the recharge cycle. This will
lengthen the time required to campletely recharge the instrument battery.
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Figure 4, Typical Calitrstion Curve for Photoionizstion Analyzer,




SECTION 3
| CALIBRATION

Static or dynamic gas generation systams can be utilized for calibration
of the instrument. A muber of such systems for generating test atmospheres
for various gases have been described by G. 0. Nelsan in "Controlled Test
Atmospheres,' Amn Arbor Science Publishers, Amn Arbor, Michigan (1971).

The most carvenient packages for calibration are the non-taxic analyzed
gas mixtures available from HNU Systems in pressurized containers (Catalogue
#101-350 ).

A rapid procedm'el for calibration involves bringing the probe and readout
in close proximity to the calibration gas, cracking the valve on the tank and
checking the instrument reading. This provides a useful spot check for the
instrument. | g

The reccomended and most accurate procedure for calibration of the instru-
ment from a pressurized container is to comect ane side of a "T"' to the pressurized
container of calibration gas, another side of the "T'' to a rotameter and the third
side of the "T"' directly to the §'" extension to the photoionization probe (see
Figure 5). Cnckthevalveofthepmmﬂzed_mtaim.rmulalugh: flow is
indicated on the rotameter. The instrument draws in the volume of saple required
for detection, and the flow in the rotameter indicates an excess of sample. Now
adjust the span pot so that the instrument is reading the exact value of the cali-
bration gas. (If the instrument span setting is changed, the instrument should
be turned back to the standby position and the electronic zero should be readjusted,
if necessary.)

19



Figure 5. Recommended Calibration Procedure for Photoionization Analyzer
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The calibration gas' should be prepared in the same matrix (air, nitrogen,
hydrogen, etc.) in vwhich it is to be measured, otherwise an inaccurate reading
may be obtained. The incressed response which is seen in oxygen free gases can
be attributed to a reduction in the quenching of ions by axygen (sctually 0,7)
and is typical of any ionization detector. The quenching effect of axygen is
cmstmtfrmubw:tmpercmtoztovuyhighlmh.

If a gas standard prepared in nitrogen is to be used for measurements in
air, £fi1l a 0.5 or 1 liter bag with the standard then add 50 or 100 cc of puxe
axygen to bring the level to 10-127%.

Any exror between this value and 20% oxygen is quite small.

If the sample to be measured is in nitrogen, standards should be prepared
in nitrogen. This will result in an increase in sensitivity of approximately
4.

* Calibration with toxic gases should be performed in a hood since the
101 is a non-destructive analyzaer.
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SECTION &
DETECTION PRICIPLE AID THEORY

The detection principle of this portable instrument is photoionization.
_Awidevrietyoforgmiccmpaxﬂsmdmmmcmdscmbemed
with this technique. Photoimnization (with ~ 10 eV photans) applied to the
analysis of trace gases in air can eliminate fragment ion formation (signals)
fran the major camponents of air yet still allow the ionization of meny impur-
ities of interest in industrial atmospheres. This is demonstrated by the lisc-
ing of ionization potentialg®* in Tables V-XVII. Note the high (12 eV) ionization
potentials for the major camponents of air. In lddi:im&.:lu choice of a suffi- - |
clently low ionization energy often permits the selective ionization of one or
two caopanents in a camplex gas mixture.

While the ionization potential serves as a rough guide to whether or not
a response is obtained, it does not predict what the quantitive respanse actually
is. In some cases, a species with an ionization potential 10.3 or 10.4 eV will
give a response. In these cases, however, the response is usually low because
of its low ionization efficiency at 10 aV. A partial list of actual relative
sensitivities cbtained with a photoionization analyzer is given in Table XVIII.
The use of the tables should allow a determination of the specificity of the
instrument in a given application on meny industrial processes; this inscnmc
mey not respand to the starting materials or by-products but will respond to a
product. An example of this is seen in the vinyl chloride oonamer plants where
neither ethylene or dichlorcethsne is detected but vinyl chloride is detected.

* Ionization potential is defined as the energy raquired to move an electron an
infinite distance from the nucleus or more simply, the energy required to pro-
duce a positive ion and an electrom.
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A block diagram of the mjor components of the photoionization snalyzer
is shown in Figure 6. The instrument is separated into two units intercormected
by multiconductor electrical cable. The probe contains a fan for moving the air
into the sensor, the ultraviolet lamp which is ignited by applying a DC voltage
between the anode and cathode, the ionization chamber which contains a pair of
electrodes and is adjacent to the lamp, and a signal amplifier. ‘The photans
(~ 10 eV) vhich are emitted from the lamp pass through a W transmitting window
and into the ionization chamber Hhe:re absorption of the UV radiation by a molecule
which has an ionization potential of 10 eV or less will lead to ion formation via:

Ri+he R +e
A positively biased high woltage electrode is used to push any ions

formed by absorption of UV to the collector electrode where the current (propor-
tional to concentration) is measured. This cwxrent is then converted to a pro-
portional voltage by the amplifier in the probe. An electrical diagram of the
instrument is depicted in Figure 7. The amplifier is gain stabilized by negative
feedback and provides a woltage source output to drive the analog meter readout
as well as the gain control network. The sensitivity of the instrument is con-
trolled by changing the loop gain of the mmplifier. A 12 wolt battery provides
the primary power for a high efficiency DC-DC converter which supplies the various
potentials required for instrument operatim.
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Figure 7. Electrical Block Diagram of Photoionization Analyzer
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SOME ATOMS AND SIMPLE MOLECULES

P (oV)

13.505
11.264
14.54
13.614
8.148
10.357
17.42
13.01
11.84
10.48
15.428
16.580
12.075
14.01
15.13
825
1.1
13.18
18.7
-11.48
10.85

TABLE V

HF
HC!

HBr .

H!

CO,
coS

N,O
NO;

H20
HS
HaSe
HzT.
HCN
CaN2
NH3
CH3
CHy

26

P (oV)

9.28
18.77
12.74
11.62
10.38
12.34
1379
11.18
10.08
12.90

8.78
12.80
1259
10.48

9.88

9.14
1391
138
10.15

9.840
1298
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TABLE VI

PARAFFINS AND CYCLOPARAFFINS

Molecule

sthane
propane

tbutane

n-pentane

pentane
2,2-dimethylpropane
n-hexane
Z2-methylpentane

3 methylpentane
2,2-dimethylbutane
2,3-dimethylbutane
n-heptane

2,2, 4 vimethyipentane

27

P (eV)

12.98
11.65
1.07
10.63
10.87
10.35
10.32

- 10.35

10.18
10.12
10.08
10.06
10.02
10.08

9.8¢
10.08
10.53

8.8

9.85
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Molecule

HCI

Cly

CHgy

methyl chioride
dichloromethane
trichloromethane
tetrachioromethane

ethyl chloride
1.2-dichiorcethane
1-chioropropane
2-chloropropane
1,2-dichloropropane
1,3-dichloropropane
1-chlorobutane
2-chlorobutane
1-chloro-2-methylpropane
2-chioro-2-methyipropane

HBr

Br2

methy! bromide
dibromomethane
tribromomethane
CH,8rCl

CHBryCl

ethyl bromide
1,1-dibromosthane
1-bromo-2-chlorosthane

TABLE VI

ALKYL HALIDES

P (eV)

12.74
11.48
12.98
11.28
11.35
11.42
11.47
10.88
11.12
10.82
10.78
10.87
10.85
10.67
10.85
10.68
10.61

11.62
10.55
10.53
10.49
10.51
1077
10.59
10.29
10.19
1063



TABLE Vil (Continued)

Molecule

1-bromopropane
‘Z-bfunopropm
1,3-dibromopropane
1-bromobutane
2-bromobutane
1-bromo-2-methylpropane
2-bromo-2-methylipropane
1-bromopentane

HI

2

methy! iodide
diiodomethane

ethyl iodide
1-iodopropans
2-iodopropans
1-lodobutane
2-lodobutane
1-iodo-2-methyipropane
2-iodo-2-methyipropene
1-iodopentane

F2

HF

CFC!3 (Freon 11)
CF,Cl, (Freon 12)
CF4Cl! (Freon 13)
CHCIFz (Freon 22)

CF Ir3

29

P (eV)

10.18
10.078
10.07
10.13
9.98
10.00
9.89
10.10

10.38
9.28
9.54
9.34
9.33
9.26
9.17
9.21
9.09
9.18
9.02
9.19

18.7

18.77

nn

12.31

12.91

1245

10.67



TABLE Vit (Continued)

Molecule

CFzsz

CHACF4C! (Genetron 101)
CFCI,CFCI

CF3CC|3 (Freon 113)
CFHBICH,Br
CF2BrCH4Br

CFCH;y

nCqF4l

&C3F7CH2C|
CF7CH,l

P (aV)

11.07
11.88
11.99
11.78
10.75
10.83
10.00
10.36
11.84

9.96



ALIPHATIC ALCOHOL, ETHER, THIOL,

Molecule

Hzo

methyl sicohol
ethyl sicohol
n-propy! sicohol
propyl alcohol
n-buty! alcohol
dimethy! ether
diethyl ether
n-propyl ether
propy! ether

HgS

methanethiol
sthanethiol
t-propenethiol
1-butanethiol
dimethyl sulfide
ethyl methyl sulfide
diethyl sulfide
di-n-propyl sultide

TABLE Vill

AND SULFIDES

k)

W (sV)

12.59
10.85
10.48
10.20
10.16
10.04
10.00

9.53

.27

9.20

10.48
9.440
9.285
9.185
9.14
8.68s
8.55
8.430
8.30



ALIPHATIC ALDEHYDES AND KETONES

Molecule

€O,
formaidehyde
scetaldehyde
propionslcehyde
n-butyraidehyde
isobutyraldehyde
n-valersidehyde
isovalersidehyde
scrolein
crotonaldehyde
benzaldehyde

acetons

methyl ethyi ketone
maethy! n-propy! ketone
methyl i-propy! ketone
diethyl| ketone

methy! n-buty! katone
maethyl -butyl ketone
3,3-dimethyl butanone
2-hsptanone

TABLE I1X

«

® (oV)

17’
10.87
10.21
9.98
9.86
9.74
0.82
.
10.10
8.73
9.53

9.69
8.53
8.38
8.32
8.32
9.34
9.30
9.17
9.33
9.28
9.14
.23
a.87
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Molecule

co,

formic scid
scetic acid
propionic acid
n-butyric scid
isobutyric acid
n-valeric acid
methy! formats
athyl formate
n-propyl formats
n-buty! formate
tsobutyl formate
methyl scetats
ethyl scetats
n-propyl acetate

isopropyl acstate
n-butyl acetate

isobuty! scetats
sec-buty! scetate
methyl propionate
ethy! propionste
methyl n-butyrate
methy! iscbutyrate

TABLE X

ALIPHATIC ACIDS AND ESTERS

P (eV)

1378
11.05
10.37
10.24
10.18
1002
10.12

10.815
10.61
10.54
10.50
10.48
10.27
10.11
10.04
0.99
10.01
0.87
9.91
10.15
10.00
10.07
9.98



Molecule

NH3

methyl smine
othyl amine
n-propy! amine
+propy! amine
n-buty! amine
kbuty! smine
s-butyl amine
t-buty! amine
dimethy! amine
disthyl amine
di-n-propyl! smine
di-i-propyl amine
di-n-buty! amine
trimethyl amine
triethyl smine
tri-n-propyl amine

formamide
scetamide
N-methy! scetamide

TABLE X1I

ALIPHATIC AMINES AND AMIDES

N,N-dimethy! formamide
N,N-dimethy! acetamide
N,N-diethy! formamide
N,N-diethyl acetamide

P (eV)

10.15
8.97
a.88
878
8.72
an
870
8.70
864
8.24
8.0t
184
.73
7.00
7.82
1.50
7.23

10.25
.77
8.90
9.12
a8
8.5
8.60
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OTHER ALIPHATIC MOLECULES WITH N ATOM

Molecule

nitromethane
nitrosthane
1-nitropropane
2-nitropropane

HCN
scetonitrile

. propionitrile

n-butyronitrile
scrylonitrile
3-butene-nitrile

ethy! nitrsts
npropyl nitrate

methyl thiocysnate
sthy! thiocyansts
methyl isothiocysnats
othyl isothiocysnats

TABLE Xl

35

P (V)

11.08
10.88
10.81
10.71

1391
1222
11.84
11.67
10.01
10.39

1.2

10.085
8.89
9.28
9.14



OLEFINS, CYCLO-OLEFINS, POLENES, ACETYLENES

Molecule

sthylene
propylens
1-butsne
2-methylpropene
trans-2-butene
cis-2-butsne
1-pentene
2-methyl-1-butene
3 maethyi-1-butsne
3 methyl-2-butene
1-hexene
1.3-butadiens
isoprene
cyciopentsne
cyciohexene
4-methylcycliohexene
4-cinylcyciohexene
cyclo-octatstrasne
acstylene
propyne

1-butyne

TABLE X1l

P {ev)

10.515
8.73
8.68
9.23
9.13
8.13
9.50
9.12
9.51
8.87
9.48
9.07
8.845
8.01
8.845
R-))
893
199

1.4

10.36

10.18



i

~ =

TABLE XIV

SOME DERIVATIVES OF OLEFINS

Molecule

vinyl chloride
cisdichlorosthylene
trans-dichloroethylene
trichloroethyiene
tetrachioroethylene
vinyl bromide
1,2-dibromoethylene
tribromoethyiens
3-chioropropene
2,3-dichloropropens
1-bromopropens
3-bromopropens
CF4CCi=CCICF3
n-CgF{{CF=CFy

scrolein
crotonaldehyde
mesity! oxide
vinyl methy! ether
slly! sicohol

vinyl scetate

37

wP (sV)

9.895
8.65
9.66
9.45
8.32
9.80
8.45
9.27
10.04
9.82
9.30
9.7
10.38
10.48

10.10
8.73
9.08
8.93
9.67
8.19



Molecule

furan

2-methyl furan
2-furaidehyde
tstrahydrofuran
dihydropyran
tatrahydropyran
thiophene
2-chiorothiophene
2-bromothiophene
pyrrole

pyridine
2-picoline
3-picoline
&-picoline
2,3-itidine
2,4-lutidine
2,8-lutidine

TABLE XV

HETEROCYCLIC MOLECULES

P (eV)

8.89
8.3
8.21
9.54
8.34
8.26
8.860
888
883
820
9.32
9.02
9.04
9.04
8.85
8.8s
8.8s



Molecule

benzens

toluene

sthy! benzens
n-propy! benzene
t-propyl benzene
n-buty! benzene
s-buty! benzene
t-butyl benzene
o-xylens
m-xylene
p-xylene
maesitylene
durene

styrene

a-methyl styrene
sthynylbenzene
napthalene
1-methyinapthalens
2-methyinapthaiens
biphenyl

phenol

snisole

phenetole
benzaldehyde
ascstophenone
berzengthiol
phenyl isocyanats

TABLE XVI

AROMATIC COMPOUNDS

39

P (eV)

9.245
8.82
8.76
8.72
8.8
a.e9
8.8
8.68
8.58
8.58
8.445
8.40
8.025
8.47
835
8.815
8.12

. 1.96

7.955
8.27
8.50
8.22
813
9.53
8.7
a3
8.77



TABLE XVI (Continued)

Molecule P {(sV)
pheny! isothiocysnate 8.520
benzonitrile 9.705
nitrobenzsne .62
wniling .10
fiuoro-benzene 9.186
chloro-benzens 9.07
bromo-benzens a.98
lodo-benzene 873
o-dichlorobenzens 9.07
mrdichiorobenzane ' 9.12
p-dichlorobenzens 894
1-chloro-2-fluoroberzene 9.155
Y-chioro-3-tiuorobenzene 8.2
1-bromo-4-flucrobenzens 8.9%
ofluorotolumme 86815
m-fluoratoluene a91s
p-fluoratoluens 8.785
o-chlorotolusne 8.83
m-<hiorotolusne 8.83
p-chiorotolusne 870
o-bromotoiuene LYY
m-bromotoluens 881
p-bromotoluens 867
o-lodotoluers ae2
m-iodotokiene ast
p-iodotoluene 8.50
benzotrifiuoriie 9.68
o fluorophenol 8.68
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Molecule

ethylene oxide
propyiene oxide
p-dioxane
dimethoxymethane
diethoxymethane
1,1dimethoxysthane
propiolactone
methy! disulfide
ethy! disulfide
diethyl sulfite
thiolacstic acid
acetyl chloride
acetyl bromide
cycloCgHy1CF3
(nC4F7){CH4IC=0
trichlorovinyisilane
(CoFg)3N

isoprene

phosgene

TABLE XVil

MISCELLANEOUS MOLECULES

41

P (sV)

10.565
10.22
9.13
10.00
9.70
9.65
9.70
8.468
8.27
9.68
10.00
11.02
10.55
10.48
10.58
10.79
17
8.08
1.7



TABLE XVIII

RELATIVE SENSITIVITIES FOR VARIOUS GASES

Species

p-xylene

o-xylene

benzene

toluene

diethyl sulfide
diethyl amine
styrene
trichloroethylene
carbon disulfide
isobutylene
acetone
tetrahydrofuran
methyl ethyl ketone
methyl isobutyl ketone
cyclohexanone
naptha (86% aromatics)
vinyl chloride
methyl isocyanate
iodine

methyl mercaptan
dimethyl sulfide
allyl alcotol

(10.2 ¢V Lap)

Photoionization
Sensitivicy*

11.4
11.2
10.0
10.0
10.0
9.9
9.7
8.9
7.1
7.0
6.3
6.0
5.7
5.7

‘5.1
5.0
3.0
4.5
4.5
4.3
4.3
4.2

(reference standard)



TABLE XVIII (continued)

Species

propylene

rineral spirits
2,3-dichloropropene
cyclohexene
crotonaldehyde
acrolein

pyridine

hydrogen sulfide
ethylene dibromide
n-octane
acetaldehyde oxime
hexane

phosphine

heptane _
allyl chloride (3-chloropropene)
cchyiene cxide

acetic anhydride

c pinene
dibramchloropropane
epichlorohydrin
nitric codde

8 pinene

citral

amnia

| A 141 s BeAZea

43

Photoionization
Sensitivicy*

4.0
4.0
4.0
3.4
31
3.1
3.0
2.8
2.7
2.5
2.3
2.2
2.0
1.7
1.5
13
1.0
0.7
0.7
0.7
0.6
0.5
0.5
0.3

~ 40



TABLE XVIII (continued)

Species Photoionization
Sensitivicy*
acetic acid 0.1
nitrogen dicxdde 0.02
methane 0.0
acetylene 0.0
ethylene 0.0

*Expressed in ppm (v/v).
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SECTION 5
TROUBLESHOOTING

If problems occur while using the photoionization snalyzer, it is
recamended that the following troubleshooting guide be followed before
consulting the factory.
5.1 General Aid to Fault Determination

Check battery condition. Recharge if necessary (Section 2). Turn the
instrument on. look into the Saple Inlet of the probe wnit. A violet colored
glow fram the UV light source should be observed in all positions of the mode
switch except the standby position. If unstable readings are obtained a faulty
probe cable or electrical comection could be the problem. To check, hold the.
probe normally and flex the cable firmly. Watch the meter for fluctuations as
the cable is stressed. Individual wires in the readout can be checked in a
similar way. Check the coaxial camector on the amplifier board in the probe.

In the more sensitive ranges, a fluctuation in the reading may be noted
if a hand or other large object is placed in very close pruximity to the probe.
This is normal for the instrument and will not result in an error in the measure-
ment as long as the probe is held stationary while the measurement is being taken.

If the probe is held close to Emlﬂmammfmmm
may be observed. HW&mmhemdzhclueprmdmirytonnhitm,
their effect on measwrements can be determined by the following procedure. Zexo
the instrument in an electrically qtde:mindncﬁnﬂby position, then move
the instrument to the questionable area involved. If AC pickup is going to be
a problem, the meter (in the standby position) will indicate the magnitude of

the exrror.
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5.2 Disasserbly of Instrument

PROBE - Turn the function switch to the OFF position and discamect
the probe comnector fram the readout wnit. Remove the exhaust screw found
near the base of the probe (see Figure 8.) Grasp the end cap in one hand and
the probe shell in the other, and gently pull to separate the end cap and lamp
‘housing from the shell. Loosen the screws on the top of the end cap and separate
the end cap and ion chamber from the lamp and lamp housing. Care must be taken
so that the ion chamber doesn't fall out of the end cap and the lamp doesn’t
slide out of the lamp housing. Tumm the end cap over in your hand and tap on
the top of it; the ion chamber should fall out in your hand. Place one hand over
the top of the lamp housing and tilt slightly; the light source will slide out .
of the housing. The amplifier board can be removed from the lamp housing assen- -
blybymsr:appmgthecoodalca-nectimaﬂdmrmm{.the retaining screw.

To reassemble this unit, first slide the lap back into the lamp housing.
Place the ion chamber on top of the lamp housing, checking to make sure that
the contacts are properly aligned. Place the end cap an top of the ion chamber
and replace the two screws. The screws should be tightened only encugh to seal
the '0" ring. DO NOT OVERTIGIEN. Line up the pins on the base of the lamp
housing with the pins inside the probe shell. Gently slide the housing assexbly
into the probe shell. DO NUT FORCE the assarbly into the shell as it amly fits

ane way.

READOUT UNIT - T\on the finction switch to the (FF position and discamect
the probe fram the readout unit before disassembly is conducted (see Figure 10).
meﬁaccessorypaerjukplm. Loosen the screw on the bottam of the case
and, holding the instrument by the bezel, remove the case. The power mpply board
and control panel can be removed by unscrewing two screws and two ruts. The entire
panel, including the function switch, zero and span pots is removed in this operation.
Electricallv discomecting this module is simple, since all comections are made
with Molex camectors.
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9. Component Parts of Lamp Housing.
Figure 9.
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3.3

Specific Faults

1. No meter response in any switch position (including BATT GK)

A. Broken meter povement

D.
E.

(1) Tip instrument rapidly from side to side. Meter needle should
move freely, and return to zero.

Electrical comection to meter is broken

(1) Check all vires leading to meter and clean the contacts of
Quick-discomects.

Battery is copletely dead

(1) Discormnect battery and check voltage with a volt-olm meter.
Check 2 amp fuse

1f none of the above solves the problem, consult the factory.

2. Meter responds in BATT OiK position, but reads zero or near zero for
all others

A.

C.

Power supply defective

(1) Check power supply voltages per Figure 11. If vol is out
of specification, ecnsut;.g the factory. oy volthge

Input transistor or amplifier has failed

(1) Rotate zero control; meter should deflect up/down as control is turned.
(2) Open probe. Both transistors should be fully seated in sockets

Input signal comection broken in probe or readout

(1) Check input comector on printed circuit board. Should be firmly
pressed down.

(2) Check camponents on back side of printed circuit board. All comections
should be solid, and no wires should touch any other object.

(3)ankallwiru1nnmforoolidmtimn.

3. mmmtrm;muymmax.msm.hmmtmmingmde.
A. Check to see that light source is on (See General Faults sectimm.)

(1) Check high woltage power supply (see Figure 11).
(Z)g:m;sc\dofptobe,mlqﬂdndthighwlngemlmpmmt

(3) If high voltage is present at all above points, light source has most
likely failed. le:zult the iaccory po
49



Instrunent responds correctly in all positions, but signal is lower
epected. .

Check span setting for correct value.

Clean window of light source

Double check preparation of standards. See Section 3.

Check power supply 180 V output. See Figure 11.

Check for proper fan operation. Check fan woltage. See Figure 11.

Rotate span setting. Response should change if span pot is working
propexly.

Instrument responds in all switch positions, but is noisy (erratic meter
movement) . '

A. Open circult in feedback circuit. Consult the factory.

B. Open c:l.rct.xi.c in cable shield or probe shield. Consult the factory.
Instrument response is slow and/or irreproducible.

A. Fan operating improperly. Check fan woltage. See Figure ll.

B. Check calibration and operation. See Sections 2 and 3.

Low battery indicator.

A. Indicator comes on if battery charge is low.

B. Mamdwmmﬁimmdmwlﬁgeh too high.

m Mmoo oW >






L All voitages measured with probe connected and instrument

mode switch in BATT CHK position.

pad 21 measured to pad 19 and pad 8 to pad iI.

All measurements referred to ground (pads 2,3 and 27) except

V’ ® @ k °
~ r& Jl ' Pad 17
a
. : /-0180 to +181
O . - { e / Voits
' . . R . Y -
Pad 18
+18to +21
- Volits -
Pad8 =11 to / N g~ - R Pad 20
=14 Volts ” IS a1 " ;.. ... 9.5 t0-10.5
Battery Voltage - [m AY L ‘*.'J ; w" ' . Volts °
.. Ociocons f 5 /:J f )
acve 3
[ Pads 21t0 19 (21 low side)
(4.5 to 5.5 Voits)
All Voltages Respect to Ground
pads voltage pads voltage pads voitage pads voltage
1 - 57V 9 - 12.2V 17 180V 25 0
2 GRD 10 - 121V 18 - 194V 26 o
3 GRD 1 0 19 - 10.6V 27 GRD
4 -107V 12 0 20 - Q7V 28 0
5 - 11.3V 13 0 21 - 14.5V 29 GRD
6 - 121V 4 o) 22 - 400V 30 GRD
7 0] 15 0 23 o) 31 GRD
8 - 12.2V 16 0 24 0

Figure 11 Power Supply PC Board
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Part No.
1000044
1000054
100006A
100007A
100008A
1000094
1000104
100011A
1000124
100013A
1000144

1000154 &
100016A

100017A &
100018A

100019A
1000204
4750-0001A
100074

SECTION 6

REPLACEMENT PARTS LIST

33

x *

Assarbly
Probe Shell Assarbly

Ion Chamber

Fan/Light Source Housing
kmplifier Board

Fa

Light Source (10.2 &V)
0" Ring Kit

Battery

Meter

Charger

Power Supply Unit

Case (both halves)

Stxaps

Pot (span)
Pot (zero)
Probe Extension



101-300

101-301
101-320

101-350

101-351

101-500

SECTIQN 7
MODEL PI101 PHOTOIGNIZATION ACCESSORIES

Portable Recorder, having a 2'' chart width with 2"/hour
chart ‘S&ates on 12 VDC power from Model PI101.
Ccnplete with milticonductor interface cable for battery

& signal and wounting bracket for attaching recorder
to side of PILOl.

Chart Paper, for portable recorder, 6 rolls.

Audible Alarm, 85 decibels, adjustable 0 to 1007% of full
scale an any range.

Calibration Gas Cylinder, contains 23 liters of span gas in
alr (300 psi) s_ufchEImt for 40-50 calibrations. (4" diameter
by 12" high).

g%lt for use with calibration gas cylinder, Model 101-350,
ete with gauges for reading both cylinder pressure and flow.

Cleaning Compound, for removing deposits fram window of UV lamp.




; ’ SECTION 8
. P01 RECORDER ASS'Y
INSTRUCTIONS

! 8-32X38
FLAT HEAD

!' ' 2 PLACES |
(= )
!
STANDBY  0-2000
BATT 0~-200
i OFF 0-20
i, "| '

! | . Py mﬂ

RECORDER

- L=\ =
" e JACK-/ BLACK TIP JACK \ | g

- STRAP T 8-32X 56 RECORDER

: FLAT HEAD BRACKET
| 2 PLACES

M

NOTES :

Renove strap suport on right side of PI-101 case.

ifunt recorder bracket between case & strap support using 8-32 X 3/8 long screws supplied.
Mount recorder to bracket using 8-32 X 5/16 screws supplied. _

Comect harness to plug an rear of recorder. Insert power plug into receptacle on

side of case. Insext red pin plug into red tip jack and black pin plug into black
tip jack on PI-101 front pmnel.

! 5?7

b}d!ob-'



SECTION 9

WARRANTY

ENU Systems Incorporated varrants that all items delivered under this order
will be free from defects in material and workmanship vhen used under normal
operating conditions. HNU's liability hereunder 05111 be limited to the repair
or replacement of the articles ascertained to be defective within one (1) year
after date of shipment (except that the light source varranty is limited to
three (3) months and does not include breakage, and battery warranty is limited
to three (3) sonths), provided, hovever that the Buyer shall give notice to HNU
vithia thirty (30) days after discovery of such defectivermaterial and provided
further that all defective material be shipped prepaid to the HNU plant vithia a
reasonable time from the date of discovery of the defect and during such warranty
period. After the repair or replacement, HNU will ship the said item to Buyer,
transportation charges prepaid, to any point in the United States that Buyer may
designate.

THE FOREGOING IS THE SOLE EXTENT OF HNU'S WARRANTY AND KO OTHER

STATEMENTS OR WARRANTIES, EXPRESSED OR IMPLIED, SHALL BE BONORED.

UNDER RO CIRCUMSTANCES SEALL HNU BE SUBJECT TO ANY LIABILITY FOR

SPECIAL, INCIDENTAL OR CONSEQUENTIAL DAMAGES.
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Publicstiors on Photolonizstion Avasilsble from HNU Systems

Driscoll, J. N. and P. Warneck, “The Analysis of ppm Levels of Gases in Air by Photo-
ionization Mass Spectrometry,” J. Ailr Poll. Cont Assoc. 23, 858 (1973).

Driscoll, J. N. and F. F. Spaziani, “A New Instrument for Continuous Monitoring of
Odorous Sulfur Compounds,” presented at the ISA National Meeting, N.Y. (Oct. 1974).

Driscoll, J. N. and F. F. Spazisni, “Trace Gas Analysis by Photoionization” pressnted at
the ISA Analysis Instrumentation Div. Meeting, King of Prussia, Ps. (May 1975).

Photoionization Detector for Gas Chromstography,” pressnted at the Pittsburgh Conf.
on Anal. Chem. and Spectroscopy, Cleveland (March 1976).

Requests for these papers should be sent to:

Publications Department
HNU Systems inc.
30 Ossipee Road
Newton, MA 02164
UsSA
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ADCENDUM

The following changes to the Instruction Marual should be noted for

all Model 101 Photoionization Analyzers equipped with 11.7, 9.5 eV light
sources, or calibrated on species other than benzene.

Page
3

1

14

Table 1

Performance: Consult specifications sheet accompanying instrument.

Paragraph 2: Consult specifications sheet for span setting specific
for gas on which instrument was calibrated.

NOIE: Gain settings listed apply to 10.2 eV lap. Different
gain settings are used with other lamps. Consult factory.

Table III
NOTE: Data obtained using 10.2 eV lamp.

Table TV
NOTE: Data obtained using 10.2 eV lamp.

Figure 4
NOTE: Data obtained using 10.2 eV lamp.

Paragraph 1, Line 6: '‘The photons which are emitted from the lamp,
pass tihrough a W transmitting window and into the ionization
chanber vwhere absorption of the UV radiation by a molecule which
has an ionization potential equal to or less than the energy of
the light source will lead to ion formation via;"” (continued)

Figure 7: For the 9.5 eV light source, ﬂul@wlngedungesco
+450 volts.



ls

ls

ADDENDUM A
- to
Instruction Manual
for
Model PI 100
PHOTOIONIZATION ANALYZER

JON CHAMBER CLEANING PROCEDURE

Although the technique of photofonfzatfon is not sensitive to moisture, -
some electronic instability can be seen in the 101 portable analyzer as

the result of excessive moisture. The following chart 1{sts the symptoms
expected, the possible causes, and solutfons:

Possible
Symptom Cause Solution
Loss in sensitivity Condensation on Avoid extreme
{nstrument window temperature changes
Acclimatize in-
strument to environ-
ment
Zero drift Condensation on
polarizing electrode -
Ion chamber {s Clean {ion chamber
dirty

To clean the fon chamber: (See Section 5.2)

Remove the fon chamber. Remove 21l four scréws, swing screen aside, and pull
out the mesh. Using a Q-tip, gently clean the chamber with methanol to re-
move deposit . Dry in a vacuum oven at 90°C for 2 hours. Reassemble.
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APPENDIX B:

hNu TROUBLE SHOOTING
GUIDE



- APPENDIX B

hNu TROUBLE SHOOTING GUIDE

1. No meter response in any switch position (including BATT CHK)

A.

Broken meter movement

(1) Tip instrument rapidly from side to side. Meter needle
should move freely, and return to zero.

Electrical connection to meter is broken

(1) Check all wires leading to meter and clean the contacts of
quick-disconnects,

Battery is completely dead
(1) Disconnect battery and check wltage with a volt-ohm meter.
Check 2 amp fuse

1f none of the above solves the problem, consult the-factory. =

Meter responds in BATT CHK position, but reads zero or near tero for

all others

A.

Input transistor or mmplifier has failed

(1) Rotate sero control; meter should deflect up/down as control
is turned.

(2) Open probe. Both transistors should be fully seated in
sockets.

Input signal connection broken in probe or readout

(1) Check input connector on printed circuit board. Should be
firmly pressed down. :

(2) Check components on back side of printed circuit board. All
connections should be solid, and 8o wires should couch any
other object.

(3) Check all wires in readout for solid connections.

3. 1lanstrument responds correctly in BATT CHK, and STBY, but not in mea-
suring mode.

A.

Check to see that light source is on

B-1



- APPENDIX E (Cont.)

hNu TROUBLE SHOOTING GUIDE

Instrument responds correctly in all positions, but signal is lower
than expected.

A.

Check span setting for correct value.
Clean window of light source.

Double check preparation of standards.
Check for proper fan operation.

Rotate span setting. Response should change if span pot is work-
ing properly.

Instrument responds in all swvitch positions, but is noisy (erratic
meter movement).

A.

Open circuit in feedback circuit. Consult the factory. =

Open circuit in cable shield or probe shield. Consult the fac-

tory.

Inscrument response is slow and/or irreproducible.

A.

Fan operating improperly.

Check calibration and operation.

Low battery indicator.

‘.

Indicator comes ou if battery charge is low.

Indicator also comes on if ionization voltage is too high.

B-2



APPENDIX C: IONIZATION POTENTIALS OF
SELECTED MOLECULES



TABLE C-1

IONIZATION POTENTIALS (IP) OF
SOME ATOMS AND SIMPLE MOLECULES

o =2 o x

- w»n

IP (eV)

13.595
11.264
14.54
13.614
8.149
10.357
17.42
13.01
11.84
10.48
15.426
15.580
12.075
14.01
15.13
9.23
11.1
13.18
13.7
11.48
10.53

H,ySe
RyTe

IP (eV)

9.28
5.7
12.74
11.62
10.38
12.34
13.79
11.18
10.08
12.90

9.78
12.80
12.39
10.46

9.88

9.14
13.91
13.8
10.15

9.840
12.98




TABLE C-2

ION1ZATION POTENTIALS (1P) OF
SOME PARAFFINS AND CYCLOPARAFFINS

Molecule

methane

ethane

propane

n-butane

i~butane

n-pentane
i-pentane
2,2-dimethylpropane
a-hexane
2-wethylpentane
3-methylpentane
2,2=dimethylbut ane
2,)~dimethylbutane
n-heptane

2,2,b-trimethylpentane

cyclopropane
cyclopentane
cyclohexane

sethylcyclohexane

]I

'

1P (e0)

12.98
11.65
11.07
10.63
10.57
10.35
10.32
10.3S
10.18
10.12
10.08
10.06
10.02
10.08

9.86
10.06
10.53

9.88

9.85

fl

Cc-2



TABLE C-3

IONIZATION POTENTIALS (IP) OF
SOME ALKYL HALIDES

Molecule

HC1

Cly

CH,

methyl chloride
dichloromethane
trichloromethane
tetrachloromethane
ethyl chloride
1,2-dichloroethane
1=chloropropane
2-chloropropane
1,2~dichloropropane
1,3-dichloropropane
I~chlorobutane

2~chlorobutane

l=chloro-2-methylpropane

2-chloro-2-methylpropane

HBr

Bry

methyl dromide
dibromomethane
tribromomethane
CH;8rCl

CaBr;Cl

ethyl bromide
1,1-dibromoethane

l-bromo—-2-chloroethane

IP (eV)

12.74
11,648
12.98
11.28
11.35
11.42
11.47
10.98
11.12
10.82
10.78
10.87
10.85
10.67
10.65
10.66
10.61
11.62
10.55
10.53
10.49
10.51
10.77
10.39
10.29
10.19
10.63

c-3



TABLE C-3 (Comnt.)

IONIZATION POTENTIALS (IP) OF

SOME ALKYL HALIDES

Molecule

CFoBr)

CH3CF3Cl (Genetron 101)
CFC1,CF,Cl

CF3CCly (Freon 113)
CFRArCH,Br

CFoBrCH,Br

CF,yCH,1

n-CyFy1

a-C3F;CH,CL

n=-C3Fy0H,1
l-bromopropane
2-bromopropane
1,3-dibromopropane
1-bromobutsne
2-bromobutane
l1-bromo-2-methylpropane
2-bromo-2-methylpropane
l-bromopentane

24

12

methyl iodide
dijiodomethane

ethyl iodide
l=iodopropane
2~iodopropane

1P (eV)

11.07
11.98
11.99
11.78
10.75
10.83
10.00
10.36
11.8
9.96
10.18
10.075
10.07
10.13
9.98
10.09
9.89
10.10
10.38
9.28
9.5
9.3
9.33
9.26
9.17

I

N

C=4
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TABLE C-3 (Cont.)

IONIZATION POTENTIALS (IP) OF
SOME ALKYL HALIDES

Molecule 1P (eV)
1-iodobutane 9.21
2-iodobutane 9.09
1-iodo-I-methylpropane 9.18
2-iodo-2-methylpropane 9.02
l1-iodopentane 9.19
Fp 15.7
HF 15.77
CFCly (Freon 11) 11.77
CF2C1; (Freon 12) 12.31 =
CF3C1 (Freon 13) 12.91

CHC1F7 (Freon 22) 12.45

C-3



TABLE C-4

1ONIZATION POTENTIALS (1IP) OF
ALIPHATIC ALCOHOL, ETHER, THIOL, AND SULFIDES

Lt

Molecule 1P (eV)
H,0 12.59
methyl slcohol 10.85
ethyl alcohol 10.48
n-propyl alcohol 10.20
i-propyl alcohol 10.16
a-butyl alcohol 10.04
disethyl ether 10.00
diethyl ether %.53
n-propyl ether 9.27
i-propyl ether 9.20 s
P 10.46
methanethiol 9.440
ethanethiol 9.285
1=propanethiol 9.195
l1-=butanethiol 9.14
dimethyl sulfide 8.685
ethyl methyl sulfide 8.53
diethyl sulfide 8.430
di-n-propyl sulfide 8.3

c-6



TABLE C-3

IONIZATION POTENTIALS (IP) OF
SOME ALIPHATIC ALDEHYDES AND KETONES

Molecule

€0,

formaldehyde
acetaldehyde
propionaldehyde
n-butyraldehyde
isobutyraldehyde
a~valeraldehyde
isovaleraldehyde
acrolein
crotonaldehyde
benzaldehyde

acetone

methyl ethyl ketone
methyl n-propyl ketone
methyl i-propyl ketone
diethyl ketone _
sethyl n-butyl ketone
methyl i-butyl ketone
3,)-dimethyl butanone
2-heptancne

cyclopent anone
cyclohexanone
2,3-butanedione

2 ,4-pentanedione

1P (ev)

13.79
10.87
10.21
9.98
9.86
9.7
9.82
9.71
10.10
9.73
9.33
9.69
9.53
9.39
9.32
9.32
9.3
9.30
9.17
9.33
9.26
9.14
9.23
8.87

!1

|i
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IONIZATION POTENTIALS (1IP) OF

TABLE C-6

SOME ALIPHATIC ACIDS AND ESTERS

Molecule

02

formic acid
acetic acid
propionic acid
n-butyric acid
isobutyric acid

n-valeric acid

sethyl formate

ethyl formate
n-propyl formate
n-butyl formate
isobutyl formate
methyl acetate
ethyl acetate.
o-propyl acetate
isopropyl acetate
n-butyl acetate
isocbutyl acetate
sec-butyl acetate
methyl propionste
ethyl propionate
methyl n-butyrate
methyl isobutyrate

|

c-8

P (v

13.79
11.05
10.37
10.24
10.16
10.02
10.12
10.815
10.61
10.54
10.50
10.46
10.27
10.11
10.04
9.99
10.01
9.97
9.91
10.15
10.00
10.07
9.98

|




TABLE C-7

IONIZATION POTENTIALS (1P) OF
SOME ALIPHATIC AMINES AND AMIDES

Molecule

NH3

methy! smine

ethyl mmine
n-propyl smine
i-propyl amine
n-butyl smine
i-butyl amine
s-butyl amine
t-butyl smine
dinethjl amine
diethyl amine
di-n-propyl amine
di-i-propyl mmine
di-n-butyl emine
trimethyl amine
triethyl smine
tri-n-propyl mmine
formamide
acetamide

N-methyl acetsmide

¥, N-dimethyl formanmide

N N-dimethyl acetamide

N,N-diethyl formamide
N,N-diethyl acetamide

c-9

IP (eV)

10.15
8.97
8.86
8.78
8.72
8.71
8.70
8.70
8.64
8.24
8.0l
7.84
1.73
7.69
7.82
7.50
7.23

10.25
.77
8.90
9.12
8.81
8.89
8.60




TABLE C-8

1ONIZATION POTENTIALS (IP) OF
OTHER ALIPHATIC MDLECULES WITH N ATOM

Molecule 1P (eV)
nitromethane 11.08

nitroethane 10.88

l-nitropropane 10.81

2-nitropropane 10.71

HCN 13.91

acetonitrile 12.22

propionitrile 11.8

a-butyronitrile 11.67

scrylonitrile 10.91

3-butene=-nitrile 10.39

ethyl nitrate 11.22

n-propyl mitrate

methyl thiocyanate 10.065
ethyl thiocyanate 9.89

methyl isothiocyanate 9.25

ethyl isothiocyanate 9.14

c-10



TABLE C-9

IONIZATION POTENTIALS (IP) OF
SOME OLEFINS, CYCLO~OLEFINS, POLENES, ACETYLENES

[

Molecule 1P (eV)
ethylene : 10.515
propylene 9.723
1-butene 9.58
2-methylpropene 9.23
trans-2-butene 9.13
¢is-2-butene 9.13
l-pentene 9.50
2-methyl-l-butene 8.12
3-methyl=I-butene 9.51
3-methyl-2-butene 8.67
l-hexene 9.46
1,3-butadiene 9.07
isoprene B.845
cyclopentene 9.0!
cyclohexene 8.945
4-amethylcyclohexene 8.91
4-cinylcyclohexene ] 8.93
cyclo-octatetraene 7.99
scetylene 11.61
propyne 10.36
l1-butyne 10.18

c-11
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- TABLE C-10

IONIZATION POTENTIALS (IP) OF
SOME DERIVATIVES OF OLEFINS

|

Molecule

vinyl chloride
cis~dichloroethylene
trans-dichloroethylene
trichloroethylene
tetrachloroethylene
vinyl bromide
1,2~dibromoethylene
tribromoethylene
3-chloropropene
2,3-dichloropropene
1-bromopropene
3-browopropene
CF3CC1=CCICT,
n-CgF] 1 CF=CF3
acrolein
crotonaldehyde
sesityl oxide

vinyl sethyl ether
allyl asleohol

vinyl scetate

IP (eV)

9.995
9.65
9.66
9.45
9.32
9.80
9.45
9.27
10.04
9.82
9.30
9.7
10.36
10.48
10.10
9.73
9.08
8.93
9.67
9.19

|
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TABLE C-1]

IONIZATION POTENTIALS (IP) OF

SOME HETEROCYCLIC MOLECULES

Molecule

furan

2-methyl furan
2-furaldehyde
tetrahydrofuran
dihydropyran
tetrahydropyran
thiophene
2-chlorothiophene

2-bromothiophene

 pyrrole

pyridine
2~-picoline
3-picoline
4-picoline
2,3-lutidine
2,4-1utidine
2,6-lutidine

1P (eV)

8.89
8.3
9.21
9.5
8.3
9.26
8.860
8.68
8.63
8.20
9.32
9.02
9.04
9.04
8.85
8.85
8.85

c-13
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TABLE C-]12

IONIZATION POTENTIALS (IP) OF
SOME AROMATIC COMPOUNDS

Mclecule 1P (eV)
benzene 9.245
toluene 8.82
ethyl benzene 8.76
n-propyl benzene 8.72
i-propyl benzene 8.69
n-butyl benzene 8.69
s-butyl benzene 8.68
t-butyl benzene 8.68
o-xylene 8.56
»-xylene 8.56
p=xylene B.445
mesitylene 8.40
durene 8.025
styrene 8.47
o(-methyl styrene 8.35
ethynylbenzene 8.815
napthalene 8.12
l1-msethylnapthalene 7.96
2-methylnapthalene 7.955
biphenyl 8.27
phenol 8.50
anisole 8.22
phenetole 8.13

H
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TABLE C-12 (Cont.)

IONIZATION POTENTIALS (IP) OF

SOME AROMATIC COMPOUNDS

|

Molecule

benzaldehyde
acetophenone
benzenethiol

pheayl isocyanate
phenyl isothiocyanate
benzonitrile
nitrobenzene

aniline

fluoro-benzene
chloro-benzene
bromo~benzene
iodo-benzene
o~dichlorobenzene
m~dichlorobenzene
p-dichlorobenzene
l=-chloro=-2-fluorobenzene
l=-chloro~3-fluocrobenzene
1=-bromo=~4=-fluorobenzene
o-fluorotoluene
s=fluorotoluens
p~fluorotoluene
o-chlorotoluens

m-chlorotoluene

1P (eV)

9.53
9.27
8.3
8.n7
8.520
9.705
9.92
7.70
9.195
9.07
8.98
8.73
9.07
9.12
8.94
9.155
9.21
8.99
8.915
8.915
8.785
8.83
8.83

|
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TABLE C-12 (Cont.)

IONIZATION POTENTIALS (1P) OF

SOME AROMATIC OCOMPOUNDS

Molecule

p-chlorotoluene
o-bromotoluene
w-bromotoluene
p-bromotoluene
o-iodotoluene
miodotoluene
p-iodotoluene
bengzotrifluoride

o~fluorophenol

1P (eV)

8.70
8.79
8.81
8.67
8.62
8.6!1
8.50
%.68
8.66

c-16
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TABLE C-13

IONIZATION POTENTIALS (1P) OF
SOME MISCELLANEOUS MOLECULES

Molecule

ethylene oxide
propylene oxide
p~dioxane
dimethoxymethane
diethoxymethane
1,l-dimethoxyethane
propiolactone
sethyl disulfide
ethyl disulfide
diethyl sulfite
thiolacetic acid
acetyl chloride
acetyl bromide
cyclo=CgH;CF3
(a=C3F;)(CH3)C=0

trichlorovinylsilane

(C2Fg) 4N
isoprene

phosgene

P (ev)

10.565
10.22
9.13
10.00
9.70
9.65
9.70
8.46
8.27
9.68
10.00
11.02
10.55
10.46
10.58
10.79
11.7
9.08
11.77

|

FF
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APPENDIX D:

RELATIVE SENSITIVITIES FOR VARIOUS
GASES (10.2 eV Lamp)



RELATIVE SENSITIVITIES POR VARIOUS GASES

(10.2 oV Lamp)

Photoionization

Species Sensitivity®
p-xylene 11.4
s-xylene 11.2
benzene - 10.0 (reference standard)
toluene 10.0
diethyl sulfide 10.0
diethyl amine . 9.9
styrene 9.7
trichloroethylene 8.9
carbon disulfide 7.1
isobutylene 1.0 =
acetone 6.3
tetrghydrofuran 6.0
sethyl ethyl ketone 3.7
methyl isobutyl ketone 5.7
cyclohexanone 5.1
naptha (862 aromatics) 5.0

vinyl chloride - 3.0
methyl isocyanate 4.5
iodine 4.5
methyl mercaptan 4.3
dimethyl sulfide 4.3

allyl alcohol 4.2

e e e e e e e e

*Expressed in ppu (V/V)
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RELATIVE SENSITIVITIES FOR

(10.2 eV Lamp)

VARIOUS GASES

Szeciel

propylene

mineral spirits
2,3=dichloropropene
cyclohexene
crotonaldehyde
acrolein

pyridine

hydrogen sulfide
sthylene dibromide
n-octane
acetaldehyde oxime
hexate

phosphine

heptane

allyl chloride (3-chloropropene)
ethylene oxide
acetic anhydride

o -pinene
dibrowmochloropropane
epichlorohydrin
nitric oxide

Q-pincne

Photoionization
Sensitivity®

4.0
4.0
4.0
3.4
3.1
3.1
3.0
2.8
2.7
2.5
2.3
2.2
2.0
1.7
1.5
1.0
1.0
0.7
0.7
0.7
0.6
0.5

*Expressed in ppm (V/V)
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RELATIVE SENSITIVITIES FOR VARIOUS GASES

(10.2 eV Lamp)

W

Photoionization
Species Sensitivity*
citral 0.5
acetic acid 0.1
nitrogen dioxide 0.02
sethane 0.0
acetylene 0.0
ethylene 0.0
= =

“"Expressed in ppm (V/V)
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- GLOSSARY

AC battery charger - a black rectangular box with two cords attached to

it. One cord plugs into an AC outlet, while the other cord attaches
to the instrument being rechsrged. The OVA charger hss a charge
on/off switch.

Backflush valve - on the OVA; used to reverse the hydrogen flow through

the column; injected samples then flow directly to the detector.

B-column =~ One of the three types of columns made for the OVA. This
column cootains 3% Diisodecyl Phthalste on chromosord WAW 60/80 mesh.
This is a low polarity column.

Battery check = instrument svitch on both the OVA and the hNu that indi-
cates the charge in the battery.

Battery pack = located on the front of the OVA end on the bdack of the

hNu; serves as the pover source of the instrument.
Carrier gas - used in the OVA to carry mbient air through the column and

to the detector, or directly to the detector. Hy is the gas. <
Charcoal filter -~ there are two that can be used on the OVA. One is

peraanently attached and is used vhenever a chrosatogram is run. The
other may be screved into the probe/resdout sssembly.

Chromatogram =~ a finger print of a sample. Differeant peaks on a strip

chart represent different volatile organic chemicals. A chromatogram
is obtained after a syringe injection of headspace gas is made into
the column through the T-sdapter. '

Column - a varisble length nickel tudbe (usually 8", 12" or 24") thac
contains & certain parking (Type T, B, or C).

Concentration range selector ~ This is on the OVA and hNu. The desired

range can be set when wonitoring the smbient sir. The OVA and hNu
both have three settings: 1 to 10, 1 to 100, end 1 to 1000 on the
OVA; while the hNu has 0 to 20, 0 to 200, and 0 to 2000.

DOT exemption = a letter of exemption of the OVA from the aircraft rules
which do not allov flammable gas to be shipped. This exemption may
allov the OVA to be shipped or carried full on passenger aircraft.

Electronic sero = found on the hNu; it is used to adjust the sero elec-

tronically when the instrument is placed in the standdby position with
the probe sttached.

¢-1
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Fan - in the hNu, it maintains a flov of semple gas through the iem

chasber.
Fleme arrestor - @ gold colored metal screen that contains the flame of

the flame ionization detector. It is located at the bottom of the
ov‘ -

Fleme ionization detector - a detector that uses a flame, fueled by

hydrogen, to ionize individual contasminants as they emerge from the
colusn. The ions are then attracted to an oppositely charged elec-
trode, casusing & current and finally an electric signal to the Strip
Chart Recorder.

Flame-out alarm ~ audible alarm that is activated when the flame in the

flame ionization detector goes out.
Gas select knod - found on the OVA, it provides a choice of setting where

a certain gas can be used to calibrate the instrument.
G-column - one of the three types of colusns made for the OVA. This
column contains & 102 OV-101 on chromosord W AW-DMCS treated 60/80

wesh.

Glow plug - located in the chamber that supports the flame for the flame
ionization detector. It provides the ignition source for the flame.

Headspace sample -~ & VOA vial filled three quarters of the way with wvater

or soil. The remsining quarter of the vial is sirspace.

Hydrogen = & diastomic gas that serves as the carrier gas and fuel supply
for the OVA.

Hydrogen fill hose = a hose with a pressure gauge, an adaptor to a type

el 1A hydrogen cylinder, snd an sdaptor to the refill valve on the OVA.
It serves to refill the OVA vith hydrogen from the type 1A cylinder.
By refill valve - This valve is only turned on when there is an open

path through the hydrogen £ill line to the type lA hydrogen cylinder.
.3 supply pressure valve - in the open position ;hi- valve allows a

measured flov of hydrogen through the column and on to the detector in
the OVA.

Ny tank valve ~ in the open position this sllows the hydrogen from the
OVA's cylinder to flow to the Ry supply pressurs valve.

Ignite button ~ when this is depressed the element in the glov plug glowvs
red hot and csuses ignition of the flame of the flame ionization

detector.

-2



Injcctioﬂ - this takes place vhen a syringe containing gas is introduced
into the column through the septum contained in the T~adaptor, and
depressed so as to enter its contents into the column.

Instrument ewitch - found on the OVA, this switch turns on the elec-

tronics for the OVA except for the pusp and glov plug.
lonization energy - energy needed to ionize gaseous molecules. This is

usually expressed as ionization potential.

Isothermal column - a column that is wrapped around a hollow metal tube

snd then insulated with styrofoam. The purpose of this structure is
to keep the column at a fixed temperature throughout the asnalysis.

lamp - found in the probe of the hNu, it emits ultraviolet light (pho-
tons) into the ionization chamber.

Mercury = used in making standards for the OVA. A mmall amount is used
to cover the septum vhen the standard is inverted for storage in order -
to prevent the solvent vapor from escaping.

Mylar bag - used to hold a gas mixture, which can be introduced into the
OVA or hNu through an attached hose or syringe injection. <

"“Off-scale” - term used to describe the full scale deflection of the
needle for a particular concentration on the OVA or hNu.

Packing ~ the inner contents of the chromatographic columns used for the
OVA. The different packings are designated by letters: T, B, and G.

Parts per billion - 1 part of e chemical in 1 billion parts of air or

vater (by volume).
Parts per million - 1 part of a chemical in 1 million parts of air or

vater (by volume).
Photoionization - the absorption of ultraviolet light (a photon) by
solecule that leads to ionisstion. RR ¢ hv=®RH* ¢ ¢~, where W is

a trace gas and hv is & photon with an energy greater than or equal to

ionization potential of WH.

Photon - & quentity of ultraviolet light

Porous filters - particle filters that are found in the probe fixtures
and at the junction of the umbilical cord and the side pack assesbly.

Primary calibration gas ~ for the OVA this gas is s methane/air mixture,
and the gas select knodb is set ot 3.0; while the hNu uses a benzene/
sir mixture and the span setting is 9.8.




Probe/Probe readeut assembly (OVA) - attached to the end of the umbilical

cord of the OVA, it contains the inlet of the air sampling line and a
iR |

dial with & linear scale readout.

Probe (hNu) - attached st the end of the electrical cord that orginates
from the instrument panel of the hNu. The probe contains a lamp,
ionization chamber and a fan to drawv in sample gas to the ionization
chamber.

Probe extender - both the OVA and hNu have one. It attaches to the end

of the probe to shorten the distance one has to get to the source of
interest.

Pump switch = found on the OVA, when in the on position it pumps in ambi-
ent air at a rate of 2 units.

Retention time - the total time required for a wvolatile chemical to

emerge from the column into the detector from the woment of introduc-

tion into the column of the OVA. .

Sample screening - Determining total wolatile or;nni.é chemicsl content of

anbient air or & hesdspace sample by injection into the T-adaptor of
the OVA vhile the OVA is in the basckflush mode.
Sexple flow rate gauge -~ This gauge is used to momitor the intake of am-

bient air by the pump.
Sample inject valve - When this valve is in the "up" position mmbient air

is pumped directly to the detector and the instrument is in the survey
mode. 1f depressed during the survey mode, the ambient air is re-
directed through a charcoal filter before continuing to the detector.

Septum - This is a veplaceadble, circular, rubber disc with a ten wmilli-
meter dismeter that fits into the septum adsptor.

Septum adaptor = This screws onto the T-adaptor and provides a guide for
the syringe during injections.

S8ide Pack Assembly - This is the main unit of the OVA. It contains most

of the operating controls and indicators, the electroanic circuitry,
detector chember, hydrogen fuel supply and electrical power supply.

Standard ~ This is a known chemical that is inm solution with distilled
wvater and coantained ili a YOA visl in such & way that & beadspace is
present. A syringe un then vithdrav some of the headspace gas after
the vial is agitated, and this gas can then be injected into the
column for chromstographic analysis. Comparison to unknown samples
then follows. '



Standby knodb - this is found on the hNu and allows the hNu to warm up in
a non-emergency demanding position. The instrument can glso be elec-
tronically zeroed at this position.

Strip Chart Recorder - a ticking type recorder that forms a permanent

record of the electronic signals that come from the detector.

Survey mode = the OVA is in this mode vhen the sample inject valve is in
the up position. In this mode embient air is pumped directly to the
detector.

Syringe - a gas tight hollow glass tube with a hollow needle on one end
and a plunger on the other end that is used to collect headspace gas
or ambient air for injections into the OVA.

T-Column -~ one of the three types of columns made for the OVA. This
column contsins a 12 1,2,3 Tris (2 cyancethoxy) propane (also known as
TCEP) on chromosorb W HP, 60/80 mesh.

Teflon tape = used to obtain an air tight seal between coanectors in the
hydrogen line of the OVA.

Total volatile orgsnic reading = measurement of total wolatile orgamic

chemical content of ambient air.

Ultraviolet light = This light or radiation has a wavelength (A) between
4000-2000 2 .

Umbilical cord -~ two cords intertwined bridging the side pack assembly of
the OVA to the probe assembly. This wmbilical cord contains an elec-

tronic cable and an ambient air sampling line.

UV transmitting window = windov on the UV lamp of the hNu that emits
photons of UV light. .

VOA Vial = a tubuler gless vial with a rubber septum cap that is coated
with Teflon on ocae side (usually 40 to 45 al),

Volatile organics = organic chemicals that have low boiling points and

high vapor pressures.
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INTRODUCTION

The Model OVA 128 CENTURY Organic Vapor
Analyzer (OVA 128) is manufactured in
three configurations. These are:

¢ Basic Flanme Ionization Detector for
monitoring total hydrocarbons

e Gas chromatograph supplied with two
columns

e Gas chromatograph tri~column for
Benzene Analysis.

A battery charger can be ordered for
either 120 V ac, 60 Hz or for 220 V
ac, 50 Hz. Classifications are:

- M™ certified for use in Class
I, Groups A, B, C, and D, Di- -
vision 1 hazardous environ-
ments.

- BASEEPA certified intrinsi-
cally safe, Bx ib, for IIC,
Zone 1, Temperature Class T6,
BASEEPA dNo. 76002/B std. SPFA
3007.

Accessories for the OVA 128 are:

- Strip Chart Recorder - either
FM or BASEEFA certified.

- Activated Charcoal Pilter Assea-
bly - used for zeroing the
analyser in a contaminated
environment. Also used with
dessicant as a moisture trap.

- Sample Dilutor Assesbly for
10:1, 25:1, or $50:1 sample
dilution. .

- Septum Adapter for direct, on-
line injection with the GC.

- Portable Isothermal Pack (PIP)
for temperature control of GC
columns.

The OVA 128 is a sensitive instrument
designed to measure trace quantities
of organic materials in air. It is
essentially a flame ioniszsation detec-
tor such as utilized in laboratory gas
chromatographs and has similar analy-
tical capabilities. The flame ioniza-
tion detector is an almost universal
detector for organic cosmpounds with
the sensitivity to measure {n the
pacrts per million range (V/V) in the
presence of atmospheric moisture, ni-
trogen oxides, carbon monoxide, and
carbon dioxide.

MIg11-132
Page 1

The instrument has broad application
since it has a chemically resistant
air sampling system and can bde readily
calibrated to measure almost all or-
ganic vapors. It has a single li-
nearly scaled readout froa 0 ppm to 10
ppm with a X1, X10, and X100 range
switch. This range expansion feature
provides accurate readings across a
wide concentration range with either
10, 100 or 1000 ppm full scale deflec-
tion. Designed for use as a portable
survey inatrument, it can also be
readily adapted to fixed remote moni-
toring or mobile installations. It is
ideal for the determination of many
organic air pollutants and for moni-
toring the air in potentially contami-
nated areas.

The OVA 128 is certified by Pacto .
Mutual Research Corporation (FM) ..:
use in Class I, Groups A, B, C, & D,
Division I hazardous locations. Simi-
lar foreign certifications have been
obtained, including BASEBEPA. This
requirement is especially significant
in industries where volatile flammable
petroleum or chemical products are
sanufactured or used and for instru-
ments which are used in portable sur-
veying or for analyzing concentrations
of gases and vapors. Such instruments
must be incapadble, under normal or
abnormal conditions, of causing igni-
tion of hazardous mixtures in the air.
In order to maintain the certified
safety, it is important that the pre-
cautions outlined in this manual be
practiced and that no modifications be
made to these instruments.

It is highly recommended that the en-
tire manual be read before operating
the instrument. It is essential that
all portions relating to safety of
operation and maintenance be tho-
roughly understood.

Reference Literature

MI 611-101 Operation of Tri-Coluan GC
Option

MI 611-102 Operation of Dilutor Kit

MI 611-105 Operation of Portable Iso-
thermal Pack
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GENERAL DESCRIPTION

The OVA 128 Analyzer is designed to
detect and measure hazardous organic
vapors and gases found in most indus-
tries. It has broad application since
it has a chemically resistant sampling
system and can be calibrated to almost
all organic vapors. It can provide
accurate indication of gas concentra-
tion in one of three ranges: 0 to 10
ppr; 0 to 100 ppm; or 0 to 1000 ppm.
While designed as a lightweight por-
table instrument, it can be perma-
nently installed to monitor a fixed
point.

The instrument utilizes the principle
of hydrogen flame ionization for detec-
tion and measurement of organic va-
pors. The instrument measures organic
vapor concentration by producing a
response to an unknown sample, which
can be related to a gas of known com-
position to which the instrument has
previously been calibrated. During
normal survey mode operation, a con-
tinuous sample is drawn into the probe
and transmitted to the detector cham-
ber by an internal pumping systen.

SAMPLE _____,
CONNECTOR

ReapouT "V

CONNECTOR

The sample stream is metered and
passed through particle filters before
reaching the detector chamber. Inside
the detector chamber, the sample is
exposed to a hydrogen flame which
ionizes the organic vapors. When most
organic vapors burn, they leave posi-
tively charged carbon-containing ions.
An electric field drives the ions to a
collecting electrode. As the positive
ions are collected, a current corres-
ponding to the collection rate is gen-
erated. This current is measured with
a linear electrometer preamplifier
which has an output signal propor-
tional to the ionization current. A
signal conditioning amplifier is used’
to amplify the signal from the preamp
and to condition it for subsequent
meter or external recorder display.
The display is an integral part ofothe
Probe/Readout Assembly and has 270
scale deflection.

In general, the hydrogen flame ioniza-
tion detector is more sensitive for
hydrocarbons than any other class of
organic compounds. The response of
the OVA varies from compound to coa-
pound, but gives repeatable results
with all types of hydrocarbons; i.e.,
saturated hydrocarbons (alkanes), un-
saturated hydrocarbons (alkenes and
alkynes) and aromatic hydrocarbons.

PROBE/READOUT
ASSEMBLY

UMBILICAL CORD

REFILL CONNECTOR

PIGURE 2

PORTABLE ORGANIC VAPOR ANALYIRR

Model OVA 128



Typical response of various hydrocar-
bons, relative to methane is as fol-
lows:*

Compound Relative Response (percent)
Methane 100 (reference)
Hexane 70
Propane 64
N-butane 6l
N-pentane 100
Ethylene 85
Acetylene 200
Benzene 150
Toluene 120
Ethane 90

Compounds containing oxygen, such as
alcohols, ethers, aldehydes, carbolic
acid and esters give a lower response
than that observed for hydrocarbons.
This is particularly noticeable with
compounds having a high ratio of oxygen
to carbon such as the lower members of
each series which have one, two or three
carbons. With compounds containing
higher numbers of carbons, the effect is
diminished to such an extent that the
response is similar to that of the corres-
ponding hydrocarbons.

Nitrogen~containing compounds (i.e.,
amines, amides, and nitriles) respond in
a manner similar to that observed for
oxygenated materials. Halogenated com-
pounds also show a lower relative re-
sponse as compared with hydrocarbons.
Materials containing no hydrogen, such

as carbon tetrachloride, give the lowest
response; the presence of hydrogen in

the compounds results in higher relative
responses. Thus, CHClj gives a much
higher response than does CClg. As in
the other cases, when the carbon to halo-
gen ratio is 5:1 or greater, the response
will be similar to that observed for
simple hydrocarbons.

*NOTE: Each OVA detector will have

slightly different responses for
organic vapors relative to methane.
The user should determine responses
for his individual instrument.

The typical response of various com-
pounds relative to methane is as fol-
lows:

KETONES
~cetone 60
Methyl ethyl ketone 80
Methyl isobutyl ketone 100
ALCOHOLS
Methyl alcohol 15
Bthyl 25
Isopropyl 65
HALOGEN COMPOUNDS
Carbon tetrachloride 10
Chloroform 65
Trichloroethylene 70

Vinyl chloride k1

MI611-132
Page }

The OVA has negligible response to car-
bon monoxide and carbon dioxide which,
due to their structure, do not produce
appreciable ions in the detector flame.
Thus, other organic materials may be
analyzed in the presence of CO and COZ'

Applications

(1) Measurement of most toxic organic
vapors present in industry for
compliance with Occupational
Safety and Health Administration
(OSHA) requirements.

(2) Evaluation and monitoring appli-
cations in the air pollutiop field.

(3) Source identification and measure-
ment for fugitive emissions
(leaks) as defined by EPA.

(4) Forensic science applications.

(5) Controlling and monitoring atmo-
spheres in manufacturing and pack-
aging operations.

(6) Leak detection related to vola-
tile fuel handling eguipment.

(7) ™Monitoring the background level
of organic vapors at hazardous
vaste sites.

(8) Quality control procedures geared
to leak checking, pressurized
systea checks, combustion effi-
ciency checks, etc.

Major Features

The basic instrument consists of two
major assemblies, the Probe/Readout
Assembly and the Side Pack Assembly
(See Pigure 2). The recorder is op-
tional on all models, but is pormally
used with all instruments which incor-
porate the GC Option. The output
meter and alarn level adjustments are
incorporated in the Probe/Readout
Assembly.

The Side Pack Assembly contains the
temaining operating controls and in-
dicators, electronic circuitry, detec-
tor chamber, hydrogen fuel supply, and
electrical power supply.
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Other major features are: linear scale
readout, approximately two second re-
sponse time and portable operating

time of 8 hours for fuel supply and
battery pack. A battery test feature
allows charge condition to be read on
the metec. Hydrogen flame-out is sig-
nified by an audible alarm plus a vi-
sual indication on the meter. The
instrument contains a frequency modu-
lated detection alara which can be
preset to sound at a desired concentra-

tion level. The frequency of the detec-

tion alarm varies as a function of de-
tected level giving an asudible indica-
tion of organic vapor concentration.
An earphone is provided to allow the
operator to hear the alarm in noisy
areas Or to avoid disturdbing workers.

During use, the Side Pack Asseably can
be carried by the operator on either
his left or right side or as a back
pack. The Probe/Readout Assembly can
be detached from the Side Pack Assem-~
bly and disassembled for transport and
storage.

Standard Accessories

A variety of sampling fixtures can be
used. In addition, small diameter
tubing can be used for remote sampling
or electrically insulated flexible
extensions can be used for places that
are difficult to reach.

TYelescoping Probe

Probe length can be increased or de-
creased over a 22 to 30 inch range to
suit the individual user. A knurled
locking nut is used to lock the probe
at the desired length. The probe is
attached to the Readout Assembly.

When appropriate, the probe is re-
placed with a Close Area Sampler, which
is supplied as a standard accessory.

Sampling Accessories
Part Number Description
510125-1 Close area sampler -~.

Connects directly to the
readout assembly.

510035-1 Telescoping wand -
Adjustable length -ac-
commodates the probe
listed below.

$10126~1 Tubular area sampler -
Used with the tele-
scoping wand.

Particulate Fllters

The primary filtec of porous stainless
steel is located behind the sanmple
inlet connector (see Side Pack Assea-
bly drawing). In addition, a replace-
able porous metal filter is installed
in the "close area” sampler.

Carrying Case

An instrument carrying case is pro-
vided to transport, ship and store the
disassenbled Probe/Readout Assembly,
the Side Pack Asseably and other equip-
ment. .

Specifications

READOUT: 0 to 10, 0 to 100, 0 to 1000
ppa (linear)

SAMPLE PLOW RATE: 1 1/2 to 2 1/2
litre per minute at 22°C, 760 msm,
uaing close area sampler

RESPONSE TIME: Approximately 2
seconds for 908 of final read-
ing.

PRIMARY ELECTRICAL POWER: 12 volt
(nominal) battery pack.

PUEL SUPPLY: Approximately 75 alL
volume tank of pure hydrogen,
maximum pressure 2400 psig, fill-
able in case.

HYDROGEN FLOW RATE: Pactory set
12.5 +0.5 aL/min (minus GC op~
tion) 11.0 +0.5 aL/min (GC
models)

PORTADLE OPERATING TIME: Minimum 8
hours with battery fully charged,
bydrogen pressure at 1800 psig.

PHYSICAL DIMENSIONS: 9" x 12° x §°
(229 wm x 305 sa x 127 =m)
8idepack only.

WBIGHT: 12 pounds (5.5 kg)

(sidepack and hand-held probe
assembly)

DETRCTION ALARM: Audible alarm plus
meter indication. User preset to
desired level.

PLAME~OUT ALARM: Audible alarm plus
meter indication (needle drops
off scale in negative direction).

BATTERY TBST: Battery charge condi-
tion indicated on readout meter.
Upon activation of momentary con-
tact switch, a meter reading
above the indicator line means
that there is 4 hours minimum
service life remaining (at 22°¢).

PILTERS: 1In-line sintered metal fil-
ters will temove particles larger
than 10 microns. °

OPERATISG TEMPERATURE RANGEB: 10°C to
407°C.

MINIMUM AMBIENT TEMPERATURE: 15°C for
Flame Ignition (coldstart).
ACCURACY: Based on the use of a cali-
bration gas for each range:
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Accuracy in 8§ of

Calibzai}on Oporut&pg Individual Pull Scale
Temp., C Temp. C X1 X10 X100
20 to 25 20 to 25 +20 +10 +10
20 to 25 10 to 40 +20 +20 +20

RELATIVE HUMIDITY: 58 to 95%, Effect
on accuracy: #208 of individual
full scale

RECORDER OUTPUT: 0 to S5 volts

MINIMUM DETECTABLE LIMIT (METHANE):
0.2 ppa

STANDARD ACCESSORIES:

1. Instrument carrying and
storage case

2. Hydrogen fuel filling hose
assembly

3. Battery charger

4. Earphone

S. Various sampling fixtures

6. Maintenance tool kit

7. Operators manual (2 each)

8. Padded leather carcrying straps

. B R
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FIGURE 3
OVA-129 AMALYIER COMPONENTS
(Gas Chromatograph Model Shown)
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OPERATING PROCEDURES

Controls and Indicators

1)

2)

3)

4)

5)

6)

7)

8)

9)

10)

11)

S8idepack Assembly

INSTR/BATT Test Switch* -~ Three
position toggle switch controls
all instrument electrical power
except the pump and alarm power.
It also permits display of the
battery charge condition on the
readout meter.

PUMP (ON/OFF) Switch® - Toggle
switch controls power to the inter-
nal pump and audio alarms.

Igniter Switch - Momentary push
button switch connects power to
the igniter coil in the detector
chamber and simultaneously dis-
connects power to pump.

CALIBRATE Switch (range selector)
-Selects the desired range: X1

(0 to 10 ppa); X10 (0 to 100 ppm);
X100 (0 to 1000 ppm).

CALIBRATE ADJUST (zero) Knob -Po-
tentiometer used to "zero" the
instrument.

GAS SELECT KNOB (span control) -
Ten-turn dial readout potentio-
meter seta the gain of the instru-
ment (commonly referred to as

span control).

Recorder Connector - Pive-pin
connector used to connect the
instrument to an external recor-
der with the following pin connec-
tions:

Pin E -~ ¢+ 12 V dc
Pin H -~ Ground
Pin B ~ Signal 0 to 5 V d¢c

Charger Connector - BNC connector
used to connect the battery pack
to the battery charger.

BYDROGEN TANK VALVE ~ Valve used
to supply or close off the fuel
supply from the hydrogen tank.

HYDROGEN TANK PRESSURE Indica-
tor - High pressure gauge.mea-
sures pressure in the hydrogen
fuel tank which is an indication
of fuel supply.

HYDROGEN SUPPLY VALVE - Valve
used to supply or close off hy-
drogen fuel to the detector cham-
ber.

12)

13)

14)

15)

16)

17)

18)

HYDROGEN SUPPLY PRESSURE Indica-
tor - Low preasure gauge used to
monitor hydrogen pressure at the
capillary restrictor.

SAMPLE FLOW RATE Indicator -
Indicator to monitor the sample
flow rate.

REFILL CONNECTION - ¥k in AN fit-
ting to connect the hydrogen re-
fill hose to the instrument.

REFILL VALVE =~ Valve to open one
end of the instrument fuel tank
for refilling with hydrogen.

EARPHONE JACK - Used to connect °
the earphone; speaker is disabled
when earphone is used.

VOLUME Knob - Potentiometer ad-
justs the volume of the internal
speaker and earphone.

Readout and Sample Connectors -
Used to connect the sample hose
and umbilical cord from the Probe/
Readout to the Side Pack.

Controls sand Indfcators

Probe/Readout Assembly

1)

2)

Meter ~ Linear scaled 270° meter
displays the output signal level
in ppm.

Alarm Level Adjust Knob - Poten-
tiometer (located on the back of
the Readout Agsembly) is used to
set the concentration level at
which the audible alarm is actu-
ated.

*Special Switch -~ switch handle must be
pulled to change position. This pre-
vents accidental movement.



Startup Procedure

a)

b)

c)

d)

e)

£)

9)

h)

i)

»

k)

Note:

Connect the Probe/Readout Assem-
bly to the Sidepack Assembly by
attaching the sample line and

electronic jack to the Sidepack.

Select the degired sanmple probe
(close area sampler or telescop-
ing probe) and connect the probe
handle. Before tightening the
knurled nut, check that the probe
accessory is firmly seated
against the flat seals in the
probe handle and in the tip of
the telescoping probe.

Move the Instr/Batt Switch to the
test position., The meter needle
should move to a point beyond the
white line, indicating that the
integral battery has more than 4
hours of operating life before
recharging ls necessary.

Move the Instr/Batt Switch to the
“ON" position and allow a 5 minute
Ulll-up.

Turn the Pump Switch on.
Use the Calibrate Adjust knob to

set the meter needle to the level
desired for activating the audi-
ble alarm. If this alarm level
is other than zero, the Calibrate
Switch must be set to the appro-
priate range.

Turn the Volume Knob fully clock-
wise,

Using the Alara Level Adjust knob,

turn the knob until the audible
alarm is activated.

Move the Calibrate Switch to X1
and adjust the meter reading to

zero using the Calibrate Adjust
(zero knob).

Open the hydrogen Tank Valve 1 or
2 turns and observe the reading
on the Hydrogen Tank Pressyre
Indicator. (Approximately 150
psi of pressure is required for
each hour of operation).

Open the Hydrogen Supply Valve 1
or 2 turns and observe the read-

ing on the Hydrogen Supply Pres-
sure Indicator. The reading
should be between 8 and 12 psi.

With GC instrument, a column
or jumper must be installed.

1)

m)

MI611-132
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After approximately one minute,
depress the Igniter Button until
the hydrogen flame lights. The
meter needle will travel upscale
and begin to read “Total Organic
Vapors®. Caution: Do not depress
igniter for more than 6 seconds.
I1f flame does not ignite, wait
one minute and try again.

The instrument is ready for use.
NOTE: 1If the ambient background
organic vapors are "zeroed out”
using the Calibrate Adjust knob,
the meter needle may move off-
scale in the negative direction
when the OVA is moved to a loca-
tion with lower background. If
the OVA is to be used in the 0 to
10 ppm range, it should be
“zeroed” in an area with very low
background. A charcoal filter
(Part No. 510095-1) can be used
to generate the clean background

sample.

Operating Procedures

The following procedure describes opera-
tion of the OVA in the "Survey Mode"
to detect total organic vapors.

a)

b)

Set the CALIBRATE Switch to the
desired range. Survey the areas
of interest while observing the
meter and/or listening for the
audible alarm indication. Por
ease of operation, carry the Side
Pack Assembly positioned on the
side opposite the hand which holds
the Probe/Readout Assembly. Por
broad surveys outdoors, the pick-
up fixture should be positioned
several feet above ground level.
When making quantitative readings
or pinpointing, the pickup fix-
ture should be positioned at the
point of interest.

When organic vapors are detected,
the meter pointer will move up-
scale and the audible alarm will
sound when the setpoint is ex-
ceeded.  The frequency of the
alarm will increase as the detec-
tion level increases.



o
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If the flame-out alarm is actuated,
check that the pump is running, then
press the igniter button. Under nor-
mal conditions, flame-out results from
sampling a gas mixture that is above
the lower explosve level which causes
the hydrogen flame to extinguish. 1f
this is the case, reignition is all
that is required to resume monitoring.
Another possible cause for flame-out
is restriction of the sample flow line
which would not allow sufficient air
into the chamber to support combus-
tion, The normal cause for such re-
striction is a clogged particle fil-
ter.

It should be noted that the chamber
exhaust port is on the bottom of the
case and blocking this port with the
hand will cause fluctuations and/or
flame-ocut.

Shut Down Procedure

The following procedure should be fol-
lowed for shut down of the equipment:

A. Close HYDROGEN TANK VALVE

B. Close HYDROGEN SUPPLY VALVE

C. Move INSTR Switch to OFP

D. Wait 5 seconds and move PUMP
Switch to OFF. INSTRUMENT 1S5 NOW
IN A SHUT DOWN CONFIGURATION.

Fuel Refilling

NOTE: Use PREPURIPIED or ZERO grade

hydrogen (certified total hydro-

carbons as methane <0.5 ppm
recommended) .

a) The instrument and the charger
should be completely shut down
during hydrogen tank refilling
operations. Refilling should be
done in a ventilated area. THERE
SHOULD BE NO POTENTIAL IGNITERS
OR PLAME IN THE AREA,

b) If you are making the first f£ill-
ing on the instrument of if the
£filling hose has been allowed to
£ill with air, the filling hose
should be purged with hydrogen
prior to filling the instrument
tank. This purging is not re-
quired for subsequent fillings.

c) The £illing hose assemably should
be left attached to the hydrogen
supply tank when possible. En-
sure that the PILL/BLEED Valve on
the instrument end of the hose is
in the OFF position. Connect the
hose to the refill connection on
the Side Pack Assembly.

a) Open the hydrogen supply bottle
valve slightly. Open the REFILL
VALVE and the HYDROGEN TANK VALVE
on the instrument panel and place
the FILL/BLEED Valve on the fill-
ing hose assembly in the PILL
position. The pressure in the
instrument tank will be indicated
on the HYDROGEN TANK PRESSURE
Indicator.

e) After the instrument fuel tank is
filled, close the REFILL VALVE on
the panel, the FILL/BLEED Valve
on the filling hose assembly and
the hydrogen supply bottle valve.

£) The hydrogen trapped in the hose
should now be bled off to atmo-
spheric pressure. CAUTION should
be used in this operation as de-
scribed in Step (g) below, since
the hose will contain a signifi-
cant amount of hydrogen at high
pressure.

q) The hose is bled by turning the
FILL/BLEED Valve on the filling
hose assembly to the BLEED posi-
tion. After the hose is bled
down to atmospheric pressure, the
FILL/BLEED Valve should be turned
to the FILL position to allow the
hydrogen trapped in the connec-
tion fittings to go into the hose
assembly. Then, again, turn the
PILL/BLEED Valve to the BLEED
position and exhaust the trapped
hydrogen. Then turn the FILL/
BLERD Valve to OFF to keep the
hydrogen at one atmosphere in the
hose so that at the time of the
next filling there will be no air
trapped in the filling line.

h) Close the HYDROGEN TANK VALVE.

i) With the HYDROGEN TANK VALVE and
the HYDROGEN SUPPLY VALVE closed,
a small amount of HYDROGEN at
high pressure will be present in
the regulators and plumbing. As
a leak check, observe the HYDRO-
GEN TANK PRESSURE Indicator while
the cemainder of the system is
shut down and ensure that the
pressure reading does not de-
crease rapidly (more than 350
psi/h) which would indicate a
significant leak in the supply
system.

Battery Charging

WARNING: Never charge in a hazardous
environaent.



a) Plug charger connector into
mating connector on battery cover
and insert ac plug into 115 V ac
wall outlet.

b) Move the battery charger switch
to the ON posaition. The lamp
above the switch button should
illuminate.

c) Battery charge condition is indi-
cated by the meter on the front
panel of the charger; meter will
deflect to the left when
charging., When fully charged,
the pointer will be in line with
“charged” marker above the scale.

4) Approximately one hour of
charging time is required for
each hour of operation. However,
an overnight charge is recoa-
nended. The charger can be left
on indefinitely without damaging
the batteries. When finished,
move the battery charger switch
to OFF and disconnect from the
Side Pack Assembly.

THE POLLOWING ARE SPECIAL INSTRUCTIONS
POR RECHARGING BATTERIES WHICH HAVE
BEEN COMPLETELY DISCHARGED.

It has been established that the above
battery charging procedures may not be
effective when the operator has
allowed the battery to COMPLETELY dis-
charge.

When this happens and the above proce-
dures fail to charge the battery, per-
fora the following additional steps:

e) Remove the battery from the in-
strument case.

£) Connect to any variable dc power
supply.

q) Apply 40 volts at § ampere maxi-
num.

h) Observe the power supply meter.
As soon as the battery begins to
drav current, gradually reduce
the power maintaining § A maximunm
until the meter reads approxi-~
mately 15 volts.

NOTE: The time required to reach the
15 volt reading will depend on
degree of discharge.

i) Repeat steps (a), (b), (c), and
(d) above to complete the
charging cycle.

MI611-132
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SUMMARY OF OPERATING
PROCEDURES

Start Up

a) Check battery condition by moving
the INSTR Switch to the BATT posi-
tion.

b) Move INSTR Switch to ON and allow
five (5) minutes to warm-up.

c) Use the Calibrate Adjust knob to

set the meter needle to the level
desired for activating the audi-
ble alarm. If this alarm level
is other than zero, the Calibrate
Switch must be set to the appro-
priate range.

4a) Turn the Volume Knob fully clock-
wise.

e) Using the Alarm Level Adjust knob,

turn the knob until the audible
alarm is activated.

£) Set CALIBRATE Switch to X1 posi-
tion, use CALIBRATE Knob and set
meter to read 0.

9) Move PUMP Switch to ON position,
then place instrument panel in
vertical position and check SAM-
PLE FLOW RATE indication. The
normal range is 1.5 to 2.5 units.
If less, check filters.

h) Open the HYDROGEN TANK VALVE and
the HYDROGEN SUPPLY VALVE. Wait
ons minute for hydrogen to purge
the system.

i) Depress Igniter Button until bur-
ner lights. Do not depress Igni-
ter Button for more than siz se-
conds. (If burner does not ig-
nite, let hydgrogen flow for one
minute and again attempt igni-
tion.) :

3) Use CALIBRATE Knob to “sero® out
ambient background. PFor maximun
sensitivity below 10 ppm, set
CALIBRATE Switch to X1 and read-
just zero on meter. To avoid
false flame-out alarm indication,
set meter to 1 ppm with CALIBRATE
Knob and make differential read-
ings from there.

Shut Down

a) Close the HYDROGEN SUPPLY VALVE
b) Close the HYDROGEM TANK VALVE

c) Move the INSTR Switch and PUMP
Switch to OFF

d) Instrument is now in shut down
configuration
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CALIBRATION

Recalibration to Various Organic
Vapors

The OVA 128 is capable of responding

to nearly all organic compounds. At
the time of manufacture, the analyzer
is calibrated to mixtures of methane

in air. For precise analysis it is
necessary to recalibrate with the spe-
cific compound of interest. The GAS
SELECT control is used to set the elec-
tronic gain for a particular compound.

The instrument is recalibrated using a
mixture of a specific vapor in air,
with known concentration. After the
instrument is in operation and the
normal background is zeroed, draw a
sample of the calibration gas into the
instrument. The GAS SELECT Knob on
the panel is then used to set the read-
out meter indication to correspond to
the concentration of the calibation
gas mixture.

The instrument has now been calibrated
to the vapor mixture being used.

After this adjuystment, the setting on
the "digidial® should be recorded for
that particular organic vapor coam-
pound. This exercise can be performed
for a large variety of compounds,
thereby generating a “"library® which
can be used for future reference with-
out need for additional calibration
standards.

To read a particular compound, the GAS
SELECT control is turned to the prede-
termined setting for the coampound.

Calibration on any one range automati-
cally calibrates the other two ranges.

Using Empirical Data

Relative response data can be used to
estimate the concentration of a vapor
without need to recalibrate the ana-
lyzer. With the instrument calibrated
to methane, obtain the concentration
reading for a calibration sample of
the test vapor. The response factor
(R) in percent, for that vapor is:

R = Actual Concentration
Measured Concentration

To determine the concentration of an
unknown sample of that vapor, sultiply
the measured concentration by R,

Calibration Standards

Commercial Standards

Commercially available standard sam-
ples offer the most convenience and

are recommended for the most precise
analyses. Always remember to obtain
the desired vapor in an air background.
Samples should be drawn from the cylin-
der into a collapsed sample bag, then
drawn from the bag by the instrument

to prevent a pressure Or vacuum at the
sample inlet.

Preparation of Standards

The following procedure is for genera-
ting calibration standards as an alter-
native to using commercial mixtures.

Obtain a five (5) gallon glass bottle
and determine its volume by measuring
the volume of water needed to fill it
(use of a 1000 mL graduated cylinder
18 convenient). Another approach is
to weigh the empty bottle, fill it
with water and weigh again. The dif-
ference between the two values is the
weight of water. By multiplying the
weight of water in pounds by 0.4S5,
obtain the volume of the bottle 1in
liters. Empty the water and allow the
bottle to dry. Place a one-foot piece
of Teflon tubing in the flask to aid
in mixing the vapors uniforaly with
the air. The volume of such a bottle
should be about 20 liters, which is
20,000 mL. If the volume were 20,000
mL, then a 2 ml sample of a gas would
be equivalent to 200 maL per 2 million
al or 100 ppa (V/V). Use of & gas
tight Syringe, readable in 0.0l mL,
allows the preparation of mixtures in
the 1-2 ppm range, which are suffi-
cient for the quantitative estimation
of concentrations. A plastic stopper
is loosely fitted to the tip of the
bottle. The needle of the syringe is
placed inside the jug neck and the
stopper squeezed against the needle to
decrease leakage during sample intro-
duction. Inject the sample into the
bottle and withdraw the needle without
removing the stopper. Tighten the
stopper and shake the bottle for a few
minutes with sufficient vigor that the
plastic tubing in the bottle moves
around to ensure good mixture of the
vapors with the air.
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Calculations

Volume Concentration X Molecular Weight X System Volume
Density X Molar Volume ac STP*

. (C) (W) (V)
(D) (V)

Injection =

Using the Ideal Gas Law, PVsRT, ths
molar volume of any gas at STP (25°C
and 1 atm) is:

v « BT . Universal Gas Constant x Temperature
P Pressure

. EP.oszos llﬁii—!ﬁgﬂ (298.15 K)
mol K
1l atm

. (26.47L) (mol”l)

Therefore, the i1njection volume neces-
sary to prepare 1 liter of a 100 ppm .
sample of hexane would be:

. 1100 ppm) ((86.18 g) (mol™d)] (1 liter)
1(0.659 g) (az™l)] ((24.47 L) (mo171)] (2000 mL) (171

— Injection Volune

= 0.534 uL

* STP - Standard Temperature and Pressure

Primary Calibration for Methane

Internal electronic adjustments are
provided to calibrate and align the
circuits. After initial factory cali-
bration, it should not be necessary to
repeat the calibration unless the ana-
lyzer undergoes repairs which affect
calibration, If the OVA 128 will be

-- extensively used for analysis of a
sanple other than methane, recalibra-
tion of the electronics (after reset-
ting the GAS SELECT CONTROL) may
resyult in better accuracy. See
Recalibration to Various Organic
Vapors above.

Primary calibration of this instrument
18 accompliisned at TNE IaCTOLY usiiy
methane-in-air, sample gases.

R-31 R-32 R-33 R-38

PIGURE 4
LOCATION OF EBLECTRONIC ADJUSTMENTS
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Calibration Using Known Samples
for Each Range (Refer to Figure 4)

The accuracy stated under Specifica-
tions is obtained when the instrument
is calibrated with known concentra-
tions for each range. Prepare sepa-
ra-: samples of methane-in-air in
ti:3e concentration ranges: 7 to 10
pPR, 90 to 100 ppm, and 900 to 1000
gpn. Calibrate the instrument as fol-
ows:

a) Place the instrument in normal
operation and allow a minimum of
15 minutes for wvaram-up and sta-
bilization.

b) Set the GAS SELECT control to
300.

c) Set the CALIBRATE Switch to Xl.

d) Set the CALIBRATE ADJUST (Zero)
Knob so that the meter reads sero.

e) Check that the meter reads zero
on the X10 and X100 ranges.

£) Set the CALIBRATE Switch to X1
and introduce the sample with
known concentration in the 7 to
10 ppm range.

9) Adjust R31l so that the meter read-
ing corresponds to the sample
concentration.

h) Set the CALIBRATE Switch to X10
and introduce the sample with
known concentration in the 90 to
100 ppm range.

1) Adjust R32 so that the meter read-
ing corresponds to the sample
concentration.

1) Set the CALIBRATE Switch to X100
and introduce the sample with
known concentration in the 900 to
1000 ppa range.

k) Adjust R3] 80 that the meter read-
ing corresponds to the sample
concentration.

1) The instrument is now calibrated
for methane and ready for ser-
vice.

Calibration Using a Single Sample
Calibration (Refer to Figure 4 )

Calibration may be accomplished using
a single known sample Of methane in
air in the range of %0 to 100 ppm.
This may not provide the accuracy
stated under specifications but is
adegquate for field survey work.

a) Place instrument in normal opera-
tion with CALIBRATE Switch set to
X10 and GAS SELECT control set to
300.

b} Use the CALIBRATE ADJUST (zero ~
Knob to adjust the meter reading
to zero.

c) Introduce a sethane sample of a
known concentration (between 90
and 100 ppa not to exceed 100
ppa) and adjust trimpot R-32 so
the meter reading corresponds to
the known sample.

d) This sets the instrument gain for
methane with the panel mounted
gain adjustment (GAS SELECT) set
at a reference number of 300,

e} Turn off HYDROGEN SUPPLY VALVE to
put out flame.

£) Leave CALIBRATE Switch on X10
position and use CALIBRATE ADJUST
(zero) Knob to adjust meter read-

ing to ¢ ppa.

9) Place CALIBRATE Switch in X1 posi-
tion and using trimpot R-31 ad-
just meter reading to 4 ppa.

h) Move CALIBRATE Switch to X10 posi-
tion again. Use CALIBRATE ADJUST
(zero) Knob to adjust meter to a
reading of 40 ppm.

i) Move CALIBRATE Switch to X100
position and use trimpot R-33 to
adjust meter reading to 40 ppm.

3) Move CALIBRATE ADJUST (sero) Knob
to adjust meter reading to zero.

k) Unit is now balanced from range
to range, calibrated to methane,
and ready to be placed in normal
secrvice.
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SAFETY PRECAUTIONS

The OVA 128 has been tested and certi-
fied by Factory Mutual Research Cor-
poration (FM) as safe for use in Class
1, Davision 1, Groups A, B, C and D
hagardous atmospheres. Similar for-
elgn certifications have been ob-
tained, including BASEEFA., Special
restrictions must be strictly adhered
to, to ensure the certification is not
invalidated by actions of operating or
service personnel,

All flame ionization hydrocarbon detec-
tors are potentially hazardous since
they use hydrogen or hydrogen mixtures
in the detector cell. Mixtures of
hydrogen and air are flammable over a
wide range of concentrations whether
an i1nert gas such as nitrogen is
present or not. Therefore, the recom-
mended precautions and procedures
should be followed for maximum safety.
Safety considerations were a major
factor i1n the design of the Organic
Vapor Analyzer (OVA).

All connections are of the permanent
type as opposed to quick disconnect.
To protect against external ignition
of flammable gas mixtures, the flame
detection chamber has porous metal
flame arrestors on the sample input
and the exhaust ports as well as on
the hydrogen inlet connector. The
standard battery pack and other cir-
cuits are internally current limited
to an intrinsically safe level.

No Modifications Permissible

It is imperative that operation and
service procedures described in this
manual be carefully followed in order
to maintain the intrinsic safety which
is built ainto the OVA. NO MOLIPICA-
TION TO THIS INSTRUMENT 1S PERMIS-
SIBLE. Therefors, component replace-
ment Bust be accomplished with
approved parts.

Electrical Protection

The 12 V battery power supply circuit
is current limited to ah instrinsi-
cally safe level. Fuses are not uti-
liged and all current limiting resis-
tors and other coaponents which are
critical to the safety certification
are encapsulated to prevent inadver-
tent replacement with components of
the wrong value or specification. Un-
der no circumstances should the en-
capsulation be removed.

Fuel Supply System

The OVA tuel tank has a volume of
approximately 75 ca which, when
filled to the maximum rated pressure
of 2300 psig, holds approximately 5/8
£t of gas. The tuel used in the OVA
should be PREPURIFIED or ZERO grade
hydrogen {(certified total hydrocarbons
as methane <.S ppm recommended,)

Hydrogen gas gains heat when expanding
and, therefore, should not be rapidly
released from a high pressure tank to
a low pressure environment, Flow re-
strictors are incorporated in the hy-
drogen refill fitting and hydrogen is
restricted on the output side of the
tank by the low flow rate contrdl sys-
tem. In addition, a special flow re-
strictor is incorporated in the
FILL/BLEED valve of the hydrogen
filling hose assembly. These precau-
tions limit the flow rate of the
hydrogen to prevent ignition due to
self-heat from expansion,

Precautions should be taken during
hydrogen filling or hydrogen eamptying
operations to ensure that there are no
sources of ignition i1n the immediate
area. Since the instrument tank at
2300 psig holds only S/8 ft of hydro-
gen, the total quantity, if released
to the atmosphere, would be quickly
diluted to a non-flammable level.
There is, however, the possibility of
generating flammable mixtures in the
immediate vicinity of the instrument
during filling or emptying operations
if normal care is not exercised.

Detector Chamber

The input and output ports of the
flame ionization chamber have sintered
metal flame arrestors. The chamber 1s
ruggedly constructed of Teflon such
that even if highly explosive mixtures
of hydrogen and air are inadvertently
created in the chamber and ignited,
the chamber would NOT rupture.
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MAINTENANCE

This section describes the routine
maintenance schedule and provides pro-
cedures for trouble-shooting an
instrument malfunction,

CAUTION: Maintenance personnel should
be thoroughly tfamiliar with instrument
operation before performing mainte-
nance. It is essential that all por-
tions of this manual relating to
safety of operation, servicing and
maintenance, be thoroughly understood,
There should be no potential igniters
or flame in the area when filling,
eaptying or purging the hydrogen sys-
tem and the instrument should be
turned off.

Extreme care should be exercised to
ensure that required parts replacenment
is accomplished with the parts speci-
fied by Foxboro. NO MODIFICATIONS ARE
PERMITTED. DISASSEMBLE INSTRUMENT
ONLY IN A NON-~-HAZARDOUS ATMOSHPHERE,

Routine Maintenance (Refer to Figure 5)
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Primary Pilter

This filter is located behind the san-
ple i1nlet connector (Fitting Assezdly)
on the Side Pack Assembly and 18 re-
moved for cleaning by using a 7/16
inch thin wall socket to unscrew the
Fitting Assembly. The filter cup, "O"
ring and loading spring will then come
out. The porous stainless filter cup
can be cleaned by blowing out or wash-
ing 1n solvent. If a solvent 1s used,
care should be taken to ensure that
all solvent is removed by blowing out
or heating the filter. Reassemble in
reverse order ensuring that the ®0O°
ring seal on the Fitting Asseably is
intact.

Secondary Pilter

A particle filter is located in each
pick-up fixture, One of these filters
must be in the sample line whenever
the instrument is in use. The OVA 128
uses a porous metal filter which can
be replaced or cleaned.

Mizer/Burner Assembly Pilter

A porous metal particle filter is incor-
porated in the Mixer/Burner Assemdly
which screws into the Preamp Assembly.
This filter is used as the sample mixer
and inlet flame arrestor in the cham-
ber. The filter should not become
contaminated under normal conditions

but can be cleaned or the assembly
replaced if necessary.

Access to this filter or output sur-
face does not require removing the
instrument from the case. For access,
remove the safety cover using a hex
key wrench (supplied) then unscrew the
exhaust port. The Filter Assembly can
now be seen on the side of the chamber
(Preanp Assembly) and can be cleaned
with a small wire brush.

Bxzbaust Flame Arrestor

A porous metal flame arrestor is loca-
ted in the exhaust port of the detec-
tor cbamber (Preamp Assembly). It
acts as a particle filter on the cham-
ber output and restricts foreign mat-
ter from entering the chamber. This
filter may be cleaned by removing the
exhaust port. For access, see Mixer/
Burner section above., HNote that the
filter is captive to the exhaust port.
Clean the filter with a solvent or
detergent and ensure that it is dry
and comspletely baked out at 120°P be-
fore reinstalling.
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Sampling Piztures

Sampling fixtures should be periodi-
cally cleaned with an air hose and/or
detergent water to eliminate foreign
particle matter.

If a solvent is used, the fixture
should be subsequently clecncdothh
detergent and baked out at 120°F to
eliminate res.dual hydrocarbons from

the solvent.

Hydrogen Tank Supply & Refill Valves

After some time, the Teflon washers
under each valve packing nut cen "cold
flow" (move with pressure) and allow
hydrogen to leak. Leakage can be de-
termined by using Leak-Tec, Snoop or a
soap solution around the valve stems.
This leakage can usually be stopped by
tightening the compression nut (adap-
ter) as outlined below.

a) Unscrew the packing nut with a
7/16 inch wrench

b) Unscrew the valve

c) Replace the compression rings

This compression is against soft mater-
ial and only a small amount of force

is necessary to sufficiently compress
the Teflon washers, 1If, after tight-
ening, leakage still occurs, it would
be advisable to replace the two Teflon
washers, as follows:

2) Drain hydrogen system slowly and
to the extent necessary to work
on the leaking valve(s). Observe
safety precautions. There should
be no potential igniters in the
area.

b) Remove all three (3) knod screws
and knobs.

c) Remove the compression nut on the
valve that is not sealing pro-
perly. Remove the stem bv un-
screwing it from the valve body.
Observe the sandwich of metal and
Teflon washers and note their
order.

4) Visually check the Kel-l"‘ﬂll seat
on the stem for cracks or foreign
material. Wipe clean, if neces-
sary, with a lint free cloth (no
solvents or oils) and replace if
damaged.

e) Remove the washers and replace
the Teflon washers (the factory
procedure is a light wipe of RYDRO-
CARBON FREE silicone grease).

f) Replace the stem assembly in the
valve body and tighten lightly.
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g) Push the washers down into the
compression area in the same or-
der as noted upon removal. Re-
pPlace the compression nut and
tighten snuggly.

h) Close the low pressure valve and
£fill the tank assembly, Check
valves for leaks. Tighten again,
if necessary, and reassemble the
unit.

Air Sampling SystemMaintenance

A potential problem associated with
the OVA instrument is that leaks can
develop in the air sample pumping sys-
tem. These leaks can result in dilu-
tion or loss of sample, causing low
reading of vapor concentration and
slow response.

The OVA is equipped with a flow gauge
that provides a method to check for
air leaks. Assemble the pickup probe
selected for use to the readout assem-
bly and then position the sidepack
vertically so the flow gauge may be
observed. Cover the end of the pickup
probe with your finger and observe
that the ball in the flow gauge goes
to the bottom, indicating no air flow
(1f ball has slight chatter while on
bottom, this is acceptable). Cover
the center of the chamber exhaust port
with your thumb and again observe the
ball going to the bottoam. Another
simple check is to expose the pickup
probe to cigarette smoke or a light
vapor (butane) and observe that the
meter responds 1n approximately 2.0
seconds. It should be noted that slow
meter response may also indicate a re-
striction in the air sampling systea.

Failure of the ball to go to the bot-
tomn when the inlet is blocked indi-
cates a leak in the systeam between the
probe and the pump inlet or the inlet
check valve. To isolate the problen,
remove parts, one at a time, and again
block off the air inlet. Remove the
pickup probe(s) and cover the air in-
let at the Readout Assembly. If the
ball goes to the bottom, check that
the "readout to probe" seal washer is
in place and replace the probes, hold-
ing them back against this seal while
tightening the nut. Recheck, and if
leakage 18 still present, it is pro-
bably in the probe (pickup fixture),
which should be repaired or replaced,

If leakage is indicated as being past
the readout handle when the connection
to the sidepack is tight, disconnect
the sample line at the fitting on the
s1depack and cover this inlet with
your finger. If the flow gauge ball
goes to the bottom, the problem should
be a leak in the umbilical cord/Read-

out Assembly, which should be investi-
gated and repaired., There is also the
possibility of a leaking check valve
in the pump which would not show up on
this test. If the leakage is not
found in the umbilical cord, it 1is
most likely in the pump check valve.
The pump should be replaced.

If the ball does not go to the bottom,
the leak will be either in the flow
gauge or it's connecting tubing.
Visually check that the tubing is con-
nected and it so, the flow gauge
should be repaired or replaced. Check
the "O" ring installation in the sam-~
ple inlet connector (Fitting Assenm- .
bly).

As an alternate approach, leaks on th -
inlet side of the pump can be detectea
by using alcohol on a "Q" Tip and light-
ly swabbing the connections one at a
time or by directing organic vapor or
smoke at the potential leakage points
and observing the meter response or
audible alarm,

Leaks (beyond the pump) are easier to
locate, as any of the commercially
available leak detection solutions can
be used. Cover the exhaust port, which
will place the exhaust systea under
pressure, and check each connection,
one at a time. Replace the Teflon
tubing or retape the threaded con-
nections with Teflon joint tape.

Check the igniter and Mixer/Burner
Assenbly where they screw into the
detector, the high voltage terminal
screw on the side of the Mixer/Burner
and exhaust port itself. If after
these checks, the flow gauge ball
still will not go to the bottom with
the exhaust blocked, the problem is
likely a leaking exhaust check valve
in the pump, which should be repaired
or replaced,

Contaminating Control

On occasion, the background reading
may be relatively high under normal
ambient conditions. Aabient back-
ground readings will vary somewhat
depending on the geographical location
where the instrument is being used.
However, the background reading nor-
mally should be in the range of 3 to §
PP2 as methane. The acceptable back-
ground reading consists of 1 to 1l ppm
of methane which is present in the
normal air environment. In addition
to the measurement of a normal methane
background, there will normally be 2
to 4 ppm of equivalent methane back-
ground caused by acceptable levels of
contamination in the hydrogen fuel
and/or hydrogen fuel handling syster
resulting in a total equivalent meth-
ane reading of 3 to 5 ppm in clean
air. :



tion of the basic detector

If the background reading goes above 5 a)
Ppm to 6 ot 7 ppm, this is normally

still acceptable since any measurement

18 additive to that background cead-

ing, 1.e., 2 ppm on top of 5 or 2 ppm

on top of 7 provides the same differ-

ential reading, however, the lower

background is obviously desirable.

The background reading is zeroed out

or nulled -~ even though in reality the b)
background still exists. he back-

ground reading is measured by zeroing

the meter with the flame out and not-

ing the meter indication after the

flame is oOn,

The cause for a high background read-
ing 18 usually associated with conta-
fination in the hydrogen fuel systen.
This will, of course, cause a back- <)
ground reading since this is the func-
“to measure
contamination entering the detector
chamber®., In addaition, contamination
present in the hydrogen will many times
leave a small unobservable deposit on
the burner face which can continue to
generate a background reading when the
detector is in operation and the bur-~
ner assembly is heated.

Another possible cause of contamina-
tion 1s the Mixer/Burner Assembly when
the contamination is trapped 1n the
porous bronze sample filter. This is
not a common problem and usually only
happens when an unusually high level
of contaminant is drawn into the assem-
bly. Another possible cause of high
background reading is contamination in
the air sample line to the detector.
This is uncommon but can be the source
of the problem,

NOTE: An OVA that has the Chroma-

tograph Option can have high d)
background caused by satuc-

ation or contamination of the

activated charcoal filter,

which is in the line during

chromatograph analysis, or of

the column which is in the

hydrogen line at all times,.

Analysis and Correction

Prior to analyzing the problem, the
OVA should be checked .for proper elec-
tronic operation, It should be enaured
that the instrument is calibrated to
methane as referenced.

If, atter checking that the OVA is
properly calibrated, the background is
still higher than normal for ambient
conditions, the following procedure
should be followed to isolate the cause
of the problem:
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Let the OVA run for a period of
time (15 to 30 minutes) and see
if the background level decreases
as a function of time. The back-
ground could go down as a result
of clearing line contamination
which 18 removable simply by the
normal flow of air through the
sample line,

Take a reading in a known, rela-
tively clean air environment.
Normally, outside air environment
18 clean enough to assess by com-
parison whether the background
reading 13 internal to the instru-
ment or is present in the loca-
tion where the instrument is

being used. :

If the OVA has the Gas Chroma-
tograph Option, depress the
sapple inject valve, 80 that the
activated charcoal 18 in the
line, and observe whether the
background reading goes down and
stays steady after elution of the
air peak. The reading should
always go down or stay the sane
but never 1ncrease when the sam-
ple valve is depressed, since the
charcoal filter will remove trace
elements of organic vapors in the
air sample heavier than C,. 1If
another activated cha:coai filter
is available, this may be attached
to the end of the probe to scrub
the air so that a clean air sam-
ple is supplied to the detector.
The external activated charcoal
filter can be used on any instru-
ment, with or without chromato-~
graph, for providing a clean air
sample to assess background le-
vel.

If the background cannot be re-
duced by any of the previous steps,
remove the safety cover and the
exhaust port of the detector cham-
ber (on the bottom of the case)

and clean the cavity and the elec-
trode using the small wire brush
supplied with the analyzer. This
will remove any small quantities
of contamination which could be
the source of the background vapor.
After cleaning, replace the ex-
haust port and safety cover and
reignite the OVA, If detector
contamination was the cause, the
problem should be immediately
resclved and the ambient back
ground will drop to an acceptable
level.
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e) If the high background 1s still
present, the various parts of the
sample flow line such as pickup
probes, umbilical cord to the in-
strument, etc., should be investi-
gated by the process of elimina-
tion to see if the contamination
can be 1solated.

Serious contamination in the air
sample line is very uncommon,
however, if very large doses of
low vapor pressure compounds arce
sampled, there is a possibility

of residual contamination, This
would eventually clear itself out
but may take a considerable period
of time, A typical cause for

high background from the sample
line is a contaminated Mixer/
Bucrner Assembly. If heavy contami-
nation of the Mixer/Burner is
indicated, replace the Mixer/
Burner Assembly.

£) In the event of contamination in
the pump or other internal parcts
of the sample flow lines which
cannot be removed, the sample
flow components have to be dis-
assembled and cleaned. This is
normally a factory operation,
however, components such as the
pump can be replaced i1n the field
along with any contaminated
tubing.

g} High background readings on OVA's
which include the Gas Chromato-~
graph Option can be caused by
other sources of contamination,
If the charcoal filter mounted on
the instrument panel is saturated,
contaninated air would be supplied
to the detector and raise the
ambient level background. To
check for this, refill the car-~
tridge with fresh charcoal,
Foxboro P/N C8C004. This would
determine if the charcoal was the
source of the background reading.
It is also possible that a high
background reading could be due
to contamination in the column.
This could be caused by compounds
slowly eluting from a column
which has become contaminated,
The easiest way to check for
column contamination is to re-
place the column with a clean
column or a short empty piece of
column tubing and see if the high
background reading drops.

h) If the above steDs d0 not correct
the high background, the cause
will normally be contamination in
the hydrogen fuel system,

Contamination in the hydrogen fuel
system is usually the direct result of
contaminated hydrogen gas or contamina-
tion introduced during the filling
operation. Filling hose contamination
can be caused by storing the hose 1in a
contaminated area.

To remove contamination, the fuel sys-
tem should be purged with hydrogen.
Effective purging is accomplished by
disconnecting the capillary tube fit-
ting to the manifocld block which has
the low pressure gauge (Hydrogen
Supply Pressure Gauge and Hydrogen
Supply Valve). This disconnects the
capillary tubing from the hydrogen
line so that hydrogen may be purged at
a reasonable rate from the tank assen-
bly through the regulators, gauges and
valves, After disconnecting the capil-
lary, the hydrogen tank can be filled
in the normal manner. The tank valve
and hydrogen supply valve can then be
opened which will bleed the hydrogen
from the tank through the hydrogen
fuel system, purging contamination
which is in vapor form, There 18 the
possibility tbat contamination has
been introduced into the hydrogen fuel
system which is not readily purged by
the hydrogen gas, but this is unlikely.
After purging with clean hydrogen two
or three times, the capillary tube
should be reconnected and the back-
ground again checked. PFive Or ten
minutes ahould be allowed before assess-
ing the background reading, since con-~
taminated hydrogen can be trapped in
the capillary tube.

If another clean instrument is avail-
able, the fuel system from the clean
instrument can be connected to the
contaminated instrument to verify
whether the problem is associated with
the hydrogen fuel supply system. The
interconnection should be made to the
capillary tube of the contaminated
instrument,

Troubleshooting

Table 1 presents a summary of field
troubleshooting procedures. If neces-
sary, the instrument can be easily re-
aoved from the case by unlocking the
four (4) % turn fasteners on the panel
face and removing the refill cap. The
battery pack is removed by taking out
the four (4) screws on the panel and
disconnecting the power connector.
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Factory Maintenance

To ensure continuous trouble-free Opera-
tion, a perlodic tactory maintenance,
overhaul, and recalibration is recom-
mended. The recommended schedule 1s
every 8ix to nine months. This mainte-
nance program includes replacement of
plastic seals and parts as required,
pusp overhaul, motor check, sample

line cleaning, hydrogen leak check,
recalibration, and detailed examina-
tion of the unit for any other required
maintenance and repair,

Recommended Spare Parts
Recommended

Item Description Part Wumber Quantity

1 Igniter 510461-1 2

2 Pump Assembly 510223-6 1

3 Cup, Pilter (3/8 inch OD, ss) S510318-1 (S/pkg.) 1

4 Mixer/Burner Assembly $10513-1 1

5 Wafer, Teflon, 32 Valve 510160-1 (10/pkg.) 1

6 Washer, Brass, Bz Valve $10160-2 (10/pkg.) 1

7 Exhaust Port Assembly $10530-1 1

8 Battery Pack Asseambly 510S542-1 1

9 Sample Line Assembly 510316-1 1

10 Particle Filters S10116-1 1

MI611-132
Page 19



MI 811-132
Page 20

TABLE 1

TROUBLE SBOOTING PROCEDURE

REMEDY

1) Low sample flow
rate on flow in-
dicator. NWomi-
nally 2 units on
flow gauge. (See
also 6 below)

a)

b)

c)

Check primary filter in sidepack
and particle filters in the
pickup assembly.

Determine assembly containing
restriction by process of elim-
ination, i.e., remove prohe,
remove Readout Assembly, remove
primary filter, etc.

If the restriction is in the
Side Pack Assemdlv, further iso-
late bv disconnecting the sample
flow tubing at various points,
i.e., pump output chamber, etc.

NOTE: The inherent restrictions
due to length of sample line,
flame arrestors, etc., must be
taken into account when trouble-
shooting.

Replace or clean filter
if clogged.

Investigate the assembly
containing this restric-
tion to determine cause
of blockage. Clean or
replace as required.

If in the detector cham-
ber, remove and clean or
replace porous metal
flame arrestors. If pump
is found to be the prob-
lem, remove and clean or
replace.

2) Hydrogen flame
will not light.
(See also §
below)

a)

b)

c)

d)

e}

Check sample flow rate (see 1
above)

Check igniter by removing the
chamber exhaust port and observ-
ing the glow when the IGNITE
BUTTON s depressed.

Check for rated Rydrogen Supply
Pressure. fListed on calibra-
tion plate on pump bracket),.

Check hydrogen flow rate by ob-
serving the psi decrease in
pressure on the Bydrogen Tank
Pressure qauge. The correct
flow rate will cause about 130
psi decrease in pressure peg
hour. (Approximately 12 cm” /min
at detector).

'

Check all hydroaen plumbing
joints for leaks using soap bub-
ble solution. Also, shut off
all valves and note pressure
decay on hydroaoen tank gauge.

It should be less than 350 psi
per hour.

If sample flow rate is
low, follow procedure 1
above.

If igniter doea not light
up, replace the plug. 1If
igniter still does not
light, check the battery
and wiring,

If low, remove battery
pack and adjust to proper
level by turning the
allen wrench adjustment
on the low pressure reg-
ulator cap.

The most likely cause for
hydrogen flow restriction
would be a blocked or
partially blocked capil-
lary tube., 1f flow rate
is marginally low,
attespt to compensate by
increasing the Hydrogen
Supply Pressure by one-
half or one psi. 1If flow
rate cannot be com-
pensated for, replace
capillary tubing.

Repair leaking joint.
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REMEDY

Checck to see {f hvdrogen supply
syst:em is frozen up by taking
uni~ into a warm area.

Remove exhaust port and check
for contamination.

Check spacing between collecting
electrode and burner tip. Spac-
ing should be 0.1 to 0.1S
incwes.

!

If there is moisture in
the hvdrogen supply sys-
tem and the unit must be
operated in subfreezing
temperatures, purge the
hydrogen system with dry
nitrogen and ensure the
hydrogen gas used is dry.

If the chamber is dirty,
clean with ethyl alcohol
and drv by running pump
for approximately 15 min-
utes. If hydrogen fuel
jet is misaligned :nsure
the porous metal °.:ime
arcestor is properly :
seated. .
|
Adjust bv screwing |
Mixer/Burner Assembly in
or cut, This spacing |
problem should only occur
after assembling a
Mixer/Burner Assembly to
a Preamp Assembly.

Poljow procedures 2(a), (c),
(4, (e), (q) and (h) above.
Also refer to S below.

R

Check instrument calibration
getting and GAS SELECT control
setting.

Remo¥e exhaust port and check
for leakage current path in
chamber (probahly moisture or
dirt in chamber).

1f sbove procedures do not re-
solve the problem, the probable
cause is a malfunction in the
presmp or power board assem-

PROBLEM
£)
g)
h)
3) Hydrogen flame a)
lights but will
not stay lighted.
4) Flame-out alarm a)
will not go on
when hvdrogen
flame is out.
b)
c)
blies.
d)

Check that volume control knob
is ;ern.d_up.

Readjust as required to
proper setting. Note
that the flame-out alarm
is actuated when the :
meter reading goes below ,
zero,

Clean contamination
and/or moisture from the
chamber using a swab and
alcohol, dry chamber by |
running pump for approxi-

mately 15 minutes. |

Return preamp chamber or
power hoard assembly to
the factory for repair.

Adjust for desired
volume.
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TABLE 1
’ PROBLEM TROUBLE SBOOTING PROCEDURE REMEDY
1
1) Low sample flow a) Check primary filter in sidepack Replace or clean filter
tate on flow in- and particle filters in the if clogged.
dicator. Nomi- pickup assembly.

nally 2 units on
flow gauge. {See b)
s also 6 below)

c)

Determine assembly containing
restriction by process of elim-
ination, i.e., remove prohe,
remove Readout Assembly, remove
primary filter, etc.

If the restriction is in the
Side Pack Assemblyv, further iso-
late bv disconnecting the sample
flow tubing at various points,
i.e., pump output chamber, etc.

NOTE: The inherent restrictions
due to length of sample line,
flame arrestors, etc., must be
taken into account when trouble-
shooting.

Investigate the assembly
containing this restric-
tion to determine cause
of »lockage. Clean or
replace as required.

If in the detector cham-
ber, remove and clean or
replace porous metal
flame arrestors. If pump
is found to be the prob-
lem, remove and clean or
replace.

2) Hydrogen flame a)
will not light.
(See also 6
below)
b)

c)

d)

Check sample flow rate (see 1
above)

Check igniter by removing the
chamber exhaust port and observ-
ing the glow when the IGNITE
BUTTON is depressed.

Check for rated Hydrogen Supply
Pressure, (Listed on calibra-
tion plate on pump bracket).

Check hydrogen flow rate by ob-
serving the psi decrease in
pressure on the Hydrogen Tank
Pressure gauge. The correct
flow rate will cause about 130
psi decrease in pressure peg
hour. (Approximately 12 cm”/min
at detector).

¢heck all hydrogen plumbing
joints for leaks using socap bub-
ble solution. Also, shut off
all valves and note pressure
decay on hydrocen tank gauge.

It should be less than 350 psi
per hour.

If sample flow rate is
low, follow procedure 1
above.

If igniter does not light
up, replace the plug. If
igniter still does not
light, check the battery
and wiring, .

If low, remove battery
pack and adjust to proper
level by turning the
allen wrench adjustment
on the low pressure reg-
ulator cap.

The most likely cause for
hydrogen flow restriction
would be a blocked or
partially blocked capil-
lary tube. If flow rate
is marginallv low,
attempt to compensate by
increasing the Hydrogen
Supply Pressure by one-
half or one psi. If flow
rate cannot be com-
pensated for, replace
capillary tubing.

Repair leaking joint.
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TABLE 1
PROBLEM TROUBLE SBOOTING PROCEDURE REMEDY
|
S) False flame-out a) Flame-out alarm s actuated when When using the X1 range
alarm. signal goes below electronic adiust meter to 1 ppnm, !
zero (with flame on). This can rather than zero, be sure

' be due to inaccurate initial instrument has been

! setting, A4rift, or a decrease in zeroed to "lowest

! ambient concentration. Verify expected ambient back-

‘ if this is the problem by zero- ground level".

) ing meter with flame out and

; reigniting.

{ 6) Slow response, a) Check to ensure that probe is Reseat by holding the
i.e., time to firmly seated on the rubber seal probe firmlv against the
obtain response in the readout assembly. rubber seat and then lock:
after sample is in position with the
applied to input knurled locking nut. '
is too long. '

b) Check sample flow rate per pro- See 1 above. !
cedure 1 above. J
7) Slow recovery a) This problem is normally causeA Clean or replace contami%
time, i.e., too by contamination in the sample nated sample line or
long a time for input line. This reguires assembly as reguired. }
the reading to pumping for a long period to get
get back to am~ the systen clean of vapors.
bient after expo- Charcoal in the lines would be

! sure to a high the worst tyoe of contamination. i

l concentration or Isolate through the process of .

: organic vapor. elimination. (See 1(b)),

|

: b) Check flame chamber for contami- Clean as required.

nation. [

1

8) Ambient back- a) A false ambient background Use a higher grade of |

ground reading in reading can be caused by hydrocarbon free hydro- ‘

clean environment hvdrocarbons in the hvdrogen gen. Check for contami- !

is too high. fuel supply system. Place nated fittings on fillxnﬂ
finger over sample probe tube hose assembly.

restricting sample flow and if .

meter indication does not co (

down signficantlv the contamina- ,

tion is probahly in the hydrogen |

fuel. :

b) A false ambient background Remove the exhaust port

reading can also be caused by a
residue of sample building up on
the face of the sample inlet
filter, If the test in 8(a)
above produces & large drop in
reading, this is usually the
cause.

|
(it is not necessary to |
remove instrument from ;
case). Use the small
wire brush from the tool‘
kit or a knife blade and |
lightly scrub surface of
sample inlet filler. !
1
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REMEDY

c) A false ambient background

reading can also be caused by
hvdrocarbon contamination in the
sample input system. The most
likely cause would be a
contaminant absorbed or
condenged in the sample line.
NOTE: It should be emphasized
that running the instrument
tends to keep down the buildup
of background vapors.

Therefore, run the unit whenever
possible and store it with the
carrying case open in clean air.

—
Clean and/or replace the
sample input lines. Nor-
mally the false reading
will clear up with ‘
sufficient running.

|
|
mp

9) Pump will not a) Check that there is no short If no short circuit, pu
run. circuit in wiring. motor is defective,

10) No power to a) Short circuit in electronics. There is a short in the |
electronics but electronics assembly. |
pump runs. Return OVA to factory or

authorized repair faci-
lity.
. !

11) No power to pump a) Place hattery on charger and see If power is available,

or electronics

if power is then available. Re-
charge in a non-hazardous area
only.

battery pack {s dead or .

open. Recharge batterv
pack. If still defec-
tive, replace battery

pack. i
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GAS CHROMATOGRAPH
(GC) OPTION

The Model OVA 128 CENTURY Organic
Vapor Analyzer provides efficient and
accurate indication of total organic
compound concentrations on a con-
tinuous sampling basis. However, in
areas wvhere mixtures of organic vapors
are present, it often becomes neces-
sary to determine the relative concen-
tration of the components and/or to
make gquantitative analysis of specific
compounds.

To provide this capability, a gas
chromatograph (GC) option is avail-
able., See Pigure 6 for the location
of the major components and controls
associated with the GC option. When
the GC option is used, the capability
of the OVA includes both qualitative
and on-the-spot gquantitative analysis
of specific components present in the
ambient environment. The Recorder,
which is used with the GC option, is
described separatelyv,

This section is applicable only to an
OVA with the optional gas chromato-
graph system,

Modes of Operation

The OVA with GC option has two modes
of operation, The first mode is the
measurement of total organic vapors in
the same manner as described for the
basic OVA ingtrument, This mode is
referred to as the "Survey Mode". The
OVA is in the "Survey Mode" of opera-
tion whenever the Sample Inject Valve
is in the "out®" position.

The second mode of operation is called
the "GC Mode®, The OVA is in this
mode of operation any time a sample
has been injected into the GC system
and the sample is being transported
through the GC column. This section
provides a brief description of how a
gas chromatograph (GC) operates and
specifically, how the model OVA 128
performs the required operations. A
comprehensive discussion of gas
chromatography theory, column selec-
tion, and data analysis is beyond the
scope of this manval,

The OVA with GC option can be utillzed-

for many types of analysis in the out-
door or indoor ambient environment or
for specific laboratory type analysis.
The OVA was not designed to compete
with the research or process gas chro-
matograph but to coapliment these in-
struments or eliminate their need in
field applications.

A

This manual is intended to provide the
operator with information to operate
and maintain the OVA, Foxboro pub-
lishes Application/Technical Notes to
assist the operators in applying the
instrument to field monitoring situa-
tions.

All flame ionization detector (FID)
gas chromatographs require certain
elements for their operation. These
elements include three flow regulated
gas supplies as follows: 1) A carrier
gas to transport the sample through
the column; 2) Rydrogen gas for opera-
tion of the FID; 3) A clean air supply
to support combustion to the FID. In
addition, a method for injecting a
known volume of sample air (aliquot)
to be analyzed is required.

In standard gas chromatographs these
three (3) flow regqulated gases are
individually supplied from pressurized
cylinders equipped with requlators and
flow control apparatus. The Model 128
GC system differs in that the hydrogen
fuel for the FID is also used as the
carrier gas. The clean air supply is
simply the normal air sample pumped to
the PID. During the GC analysis, this
air is scrubbed in a charcoal filter
to provide the clean air supply. The
end result is that no additional gas
supplies are required to add the GC
option to the basic OVA instrument.

A valving arrangement is incorporated
to provide a method for transferring a
fixed volume of air into the GC system
for snalysis. The sample air injected
into the GC column is the same sample
being analyzed by the OVA for total
organic vapor concentration. There-
fore, the instrument provides the
unique capability to observe the total
organic vapor concentration of the
sample prior to injecting it into the
GC system. This operating feature is
invaluable in field work where the
environment is continually changing
and where valuable GC analysis time
must be expended only on the sample of
concern.



OVA Columns

Columns are available in &4, 8, 12, 24,
36 and 48 i1nch lengths as standard
offerings with any of the column pack
ings listed below. Longer lengths are
avallable in 12-inch i1ncrements on a
non~-standard basis. To order a column
simply use the ge.eral part number for
a column which is 510454 followed by a
dash (-), the Foxboro packing material
designation, a second dash and the de-
sired length 1n inches. A sample co-
lumn designation is 510454~G-24, This
would represent a 24 inch column with
108 OV 101 on chromosorb W, HP 60/80
mesh, If a specific application arises
which calls for a column material not
listed below, please contact Foxboro.
We will be happy to check on its avail
ability,

ACTIVATED CHARCOAL
FILTER ASSEMBLY

STRIP CHART
RECORDER

Foxboto
Designation

A

(2]

M1 611-132
Page 25

Material

20% Dioctyl Phthalate
on Chromosorb-P, AW
60/80 Mesh

Chromosor: .01, 60/80
Mesh

208 Ucon SO0 HB 280 on
Chromosorb-P, AW 60/80
Mesh

208 Carbowax 400 on
Chromogorb-P, AW 60/80
Mesh

5/1.75% Diethylhexyl
Sebecate/Bentone 34 on
Chomosorb W, AW 60/80
Mesh .
108 OV-~101 on Chromo-
sorb W, HP 60/80 Me--
108 1,2,3-Tris (2~. o~
noethoxy) Propane c:
Chromosocb P, AW §0/80
Mesh

3%y Diisodecyl Phthalate
on Chromosorb W, AW
60/80 Mesh

Poropak T, 60/80 Mesh
Poropak Q, 60/80 Mesh
208 Carbowax 20M on
Chromosorb P, AW 60/80
Mesh

n-Octane on Porasil C,
80/100 Mesh

Porapak N, 60/80 Mesh

GC BACKFLUSH
COLUMN  VALVE

GC SAMPLING
VALVE

PIGURR 6
ADDITIONAL CONTROLS § COMPONENTS - GC OPTION
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Sample Flow

Pigure 7 is a flow diagram illustra-~
ting the flow paths of the hydrogen
fuel, sample air supply, and GC
injected sample aliquot.

Two push-pull valves are used in the
GC system; the Sample Inject Valve and
the Backflush Valve.

Block D illustrates the flow paths
with the Sample Inject Valve in the
®out” position. With this valve in
the “out” position, the OVA functions
in its normal manner as a total
organic vapor analyzer.

Block C illustrates the flow paths
after the Sample Inject Valve is moved
to the "in®" position to initiate the
GC Mode.

The hydrogen flow path is now through
the sample loop which enables hydrogen
to sweep the air sample from the loop
and carry it through the GC column.

Also note that the sample air going to
the PID chamber is now routed through
the activated charcoal filter where
essentially all organic vapor contami-
nation is removed from the ajir. The
activated charcoal filter will effec-
tively absorb most organic vapors with
the exception of methane and ethane.
The functions of the Sample Inject
Valve are, therefore, to transfer a
fixed volume sample of the air being
monitored into the hydrogen stream and
to reroute the sample air supply
through a filter (scrubber).

The Backflush Valve has no preposi-
tioning requirement to function. It
can be in either the *in®" or “"out"
position at the time a sample is in-
jected into the GC system for analy-
sis. The Backflush Valve simply re-
verses the direction of the hvdrogen
flow through the GC coluan,

Regardless of the operating mode,
hydrogen always flows through the
column to the PID detector and the
sanple air supply always flows to the
PID detector to provide oxygen for the
hydrogen flame. .

The recommended hydrogen flow rate is
12 cm /min for proper PID operation

and as a standard flow rate for gener-
ating GC reference/calibration data.
This hydrogen flow rate is adjusted by
varying’the Hydrogen Supply Pressure,
which is the hydrogen pressure at the
input of the flow control capillary
tube of the OVA, The pressure is
changed by adjusting the set screw in
the bonnet of the low pressure regqu-
lator, accessible by removing the bat-
tery pack from the instrument panel.

To monitor the hydrogen flow rate,
connect a bubble flowmeter to an end

of the GC column which has been discon-
nected from the panel fitting and move
the Backflush Valve so that hydrogen

is flowing out of the column. Primary
hydrogen flow control is accomplished
by the capillary tube of the OVA,
However, the flow restriction of a GC
column will also affect the hydrogen
rate and the effect will vary with
coluan length, type of packing and
packing methods, The nominal Hydrogen
Supply Pressure is around 10 psig and
the pressure drop across a typical 24
inch long column packed with 60/80

mesh material is approximately 1 to
1.5 psig. Wormally, when3the hydrogen
flow rate is set at 12 cm”/min with a
standard 24 inch long column, no adjust-
ment needs to be made when using columns
from four (4) inches to four (4) feet
long. Longer columns may require hy-
drogen flow adjustment for proper opera-
tion. Adjustment would be required if
and when precisely controlled analysis
was being conducted or when the hy-
drogen flow was too low to keep the
flame burning.

The sample air flow rate is not adjust-
able and is nominally 1.0 liter/minute,.
This flow rate should remain rela-
tively constant. A sample flow gauge
is provided on the OVA panel to monitor
the sample flow rate., (Note: Panel
gauge is not calibrated in L/min).

When the Sample Inject Valve is in the
"in® position, there may be a slight
increase or decrease in sample air
flow rate (0 to 15¢)., This change

will normally not affect operation of
the instrument as long as the flow

rate is consistent from analysis to
analysis, Basically, if the flow rate
is consistent between calibration and
end usage, there will be suitable pre-
cision in the measurements.



GC Analysis

SAMPLE INJECTION

When the Sample Injection Valve
is depressed, the air in the sam-
ple loop is injected into the
bydrogen stream which transports
the sample through the column for
separation of its components and
to the flame chamber for analy-
sis. This small volume of
injected sample is gualitatively
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THE COLUMN

The column consists of tubing
packed with a material which physi-
cally interacts with organic va-
pors and retards the passage of
the vapors through the column,
Since the packing material has a
different attraction for each
organic substance, each component
in a mixture of gases will be
slowved down to a different ex-
tent.

analyzed based on the retention
time of the individual components
of that sample while passing
through the column. Quantitative
analysis can then be accomplished
by peak height or peak ares ana-

lysis methods.
'—A BACKFLUSH VALVE —| rc “GC MODE"

*IN® IT! SAMPLE INJECT VALVE
POSITION I *IN" POSITION

|
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, CHARCOAL
I
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The net effect is that each com-
ponent elutes from the column at

a different time., The components
are then fed to the detector which
gives a response to the meter or
to an external strip chart re-
corder,

A portable isothermal pack (PIP)
can be used for temperature con-
trol and/or isothermal analysis.
This is described further under

PIP kit option,

QUALITATIVE ANALYSIS

As each organic substance has a
unigue interaction with the co-
lumn packing material, the time
that the substance is retained on
the column is also unique and
thus characteristic of that parti-
cular substance. The “"retention
time® (RT) is primarily dependent
on the type of packing material,
the length of the column, the
flow rate of the gas carrying the
mixture through the column and
the temperature range of the sys-
tem,

BENZENE & TOLUENE

4)

COLUMN

When these variables are con-
trolled, the retention times can
be used to identify each of the
components in a mixture, B8ecause
of these variables, it is usually
necessary to establish retention
times for each instrument by
making a test with the pure subd-
stances of interest or to refer
to established time data charts
prepared in advance for that spe-
cific instrument. 1In those cases
where retention times of the com-
ponents are too close together
for a good analysis, an adjust-
ment {n one or more of the opera-
ting variables will effect a suf-
ficient difference in retention
times to enable meaningful analy-
sis.

QUANTITATIVE ANALYSIS

The detector response to any or-
ganic component ias proportional
to the quantity of material pass-
ing through the detector at a
given time. Por an eluted compo-
nent, a plot of concentration vs,
time forms a bell-shaped curve,

When using a strip chart recor-
der, the curve drawn on the paper
is triangularly shaped and the
area under the peak is related to
the amount of substance being
analyzed.

CARRIER

|

%

5SS

»

TOLUENE BENZENE

CARRIER

TO DETECTOR
LT AECORDER ¥

GASIN W

DETECTOR RECORDER

TOLUENE
war V77
c

— BENZENE

/\J"\ TOLUENE
—

PICTORIAL SEPARATION OF BENZENE AND TOLUENE ~ “A" AT BEGINNING OF
SEPARATION: "B" DURING SEPARATION: “‘C" BENZENE HAS ALREADY PASSED
THE DETECTOR AND IS RECORDED. TOLUENE (DOTTED LINES) WILL APPEAR
ON RECORDER AS (T PASSES THE DETECTOR.

PIGURE §

TYPICAL COLUMN SEPARATION SEQUENCE



BACKPLUSH

The column Backflush Valve is
provided to reverse the flow of
the carrier gas (hydrogen) through
the column. It is necessary that
the column be backflushed after
each individual analysis except
under certain special conditions.
The primary purpose of the back-
flush function is to clear the
column of heavy compounds (with
long retention times) which would
contaminate the column and cause
interferences to future GC asnaly-
sis. The Backflush Valve has no
prepositioning requirement; it is
reversed from either position it
was in during GC analysis. The
Backflush Valve should be
actuated immediately after the
peak of the last compound of in-
terest elutes. Pigure 8 illus-
trates the function of the Back-
flush Valve,

In the GC system, the backflush

is "to the detector". This is
possible because the carrier gas
and detector fuel are the same,
i.e., hydrogen. It provides a
convenient means of quantifying
the total compounds in the back-
flush by simply recording the

peak that elutes during the back-
flush operation, Por field in-
struments, this quantitative back-
flush information is valuable
since it provides a direct means
of observing the condition of the
column and seeing when the column
is clean and the detector response
has returned to baseline. The
time required for the backflush

is usually 1.2 to 1.5 times the
GC analysis time.
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SURVEY TO GC MODE

There is an inherent advantage to
integrating the GC system to the
basic total Organic Vapor Ana-
lyser (OVA). The OVA provides a
direct reading of total organic
vapors in the air being sampled,
which gives the operator informa~
tion about the sample being in-
jected into the GC system., This
information can be used to pre-
dict and verify the peaks that
result during the GC analysis,
including the backflush peak.

This feature eliminates expending
valuable GC analysis time where
there is no contamination of con-
cern (comparable to taking noise
measurements in quiet corners).
It also enables the operator to
select the most appropriate loca-
tion to conduct an analysis, nor-~-
mally the area of highest concen-
tration.
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GC MODE OPERATING
PROCEDURES

The gas chromatographic analysis mode
{GC Mode) of operation can be initiated
at any time during a survey by simply
depressing the Sample Inject Valve.
After completion of the analysis and
backflush operations, the Sample Inject
Valve is pulled out and the sucvey
continued or another sample injected.
Note that when the Sample Inject Valve
is in the survey mode (out position)
the OVA operates in the same manner as
an OVA which does not incorporate the
GC option.

Controls/Indicators

Refer to Pigure 6,

1) Sample Inject Valve ~ This two
t{2) position valve (shown schema-
tically in Pigure 7) is used to
select either Survey Mode (valve
out) or GC Mode (valve in).

2) Backflush Valve - This two (2)
position valve (shown schemati-
cally in Figure 7) is used to
reverse the flow of hydrogen
through the column to:

a) Backflush the column for clean-
ing.

b) Quantitatively measure total
compounds after a selected
point, Example: Separation
of methane from non-methane
hydrocarbons to read total
non-methane hydrocarbon level.

3) Column - Sepa%atot comaponents of
a gas mixture so that each compo-
nent of the mixture elutes from
the column at a different time,

4) Activated Charcoal Pilter Assem-
bly - This assembly functions
only in the GC Mode (Sample
Inject Valve "in”") as shown schema-
tically in Pigure 7). It removes
organic compounds (except methane
and ethane) by absorption from
the sample air supply.

Turn on Procedure .

Place the Sample Inject Valve in the
®"out” position and put the OVA instru-
ment in operation per "Operating Proce-
dures® for the survey mode. NOTE:
Leave the hydrogen fuel and pump “on"
for three (3) to four (4) minutes be-
fore attempting ignition to allow time
for hydrogen purging of the column.

Survey Mode

When using the OVA in the Survey Mode,
ensure that the Sample Inject Valve
remains in the full ®"out™ position and
that the Backflush Valve is either
full "in" or full "out®. Note that
when changing from the GC Mode to the
Survey Mode, the CVA output reading
will continue to change until all com-
pounds have been elutec from the GC
column. Therefore, under normal field
conditions, the GC column should be
backflushed for clearing, which takes
approximately 1.2 to 1.5 times the
forward analysis time. The backflush
peak may be observed returning to base-
line, after which the Sample Inje-<
Valve may be moved to the Survey _ :de
(out) position.

When the compound(s) being analyzed
ate known to be the only compound(s)
present in the air sample, back-
flushing may be omitted.

GC Mode Operation

In normal GC analysis, a strip chart

recorder is used to record the output
concentration from the OVA as a func-
tion of time. This record, called a

chromatogram, is utilized for inter-

pretation of the GC data.

a) OPERATION

1) Turn on recorder and push Sam-
ple Inject Valve "in" with a
fast, positive motion. This
starts the GC analysis which
is automatic up to the point
of backflushing. NOTE: Rapid
and positive motion should be
used when moving either the
Sample Inject or Backflush
Valves. On occasion, the flame
in the FID detector may go
out, which would be indicated
by a sharp and continued drop
of the concentration level.

If this occurs, reignite the
flame and continue the ana-
lysis., NOTE: A negative “air"
peak typically occurs shortly
after sample injection and
should not be confused with
flame-out,

2) The negative air peak and var-
ious positive compound peaks
indicated on the OVA readout
meter and the strip chart re~
corder represent the chroma-
togram.



b)

3) After the predetermined time
for the analysis has elapsed
(normally immediately after
the peak of the last compound
of concern), rapidly move the
Backflush Valve to its alter-
nate position fin or out),
Leave the instrument in this
condition until the backflush
peak returns to baseline, then
pull the Sample Inject Valve
to the "out® position. If no
backflush peak appears, pull
the Sample Inject Valve out
after being in the backflush
condition for a period at least
twice as long as the analysis
time. The OVA is now in the
Survey Mode and ready for sur-
vey or injection of another
sample into the GC system.

INTERPRETATION OF RESULTS

The OVA 128 with GC option is in-
tended for applications where
there are a limited number of
compounds of interest and the
compounds are normally known,
Under these conditions, the oper-
ator must know the retention time
and peak height characteristics
of the compounds under specific
operating conditions. To cali-
brate the OVA in the GC Mode,
determine, by test, the retention
time and peak area (using peak
height analysis) for the com-
pounds of concern. These tests
should be conducted on the column
to be utilized and over the con-
centration and temperature range
of concern. When representative
characteristic data is available,
such as in the Application/Techni-
cal Notes, a spot calibration
check is normally all that is
required.

It should be noted that under
nornal field conditions, the va-
por concentrations vary continu-
ally as a function of time, loca-
tion, and conditions. Pleld mea-
surements for industrial hygene
work are normally associated with
a threshhold level around a pre-
established concentration. Sur-
veys for locating fugitive emis-
sion sources present a continu-
ally varying situation. Under
these conditions, it is desirable
to have a simple method of inter-
preting the GC data for on-the-
spot analysis and decision making.
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High precision is normally not a
requirement for these type analy-
ses since the environment {s con-
tinually changing. The amaethods
presented {n this section are
designed to provide a means for
typical field analysis. When the
OVA is used under laboratory con-
ditions, standard laboratory metho-
dology may be used for greater
precision.

Technical Discussion

The chromatogram is a chart recorder
trace of the organic vapor concentra-
tion from the Organic Vapor Analyzer
(OVA) as a function of time. A typi-
cal chromatogram is illustrated in
Figure 9 and is a series of triangular
shaped peaks originating from and re-
turning to a fixed baseline. Quali-
tative interpretation of a chromato-
gram involves identifying a peak by
analyzing the time it took for the
peak to appear after {nitial injection
{referred to as retention time (RT)]}
and comparing this RT to reference
data. Quantitative interpretation in-
volves analyzing the area under the
peak and relating this area to cali-
bration data of peak area versus
concentration for that specific
compound under the conditions present
during the GC analysis.

It can be seen that interpretation of
a chromatogran requires the use of
calibration reference data. GC refer-
ence data is always generated empiri-
cally, i.e., through tests. Poxboro
Application/Technical Notes mav be
used as a reference for selecting co-
lumns and interpreting chromatograms.
However, simple tests must be con-
ducted to obtain the recuired refer-
ence data.

a) QUALITATIVE ANALYSIS

OUnder a given set of operating
conditions the retention time is
characteristic of that particular
substance and can be used to iden-
tify specific compounds. It will
be necessary to calibrate reten-
tion times by making tests with
the pure compounds of interest.
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b)

The retention time (RTY {s de-
fined as that period of time from
injection until the time of maxi~
mum detector response for each
substance, Retention time is
measured from the time of sample
injection to the time the apex of
the triangle shaped curve is ob-

If columns are made by the user
or purchased from other soutrces,
ensure that the packing density
does not create too large a pres-
sure drop. A large pressure drop
can result in flame-out problems.

tained on the strip chart re- ° ;E::BRATURE BFPECT ON R TIoN
corder. (See Pigure 9). The
strip chart recorder operates on An | t t i1
a clock mechanism such that the d:cr::::.;:lzzn ::E:;:ig;et:ne
distance along the baseline is (RT) and vice versa. Normally
proportional to time. While re- retention time (RT), as a func-
tention times are characteristic tion of temperature, changes
for each compound, it is possible 1180ar1y over the range of 0 to
that two materials could have the 40 For complex qualitative
same retention times. Thus, {f analysis, a calibration plot of
there is any question as to the RT versus temperature will be
identity of the vapor, it may be required., In typical usage, such
necessary to verify identifica~ as inside a factory, the effect
:ion by f:"ﬂtiOH times on 4it- of temperature can be compensated
erent columns. for during chromatogram interpre-
tation. A single component tra~
Use of a longer column will {n- cer compound cgn be .f:px.a at
:;ease the tet:ntionltincl of any time to provide a “key" for
ose components it is capable of .
separating. The time betoeer other compound identification
peaks will also be increased. d)  CARRIER GAS PLOW RATE APFECT ON
This is especially useful if a RETENTION TIME
component comes through too fast
or if desired peaks are so close An increase in carrier 14
gas flow
that they overlap. rate will decrease retention
time. PYor reproducible data, the
COLUMN SELECTION carrier gas (hvdrogen) flow rate
must be recorded in association
Two columns are supplied with the with a chromatogram. Primary
instrument, These are general control of the hydrogen flow rate
purpose columns which are useful is accomplished in the OVA by
in a wide variety of applica- cegulating the hydrogen pressure
tions. If they do not achieve across a capillary tube. The
separations for a particular hydrogen flow rate is also af-
application, it may be necessary fected by the restriction of the
to select other packing materials GC column but most columns have a
or longer columns. PFoxboro will limited effect. The hydrogen
assist in this selection or pre- flow rate is factory set at 12
pare a custom column if ca /minute with a typical 24 inch
necessary. column. )
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e) QUANTITATIVE ANALYSTS

In general, the more triangularly
symmetrical the peak, the better
the peak height analysis capabi-
lity. However, many GC peaks
have “tailing®™ as illustrated in
Figure §. Peak height calibra-
tion is an acceptable method for
guantitative analysis as long as
the area under the tail is small
compared with the total peak
area. If severe tailing occurs,
empirical calibration data gen-
erated through tests may be re-
quired to plot the peak height
versus the concentration curve.

Only peak height analysis will be
discussed in this manual. The
method involves injecting a known
concentration of the compound and
recording the peak height under
the test conditions. Peak height
characteristics can be esta-
blished for various columas and
various temperatures. Normally,
both retention time and peak
height characteristics will be
measured.

When peak area measurements are
desired, the areas may be mea-
sured using an integrator on the
OVA output signal. Other manual
methods may also be used, such as
counting squares, weighing curves
or simple triangulation. Wwhen
the GC peaks have good symmentry,
triangulation farea eguals 1/2
base x height) is a convenient
method.

Calibration Data

When conducting tests to obtain GC
calibration data, the following infor-
nation should be recorded.

a) Column - description and serial
number as applicable.

b} Temperature - coluan tempera-
ture, normally room ambient.

c) Chart speed - distance/unit
time.

d) Carrier flow rate - hydrogen
flow rate through the coluan
(cm /min). ,

e¢) Sample concentration - ppm for
each compound,

£f) Sample volume - OVA by serial
number or typically 0.25 cm
for standard value.

g) Recorder scaling - ppm per
unit deflection.

h) Range - range of OVA being
used, {.e, X1, X10, X100,

i) OVA serial number,.

M1611-132
Page 33

To obtain a calibration point, inject
a known concentration sample {nto the
GC system and record the resulting
chromatogram peak. The retention time
for the peak may be scaled from the
record or timed with a stop watch.

The peak height may be scaled from the
record or the OVA readout meter may be
observed during the elution of the
peak. Figure 10B presents the format
of a chart which may be used to record
calibration data. Experience has indi-
cated that the peak height response of
a compound is linear within the concen-
tration range of 0 to 160 ppm. There-~
fore, a single calibration point, pre-
ferable around the concentration of
concern, is normally all that is re-
quired to plot peak height response in
pprn as a function of compound concen-
tration. Data for other compounds on
the sane column may also be plotted
along with their associated retention
times, percent relative response in
the total organic Survey Mode, TLV,
etc. It {s recommended that copies of
the actual chromatograms be kept with
the charts for observing the peak
shapes, peak interferences, etc. It
should be noted that a chromatogram
can be utilized like a fingerprint for
compound identification or peak height
and shape comparison. Transparent
overlays are an aid in chromatogram
analysis,

When temperature variations are antici-
pated, data should be taken at several
points and recorded on the chart as a
new curve or as & relative change as a
function of temperature as illustrated
in Pigure 10B.

Preparing and using the calibration
chart is very straightforward. As an
exanmple, once the elution sequence of
a group of compounds is determined, a
mixture of 100 ppm of sach can be pre-
pared and run on the GC for chart data.
The retention time of each compound
and the peak height of each can be
read directly from the chromatogram
and the data put on the chart. If
temperature data is to be taken, addi-
tional chromatograms may be run with
the same sample and the RT and peak
height as a function of temperature.

When complex mixtures such as gasoline
are analyzed, it may be desirable to
keep the record of the backflush peak
for future reference and peak area
compatrison. It is also recommended
that the total organic vapor concentra-
tion reading on the OVA be recorded
for each calibration sample used.

This reading is used for arriving at
relative response numbers and as a
check on sample preparation precision.
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Routine Maintenance
a) COLUMN

Any column can be contaminated
with compounds having long reten-
tion times. This will result in
high background readings, This
condition can be checked by in-
stalling a new column or a blank
column (tubing only)., T1If this
reduces the background reading,
the contauinsted co&umn should be
baked at 100°C (2127F) for three
{3) to four (4) hours in a drving
oven while passing nitrogen through
the column, Higher temperatures
may permanently damage the column
packing.

When installing any column, avoid
touching the ends, as this may
cause contamination, Also, en-
sure that the fittings are tight
to avoid hydrogen leakage,

IMPORTANT: The following simple
test may be run to determine whether
the GC column is contaminated.
While in a clean ambient air back-
ground, place the Sample Inject
Valve in the "in" (GC Mode) posi-
tion. Observe the background

\ teading on the meter or recorder.
After one (1} to two (2) minutes,
change the position of the Back-
flush valve and again observe the
background reading. If the back-
ground reading went down and then
started to increase in one to two
minutes, the coluan is probably
contaminated and needs to be
cleaned. Note that if hydrogen
flows into one end of the column
for a period of time, the contami-
nation is pushed into the column.

Then when the hydrogen flow is
reversed, the exhaust end of the
column will be clean until the
contanination is again pushed
through. Remember that to clean
a column the purge gas must he
run through the column in one
direction until all contamination
is removed. NOTE: Contaminated
columns can be avdided by back-
flushing the column after every
analysis.

b)

CHARCOAL FILTER ASSEMBLY

After repeated use, the Charcoal
Pilter Assembly will become satu-
rated. Periodically, the operator
should check the effectiveness of
the activated charcoal.

This can easily be done bv opera-
ting the unit with the Sample
Injection Valve "in®" and vassing
the probe near a concentrated
sample of the compound being ana-
lyzed. The readout should remain
nearly steady (should not rise
more than 0 to 2 parts per pil-
lion (ppm)}. If rise {s more
than 2 ppm, replace the old char-
coal with new activated charcoal.
Care should be taken to com-
pletely fill the tube to prevent
a path for sample to bypass the
charcoal. The life of the char-
coal depends on the time /length)
of exposure and the concentration
level during that exposure. When
changing charcoal, he sure that
any fine charcoal dust is removed
from the assembly.

Another test of the charcoal fil-
ter {8 to note the background
reading with the Sample Inject
Valve “"out®" and then note the
reading with the valve "in"., The
level should never be higher when
the valve is in the “in® position
and the charcoal filter is in the
air line. If the reading with
the valve in the “in" position is
higher, the charcoal filter is
probably contaminated and acting
like a contamination emitter,

Trouble Shooting

Table 2 presents recommended field
trouble shooting procedures which are
associated with the GC system. These
procedures are in addition to those
found in the basic OVA section of the
manual.



PROBLEM

TABLE 2

TROUBLE SHOOTING PROCEDURE
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REMEDY

1) Low sample flow
rate on flow in-
dicator.

a)

b)

Check Teflon tubing on valve
assemblv for kinks, etc.

Check flow rate with valve in
down position.

Straighten or replace
teflon tubing.

Check for over restric-
tion of charcoal filter.

2) Hydrogen flame
will not light.

a)

)

c)

4)

e)

f)

Check column connections on top
of unit to make sure they are
tight.

Check column for sharp bends or
kinks. (Rydrogen flows through
this column at all times and a
sharp bend will compact packing
too tightly for proper hvdrogen
flow) .

Check charcoal filter fittings
to make sure they are tight.

Check hvdrogen flow rate from
the column.

Check that the Inject and Back-
flush Valves are both completely
in or out. A partially acti-~
vated valve will block the
hydrogern and air flow paths.

If a new column was installed
prior to problem identification,
check for proper hvdrogen flow
rate through the column (should
be approximately 12 cm /min).

Tighten fittings.

Replace column,

Tighten fittings.

Adjust hydrogenaprelaure
to obtain 12 cm™/min flow
rate,

Ensure both valves are
either completely in or
out.

Increase hydrogen pres-
sure to obtain proper
hydrogen flow rate or if
column i{s excessively
restrictive, replace or
repack the column.

3) Ambient back-
ground reading in
clean environment
is too high.

a)

b)

c)

Check for contamination in char-
coal filter assemblv. This can
be detected if ambient reading
increases when going in to the
chromatographic mode.

Check for contamination in
column.,

Check for contamination in
column valve assembly.

Replace activated char-
coal in charcoal filter
assembly.

Replace or clean column.

Remove valve stems and
wipe with clean lint-free
cloth. Heat valve agssem-
bly during operation to
vaporize and remove con-
taminants.

4) Flame-out when
operating either
valve.

a)

Ensure valves are being operated
with a quick, positive motion.

Operate valve with a
positive motion.
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PROBLEN TROUBLE SROOTING PROCEDURE REMEDY
b) Either hydrogen or air may be Remove stems and lightly
leaking around one or wmore of coat with silicone
the valve quad rings. Assess by grease, only on contact
tests and "O" ring inspection. surface of the “0" ring.
Wipe off excess (dc not
remove quad rings).
c) Damaged or worn quad rings Replace cuad rings and
causing leak. grease as above.
S) Excessive peak 2) Change or clean GC; see if pro- Ensure columng are clean
tailing bler disappears. prior to use. If one of

tion.

the same type of column
tails are worse than

others, repack the column

or discard.

b} Inspect GC valves for excessive Excessive lubricant or
silicone grease or contamina~

foreign matter in the
valve assembly can cause

excessive tajiling. Clean

valve assemblies and
lightly relubricate as
required. Lubricant

should be put only on the

outside contact surface

of the "0O" ring. Do not
get grease into the "O"

ring grooves.

Recommended Spares

The following spare parts and supplies
are recommended to support the GC sys-
tem and recorder. These are an addi-
tion to the spare parts list for the
basic OVA described in the "OVA MAIN-
TENANCE® gection.

ITEM PART
DESCRIPTION NO.
1) Quad Rings 5104961
(10/pkg.)
2) Tubing, 12942
188 {n ID
.020 wall
3) Tubing, 12911
Teflon
.120 in ID
.030 wall
&) Activated CSC-004
Charcoal
5) *0" Ring UO118CE
for Charcoal
Scrubber
6) Chart Paper CSC-008
(linear) (6/rls/pkg)

ACCESSORIES
Recorder Accessory

A portable Strip Chart Recorder is
available for use with the OVA (refer-
ence Pigurell). The recorder is
powered from the OVA battery pack and
the output can dbe scaled to match the
OVA readout meter, thereby providing a
permanent record for subsequent analy-
sis or reference. P/N S510445-4 is PM
certified intrinsically safe. P/N
510445~6 is BASREPA certified.

The recorder can be used with the OVA
to provide a long term monitoring pro-
file of total hydrocarbon or can be
used with the Gas Chromatograph Option
to provide a chromatogran.

Features

The recorder prints dry (no ink) on
pressure sensitive chart paper. The
recorder is equipped with two gain
ranges and an electronic gzero adjust-~
ment. The AIGHE gain position is nor-
mally used to provide a means of scale
expansion.




Controls and

Connections

Described below are the functions of
recorder controls and connectors.

J)
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POWER CONNECTOR - This 126 series,
S pin connector provides power

and signal to the recorder, as
follows:

1) HIGE-LOW Switch -~ This switch, PIN PUNCTION
located on the right hand side of
the recorder, provides 2 ranges. B Input Signal
The LOW range is set for the same E pPos. 12VDC input
full scale reading as the OVA H Ground
readout meter. The HIGE range
can be set to give an increased
sengitivity to the recorder with-
out effecting the OVA calibra-
tion.
2) ZERO ADJUST Knob - This potentio-
meter, located on the right hand
side of the recorder, permits
"nulling® of the background read-
ing on the recorder without affect-
ing the calibration of the OVA
displayed on the OVA readout. In
the full clockwise position, the
recorder will display the same
reading as the OVA meter. Coun-
terclockwise rotation will reduce
the reading on the recorder.
150 I A T L R O R A
| ™ RTAS A FUNCTION
125 OF TEMPERATURE FOR BENZENE Column _G-48 Chromatograph _QYA-128
1 | Tempersture _25°C_ Carrier Flow _]2 mL/sec.
00 Injection: Volume _2.5 mL Type _yalve
-9
o+ RR RT TLV
100 {75 ~ Compound (%) __(sec) _(ppm)
1
90 50
15120 | 25 | 30 35 | 40
80 TEMPERATURE °C
g 70 I A x4 | Hoptane w0 | ar1 | «00
S €0 y. X1 | Pentane 100 | 90 | 1000
Q X2 | Hexane 90 | 198 | 100
w
£ anz=a
W -
2 4 P > X2 | Benzene 150 | 291 1
B <
4 X3 | Toluene 120 | 762 200
20
i NOTE: 1. Concentration used for test is
10 - 100 ppm or as indicated.
0 2. X = Concentration multiplier
10 20 30 40 S0 & 70 80 90 100
CONCENTRATION (PPM)
PIGURE 10A

CALIBRATION CRART
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Type Injection 2.5 ml valve
Column $10454-G-48
Sample ses below
A Temp. 25" C Chart Speed 0.5 in/min,
GC OVA-~]128 S/N 1646 Range Xi0
Recorder Scaling 4.125 ppm/inch
Carrier flow 12 mL/mmn,
H Other Conditions: Total: 850 ppm
1) 100 pom pentane
i 2) 100 ppm hexane
1 3) 100 ppm benzene
J 4) 104 ppm heptane
2 5100 ppm toluene
e f Il
S=I—=<6.35N.
‘ EXAMPLE: 8.35 X 60,5 = 762 SEC.
8
L }
&
439 IN.
P EXAMPLE:
4.39X4125 = 18.11 PPM
| t=3
-3
: ‘ \
- ]
I
PIGURE 10B
CHROMATOGRAM
Calibration
Electronic and mechanical adjustments, B) Unscrev knurled fastener at

other than the operational adjustments
on the side panel, are provided to
calibrate and align the recorder.

(See Piqure 11).

MECRARICAL ZERO ADJUSTMENT

A)

Snap out the front panel name-
plate using a small blade screw-
driver in the left hand slot)
for access to mechanical zero
adjust screw, place HIGH-LOW
Switch in OFF position.

top of front panel to open
recorder. Pull down plastic
chassis latch on right side to
release sticker bar tension on
paper and adjust mechanical
zero as required. Replace
nameplate, chassis latch and
resecure front panel.



’ PIGURE 11
RECORDER CONTROLS AND ADJUSTMENTS

GAIN ADJUSTMENT

Separate adjustments are provided
for the HIGR and LOW ranges on
the recorder. (Refer to Figure
11 for location).

a) Connect recorder to OVA and
adjust OVA for full scale read-
ing on readout (about S VDC).

b) Loosen knurled fastener oun
upper left of the front panel
and pull front panel down,

¢) Place HIGH-LOW Switch in LOW
and adjust Rl until recorder
prints full scale.

d) Place HIGR-LOW Switch in HIGH
and adjust OVA to read the de-
sired full scale with front
panel CALIBRATE ADJUST Knob,
typically half scale on the
readout. Adjust R2 until re-
corder reads full scale. WNOTE:
PFull scale adjustment of the
recorder for 1/2 scale on the
OVA gives a2 gain increase of
two (2) in the height of the
peak on the chromatograms.
This is the factory set point
for the HIGH gain range; how-
ever, other points can be set
as desired with a gain of
three being the maximum obtain-
able without amplifier load-
ing.
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NMaintenance and Routine Operations

Refer to the manufacturer's (Gulton)
manual on the recorder which is en-

closed with each recorder when ship-
ped.

Changing Chart Speeds

The recorder is equipped with a 16 RPM
motor which gives a writing speed of
four (4) strikes per second. The chart
advance speed is determined by the
gear traln assembly number used. The
inches per hour for each gear train is
given in the table on page 9 of the
Gulton recorder manual. Refer to the
bottom line of the chart adjacent to
drive motor 16 and note for example
that a number 1 gear train has a chart
speed of 8" /hour.

a) To change the paper speed, open
the recorder, remove gear box
spring (on left side), move gear
box in direction of arrow on its
case and lift out from top. Do
not force out from bottom. In-
sert nev gear, bottom first, slide
into position against arrow direc-
tion. Replace gear box spring.

Activated Charcoal Fllter Accessory

The Activated Charcoal Pilter Assembly
is an accessory which can be installed
on the OVA Readout Assembly or attached
at the end of the telescoping probe.
The filter is typically filled with
activated charcoal which acts as an
absorbent and effectively filters out
organic vapors other than methane or
ethane.

A screw cap on the probe end is removed
for refilling the filter with activated
charcoal or other filtering media,

Applications of the filter include:

1) Obtaining a clean air sample for
zerc baseline check and adjust-
ment.

2) Running "blank® chromatograms to
assess instrument contamination.

3) Rapid screening of methane and
non-methane organic vapors.

4) Selective screening for natural
gas surveys.

S) As a mojisture filter when filled
with a desiccant such as silica
gel.

_—— - n wemmal
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CHARCOAL
FILTER ASSEMBLY

UNSCREW TO REPLACE CHARCOAL

READOUT ADAPTER

PIGURE 12

ACTIVATED CHARCOAL FPILTER ASSEMBLY

A press fit adapter on the back of the
filter assembly is removed when in-
stalling the unit on the telescoping
probe. When replacing the cap end
after refilling, one wrap of inch
teflon tape should dbe used to seal the
threads.

The life of the filter will depend on
the time {n use and the concentrations
of the compounds being filtered. Un-
der typical industrial air monitoring
conditions, the filter will last for
many days of continuous sampling. See
Pigure 12,

Sample Dilutor Accessory

An adjustable sample dilutor sssembly,
P/N 511745-1 is an accessory. The
dilutor is supplied with a 10:1 4ilu-
tion orifice as standard. Orifices
for 2%:1, P/W 511770-2, and S0:1, P/N
$11770-3, dilution are also available.

In operation, the d4ilutor is attached
to the end of the telescoping probe or
connected by external tubing to the
input titting of the OVA side pack.
Dilution of the air being monitored is

accomplished by atream splitting through

the use of & needle valve on the sam-
ple input. An activated charcoal
scrubber is insetted in,the main air
supply line to the OVA and scrubs the
air of organic vapors. It also
creates a slight vacuum at its output
side of the scrubber and the vacuum at
this point draws the sample air
through the needle valve where it
mnizes with the main air supply going
to the OVA detector.

The dilution valve provides a means of
sampling vapor levels above the lower
explosive level (LEL) and in oxygen
deficient atmoapheres. These condi-~
tions can occur in normal leak or
source survey as the operator gets
close to the leak or vapor source or
in monitoring various manufacturing or
matecrial handling processes. Approxi-~
mately 14% oxygen is required to sus-
tain operation of the PID in the OVA.

Setting Dilution Rate

Prepare a sample in a bag at a high
level, typically 1,000 to 5,000 ppm.
Any suitable gas can be used, such as
butane from a cigarette lighter; how-
ever, & compound similar to those to
be measured provides greater accuracy.
The actual concentration of the gas
does not have to be known, since the
dilution rate is simply a relative
level.

Obtain an OVA reading on the vapor
sample with the dilution valve removed.
Then install the valve, loosen the jam
nut and turn the needle valve until
the meter reading corresponds to the
original reading divided by the dilu-
tion factor desired. Retighten the
jam nut,

It should be noted that when the dilu-
tion valve is used for natural aqas
leak survey and pinpointing, the char-
coal filter will not remove the meth-
ane from the dilution air supply.

Care should be taken so that natural
gas is not allowed to enter the main
air inlet. (See Pigure 11.)
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OVA Septum Adapter Accessory

A Septum Adapter, P/N S1064%-1, s
avallable for direct on-line sample
injection to the GC column inlet. The
Septum Adapter mounts directly on the
OVA front panel and sample injections
from .025 to 2.5 cm may be made using
a gas tight syringe.

This provides a range of sensitivity
of approximately 10¢ to 10008 of the
OVA standard valve, which has a sanmple
loop volume of approximately 0.25 cm .
Syringe injection can cause flame-out,
however, the OVA may be reignited after
the injection is made. The air in the
sample must elute from the column be-
fore reignition. The time for the air
peak to elute is a function of the
column length and the volume of the
sample injected. PFor example, a 1 cm
- sanple into a 12" column will require
approximately 5 seconds; and, a 2.5 cm
sample into a 48" column will reaquire
approximately 20 seconds.

The Septum Adapter also provides a
means whereby samples from oxygen de-
ficient atmospheres or process streans
can be injected directly into the
chromatograph. Headspace analysis may
also be accomplished using the Septum
Adapter and a syringe.

OVA
READOUTASSY.

CHARCOAL
SCRUBBER

MI611-132
Page 41

OVA Portable Isothermal Pack
(PIP) Accessory

A column can separate an exceptionally
wide variety of components if the separ-
ations are made at different tempera-
ture ranges. In addition, peak heights
and retention times can varv with co-
lumn temperature. The PIP option was
developed to control column tempera-
ture, without affecting the analyzer's
intrinsic safety specifications and
without compromising the analyzer's
portability.

When the Septum Adapter is installed
on the OVA, the normal GC sample valve
may still be used alternatively with
the syringe {njection. 1In addition to
variable sample size and sensitivity,
syringe injections will normally pro-
vide greater symmetry and reduce tail-
ing of chromatogram peaks as compared
with the standard valve injection.

CLOSE AREA
SAMPLER

DILUTOR
ORIFICE

FIGURE 13
OVA SANPLE DILUTOR
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CENTURY OVA 128
PORTABLE ORGANIC VAPOR ANALYZER

Style A

OVA 129 » CENTURY Portable Organic Vaper Ans)ymer

Lrns

-A = Bastc Flame lonization Oetector fer Teta) Mydrocarbent
Memitering

-8 = Gas Chromstograph (6C) with Twe Columns

=C = 6 with Tri Columns for Banzene Analysis

- faltery Charser
( 1120V ac, 68 N2
20220V e, S0 2

1 = Wene

Oactrical Clasatficatisn

K o P Cortifiad for wse tn Class I, Grawps A, B, C,
and O, Divigien 1 Mazardsus (avirenments

F s BASEEIFA Certifie¢ -

A = Strip Chart Recerder - FM Cortified
8 » Strip Chart Racorder - SASEEFA Certified

TO ORBER PARTS CALL FOXBORD AT 800-121-8322 OR 203-883-181¢.

© 1987 by Tha Fouhero Company Ohpguuras Trageners
- WILLIAMS-RUSSELL & JOHNSON, INC.
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Figure 1326
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- t  Isstructien, NI 411-122

-- S10508-1 V  Instrument Case

1 s16382-1 1 Cennecter Fitting

2 1278 1  Spring

3 004404 ! O-Ring

q 620090 1 Filter, Cup (Pig of §)

s $10600-1 ' Linsar Preamplifier

- sref3e-1 1 Flamg Arrgstor Assambly {Yecated A exhaust

part of detector chambsr)

CROOTRK 1 flamg Arrgstor Filter (Pug of 19)
$10461-1 1 Igniter

[ CROS7LD ! Pump Assemdly

or .

$10223-6

- gl0083-1 1 Staphragm, Teflem

- 20107 1 Pump valve (Pyg of 10)

14 s10813-1 1 Mixer Surner Assemdly

8 CROOTXN 2 Spring Comnecter

20810 1 Cap. Mg
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v Part B Qiy Part Bam (Cont.)

" 11181} 1 Ng FY1) Adapter, Male

n 620045-1 1 Valve Assemdly, Wy Refi))

- CROOIKA AR Wafer, Teflen (Pxg of 10)

- CROO7KD AR Wafer, Brass (Pug of 19)

- CROSC 1 Valve Seat

12 $10642-1 1 Sattery Pack

13 sro88d-1 1 Cylinder Assamdly

" ™2I007T0 2 Supply Valve, Ny Tenk

1] 013028 1 « P,

i) $10873-1 1 Capillary Tube Assamdly

1”7 5108901 1 Power Cantre! Besrd

1 12998 1 Geuge. L.P

- $10438-1 1 Charceal Filter Assambly (ses Nete 1)
- $10496-1 1 Quad Rings {Pkg of 10) (see Netle 2)

Betes: (1) For analyzgrs with Cas Chrgmatograph (GC Optien) enly.
(2) For analyzgrs with GC Optien enly. Rings are vsad 'n the
6C Sackflugsh valve and the GC Sampling Valve.

Figure 11377
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Inspector
Instrument Model

Instrument Serial Number

Battery Charged, Indication in the Battery OK Region v

Sample Flow, 1.5 Units/minute min. y

Hydrogen Low Pressure Setting ( 8 to 12 psi) -

Gas Calibration Check (Calibration performed at 20° to 25°C):

) 128
Multiplier Gas PPM Read PPM 20°-25°C 10°-40°C

X1 7 7.2 e + 2 +2
X10 73 P2 . + 10 + 20
X100 977 270 + 100 + 200

* If the OVA 128 Readout Meter is pegged against the stop at the high end of the scale,
refer to Gas Calibration Check, step m.

Note: Inspector must use same gases as those used for calibration.

Concentration and Flameout Alarm:

Speaker yd
Earphone e
F R
SIZE] COOE IOENT NO. JOWG NO. REV
620027 E
THE FOXBORO COMPANY @ Al 23439
FOXBOR0, MA, U.S.A.
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GENERAL INFORMATION

introduction

The ORION SA 250 pH Meter is an advanced, porta-
ble pH meter with many features previously found only
on bench-top meters.

Automated functions such as autocalibration, prompt-
ing. automatic temperature compensation, and diag-
nostic operator assistance codes make the SA 250
Meter very easy 10 use.

With your choce of .1 or .01 pH resolution, you decide
if you need speed or better accuracy.

The meter comes with a ROSS Combination pH Elec-
trode and ATC probe for fast, accurate results, nomatter
whatthe temperature difference between samples and
standards.

Created for the outdoor, process, or active lab envir-
onment, the meter is lightweight, with a no-slip gnp,
large LCD display and has a rugged splash and dust-
resistant housing. The SA 250 Meter meets or exceeds
tests to Department of Transportation and Mil specs for
shock, vibration, and moisture.

See Figure 1.

Model SA 250 pH Meter




INSTRUMENT DESCRIPTION .

Refer to Figure 2. 5 Electrode Input: Accepts BNC connector from

1 ON/OFF Switeh Controls power to the meter. combination of sensing electrodes. A separate pin

Memory is maintained even when the instrument lip input accepts reference electrodes.

is turned off. ¢ ATC Probe Jack: Accepts ATC probe for auto-
2 LCD Display SA 250 pH Meter automatically dis- matic temperature compensaton.

plays data on an easy-to-read 3 1/2 digtt LCD. 7 Line Converter Jack: Accepts an AC kne con-
3 Mode Switch Usedto select mV, temp, pH .1, or verter for use without batteries.

pH .01 modes.

4 Keys Eight touch keys are used to control the
meter. Each key is labelled as to the function per-
formed. The following table summarizes the func-
tion of each key:

Key Function

sampie Press to display pH of the sample.

cal Press to start the calibration sequence. '

iso Press to display current isopotential
point.

siope Press to display slope in percent 0 '
theoretical. :

enter Press to enter a value into the meter '
memory.

The following keys, X10, /A, \/, are used 1o change

the numenc display. This process is called scroling.

X10 increases the displayed value to the
next decade ~ for example: pH 6.14
would increase to 7.00. At the upper
end of the scale pressing X10 will cause
the display to wrap around — for exam-
ple: pH 19.00 would go to —2.00.

N up Increases the value displayed by incre-
ments equal to the ieast significant digit.

v down Decreases the value displayed by in- Figure 2
crements equal to the least significant SA 250 Meter Controls
digit.

it the /\ or \/ key is pressed and heid. the next

significant digit will change.

The sampie, cal, is0, and slope keys function only

while the mode controlis in either pH .1 or pH .01.

The /\ or \/ keys function in temp, pH .1, or pH

.01 modes.




INSTRUMENT SET-UP

Support Rod Battery instaliation
See Figure 3. \ See Figure 4.
1. Attach support rod base to side of meter carrying 1. Remove access panel on back of meter, by siiding
case and tighten clamp screw. cover towards bottom of meter.
2. Insert support rod into base. Tighten rod by turn- 2. Attachbattery connector clipto battery terminals,
ing clockwise. install battery and replace access panel.

3. Attach electrode hoider to top of support rod.

Power Source

The ORION SA 250 pH Meter operates on one 9 volt
nonrechargeable alkaline battery. If the SA 250 pH
Meter is left on while using battery power, there will be
approximately 30 hours of continuous life. Optional AC
line converters are available for both 110 and 220 volt
mains. Refer to ORDERING INFORMATION.

i 1 h
Figure 4
» support Battery Installation
1 rod
9
? clamp
— rod screw
beee
Figure 3
Support Rod and Clamp
A
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Meter Check Out Procedure

1.

Slide power switch to ON position. Attach 8NC
Shorting Plug (Onon Cat. No. 090045)10 BNC con-
nector on top of meter. Refer to Figure S.

. i using optional AC iine converter, connect it to

meter and appropriate power source. Proceedto
step 4.

it LO BAT indicator on LCD remains on, the bat-
tery must be replaced.

. Shde mode switch to mV. Display should read

0+£0.3

Shide mode switch to temp. Display should read
25.0.11 25.01s not displayed, scroll, using N\, v/,
and X10 keys. unti 25.0 1s displayed and press
enter

. Shde mode switch to pH .01. Press iso. Display

should read the letters ISO then a value of 7.00.
It 7.001s notdisplayed, scroll untd 7.00 s displayed
and press enter.

Press slope. Display should read the letters SLP
then a value of 100.0. If 100.0 :s not displayed.
scroll until 700.0 is displayed and press enter.

Press sample. Observe the letters pM then a
steady reading of 7.00 + 0.02 should be obtain-
ed. if not, press cal and scroli untit 7.00 is displayed
and press enter. Press sample and observe a
reading of 7.00.

Remove the shorting plug. After a successtul com-
pletion of steps 1-8 the meter is ready 10 use with
an electrode.

Electrode Connections
Refer to Figure 5.

1.

Attach electrodes with BNC connectors to sensor
input by shiding connector onto input, pushing
down and turning clockwise to lock into posiion.
Connect reference elecirodes with pin tip connec-
tors by pushing connector straight into reference
nput.

NOTE: i using a combination electrode with a BNC
connector, the reference pin-tip jack is not used
(4 in Figure 5).

Figure §
Electrode Connections

Legend

1 AC line converter 1o line converter jack

2 ATC plugs to ATC jacks

3 BNC connector to sensor input (shown with
shorting plug disconnected)

4 Reference pin-tip plug to reference input



MEASUREMENT PROCEDURES :

pH Measurements

See Figure 6.

A calibration with one or two butfers shoukd be perform-
ed before pH is measured. It is recommended that a
calibration with two buffers be performed at the begin-
ning of each day to determine the correct slope of the
electrode. This serves the dual purpose of determin-
ing if the electrode i1s working properly and storing the
slope value in the meter's memory. Perform a one bul-
fer calibraton every two hours to compensate for elec-
trode drift.

Check the stored value for ISO before calibration.
Unless the isopotential point of the electrode is known
verify that the display reads 7.00. If not, scroll until 7.00
is displayed and press enter. See Isopotential Point.

There are two ways of calibrating the SA 250 Meter,
autocalibration or manual calibration.

NOTE: it is recommended to select either autocal-
ibration or manual calibration and not use a com-
dination of the two methods. Following Is a des-
cription and instructions for each method.

Autocalibration

Autocalibration is a feature of the SA 250 Meter that
automatically recognizes the 7.00,4.01 and 10.01 buf-
fers with a range of + 0.5 pH units. The user waits untit
the pH display s stable and presses enter. The SA 250
Meter automatically calibrates to the correct buffer value
using temperature compensation. Do not scroll when
using autocalibration.

While calibrating, the SA 250 Meter compares actual
values to theoretical values 10 determine if the buffer
is within range. Buffers greater than ¢ 0.5 pH units from
the correct vaiue will trigger an operator assistance
code

it is recommended that an ATC probe be used for auto-
calibrabon. if an ATC probe is not used, all sampiles and
buffers should be at the same temperature or use
manual temperature compensation. See Temperature
Mode.

Autocalibration With Two Buffers

1. Connect slectrode(s) to meter. Slide the mode
switch to either pH .1 or pH .01. Choose either 4.01
and 7.00, or 7.00 and 10.01 buffers, whichever
will bracket your expected sampie range.

2. Place electrode(s) into either 4.01, 7.00 or 10.01
buffer.

3. Press cal. The display will alternate between . 1.
and the pH value of the buffer, indicating this is
the first buffer and a value nas not been entered.

" Watt for a stable pH display and press enter. The
correct display will freeze for 3 seconds then ad-
vance t0 .2. indicating the meter is ready for the
second buffer.

4. Rinse electrode(s) and place into a second buf-
fer. Wait for a stable pH display and press enter.

After the second buffer value has been entered
the letters PH will be displayed. The meter is now
calibrated and automatically advances to sample
mode.

5. Rinse electrode(s), place into sample. Record pH
directly from the meter's display.

Autocalibration With One Buffer

1. Check slope term by pressing siope. if necessary,
scroli and enter the correct value. If siope value
is unknown, either enter 100.0 or perform a two
buffer calibration. A single buffer calibration does
not change the slope term.

2. Connectelectrode(s)to meter. Slide moda switch
to either pH .1 or pH .01.

3. Place slectrodes into either 4.01, 7.00 or 10.01
bufler.

4. Press cal. The display will alternate between .1.
and the pH value of the buffer, indicating this is
the first buffer and a value has not been entered.

5. Wai for a stable pH reading and press enter.

After enter is pressed the correct display will freeze
for 3 seconds then advance t0 .2., indicating the
meter is ready for the second buffer. By pressing
sampie the letters PH wili be displayed, indicating
the meter has advanced into the sample mode.

6. Rinse electrode(s) and place into sample. Read
the pH directly from the display.

Figure )
Optional Way to Set Up SA 250 Meter
for Sample Measurements




Manuat Calibration

To calibrate with buffers other than 4.01, 7.000r 10.01.

use the manual calibration technique. The calibration
sequence s the same as autocalibration, except buf-
fer values are scrolled in.

it 1s recommended that an ATC probe be used. If an
ATC probe s not used, all samples and buffers should
be the same temperature or use manual lemperature
compensation. See Temperature Mode.

Please note that even if scrolling is not necessary, scroll
one digit and return to correct value belore pressing
enter. Otherwise meter will assume autocalibration is
to be used.

Manuai Calibration With Two Buffers

1. Connectelectrode(s) to meter. Slide mode switch
10 either pH .1 or pH .01. Choose two buffers that
will bracket your expected sample range.

2. Place electrode(s) into the first buffer.

3. Press cal. The display will alternate between . 1.
and the pH value of the buffer, indicating this is
the first buffer and a value has not been entered.

4. Wait for a stable pH display. Using A\, \v or X10
keys, scroll in the correct value and press enter.

The display will freeze for 3 seconds then advance
to .2. indicating the meter is ready for the second
butfer.

5. Rinse electrode(s) and place into the second buf-
fer. Watt for a stable pH display. Scroll in the cor-
rect value and press snter.

After the second buffer vaiue has been entered
the letters PH will be dispiayed. The meter is now
calibrated and automatically advances to the sam-
ple mode.

6. Rinse electrode(s) and place into sampie. Record
pH directly from the meter’s display.

Manuai Cailibration With One Butfer

1. Verify siope by pressing slope. if necessary scroll
in correct value, using /\, v and X10 keys, and
press enter. If correct slope is unknown, either
enter 100.0 or perform a two buffer calibration.

2. Connectelectrode(s)to meter. Slide mode switch
to either pH .1 or pH .01.

3. Place electrodes into the buffer.

4. Press cal. The dispiay will alternate between . 1.
and the pH vaiue of the standard, indicating this
is the first buffer and a value has not been entered.

Wait for a stable pH display, scroll untilthe correct
value is displayed and press enter.

The display will freeze for 3 seconds then advance
to.2. indicating the meter is ready for the second
bufter. By pressing sample the tetters PH will be
displayed. The meter is now calibrated and auto-
matically advances (o sample mode.

5. Rinse electrode(s) and place into sample. Read
the pH directly from the display.

NOTE FOR MANUAL CALIBRATION: in the event
that scrolling was started but the vaiue was not
entered and the mode switch was changed, either
2 P1ora P2 will be displayed upon returning to the
pH mode. P1 indicates that a value has not been
entered for the first buffer while P2 indicates a
value has not been sntered for the second buffer.

Slope

By pressing the slope key the slope is displayed as a
percent of theoretical. A property functioning electrode
will have a 9296 to 10296 siope. See Troubleshooting,
if the slope is out of range. The siope vaiue is retained
in the meter's memory until another two buffer calibra-
tion is performed or another value is entered. A one buf-
fer calibration does not change the siope vaiue.
Atthe beginning of each day and every time a different
electrode is used a two buffer calibraton should be per-
formed for accurate measurements.

To enter a siope vaiue:
1. Slide the mode switch to either pH .1 or pH .01.
2. Press the siope key.
3. Scroll, using A\, "\/ or X10 keys, until the correct
value is displayed.
4. Press enter. ‘



Isopotential Point

The sopotential point 1s the pH at which the potential
(mV) of the electrode will not vary with temperature.

For the majority of pH electrodes the isopotential point
is pH 7.00. There are some exceptions where the
operating range used for a particular electrode is
primanly at one end of the pH scale.

It your pH electrode has an isopotential point other than
7.00, the correct value may be entered as follows:

1. Shde mode switch to pH .1 or pH .01,
2. Press iso

3. Scrofl. using /A, v, or X10 keys, until correct value
1s displayed.

4. Press enter.

A two butfer calibration should be performed after an
1sopotential point value has been changed. it is good
practice {0 venfy the isopotential point whenever the
meler has been turned on.

Temperature Mode

Shding the mode switch to temp will display the tem-
perature in °C. When the temperature 1s outside of the
operating range - 5.0to 105.0°C. an operator assist-
ance code will be dispiayed. E-1 for below - 5°C, or
€ 1 for above 105°C.

During a cahbration or sample measurement, the mode
switch can be changed lo temp. When an ATC probe
1S connected the temperature can be monitored and
automatc temperalure compensahion will take place.

To use manual temperature compensation:

1 Using a thermomeler accurate to ¢ 1°C deter-
mine the temperature of the solutions to be
measured.

2 Shde mode switch to temp.

3. Scroll. using /\. v or X10 keys. until the correct
temperature vafue 1s dispiayed.

4. Press enter.
5 Return mode switch to either pH .1 or pH .01.

When an ATC probe is not connected. the last entered
value of lemperature 1s displayed. if atemperature value
has not been entered since the removal of an ATC
probe. a default value of 25°C 1s displayeg.

Potentiometric Measurements

Poteniometric titrations are performed in mV mode
using esther pH. ion-selective or redox electrodes.
Oetailed instructions for any ORION Electrode are gven
m the electrode mstructhon manual. Titration instructions
are mciuded in ORION Redox Electrode (Mode! 96-78
or 97-78) Instruchon Manual. or in standard anatytcal
texts Electrodes thathavea U.S. Standard Connecfbr
needa U S Standardto BNC Adaptor which are avail-
able tfrom Ornon (Cat. No. 090033).
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Dissolved Oxygen Measurements

Drssolved oxygen measurements are displayed in ppm
O, when ORION Modet 97-08 Dissolved Oxygen Elec-
trode is used with ORION SA 250 Meter. Foliow these
instructions for calibrating the electrode.

1. Connect the Model 970899 to meter and leave
electrode mode switch “off”.

. Unplug and do not use an ATC probe.

. Set the mode switch of the SA 250 Meter 10 temp
and scroll in 25.0°C, press enter.

. Set the mode switch 1o pH .1 or pH .01,

. Press the slope key. Scroll untit the vaiue 100.0
appears and press enter.

. Press the iso key and verify that it is 7.00. if not,
scroll in the value 7.00 and press enter.

. Pressthe cal key. Scrollin the value 7.00 and press
enter.

Press sample. .

. Turn the mode switch on the electrode to BT CK.
Good battery operation is indicated by a reading
of 13.00 or greater on the meter.

10. Turn the mode switch on the electrode to ZERO.
Use the zero calibration control on the electrode
o set the meter to read 0.00.

11. Insert the reservoir (funnel) into a BOD sample
bottle containing enough water o just cover the
bottom. insert the electrode, making sure that the
electrode tip 1s not immersed in the water and does
not have water droplets clinging to the outside of
the membrane. Let stand approximately 30 min-
utes to ensure water saturation of air in BOD bot-
tie. This bottie shouid be used for electrode stor-
age between measurements.

12. Turn the electrode mode switch to the AIR posi-
ton. It measurements are being made at sea level,
use the AIR calibraton control on the electrode to
set the pMH meter reading 10 the prevailing baro-
metric pressure in mm Hg (divided by 100). i the
barometric pressure is unknown, if the elevation
1S above sea level or if the sample has a salinity
greater than 2 parts per thousand, consutt Table
1 found in the Modei 97-08 Instruction Manual to
obtain the correct AIR setting.

13. Turn elecirode mode switch to HzO for sample
analysis.
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OPERATOR ASSISTANCE CODES '

Operator assistance codes are used to inform the user
of an out of range value. The following table outlines
the operator assistance codes that are available in the
SA 250 pH Meter and suggests a remedy. The table
is divided according to the modes of the meter.

Code Problem Remedy
MV MODE
E1 mV out of range 1. ff occurs when electrodes are out of solution, code will
E-1 disappear when slectrodes are returned to solution.
2. Verify electrodes are properly connected and filled.
3. Dilute standards or samples.
4. Review calibration and operating procedures.
TEMP MODE
E1 Temp out of range 1. Verity ATC probe is properly connected.
E-1

pH .1 or pH .01 MODES while in sample function

Go to mV mode and check. If mV is out of range, perform
remedy steps described above for mV mode.

Go to temp mode and check. If temp is out of range, per-
form remedy steps described above for temp mode.

Check the sample.
Check slope and iso values.
Recalibrate.

E1 mV, temp or pH 1.
E-1 out of range
2.
3.
4
5.
While in cal function:
€1 mV, temp or pH 1.
E-1 out of range
2.
3.
4
E21 Slope not in the range 1.
80.0 to 100.0%
2.
3.
E31 First cal point out - 1.
' 2.
3.
£35S pH Autocalibration 1.
£36 error. Eiectrode vol- °
" tage being measured 2.
is greater than £0.5
* pH units from nonwnal 3.

value for the pH buffer

Go to mV mode and check. If mV is out of range. per-
form remedy steps described above for mV mode.

Go to temp mode and check. If temp is out of range, per-
form remedy steps described above for temp mode.

Check the bufter.
Check iso value.

Press enter 10 acknowledge code and repeat calibration
using fresh buffers.

Clean electrode and refill reference.
Refer to electrode instruction manual for check out.

Press enter and repeat calibration using fresh buffers.
Check iso, slope, and temp values.

Verify electrodes are properly connected.

Press enter and repeat calibration using fresh buffers.
Clean electrodes and refill re_feronoe. Recalibrate.

Perform.a manual calibration. Certain electrodes may

operate out of acceptable range for pH autocalibration.
—y =




TROUBLESHOOTING GUIDE .

Malfunction Possible Cause Remedy

No Display No power o meter 1. Check that switch is in ON position.
2. Replace battery.
3. Check that adaptor is receiving power and 1s plugged in

securely.
Erratic Meter or 1. Follow meter checkout procedure.
readings or electrode failure
reading out 2. Follow instructions in electrode instruction manual.
of range
Unabie to Isopotential 1. Vently iso.
calbrate error
Unable to Cenrtain electrodes 1. Try scrolling value to within range and press enter 1o cal
caiibrate in may operate outside if E ¥ or E-1 appearnng.
autocali- the limits of +0.5 pH
bration unts.

2. Check temp, slope. and iso and repeat.

Onon Technical Service Chemists can be consulted for
troubleshooting advice by calling 800-225-1480 or
617-242-3900. Outside North America contact your
local authorized Orion Representative.



INSTRUMENT WARRANTY

ORION RESEARCH INCORPORATED warrants this in-

strument will operate for one year from the date ofpur-
chase when used under normal laboratory conditions,
and in accordance with the operating limitations and
maintenance procedures grven in the instruction man-
ual. in the event of failure within the warrant period.
Orion, or its Authorized Dealer, will, at Orion’s option,
repair or replace the non-<conforming instrument at no
charge to the customer.

THE WARRANTY DESCRIBED ABOVE IS EXCLUSIVE
AND IN LIEU OF ANY OTHER WARRANTY,
WHETHER STATUTORY, EXPRESS OR IMPLIED,
INCLUDING BUT NOT LIMITED TO, ANY IMPLIED
WARRANTY OF MERCHANTABILITY OR FITNESS
FOR A PARTICULAR PURPOSE AND ALL WARRAN-
TIES ARISING FROM COURSE OF DEALING OR
USAGE OF TRADE. EXCEPT TITLE. THE BUYERS
SOLE AND EXCLUSIVE REMEDY IS FOR REPAIR, OR
REPLACEMENT OF THE DEFECTIVE INSTRUMENT
ORPART, OR REFUND OF THE PURCHASE PRICE;
BUT IN NO EVENT SHALL ORION (ITS CONTRAC-
TORS AND SUPPLIERS OF ANY TIER) BE LIABLE TO
THE BUYER OR ANY PERSON, IN CONTRACT OR
IN TORT (INCLUDING NEGLIGENCE) FOR SPECIAL,
INDIRECT, INCIDENTAL OR CONSEQUENTIAL
DAMAGES.

Representations and warranties made by any person,
including dealers, representatives and empiloyees of
Orion, which are inconsistent or n conflict with the terms
of this warranty shail not be binding upon Orion uniess
in writing and signed by one of its officers.

REPAIR AND SERVICE

A Return Authorization Number must be obtained from
Orion Laboratory Products Customer Service before
returning any product for in-warranty or out-of-warranty
repair, replacement or credit.

Consult your authorized Orion dealer, or:

ORION RESEARCH INCORPORATED

The Schrafft Center

529 Main Street, Boston, Massachusetts 02129
TELEPHONE 617-242-3900

TELEX 4430019

In Europe. the Middle East, and Africa contact your
authorized Orion dealer, or:

ORION RESEARCH AG
Fahnlibrunnenstrasse 3
CH-8700 Kusnacht, Switzertand
TELEPHONE 01-910-7858
TELEX 825767
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ORDERING INFORMATION

*220V AC line adaptor

Cat. No. Description Cat. No. Deacription
910001  pH Electrode Siorage Solution, 475 mi 020041 Neck strap and meter holder for “hands-
bottie N free” use
910004 pH 4 Buffer Packets, box of 25 packets, 020042 Carrying case with foam insert, without
each packet making 200 mi of buffer meter or accessores
910007 pH 7 Buffer Packets. box of 25 packets, 020044  Accessory pack, incudes two 60 mi bot-
each packet making 200 mi of buffer tles and one 150 mi beaker
910009 pH 9 Bufler Packets, box of 25 packets. 020045 Rod, electrode holder and stand for “out-
each packet making 200 mi of buffer of case™ bench top use
910104 pH 401 Buffer, 475 mi bottle
910107 pH 7.00 Butter, 475 mi bottle
910110 pH 10.01 Buffer, 475 mi bottle
910071  pH Solutions Bulk Pack, for use with Ag/
AgClI internal pH electrodes, includes four
910110, four 910107, one 910001, two
900011. and three tip-top spout
200011 ar NOTICE OF COMPLIANCE
910074 pH Solutions Bulk Pack, for use with Ag/
AgCl internal pH electrodes. includes four
910104. four 9h‘°’2|'_’ - one 910001. two WARNING: This meter may radiate radio frequency
900011, and three flip-top spout energy and if not instalied and used properly, that
dispensers is, in strict accordance with the manufacturer's
810002 pH Solutions Bulk Pack, for use with instructions, may cause interference to radio
ROSS pH Electrodes, includes four communications. It has been tested and found to
910110, four 910107, one 910001, two comply with the limits for a Class A computing
810007. and three flip-top spout device pursuant to Subpart J of Part 15 of FCC
dispensers Rules, which are designed to provide reasonable
810003 pH Solutions Bulk Pack. for use with protection against such interference ina commer-
cial environment. Operation of the meter in a
ROSS pH Electrodes. includes four .
residential ares may cause interference in which
910104, tour 910107, one 910001, two
] case the user at his own expense will be required
810007. and three fhp-top spout
dispensers to take whatever meaures may be required to cor-
o rect the interference.
700001  Pure Water pH Test Kit includes four 475
m! bottles L.1.S.* pH Buffer a. 6.97: two
475 mi bottles L.1.S.* pH Butter b, 4.10;
two 50 ml botties pHiX adjustor. one 1
mi syringe. one holding tray, instruction
card and Application Procedure No.
501. (* Low lonic Strength)
910002 Electrode holder
917001  Automatic temperature compensator —
epoxy outer body
917002 Automatic temperature compensator —
glass outer body
. 090033 U.S. Standard electrode to BNC meter
connector adaptor
090045  Shorting plug )
020120 110V AC line adaptor
020121




SPECIFICATIONS

my
—-999 10 999

Temperature
—-5.0to 105.0°C

pH
—-2.00t0 19.99

isopotential

00110 19.99

Slope

80to 110%

Relative Accuracy

pH 1° ¢+ .1, +£0.05% whichever is greater
pH 01" ¢+ 01, +0.05% whichever is greater
mv10

Temperature

+1.0

Display

3 1/2 digit LCD
inputs

Single, ATC

Power Requirements

One 9 Volt alkaline battery or fine adaptor for either 110
or 220V AC, 50/60 Hz wall outiet

input impedance
> 100,000 megohms

Iinstrument Drift
< 50 microvolts/°C

input Bias Current

< 41 pico amps at 25°C and < ¢ 4 pico amps over
full operating range

Environmental Requirements

5 to 45°C and 5 to 80% relative humidity, non-
condensing

Meter Dimensions

14cm X 14cm X4 cm

Meter Weight

0.5kg

Meter Case

Splash and dust resistant, chemical resistant
Carrying Case

381cmX279cmX11.4cm

Carrying Case Weight

1.8 kg

* Aher Cahtr a10n with two Duflers according 10 MEASUREMENT

If the line converters that Orion supplies. Cat. No.
020121 and 020120, are not avatilable. any line con-
verter meeting the following specifications may be used.

Converter for 120 VAC to 9 VDC

This specification describes an AC-10-OC power sup-
ply for use with ORION products.
Electrical Specifications

1. The power supply shall furnish rectified, fitered,
unregulated DC voltage.

2. Theinputvoltage shalibe 100-130 VAC, 47-63 Hz.

3. The open circuit output voitage shall not exceed
15.5 VOC at an input voltage of 130 VAC, 60 Hz.

4. The unit shall produce an output voltage not less
than 9.0 VDC with a load of 200 MADC at ar -out
voltage of 115 VAC, 60 Hz.

Mechanical Specifications

1. The power supply shall plug into two blade wall
outlets that are standard in North America for 115
VAC service.

2. Output cord shall terminate in a standard 3.5 mm
diameter phone piug. The tip shall be negative, the
sleeve postive.

Safety

1. The power supply shall be UL listed and CSA
approved.

Converter for 220 VAC to 9 VOC

This specification describes an AC-to-DC power sup-
ply for use with ORION Products.
Electrical Specifications

1. The power supply shall furnish rectified, filtered,
unregulated DC vottage.

2. Theinput voltage shall be 200-240 VAC, 4763 Hz.

3. The open circuit output voitage shall not exceed
15.5 VDC at an input voltage of 240 VAC, 50 Hz.

4. The unit shall produce an output voltage not less
than 9.0 VDC with a load ot 200 MADC at an input
voltage of 220 VAC, 50 Hz.

Mechanical Specifications

1. Suggested cord length is 1.5 meters long.

2. Output cord shall tlerminate in a standard 3.5 mm
diameter phone plug. The tip shall be negative, the
sleeve positive.







ORION

Orion Research | rated
Laboratory Products Group

SA 250 ,uueran
TRAINING GUIDE

The ORION SA 250 Meter is an advanced portabie pH
meter with many features previously found only in
bench-top meters.

@ Autocalibration recognizes and enters 4.01, 7.00,
or 10.01 ¢~ buffers. Other buffer values can be
manually < ared.

@ Choiceof .1 or .01 pH resolution. You choose speed
or better accuracy.

@ Prompting you through 1 or 2 point calibration to
sample measurement.

@ Assistance codes diagnose errors.

@ Superior design for outdoor, process, or active lab
environments.

@ Durable splash, dust, and corrosion-resistant
housing.

@ Lightweight, no slip grip for hand-heid operation.

# Convenient carrying case with ROSS pH Electrode,
ATC probe, and all the accessories you need for im-
mediate start-up.

Turn this card over for instructions on a calibration with

two buffers using the ATC probe. Consult the meter in-

struction manual for nttial check out, specifications, and
further operational information.
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AUTOMATIC TEMPERATURE
COMPENSATION PROBES
INSTRUCTION MANUAL

Orion Cat. No. 917001

N Automastic Temperature Compensation Probe
I (espoxy outer body)

Orion Research incorporated Orion Cat. No. 917002

Laboratory Products Group Automatic Temperature Compensation Probe
THE SCHRAFFT CENTER (glsss outer body)

529 MAIN STREET. BOSTON MA 02129 USA

TEL 800-225-1480. 617-242-3900 / TLX 4430018

IN EURQPE ORION RESEARCH AG

FAHNLIBRUNNENSTRASSE 3

CH-8700 XUSNACHT SWITZERLAND

TEL 01910 7858/ TLX 57829

Prried nUS A  PatNo 502700-015 Form IMATCP/8840



INTRODUCTION

ORION Automatic Temperature Compensation (ATC)
Probes transmnt a signal to the pH meter, which automatic-
ally corrects pH measurements for vanation in siectrode
siope due to temperature change. The 917001 and
917002 ATC Probes are designed for use with the follow-
ing ORION Meters:

SA 230 501 811
2N SA 520 EA 920
SA 250 SA 720 EA 940

These probes may also be used with other meters requir-
ing & PT-100 type thermistor automatic temperature com-
pensator with duat banana plugs.

The 817001 ATC Probe has a break resistant epoxy body.
The epoxy s not recommended for use in organic solvents,
but may be used on an intermittent basis in methanol or
ethanol.

The 917002 ATC Probe 1s an all glass probe. This probe
1s preferred lor use in solutions containing organic solvents
or at temperatures aver 80°C.

For automatic temperature compensation and lempera-
ture measurement procedures, consult the approprate
meter instruction manual.

© 1986 Onon Ressarch Incorporated
ORION 1 2 lracemark regtered m the U S. Patent & Trademark Office
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SPECIFICATIONS

Temperature Range
917001: 0-80°C

917002: -5 tg 100°C (ATC). 120% (TEMP only)

pH Range
Oto 14 pH

Accurscy

2 0.1°C or 196, whichever is greater
Storage

Store in air

Connector
Dual banana plugs

Size
Probe length: 15 cm

Cabie length: 100 cm
Probe diameter: 8 mm

Speahcahons submct (o change withoul nolce
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ROSS pH ELECTRODE
INSTRUCTION MANUAL
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ORION

Orion Research incorporated

Laboratory Products Group |
THE SCHRAFFT CENTER }
529 MAIN STREET. BOSTON, MA 02129 S

TEL 800-225-1480. 617-242-3900 / TLX 4430019
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ORION. longlyzer. and ROSS are tradermarks
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Specihications subsect 1o change without NoBce.
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GENERAL INFORMATION

introduction

Ttus manual contains instructions for the ROSS® series of
pH electrodes. Operation and maintenance instructions
for the following electrodes are included:

Model No. Description

80-05 ROSS Reference Half Call, glass body

81-01 ROSS pH Half Cell, 0-14 pH, glass body

8102 °  ROSS Combination pH Electrode, 0-14 pH.
glass body

8103 Semimicro ROSS Combination pH Electrode.
0-14 pH, giass body

81-04 ROSS Combrnation pH Electrode, 0-14 pH.
glass body with rugged bulb

81-15 ROSS Semimucro Combanation pH Electrode.
0-14 pH, epoxy body

81-35 ROSS Combination Flat Surtace pH Elec-
trode. 0-14 pH, epoxy body

81-55 ROSS Combination pH Electiode, 0-14 pH,
epoxy body with bulb guard

81-56 Same as above with BNC connector

8163 ROSS Combination Spear-tip pH Electrode.
0-14 pH, glass body

8166 ROSS Combinabon pi Electrode with slieeve
reterence junction, 0-14 pH, glass boay

The ROSS series of electrodes provide readings stable to
0.01 pHinless than 30 seconds, even in the extreme case
of samples varying from one another by 50°C or more.
Results are three to five times more accurate than those
obtained with conventional electrodes. And, because dnft
is less than 0.002 pH per day, restandardization 1s
minimized.

ROSS Electrodes are available with vanous connectors
See ORDERING INFORMATION, or consutt the Ornon pH
Electrode Catalog and pnice list. For more information con-
tact your local ORION Distributor, or call Onon Customer
Servics.
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Required Equipment

Meter — Any ORION pH or 1on selective meter, or other
pH/ISE meter with appropriate connectors.

Combination pH Electrode or pH and Reference Elec-
trode Half Cells — Use the ORION Mogdei 81-01 ROSS
pH Half Call only with a ROSS Reference Half Cell Elec-
trode, Model 80-05.

Thermometer — Readabile to +0.5°C.
Beakers - Plastic or glass.

Magnetic Stirrer — Suggested for precision measure-
ments.

Required Solutions

pH Buffers — Two are recommended for precise mea-
surement. The first, near the etectrode isopotential point
(pH 7). and the second near the expected samplepH (e g..
pH 4 or 10).

ROSS Internal Filling Solution — 3M KC!, Ornion Cat
No 810007. Do not use any filling solution which con-
tains silver (Electrode damage may result)

filling
solution
chamber —
reference w— intemal
Junction -—-{- r reference
pH sensing
buld

Figure 1
ROSS Combination Electrode —~ Cat. No. §1-02

USING THE ELECTRODE

Set up

Electrode Preparation
1. Remove the protectrve shipping cap from sensing
element and save for storage Remove plastic cover-
ing from sleeve junction of Mode! 81-66.

2. Clean any salt deposits from exterior by rinsing with
distlled water.

3. Uncover filling hole and add ROSS Filing Solution,
OnonCat No. 810007, to electrode. See Figure 2
To maintain an adequate fiow rate, the level of filing
solution must always be above the reference junc-
tion and at least one inch above the sampie level on
immersion. The hilling hole should be open whenever
the electrode 1S in use.

4  Place the electrode in the electrode hoider and
suspend in air for 15 minutes to thoroughly wet the
reference junction. Once the junction is wet, do not
allow the electrode to dry out.

5. Shake down the electrode (as a chmical thermometer)
to remaove air bubbles.

6. Soak slectrode in pH Electrode Storage Solution.
Ornion Cat. No. 810001, for one hour. If ORION
Storage Solution s not available. use 200 mi pH 7
buffer to which about 1 g KCl has been added. =
a temporary substitute.

7. Connect electrode to meter.

Figure 2




Before Analysis

Sample Requirements
One of the benefits of the ROSS pH Electrode is that the
filing sofution compositon May be changed depending
on sample requirements.

The ROSS pH Electrode Filling Solution, Orion Cat. No.
810007 1s 3M KCI. For solutons which precipitate in the
presence of chionde on, the ROSS pH Electrode couid
be filled with 109 KNQO,;.

Sampies shouid be aqueous f using epoxy body elec-
trodes {(e.g . Modeils 81-55 or 81-35).

in organic solutions, use an ali-glass ROSS Electrode. For
good results a minimum of 209 water must be present
in the sample. f there s a great deal of drift when using
the ROSS Electrode filled with ROSS Filling Solution (Onon
Cat. No. 810007). try filing the ROSS Electrode with a mix-
ture of 2 parts methanol and 8 parts ROSS Electrode Fill-
ing Solution

Measuring Hints See Figure 3

— Always use fresh buffers for caiibration. Choose buf-
fergthat are no more than 3 pH units apart.

— Check electrode siope daily by performing two-butfer
cahlibration. Slope should be 92 10 102%.

— Only use ROSS Internal Filling Solution, Orion Cat.
No. 810007, for ROSS Combination pH and Refer-
ence Electrodes. Do not use any filling solution which
may contain silver.

— Remove filing hole cover during measurement to
ensure unitorm flow of filing solution.

— Between measurements, nnse electrodes with dis-
tilled water and then with the next solution to be
measured.

— Str all buffers and samples.

— Place a piece of insulating mater:al (e.g.. styrofoam
or cardboard) between magnetic stirrer and beaker
to prevent error from transter of heat to sample. Since
ROSS Electrodes respond faster than conventional
electrodes, changes in pH which result from temper-
ature changes will be noticed.

— Avoid rubbing or wiping efecirode bulb. to reduce
chance of error due 1o polarizahon.

— Model 81-35 may be used on any moist surface or
in hquids See Figure 4.

— Model 81-63 should not be forced into solids; cut an
X into sampie and insert electrode. Always immerse
electrode to the same depth. See Figure 5.

— Model 81-66 18 shipped with parafiim between the
ground glass sleeve and cone. Carefully remove
parafiim before use. Immerse the entire sieeve
assembly when measunng. See Figure 6.

filling solution #
lovel must be
sarpie v [l g
e hole
tovel : should be
g' uncovered
3
1
»
-
refersnce junction
must be immersed
—— piace insulation
between stirrer
and beaker

I

Figure 5
Use of Mode! 81
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pH Calibration & Measurement

Genersal Calibration Procedure
For detalled calibration and temperature compensation
procedures, consult your meter instruction manual.

Single Buffer Calibration
1. Ensure that ail buffers are at room temperature. If
samples are at varying temperatures, temperature
compensation s recommended . (See meter instruc-
tion manual).

2. Setup meter according to meter instruction manual.

3. Rinse aelectrode first with distifled water and then with
the bufter being used for calibranon (the buffer should
be near the expected sampie pH.) Place the elec-
rode in the buffer.

4. Wartforastable display Setthe meter to the pH value
of the buffer at its measured temperature. See Table
1. (A table of pH values at various temperatures 1s
supptied on the buffer bottle.) Proceed to pH
Measurement section.

Table 1
pH Values of Buffers at Various Temperatures

Nominal value
st 25°C Temperature

Two Bufter Calibration
This procedure is recommended lor precise measure-
ment.

1.

Ensure that all buffers are at the same temperature
I sampies are at varying temperatures. temperature
compensation is recommended. (See meter instruc-
ton manual).

Select two buffers which bracket the expected sam-
ple pH. The first shouid be near the eiectrode 1sopo-
tential point (pH 7) and the second near the expected
sampie pH (e.g.. pH 4 or pH 10).

Rinse electrode first with distilied water and then with
pH 7 butfer. Place the eiectrode in pH 7 buffer

. Waitfor a stable display. Set the meter to the pH value

of the buffer at its measured temperature (A 1able
of pH vaiues at various temperatures 1s supplied on
the buffer botiie ) See Table 1.

Rinse electrode first with distilied water and then with
the second buffer. Place the electrode inthe second
butier.

When display 1s stable. set meter 1o the actual pH
value of the butfer as descnbed in the meter instruc-
tion manual.

. |t all steps are performed correctly, proceed to the

pH Measurement section if any of the above pro-
cedures does not work, refer (o Troubleshooting

pH Measursment

1.

2.

3.

Calibrate the electrode as described in previous
section.

Rinse the electrode with distilled water and then with
sampie.

Place the electrode in the sampie.
When the display is stable. record sample pH

0°C 5¢C 10°C  20°C 30°C

1.68 1.67 1.67 1.67 1.67 168
378 3.86 3.84 3.82 379 3.77
40 400 400 400 400 402
€.86 6.98 6.95 6.92 687 6.85
7.00 ™M 7.08 7.06 7.01 6.98
7.41 7.53 7.50 7.47 7.43 740
9.18 9.46 940 933 9.23 9.14

10.01 1032 1025 1018 1006 9.97

40°C 50°C 60°C 70°C 80°C 90°C
1.69 ANA 1.72 1.74 1.77 179
3.75 375
403 406 408 413 446 421
6.84 6.83 6.84 6.85 686 6 88
6.97 6.97

7.38 7.37
907 901 896 892 888 885
9.89 9.83
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Electrode Storage

To ensure a Quick response and free-flowing liquid junc-
ton, the sensing element and reference junction must not
be allowed to dry out.

Short-term Storage (up 10 one weexk)

Soak electrode in pH Electrode Storage Solution, Orion
Cat. No. 910001. It ORION Storage Solution 1§ not
available, use about 200 mi pH 7 butfer to which about
1 gram KCI has been added, as a temporary substitute.

Long-term Storage

The relerence chamber should be fitled and the filling hole
securely covered. Cover the sensing element and/or
relerence jJunchon with 1ts protective cap containing a few
drops of storage soiution. The Model 81-66 aiso requires
that the ground glass sleeve and cone be separated and
the liquid junction securely covered with a plastic film.
Betore returning the electrode 10 use, prepare it as a new
eiectrode.

Electrode Maintenance

Weekly
1. inspect the electrode for scratches, cracks. salt
crystal build-up, or membrane/junction deposits.
2. Rinse off any salt build-up with distilied water, and
remove any membrane/junction deposits as
directed in the cieaning procedures below.
3. Drainthe reference chamber, fiush it with fresh ROSS

Filling Solubon, Onon Cat. No. 810007, and refill the
chamber.

Cleaning Electrode
General — Soak in 0.1M HCI or HNO, for half an hour,
followed by soaking in storage solution for at least one hour.

Removal of Membrane/Junction Deposits
Protein — Soak in 156 pepsin in 0.1M HCI, for 15 minutes. *

inorganic — Soak in 0.1M tetrasodium EDTA soiution for
15 rminutes. *

Grease and Oif — Rinse with mild detergent or methanol
solution.*
* After any of these cleaning procedures, drain and refil

the reference chamber and soak the slectrode in storage
solution for at least one hour.
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TROUBLESHOOTING

Troubleshooting Guide

Follow a systematic procedure to isolate the problem. The
pH measunng system can be divided into four components
for ease in troubleshooting pH meter, electrodes, sam-
pie/apphcation, and operator error.

pH meter

The meter 1s the component which 1S easiest to eiminate
as a possible cause of error. ORION pH meters are pro-
vided with an instrument checkout procedure and short-
ing strap for convenance 1n troubleshoobng Consult your
pH meter instruction manual for directions

Electrodes
To test electrode operation:

1. Connect electrode to a working meter

Set function switch to absolute mV mode.
Immerse electrode in tresh pH 7 buffer
Displayed value should be 0+ 30 mV.

Rinse electrode and immerse in fresh pH 4 butfer

Displayed value shouid be appro:urra =, 160 mv
greater than in step 4.

It elactrode fails this procedure, clean thoroughly as
directed in Maintenance

If electrode response 1s slow or drifting, drain and refill with
fresh ROSS Filling Solution, Onon Cat. No. 810007. See
Measuring Hints.

If clearing and maintenance tail to rejuvenate the elec-
trode:

1. For separate pH and reference hall cells, substitute
sach electrode (one at a time) with a known working
electrode and repeal test procedure. By process ot
elimination, determine which etectrode shouid be
replaced.

2. For combination electrodes, replace the entire
electrode.

Sample/Application

The electrode and meter may operate with buffers but not
with your sampie In this case, check sampie composition
for interferences, ncompatibilities, of temperature effects

Operator Error

if trouble persists, review operating procedures. Reread
calibrabon and measurement sections, to be sure proper
techmique has been followed.

A

11
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Troubleshooting (cont.)

Assistance

If atter checking each component of your measuring
system the source of the trouble remains unknown, call
Orion’s Technical Service Chemists.

In the United States (except Massachusetts, Alaska, and
Hawan) 1-800-225-1480. In Massachusetts, Alaska, and
Hawan or Canada, call 617-242-3900.

In Europe, the Middle East, and Africa contact your local
authorized Onon deailer, Or:

ORION RESEARCH AG
Fahnibrunnenstrasse 3
CH-8700 Kusnact, Switzerland
TEL 01-910-7858 / TLX 57829

Elsewhere, contact your authonzed Orion dealer or:

ORION RESEARCH INCORPORATED
Lahoratory Products Group

The Schrafft Center

529 Main Street, Boston, MA 02129 US A.
TLX 4430019

ELECTRODE CHARACTERISTICS

Temperature Effects

The most common cause of error in pH measurement 1S
temperature. Ordinary electrodes grift with temperature
changes. The ROSS pH Electrode eliminates the stabiitty
problems associated with the use of conventional eiec-
trodes 1n samples of varying temperature

There are, however, two effects of temperature change
that should be kept in mund.

1. EMectrode siope will change with varying tempera-
ture. This slope change may be compensated for
either manuaity, or, automatically with an automatic
terperature compensator (ATC) probe and properly
designed pH meter. Consuit your pH meter instruc-
bon manual for details.

2. Buffer and sampie pH values vary with temperature
because of their temperature dependent chemical
equilibrium. The problem of differing pH values s
easily solved by calibrating the electrode with
characterized standard buffers whose true pH vaiues
al different temperatures are known. Butfer values
at different temperatures are grven in Tabie 1. The
problem of the sample equilibrium varying with
temperature in an uncharacterizable manner wilt
always remain. Therefore, pH values should be
reported along with the temperature at which the
measurement was made.

interferences

Sodium 1on I1s the principal iInterference of the pH electrode

causing increasing error at higher pH (lower hydrogenion
activihes) and at higher temperatures. Because the ROSS
pH membrane 1s composed ol special low sodium error
glass. error due to sodium 1s neghgible when measurnng
at pH values less than 12. When measuring at pH vaiues
greater than 12, add the correction value from the nomo-
graph n Figure 7 to the observed pH reading




ORDERING INFURMAIIUN
Electrodes

ROSS Electrodes are avalable with a variety of connec-

PH reading tors. For more information. consult your ORION pH Erec-
? trode Catalog and price list or your locat ORION Distributor
pH correction
] to be added Model! Type of
o Number Description Connector
] B00S00 ROSS Reterence Halt Cell.

p . 0.008 g'ass body "Pin-tip
13— 810100 ROSSpHHalfCell.glassbody U S Sta
b 81018BN Same as above BNC

h ~ oo 810200 ROSS Combnation pH Elec-
- trode, glass body Us Sia
: L 002 8102BN Same as above BNC
p 810300 Semimicro ROSS pH Eiec-
'?-: - 0.03 trode, glass body US Sd
< b= 0.04 8103BN Same as above BNC
- ":: 810400 ROSS Combination pH Elec-
< t , trode, glass body withrugged  °
. ::"": : bulb US Sid
] ' ; 8104BN Same as above BNC
"] - 0.18 ! 811500  Sermumicro ROSS Combination
. e 0.20 : pH Electrode. epoxy body UsS Sud
p - 0.25 1 8115BN Same as above BNC
J - 0.30
N F 040 813500 ROSS Combination Flat Sur-
1 L 080 face pH Electrode. epoxy
5 0.0 body US Std
104 = 0.70 8135BN Same as above BNC
N 815500 ROSS Combination pH Elec-
trode, epoxy body with butb
Figure 7 guarg US Std
Typical Sodium Error Observed st pH > 12
815600 Same as above BNC
Example: . 816300 ROSS Combination Spear-tip
pH reading 12.10 pH Electrode. glass body US Sid
Sodium wration 0.5N 81638BN Same as above BNC

816600 ROSS Combination pH Elec-

. ]
Tempergture 50°C l trode. sleeve reference junc-
Correction 0.01 i ton, glass body Us Sid
Corrected pH reading 12.11 :' 8166BN Same as above BNC
{




Accessories
Cat. No. Description .
810002  pH Solutions Bulk Pack for use with ROSS pH

810003

810007

910001
910004
910007
910009
910104
910107
910110

Electrodes. Contains: two 50 mi botties ROSS
pH Electrode internal Filing Solution, one 475
mi bottle of Electrode Storage Solution, four
475 mi bottles of pH 7.00 Bulter, four 475 m!
botties of 10.01 Bufter. three flip-top spout dis-
pensers, and insiruction sheet

pH Solutions Bulk Pack for use with ROSS pH
Electrodes. Contains: two 50 ml bottles of
ROSS pH Electrode Internal Filing Solution,
one 475 mi bottle of Electrode Storage Solu-
tion, four 475 mi botties of 7.00 Butfer. tour
475 mi botties of 4.01 Buffer, three fiip-top
spout dispensers, and instruction sheet

ROSS Internai Filing Solution, 3M KCI, five
S0 mi botties

pH Electrode Storage Solution, 475 mi
pH 4 Buffer Packets, box of 25

pH 7 Buffer Packets. box of 25

pH 9 Bufter Packets, box of 25

pH 4.01 Buffer, 475 ml

pH 7 00 Buffer. 475 mi

pH 10.01 Butfer, 475 ml

16
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Length
Electrode” (exciuding cap) Diameter
8005 = - 120 mm 12 mm
8101 120 mm 12 mm
8102 120 mm 12 mm
8103 165 mm 6 mm
81-04 120 mm 12 mm
81-15 165 mm 6 mm
81-35 120 mm 12 mm
81-55 120 mm 12 mm
81-56 120 mm 12 mm
81-63 110 mm 5 mm (up)
8166 120 mm 12 mm

* ROSS Electrodes operate in a 0-100°C temperature
range, 0-14 pH range

Isopotential points are atpH 7 Standard cap diameters
are 16 mm and cap lengths are 30 mm

17




APPENDIX 4.4

DISSOLVED OXYGEN METER
YSI MODEL S7

00201/28



~ INSTRUMcNT BATTERIES .1
| The insirument battenes are two “C" size carbon-zinc cells locsted inside the

mstrument on the meter end These should be replaced when the RED LINE

knob g at its entreme adyustment or at lgast annually The amount of remaining 'NSTR UCT'ON MAN UAL
adusiment 15 an ndicstion of the battery condition The battenes are replaced

by removing the screws on the rear cover of the instrument and removing the YS' MODEL 57

two battenes st the end of the instrument near the meter When installing the

new batteries the plus { +) end fhits Into the red washer on the battery hoider DlSSOLVED OXYGEN METER

b

bl

L j 1 DISPOSABI €
OPLIUNA NI CAD RECHARGEABLE ¢ ARBON IINC
SUBMEASIBIE STIRAEA BATTERIES INSTRUMENT

BALIERIES
FIGURE 11

WARRANTY AND REPAIR

AN YSI products cary 8 one-year warranty on workmanship and parts. ex-
clusive of battenes. Damege through accident. misuse. or tampering will be
repaired at 8 nominal charge. it possible. when tha item s returned to the factory
of 10 an suthonzed YS| desler.

If you are expenencing ditficulty with any YSI product it may be returned for
repar. even f the warnanty has expued YSI mamiains complete facihties for
prompt servicing for alt YSI products

SEAVICE DEPARTMENT

YELLOW SPRINGS INSTRUMENT CO . INC
PO 80X 279

YELLOW SPRINGS OHIO 45387 US A
PHONE (513) 767 7241

TELEX 20.-5437

- =
.

HHHH sclentitic D 1..0n
Y FE Yellow Springs instrument Co., inc.
Hopgt]  Yellow Springs, Ohio 45387 - Phone 513-787-7241 « Tesex 20-5437

ITEM OUS003 P/ ACRYIGR (P Y B!

PRICE INCLUDING HANDLING 86 00
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SUMMAL. OF OPERATING INSTRUCTIONS TABLE OF CONTENTS
1. CALIBRATION
A. Switch instrument to OFF and adjust meter mechamnical zero
8. Switch 10 RED LINE and adjust. Page
C. Prepate probe for operation. plug nto instrument. wait up to 15 minutes GENERAL DESCRIPTION o T
for prabe 10 stabwhize Probe can be located wn cakbiation chamber (see -
struction manual) or ambeent ais.
D. Switch 10 ZERO and edjust. SPECIFICATIONS
E Adjust SALINITY knob 10 FRESH. I instrument : x . L 2
F. Swntch 10 TEMP asnd read. ]} Probe . . o B
G. Use piobe temperature and true local stmospheric pressure (or feet above "W Accessornes and Replacement Parts . 3

08 lovel) 10 determne correct calibsation values from Table | and II. (See
pages 13 and 14).

OXYGEN PROBES AND EQUIPMENT
EXAMPLE: Probe temperatwre = 21°C; Altude = 1000 feet. From QUIPMEN

Table | the calibration value for 21°C is 8.9 mg/l. From Table Il the ' | ¥SI573900 Probe : e
sititude factor for 1000 feet 1s approximately .96. The correct calibration It YSI5720A 80 D Bottle Probe o e 1
value is. . W YSI5750800 BotleProbe . ... .. . . A J
H. Swrtch m.:z“o““'“":l 96 factor = s'rs'“:/"o 0.20 st with ! IV Cable Adpatars . o e e 7
. Switch 10 oxygen range 0-5, 0-10. or O- wit
cabbrate control adjust meter 10 Correct cabbwation value determined in V  YSI §791A and 5795A Submersible Stirers .. ... . A |
Step G. VI YSI15721 Battery Pack
NOTE: {1 is deswable to calkibrate probe in & tugh hunudity enveonment.
.'S: " mmmmmmuw for more detail on cakibration and other nstrument OPERATING PROCEDURES
p actenstics. i Prepanng tha Probe . . L 8
2. MEASUREMENT * n Prepanng the Instrument . . o . .10
A. Adjust the SALINITY knob to the salinty of the sample. i Calibiation . . . o 10
8 :o:)o“mo piobe and stirer in the sample and switch the STIRRER control W Dissolved Oxygen Measurement . _ _ . s
C. When the meter has stabilized swilch 10 the approgpriate renge and read v Calibration Tables : : e 13
DO vi High Sensitivity Membrane . L I |
D. We recommend the instrument be left on between measurements 10 avoid VH  Recorder Output _ 15
necessity for repolannng the probe.
3. GENERAL CARE DISCUSSION OF MEASUREMENT ERRORS . ) . .18
A. Replace the instrument batteries when unable to adjust to red line. Use {2)
Eveready No. 935 “C” mze or equivalent. INSTRUMENT CASE _ . . V7
8. in the BATT CHECK position the voltage of the stirer batteries is displayed
on the red 0- 10 scale. Do not discharge below 8.0 Voits. Recharge for 14-
16 tws. with YSI No. 56728 charger. INSTRUMENT BATTERIES 18
C. Membiane will last indefinitely. depending on usage. Average replace-
ment is 2-4 weeks. Probe should be stored in humid snvsonment 1o pre- . WARRANTY AND REPAIR . . 18
vent drying out.

D. Calibrate daily.
aie Garly SCHEMATIC DIAGRAM . CENTER SPREAD




GENERA. OESCRIPTION

The YSI Model 67 Dissolved Oxygen Meter 1s intended for dissolved oxygen
and temperature messwement in water and wastewater apphications. but 1s also
surtable for use in certain other iqunis Dissolved Oxygen is indicated in mg/|
(rrwlsgrams per Wter) on 0-5. 0-10 anu U 20 mg/1 scales Temperature is indicated
n °C on a-5° 10 +45°C scale The dissolved oxygen ranges are automatically
temperature compensated for solubility ol oxygen n water and permeabuhty of
the probe membrane. and manually salinity compensated

The piobes use Clark type membrane covered polarographic sensors with
buit in thermistors for 1emperature measurement and compensation A thin,
permeable membrane stretched over the sensor 1solates the sensor elements
from the environment. but allows oxygen and certain other gases to enter When
8 polaruzmng voltage 1s apphed across the sensor. onygen that has passed through
the membrane reacts at the cathode. causing a cuirent 10 flow

The membrane passes oxygen at 8 rate proportional to the pressure difference
actoss it Since oxygen 1s rapidly consumed a8t the cathode. it can be assumed
that the oxygen pressuie nside the membrane is zer0 Hence. the force causing
the oxygen to diffuse thwvough the membrane is proportional 10 the absolute
pressure ol onygen outside the membiane If the onygen pressure increases,
mote oxygen diffuses thiough the membrane and more current flows through the
sensoi A lower pressure results in less cuirent

SPECIFICATIONS

1. Instrument

Oxnygen Measurement

Ranges. 0-5. 0-10 and 0-20 mg/1 (0-25. 0-5 and 0-10 mg/I with YSI
5776 High Sensiivity Membrane)

Accuracy + 1% of full scale st cahbration temperature (£0.1 mg/lon0-10
scale). or 0 1 mg/| (whichever is larger)

Readsbiity 025 mg/l on 06 scale. .05 ...,/1 on 010 scale. 0.1 mg/I
on 0-20 scale

Tomperature Measurement

Range -5° 10 +45°C

Accuracy 10 5°C plus probe which s 10 1°C
Readatwiny 0.25°C

Temperature Compensation

1 1% of D O reatng lor messurements made within £5°C ol caibsation
temperature

1 3% of D O reading over entwe range of -5 10 +45°C probe temperature.

System Response Time

Typical respunse lor temperature and D O readings s 90% n 10 seconds
a1 a constamt temperature of 30°C with YSI 5775 Membianes DO

response at low temperatuse and low D O s typically 90% in 30 seconds

YS1 5776 High Sensitivity Membranes can be used 1o impiove response at
low temperature and low D O concentiations if response ime under any
opetating conditions exceeds two minutes, piobe service is indicated

8  ————

Operating Temperature Range

lnstrument and probe operating range 15 5° 10 +45°C Large ambrenmt
lemperature changes will result in 2% loss of accuracy unless Red Line and
Zero are resat

Recorder Output

010 114 136 mV Recorder should have 50 000 ohms mimmum input im
pedance

Power Supply

The YSI Model 57 s powered by two disposable "C~ size carbon ninc
banenes (Eveready 935C or equal) providing approximately 1000 hour
operation
Probe 1
Cathode Gold
Anode Silver
Membrane 001" FEP Teflon
(0005 FEP Teflon availablel
Electrolyte Hall saturated KCI
Temperatuie Compensation (See SPECIFICATIONS. | Instrument)
Piessure Compensation Effective 1/2% of reading with pressures to 100
pst 1230 i sea water)
Polanzing Voltage 0 B volts nominal
Probe Current  Ai at 30°C = 19 mucroamps nominal
Nirogen at 30°C = 15 microamps or less

Accessories and Replacement Parts

YS1 5720A — Self Stuning BOD Boitle Probe

YSI15750 © Non Surnng BOD Bottle Probe

YSI15739 - Oxygen Temperature Piobe lor held use Combine with one ol
the following 4 cables for desired lead length

Detachable leads lor use with YSI 5739

YS! 5740- 10 10" Cable
YSi 5740- 25 25 Cable
YSI 6740 50 50 Cable
YSi 5740 100 100" Cable
YS! 5740 150 150 Cabie
YSI 5740 200 200 Cable

YSI 572 — Battery and charger pack opesates YSI 5791A and 5795A
Submersible Strrers

YS15791A - Submersible Surrer for held use

YS15795A - Submersible Surrer

YSl 5076A — Calibvation Chamber for use with field probe,

YS5t5890 Carrying Case

YS15775 Membrane and KCI Ki. Standard — includes 2 each 15
membrane packets { 001 thick standard membranes) and a
30 ml bottle KCI with Kodak photo flo

YSI5776 Membrane and KCI Kit High Sensitwity - includes 2 each

15 membrane packets { 0005 thick membranes) and a 30 mi
botile KCI with Kodak photo flo

YSI 5680 — Probe Reconditioning Kt




YS) 5945 — “O" Ring Pack — includes (8) “O" rings for each YS! DO Probe

YSI 5486 — Beater Boot Kit — includes (1) A-05488 Boot. (1) A-05484
Tip. (2) A-05485 Spnng. Used only on 5720A end discon-
tinued 6420A.

YSI 5988 — Disphragm Kit for use only with YS) §739 DO Probe

YS1 5735 — Adeptor makes it possible to use YSi §739. YSi 5720A and
YSI 5750 Probes with discontinued YS) Modeis 51A, 54RC
and 54BP

OXYGEN PROBES AND EQUIPMENT

There are three oxygen probes for use with the YSI Model 57 Dissolved
Oxygen Meters Descnptions of where they sre used are contaned n the follow-
ng paragiaphs.

1. Y81 6738 D.O. Probe

The YSI 6738 probe is designed for use with the 5740 detachable cabla and
replaces the discontinued YSI 5418, 5419. 6718 and 5719 probes (See Figure
1

For user conveniencs the probe is equipped with a disconnacting cable to
facilitate changing cable lengths and replacing damaeged cables or probes The
probe snd cable sssembly is heid together with » threaded retsiming nut The
connection 18 not designed for casual disconnection and should only be dis-
connected when NOCesssry.
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To disconnect the cable unscrew the retaiming nut snd shde 1t down the cabl
10 expose the connector Pull gently on the cable and connector untd the conned
tor comes away from the piobe body.

To reassemble. inspect the connector and 0" ning for cleanliness If the “q
nng is lrayed or damaged remove 1t by squeezing 1t in the groove causing 1t {
bulge. then roll 1t out of the groove and off the connector A replacement 'O " nin
13 supphied with the cable

Push the connectos into the probe body. rotating it until the two halves mat
A hght coating of vaseline or silicons grease on the "0 nng will mal
reasssembly easier Au trapped between the connector halves which may cauq
them 10 spnng apast shghitly, 1s normal Screw on the retamning nut. hand g
only NOTE U erratic readings are expenenced. disconnect the cable and inspe
for water If present. dry out and reconnect. replacing the "0 nng. if necessar

Pressure Compensation '

The vent on the sude of the probe is part of 8 unque pressure compensatin
system that helps assure accurate resdings at great depths of water Pressur
compensation is effective to 1/2% of reading with pressures to 100 psi (230
water) The quantity of air bubbles trapped under the membrane determines ho
senous the pressure eror will be. which 18 why proper preparation of the probe
essential (See OPERATING PROCEDURES ) The system 13 designed 10 accon]
modate a small amount ol 1rapped i and still function properly. but the amouwr
should be kept 10 8 mivimum

The compensating system normally does not require servicing and should ng
be 1aken apart Howaever. if electrolyte 1s lesking thwough the diaphragm or
there 13 an obvious puncture. the disptwvagm must be replaced A spare
supphed with the probe Using a comn unscrew the retaiming plug and remove th!
washer and the diaphragm. Hlush any salt crystals from the reservosr. install th
new diaphragm (convolution side in), replace the washer, and screw in the retain
ing plug

ii. Y81 8720A B.0.D. Bottle Probe

The YSI 5720A 8 0.D. Bottle Probe replaces the discontinued YSI 5420
8.0.0. Bottle Probe for measurnng dissolved oxygen and tempetature in standar.
B.0.D bottles It is provided with an agnator for stirring the sample solutu
availsble 1n models for 117VAC (95-135VAC, 8060 Hz) or 230VAC (190
260VAC. 50-60 Hz) operation (See Figure 2)

When using the probe. plug the agitator power supply mto ine power and th
probe plug nto the mstrument With the agitator turned oft place the tapere:
probe end nto the 8 O D bottle and switch agetator "ON"" with switch on top ¢
probe. The probe should be operated with 8 mimmum of trapped air inthe B O O
bottie A shght amount of s in the unstiried region at the 10p of the bottle ma
be neglected. but no bubbies should be around the thermisior or oxygen sensor

Stirrer Boot

The probe used » flexible stirring boot to transmit motwon from the sealed
motor housing 1o the sample Il the boot shows signs of cracking or other
demage likely to allow ieaking nto the motor housing. the bool must be
replaced

In fresh water apphcations boot hfe 1s normally several years. but this may be
shortened by exposure to hydrocarbons. moderate to strong acids or bases



). Preparing the Instrument
{1 is important that the nstrument be placed in the intended operating position
vertical. uhted. of on its back -~ before it 18 prepared lor use and calitiated (See
Figure 7) Readjustment may be necessary when the instrument operating posi-
ton 18 changed Aher prepanng the probe proceed as follows
1. With switch in the OFF position. adjust the meter pointer to Zero with the
sciew in the center of the meter panel Readjustment may be necessary f
the instrument position i1s changed
2 Swatch 10 RED LINE and adjust the RED LINE knob until the meter needle
shgns with the red mark st the 31°C positon
3 Swiich 1o ZERO and adjust to 2er0 with zero control knob
4 Attach the prepared probe to the PROBE connector of the instrument and
adjust the retainng ring finger tight
5 Before calibrating aliow 15 minutes for optimum probe stabilization
Repolsnize whenever the insttument has been OFF or the probe has been
disconnected.

[T

FIGURE 7

1. Calibration
The operator has » choice of three calibration methods — Winkler Titration,

Saturated Water. and An Expenience has shown that air cahibration 13 quite

rehable. yot far simpler than the other two methods The thiee methods are

desciibed 1n the following paragraphs

Winkler Titration

1. Draw 8 volume of water from a common source and carefully divide into four
sampiles. Determina the oxygen in three samples using the Winkler Tiiration
technique and average the three values. If one of the values differs from the
other 2 by more than 0.5 mg/i. discard that value and average the ramaining
two.

2 Place the probe in the fourth sample and str

3 Set the SALINITY control to zero or the appropnale salinity value of the sam-
ple

4 Swiich to desired mg/) range and adjust the CALIBRATION control 1o the
average value determined in Step | Allow the probe (o remain i the sample
for at least two minutes before setting the calibration value. and leave in the
sample for an additional 2 minutes 1o venfy stability Readjust if necessary

Saturated Water

1 Au saturate a volume of weater {300-500cc) by serating or stunng for at le
15 minutes at 8 relatively constant temperature

2. Place the prabe in the sample and sty Switch to TEMPERATURE Rele
Calibration Table | for the mg/| value corresponding to the temperature

3 Determine local attitude of the true” atmospheric pressure (note that
atmosphenc pressure 1s as read on » mercuty barometer Weather ij
reporting of atmospheric pressure i1s corrected 10 sea level) Using Tabig
determine the correct facior lor your pressure of alutude

4. Multiply the mg/1 value from Table | by the correction factor from Table |
determine the corrected cakibration value for your conditions.

EXAMPLE Assume tempersture = 21°C and sltitude = 1000 feet F1
Table | the caiibration value for 21°C 13 89 mg/t Fiom Tabl
the correction factor for 1000 feet 3 sbout 0 96 The correc
cahbration value 1s 8 9 mg/l X 096 = 8 54 mg/l.

5. Switch 10 an appropriate mg/i range. set the SALINITY knob 10 zer0. and
just the CALIBRATE knob while sturning unti the meter reads the correc
calibrstion vaiue from Step 4 Leave the probe in the sample for two minu
to venty calibration stability. Readjust if necessary.

Air Calibration

1 Place the probe in moist s BOD probes can be placed in partially filled (4
mL) BOD botties Other probes can be placed i the YSI 5075A Cahbrat
Chamber (refer to the following section describing calibration chamber)
the small storage bottle (the one with the hole in the bottom) along with
few drops of water The probe can aiso be wrapped loosely in a damp clot
taking care the cloth does not touch the membrane Wait approxmimately |
minutes for temperature stabiization.

2 Swich 10 TEMPERATURE and read Refes 10 Table | — Solubility of Oxyg
n Fresh Water, and determine calibratvon value

Determine altitude or atmosphernc correction factor from Table |l

4 Muluply the calibration value from Table | by the correction lactor from T ar
H
EXAMPLE: Assume temperature = 21°C and aititude = 1000 feet Fic
Tabile | the calibration value for 21°C 13 8 9 mg/I From Tabie
the correction factor for 1000 feet 13 sbout 0 96 Therefore 1
corrected calibration velue is 8 9 mg/l X 096 = 8 54 mg/|

5. Swilch to the appropriate mg/| range. set the SALINITY knob to zero and a
just the CALIBRATE knob untii the meter reads the correct calibration val
from Step 4 Wait two minutes to venfy cahbration stabihity Readjusi
necessary. .

The probe i3 now cahbrated and should hold this calibration value lor mar
measurements Calitvation can be disturbed by physical shock. touching 1t
membrane. ot drying out of the electrolyte Check calibranon alter each series «
measurements and in ime you will develop a realistic schedule 1or recalibratio
For besli results when not in use lollow the siorage procedures recommended e
the vanous probes described under OXYGEN PROBES AND EQUIPMENT 1h.
will reduce diying out and the need to change membranas
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Calibration Chamber

The YSI 8076A Calibration Chamber is an sccessory that helps obtain op-
timum cahbration in the field end 18 also & useful 100! for measurning at shallow
depths (less than 4').

As shown in Figure (A). it consists of a 4-1/2 foot stainless steel tube (1) at-
tached to the calibration chamber {2), the measuring ring (3}, and two stoppers
(4) and (85).

For calibration. insert the solid stopper (4} in the bottom of the cahbration
chamber (2) Push the oxygen probe {6) through the hollow stopper (5) as
shown in Figure (B). Place the probe in the measurning ning. Fiqure (C). and im-
merse the probe in the sample 10 be measured for five mu..:wus to thermally
oquilibrate the probe Quickly transfer the probe to the cahibration chamber (5)
draining excess water from the chamber and shaking any excess droplets from
the probe membrane. For maximum accuracy. wet the inside of the calitwation
chamber with lresh water. This creates 8 100% relative humidity environment
for cahbration. Place the chamber in the sample for an additional five minutes
for finel thermal equilibrium. Calibrate the probe ss described in the ai-
cahbration procedure. Keep the handle sbove water st all times

After calibration, return the probe to the messurement ting for shaliow
messurements. Move the probe up end down, or horizontally, approximately one
foot s second winie measunng. In rapiudly flowing streams (greater than & /sec-
ond) nstall the probs n the messuiing ring with the pressure compensalting
diaphvagm towsrds the chamber.

V. Dissoived Onygen Measurement
With the insttument prepsied for use and the probe calibrated place the

probe wn the sample 10 be measured and provede stirrng

I Strang for the 5739 Probe can best be accomphished with 3 YSI submers:
ble stirrer Turn the STIRRER knob ON I the submarsible sturer 13 not used.
provide manusl stirning by rasing and lowenng the probe sbout 1 ft per sec:
ond W the 5075A Calibration Chamber 13 used. the entire chamber may be
moved up and down n the water at sbout 1 ft per second

2 The YSI 5720A has a built m power dnven surrer

3 With the YSI 5750 sample sirnng must be accomphshed by other means
such as with the use of a magnetic stiiing bar

4 Adjust the SALINITY knob 1o the sahnity ol the sample

5 Allow suflicient ume for probe 10 s1abslize 10 sample temperature and dis
solved oxygen Read dissolved onygen !

V Calibration Tables

Table | shows the amount of oxygen n mg/| that is dissolved in aw saturated
fresh water at seas level {760 mmHg atmospheric pressure) as tampersture vanes
from 0° 10 45°C. ’

Table | — Solubility of Oxygen in Fresh Water

Temperature mg/1 Dissolved Temperatws  mg/! Dissolved

bl Onygen °C Onygen
0 14 60 23 856
1 1419 24 840
2 1381 25 824
3 1344 268 809
4 1309 27 795
5 1275 28 78
() 1243 29 767
? 1212 30 7 54
8 1183 k]| 741
9 1155 32 728
10 1127 33 716
11 1101 34 708
12 1078 35 693
13 10 52 36 8 82
14 1029 az 87
15 1007 38 6861
16 985 39 651
17 9 65 40 641
18 945 4 8N
19 . 926 42 622
20 907 43 613
21 * 8 90 44 604
22 872 45 595

)
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Figure A Figure B Figure C

FIGURES

Source Dernved from 15th Edition “Standard Methods for the Examination of

Water and Wastewadler




Table (I shows the correction factor that should be used to cotrect the cahbre-
sion value lor the effects of stmosphenc pressure o sitiude Find true at-
mosphenc pressure i the left hand column and read across to the nght hand
column 10 determine the correction factor (Note that “true” atmosphenc
pressure is as read on 8 barometer Weather Buresu reporting of stmospheric
pressure 1s corrected 10 seal level ) If stmospheric pressure 18 unknown, the loces!
sititude may be substituted Select the aittude in the center column and read
ac108s 10 the nght hand column for the correction factor

Table | — Altitude Correction Factor

Atmospheric Presswre Equivalent Altitude Correction
mmHg Ft. Factor
776 540 102

760 o 100
748 542 98
730 1094 96
714 1688 94
099 2274 92
684 2864 20
669 3468 88
654 4082 86

638 4756 84
623 5403 82
608 8065 80
593 6744 78
578 7440 76
662 8204 74
547 8939 72
532 9694 70
517 10472 68
502 11273 66

Source: Derivad from 15th Edition “Standerd Matenals for the Examination of
Water and Wastewater.”

Vi. HIGH SENSITIVITY MEMBRANE

Use of ugh sensitivity 0005 membtwanes (YSI 5776) in place of standard
001" membranas (YS! 5775) when measurements are 10 be made consistently
st low temperatures (iess than 15°C] Calibration and readings will be made just
as o the standard YSI 5775 membrane was being used

The YSI 5776 High Sensitivity Membrane can also be used n certan
situations (0 iInCreass sensitity at temperatures sbove 15°C The ranges thus
become 0-2 5. 0-5 and 0- 10 mg/! When calibration with high sensitivity mem-
branes 1s attempted at tempesstures greater than 15°C the selector switch must
be set 10 0-20 mg/I. Multiply the calculsted calibration value by 2 For example
at 21°C and 1000 h altitude the calibration value would be 86 x 2 or 17 2
Remember the 0-5. 0-10 and 0-20 mg/l ranges are now 02 5. 0 5 and O 10
mg/1. and all mg/1 readings must be divided by 2 fuor a final reading When
operating 1n thus manner accuracy will be dearaded shyhtly

{

Vi RECORDER OUTPUT

Output at fult scale 15 114 to 136 mV

Use 8 50K or hugher input impedance 1ecorder and operste it with the ter
minals ungrounded

Many recorders have an adjustable full scale sensivity feature When using
this type. use the 100 mV range and adjust the full scale (span. range control
sensitivity. etc ] contiol ta give full scale chart deflection with full scale oxyger|
meter deflection Refer 10 the recorder instructions For recorders without th
feature. a ssmple driver network as shown below can be constiucted This o
adequate 10 adyust the signal for lull scale chart and meter deflection on the 104
mV tixed range recorders

FIGURE 9

Recorder Output Plug
The YSI Model 57 1s supplied with the necessary parts 10 consiruct 3 wates
proof recorder plug for the YSI Model 57 Dissolved Onygen Meter The cable an
potting matenals are not included (See Figure 10)
General purpose spoxy potting matenats ol medium viscosity and moderat
cure (ate are recommended The two tube kits available in hardware stores ar
satisfactory
1 Prepare the cable end by stripping back 3/18° (5MM) of insulation Tin th
ends with rosin core solder. If polanty i1s important pin A" s the (+) termina
2 Disassembie the connector preces and shde the mold. 1ing. extension. an
coupling nut over the cable Solder the leads t0 the appropriate connectc
mns with rosin core solder.

3 Check sH connections. The two leads should show slectrical continuty 10 th
pins and should not contact the body or each other

4. Re-sssemblie the preces and hold the connector upnght Pour the epoxy m
into the plastic molkd until full Refil as the epony setties.

5 After the epony cures the plastic mold may be removed with phers o knife

ferien
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FIGURE 10



DISCUSSION OF MEASUREMENT ERRONS

There ere three basic types of efrors which can occur Type | errors sre related
1 Imitstions of the instrument design and tolerances of the instrument com.
ponents. Thase are chiefly the meter kinearity and resistor tolerences Type I
ervors are due to basic probe eccurecy tolerences. chiefly background signal.
probe linesrity, end veristions in membrane temperature costficient Type I
orrors are related to the operstor’s abslity to determine the conditions at the time
of celibration. if calibration is performed agemnst more accurstely known con-
ditions. Type (Il errors are appropriately reduced.

individual Sources of Errer

This description of sources of error can be used to sttach s confidence to any
particular reading of dissolved oxygen. The particular exampie given s for 8 near
extreme seot of conditions. As 8 generality. overall error is dimwished when the
probe and mstrument are calibrated under conditions of temperature and dis-
solved oxygen which clossly match the sample tempersture and dissolved ox-
ygen.

Typo |

A. I3 the efror due 10 the melter linesrity.
Eror = £ 1% of full scale of the messurement range.

8. is the etror due 10 tWlerances in the instrument when transfernng » reading
from one renge 10 another.
Error = £ 1% of the meter reading il the reading is taken on & range one
renge sway from the calibration rengs.
Emor = £ 2% of the meter reading if the reading is taken On & range two
ranges sway from the celibration range.

C. s the error dus 10 the design and companents of the instrument salnity com-
PONRStion Circuit.
Error = 12 6% of the meter reeding X sample sslinity ppt

40 ppt salwuty

Type
A. errors sre due to probe bockw“o':/m current
meter reading | .

Erme = 0.6%\  1-Colib value ) X calib. vaiue. mg/!

8. errors are due t0 the probe non-linesnty
Emor = 0.3% of reading

C. error is coused by varisbility in the probe membrane temperature coefficient.
Error = zero if readings are taken st the cahbration tempersture.
Error = & 1% of meter reading if readings sre taken with 5°C of the calibra-
tion temparature.
€ror = £ 3% of meter resding all other conditions.

Type 1)

A. errors sre due to the accurscy of the instrument thermometer when used to
messure the exact probe temperature dunng cehbration
Error = 41 6% of reading.

B. errors are due to the assumption of mean, barometnc pressure.
Daily variation i1s ususily less than 1 7%
Error = 11 7% of resding

A

i

C ofrofs assume an abikty 10 sstumate siitude (0 within £ 500 fit when com
puing the altitude corection factor.
Error = 1 8% of reading

D. eirors consuder the possibility of only 50% relative humudity when cakbiating
the probe M the actudl relative humidity 13 SO% instead of 100% the etrors
will be as follows

Calibration Temperatwee + C Eveor in Percent of Reading

(4] 03
10 () 08
20 () 118
30 )2 n
40 {-) 360

t

]

Example of a Typical Error Calculation
The example given presumes the aw cabbration techruque If canbration s
done with aw saturated water. the relative hunudity considetation (Il D) s
ehmmnated i the Winkler calitvation method 18 used Type IH enors are deleted
and replaced by the uncertamnty atinbutable (0 the overall V. kiler determination
Data. Instrument cahibrated st 25°C, elevation estimated at 2000 feet £ 500
faet. normal barometnc pressure presumed, calibrated on 0- 10 mg/i scale
at 7 8 mg/l. Readings tsken on 0-5 mg/| range at 4 5 mg/|, temperature
20°C. Salimty of 20 ppt.

Type Description Calculations Error mg/l
IA  Lineanty = 01x45mg/l 045
18 Range Change = O01x45mg/ 045

20 ppt

IC  Sabnity = 025 x4 5mg/l x 40 ppt 056
A  Probe Background = 005 x (1 -‘7——%:: :)u 78mg/l 016
11IB  Probe Linearity = 003 x45mg/l 014
IIC Temp Compensation = 0Oix4S5mg/t* 045
WA Temp Messurement = 015x45mg/l 068
B Pressure = 017x45mg/l 076
NC  Altitude = 018x45mg/ o8
Mo RH. = 016x45mg/ 072

Maximum Possible Essor = 518 mg/)
Probabile Error + 259

Consiudering a statistical treatment of the probable error st any ime for any in.
strument, it is hkely that the actual error In any measwremant will be about 1/2 of
the possible error In this case the probable error s sbout £ 26 mg/1 out of a
reading of 4.5 mg/l or 5 8% of the reading

INSTRUMENT CASE

The wstrument case 13 water resistant when properly closed As a precaution
against damaged gaskets or loose hitiings. the instrument case should be opened
and inspected for moisture whenever the instrument has been subjecied to \m.
mersion ofr heavy spray The instrument case 1s opened by removing the screws
on the (ear cover and hfting the cover off




INSTRUMuNT BATTERIES
The instrument batternes are two “"C size carbon-zinc cells located nside the

natrument on the meter end These should be replaced when the RED LINE

knob 13 51 iis extreme adyustment or at least annually The amount of remaining 'NSTR UCT'ON MAN UAL
adjustment 18 an ndcation of the battery condition The battenes are replaced

by removing the screws on the rear cover of the instrument and removing the YS' MO DEI. 57
wo batienes a1 the end of the mistrument nea:r the meter When instaling the

new batternies the plus (+) end his o the red washer on the battery holder DlSSOLVED OXYGEN METER

{See Figure 11)
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FIGURE 11
WARRANTY AND REPAIR

AN YSI products cairy 8 one-year warranty on workmanship and parts. ex-
cluswve of battenres Damage through sccident. misuse, of tampenng will be
repeired 81 » nominal charge. if possible. when the item is returned 1o the factory
or 10 an authorized YSI desler.

it you sre expenencing difficulty with any YS) pioduct. 1 may be returned lor
repair. even if the warnanty has expwred YSI maintains complete facihes for
prompt servicing for all YSI products

SERVICE DEPARTMENT

YELLOW SPRINGS INSTRUMENT CO . INC
PO 8OX 279

YELLOW SPRINGS OHIO 45387 USA
PHONE (513) 767 7241

TELEX 20-5437

HIHH sclensiic Division
. ﬁ-: Yellow Springs instrument Co., inc.
EE 3 11| Yellow Springs, Ohio 45387 - Phone $13-767-7241 + Tetex 206437

1TEMOS003 P ADSII0R  EP v/87
18 PRICE INCLUDING HANDLING &8 0N




PACKING LIST
MODEL 5739
OXYGEN TEMPERATURE PROBE

QUANTITY ITEM DESCRIPTION
1 ea. 5739 Oxygen Probe
1 ea. 5775 Membrane KCL Kit
1 ea. Air Sampler (Bottle)
1 ea. Label, Caution
1 ea. Pressure Diaphragm
1 ea. 0-ring Pack

Scientific Division
Yellow Springs lnstrument Co., Inc.
Yellow Springs, Ohio 45387 - Phone 513-767-7241
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YSI MODEL 57 iiIBCKDI!IIEJQ ouTPUT PLUG
INSTRUCTIONS

S
DESCRIPTION

This kit contains the necessary parts to construct a waterproof
recorder plug for the YSI Model 57 Dissolved Oxygen Meter. The
cable and potting materials are not included.

POTTING MATERIALS

General purpose epoxy potting materials of medium viscosity and
moderate cure rate are recommended. The two-tube kits available
in hardware stores are satisfactory.

ASSEMBLY

1. Prepare the cable end by stripping back 3/16" (5 mm) of
insulation. Tin the ends with rosin core solder. If polarity is
important, pin A is the positive (+) terminal.

2. Disassemble the connector pieces and slide the mold, ring,
extension and coupling nut over the cable. Sclder the leads to
the appropriate connector pins with rosin core solder.

IRON

TERMINAL

lg" 2

SOLDER

MOLD RING EXTENSION NUT BODY
INDEX FINGER

3. Check all connections. The two leads should show electrical
continuity to the pins and should not contact the body or each

other.

4. Assemble the PpPieces, screwing all parts t@ght. Force the
plastic mold onto the ring. Align the mold with the qable t 1]
that the cable exits as shown in the sketch. Use adhesive tape

to hold the mold firmly in place.

5. Pour eposy mix into the mold through the cable opening.
Refill as the epoXYy settles. For viscous epoxies, the cable
opening can be enlarged by cutting.

ﬂ

Scientific Division
\UwawmmuwmmnmCo“t
~VE8T] Yellow Springs, Ohio 45387 USA * PhunSl:l'Inthcbxm

Item 000911 Part A57700 A May 1587 EP
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YSI 5700 SERIES DISSOLVED OXYGEN PROBES

The probes described in these instructions are designed for
direct use with YSI Models 518, S4APB, S4ARC, 58, 57 and 58
Dissolved Oxygen Meters. The probes can aiso be used with
discontinued YSi Models 5tA. 54BP and 54RC Dissoived
Oxygen Meters when the YSI 5735 Cable Adaptor is empioyed.

PRINCIPLES OF OPERATION

YSI S700 Series Probes are polarographic sensors. A thin
permeable membrane stretched over the sensor isolates the
slectrodes from the environment, but allows oxygen and cer-
tain other gasses to enter. When a polanzing voitage is applied
across the sensor. oxygen that has passad through the mem-
brane reacts at the cathode, causing a current 1o flow.

The membrane passes oxygen at a rate proportional to the
difference across it in partial pressure of oxygen. Since oxygen
is rapidly consumed at the cathode. it can be assumed that the
oxygen pressure under the membrane is zero. Hence, the force
causing the oxygen to diffuse through the membrane is propor-
tional to the partial pressure of oxygen outside the membrane.
As the oxygen partial pressure varies, both the oxygen diffusion
through the membrane and the probe current will change

proporuonally.

SPECIFICATIONS
Cathode: Gold
Anode: Siiver
Membrane: .001"" FEP Teflon
Electroiyte: Halt saturated KCi
Temperature Range: -5° to 45°C
159 to 35° C for the 5760 probe
Thermistor Accuracy: :0.1°C
+0.20C for the 57680 probe
Temperature Compensation: (see instrument specifications)
Polanzing Voitage: 0.8 Voits (nominal)
Probe Current in Air a1 30°C: 19 microamps (nominal)
in Nitrogen at 309C: 0.15 microamps o iess
Response Time: Typical response for dissoived
oxygen, using standard membranes, is 909 in 10
seconds at a constant temperature of 30°C.
Response at low dissoived oxygen leveis is typically
90% in 30 seconds.

ACCESSORIES AND REPLACEMENT PARTS

YS| 5492A Battery Pack for Modeis 518 and 54A (Powers the
submersibie stirrers, and can power the 5780 when
used with the 5781 Adaptor Cabie)

YSI 5735 Cable Adaptor (Mates 5700 Series probes with
discontinued YS! Models 51A, S4BP and 54RC
Dissoived Oxygen Meters)

Accessories for the 5720A, 5739 and 5730

YS| 5880  Probe Reconditioning Kit. Includes a sanding ool
and ten adhesive disks.

YSI 5§77  Membrane and KC! Kit, Standard. Includes two 15-
membrane packets (001" thick standard FEP
membranes) and a 30 mi bottie of KCI with Kodak
Photo Flo.

YSI 5778  Membrane and KC! Kit, High Sensitivity. includes
two 15-mermbrane packets (0005" thick FEP Tefion
membranes) and a 30 mi bottie of KC! with Kodak
Photo Flo. Used for measurements beiow 150C
and/or for low oxygen leveis

YSI 5845  O-ring pack (Contains repiacement sensor O-rings)

Accessories for the 5720A Onfy

 YS| 5488  Stirrer Boot Assembly

Accessories for the 5739 Only

YSI 507SA Calibration Chamber
YSi 5986 Diaphragm Kit

YS! 5§740-10 cetachabig 10' cable
YSI §5740-25 detachabie 25° cable
YS| 5740-50 detachable 50' cable
YS! 5§740-100 detachable 100’ cable
YS| §740-150 detachabie 150’ cable
YS| §740-200 detachabie 200’ cable

YS| 5795A Submersible Stirrer with 50' combined probe and
stirrer cable

Accessories for the 5760 Only

YSI 5761  Battery Adaptor Cable (Used with Y=" .iodels 57
and 58 only.) When used in conjunction with the
YS| 5492A, it is aiso applicable 0 YSI Models
518 and 54A.

Membrane Assemblies and KCI Kit, pius replace-
ment sensor body O-ring.

YSi 5764

YS! §720A B.0.D. BOTTLE PROBE
The 5720A bottie probe (Figure 1) is used for measuring dissolved

oxygen in standard B8.0.D. botties. It is provided with a stirrer
powered by a DC supply available for 115 or 230 VAC input.

To use the 5720A, piug the stirrer power supply into line power
and the probe plug in the instrument. With the stirrer off, place
the tapered probe end into the B.O.D. bottie and turn on the stir-
rer. The probe should be operated with a minimum of trapped
air in the bottie. A slight amount of air in the unstirred region
at the top may be negiected, but no bubble should be permitted
around the sensor. CAUTION: The motor housing is not water-
proof. do not submerge this probe beyond the part that is inserted
imo a BO.D. bottie.

STIRRER BOOT (YS! 5488)

The 5720A uses a flexible stirring boot to transmit motion from
the motor housing 10 the sample. if the boot shows signs of crack-
ing or other damage liable to allow leakage into the motor hous-
ing, it must be repiaced. Boot life may be shortened by exposure
o hydrocarbons, moderate to strong acids or bases, ozone. of
direct sunlight. For maximum life, rinse the boot after each use.
Boots are repiaced as follows:

1. Pull off the oid assembly and clean the stir rod housing.

2. Slide on the new assembtly, making sure the back spring is
over the grooved area of the stir rod housing. A drop of alcohol
will aid installation by providing lubrication.

3 Do not permit the stir rod o press against the end of the stir-
rer boot tip or it will bind.
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Figure 1. The YS! 5720A Probe

YS! §739 DISSOLVED OXYGEN PROBE

The 5739 probe system consists of the probe body pius a
detachable cabie {see Figure 2). The detachabie cabie 1s a con-
venience feature that facilitates changing cable lengths and
replacing damaged cables or probes. The probe and cable
assembiy is held together with a threaded retainer. The assembly
is not intended for casual disconnection; cable and probe should
be separated only when necessary.

To detach the cable, unscrew the retainer and slide it down
the cable to expose the connector. Pull gently on the connector
until it comes away from the probe body. if the O-ring is frayed
or damaged, replace it: a replacement O-ring is supplied with
each 5740 cable. Reassemblie by pushing the connector into
the probe body. rotating it until the two halves mate. A light
coating of silicone grease on the O-ring will make reassembly
easier. Be sure the connector is dry; otherwise, erratic readings
may result. Screw on the retainer finger-tight only.

PRESSURE COMPENSATION

The 5739 probe has a unique pressure compensating systerr
that helps assure accurate readings at great depths. Pressure
compensation is effective 10 2% of reading with pressures ug
to 100 ps: (230 teet of water). The compensating system does
not normally require service and should not be taken aparn
However, if electroiyte is leaking through the diaphragm. or it
there i1s an obvious puncture, the diaphragm must be replaced
A spare is supplied with the probe. Use a coin 10 unscrew the
retaining plug and remove the washer and diaphragm. With
distilled water, flush any sait crystals from the reservoir, instail
a new diaphragm if necessary (flat side out), repiace the washer
ang securely screw in the retaining piug.

YS! 5750 B.0.D. BOTTLE PROBE

The 5750 (Figure 3) is similar to the S720A except that it does
not have a stirrer. Agitation of the sample must be provided by
other means, such as a magnetic strrer.

«~CONNECTOR
ING

—~PROBE BOOY

[DIAPHRAGM
| JVASHER

~RETAINING PLUG
MEMBRANE é

/& ~ MEMBRANE O-RING
/4
”

/\ssnson GUARD

Figurs 2. The Y8I 5739 Probe

Figure 3. The YSI 5750 Probe

YS! 5760 B.0.D. BOTTLE PROBE

The 5760 probe (Figure 4) combines the stirrer and sensor in
a single unit. The stirrer is powered by a constant voitage DC
supply which is provided for either 115 or 230 VAC input as
specified. Aternatively, the stirrer may be operated by instru-
ment or by battery pack power when used with the 5761 Bat-
tery Adaptor Cable. The 5760 probe connector has a small in-
tegral jack into which the plug from the power source must be
inserted. When using the 5761 Battery Adaptor Cabie. the smalil
plug 18 inserted into the jack on the probe connector. and the
other end is connected to either the 5492A Battery Pack or to
the STIRRER jack on the YSi Model 57 or 58.

Figure 4. The YS! 5780 probe



PROBE PREPARATION

All probes are shipped dry. You mus! follow these instructions
when preparing a new probe or when changing membranes.
Prepare the electrolyte by dissoiving the KCi crystals which
are supplied in a dropper bottle that should be filled to the neck
with distilled water. Then, proceed as follows:

Preparing the 5739, 5720A and 5750 Probes

1. Unscrew the sensor guard (5739 only). Remove the O-ring

and membrane, then thoroughly rnnse the sensor with dis-
tilled water.

2. To fill the probe with electrolyte and install a new membrane,

follow these steps:

a. Grasp the probe in your left hand. (See the sketches in
Figure 5.) When preparing the 5739 probe, the pressure
compensating port should be to the nght. Successively
fil the sensor body with electrolyte while pumping the
diaphragm with the eraser end of a pencil or a similar
soft. blunt tool. Continue filling and pumping until no
more ar bubbles appear. When preparing the 5720A or
5750 probes, simply fill the sensor body until no more
arr bubbles appear.

b. Secure a membrane between your left thumb and the
probe body. Add more electrolyte to the probe untii a
large meniscus completely covers the goid cathode.
NOTE. Handie membrane matenal with care, touching
it at the ends only.

€. With the thumb and forefinger of your other hand, grasp

the free end of the membrane.

. With a continuous motion, stretch it up, over and down
the other side of the sensor. Stretching forms the mem-
brane to the contour of the probe.

¢. Secure the end of the membrane under the forefinger of
your left hand while holding the probe.

!. Roll the O-ring aver the end of the probe. being caretul
not to touch the membrane surface. There shouid be no
wrinkles in the membrane or irapped air bubbles. Some
wrinkies may be removed by lightly tugging on the edges
of the membrane beyona the O-ring.

g. Trim off excess membrane with scissors or sharp knite.
Chaeck that the stainiess steel temperature sensor is not
covered by excess membrane.

3.Shake off excess electroiyte. On the 5739, reinstall the

Preparing the 5760 Probe

1. Unscrew the $8nsor guard from the probe and remove the
0id membrane and nng. It is easier to grasp the membrane ring
if you use a moist Paper towel. (New probes have a ‘‘shipping
membrane’ in place which myst be removed.) Thoroughly nnse
the tip of the sensor with distilled water betore membrane
installation.

2. The membrane assembly consists of a membrane, a mem-
brane ring and 2 disposable pusher tube. Installation steps are
shown in Figure 8. Thoroughiy rinse the membrane assembly
with KCI solution; then, proceed as follows:

a. Compietely fill the membrane assembly with electrolyte.
- Be sure the end at which the ning 1s overlapped by Tefion

is up.

b. Holg the probe with the sensor end down and the vent
hole facing you. Slowly push the sensor into the mem-
brane assembly, stopping when the membrane ring is
just below the vent hole. Tap the sensor with your finger
several times 0 release any air bubbles.

c. Continue slowly pushing the sensor down into the mem-
brane assembly until the membrane ring rides over the
O-1ing on the sensor body. At that point the membrane
nng will be seated against a shouider stop.

d. Remove the pusher tube by pulling it back over the
installed membrane. Discard the used tube. Small arr
bubbles (1/8'' diamaeter or less) will not affect probe per-
formance and should be ignored. However, larger bubbles
may necessitate changing the membrane.

3. Shake off excess siectrolyte and reinstall the sensor guard.

P SOLS CATHOOL

25

i
4

- FUNER TUBE
(DISCARD)

Figure 5. Membrane Application on the 5739, $720A and
5750 Probes.
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Figure 8. Membrane installation on the 5760 Probe.

Probe Storage

A bottomiess plastic bottle is provided with the YSi 5739
probe for convenient storage. Place a small piece of moist towel
of sponge in the bottle and insert the probe into the open end.
This k.npa the electrolyte from drying out.

The S720A, 5750 and 5760 probes can be stored in a B.OD.
bottie containing about 1'' of water.



OPERATING PRECAUTIONS, ALL PROBES

1. Membrane iife depends on use. Membranes will last a long
time if instailed properly and treated with care during use. Er-
ratic readings result from loose, wrinkled or fouled membranes,
or from large bubbles in the electroiyte reservoir. if erratic
readings, or evidence of membrane damage occur. you should
replace the membrane and KCl. The average replacement in-
terval 18 two to four weeks. if the sansor body O-ring on the 5760
probe is worn or loose, replace it with the O-ring provided in the
YSI 5764 membrane Kit. if the sensor O-ring on any of the other
5700 Series probes s worn or loose. repiace it with the O-ring
proviced in the YS! 5945 O-ring Pack.

2. The gold cathode should always be bright and untarnished.
It it is tarnished (which can result from contact with certain
gasses) or plated with silver (which can result from extended
use with a loose or wrinkied membrang), it needs to have its
surface restored. The 5760 probe must be returned to the fac-
tory tor this service. The other 5700 Series probes may erther
be returned to the factory, or cleaned with the YSI 5680 Probe
Reconditioning Kit; never use chemicals or any abrasive not
suppiied with this kit.

3. it is also possibie that the silver anode may become con-
taminated. which will prevent successtul calibration. Try soak-
ing the probe overright in a 3% ammonia solution; ringe with
deionized waler, recharge with eiectrolyte. and install a new
membrane. {f still unabie to calibrate after several hours, return
the probe for service.

4. Hydrogen Sulfide, Sultur Dioxide. Halogens, Neon. and Car-
bon Monoxide are interfering gasses. If you Suspect erroneous
readings, it may be necessary to determine it these are the
cause.

These gasses have been tested for reponse:

100% Carbon Monoxide less than 1%
100% Carbon Dioxide around 1%
100% Hydrogen less than 1%
100% Chilorine 23 0, response
100% Helium nohe
1009 Nitrous Oxide 1/3 0, response
100% Ethylene none
1009 Nitric Oxide 1/3 0, response

5. The correct liguid level in 8.0.D. botties is achieved by over-
filling, then 1nserting a stopper and pouring off the excess. When
using the YSI 5760 probe in a filled B.0.D. bottie, be careful
to insert it slowly to avoid sampie overflow.

€. When using the 5720A or the 5760 in samples containing
heavy particuiate soiids, additional stirming may be needed.

CALIBRATION

Daily calibration is generally appropriate. Calibration can be
disturbed by physical shock, touching the membrane, fouling
of the membrane or drying out of the slectrolyte. Check calibra-
tion after each series of measurements, and in time you will
develop a realistic schedule for recalibration. When probes are
not in use, store them as recommended in Probe Preparation.

=] Scientific Division
: Yellow Springs Instrument Co., Inc.

-

Probes may be calibrated by Winkier Titration or by the Water
Saturated Air method. EprrI.ﬂCO has shown that air caiibra-
non is quite reliable, yet far simpler than titration. Both methods
are described here. Consuit the manual for your particutar in-
strument for more complete instructions,

Winkler Titration

1. Oraw a volume of water from a single source and carefully
divide it into four samples. Determine the oxygen in three of the
sampies using the Winklier Titration technique and average the
three values. If one of the values differs from the other two by
more than 0.5 mg/, discard it and average the two values
remaining.

2. Using the probe-meter system you are calibrating, place the
probe into the fourth sampie and stir.

3. Switch to the desired mg/l range and adjust the CALIBRA.
TION control to the average value determined in step 1. Aliow
the probe 1o remain in the sample for at least S minutes before
setling the calibration vaiue. then (eave it in the sampte for an
additionat 2 minutes to verify stability. Readjust if necessary.

Air Calibration

1. Piace the probe in a B.O.D. bottie containing about 1 inch
of water. Wait approximately ten minutes for temperature
stabilization.

The 5739 probe can be placed in the YSI 5075A Calibration
Chamber or in the small calibration bottie supplied with the probe
(the one with the hole in the bottom) along with a few drops of
water.

2. Read the temperature and refer to the instrument Calibration
Tabie to determine the calibration vaiue. NOTE: To achieve the
stated accuracy of measurement, the probe must be stabilized
before calibrating. The calibration temperature should be within
S degrees of the sampie temperature.

3. Determine the atmospheric correction factor (see instrument
instructions).

4. Multiply the calibration value by the correction factor.

5. Switch your instrument to an appropriate mg/l range and ad-
just the CALIBRATE control until the meter reads the corrected
calibration value from step 4. Without changing the calibration
setup, monitor the readings for an additional 3 minutes to verify
calibration stability. Readjust if necessary.

WARRANTY AND REPAIR

All YS! products carry a8 one-year warranty on workmanship and
parts, exclusive of batteries. Damage through accident, misuse,
or tampering will be repaired at a nominal charge, if possibie,
when the item is returned to the factory or to an authorized Y S|
dealer. Electrode cleaning is not covered by warranty.

H you are experiencing difficulty with any YSI product, it may
be returned for repair, even it the warranty has expired. YSI
maintaing compiete facilities for prompt servicing on all its pro-
ducts. This warranty is limited 0 repair or replacement (YSI's
option) at no charge.

T YollowSpnngs.OhaoWUSAOPhom513767-7241-Td0x2(5437
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APPENDIX 4.5

SALINITY, CONDUCTIVITY, TEMPERATURE METER
YSI MODEL 33 AND 33M

00201/28



Cr = Conductivity in umhos/cm

C:= Conductivity mn umhos/cm of the distilled water
used t0o make solution

S = Conductvity in mS/m

Sy = Conductivity in mS/m of the distilled water used
to make the solution.

R. Ci and Cz2. or S1 and Sz2. must either be determined at the same
temperature or correctad to the same temperature to mske the equa-
tion valid.

Note: For further information on conductivity and the above stan-
dard information. refer to ASTM Standards Part 23 — Standard
Methods of Test for Electrical Conductivity. or Water and Industnial
Waste Water — ASTM Designation D1125-64.

YS! MODEL 33 AND 33M USED WITH YSI S1A, 54 and 57
OXYGEN METERS

It the salinity messurement is to be used for salinity correction on the
51A. the reading should be converted to Chlorosity. The formula 1s.
Sahinity %a -0 03

PPM Chiorosity = T8 x 109

For these instruments the 0.03 can be neglected so the equation
simpiifies to:

PPM Cl =

S§S %n x 102
T

n % $%
| ]
I |
18,000 20000 PPMCL

For salinity correction when using the Model 57 use the salinity
reading diect from the Model 33 or 33M No conversion s
necessary.

Model 33 and 33M salinity readings taken in conjunction with Mode!
54 dissolved oxygen readings can be used 10 correct the Model 54 for
salimity and to make post-measurement salimty corrections to dis-
solved oxygen data. Correction tables are available from the factory.

WARRANTY
All YS| products carry 8 one-yesr warranty on workmanship and
parts, exclusive of batteries. Damage through accident, misuse. or
tamparing will be repaired at a nominal charge.
if you are experiencing difficulty with any YSI product. it may be
returned to an authonzed YS| dealer for repair, even f the warranty
has expired. If you need factory assistance for any reason. contact.

Service Department

Yellow Springs Instrument Co.. Inc.

PO Box 279

Yellow Springs. Ohio US A.

Phone {513) 767-7241
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GENERAL DESCRIPTION

.The YS! Model 33 and 33M S-C-T Meters are portable. battery
powered. transistonzed instruments designed to accurately measure
salinuty. conductivity and temperature. They use a probe consisting of
a rugged. plastic conductivity cell and a precision YSi thermistor
tempersture sensor combined in a single unit.

Conductivity with the Model 33 is expressed as micromhos/centi-
meter (umhos/cm); with the 33M, it's millisismens/meter {mS/m).
These are measurements of the electrical conductance the sample
would show if measured bstween opposite faces of 8 1cm cube.
(Conversion information: 1 umho/cm = 0.1 mS/m.) Salinity is the
number of grams of sait/kilogram of sampie (%0 = parts per
thoussnd). This measurement assumes the sample contains a ““stan-
dard” ses water 3alt mixture. The sample temperature is measured in
degrees Ceisius.

Salimty measurements are manually temperature compensated by
diract disl. Conductivity measurements sre not tamperature compen-
sated. however. 3 temperature function is provided on the instrument
to ad with calculation of corrections. Also. when just temperature

and conductivity are known 1t 1s possible to calculate salimity. and
when only tempersture and salinity are known it 18 possible to
calculste conductwity.

SPECIFICATIONS
Model 33 Conductivity
Ranges: 0-500. 0-5.000. 0-50.000
uamhbos/cm with YS! 3300 Series
Probes. (Note: The “umho” desig-
nations on the meter are 23
shorthand form for “umho/cm™.)
+2.5% max. error at 500, 5.000
and 50.000 plus probe.
+3.0% max. error at 250, 2.500
and 25.000 pius probe.
See Error Section.

2

Readability:

Temperature Compensation:

Model 33M Coanductivity
Ranges:

Accuracy:

Readability.

Temperature Compensation:

Selinity
Range:

Accuracy:

Readability:
Temperature Compensation:

2.5 umhos/cm on 500 umho/cm
range.

25 umhos/cm on 5.000 umho/cm
range.

250 umhos/cm on 50.000
umho/cm range.

None

0-50. 0-500. 0-5.000 mS/m with
¥SI 3300 Senes Probes.

+2.5% max error at 50. 500. and
5.000 plus probe

£3 0% max error at 25. 250. and
2.500 pius probe

See Error Section.

025 mS/m on 50 mS/m range.
2.5 mS/m on 500 mS/m range.
25.0 mS/m on 5.000 mS/m range

None.

0-40 %00 in temperature range of -2
to +45°C.

Above 4°C. £0.9 %o at 40 %o and
+0.7 %o at 20 %no plus conductivity
probe.

Below 4°C, £+ 1 1 %o at 40 %aq and
+0.9 %00 at 20 %00 plus conductivity
probe.

See Error Section.

0.2 %0 on 0-40 %o range.
Manual by direct disl from -2 1o
+45°C

3




Aange .2 to +50°C

AcCCuracy +01°C at -2°C. £06°C at 45°C
plus probe.
See Error Section

Readability +015°C at -2°C to £037°C at
45°C

Power Supply Two D-size alkaline batternies. Ever-
esdy E95 or equivaient. provide ap-
proxsmately 200 hrs. of operauon

Probe YS! 3300 Senes Conductivity/ Tem-
perature Probe
Nominal Probe Constant: K =5/cm

Accuracy 1 2% of reading for conductivity and
salinity
Error of £0 1°C at 0°C and
+0 3°C at 40°C

Instrument

Ambient Range. Satisfactory operation -5to +45°C
A maximum error of £0 1% of the
reading per °C change in instrument
temperature can occur This error is
neghgible il the instrument 1s read-
justed to redline for each reading

OPERATION PROCEDURE
1. Setup
(a) Adjust meter zero (if necessary) by turning the bakelte
screw on the meter face so that the meter needie coincides
with the zero on the conductivity scale
{b) Calibrate the meter by turming the MODE control to
AEDLINE and adjusting the REDLINE control so the meter

4

needie knes up with the redline on the meter face I this
cannot be sccomplished. replace the batienes.

(c) Plug the probe into the probe jack on the side of the nstru-
ment

(d) Put the probe n the solution to be measured (See Probe
Use.)

. Temperature

Set the MODE control 1o TEMPERATURE. Read the
temperature on the botiom scale of the mater in degrees
Celsius Allow ume for the probe tempersture 1o come 1o
equilibrium with that of the water before reading

. Salinity

(a) Transler the temperature reading from Step 2 to the °C
scale on the instrument

(b} Switch the MODE control to the SALINITY position and
read salimity on the red 0-40 %a0 meter range

{c) Depress the CELL TEST button The meter reading should
fall less than 2%. i greater. the probe i1s louled and the
measurement is in error Clean the probe and re-measure

. Conductivity on Model 33 (Model 33M dsta are in

parentheses.)

(8) Switch the MODE control to the X100 scale. if the reading
s below S0 on the 0-500 range (5 O on the 0-50 range!.
switch 1o the X10 scale. If the reading s stll below 50
(5.0). switch to the X1 scale. Read the meter scale and
multiply the reading appropnately The answer is ex-
pressed n umhos/cm {mS/m). Measurements are not
temperature compensated.

Example: Meter Reading 24724 7)
Scale: X110

Answer 2470 umhos/cm
(247 0 mS/m)




{b) When maessuring on the X100 and X10 scales, depress the _ Example: Meter Reading. 15°C
gELL'TEST button. T:;.mot'm ::d.din"g s:ould fall less tr:ln Total Esror o0.4°C
%. if greater, the is fouled and the maasurement 13

in mm Clesn lhc':robo and re-measure. . Accurscy. 15°C £ 0.4°C for probe
NOTE: The CELL TEST does not function on the X1 scale. . and instrument combinad

S. Ewor {2) Conductivity on Model 33 (Model 33M data are in
The maximum error in a reading csn be caiculated by using the p_‘“’""‘““-’
graphs in the following sections. Figure 2 shows the worst-case conductivity error as a func-
(1) Tempersture tion of the conductivity reading for the probe and instru-
The temperature scale is designed to give the minimum ment combined
sslinity errar when the temperature readings are used to
compensate salinty measurements.
Figure 1 shows total error for probe and instrument versus
°C meter reading.

10 =

TT 1T1 11

mE/m a Gcole

Example: Meter Reading’ 360 umhos/cm (36 mS/m)
Scale X10

% Reading Error + 4 5%

Accuracy 3600 +162 umhos/cm
{360 £162 mS/m)
for probe and instrument




The salinity readings are a function of temperature and
conductivity, therefore the sccuracy is 8 function of both.
The tempersture scale and temperature control have been
designed to minimize the tempergture error contribution to
the selinity error. The error shown in Figure J is the total of
the tempersture and conductivity probe. the tempersture
scale and the sslinity scale error.

-‘ygAag

1

»
/00 BALHHTY MEADING

Meter Reading: 100/00.@ 10°C

% of
Reading
Ervor: 6.5%

Accuracy: 10 %o £ 0.65 %o for sl
orrors. combined worst
case.



CIRCUIT DESCRIPTION. MAINTENANCE AND CALIBRATION
1. Description

The circuit is composed of two parts; a8 mulitivibrator and switching
transistors. The mulitivibrator produces 8 square wevelorm voitage.
The square wave is applied to two switching transistors. They siter-
nately apply two batteries of opposite polanty to the probe thus
providing AC powser which minimizes polanzstion effects. The meter
is in series with one battery and measures the current from it. The
current from the battery 18 proportional to the conductance of the celil.
Salinity is measured in a special range conductivity circuit which in-
cludes a user-asdjusted temperature compeansator. in the temperature.
rediine and X1 positions the muitivibrator operstes at 100 Hz. in the
salinity, X100 and X10 positions the multivibrator operates st 600 Hz
and in these ranges pushing the CELL TEST button drops the frequen-
cy 10 100 Hz sliowing the operator to judge the degree of probe
polanzation.

2. Maintenance

The only maintensnce required is battery replacement. Two “D° size
slkaling fNashiight cells, such ss Eveready E95 or equivaient, will
provide 200 hrs. of operstion. Accuracy will not be mantained if zinc-
carbon “D" cels are used. Battery replacement is indicated when the
rediine sdjustment cannot be accomphshed.

Repiace batteries every six months to reduce the danger of corrosion
due 10 lesky batteres. To replace batteries, remove the six screws
from the rear piste. The battery holders are color coded. The Positive
(+ button) end must go on red.

3. Calibration of Model 33 (Model 33M data are in perentheses.)
It is possible for the tempersture knob to become loose or slip from
its normal position. In an emergency the disl can be re-positioned. It
must be emphasized that this is an emergency procedure only. and
that the instrument should be returned to the factory for proper
recalibration at the esrliest opportumty.
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Read the tempersture and conductivity of the solution Deter-
mine the sshinity of the solution by running a line vertically on
the graph from thus conductance value unti it intersects the
appropriste °C hne (interpolate as required for temperature
between the given *C lines). From this intersection extend a

10°C

line honzontally to the edge of the graph. This determines the
salinity for this sample. o
Example: 25,000 umhos/cm and 20°C gives 3 salinity of 17
{Example: 2,500 mS/m and 20°C gives a sahimty of 17)
(b) Remove the °C knob. switch ta SALINITY, and turn the controi
shaft until the meter needle indicates the salinity value deter-
mined n Step (a). In the example given. the value 1s 17.
{c) Switch to TEMPERATURE (Note: This temperature reading
must be the same as Step (a). f not. begin agan at Step (3a).)
Place the knob an the control shaft (without turning the control
shaft} with the knob pointer at the same temperature as the
meter reading and tighten both set screws securely.
At earhest oppartunity recahbrate using the following procedure or
return the instrument to factory for service
{a) Set the instrument for a salimity measurement as normal
(b} Substitute a 1000 uf capacitor and 112.7 ohm Q. 1% tolerance
resistor for the probe.
Connec! the resistor and capacitor between the green wire and red
wire on the jack connections inside the instrument.

O AN~ J| !
GREEN WIRE 1279 1000 uf
a%

O~




{c) Tum the temperature dwal until the meter reads redline.
Now install the temperature knob with the arrow at 25°C This is a
temporary calibration only Return the instrument to the factory for
proper recalibration

PROBE
1. Description of YS! 3300 Series Conductivity/ Temperature
Probe
The YSI 3300 Senes Conductivity Probes are designed for fieid use.
embodying construction and design for rugged. accurate service
Eech probe features a built-in ceil constant of 5.0 (500 0/M) £2%. a
precision YS! thermistor temperature sensor of £0.1°C accuracy at
0°C and £0.3°C st 40°C and a low capacitance csble assembly ter-
minating in 3 tiwee therminal 0.25" dis. phone type connector.
The 3310 has 8 10 ft cable and the 3311 15 a 50 ft version Other
lengths are avaiable on special order
The probe has a ngid PV C body. platimzed pure nickel electrodes.
and a durable cable. providing resistance 10 a wide range of water-
borne substances

2. Maintenance

(s) Cleaning
When the cell test indicates low readings the probable cause 1s dirty
slecirodes. Hard water deposits. orls and organic matter are the most
Ikely contaminants. i
For converment normal cleaning soak the electrodes lor 5 minutes
with 3 locally avadable bathroom tile cleaning preparation such as
Dow Chemical “Bathroom Cleaner . Honzon Industries ~Rally. Tile.
Porcelain. and Chiome Cleaner . Johnson Wax “Envy. Instant
Cleaner’. or Lysol Brand "Basin. Tub. Tile Cleaner ~

For stronger cleaning 8 5 minute sosk in 8 solution made of 10 parts
distitied water. 10 parts 1sopropyl aicohol and 1 part HCI can be used.
Always rinsa the probe after cleaning and before storage.
CAUTION: Do not touch the electrodes inside the probe.
Platinum black is soft and can be scraped off.
If cleaning does not restore the probe performance. re-platinizing is
required.
(b} Re-Platinizing
Equipment Required —
(1) YSI #3140 Platnnizing Solution. 2 fl oz. (3% plstinum
chionde dissolved in 0.025% lead acetate solution).
(2) YS! Model 33 or 33M S-C-T Meter
(3) 50 mi glass breaker or equivalent bottle.
{4) Disulled water.
Procedure —
{1) Clean the probe as in Section (a) — either method.
(2) Place the cell in the beaker and add sufficient YSI #3140
solution to cover the electrodes. Do not cover the top of
the probe.

(3) Plug the probe into the Model 33 or 33M. switch to the

X100 scale to pistinize the slectrode. Move the probe
slightly to obtain the tughest meter reading snd continue
platimzing for the approximate time shown below:

Meter Reading Time
umhos/cm m8/m {minutes)
30.000 3.000 5
25.000 2,500 ]
20.000 2.000 8
15.000 1.500 1
10.000 1.000 16




The solution 18 prepared by diluting O 745 grams of pure dry KCI with
distilled water unti the solution 1s 1 kilogram. The table below shows
the values of conductivity this solution would have if the distiled
water were non-conductive However, since even high punity distilled
water s shghtly conductive. the measured conductivity will be tugher
by an amount equal to the water s conductivity

(4) After the slapsad time remove the probe and ninse in fresh
water.

(5) Return the solution to its container. 2 oz. of solution
should be sufficient for 50 treatments.

(c) Storage:

It is best to store conductivity cells in deionized water. Cells o

stored in water require less frequent platinization. Any cell that Conductivity

has been stored dry should be soaked in delonized water for Temperature °C umhos/cm mS/m

24 hours before use. 15 1141 6§ 114 2

3. Probe Use 16 1167 5 116 8

(s) Obstructions near the probe can disturb readings. At least two :; :;?g g :;g 8
inches of clesrance must be allowed from non-metailic un- 19 1246 4 124 6
derwater objects. Metallic objects such as piers or weights 20 12730 1273
should be kept at least 6 inches from the probe. 21 1299 7 1300
Weights are attached to the cable of the YSI 3310 and 3311 22 1326 6 1327
Probes. The YSI 3327 Weights are supphed n pairs with a 23 1353 6 135 4

total weight of 4 ocunces per par Should it become necessary 24 1380 8 " 1381

10 add more weight 10 overcome water currénts, we suggest 25 1408 1 1408

hruting the total wewght to two pounds (8 pairs) For weghts 26 1436 § 1437

n excess of two pounds use an independent suspension 27 1463 2 146 3

cable. :n either case. weights must be kept at least 6 inches 28 1490 9 149 1

away from the probe.

Gentle agitation by raising and lowenng the probe several :2’3 :glg; :2:3

times dunng 8 Mmeasuremaent insures flow of specimen solu- '

tion through the probe snd improves the ime response of the The operator may use the standard solution and the tabie to check ac-
tempersture sensor. . curacy of a cell's constant or to deterrune an unknown constant The

4. Coll Calibration & Stendard Solutions formula is shown below

The YS! #3300 Senes Cells are calibrated to absolute accuracy of

1 1.5% based on @ stendard solution Since the literature on conduc- _ RIC + Ca) R(S: + S:)
tivity does not indicate a consistently accepted standardization K= 108 or 100
method. we have chosen the 0.0! demal KC| solution method as ' Cell

determined by Jones and Bradshaw in 1937 as our standard Recent ell constant O
textbooks. 83 well a3 the ASTM standards. concur with this choice. Measured resistance in )

15
14
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INSTRUCTIONAL VIDEQO TAPES AVAILABLE

Frequently, one of the best methods of learning how to operate
new and unfamiliar equipment is to see it demonstrated and have
its functions explained pictorially. By seeing just how the d{f-
ferent components of an instrument are used, it is often quite
simple to learn operating techniques and maintenance procedures.
Watching someone use equipment in an actual application enhances
our understanding of the overall function of the equipment and
provides a familiar example to follow. After all, a picture ls
often worth a thousand words!

ENMET has recently produced a complete series of video tapes
demonstrating operation and maintenance procedures for our entire
series of Tritector portable gas detection instruments. One
series of tapes covers instrument operation. These tapes discuss
the overall purpose of the instruments, describe their
capabilities, demonstrate the function and operation of each in-
strument component, and provide examples of actual applications.
The other tape series demonstrates maintenance procedures, such
as Pleld Testing, calibration and certain component replacement

procedures.

ENMET Video Tralning Tapes can be purchased from your local ENMET
distribution center. Both VHS and BETA tapes are avajilable.

Instrument Sexles Rart Number
CGS-100/100SP Operation (VHS) 80023-004
CGS-100/1008SP Operation (BETA) 80023-005

CGS-100/1008P Maintenance and Calibration (VHS) 80025-004
CGS-100/100SP Maintenance and Calibration (BETA) 80025-005
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1.0 UNDERSTANDING THE CGS-100 AND CGB8-1008P

1.1 Introduction

The ENMET model CGS-100 portable gas detector monitors three
types of potential gas and vapor hazards: toxic gases and vapors,
combustible gases and vapors, and oxygen deficiency. A unique
liquid crystal display (LCD) indicates the approximate concentra-
tions of all three hazards simultaneously. If the concentration
of any or all of these gases exceed pre-set alarm points, the
CGS-100 activates audio and visual alarm signals. With its sen-
sor cable and detachable sensor module, the CGS-100 can be used
to test amblient air at the user's 1location or a remote area
(confined spaces). The CGS-100 (with Below Ground/Public Works
calibration) operates continuously for 8 hours or more on an
overnight charge. We recommend that the instrument be kept on
and remain with a work party whenever such personnel enter or
work in a confined space or other hazardous area.

The CGS-1008P is a slightly modifled version of the CGS-100,.
This unit has a unit-specific detachable sample pump module which
rteplaces both the sensor cable and detachable sensor module on
the CGs-100. Utilizing flexible tubing, the pump draws air from
a remote area to sensors inside the pump module. This sample |is
then tested for oxygen deficliency and toxic and combustible
gases. Except for this varjation in air sample delivery to the
sensors, all of the features of the CGS-100 and the CGS-1008P are

identical.

Read through this manual completely and thoroughly. FPollowing
all the instructions and precautions outlined in this manual will
help maintain the accuracy and useful life of the instzrument you
own and use.

NOTE: The leather case is an integral part of this instrument.
In addition to furnishing protection during use, the leather case
affords a certain amount of protection during shipment. We sug-
gest that the instrument be used and shipped only in its leather
case to minimize the possibility of damage if it 1is dropped or
struck.

1.2 Qperating Principlea Rxplained

The CGS-100 is a completely rechargeable scolid state electronic
gas detection instrument which uses three independent sensing
elements: a gas-sensitive metallic oxide semiconductor element
(MOS8 sensor) for combustible gas detection; another MOS sensor
for toxic gas detection; and an electrochemical fuel cell (oxygen
cell) for oxygen detection. The oxygen cell operates differently
than the MOS sensors, and all three sensing elements have dif-
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1.2 operating Principles Explained (continued)

ferent response characteristics. The sensors are housed in the
sensor module__of the CGS-100 or the sample pump module of the
CGS-100SP.

Inside the MOS sensor, a non-linear device, an oxidation reaction
occurs on the electronically heated surface of the sensor element
upon contact with a sujitable gas changing the electrical resis-
tance of the sensor. The resulting electrical signal is
processed by instrument electronics, translating the signal into
an approximate gas concentration. If the concentration exceeds a
calibrated alarm point, alarm signals activate.

Even though <conditioned electronically for response to a par-
ticular gas, the MOS sensor responds to a variety of gases and
vapors (mainly hydrocarbons). However, MOS sensor response to
gases other than those for which it is calibrated does not iden-
tify any specified concentrations of such gases. For example, a
sensor calibrated to activate alarm signals for 20% LEL methane
may also alarm in the presence of gasoline. 1In such a case, al-
though the alarm signals would indicate the presence of a gas or
vapor, the alarm signals and instrument meter response woyld not
identify a particular concentration of gasoline.

The electrochemical fuel cell (oxygen cell) is a linear device
specific to oxygen gas. Oxygen diffuses through a thin, selec-
tive, permeable membrane on the surface of the cell screen, in-
ducing a chemical reaction within the cell. This reaction
produces a small electrical current proportional to the partial
pressure of oxygen in ambient air. The current signal is trans-
lated by instrument circuitry into an approximate oxygen con-
centration, which is shown on the oxygen display of the LCD. If
this concentration falls below the pre-set oxygen deficiency
alarm point, audio and visual alarm signals activate.

Two 4.4 volt batteries in series supply the power for the CGS-100
instrument. These batteries are completely rechargeable and
power the instrument (with Below Ground/Public Works calibration)
for 8 hours or more from an overnight charge. Low battery sig-
nals activate approximately 15 minutes before battery depletion
affects {nstrument performance, providing ample time for a work
party to exit a hazardous area. A special low-battery shut-off
circuit automatically turns the instrument off if low battery
warning signals are ignored. In addition, the batteries are
fused; current 1limiting resistors in the battery connections
render the equipment intrinsically safe.




1.3 cCalibration Explained

1.3.1 Terminology

The terms "percent lower explosive 1limit"™ (SLEL), "parts per
million" (ppm) and "“percent oxygen by volume" are often used to
indicate quantities or concentrations of gases and vapors. Such
terminology s also used to indicate the calibrated alarm levels
of ENMET {nstruments. These terms are described below.

Used to ldentify combustible gas concentrations, "LEL" refers to
the Lower Explosive Limit of a gas. Often expressed as 100\ LEL,
the Lower Explosive Limit {s the lowest concentration of gas in
air that will explode 1f exposed to a sufficient ignition source
(open spark or flame). Concentrations above 100% LEL (such as
1108 LEL) are potentially combustible. Concentrations below 100%
LEL (such as 80% LEL) are not combustible, but indicate the
presence of the gas and its proximity to the LEL.

ENMET portable gas detection instruments are usually calibrated
to alarm at 10-20% LEL of a combustible gas, non-combustible con-
centrations one-~tenth to one-fifth the amount required for com-

bustion.

Used ¢to identify toxic gas concentrations, the term "parts per
million" is expressed as "ppm". Expressing a gas concentration
in parts per million Iidentifies the gquantity of the gas as a
proportion of the total volume of a space. For example, the con-
centration 20 ppm carbon monoxide in an area indicates that |({f
the atmosphere of the area were divided into one million cubes
(volumetric units) of equal volume, and the carbon monoxide could
be concentrated in one area, exactly 20 of the cubes would con-
sist of carbon monoxide and the remaining 999,980 cubes would be
comprised of clean air. (In reality, the carbon monoxide gas is
not i{solated from the the rest of the atmosphere; this gas, when
present, is mixed in with the rest of the air).

Unlike "SLEL", gas accumulations expressed in ppm do not in them-
selves express safe or dangerous concentrations. Therefore, a
safety standard s needed when evaluating gas concentrations
expressed in terms of parts per million. The TLV-TWA (Threshold
Limit Value-Time Weighted Average) is such a standard for toxic
gas concentrations. As defined in the American Conference of
Governmental Industrial Hygienists' (ACGIH) Handbook, a TLV-TWA

is

...the time-weighted average concentration for a normal
8-hour workday and 40 hour workweek, to which nearly all
workers may be repeatedly exposed, day after day,
without adverse effect.
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1.3.1 Terminology (continued)

The TLV-TWA s not a strict boundary between “safe" and

"dangerous" concentrations. Unlike the LEL for a combustible
gas, it is very difficult to determine at just what concentration
toxic gases become hazardous. The TLV-TWA is an average exposure

limit; a worker can be exposed to concentrations slightly above
the TLV-TWA for a short time as long as this i{s balanced by ex-
posure to atmospheres sufficiently below the TLV for at least the
same amount of time. However, a worker should never be exposed
to concentrations egqual to S times the TLV or above. If a worker
is exposed to such dangerous levels of toxic gas, he {s risking
physical injury or even death.

The toxic alarm point of ENMET portable i{instruments is usually
calibrated to {dentify TLV concentrations of toxic gases. For
additional safety gquidelines and actual TLV values, consult an

ACGIH handbook.

The term most commonly used to identify oxygen levels is "%\ oy
volume®. Similar to the expression "ppm", the term "\ by volume”
expresses a gas concentration as the proportion of the total
volume of a space. In fact, "ppm" and "% by volume®” can be used
interchangeably; for example, 10,000 parts per million is equal
to 1% by volume (10,000 i{s 1%, or 1/100th, of one million). Be-
cause "% by volume" conveys larger proportions more easily than
"ppm", it s primarily used to express larger accumulations of

gas.

Similar to "ppm", the term "% oxygen by volume" does not distin-
guish between safe and harmful concentrations. A safety standard
is needed. The concentration 20.9% by volume is the normal con-
centration of oxygen in clean, fresh air, indicating that 3Jjust
over one-flifth (20.9%) of the volume of clean fresh air consists
of oxygen (the balance is nitrogen and traces of other inert
gases). The concentration 19.5%V has been established by the
federal Occupational Safety and Health Association (OSHA) as the
minimum oxygen requirement for entry to a confined space. This
provides a good safety margin between the OSHA limit (19.5%) and
the point at which humans are first significantly affected by
lack of oxygen, which is about 16.0% by volume. If the oxygen
level falls below 16.0% by volume, the senses and perceptivity of
exposed workers are affected. At 14% oxygen by volume, degrada-
tion of the senses 1is serious. At 10% oxygen by volume the
worker quickly becomes unconscious, and his life {s {n serious
danger. Atmospheres containing 5% or less oxygen by volume are
instantly fatal.

IMPORTANT: Oxygen enrichment also presents a hazard to workers.
Vhen the oxygen content of an area rises above approximately 23-
25% oxygen by volume, the risk of combustion or explosion {n-
Creases with many substances. Although the CG8-100 does not ac-




1.3.1 7Terminology (continued)

tivate alarm sldﬁhls to 1indicate oxygen-enriched areas, the
oxygen scale on the CGS-100 LCD does indicate when the oxygen
concentration has reached or exceeded 23-25% by volume.

1.3.2 Below Ground/Public Works Calibration

Unless otherwise specified, the CGS-100 is calibrated to a Below
Ground/Public Works calibration as follows:

Alarm Point Eull scale on LCD
TOXIC 10 ppm hydrogen sulfide/ S0 ppm hydrogen sulfide/
50 ppm carbon monoxide 300 ppm carbon monoxide-
COMB 208 LEL methane 508 LEL methane
Rigital Display
Alarm Point
OXYGEN 19.5% oxygen by volume

This calibration indicates that audio and visual alarms have been
set to activate within certain time limits when a fully charged
and purged instrument is exposed to any or all of the following:
10 ppm hydrogen sulfide, 50 ppm carbon monoxide, 20% LEL methane
or 19.5% oxygen by volume. Note that 10 ppm hydrogen sulfide and
S0 ppm carbon monoxide are the TLV-TWA for these gases, 20% LEL
methane i{s well below the Lower Explosive Limit for methane, and
19.5% oxygen by volume is the OSHA-recommended 1limit for oxygen
deficiency in a workspace. The purpose of this calibration is to
alert the user to potential hazards involving some of the most
common confined space gas hazards: hydrogen sulfide, carbon
monoxide, methane and oxygen deficiency. A CGS-100 with this
calibration also alerts the user to the presence of many other
gases (but not specified concentrations). Intended applications
include general confined space entry testing. NOTE: Unmarked
regions on the LEL and PPM scales of the LCD do not represent
particular gas concentrations.

1.3.3 PRetrochemical Calibration

The CGS-100 is also available with a Petrochemical Calibration.
This calibration is different from the Below Ground/Public Works
calibration and involves the following gas concentrations:
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1.3.3 petrochemical Calibration (continued)
-- Alarm Point on LCD Full Scale

LCD Scale Reading
TOXIC 100 ppm methyl chloride 300 ppm methyl chloride
COMB 208 LEL propane 50% LEL propane

Digita] Display

Alarm Point
OXYGEN 19.5% oxygen by volume

This calibration indicates that audio and visual alarms have been
set to activate within certain time limits when a fully chaxged
and purged instrument is exposed to any or all of the following:
100 ppm methyl chloride, 20% LEL propane, and 19.5% oxygen .y
volume. Note that 20% LEL propane is well below the Lower &cx-
plosive Limit for propane and 19.5% oxygen by volume 1s the OSHA-
recommended 1limit for oxygen deficliency in a workspace. Note
also that 100 ppm methyl chloride is not the TLV-TWA for this
gas. The CGS-100 with Petrochemical calibration is callbrated to
alarm at 100 ppm methyl chloride only because this adjusts the
circuitry and toxic MOS sensor to respond to low levels of
general hydrocarbons. The 1intended applications for this
calibration primarily involve testing for both toxic and combus-
tible levels of hydrocarbons and hydrocarbon-containing materials
(organic solvents, petrochemical feedstocks, etc.) in areas where
detection of hydrogen sulfide or carbon monoxide is not essen-
tial. The CGS~100 with Petrochemical calibration has been used
for such purposes as detection of leaks at petrochemical
plants. NOTE: Unmarked regions of the LEL and PPM scales of
the LCD do not represent particular gas concentrations.

1.3.4 gpecial Calibrations

Some of our customers require the CGS~100 to be calibrated for
particular substances; examples are jet fuels, gasoline, and am-
monia. The intended applications for 1instruments with special
calibrations are limited to the particular situations identified
by the customer requesting the calibration.
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2.0 USING THE C0G§-100

\

2.1 Instrument Description
BATTERY/SENSOR FAILURE LED

GAS ALARM LED

AUDIO ALARM

LIQUID CRYSTAL DISPLAY (refer

Bargraphs

(Refer to Fig. 1)

This amber LED always indicates an
instrument problem. It activates
together with the audio alarm |if
the "LOW BATT" warning on the LCD
(see Liquid Crystal Display below)
is ignored. [t also activates with
the audio alarm 1f the there is a
problem with the sensors. NOTE:
On the CGS-100SP only, this amber
LED also activates with the audio
alarm when the air flow ¢to the
sample pump is Iinterrupted (see
Hydrophobic Filter and CAL/READ
Switch below).

This red LED, together with the
audio alarm, alwvays 1indicates an
oxygen deficiency or gas alarm.
This LED stays on during an oxygen
deficiency alarm, flashes during a
gas alarm, and alternates between
flashing and steady during the com-
bination gas/oxygen alarm (see sec-
tion 2.2 for description of alarm
modes ).

The audio alarm indicates a poten-
tial gas or vapor hazard or an |{n-
strument problen. The audio alarm
emits a high-pitched, steady tone
during oxygen deficiency alarm and
Battery/Sensor PFallure Alarm, a
pulsed tone (approx. 1 pulse per
second) during Gas Alarm, and al-
ternating steady and pulsed tones
during Combination Gas/Oxygen
Deficiency Alarm.

to rig. 2)

Top bargraph (% LEL) indicates ap-
proximate combustible gas con-
centrations as a percent of the

.



\FIGJRE 2: (©GS-100 LCD Display Outlined /
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2.1 Inatrument peacription (continued)

Digital Display

Low Batt. Display

OXYGEN SET KNOB

ON/OFF SWITCH

BATTERY CHARGE LED

lower explosive 1limit. Bottom
bargraph (PPNM) indicates ap-
proximate toxic gas concentrations
in parts per million.

Indicates % by volume oxygen in the
monitored atmosphere.

"LOW BATT" flashes on the LCD ap-
proximately 15 minutes before the
instrument becomes inaccurate due
to battery depletion, providing
ample time for the user to take ap-
propriate action.

This knob 1is used to set the Digi-
tal Oxygen Display to a pre-set
point, wusually 20.9% while the in-
strument is in fresh air. To use,
push in and tuzn.

This switch turns the CGS-100 on
and off. To prevent accidental
shut-off, the switch 1locks into
position; it must be pulled away
from its base to be set 1into the
desired position.

When the Charge Test Switch (see
below) is used to check the charge
status of the batteries, this green
LED flashes when the batteries are
fully charged and remains steady
when the batteries are at some
point of discharge. LED does not
activate unless the instrument is
plugged into its charger.

SYSTEM TEST/CHARGE TEST SWITCH

System Test

Checks displays, alarms and related
electronics for proper operation.
To use, pull out and hold in SYSTEM
TEST position. This should cause
both bargraphs on the LCD to read
full scale, the digital display on

10



2.1 lnstrument Descriptlon (continued)

Charge Test

PURGE/AUDIO DEFEAT SWITCH

Purge

Audlio Defeat

CHARGER INPUT

SENSOR MODULE (CGS-100)

SAMPLE PUMP MODULE
(CGs-1008P)

the LCD to decrease, and the com-
bination Gas/Oxygen Deficiency
Alarm Signals to activate.

Checks the amount of charge in the
batteries while the instrument is
plugged into the charger. To use,
pull switch out and hold in the
CHARGE TEST position. The green
LED marked "BATTERY CHARGE"™ will
flash if the batteries are fully
charged.

Heats the toxic sensor electroni-
cally to clear it of contaminants.
Pull the switch out and hold in the
PURGE position to activate. In ad-
dition, purging automatically si-
lences the audfio alarm. NOTE: Due
to a higher toxic sensor heater
voltage on units with Petrochemical
Calibration, PURGE is not opera-
tional on such instruments.

Silences the audio alarnm. To use,
pull switch away from base and hold
in the AUDIO DEFEAT position.

Single-receptacle jack for instru-
ment charger plug.

On the CGS-100, the sensors are
housed in the detachable sensor
module at the back of the instru-
ment. This module can be unscrewed
from the unit at the MS (military
specification) connector on the
unit. Used with the CGS-100 sensor
cable, the module can be used ¢to
check workspaces prior to entry
(zemote testing).

On the CGS-1008SP, the sensors are
located inside the sample pump
medule. By means of a length of

11
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Components
Specific to
CGS-100SP
Sample Module

Remove 3 screws to
acess inside cf
module.

CAL/READ Switch

s CAL/READ Switch




2.1 lInstrument Desacription (continued)

flexible tubing, the CGs-1008p
draws a continuous air sample from
a remote location for testing.

2.1.1 companents Specific to the CG3-100SP (Refer to Fig. 3)

Hydrophobic Filter The white plastic assembly in the
sample tubing for the CGS-100SP |is
a hydrophobic filter. If water is
drawn into the line, the filter
prevents water from reaching the
pump and sensors. [f, as a result
of this, the filter or sample tube
becomes blocked, the Battery/Sensor
Failure Alarm activates.

CAL/READ Switch This switch 1is located inside the
sample pump module. The switch
must be in the READ position for
the CGS-100SP to monitor correctly.
When calibrating or Field Testing
the instrument, this switch must be
in the CAL position so that test
gases can be applied. NOTE: In
the CAL position, this switch shuts
off the sample pump and activates
the Battery/Sensor Fajlure Alarm.

2.2 Qperating and Alarm Modes

Condition dignals Indicates
Normal operation LCD Combustible and Safe gas and vapor
(no alarms) Toxic bargraphs read concentration in

below alarm point. the local test
Digital Oxygen Display area.

indicates between

19.5-23.0%

This ls the normal operating condition for the CGS-100. 1£ the
instrument is on, and these are the only signals given, then the
gas concentrations for which the CGS-100 is calibrated are low
enough to be safe, and the oxygen concentration is sufficient for
the safety of workers. NOTB: Oxygen concentrations above 23-25%
by volume do not ilnjtiate an instrument alarm, but present in-
creased flammability risks. .

13
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2.2 Qperating and Alarm Modes (continued)

condition Signals Indicates
Oxygen Defliclency Steady audio tone. Potential hazard
Alarm Steady red Gas Alarm involving oxygen
LED. deficiency.

When the oxygen alarm activates, it indicates that there is 19.5%
oxygen by volume or less in the atmosphere. The LCD digital dis-
play indicates the approximate oxygen concentration. Leave the
hazardous area when this alarm activates. CAUTION: [IF THE DIGI-
TAL OXYGEN DISPLAY INDICATES A CONCENTRATION OF LESS THAN 16.0%
OXYGEN BY VOLUME, IT 1S POSSIBLE THAT THE OXYGEN CONTENT OF THE
AREA IS LOW ENOUGH TO CAUSE SERIOUS PHYSICAL INJURY OR EVEN QUICK
DEATH; TAKE ACTION ACCORDINGLY. Note also that if the oxygen
concentration exceeds 23-25% oxygen by volume, the area. is
oxygen-enriched, so the risk of fire or explosion increases. I[f

the oxygen is above this level, leave the hazardous area. .
Condition Slgnals Indicates
Gas Alarm Pulsed audio tone. Potential hazard
Flashing red Gas Alarm involving toxic
LED. and/or combus-
tible gas.

When the Gas Alarm activates, it indicates that there is a poten-
tial hazard 1involving at least one combustible or toxic
gas/vapor. The LCD "PPM" and "SLEL" bargqraphs indicate whether
the hazard is toxic gas, combustible gas or both. Leave the haz-
ardous area when the Gas Alarm activates. CAUTION: IF THE TOXIC
OR COMBUSTIBLE GAS CONCENTRATION ON THE LCD IS ABOVE THE FULL
SCALE READING, IT IS POSSIBLE THAT THE GAS CONCENTRATION IS HIGH
ENOUGH TO CAUSE SERIOUS PHYSICAL INJURY OR EVEN QUICK DEATH; TAKE
ACTION ACCORDINGLY.

condjition Signals Indjcates
Combination Gas Steady audio tone, Potential hazard in-
Alarm/Oxygen De- followed by 3-4 volving toxic and/
ficiency Alarm short audio pulses. or combustible gas
Steady red Gas Alarm AND oxygen defic-
LED followed by 3-4 iency.
flashes.

This alarm indicates that there is a potential hazard Iinvolving
toxic gas and/or combustible gas AND oxygen deficiency. The LCD

14
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2.2 Qperating and Alarm Modes (continued)

indicates which gases are at alarm concentrations. Leave the
hazardous area when this alarm activates. CAUTION: IF THE TOXIC
OR COMBUSTIBLE CONCENTRATION ON THE LCD IS ABOVE THE FULL SCALE
READING, IT IS POSSIBLE THAT THE CONCENTRATION OF GAS IS HIGH
ENOUGH TO CAUSE SERIOUS PHYSICAL INJURY OR EVEN QUICK DEATH.
SIMILARLY, IF THE DIGITAL OXYGEN DISPLAY INDICATES 16.0% OXYGEN
OR LESS, THE CONCENTRATION OF OXYGEN MAY BE LOW ENOUGH TO CAUSE
SERIOUS PHYSICAL INJURY OR EVEN QUICK DEATH. TAKE ACTION ACCORD-
INGLY.

Condition Slgnals Indicates
Battery/Sensor Steady audio tone. Low batteries of
Failure Alarm Steady amber Battery/ problem with

Sensor Failure LED. sensor(s). NOTE:

On CGS-~100s8P,
may indicate air
flow to sensor
manifold is in-
terrupted.

When this alarm activates, it indicates either low batteries or a
problem with the MOS sensors. LOW BATT flashes on the LCD if the
problem is low batteries (see section 2.3 for recharging
procedures). Otherwise, the problem involves the MOS sensors,
and the sensor heater voltages must be checked to determine which
sensor is fajling (see section 4.2.1 or 4.2.2, step 4). Whenever
the Battery/Sensor Failure Alarm activates, exit the hazardous
area. NOTE: CGS-100SP only: 1If the Battery/Sensor Failure
alarm activates, the problem may be with the air flow to the
pump. To correct this, first make sure the pump is operating
(low hum). Then check the sample tubing for obstructions or
kinks. Finally, pull the tubing off the hydrophobic filter,
shake out both filter and tube, and replace. I[f this does not
correct the problem, see section 4.5 for pump replacement.

2.3 Charging the Batteries

When the CGS-100 batteries are low (see Battery/Sensor Failure
Alarm in section 2.2 for a description of low battery signals),
they must be recharged. The CGS-100 battery charger has one plug
which inserts into the charge jack of the CGS-100 instrument.
The battery charger automatically senses battery voltages and ad-

justs the charge rate for best performance. The Charge Test

Switch on the CGS-100 is used to check the charge status of the

batteries. A full recharge requires approximately 12-16 hours.
15
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2.3 charging the Batteries (continued)

Use only the charger provided with the CGS-100. Any other type
may damage the battery pack or the electronics and void the war-
ranty.

MATERIALS:
CGS-100 Battery Charger
CGS-~100 or CGS-100SP instrument

110 vac outlet (Note: If 220 Vac outlet is to be used, an
appropriate charger must be ordered (see section 4.8)).

PROCEDURE:

1. Make sure the unit is of€f. Pull the locking toggle ON/OFF
Switch away from {ts base and set it into the OFF position.

2. Plug the charger into a 110 vac wall outlet (if 1t s
desired to use a 220 vac outlet, a special 220 Vac charger
must be obtained from ENMET). 1Insert the charge plug of the
charger into the charge jack on the back of the CGS-100 and
allow the instrument to charge. A complete recharge
requires approximately 12-16 hours.

3. To check the charge condition of the batteries, move the
test switch to CHARGE TEST (make sure charger is still
plugged into the instrument). 1£f the green Battery Charge
LED flashes on and off, the batteries are fully charged.
NOTE: If the batteries do not power the instrument for a at
least 8 hours (instruments with Below Ground/Public Works
Calibration only), then the batteries should be replaced.
See section 4.6.

2.4 A _Note About Field Testing

The Fleld Test (section 3.0) is one of the most important precau-
tionary measures the user can take before operating a CGs-100
with Below Ground/Public Works calibration. The PFPleld Test is a
quick check-out procedure to verify that an instrument is func-
tional and not grossly out of calibration. To verify instrument
accuracy, we recommend that a PField Test be performed upon
receipt of the instrument and at least weekly thereafter. Note:
Toxic and Combustible Field Tests in section 3.1 do not apply for
units with Petrochemical or “Special Calibration (Oxygen Field

17
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2.4 A _Naote About Fleld Testing (continued)

Test in section 3.0 does apply); zrefer to section 4.2.2 or any
addendums included with this manual for instructions on maintain-
ing instrument accuracy for these units.

2.5 Qperation
The CGS-100 simultaneously detects toxic gas, combustible gas and
oxygen deficiency. The unit activates audio and visual alarms

when any or all of these hazards reach the calibrated alarm
points for the instrument. Keep unit in leather case during use.

Response Time: The CGS-100 uses two types of sensing elements
(MOS sensor and oxygen cell), which have different response
characteristics. 1In addition, the toxic, combustible, and oxygen
calibrations jinvolve different quantities of gases. Because the
toxic sensor detects the smallest amount of gas, the toxic alarm
has the slowest response time. Always allow at least 3 minutes
of sampling time to fully test any atmosphere prior to entry.
Allow up to 4 minutes when using CGS-100SP with a sampling line
over 20 f¢t.

Gas Accumulations: Some gases and vapors are heavier than air,

some are lighter. Methane, for example, is approximately half as
dense as ajir, and can be found at the upper levels of an
enclosed work area. When testing an atmosphere, always check
both the high and low areas of the workspace. Also check any
areas where gases can "pocket", such as below steel gratings or
up between rafters.

IMPORTANT: The Digital Oxygen Display on the LCD indicates the
percentage of oxygen in the air, unadjusted for changes 1in air
pressure. The initial percentage, 20.9%, is set into the display
while the instrument |{s in fresh ambient air at the user's
worksite. At high altitudes, the pressure of the air is reduced.
Because there is less air, there (s less oxygen available even
though the percentage of oxygen in the air remains the same as at
sea level. The oxygen sensor in this instrument responds to the
partial pressure of the oxygen in the air. Thus, an instrument
initially set to 21V oxygen at sea level reads lower at several
thousand feet elevation due to the 1lower partial pressure of
oxygen. It s possible up to an altitude of around 5,000 feet
(1524 meters) to readjust the meter to read 21N in fresh air, al-
though there is not as much oxygen available because of the
reduced air pressure at high altitudes.

At an altitude just above 5,000 £t., it becomes no longer pos-
sible to set the display to 20.9% oxygen in fresh air while using
the controls and circuitry in the instrument. DO NOT CHANGE THE

18



2.5 Qperation (continued)

CIRCUITRY OF THE INSTRUMENT TO MAKE HIGH ALTITUDE ADJUSTMENT OF
THE DISPLAY TO 20.9% OXYGEN A POSSIBILITY. To do so voids the
warranty on the |instrument and i{nitiates a situvation of great
potential danger to the user. At sea level, an alarm setting of
19.5% oxygen provides a safety factor for the user. At high al-
titudes, because of the decrease in available oxygen resulting
from the decrease in air pressure, the safety factor is reduced
until, at approximately 5,700 £t. (1750 m), the safety factor is
eliminated for those not acclimated to work at high altitudes.

NOTE: Steps 1-5 of the operation procedure below must be per-
formed in a clean, uncontaminated environment.

MATERIALS:
Fully charged CGS~100 (or CGS-100SP)

PROCEDURE:

1. Make sure the instrument has been fully charged (12-16
hours--see section 2.3). While the instzument is still
plugged intoc the charger, use the Charge Test Switch to
check the charge status of the batteries.

CGS~-100SP ONLY: The CAL/READ switch (see Fig. 3) must be |in
the READ position when the instrument {s being used to
monitor or test any atmosphere. If this switch is in the
READ position there will be a low audible hum and slight
vibration in the sample pump module. If there is no hum or
vibration, then remove three screws in the sample pump
module cover (see Fig. 3), 1lift off the cover and set this
switch in the READ position. Replace cover. NOTE: If
there is still no audible hum when the switch is in the READ
position, there is a problem with pump operation. Try
recharging the {nstrument. If this does not solve the
problem, refer to section 4.5.

2. Turn the instrument on by pulling the ON/OFF Switch away
from {ts base and setting it in the ON position. The MOS8
sensors activate alarm signals until they warm up. Push in
the Push To Set Oxygen Knob and turn until the Digital
Oxygen Display on the LCD reads 20.9%\. If the display can-
not be set to 20.9% while the instrument is in fresh alir,
replace the oxygen cell (see section 4.4.1 or 4.4.2).

NOTEB: For instruments with Petrochemical Calibration, allow
unit to stabilize for six minutes, and then proceed to step
S, since PURGE i{s non-operational in such instruments.

19
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Qperation (continued)

A) If the wunit (s still in alarm, hold the Purge/Audio
Defeat Switch in the Purge position until the red Gas
Alarm LED deactjvates. Continue to hold the switch in
the Purge position for two minutes.

B) If the unit is not 4i{n alarm, hold the Purge/Audio
Defeat Switch in the Purge position for two minutes.

wWait 6 minutes for the sensors to stabilize. If the unit
alarms during this time, the sensor may be very con-
taminated. Repeat step 3A to clear it. 1£ the unit will
not stay clear, recalibrate it (section 4.2).

Now hold the System Test/Charge Test Switch in the System
Test position. I1£f the LED bargraphs read full scale, the
digital display decreases, and the combination gas/oxygen
alarm activates, the unit is ready to operate.

CGS-100: Before enterinc a hazardous area, test the
atmosphere for three minutes without entering the area
yourself. For example, attach the sensor module to the
sensor cable and lower the module into a confined space
to test both the high and low areas of the entry space
for three minutes. If no alarms activate (and
Digital Oxygen Display indicates no more than 23%
oxygen), it is safe to enter. After entering, keep the
instrument on and the sensor module with you as long as
you are in the area. Periodically test both the high
and low points of the workspace for hazardous gases or
vapors. Periodically check the LCD for gas concentra-
tions. I1f any alarm activates, or if the oxygen con-
tent rises above 23-25% by volume, exit the hazardous
area immediately.

CGS-100SP: Before entering a hazardous area, test both
the high and low areas of the atmosphere for at least 3
minutes (4 minutes if using more than 20 ft. of sample
tubing) without entering the area yourself. To do
this, attach the sample tubing to the hydrophobic £il-
ter intake tubing (connectors on these components snap
together; see Fig 3). Place the open end of the tubing
in the high and low areas of the entry space for three
minutes to draw air samples for testing. 1f no alarms
activate, and the Digital Oxygen Display indicates no
more than 23.0% oxygen by volume, it is safe to enter
the area. After entering the area, either detach
the tubing from the sample pump module, or keep the end
of the tubing with you; you want to sample the air near
you while you are in the area. Periodically test the
high and low points of the area for hazardous gases.

20



FIGURE 2

FIGURE 3

ozone. or direct sunhght For maximum life rinse the boot afier use in con-
taminated semples. (See Figure 3}
800t replacement i1s as follows.
1 Pull off old asseambly and clean sheft.
2 Shde on new assembly making sure the back spring is on the grooved ares
of 1he shaft A small amount of rubber cament may be used
3 Check that there 1 sufficient clearance between the tip and the end of the
shaft 10 permit turming without tinding

N

FIGURE 4

. YSI 6760 8.0.D. Bottle Probe ,

The YSi 6760 8 O O Botile Piobe replaces the discontnued ¥SI 5450 B O D
Bottle Probe it 18 simiar to the YSI 5720A B O D. Botrtle Probe. except that i
does not have » stuurrer Agiation of the sample must be provided by other
means. such as & magnetic stirrer {See Figure 4)

IV. Cable Adaptors
Al YSI 6700 Senes Probes are designed for direct use with the YSI Model 57
Dissolved Oxygen Meter.

V. Y81 6791A and §796A Submersible Stirrers

The YS! submaersible stirrers are accessores that perform the funcion of sir
ring the sample being studied when making dissolved oxygen measurements in
the field. The YSI 579 1A stirrer can be used with the following dissolved oxygen
probes: YSI 5418, 5419. 5718.5719. and 5739 The YSI 5795A stirrer is only
for use with the YSI 5739 Probe. (See Figure §)

Whaen a stirrer and probe are assembled. the stirrer agitates the sample direc!
ty in front of the sansor by means of 8 rotating eccentric weight which causes the
spring-mounted hermetically sealed motor housing 1o vibrate An impeller on the
and of the motor housing flushes the media across the oxygen sensor {See sales
Ineratuse and instruction sheets for further information}.

FIGURE 5




Vi. YSi 8721 Battery Pack and Charger

The YSI 6721 Battery Pack and Charges 1s offered ss an accessory to operate
oither the YS| 5791A or 6795A Submersible Stirrer when the stirer 18 used n
conjunciion with the YSI Model 57 Oxygen Meter. The YSI 5721 can be
purchased with the YSI Model 57 or mnstalied at 3 later ime (See sales hterature
and instruction sheet for further information).

OPERATING PROCEDURES

1. Preparing the Probe
Al YSI 5700 Series Probes have similar sensors and should be cared for i the
same manner They are precision devices relying on good treatment if high ac-
curacy messurements are (o be made. Prepare the probes as follows {See Figure
6)
ALL PROBES ARE SHIPPED DORY — YOU MUST FOLLOW THESE
INSTRUCTIONS
1. Prepaie the slectrolyte by dissolving the KCi crystals i the dvopper bottie
with distilled water Fill the bottle to the top
2. Unscrew the sensor guard from the probe (YSI 5739 only) and then ramove
the "0 ning and membrasne Thoroughly rinse the sensor with KCI solution.
3. Fil the probe wath electrolyte as follows:

A. Grasp the probe in your left hand When preparing the YS! 5739 probe
the pressure compensating vent shouild be 10 the nght Successively il
the sensor body with electrolyte while pumping the diaphiagm with the
eraser end of 8 penci or samear soft. biunt 100l. Continue filkng and pumpng
untd N0 more sx bubbles appear. (With practice you can hold the
probe and pump with one hand while hilling with the other.) When
preparing the YSI 6720A and 56750 probes. simply hil the sensor body
unt no more air bubbles appear

8. Secure a membrane under your leht thumb Add more electrolyte 10 the
probe until 8 large memniscus completely covers the gold cathode.
NOTE Handle mambrane matenal with care, keeping it clean and dust
free. 10uching it only at the ends.

C. With the thumb and forefingsr of your other hand, grasp the free end of
the mambrane.

D. Using a continuous moton strefch the membrane UP. OVER. and
OOWN 1the other side of the sensor. Stretching forms the membrana to
the comowr of the probe.

€. Secuie the end of the memiwane under the forelinger of the hand
holding the probe.

F. Roll the "0 ring over the end of the probe There should be no wrinkies
n the membrane or trapped an bubbles. Some wrinkles may be removed
by hghily tuggeng on the edges of the membrane beyond the "0 nng

G Tom off encess membrane with scissors o sharp hrule Check that the
stamiess stew! tomperature sensor 18 ROt covered Dy excess membrane

4 Shake off excess KCi and reinstell the sensor guard

5 A bottomless plestic bottle is provided with the YSI 5739 probe for con-
verent storpge Place 8 small piece of moist towel or sponge n the botile
and nsert the probe nto the open end This keeps the electiolyte from dry-
ng out The YSI §720A and 5750 probes can be stored n 2 B O D bottle
contaimng about 1 water
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18 2.4 weeks However. should the electrolyte be allowed to evaporate an
an encessive smount of bubbles form under the membrang. or the mem
brane become damaged. thoroughly flush the reservoir with XCi and install J
new membrane.

7. Also replace the membrane if erratic readings are observed or calibration 1
not stable

8 “"Home brew’ electrolyte can be prepared by making a saturated solution o
reagent grade KCl and distilled water. and then diluting the solution to hal
stiength with distilled water Adding two drops of Kodak Photo Flo per 1
ml of solution assures good wetting of the sensor. but is not absolutely es
sential

9. The gold cathode should siways be bright and untarnished. if it is tarnished
(which can result from contact with certain gsses) or pisted rith silver (which
con result from exiended use with a loose or wrinklied membrene), return
it to the factory for service or else clean it with the YSI 5880 Probe Recondi-
tioning Kit. Never use chemicals or any abresive other then that supplied
with this kit.

10. & is siso possible thet the silver snode mey become conteminated, which
will prevent successtul calibration. Try sosking the probe overnight in 8 3%
smmonia solution; rinse with delonized water, recherge with electrolyte.
snd install a new membrane. i still unable to calibrate, return the probe for
service.

11. H1S. SO2. Halogens. Neon. Nitrous Oxide and CO are interfening gases I
you suspect erronecus readings. it may be necessary to determine if these
are the cause These gases have been tested for iesponse

100% Carbon Monoxide-Less than 1% 100% Hehum-none

100% Carbon Dwxide- Around 1% 100% Nitrous Oxude 1/3 O: response
100% Hydrogen- Less than 1% 100% Ethylene none

100% Chiorine-2/3 Oa response 100% Nitric Onide 1/3 O response

6 Membranes will last indefiswtely, depending on usage Average mplacmr\%
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3.2 0xygen Response Field Test (continued)
100 lsee Fig. 6).

CGS-1008P: On the CGS-100SP, remove the sample tubing
connector from the hydrophoblc filter intake tubing
connector (see Fig. 7). Then snap the calibration
regulator assembly tubing connector on to the
hydrophobic filter intake tubing connector.

7. On the CGS-100, the red Gas Alarm LED and a steady audio
alarm should activate within 30 seconds. On the CGS-100SP,
the same alarm signals should alsc activate within 30
seconds. The digital oxygen display on both instruments
should read near 17.0%.

8. I1£f this test fails to activate the alarm signals within "the
times indicated, repeat the procedure, reducing the gas flow
slightly. If the test fails repeatedly, recalibrate the

oxygen response for the instrument (see section 4.2.3).

9. Fleld Test for oxygen is complete. NOTE: on CGs-l100spP,
make sure the CAL-READ switch is in the READ position before
"using the instrument.

NOTE: For CGS-100 instruments (only) with 19.5% alarm points, a
quick Fleld Test may be implemented. Hold your breath for 15
seconds, then exhale slowly all your breath over the screen in
the far side of the sensor module. Oxygen alarm signals should
activate when the Digital Oxygen Display reads below 19.5%.

I1f the Digital Oxygen Display does not respond with a reading
below 19.5%, attempt the test again. Be sure to hold your breath
for 15 seconds, and exhale slowly over the cell. If test fails
repeatedly, recalibrate the oxygen alarm point (see section
4.2.3).
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4.0 MAINTENANCE OF THE CGS-100 AND CGS-~-1008P

4.1 Maintenance Schedule

To malintain the accurate and rellable detection capabilities of
the instrument, the user must periodically perform the main-
tenance procedures in this section. Listed below is a schedule
for these maintenance procedures,

Frequency of

Maintenance Maintenance
Calibration At least once every
(section ¢.2) six months for units with

Below Ground/Public Works
calibration; monthly for
Petrochem or Special
Calibrations. Also
required i{f the unit
fails a Fleld Test, if

a sensor is replaced, or
if the MOS sensor heater
voltage is changed.

MOS sensor replacement Whenever the proper

(section 4.4) sensor heater voltage
cannot be obtained (sen-
sor heater voltage is
checked during cali-
bration procedures).

Oxyqgen cell replacement Whenever the digital

(section 4.4) oxygen display cannot be
set to 20.9% when the
unit is in fresh air.

Battery replacement Whenever the 2V or 9V

(section 4.5) battery does not last for
its normal operating
period after a complete

recharge.
Fuse check or replacement Whenever the unit does
(section ¢.7) not operate (even after a

complete recharge).
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4.2 Calibrating the cam-100 and CGOR-1006P Alarm Points

Each Instrument |{s calibrated at the factory before shipping;
however, over time and with continued use, the calibrated alarm
points may drift. Recalibrating thé alarm points involves gently
exposing the MOS sensors (for toxic and combustible alarm point
calibration) or oxygen cell (for oxygen alarm point calibration)
of a completely charged and purged instrument to the correct
calibration gas. Subsequently, potentiometers inside the instru-
ment are used to adjust the alarm response of the instrument.
NOTE: The procedure for toxic and combustible (MOS sensor)
calitration outlined below does pot apply to CGS-100 or CGS-100SP
inst-uments with special calibration. For such instruments, con-
sult the addendum included with this manual. The oxygen calibra-
tion procedure in this section dges apply to CGS-100 or CGS-100SP
instruments with special calibration.

When using a calibration gas to set the alarm levels for the
toxic and combustible alarm modes, two important precautions are
necessary. First, never calibrate the toxic or combustible alarm
levels with compressed gases flowing directly from compressed gas
cylinders, since such gases are extremely dry. Callibration pro-
cedures require cases with at least 10% relative humidity; ENMET
calibration assemblies provide this humidity when used correctly.
Secondly, do not use a calibration gas set in a background of
pure inert gas (such as nitrogen or argon). The MOS sensor will
pick up these background gases and render an inaccurate alarm
response, Calibration gases must be set a background of
hydrocarbon-free air. Appropriate calibration gases are avail-

able from ENMET.

An instrument with Below Ground/Public Works calibration should
be calibrated at least once every six months. An instrument with
Petrochemical calibration should be calibrated monthly. For in-

struments with special calibrations, see any addendums included
with this manual. In addition, an |instrument should be

calibrated:
Whenever the unit fails a Field Test

Whenever a sensor i{s replaced

Whenever the sensor heater voltage is changed

PRECAUTIONS
Do not smoke while calibrating.
calibration procedures must be performed in clean fresh air,
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4.2.1 Below Ground/Public Works Calibration: cCaljbrating

Follow the procedures below to calibrate the toxic and combus-
tible alarm points of a CGS-100 or CGS-100SP with Below
Ground/Public Works calibration. NOTE: Oxygen alarm point
calibration for all instruments with 19.5% by volume oxygen alarm
points (which includes Below Ground/Public Works and Petrochemi-
cal Calibrations) is described in section 4.2.3 of this manual.

MATERIALS:

~- digital voltmeter (or a high quality volt-ohm meter). A
digital voltmeter is avajilable from ENMET; part #73800-001.

~- cylinder of compressed air containing 20% LEL methane*
(ENMET part #03220-020).

-- cylinder of compressed air containing 50% LEL methane?*
(ENMET part #03220-050)

~- cylinder of compressed air containing 50 ppm carbon
monoxide* (CO) (ENMET part #03219-050). Note: SO ppm CO is
also a correlation gas for 10 ppm hydrogen sulfide (that is,
50 ppm CO causes the same instrument response as 10 ppm
hydrogen sulfide).

-- cylinder of compressed air containing 300 ppm carbon
monoxidet (ENMET part #$#03219-300). Note: 300 ppm CO is a
correlation gas for 50 ppm hydrogen sulfide.

-- calibration regqgulator assembly* (CGS-100: ENMET part number
03700-003; & CGS-100SP: ENMET part #03700-007) including
humidifier, regulator and tubing

-- Cclean water

-~ small screwdriver, flat heat

-- medium screwdriver, phillips head

-- fully charged CGsS-~-100 (or CGs-1008P) with Below
Ground/Public Works Calibration

* Items marked with an asterisk (®*) are available as calibration
kits for Below Ground/Public Works Calibration. The CGS-100
calibration kit is ENMET part $#04800-124. The CGS-100SP calibra-
tion kit is ENMET part #04800-173.
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4.2.1 Below Ground/Public Works cCalibration: Callibrating
Toxic and Combustible Alarm Points (continued)

PROCEDURE:

1. Lay the instrument flat on a stable surface. Remove the 8

cover-retaining screws (phillips head) from the yellow cover
of the instrument. Pull the yellow cover off the body of
the instrument.

Pull the ON/OFF Switch away from its base and set it to the
ON position. Purge the instrument for 10 minutes. The
Purge switch can be kept in the Purge position by doubling
over the tubing from the calibration requlator assembly and
setting it underneath the switch.

After purging, allow sensors to stabilize for 6 minutes.

Check the sensor heater voltages.

CGS-100: Refer to Flg. 8. o

“a) Remove the 4 screws of the sensor module cover. Pull

the cover off. Insert the positive lead of the
voltmeter into the Toxic Testpoint of the sensor cir-
cuitboard. Insert the negative lead :f the voltmeter
into the Ground Testpoint of the sensor circuitboard.
The voltage should be 4.25 vdc + or - 0.05 vdc. 1If the
voltage is not in this range, use the small screwdriver
to adjust the screw in the Toxic Potentiometer on the
sensor circuitboard until the correct reading is
gained. Adjust this potentiometer clockwise to in-
crease, counterclockwise to decrease the voltage.

b) Now 1insert the positive lead of the voltmeter into the
* Combustible Testpoint (leave the negative lead in the
Ground Testpoint). The voltage should now read 5.0 vdc
+ or - 0.05 vdc. 1f the voltage i{s not in this range,
adjusted the Combustible Potentiometer to galn the cor-
rect reading (adjust this potentiometer cw to increase,

ccw to decrease the voltage).

NOTE: If the voltages cannot be adjusted to the correct
values, replace the corresponding toxic or combustible
MOS sensor(s). See section 4.4.1 or 4.4.2. to replace.

CGS-100SP: Refer to Fig. 8.

a) Remove the sample tubing connector from the hydrophobic
filter intake tubing connector (see Fig. 10). Re-~
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Below Ground/Public wWorks Calibration: cCalibrating
Toxic and Combustible Alarm Points (continued)
move three screws on the sample pump modul: cover (see
Fig. 8) to access the CAL/READ 8witch (see Fig. 8).
Set the CAL/READ switch in the CAL position.

b) Locate the sensor circuitboard (see Fig. 8). Insert

the positive voltmeter lead {nto the Toxic Testpoint of
the sensor circuitboard. 1Insert the negative voltmeter
lead into the Ground Testpoint of the sensor circuit-
board. The voltage on the voltmeter should be 4.25 vdc
+ or - 0.05 vdc. If the voltage is not in this range,
use the small screwdriver to adjust the screw in the
toxic potentiometer until the correct reading is galned
(adjust this potentiometer clockwise to increase, coun-
terclockwise to decrease the voltage).

c) Now insert the positive lead of the voltmeter into the
Combustible Testpoint (leave the negative lead in the
ground testpoint). The voltage should now read 5.0 vdc
+ or - 0.05 vdc. If the voltage s not in this range,
adjust the Combustible Potentiometer to gain the cor-
rect reading (adjust this potentiometer clockwise to
increase, counterclockwise to decrease the voltage).

NOTE: If these voltages cannot be adjusted to the required
values, replace the corresponding (toxic or combustible) MOS
sensor(s). See section 4.4.1 or 4.4.2 to replace.

NOTE: If easler access to CGS-100SP sensor circuitboard
testpoints and potentiometers is desired, it is possible to
remove the sensor circuitboard. See section 4.4.2 (CGsS-
100SP Sensing Element Replacement Procedure) for sample pump
module disassembly instructions.

In the body of the instrument, locate the calibration switch
on the main cizcuitboard of the CGS-100 (or CGS-100S8SP). It
is situated on the top circuitboard (see Figure 9), and is
directly behind the LCD on the front of the instrument.
Place the switch in the toxic calibration position (move it
to the left). The red LED next to Tl, T2 and T3 (see Fig.
9) should activate. This indicates that the instrument is
ready for toxic calibration. Also, one of the yellow LEDs
directly beneath the red LBD should be on. NOTR: When the
calibration switch is in the toxic or combustible position,
the audio alarm is automatically silenced.

Insert the positive lead of of the voltmeter into TP4 on the
maln circuitboard. Insert the negative lead of the volt-
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4.2.1

10.

11.

l2.

Below Ground/Public Works calibration: Calibrating
Toxic and Combustible Alarm Points (continued)
meter into TP1. The voltage must be 4.75 vdc ¢+ or - 0.05
vdc. I1f necessary, adjust potentiometer Tl to gain the

required reading (adjust this potentiometer clockwise to in-
crease, counterclockwise to decrease the voltage).

Insert the positive lead of the voltmeter into TPS. Insert
the negative 1lead of the voltmeter into TPl. The voltage
must be 4.75 vdc + or - 0.05 wvdc. [f necessary, adjust

potentiometexr Cl (see Fig. 9) to gain the required reading
(adjust this potentiometer clockwise to increase, coun-
terclockwise to decrease the voltage).

Prepare the calibration regulator assembly by unscrewing the
humidifier bottle of the assembly. F1ll bottle halfway
with water and replace onto assembly. Be careful not to
tip the assembly; if water runs into the gas supply line, it
could eventually reach the sensors durlng calibration and

cause damage.

Make sure the regulator of the assembly is in the OFF posi-
tion. Attach the calibration regulator assembly to the the
gas cylinder containing 300 Ppm Co. Set the
humidifier/flowmeter upright on a level surface.

Open the regqulator valve slowly in order to provide 0.9 -
1.1 scfh (standard cubic feet/hour) flow through the flow-
meter on the assembly. Do not allow the gas to flow so fast
as to force water into gas supply line leading to sensors.

CGsS-100: Place the sensor cover of the calibration
regqulator assembly over the sensor module of the in-

strument (see Fig. 10).

CGS-100: Insert the calibration regulator tubing connector
into the hydrophobic filter intake tubing connector un-
til the connectors snap into place (see Fig. 10).

Allow the gas to flow for 3 minutes. Then, slowly adjust
potentiometer T2 (on the maln circultboard; see Flg. 9)
clockwise until the second yellow LED on the main circuit-
board (near Ti, T2 and T3 -- see Fig. 9) just barely ac-
tivates. This adjusts the £full scale mark on the toxic
bargraph of the LCD to the correct reading. NOTE: If the
second yellow LED was already on before the potentiometer
adjustment was made, adjust potentiometer T2 counterclock-
wise until the LED turns off, then readjust clockwise until

the LED just barely comes on again. Be preclise.
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4.2.1

13.

14.

15.

16.
17.

18.
19.

20.

2l.
22.

Belowy Oround/Public Works cCalibration: Calibrating
Toxic and Combustible Alarm Points (contlinued)

CGS-100: Remove the calibration assembly sensor cover from
the instrument. Turn off the gas.

CGs-100SP: Disconnect the calibration assembly tubing con-
nector from the hydrophobic filter intake tubing con-
nector. Turn off the gas.

Allow the sensors to recover for 10 minutes. NOTE: On CGS-
100SP, switch the CAL/READ Switch to the READ position. Al-
low the pump to operate for 10 minutes to clear the sensors,
and then set switch back to CAL.

Being careful not to tilt the humidifier, remove the
calibration regulator assembly from the cylinder of 300 "ppm
CO, and attach it to the cylinder of 50 ppm CO. Set ~-e
humidifier/flowmeter assembly upright on a level surface.

Repeat steps 9 and 10 {n order.

Allow the gas to flow for 3 minutes. Then adjust poten-
tiometer T3 (on the main circuitboard; see Fig. 9) until the
toxic bargraph (PPM) on the LCD shows the proper concentra-
tion (10 ppm for Below Ground/Public Works calibration,
since S50 ppm CO is a correlation gas for 10 ppm hydrogen
sulfide). Adjust this potentiometer counterclockwise to in-
crease, clockwise to decrease the meter reading. The red
Gas Alarm LED on the display face of the instrument should
activate when the meter is set to the alarm point.

Repeat step 13.

Now, move the calibration switch (referred to in step 5) to
the combustible calibration position (to the right). The
red LED next to C1, C2 and C3 on the main circuitboard (see
Fig. 9) should activate. This indicates that the combus-
tible sensor and circuitry are ready for calibration. One
of the yellow LEDs on the main circuitboard should also be

on.

Attach the calibration requlator assembly to the cylinder of
508 LEL methane. Set the humidifier/flowmeter assembly

upright on a level surface.

Repeat steps 9-10 in order.

After 1 minute of gas flow, slowly adjust potentiometer C2
(see Fig. 9) clockwise until the second yellow LED on the
main circuitboard just barely actlvates. NOTE: I1£f the
second yellow LED is already on before the potentiometer is
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0.2.1 Belov Ground/Public Works Calibration: Calibrating
Toxic and Combustible Alarm Pojints (continued)

adjusted, adjust potentiometer C2 counterclockwise until the
LED turns off, then readjust the potentiometer clockwise un-
til the LED just barely activates. Be precise.

23. Repeat steps 12 and 13 in order.

24. Attach the calibratfion requlator assembly to the cylinder of
208 LEL methane (again, be careful not to tilt the
humidifier). Set the humidifier/flowmeter upright on a
level surface.

25. Repeat steps 9-10 {n order.

26. Allow the gas to flow over the sensor for 1 minute. Then
adjust potentiometer C3 on the main circuitboard (see Fig.
9) until the combustible gas bargraph on the LCD (SLEL) in-
dicates the proper alarm point (20% LEL methane for Below
Ground/Public Works calibration). Adjust this potentiometer
counterclockwise to increase, clockwise to decrease the
meter reading.

27. Repeat step 12.

28. Return the calibration switch (referred to in step 5; also
see Fig. 9) to the RUN position (center position). Do not
replace yellow instrument housing cover if oxygen calibra-
tion procedures are to be performed.

29. Toxic and combustible calibration is complete. NOTE: Set
the CAL/READ Switch of the CGS-100SP to READ.

4.2.2 Petrochemical Calibration: calibrating the Toxic and
combustible Alarm Points

As a result of the Petrochemical Calibration, the gases used to
calibrate the instrument are different from those used in Below
Ground/Public Works calibration; 1in addition, the sensor heater
voltages for the MOS sensors are different from those used for
Below Ground/Public Works calibration. Both the gases and sensor
heater voltages used in the Petrochemical Calibration are
specified below. No parts in the instrument have been changed.

Please note that Toxic and Combustible Fileld Tests (as described
in section 3.0) have not been established for an instrument with
Petrochemical Calibration (Oxygen Pield Test in section 3.2 does
apply). To maintain toxic and combustible detection accuracy of
the CGS-100 or CGS-100SP with Petrochemical Calibration, these
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4.2.2 Betrochemical Calibration: cCalibrating the Toxic and
Combustible Alarm Pointa (continued)
instrument responses must be calibrated periodically. For in-

struments used on a regular basis, checking calibration monthly
is considered appropriate,

MATERIALS:

-- digital voltmeter (or a high quality volt-ohm meter). A
digital voltmeter is available from ENMET; part #73800-001.

-- cylinder of compressed air containing 20% LEL propane?*
(ENMET part #03221-020).

-- cylinder of compressed air containing 508 LEL propanet
(ENMET part #03221-050).

-- cylinder of compressed air containing 100 ppm methyl
chloride* (ENMET part #$03281-100).

-- cylinder of compressed alr containing 300 popm methyl
chloride* (ENMET part #03281-300).

-- calibration regulator assembly* (CGS-100: ENMET part number
03700-003; CGS-100SP: ENMET part #03700-007) including
humidifier, regulator and tubing.

-- clean water
-- small screwdriver, flat heat
-- medium screwdriver, phillips head

-- fully charged CGS-100 (or CGS-100SP) with Petrochemical
Calibration

* Jtems marked with an asterisk (*) are available as a calibra-
tion kit for Below Ground/Public Works Calibration. For a CGS-
100, the calibration kit is ENMET part #04800-128. For a CGS-
1008P, the calibration kit is ENMET part #04800-175.

PROCEDURE:

1. Lay the instrument flat on a stable surface. Remove the 8
cover-retalining screws (phillips head) from the yellow cover
of the {instrument. Pull the yellow cover off the body of

the instrument.
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4.2.2

-

Combustible Alarm Points (continued)

Pull the ON/OFF Switch away from {ts base and set it to the
ON position.

Allow sensors to stabilize for 6§ minutes.

Check the sensor heater voltages.

€G5-100:

a) Remove the 4 screws of the sensor module cover. Lift
the cover off.

b) Insert the positive lead of the voltmeter 1into the
Toxic Testpoint of the sensor circuitboard. Insert the
negative lead of the voltmeter into the Ground
Testpoint of the sensor circuitboard. The voltage
should be 5.00 vdc + or - 0.0S vdc. I1f the voltage is
not in this range, use the small screwdriver to adjust
the screw in the Toxic Potentiometer on the sensor cir-
cuitboard until the correct reading is cained (adjust
this potentiometer clockwise to increase, counterclock-
wise to decrease the voltage).

c) Now insert the positive lead of the voltmeter into the
Combustible Testpoint (leave the negative lead in the
Ground Testpoint). The voltage should also read 5.0
vde + or - 0.05 vdc. If the voltage is not in this
range, adjust the Combustible Potentiometer to gain the
correct reading (adjust this potentiometer clockwise to
increase, counterclockwise to decrease the voltage).

NOTE: If the above voltages cannot be adjusted to the cor-
rect values, replace the corresponding toxic or combustible
MOS sensor(s). See section 4.4 for sensor replacement.

CGS-1008P:
a) Remove the sample tubing connector from the hydrophobic
filter intake tubing connector (see Fig. 1l1). Remove

three screws on the sample pump module cover to access
the CAL/READ Switch (see Fig. 11). Set the CAL/READ
switch in the CAL position.

b) Locate the sensor circuitboard (see Fig. 11). Insert
the positive voltmeter lead {nto the Toxic Testpoint of

the sensor circuitboard. Insert the negative voltmeter
lead into the Ground Testpoint of the sensor circuit-
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4.2.2 Betrochemical calibration: calibrating the Toxic and

Combustible Alarm Points (continued)

board. The voltage on the voltmeter should be 5.00 vdc
+ or - 0.05 vdc. If the voltage ls not in this range,
use the small screwdriver to adjust the screw in the
Toxic Potentiometer until the correct reading s gained
(adjust this potentiometer clockwise to increase, coun-
terclockwise to decrease the voltage).

c) Now insert the positive lead of the voltmeter into the
Combustible Testpoint (leave the negative lead 1in the
ground testpoint). The voltage should now read 5.0 vdc
+ or - 0.05 vdc. If the voltage is not in this range,
adjust the Combustible Potentiometer to gain the cor-
rect reading (adjust this potentiometer clockwise to
increase, counterclockwise to decrease the voltage).

NOTE: If these voltages cannot be adjusted to the required

values, replace the corresponding toxic or combustible MOS

sensor(s).

NOTE: 1If easier access to CGS-100SP sensor - circuitboard
testpoints and potentiometers is desired, it is possible to
remove the sensor circuitboard. See section 4.4.2 (CGS-
100SP Sensing Element Replacement ) for sample pump module
disassembly instructions.

In the body of the instrument, locate the calibration switch
on the main circuitboard of the CGS-100 (or CGS-100SP). 1t
is situated on the top circuitboard (see Figure 9), and |is
located directly behind the LCD on the front of the instru-
ment. Place the switch iIn the toxic calibration position
(move it to the left). The red LED next to Tl, T2 and T3
(see Fig. 9) should activate. This indicates that the in-
strument is ready for toxic calibration. Also, one of the
yellow LEDs directly beneath the red LED should be on.
NOTE: When the calibration switch is in the toxic or com-
bustible position, the audio alarm {s automatically si-
lenced.

Insert the positive lead of of the voltmeter into TP4 on the
main clircuitboard. Insert the negative lead of the
voltmeter into TPl. the voltage must be 4.75 vdc + or -
0.05 vdec. If necessary, adjust potentiometer Tl (see Fig.
9) to galn the required reading (adjust this potentiometer
clockwise to increase, counterclockwise to decrease the
voltage).

Insert the positive lead of the voltmeter into TPS. Insert
the negative lead of the voltmeter into TP1. The voltage
must be 4.75 vdc + or -°0.05 vdc. If necessary, adjust.
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4.2.2 BPetrochemical calibration: Calibrating the Toxic and

10.

11.

12.

13.

Combustible Alarm Pojints (continued)

potentiometer Cl (see Fig. 9) to cain the required reading
(adjust this potentiometer clockwise to increase, coun-
terclockwise to decrease the voltage).

Prepare the callbration regulator assembly by unscrewing the
humidifier bottle of the assembly. Fill bottle halfway
with water and replace onto assembly. Be careful not to
tip the assembly; if water runs into the gas supply line, it
could eventually reach the sensors during calibration and
cause damage. NOTE: For CGS-100, attach plastic sensor cup
to calibration assembly to isolate sensor exposure to gas

(see Fig. 11).

Make sure the regulator of the assembly is in the OFF poési-
tion. Then attach the calibration regqulator assembly to the
cylinder containing the gas cylinder containing 300 ppm
methyl chloride. Set the humidifier/flowmeter assembly

upright on a level surface.

Open the regulator valve slowly in order to provide 0.5 scfth
(standard cubic feet/hour) flow through the flowmeter on the
assembly. Do not allow the gas to flow so fast as to force

water into gas supply line leading to sensors.

CGS-100: Place the sensor cup of the calibration £fixture
over the appropriate sensor (see Fig. 1l1).

CGS-100SP: 1Insert the calibration regulator assembly tubing
connector into the hydrophobic filter intake tubing
connector until the two connectors snap into place (see

Fig. 11).

Allow the gas to flow for 3-5 minutes. Then, slowly adjust
potentiometer T2 (see Fig. 9) clockwise until the second
yellow LED on the main circuitboard (near Tl, T2 and T3
-- see Fig. 9) Jjust barely activates. This adjusts the
full scale mark on the toxic bargraph of the LCD to the cor-
rect reading. NOTE: If the second yellow LED was already
on before the potentiometer adjustment wvas made, adjust
potentliometer T2 counterclockwise until the LED turns off,
then readjust clockwise until the LED just barely comes on

again. Be as precise as possible.

CGS~-100: Remove the calibration assembly cup from the sen-
sor. Turn off the gas.

CGS~-100SP: Remove the calibration assembly tubing connector
from the hydrophobic filter tubing connector.

’
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4.2.2

14.

15.

16.

18.
19.

20.

21.
22.

23.

Petrochemical Calibration: calibrating the Toxic and

Combustible Alarm Points (continued)

Allow the sensors to recover for 10 minutes. NOTE: 0On CGS-
100SP, switch the CAL/READ Switch to the READ position. Al-
low the pump to operate for 10 minutes to clear the sensors,
and then set switch back to CAL.

Be:ng careful not ¢to tilt the humidifier, remove the
calibration regulator assembly from the cylinder of 300 ppm
methyl chloride, and attach it to the cylinder of 100 ppm
methyl chloride. Set the humidifier/flowmeter assembly
upright on a level surface.

Repeat steps 9 and 10 in order.

Allow the gas to flow for 3-5 minutes. Then adjust poten-
tiometer T3 (see Fig. 9) until the toxic bargraph (PPM) on
the LCD shows the proper concentratjon (it should read at
*100" for Petrochemical Calibration). The red Gas Alarm LED
on the display face of the instrument should activate.
NOTE: Adjust this potentiometer counterclockwise to in-
crease, clockwise to decrease the meter reading.

Repeat step 13.

Now, move the calibration switch (referred to in step 5) to
the combustible calibration position (to the right). The
red LED next to Cl, C2 and C3 on the main circuitboard (see
Fig. 9) should activate. This indicates that the combus-
tible sensor and circuitry are ready for calibration. One
of the yellow LEDs on the main circuitboard should also be

onl

Attach the calibration regulator assembly to the cylinder
containing S0% LEL propane. Set the flowmeter/humidifier
assembly upright on a level surface.

Repeat steps 9-10 in order.

After 1.5 - 2.0 minutes of gas flow, slowly adjust poten-
tiometer C2 (see Fig. 9) clockwise until the second yellow
LED on the main circuitboard just barely activates. NOTE:
1f the second yellowv LED was already on before the poten-
tiometer was adjusted, adjust potentiometer C2 counterclock-
wise until the LED turns off, then readjust the poten-
tiometer clockwise until the LED just barely activates. Be
as precise as possible.

Repeat steps 12 and 13 in order.
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4.2.2 patrochemical calibration: cCalibrating the Toxic and
Combustible Alarm Points (continued)

24. Attach the calibration regulator assembly to the cylinder of
208 LEL propane (be careful not to tilt the humidifier).
Set the flowmeter/humidifier assembly upright on a 1level
surface. '

25. Repeat steps 9-10 {n order.

26. Allow the gas to flow over the sensor for 1.5 - 2.0 minutes.
Then adjust potentiometer C3 on the main circuitboard (see
Fig. 9) until the combustible gas bargraph on the LCD (SLEL)
indicates the correct alarm point (208 LEL propane for

Petrochemical Calibration). Adjust potentlometer C3 coun-
terclockwise to increase, clockwise to decrease the meter
reading.

27. Repeat step 12.

28. Return the calibration switch (referred to in step S; also
see Fig. 9) to the N position (center position). Do not
replace yellow instrument housing cover if oxygen calibra-
tion procedures are to be performed.

29. Toxic and combustible calibration is complete. NOTE: CGSs-
100SP CAL/READ Switch must be returned to READ position.

4.2.3 Oxygen Alarm Point Calibration

This section describes oxygen alarm point calibration for instru-
ments with a 19.5% by volume oxygen alarm point. The calibration
procedure in this section applies to Iinstruments with Below
Ground/Public Works Calibration and Petrochemical Calibration.
Note: This procedure must be performed in clean air.

Normally, the oxygen alarm point remains accurate for the life of
the oxygen cell. Thus, the only time oxygen alarm point :alibra-
tion s wusually necessary is when the oxygen cell is :zplaced.
However, if an instrument does not respond properly to the Oxygen
Field Test, the oxygen alarm point should be recalibrated. In
addition, 1f an oxygen circuit potentiometer is inadvertently ad-
justed, the oxygen alarm point should be calibrated for safety.

MATERIALS:

-- small screwdriver, flat head

-- medium screwdriver, phillips head
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4.2.3 Qxygen Alarm Point Calibration (continued)

PROCEDURE:

Note: Instrzument must operate for at least 15 minutes before
oxygen calibration procedure is performed. [f oxygen calibration
is performed immediately following toxic and combustible calibra-
tion, this requirement has been fulfllled.

l. Remove yellow instrument body cover (8 screws) and set
calibration switch (see Fig. 8) in the RUN position.

2. CGS-100SP only: Set the CAL/READ Switch to the READ posi-
tion (see Fig. 8 to determine which screws on the sample
pump module require removal for access to switch).

3. Locate the main circuitboard of the instrument (see Fig. 9).
Insert the positive lead of the voltmeter into TP2. Insert
the negative lead of the voltmeter into TPl. The vol?®age
should be 2.49 vdc + or - 0.05 vdc. If necessary, adjust
the small screw in potentiometer V1 to gain the required
voltage.

4. Now insert the positive 1lead of the voltmeter into TP3
(leave the negative lead in TPl). The voltage should now be
2.00 vdc + or - 0.05 wvdc. I1f necessary, adjust poten-
tiometer V2 to gain the required voltage.

5. Push in the Push To Set Oxygen Knob and turn counterclock-
wise all the way, until the knob will not turn any farther.

- 6. On the main circuitboard, adjust potentiometer OXY 1 so the
Digital Oxygen Display on the LCD reads 17.0.

7. Now, use the Push To Set Oxygen Knob to test the accuracy of
the oxygen alarm point callibration. Push the knob in and
turn until the Digital Oxygen Display on the LCD reads at
20. Then slowly dial the display down and verify that the
oxygen alarm signals (steady audio tone, steady red Gas
Alarm LED) activate vwhen the display reads between 19.4¢ -
19.6. I1f the oxygen alarm signals do not activate within
this range (19.4 - 19.6), adjust the Push To Set Oxygen Knob
until the Digital Oxygen Display reads 19.5. Then adjust
potentiometer OXY 2 (see PFig. 9) counterclockwise until the
oxygen alarm signals just barely activate at this point.
NOTE: If oxygen alarm signals are already on before the
potentiometer adjustment is made, adjust OXY 2 clockwise un-
til the alarm signals stop, then readjust OXY 2 coun-
terclockwise until the alarm signals just barely activate.
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4.2.3 Qxygen Alarm Point Calibration (continued)

8. Using the- Push to Set Oxygen knob, set the Dligital Oxygen
Display to read 20.9. Oxygen calibration is complete.

9. Make sure the calibration switch (see Fig. 9) is in the RUN
position. Replace the instrument housing cover (8 screws).
The CGS-100 is ready for operation. NOTE: CGS-100SP -- Re-
place sample pump module cover (3 screws -- see Fig. 8 for
location). 1Instrument 1s now ready for operation.

4.3 Yeekly Exercise for Seldom-Used Instruments

If the CGS-100 or CGS-100SP is used once or twice a month (or
less frequently), perform a weekly exercise to keep the sensor
clean and the batteries in good condition. Although the 