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SECTION 1.0 - INTRODUCTION

This Quality Assurance Project Plan (QAPP) presents the organization,
objectives, functional activities and specific Quality Assurance (QA) and
Quality Control (QC) activities associated with the Remedial
Investigation/Feasibility Study (RI/FS) at the Wausau NPL Site in Wausau,
Wisconsin. The QAPP is designed to achieve the specific data quality goals of
the RI/FS.

The United States Environmental Protection Agency (U.S. EPA) requires
contractors performing Remedial Investigations (RIs) to participate in
centrally managed QA programs. This requirement applies to environmental
monitoring and measurement efforts funded by the U.S. EPA.

The contractor generating data has the responsibility to implement minimum
procedures so that precision, accuracy, completeness, and representativeness
of data collected are known and documented. This responsibility is uniformly
met through preparation of a written, site-specific quality management plan,
or QAPP.

This QAPP has been prepared using the following guidance documents:

+ U.S. EPA December 1980, Interim Guidelines and Specifications for
Preparing Quality Assurance Project Plans, QAMS-005/80

+ U.S. EPA Region V, December 1985, Preparation of Federal-Lead Remedial
Investigation Quality Assurance Program Plans for Region V, Draft
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3.0 - PROJECT DESCRIPTION

This RI/FS consists of an assessment of volatile organic compound (VOC)
contamination in groundwater in the vicinity of City of Wausau Municipal
Wells. The objectives of the Remedial Investigation (RI) are:

+ Identification of contaminant sources
- Determination of the nature and extent of impacts

- Determination of probable fate of contaminants through time

- Assessment of the danger to public health associated with the
contamination

Development of remedial action alternatives to address varying
levels of response

- Evaluation of response actions utilizing environmental, public
health, economic, institutional, and technical reliability
criteria

A variety of field activities have been proposed for this purpose. The RI
will be conducted in such a manner as to gather data necessary to support the
Feasibility Study (FS). Tasks and subtasks are directed toward accomplishing
project objectives.

3.1 - Background

The City of Wausau is located in Marathon County along the Wisconsin River in
the north-central region of Wisconsin. The City provides drinking water for
approximately 33,000 residents primarily from 5 groundwater production wells
(see Figure 1). Well CW-8, located north of Well CW-3 is used infrequently
because of high iron concentration. Three of these wells, CW3, CW4 and CW6,
are contaminated with volatile organic compounds (VOCs). The City, with the
support of Wisconsin Department of Natural Resources (WDNR), U.S. EPA and
several local industries have made several attempts to mitigate the problem
and locate contaminant sources. Thus far, the results are inconclusive.
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In Mid-1983, Wausau drinking water exceeded recommended drinking water
standards for VOCs. 1In 1984, the City of Wausau and WDNR contacted the U.S.
EPA for emergency assistance. The U.S. EPA Emergency Response Group installed
temporary granular activated carbon (GAC) adsorption units on Production
Well CW6 and a VOC stripper at Production Well CW4 in August, 1984. A second
stripper has been used at Production Wells CW3 and CW6. The temporary GAC
units were shut down on October 29, 1984. Recently, the City has been
blending treated water with well water from uncontaminated supply sources to
reduce VOC concentrations in the water distribution system.

Prior to treatment (before July 1984), the water supply contained
trichloroethene TCE ranging from detectable levels to 80 ug/L. Shortly after
discovery of the contamination, but probably before blending had reduced
levels of VOCs, lower levels of tetrachloroethene (PCE) and dichloroethene
(DCE) were found. After installation of the water treatment systems, the
water distribution system had relatively low levels of VOCs.

Wausau Chemical Company is located between Production Wells CW3 and CW4 (see
Figure 3) and has had documented releases of PCE. High concentrations of VOCs
(e.g., PCE/TCE/DCE of 20,000/8,800/8,800 ug/L at Well WC6A in April 1985) have
been detected in the grounawater beneath this facility. However, Wausau
Chemical Company is presently operating an extraction and treatment system.
The results of these measures are not available at this time.

3.2 - Topography and Hydrology

The surface topography in the Wausau area is controlled by the underlying Pre-
Cambrian bedrock topography, glacial deposition and post-glacial erosion. The
glacial terrain consists of relatively low rolling hills marked with
topographic highs formed by the bedrock. The Wisconsin River has created a
major valley and flood plain by erosion into the glacial deposits. Valley
slopes are very steep along thé river in the west study area and are lower in
the vicinity of the east study area.
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The Wisconsin River is controlled by a dam in downtown Wausau, which is south
(downstream) of the study area. Therefore, the river stage within the study
area is relatively controlled. A stream gauging station on the river is
operated by the Wisconsin Valley Improvement Company and will provide river
stage records needed in the modeling and analysis of groundwater flow. The
U.S.G.S. maintains a stream gauge at the City of Merrill, located
approximately 20 miles upstream. Records from both the Wausau and Merrill
stations will be used in establishing historical stage levels.

3.3 - Hydrogeology

The aquifer within the Wausau area consists of glacial outwash deposits.
Figure 2 is a cross-section of the east study area, which illustrates
representative study area soil types. The outwash deposits appear laterally
extensive and consist of fine-to-coarse sand. Existing studies report only
minor silty sand units within the aquifer. The aquifer thickness is
controlled by the topography on the Pre-Cambrian igneous and metamorphic
bedrock. Although the bedrock is used as an aquifer for domestic supplies in
some areas, it has a very low hydraulic conductivity relative to the sand
aquifer.

The bedrock topography has been characterized through seismic surveys on both
sides of the river (Weston, 1985) and through wells which have extended to
bedrock. These sources indicate a major bedrock valley that roughly parallels
the present Wisconsin River (see Weston, 1985 bedrock maps). The bedrock
slopes to the east at a relatively uniform, moderate slope (36 feet/mile) in
the vicinity of Production Wells CW3 and CW4. The bedrock surface near
Production Wells CW6, CW7 and CW9 slopes upward to the northwest, away from
the river. The slope is cut by two deep east-west trending tributary valleys
that are approximately 100 feet deep.

Under normal conditions, the Wisconsin River is a regional discharge area for

groundwater flow, which occurs primarily in the sand aquifer (Lippelt and
Hennings, 1981). Although river stage records are not presented with the
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groundwater levels shown in Figures 3 and 4, the groundwater levels in the
vicinity of municipal production wells are below the river stage indicating
that the City production wells are inducing infiltration from the river.
Fluctuations in river stage apparently have a strong effect on the rate of
recharge from the river, which in turn, affects groundwater flow directions
and the amount of dilution of VOCs at certain well locations.

Figure 2 presents the vertical distribution of observed groundwater heads and
inferred groundwater flow directions in the east study area. The vertical
flow net was developed from groundwater levels recorded by Roy F. Weston Inc.
(1985). The divide located between Production Wells CW3 and CW4, shown on the
water table map, was very close to Well CW4 at the time of the water level
monitoring. The small cone of depression shown at Well CW4 was probably due
to the infrequent pumpage at Well CW4 (see Figure 6). The divide between
Wells CW3 and CW4 extended below the Wausau Chemical Co. site. Downward
vertical flow occurred at Monitoring Well Nest WC3, whereas upward flow
occurred in the shallow portion of the aquifer at Monitoring Well Nest WC5.
Present groundwater flow conditions may have changed substantially due to the
installation and operation of groundwater extraction wells at the Wausau
Chemical Company facility.

Groundwater recharge from the vicinity of Monitoring Well Nest WC3 appears to
flow deep within the aquifer and discharge to Production Wells CW4 and CW3.
Recharge that occurs west of Monitoring Well Nest WC3 appears to remain
relatively shallow, but appears to discharge to Well CW3 and/or the Wergin
well. Recharge at the Wausau Chemical Company site may or may not discharge
to the Wisconsin River, depending on river stages and pumping conditions.

-Recent hydrogeologic investigations (RMT/Geraghty & Miller Inc., 1987)
-indicate Production Wells CW6, CW7 and CW9 exert considerable influence on

groundwater flow conditions on the west side of the Wisconsin river
(Figure 4). Water levels recorded during sustained production well pumpage
indicate a large asymmetric cone(s) of depression that is several thousand
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feet in diameter. The orientation of the cone of depressions appears to be
strongly controlled by the relative pumping rates of the three production
wells and the proximity of induced recharge areas (Wisconsin River and Bos
Creek). Comparison of groundwater levels at Monitoring Well Nest R1D/R1S,
R2D/R2S, and R3S/R3D indicates strong vertically downward gradients
(£0.007 ft/ft to 0.025 ft/ft) (recharge conditions) relative to the horizontal
gradient (+0.01 ft/ft) These vertically downward gradients may be the result
of induced recharge caused by production well pumpage, by a small impoundment
area on Bos Creek or by a combination of these factors.

3.4 - Groundwater Quality Based on Prior Investigations
East Study Area
The inferred vertical distribution of contaminants between Production Wells

CW3 and CW4 is shown in Figure 5. The contaminant plumes shown on this cross-
section are based on the inferred flow directions shown in Figure 2 and the
VOC concentrations shown on the cross section. The contaminants present and
the flow directions between Monitoring Well WC5A and the wells surrounding the
Wergin well indicate a probable continuous plume below some installed wells.

The plume observed at the groundwater surface in Monitoring Well WC6A and at
depth at Well WC3A contains all three of the primary VOC's (PCE/TCE/DCE)
identified at Production Wells CW3 and CW4. The flow directions between Well
WC3A and Production Well CW3 indicate a probable continuous plume below the
installed monitoring wells.

Figure 6 presents a comparison of the total VOC concentrations observed at
selected wells on east side of the river and their pumping history.
Observations that can.be made from these comparisons are:

+ VOCs were observed at Well CW4 only after it was placed into
continuous use for several” months.
The VOCs at the Wergin well. decreased substantially after Well

CW3 pumpage was shifted to Well CW4 for several months in
1982.
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+ The VOCs at Monitoring Well Nest MW10 in the vicinity of

Marathon Box appear to be strongly related to the pumping rate

at Production Well CW4.
These observations indicate that Production Well CW4, even when pumped
intermittently, has an affect on VOC concentrations at Well CW3 and the Wergin
Well. Based on this information, it appears the source(s) is (are) influenced
by pumpage by both Production Wells CW3 and CW4, and are probably located
between the two wells. The correlation of concentration at Monitoring Well
Nest MW10 with pumpage at CW4 indicates that as the cone of depression from
Well CW4 developed during 1984 and then again in 1986, the flow direction
changed and Monitoring Well Nest MW10 intercepted contaminant flow, probably
from the north. Prior to the continuous pumpage at Well CW4, this contaminant
plume may have been migrating toward Production Well CW3 and the Wergin Well.

West Study Area
Prior to the RMT investigation of Marathon Electric, several monitoring wells

were installed in the west study area with little success in identifying the
contaminant plume affecting Production Well CW6. The four monitoring wells
installed near Production Well CW6 (Wells MW5, MW6, MW7, MW8) were all placed
above the screened interval of Pumping Well CW6. Based on observations from
the east study area (see cross-section in Figures 2 and 5), the flow to a
pumping well which is pumping from the base of the aquifer creates a downward
vertical gradient at some distance away from the pumping well. Therefore,
unless the source is immediately adjacent to the pumping well, contaminants
are not expected to be present above the screened interval of the pumping
well,

The RMT/Geraghty and Miller (1987) investigation of the west study area (see
Figure 7) indicates that groundwater flow in the vicinity of the former City
of Wausau Landfill is toward the southeast and the river. Groundwater flow in
that area does not indicate an influence from the municipal wells to the
north. The water quality generated for that study indicated a TCE
concentration of between 280 to 1,058 ug/L at Well C2S. This well may
indicate the southern extent of a plume on the perimeter of the cone of
depression for Well CW6.
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3.5 Project Objectives and Use of Data

The RI will be performed to gather and assess information needed to accomplish
the following objectives: )
- Identification of contaminant sources;

- Characterization of on-site physical features and facilties
that could affect contamination, m1grat1on and remed1at1on

Determination of the nature and extent of 1mpacts,
+ Determination of probable fate of contaminants through time;

+ Assessment of the dangers to public health asocaited with the
contamination;

- Development of remedial action alternatives to address varying
levels of response; and

Support future enforcement action under CERCLA.
The following tasks have been formulated to achieve these objectives:

Task 4 - Site Investigation

Subtask 2.1.3 - Preparation for Site Investigation

In preparation for the field gas chromatography (GC) analysis of soil gas and
water quality samples, a short method development and detection limit study
will be conducted in the lab. This study will establish the most efficient
and effective methods (i.e. detection limits, temperature programs, column
type and standard preparation) to detect the primary compounds of interest;
PCE, TCE and DCE. The data from the soil gas and water samples analyzed by
on-site GC are intended to be used only as a guide for well locations and
screen placements (see Appendix F for methodology). The data will be
reported, but considered as estimated and tentatively identified due to the
lack of second column confirmation. Sample documentation will be limited to
the sampler's and field analyst's notebooks.
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Subtask 2.1.4 - Existing Well Sampling

Selected existing monitoring wells (51) and production wells (5) will be
sampled for water quality. The purpose for this sampling and analysis is to
provide information on existing site conditions at the beginning of the study.
Although there is a substantial amount of existing data, the changes in
pumping rates of the City wells may have affected the plume distribution since
the last sampling. These data are intended to be used to assess existing
conditions in order to optimize field investigation activities.

Pending approval by the Central Regional Laboratory (CRL), VOC analyses will
be performed (see Warzyn Standard Operating Procedure, Appendix G) by Warzyn
using gas chromatography in order to provide fast turnaround (approximately 7
days). If dilution of samples is required, Warzyn will report results for
both original and diluted sample analyses. The fast turnaround will make data
available for developing the field investigation strategies including: soil
gas investigation locations and monitoring well locations and depths. The
fast turnaround VOC analysis data is essential to subsequent soil gas
investigations which must be conducted before ambient soil temperatures become
too low to volatilize existing organic compounds. If Warzyn cannot meet CRL
requirements, the fast turnaround VOC analyses (through SAS, see Appendix D)
will be submitted for contract laboratory bid.

In addition, samples will be analyzed by CLP (SAS) for the following water
quality parameters (See Appendix D for Methodology):

. calcium”
. Magnesium*
« Alkalinity
- Sulfate
- Chloride
Iron™
Nitrate+Nitrite-Nitrogen
Ammonia-nitrogen
Total Kjeldahl nitrogen
Total QOrganic Carbon
Sodium®
N . Potassium®

Samples for these parameters will be field filtered prior to preservation.

Field measurements for pH, specific conductance and temperature will also be
performed on these samples. (See Appendix C1-C4)
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The above indicator parameters, here and in other subtasks, will fill the
following data needs. TOC will be used as a non-specific indicator of organic
carbon concentration. It will be used with results of VOC analyses to
indicate the extent to which dissolved organics have been identified and as an
indicator of total carbon that may require treatment. Nitrogen data will be
used for comparison to water utility records (nitrate-nitrite) to obtain an
indication of potential reducing conditions or possible anaerobic biological
activity (ammonia-N versus oxidized N species), and to provide an indication
of the abandoned landfill as a contaminant source (ammonia-N, TKN). The
metals are commonly occurring cations, to be used as general water quality
indicators in evaluation of the groundwater geochemistry. Data for all but
potassium can be compared to water utility records. Calcium, magnesium and
iron in particular are relevant to existing water treatment plant processes
(Fe, Mn removal and softening) and consideration of alternative source water
quality. Chloride and sulfate are commonly occurring anions, to be used in
conjunction with alkalinity as general water quality indicators. Comparison
of major cation and anion concentrations to conductivity data will be useful
in assessing data consistency and possibly indicating whether additional major
jonic species may remain unidentified.
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Subtask 2.1.5 - Soil Gas Survey
A soil gas survey will be conducted in order to help evaluate areas as

potential VOC source areas and to attempt to map the distribution of a plume
that may be present at the water table surface in the immediate area of
potential VOC sources. Results of on-site GC analyses of the soil gas samples
for VOCs (see Appendix F) will be used only as a guide in the selection of
well locations. Data reported will be considered estimated and tentatively
identified.

Soil gas sampling will be conducted at an estimated 10 facility locations.
Seven of the soil gas investigation areas are shown in Figures 7 and 8. The
remaining 3 locations are anticipated new potential sources which may be
identified through an industrial survey of the area. Table 1 lists sites to
be surveyed and tentative numbers of samples.

Soil gas sampling will consist of driving a probe to a depth of approximately
3 ft, purging the sampling probe and tubes and collecting a sample in a glass
gas sampling container. The sample will be returned to the on-site GC for
analysis. Sample blanks will be collected between each facility being
surveyed. Results of the soil gas analyses will be plotted and used to
evaluate each facility as a potential VOC source, to locate additional soil
gas sampling sites on the property if needed, and to identify areas where
direct groundwater sampling is required. Soil gas sample locations may also
be dependent on the results of water quality analyses of samples collected
during drilling operators.

Subtask 2.1.6 - Well Drilling
Thirty-nine (39) wells, 14 at new locations and 8 wells nested adjacent to
existing wells are planned. An additional 15 wells are planned to be

installed based on information obtained in the field. Locations of and
rationale for these wells are presented in Figures 7 and 8.
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Split spoon sampling will be performed at the deepest well in ed%h.ﬁggf on as
ft interval to a depth of 25 ft and a 10 ft interval to the bottom of the hole
or at changes in soil types. Samples will be logged by a geologist or
geotechnical engineer present at the drilling rig. Each of the deep wells
will be logged using a natural gamma ray logging tool, a Mount Sopris 1000C
unit. The gamma ray log will provide information on the clay content of the
formations penetrated and will be used in selecting the vertical position of
the well screen (See Appendix E for operating instructions).

Thirty (30) soil samples will be analyzed for grain size distribution and 15
for organic carbon content (see Appendix D for methods). These data will be
used to classify the soils, and estimate hydraulic conductivity and potential
adsorption capacities of the soils. [Thirty soil samples will be submitted to
the CLP for organic target compound analyses.] These data will be used to
characterize contamination in the unsaturated zone at potential contaminant
source areas.

Approximately, one hundred six (106) water quality samples will be collected
during drilling operations. Sample locations will be selected to help
identify the plume distribution prior to setting of well screens. These
samples will be analyzed for VOCs using the on-site GC. Results will be used
to help identify the vertical and horizontal plume distribution, so that the
well screen can be placed within the plume. The location of additional wells
may also be determined based on an improved knowledge of plume distribution.
The results of the on-site VOC analyses are to be used primarily for making
field decisions.

Twenty (20) of the above mentioned groundwater samples will be submitted to
CLP SAS for VOC analysis following the specified procedures (See SAS request
in Appendix D). The requested method is consistent with that for analyses of
groundwater samples collected in Subtask 2.1.8. The rationale for using the
SAS methodology is to obtain lower detection limits than available through CLP
RAS. '
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Subtask 2.1.7 - Surface Water and Sediment Investiqation’;
Six surface water and six sediment samples will be-collected from the
Wisconsin River and Bos Creek to supplement the results of a prior WDNR
survey. The locations (see Figures 7 and 8) will be in the Wisconsin River,
one upstream and one downstream of the Wausau Chemical Co. site, one upstream
and one downstream of the City of Wausau landfill, and two in Bos Creek. These
samples will be used to determine if volatiles have been released at each
respective location. A sediment sample will be collected at each surface
water sampling location. Sediment samples will be analysed for VOC's using
CLP RAS.

Surface water samples will be submitted to CLP for VOC analysis following
specified procedures (See SAS request in Appendix D.) The rationale for using
the SAS methodology is to obtain the lower detection limits than those
available through CLP RAS. 1In addition, surface water samples will be
analyzed for the following water quality parameters: (see Appendix D for
methodology) .

- Calcium® N

+  Magnesium

Alkalinity

Sulfate

Chloxide

Iron

Nitrate + Nitrite - Nitrogen
Ammonia - Nitrogen
Total Kjeldahl nitrogen
Total Organic Carbon
Sodium N

Potassium

* Samples for these parameters will be field filtered prior to preservation.

Filtration of samples for metals analysis will allow comparability of results
with groundwater results. 1In addition, surface water samples will be analyzed
for pH, specific conductance and temperature in the field (See Appendices C1-
C4 for methodology).
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Surface water and sediment data are intended to be used in characterizing the
nature and extent of contaminants and in evaluating potential remedial

actions.

Subtask 2.1.8 - Groundwater Sampling and Aquifer Testjnq o

One hundred seventeen (117) monitoring wells and 5 ﬁrbdhztion wells will be
sampled and analyzed for groundwater quality during tﬁ{s,tésk. Analytical
results will form the basis for the RI analysis, including source
identification, extent of contamination, determination of the mass of
contaminants present, and the evaluation of remedial action alternatives.

Groundwater samples will be analyzed for VOCs and the following water quality
parameters by CLP SAS. (See Appendix D for methodology).

calcium®

Magnesium®

Alkalinity

Sulfate

Ch]oxide

Iron
Nitrate+Nitrite-Nitrogen
Ammonia-nitrogen

Total Kjeldahl nitrogen
Total Qrganic Carbon
Sodium®

Potassium®

e e & ¢ o o & & & o o

* samples for these parameters will be field filtered prior to preservation.

The rationale for analyzing for VOCs using SAS is to obtain lower detection
limits. Twenty wells will be selected for analysis of the full CLP organic
and inorganic target lists (see Appendix B for lists).

Hydraulic conductivity will be determined at 20 wells. Tests are to be
performed in water table wells by removing or displacing a slug of water from
the well and measuring recovery through the use of a pressure transducer and
data logger. The tests will be conducted in piezometers using air pressure to
provide additional head within the well. Response will be measured with a
pressure transducer and data logger. The data that are collected will be used
to calculate the hydraulic conductivity of the aquifer.
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Subtask 2.1.9 - Groundwater Level Monitoring

At the completion of the well installation program, water levels will be
measured at all on-site wells. Water levels will also be measured concurrent
with each groundwater sampling effort. Six additional rounds of water levels
will be collected during the course of the RI to record fluctuations in water
levels. Water levels will be measured using fiberglass tape and attached
sounding device or an electronic water level indicator. Groundwater levels
will be measured to determine vertical and horizontal groundwater hydraulic
gradients at the site.

Subtask 2.1.10 - Sampling Summary

Table 2 provides a summary of all anticipated sampling that will occur in
conjunction with the RI/FS at the Wausau NPL site. The table is compiled by
subtask and matrix type. The table lists parameters, number of samples
collected, the analyzing lab and the estimated number of QC samples.
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4.0 - PROJECT ORGANIZATION

4.1 - Overall Responsibility
+ Edward Kruel - Project Manager - WDNR
« Margaret Guerriero - Remedial Project Manager - U.S. EPA Region V
Dennis Iverson, Project Manager, Warzyn Engineering Inc.
- Daniel W. Hall, Project Administrator, Warzyn Engineering Inc.
- RI/FS Reports prepared by Warzyn Engineering Inc.

4.2 - Mowitoring Sample Operators and QC

Principal Engineering Firm - Warzyn Engineering Inc.
One Science Court, Madison, WI

- Well Installation - to be determined
Sampling and Monitoring - Supervised by Warzyn Engineering Inc.
Surveying - Warzyn Engineering Inc.

. Qua11ty Control - Warzyn Engineering Inc.

Rithard Maurer (Quality Assurance Officer)

4.3 - Laboratory Analysis and QC

- Contract Laboratory Program (RAS and SAS) - CPMS, CRL, Region V
- VOCs

- Alkalinity, chloride, sulfate, nitrate-nitrogen, TKN, TOC,
calcium, magnesium, sodium, potassium, and iron

Field analysis of pH, specific conductivity and on-site GC

screening, laboratory analysis of VOC - Warzyn Engineering Inc. -
Michael Linskens, Manager of Analytical Services

4.4 - Specialized Responsibilities for Laboratory Services

Contract Laboratory Program (CLP)

CLP Routine Analytical Services (RAS)
- Request initiated by Warzyn

- Support Services Branch, Office Emergency and Remedial Response,
U.S. EPA headquarters - overall management of CLP

- U.S. EPA EMSL, Las Vegas - Quality Assurance oversight of CLP
laboratories

- Final data review - U.S. Region V Contract Project Management
Section, CRL

- Review of tentatively identified compounds and assessment of need
for confirmation - Warzyn Engineering Inc.
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- CLP Special Analytical Services (SAS)
- Request initiated by Warzyn Engineering Inc.
- Request coordinated through U.S. EPA Region V Environmental Services
Division or U.S. EPA Region V Remedial Response Branch or U.S. EPA
RPM
- Review of SAS specification - U.S. EPA Region V QA Officer and CRL
- Final data reviewed - U.S. EPA Region V CPMS, CRL

4.5 - Quality Assurance

+ Overall QA Responsibility - Warzyn Engineering Inc. Quality Assurance
Officer (except CLP analyses)

+ Warzyn Engineering Inc. and Warzyn subcontracted activities - WDNR,
U.S. EPA Region V

CLP (RAS)

- Support Services Branch, OERR, EPA headquarters
- EML Las Vegas, EPA

- CPMS, CRL,

- EPA, QAO Region V

CLP (SAS)

- CPMS, CRL

- Region V QAO

- Warzyn Engineering INc.

Field Analysis - Warzyn Engineering Inc.

QAPP Review - QAO, Region V

4.6 - Performance and Systems Audits

Field operations - QA officer, Warzyn Engineering Inc.
CLP-Support Services Branch, OERR, EPA and EMSL-lLas Vegas, EPA
Evidence Audit - EPA | |

Field GC analysis - Warzyn Engineering Inc.

A project organization chart is shown in Figure 11.
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5.0 - QUALITY ASSURANCE OBJECTIVES

Measurements will be made during this study to characterize the nature and
extent of site contamination and to aid in identifying appropriate sampling
locations for site characterization. For the former, the overall QA objective
js to develop and implement procedures of field sampling, chain-of-custody,
laboratory analysis and quality control (QC) reporting that will provide
legally defensible results of documentable quality. These data will be used
to identify the nature and extent of contamination in the aquifer, including
the source area(s), evaluate potential remedial actions and evaluate potential
risks to human health and the environment. Specific procedures to be used for
sampling, chain-of-custody, calibration, laboratory analysis, reporting,
internal quality control, audits, preventative maintenance, and corrective
actions are described in other sections of this QAPP. For analysis used to
aid sampling site selection, the overall QA objective is to obtain data of
documentable quality that will allow a relative ranking of potential sampling
locations to be made.

5.1 - Level of Quality Control Effort

5.1.A - Field Sampling Program

The quality of data from the field sampling program will be evaluated through
the collection of field duplicate, matrix spike/matrix spike duplicate and
field and trip blank samples. Duplicate samples will be used to assess the
combined effect of sample collection, handling and analysis on data precision.
Blank samples will be used to check for procedural contamination or naturally
occurring conditions at the site that may cause contamination. The general
level of effort for all matrices will be one field duplicate per 10
investigative samples and one field blank per 10 investigative samples.
However, field blanks will be collected at a frequency of one per collection
method per sampling event or day. For organics analysis of water samples,
triple the normal sample volume will be collected for matrix spike/matrix
spike duplicate analysis at a frequency of one per 10 investigative samples.
One trip blank will be included with each batch of water samples for volatile
analysis.

WARZYN




Revision No. 2
Date: 9/22/87
Page _21 of 27

Accuracy and reproduceability standards for survey activities will follow
guidelines in the standard survey reference, Classification Standards of
Accuracy and General Specifications of Geodetic Control Survey, prepared by
the Bureau of Land Management. Horizontal locations will be obtained to an
accuracy of 0.1 foot. Vertical elevations will have an accuracy of:0.1 foot
for the ground surface and 0.1 foot for well casings.

5.1.B - Laboratory Analysis

Surface water and the majority of groundwater samples collected will be
analyzed using the U.S. EPA Contract Laboratory Program (CLP). The QC goals
of CLP RAS are established under guidelines stated in Invitation for BID (IFB)
documents WA-85-J664/J680 for organics and WA-85-J838/J839 for inorganics.

The level of laboratory QC effort for CLP Special Analytical Services (SAS)
Analyses is described in the individual SAS Requests, attached in Appendix D.

5.1.C - Field Measurement of pH, Specific Conductance, and VOCs in Groundwater
Level of QC effort for field measurements of pH will consist of daily

precalibration using two buffer solutions and calibration verification at
regular intervals (at least every ten samples).

Level of QC effort for specific conductance measurements will consist of
initial and continuing calibration verification using a standard solution of
known conductivity (at least every ten samples). Procedures for operation and
maintenance will follow those recommended by the manufacturer (see Appendices
C-1 and C-4).

Level of QC effort for field GC will consist of initial and continuing
calibration verification. Procedures for operation and maintenance will
follow those described Appendix F. The level of QC effort described for field
sampling activity (Task 5.1.A.) will also apply to field GC analysis for VOCs.
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5.2 - Accuracy, Precision, and Sensitivity of Laboratory Analyses
The majority of groundwater and all surface water, soil and sediment samples

collected will be analyzed using the Contract Laboratory Program (CLP). The

QA goals of routine analyses provided by the CLP are established under
guidelines stated in IFBs WA-85-J664/J680 for organics and WA-85-J838/J839 for
inorganics. Goals for CLP Special Analytical Services (SAS) requests are
listed with methods descriptions in Appendix D. The QA goals of the
analytical testing to be performed by Warzyn are provided in Appendix G.

5.3 - Completeness, Representativeness and Comparability
It is anticipated that at least 95% of analyses will provide results meeting

acceptance criteria. Sampling methods and locations are designed to provide
results representative of the matrix at the sampling point. Analytical
methods used will provide comparable data which will supplement data
previously collected at the site.

5.4 - Field Measurements (for which samples are not collected)

Measurement data will be generated in many field activities that are
1nc1denta] to collectlng samples for analytical testing or unrelated to
sampling. These activities include, but are not limited to, the following:

+ Documenting time and weather conditions

- Semi- quantltatlve total organic vapor screening of soil and
water samples using a photoionization detector (e.g., HNu or
equivalent) and/or a flame ionization detector (e.g., OVA).
Determination of depths to water in a borehole or well

- Natural gamma ray logging (Mount Sopris 1000C)

- Verifying well development and pre-sampling purge volumes

The general QC objectives for such measurement data are to obtain reproducibie
and comparable measurements to a degree of accuracy consistent with the
intended use of data through the documented use of standardized procedures.

WARZYN




Revision No. 1
Date: 9/4/87
Page _23 of 27

6.0 - SAMPLING PROCEDURES

Specific sampling procedures are described in the Sampling Plan (Appendix A)
Table 2 summarizes numbers of samples to be collected. Table 3 summarizes
containers, preservatives, holding times, transport and storage methods.

7.0 - SAMPLE AND DOCUMENT CUSTODY PROCEDURES

Except for samples collected to aid in locating appropriate sampling
locations, chain of custody protocol will follow procedures detailed in NEIC
Policies and Procedures, (EPA-330/9-78-001R, May, 1978, Revised May 1986).

This includes use of chain of custody forms, custody seals, sample tags,
traffic reports, container labels and field notebooks for sample
documentation. This documentation will include sampling time, location, tag
numbers, designation and samplers. Pertinent field screening (e.g., PID)
readings, weather conditions, and field modifications of sampling strategy
will be recorded. Original field notes and field documents will be maintained
by Warzyn in an evidence file until transferred to EPA where the final
evidence file will be maintained. The CRL will maintain CLP related records.

Documentation for samples analyzed by field GC will be recorded in a bound
field laboratory notebook and in field notebooks kept by sampling team
members. Field laboratory and field sampling methods will be entered into the
file maintained by Warzyn following completion of field work.

8.0 - CALIBRATION PROCEDURES, FREQUENCY AND
PREVENTATIVE MAINTENANCE FOR FIELD INSTRUMENTS

Field instruments will be inspected and calibrated at Warzyn's analytical
laboratory prior to being taken to the field. Calibration and maintenance of
pH and specific conductance meters are detailed in Appendices C-1 through C-4.
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In the field, the pH meter will be calibrated using the two-buffer
standardization method prior to use and recalibrated using a pH 7 buffer every
tenth sample. The calibration of the conductivity meter will be tested using
a check standard. If readings vary more than 5% from expected values, the
unit will be replaced.

Calibration of survey instruments used for health and safety purposes will
follow procedures recommended by the manufacturer (Appendices C¥5'€ﬁrough
C-7). The HNu and TIP will be calibrated at the beginning of each work day
using standard calibration gas (isobutylene) supplied by HNu. The OVA will be
calibrated once per month (using methane) as specified by the manufacturer,
unless conditions warrant more frequent calibrations. These conditions might
include extensive use of instruments, particularly rough treatment or
alteration of initial calibration conditions.

9.0 - ANALYTICAL SERVICES

9.1 - CLP RAS

9.1.A - Analytical Calibration Procedures

A1l samples analyzed by CLP RAS will conform to the guidelines in the User's
Guide to the U.S. EPA Contract Laboratory Program and to those specified in
IFBs W-85-J664/J680 for organics and WA-85:j§38/J839 for inorganics.

9.1.8 - Internal Quality Control

Internal Quality Control procedures for analyses will follow CLP guidelines as
specified in IFBs W-85-J664/J680 for organics and WA-85-J838/J839 for
inorganics. Field blank samples will be collected to check for contamination
resulting from ineffective decontamination subsequent handling or procedures.

Duplicate samples will be collected to assess data precision.

9.1.C - Performance and System Audit

Performance and systems audits for the CLP are the responsibility of the
Support Services Branch, OERR, EPA and EMSL-Las Vegas, EPA.
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9.1.D - Data Assessment/Validation

The assessment of data accuracy and precision is the responsibility of CPMS
and the CRL QC coordinator. Guidelines for validation are contained in U.S.
EPA Technical Directive Document No. HQ-8410-01. Laboratory Data Validation,
Functional Guidelines for Evaluating Organics Analyses, May, 1985, for organic

analyses and contained in Laboratory Data Validation, Functional Guidelines

for Evaluating Inorganics Analyses, November, 1985, for inorganics analyses.
The fraction of analysis results meeting specified QC-criteria (data
completeness) will be checked by Warzyn and the SMO. Where test data have
been reduced, the method of reduction will be described.

9.1.E - Accuracy/Precision Definitions

Accuracy and precision definitions for analyses performed by CLP RAS are
listed in IFBs WA-85-J664/J680 and WA-85-J838/J839 for organics and
inorganics, respectively.

9.1.F - Corrective Action

If quality control audits result in the detection of unacceptable conditions
or data, the CPMS will be responsible for developing and initiating corrective
action. The QAM will be notified if non-conformance is a program significance
or requires special expertise not normally available to the project team.
Corrective action may include:

Re-analyzing the samples, if holding time criteria permits

Resampling and analyzing

Evaluating and amending sampling and for analytical
procedures, and/or,

« Accepting data, acknowledging the level of uncertainty.

9.2" CLP SAS

9.2.A - Analytical and Calibration Procedures

Analytical procedures for samples analyzed by SAS are specified in SAS-
Regional Request Forms found in Appendix D. Calibration of instruments will
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follow procedures specified in analysis methods cited, except where noted on
SAS requests.

9.2.B - Internal Quality Control

Quality control requirements for each of the SAS are analyses are specified in
Appendix D. Field blank and duplicate samples will be collected and submitted
for analysis to determine if sample contamination is due to field sampling

equipment and data precision, respectively.

9.2.C - Performance and Systems Audits

Systems audits and required performance limits are specified for each CLP-SAS
analysis in Appendix D.

9.2.D - Data Assessment/Validation

The assessment of data accuracy and precision is the responsibility of the
CPMS and the CRL QC coordinator. The fraction of analyses results meeting
specified QC-criteria (data completeness) will be checked by Warzyn and the
SMO. Where test data have been reduced, the method of reduction will be
described. Performance criteria for data validation are listed with methods
descriptions in Appendix D.

9.2.E - Accuracy and Precision Definitions

Accuracy and precision definitions are specified for each CLP-SAS analysis in
Appendix D.

9.2.F - Corrective Actions

If quality control audits detect unacceptable conditions or data, samples
should be re-analyzed if holding time criteria permits. The Program
Coordinator (Charles Elly or Jay Thakkan) of the Contract Project Management
Section will be contacted by the performing laboratory, if requirements are
not met upon reanalysis of samples.

WARZYN
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10.0 - QUALITY ASSURANCE REPORTS

No separate QA report for this project is planned. The final RI report and FS
report will contain separate sections that summarize quality of data collected
during this project.

KDF/jap/RCW/DWH
[jap-600-30]
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LOCATION

East Side

1-Railroad Line

2-Marathon Press

3-Marathon Box

4-Wausau Chemical

5-Wausau Energy

West Side

6-Marathon Electric

7-0Outer Arc-Well CW6

8-Well CW6

13076.12
CSR/jap/DLI
[jap-600-30q]
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TABLE 1
SOIL GAS SAMPLING LOCATIONS
WAUSAU WELL FIELD RI/FS

NUMBER
OF
SAMPLES COMMENTS
15 200 foot spacing along rail
line with double line of
samples on southern half of
area
8 locations based on plant
survey
8 locations based on plant
survey
12 locations based on review of
the most recent reports
6 locations based on plant
survey
16 locations based on plant
i survey and observed TCE
concentrations at Monitoring
Wells C25, R4D
15 200 foot sample spacing
around 3000 feet of arc West
and South of Well CW6.
13 200 foot sample spacing

around Well CW6 to evaluate
potential sources within an
outer arc extending from
Pearson Street north of Well
CW6 to Burns Street SW of
Well CW6 (see Figure 7).

Total 93 samples



Matrix

Groundwater exist-
ing wells, Sub-
task 2.1.4,

Phase I

Groundwater new
and existing wells
Subtask 2.1.8
Phase 1

Surface Water
Subtask 2.1.7
Phase I

Sediment
Subtask 2.1.7
Phase I

Soil Gas
Subtask 2.1.5
Phase 1

Groundwater
during drilling
Subtask 2.1.6
Phase I

Soil
Subtask 2.1.6
Phase I

*
*k
b 21

2)
Field
Parameters

pH, specific
conductivity,
temperature

pH, specific
conductivity,
temperature

pH, specific
conductivity,

On-site GC
VOC-screen

On-site GC
VOC-screen

TABLE 2
SUMMARY OF SAMPLING AND ANALYSIS PROGRAM

WAUSAU NPL SITE

4)
Number of Field
Lab . Samples Duplicates Blanks MS/MSD
cLP SAS} 56 6 6 X
CLP (SAS 56 6 6
CLP (SAS) 122 12 12 12
CLP (SAS) 122 12 12
- -CLP_(RAS) 16 2 2 2
::'CLP'$SA53' 6 1 o 1
= CLP (SAS). 6 1 1 1
CLP (RAS) 6 1 1 1
Field GC 93 * * *
Field GC 106 *
CLP (SAS) 20 2 2 2
CLP (SAS 26 3 1 --
CLP (SAS 13 1 1 --
CLP (RAS 26 3 1

5)

Matrix
Total

68
68

146
146

20

93

106
24

30
15
30

6)
Test
Parameters

voC,

VOC, ALK, Sulfate, Chloride
Nitrite + Nitrate Nitrogen
TKN, TOC, Ca, Mg,

Fe, Na, K, NH3

voC,

ALK., Sulfate, Chloride
Nitrate + Nitrite Nitrogen
TKN, TOC, Ca, Mg,

Fe, Na, K, NH

HSL Parameters

voC
Alk, Sulfate, Chloride, Nitrate+Nitrite
u;gogen, TKN, TOC, Ca, Mg, Fe, Na, K,

vocC

voC

Woc
Vo -

e

Grain Size Distribution
Natural Organic Content
VOC, Base/neutral and acid
extractables

Duplicates, blanks and spikes will be analyzed on a per day basis for on-site GC analyses as outined in Appendix F.
As outlined in Appendix D SAS requests. . . .
Column 5 matrix total does not include matrix spikes and matrix spike duplices.



SUMMARY OF SAMPLING
(Table 2 Continued)
1) Samples are to be considered low concentration

2) Field parameters run by Warzyn sampling personnel. Samples for metal
analysis will be filtered prior to preservation.

3) Contract Laboratory Program, RAS, SAS

4) Triple the sample volume will be collected for matrix spike/matrix
spike duplicate analysis

5) The matrix spike/matrix spike duplicate samples are at a frequency of one
per twenty investigative samples.

6) See Appendix D for requested analysis methods.

7) Sample blank numbers are estimated. Actual numbers may vary based on
field conditions.

SGW/jap
[jap-600-30c]



Analysis
WATER AND LIQUIDS

Routine Analytical Services (RAS)

TABLE 3

SAMPLE QUANTITIES, BOTTLES, PRESERVATIVES AND PACKAGING
FOR SOIL, SEDIMENT AND WATER SAMLES FROM WAUSAU NPL SITE

Low LoncCentration (Urganics)

Acid Extractables, base/neutral
extractables, pesiticides/PCBs

Low Concentration (Inorganics)

Metals

Cyanide

Federal Express

Bottles and Jars Preservation Holding time Volume of Samples Shipping
Two 1/2-gallon Iced to 4°C 5 days until, lei]] bottle to

amber bottles extraction °_  ‘neck Priority 1
(teflon-lined caps) ..

One 1-liter hiﬁh Filter through 6 months Fill to shoulder

densitﬁ polyet 0.45 um filter of bottle
ylene bottle 1:1 HNO3 to pH<2

Iced to™4°C
One 1-liter high $ 6N NaOH to pH>12 14 days Fill to shoulder
densit% polyeth- Iced to 4°C of bottle
ylene bottle

Federal Express
Priority 1

Federal Express
Priority I

Normal Packaging

No. 1 foam_liner
or vermiculite

No. 2 foam liner
or vermiculite

No. 2 foam liner
or vermiculate



Analysis

Special Analytical Services {SAS)

watler

[Ow Concentration (Urganics)

Volatiles

Low Concentration (Inorganics)

TKN, TOC, Nitrate + Nitrite-N
NH3

Sulfate, Chlorides, Alkalinity

Metals

SOILS AND SOLIDS

Routine Analytical Services (RA
W i

TABLE 3

Delivered daily

Federal Express

Federal Express

(cont.)
Bottles and Jars Preservation Holding time Volume of Samples Shipping
Two 40-m1 volatile Iced to 4°C 7 days Fill completely
organic analysis no headspace to performing
(VOA vials) laboratory
One 1-liter high 1 ml/11:1 28 days Fill to_shoulder
density polyethylene HgSO4 Iced to of bottle Priority 1
bottle 4°C
One 1-liter high Iced to 4°C 28 days (14 Fi1l to shoulder
density po]yetgylene days for of bottle Priority 1

One 1-liter high
density ployethylene

Volatiles

{jap-600-30b]

Two 120-m1 VOA vials

alkalinity)

Filtered through 16 months
0.45 um filter,

1:1 HNO3 to pH<2

Iced t074°C

Iced to 4°C 7 days

Fil) to shoulder
of bottle

Fill completely
no headspace

Deliver daily
to performing
Laboratory

Federal Express
Priorit% I (Med
w/attached ship-
per's certificate
for restricted
articles)

Normal Packaging

No. 1 foam liner
or vermiculite

Vermiculite

No. 2 foam liner
or vermiculite

Vermiculite

Vermiculite
(Med in cans/
vermiculite)



Sampling
Event

1. Existing Well

2. Sampling During
Drilling

3. Complete Ground-
water Sampling
Round

NOTES

TABLE 4

SUMMARY OF PROPOSED GROUNDWATER QUALITY MONITORING
WAUSAU WELL FIELD RI/FS

Total
Number Sample Duplicate Matrix Water Quality Analytical
of Samples Blanks  Samples Spikes Parameters Methods
743 6 6 6 VOCs GC (Warzyn)
Inorganic Para- CLP (SAS
meters Identified
under Subtask 2.1.4
1262 10 10 * VOCs 126 GC (On Site)
Tow detection
20 CLP GC/MS
with Tow de-
tection SAS
1583 12 12 12 VOCs (CLP) GC/MS
with low de-

tection SAS
Inorganic para- CLP (SAS)
meters identified
under Subtask 2.1.8

20 HSL samples HSL (RAS)

.

3 Includes quality control samples, matrix spikes and matrix spike duplicates

* To be determined on site

[Jap-600-30k]

Sample
Locations

West
CW6, CW7, CW9, C2S, C4D, R1S, R1D, R2S, R2D, R3S,

R3D, R4D, WIA, W4A, W4B, WAC, W6, W7, W9, GMIS,
GM4S, GM4D, Plum St. Test Well

Total 23

East

WW6, MW7, MW7A, MW10A, MW10B, WC1, WCZ2, WC3, WC3A,
WC3B, WC3C, WC5A, WC6, WCHA, FVD2, FVD5, FVD7,
Wergin, CW3, CW4, GM5D, GM6D, GM7D, GM8D, GMIS,
TCTA0, TCT41, TCT42, TCT43, TCT44, WC7, WCIA ~

Total 33

Sample Interval 10 foot for west invest-
igation area wells

Sample interval 15 foot for east invest-
igation area wells

A1l new and existing monitoring wells



Well
Identification
Code Appearing

on Log

R1D

R2D

R3D

R4D

City Well #6
City Well #7
City Well #9
1S

B-2S

B-3S

B-4S

4D

B-6D

B-7S

Bl
B2
B3
B3A
B3B
B3C
B4

TABLE 5

CROSS INDEX OF EXISTING WELL DESIGNATIONS

Well

WAUSAU NPL SITE

Identification
Code Appearing
in This Report

Same
Same
Same
Same
CW6
CwW7
Cw9
C1s
c2s
C3s
C4s
C4aD
C6S
C7s

wC1
(W
We3
WC3A
WC38B
WC3C
WC4

WEST STUDY AREA

EAST STUDY AREA

Well
Identification
Code Appearing

on Log

WMW-1A
WMW-2A
WMW-3A
WMW-3B
WMW-4A
WMW-4B
WMW-4C
WMW-5
WMW-6
WMW-7
WMW-9
GM-1S
GM-2S
GM-3S
GM-43
GM-4D

MW11 (EPA 11)
MW12 (EPA 12)
MW13 (EPA 13)
MW14 (EPA 14)
TCT40
TCT41
TCT42

Well
Identification
Code Appearing
In This Report

WI1A
W2A
W3A
W3B
WaA
W4B
wacC
W5 -
W6
W7
W9
GM1S
GM2S
GM3S
GM4S
GM4D

MW11
MW12
MW13
MW14
Same
Same
Same



Well
Identification
Code Appearing

on Log
B4B
B5
B5A
B6
B6A
B7
B7A
MW1
Mw2
MW3
MW4
MW5
MW6
MW7
MW7A (EPA 7A)
MW8
WGS9
MWIA
WGS10
MW10A (EPA 10A)
MW10B (EPA 10B)

CSR/sss/
13076.12
[sss-600-54c]

Well
Identification
Code Appearing
in This Report

WC4B
WC5
WC5A
WC6
WC6A
WwC7
WC7A
WW1
WW2
WW3
Wwa
WW5
WW6
WW7

MW7A

Same

Same

Same

Same

MW10A

MW10B

-2 -

TABLE 5
(cont>.) ..

Well
Identification
Code Appearing

on Log
TCT42

TCT44

FVD1

FVD2

FVD5

FVD7

GM5D

GM6D

GM7D

GM8D

GM9S

WERGIN

CITY WELL #3
CITY WELL #4

Well
Identification
Code Appearing
In This Report

Same
Same
Same
Same
Same
Same
Same
~ Same

Same

Same

Same

Same

Cw3

w4
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SAMPLING PLAN
WAUSAU NPL SITE
13076.12

1.0 OBJECTIVE
The primary objective of the Phase I sampling activities at the Wausau Well
Field is to obtain representative data, which will be used as the basis for

the RI/FS analysis. The Remedial Investigation will be performed to gather
and assess information needed to accomplish the following general objectives:

Identification of contaminant sources;

- Characterize on-site physical features and facilities that
could affect contaminant migration and remediation;

- Determination of the nature and extent of impacts;
Determination of probable fate of contaminants through time;

« Assess the dangers to public health associated with the
contamination; and

Support future enforcement action under CERCLA.

2.0 SCOPE
This Sampling Plan details the procedures and practices to be used in
obtaining soil, groundwater, surface water, sediment and soil gas samples for
the Phase I of the Wausau Well Field RI/FS. These procedures include a
description of the sample designation system, the personnel and their
responsibilities, and the methods to be used. Also included in this Sampling
Plan is a description of anticipated drilling techniques, geophysical logging
procedures, hydraulic conductivity testing procedures and water level
monitoring practices.

Phase I groundwater sampling is divided into three specific sampling events.
The first event consists of sampling and analysis of selected existing
monitoring wells in order to provide updated information on the plume
distribution since previous sampling. The second sampling event will be
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conducted during drilling, and will be used as an investigative tool, to
optimize screen location. Third round samples will be obtained from Warzyn
installed monitoring wells and from pre-existing monitoring wells. The
analytical results of the third round sampling will form the primary basis for
the RI analysis, including source identification, extent of contamination,
determination of mass of contaminants present, and the evaluation of remedial
action alternatives. All three sampling events will be completed at both the
east and west study areas (refer to Figure 1). If necessary, an additional
round of samples will be collected and analysed during the Phase II
investigation.

3.0 SAMPLING LOCATIONS AND NUMBERS OF SAMPLES
Groundwater, surface water, soil, sediment and soil gas samples will be

collected at various locations in the City of Wausau. As previously stated,
at least three separate groundwater sampling events will be conducted at both
the east and west investigation sites. If warranted by results of the Phase I
groundwater sampling, an additional round of groundwater samples may be
collected from selected wells during Phase II. An addendum to this sampling
plan will be submitted if additional sampling or well drilling is deemed
necessary during the Phase II investigation. Specific locations and numbers
of samples to be obtained during the Phase I investigation are presented in
Table 4 (QAPP) and are summarized below. Refer to Figures 7 and 8 (QAPP) for
locations of sampling points. The sampling and analysis program is summarized
in Table 2 (QAPP).

A. Groundwater Samples

A.1 Existing Well Sampling

Fifty-six (56) monitoring and water supply wells will be sampled, collecting
6 duplicates, 6 field blanks, and 6 matrix spikes, for a total of 74 samples.
Specific wells to be sampled are listed in Table 4 (QAPP) and shown on
Figures 7 and 8 (QAPP).

WARZYN
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Twenty-three (23) water samples will be collected from the following existing
well locations west of the Wisconsin River.
« Municipal water supply wells CW6, CW7 and CW9;

- Three (3) shallow and four (4) deep monitoring wells installed
for Marathon Electric;

Two (2) DNR monitoring wells;
+ Four (4) City of Wausau monitoring wells; and
Seven (7) EPA monitoring wells,
Thirty-three (33) groundwater samples will be collected from the following
existing well locations east of the Wisconsin River:
Municipal water supply wells CW3 and CW4;
Wergin Construction water supply well;

Thirty (30) monitoring and test wells which were installed
during previous hydrogeologic investigations.

A.2 Samples Collected During Drilling

Groundwater samples will be collected during drilling from selected locations
through the aquifer to help in identifying the plume distribution prior to
setting the well screen. These samples will be analyzed for volatile organic
compounds (VOCs) using an on-site GC. Results of the field GC analyses will
provide an indication of vertical and horizontal plume distribution, so that
the interval to be screened and additional well locations may be logically
selected. A total of 106 samples are anticipated. Duplicates, blanks and
spikes will be analyzed on a per day basis as outlined in Appendix F. In
addition to onsite GC analyses, 26 samples will be submitted to the CLP for
Tow detection limit GC/MS verification of VOC concentrations.

A.3 Groundwater Sampling

Following the installation of site monitoring wells, a éomprehensive
groundwater sampling round will be conducted at accessible groundwater
monitoring and production wells. One hundred and twenty-two (122) groundwater
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samples, 12 duplicate, 12 blank and 12 spikes will be collected and analyzed.
Forty-seven (47) monitoring wells (28 existing and 19 new) and three (3)
production wells will be sampled at the west study area. Sixty-eight (68)
monitoring wells (46 existing and 22 new), 2 public and 1 private production
well will be sampled at the east study area.

A.4 Additional Groundwater Sampling
The need for an additional round of sampling of the municipal, industrial, and

monitoring wells previously installed, in addition to those wells installed
during Phase I, will be evaluated. The number of wells sampled during the
second round of water sampling may be reduced pending Phase 1 sampling
results.

B. Surface and Sediment Samples
Surface water and sediment samples will be collected from six locations on the

Wisconsin River and Bos Creek. One duplicate, one blank and one spike sample
will also be submitted for analysis. The samples will be used to supplement
the data collected during the WDNR survey. Locations of surface water and
sediment sampling stations were selected to assess the affect of potential VOC
source areas on surface water bodies. Surface water and sediment samples will
be collected from the following locations:

- Wisconsin River, near the east bank upstream from Wausau
Chemical Co. site treatment system discharge;

Wisconsin River, near the east bank downstream from Wausau
Chemical Co. site treatment system discharge;

- MWisconsin River, near the west bank upstream of the former
City of Wausau landfill, Marathon Electric and Bos Creek;

+ Wisconsin River, near the west bank downstream of the former
City of Wausau landfili;

+ Bos Creek in the backwater north of Randolf Street.

Bos Creek downstream of Marathon Electric.

Refer to Figures 7 and 8 for locations of surface water and sediment sampling
stations.
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A second set of samples may be collected during the Phase II investigation if
laboratory analyses indicate the presence of VOCs. Additional surface water
and sediment samples may also be required during Phase II, in order to
evaluate the feasibility of developing alternative municipal water supplies.

C. Soil Gas Survey

Soil gas sampling with on-site GC analysis will be conducted to help screen
potential source areas in an attempt to map the distribution of VOCs at the
water table surface, near a potential sources. Results of onsite analyses

will be used to guide the selection of well locations.

Soil gas sampling will be conducted at an estimated 10 facility locations.
Figures 7 and 8 (QAPP) show the tentative locations for 7 of the soil gas
investigation locations. The remaining 3 are reserved for additional sources
which may be identified. Table 1 (QAPP) presents a list of the proposed soil
gas survey locations and the tentative number of samples. However, the actual
scope of the soil gas survey at each potential source area will be determined
based on the size of the facility, the type of operation conducted (past or
present) at the site, and the results of the Industrial Site Survey.

A total of 93 soil gas samples are planned to be collected for the purpose of
evaluation of potential sources. If additional potential sources are
identified during the Industrial Site Survey, an additional 3 samples per new
site are planned. Assuming the possibility of locating up to three source
areas, a maximum of 102 soil gas samples are planned, plus 10 sample blanks
and 10 duplicates.

4.0 SAMPLE DESIGNATION
A sample numbering system will be used to identify each sample, duplicate and
blank. Each sample identifier will include the project identifier code,
sample type and location code, and a sampling event code. The Team Leader

will maintain a log book containing the sample identification listings.
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A. Project Identifier Code

A 2-letter designation will be implemented to identify the sampling site. The
project identifier will include “W" for Wausau Well Field project followed by
"E" for Environmental Protection Agency (EPA) lead project.

B. Sample Type and lLocation Code
Each sample collected will be identified by a 1- or 2-digit code to identify
the sample type. The sample type codes are:

G - groundwater sample from completed well
S - split spoon soil sample

- SW - surface water sample
- SD - sediment sample

« SG - soil gas sample

- SB - sample blank

« TB - trip blank
- MS - matrix spike

The location code (QAPP) will follow the sample type code. The location code
consists of a two to five digit numberic or alpha-numeric code that indicates
the sample location. Surface water, sediment, and soil gas sampling will use
a consecutive numbering system, starting at 01. Groundwater location codes
are identical to the well labels presented in Figures 7 and 8 (QAPP). A cross
reference to well identification labels used in previous reports are presented
in Table 5 (QAPP). For water quality samples collected during drilling, the
location code will be _followed by the sample depth. The depth listed will be
the depth of casing installed in the hole during sampling.

Sampling Round Code/Duplicate Code

Groundwater samples obtained from completed wells will have a numeric
identifier to signify the sampling round. Groundwater and soil samples
collected during drilling, and surface water, sediment and soil gas samples

will not have round codes, because they represent 'a one time sampling at a
unique location. Additional soil gas, surface water or sediment samples
collected from the same general area will be designated by a different sample
location code. Duplicate samples will be designated by the round code, if
used, preceded by 9. Sampling round codes are summarized as follows.
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Round Subtask (s) Sampling Activity
01 2.1.4 « Existing well sampling
02 2.1.8 - Groundwater sampling following
installation of new monitoring
wells.
03 . 2.2 - Phase II groundwater sampling,
if warranted by previous
analyses.

D. Examples of Sample Numbers
Examples of sample number codes are as follows:

. WE-GTCT42-01 = Wausau (EPA Lead), groundwater sample from
Monitoring Well TCT 42, sampling Round 1.

WE-MSTCT42-01 = Wausau (EPA Lead) matrix spike sample from
Monitoring Well TCT42, sampling Round 1.

- WE-GE24A-27 = Wausau (EPA Lead) groundwater sample collected
while drilling from Monitoring Well E24A with casing to a
depth of 27 feet.

WE-SW02-9 = Wausau (EPA Lead), surface water location 2,
duplicate.

- WE-SB10-03 = Wausau (EPA Lead), sample blank number 10,
sampling Round 3.

WE-SG05 = Wausau (EPA Lead), Soil gas sample from location 05.
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5.0 GENERAL SAMPLING EQUIPMENT AND PROCEDURES

A. Groundwater Quality Sampling (Subtasks 2.14, 2.18 and 2.2)

1. Objective
The objective of this activity is to collect groundwater quality samples

representative of the aquifer at the screened interval of the well.

2. Personnel and Responsibilities

Sampling teams - Two teams of two people each will be responsible for purging
wells, collecting water quality samples, providing site safety monitoring
during sampling, decontamination of equipment and proper disposal of purged

water.

Chain-of-Custody Technician - This person will be responsible for chain-of-

custody records, preparing sample bottles for the sampling teams, packaging
and shipping samples with assistance from the sampling team members. This
person will also assist the analytical technician in sample filtering,
preserving and pH and conductivity measurements, particularly in Subtasks
2.1.4 and 2.1.8.

Analytical Technician - This person will be responsible for conducting the on-
site volatile organic analyses (Subtasks 2.1.5 and 2.1.6), filtering,
preserving, conducting the pH and conductivity measurements and assisting in

sample preparation, particularly in Tasks 2.1.4, 2.1.8 and 2.2.

3. Methods - Monitoring Wells

Monitoring well purging and sampling techniques to be utilized during Round 1,
2 and 3 groundwater sampling are summarized below. Sampling techniques to be
utilized during drilling are presented in Section C.3 of this chapter.

Water Levels - A water level will be obtained using a weighted tape and

sounding device or an electric water level meter, measuring to the nearest
+0.01 ft. If a floating oil layer is suspected to be present, based on
drilling or previous sampling observations, an oil water interface pfobe will
be used to measure the depth to fluid and depth to water.
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Purging

1.

If floating product is observed, a stainless steel bailer
will be used to collect a sample of the floating product
without purging. The stainless steel bailer will then be
used to purge the well of three volumes and to collect
required samples (See Table 3 of the QAPP for required
bottles, preservatives and handling).

At deep wells (piezometers), a Johnson Keck submersible
sampling pump with packer will be used to purge and collect
the samples.

The pump will be set within the screened interval and the
packer inflated above the pump within the stainless steel
riser section above the screen.

The pump will be run to remove a minimum of three volumes of
the isolated zone of the well. Volume to be removed is

0.16 gallons/ft of the 2-inch well times the length of the
isolated zone.

Water levels above the isolated zone will be monitored
regularly to determine whether any leakage past the packer is
occurring. If more than 10% of the purged volume comes from
Teakage past the packer (0.1 ft of head drop above the
isolated zone per foot of isolated zone), the packer will be
deflated and reset. If a second attempt is unsuccessful, the
entire volume of the well will be purged.

Purge water discharge will be collected in a tank.
When the purged water tank is fu]T, it will be discharged to

the City sanitary sewer at a point directed by the City of
Wausau.

Sample Collection

1.

Samples will be collected directly from the sampling pump
discharge using the bottles listed in Table 3 of the QAPP.

A1l sample bottles will be labeled with the time of sample
collection, in addition to the other chain-of-custody items
prepared by the Chain-of-Custody Technician.

Samples collected from the bailer (those wells with floating

product observed) will be collected with a minimum amount of
water disturbance.

WARZYN




September 4, 1987 - 10 - 13076.12
Revision No. 1

QC Samples
QC samples will be collected at the following rate:
- 1 duplicate/10 samples or 1/day, whichever is less
1 sample blank/10 samples; sample blanks will be collected by
using the sampling device (the pump or bailer) and collecting
a sample immediately after decontamination
1 Trip blank submitted per sample shipment

1 matrix spike/10 samples

Refer to Table 2 (QAPP) for a summary of Quality Control samples to be
collected.

Sample Handling Preparation and Sample Analysis

A1l samples will be iced immediately after collection
Groundwater samples undergoing metals analyses will be
filtered through a 0.45 um pressure filtration device as soon
as possible after sample collection

Preservation will be conducted as specifiedﬂin Table 3 of the
QAPP

- pH and conductivity will be measured as specified in
Appendices C1 through C4 of the QAPP.

Decontamination

Decontamination will be conducted by washing in TSP solution
using City water followed by two rinses with distilled water

The pump and with discharge tubing will be immersed in the
wash water with a minimum of two volumes of water pumped
through it, followed by two rinses. The first rinse will
have water pumped into the wash tank until the TSP is
substantially removed from the pump and discharge hose. The
second rinse will follow a similar procedure

+ Bailers used to sample oily groundwater will be

decontaminated by rinsing with acetone followed by the same
wash and rinse sequence.
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B. Soil Gas Sampling and Analysis (Subtask 2.1.5)

1. Objective

To collect samples of near-surface soil gas for analysis by the on site GC.
Results of the analyses will be used to optimize monitoring well locations,
additional soil gas sampling locations and to screen potential VOC source:

areas.

2. Personnel and Responsibilities
Sampling Team - Two-person sampling team to drive the sampling probe and

collect the soil gas sample for analysis.

Laboratory Technician - Will be responsible for GC analysis of the soil gas

samples.

3. Methods
Sample Collection

The steel sampling probe will be driven into the ground to a
depth of a minimum of 2.5 ft.

The drive head will be removed from the probe and the
sampling head attached with teflon tubing connected to the
sample bottle in line with the pump upstream of the sample
bottle. Sample bottle will be a 250 ml bottle with a septum
and 2 stop cocks

«  The probe and tubing will be purged to remove a minimum of
one volume of air from the probe, tubing and sample bottle,
while not exceeding 20 centibars of vacuum

- A sample will be collected following purging by closing the
stop cocks on the sample bottle. The sample will be
immediately wrapped in aluminum foil and put in a dark area.
The samples will not be cooled so as not to cause
condensation of moisture within the sample bottle.

Decontamination

The sample probe and tubing will be decontaminated by drawing
a minimum of 10 volumes of ambient air through the probe and
tubing. If ambient air results in contaminated blanks,
decontamination will be completed using the GC carrier gas
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« Sample bottles will be decontaminated by flushing a minimum
of 10 volumes of high purity air from the GC.

Sample Analysis

Sample analysis and QC will be conducted as described in the
QAPP (Appendix F).

C. Well Drilling and Sampling (Subtask 2.1.6)
1. Objective and Scope
The ultimate objective of monitoring well installation is to obtain

representative groundwater quality and water level information. This data
will be used to characterize groundwater flow conditions and the distribution
of the contaminant plume(s).

A total of thirty-nine wells and one soil borings are planned for the Wausau
well field investigations. Seventeen wells (975 ft) and one soil borings

(120 ft) are anticipated during the Phase I investigation of the west study
area. Nine of the proposed well locations and one proposed soil boring
locations are shown Figure 7 (QAPP) Also included on Figure 7 (QAPP) is the
rationale for proposed well locations. The remaining 8 well locations will be
determined in the field, based on the results of the soil gas sampling
program, preliminary testing of existing wells, analysis of water samples
collected during drilling and geophysical logging of previously installed
wells.

An additional twenty-two wells (1150 ft) are anticipated during the Phase I
investigation of the east study area. Fourteen of the proposed well locations
are shown on Figure 8 (QAPP), along with the rationale for selecting the
proposed locations. The remaining eight well locations will be determined in
the field, based on sampling of existing wells, soil gas sampling and analysis
of samples collected during drilling. -
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A total of sixty-six 12-hour drilling rig-days (22 field days for three rigs)
are anticipated to complete the specified drilling and well installation. In
addition to the drilling rig operators and helpers, the field crew will
consist of three geologists, one Site Safety Officer (SSO) (between three
drilling rigs), an on site GC operator and a Team Leader.

2. Personnel and Responsibilities

Team Leader - The Team Leader will coordinate the three drilling rigs, soil
gas sampling and analytical work. The Team Leader will also interpret results
of the soil gas and water quality analyses and will make decisions in
cooperation with the Warzyn Project Manager and the U.S. EPA project officer
on the depth of screened interval and location of future drilling sites.

Site Geologist/Geotechnical Engineer - A geologist or geotechnical engineer
will be assigned to each individual drilling rig working on the site to
collect and classify soil samples, collect water quality samples, prepare
boring logs and well details, document the methods used for well construction
and development, and provide site safety monitoring of drilling operations in
Level D protection.

Site Safety Officer - The Site Safety Officer will be responsible for

coordinating site safety activities on each of the three drilling rigs and
other concurrent operations (soil gas sampling) and providing assistance on
any sampling activity where Level B or C work would be on-going. The Site

Safety Officer will also advise the Team Leader as to the sequencing of
activities to avoid the need for more than one activity taking place in
Level B or C protection.

3. Methods

Drilling - Shallow borings will be drilled using 4 1/4-in. ID hollow-stem
augers with a screened lead auger. If a water head is needed to eliminate
sand moving up into the augers, City water can be added to the augers. If
City water is used, a daily VOC analysis of the City water will be completed
using the on-site GC.
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It is anticipated that deep borings (D65 feet) will be drilled using clear
water rotary methods. A daily VOC analysis of the water supply will be
conducted using the on site GC. However, if clear water rotary drilling
becomes infeasible, drilling muds may be used. Initially, 6 in. casing will
be advanced into the borehole. If necessary, 4 in. casing will be telescoped
within the 6 in. casing and advanced to the total depth of the boring.

Soil Sampling and Analysis - Soil sampling will be conducted according to ASTM
D1586 using a 2-in. split-spoon sampler. Samples will be collected at a 5-ft
interval to a depth of 25 ft, and 10-ft intervals to the bottom of the
borehole or at changes in soil type. Thirty (30) soil samples will be
submitted to the CLP for analysis of grain size distribution and 15 for
natural organic content using the Wet Combustion method (see Appendix D for
SAS). In addition, thirty (30) soil samples will be submitted to the CLP for
analysis of VOCs, base/neutral and acid extractables by GC/MS to characterize
contamination in the unsaturated zone at potential source areas.

Water Quality Sampling and Analysis

Water quality samples will be collected during drilling from the 40 wells
which will be installed during Phase I (Refer to Figures 7 and 8). Deep
borings performed in the west study area will be sampled on an approximate
10 ft interval from a depth of about 40 ft to termination (+80 ft). An
average of five samples per deep well and one sample from each of the

individual shallow wells are anticipated to be collected. Approximately
48 groundwater samples will be collected and analyzed during the installation
of monitoring wells for the west study area.

Due to the greater proposed depth of several monitoring wells on the east side
of the Wisconsin River, groundwater quality will be sampled on a 15 ft
interval from a depth of approximately 30 ft to boring termination.
Approximately 58 groundwater samples are anticipated to be collected during
installation of monitoring wells for the east study area. A total of
approximately 106 samples will be collected during drilling.
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A duplicate and blank sample will be collected and analyzed for every 10
groundwater samples or per day, whichever js less. City water used for
drilling will also be analyzed daily. The on-site analytical procedures are
presented in Appendix F and summarized in Table 2.

The borehole sampling zone will be isolated by either driving a 2-inch, 3-ft
long schedule 80 galvanized steel well point into the sand ahead of the casing
or by setting a Johnson Keck submersible pump with packer within the bottom of
the casing and sampling from the riser pipe. If the well point is used, a
solid rod may have to be driven first to loosen the soils. The riser pipe
will be purged of three well volumes using a Brainard Kilman 1.7 inch

0D. pump. Four VOA vials will be collected, two for on-site GC analysis and
two for possible lab analysis. A1l samples will be collected with no head
space. Samples will be analyzed on-site according to methods in Appendix F of

~the QAPP.

Geophysical Logqing - Geophysical logging will be conducted in the deep
borehole after completion of the boring. A natural gamma log will be run by
the site geologist using a constant logging speed of not more than 1/2
crank/second on the Mount Sopris 1000 C logging unit on the 4:1 drive shaft
(1ess than 0.25 ft/second). The geophysical logger will be calibrated as
described in Appendix E of the QAPP.

well Installation - The wells will be installed as shown on Figures 9 and 10
of the QAPP. All joints will be sealed with teflon tape. The site geologist
will measure total depth of the hole prior to installation of the well
materials and will measure the depth to the top of each material placed prior

to placing the next layer.

The bentonite slurry will be placed using a tremie pipe, maintaining the
tremie pipe below the top of the bentonite slurry.

Wells located in high traffic areas (i.e., parking lots, driveways) will be
constructed so that protective casings are flush with the ground surface.
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Development - Each well will be developed using either air 1ift pumping or
pumping with the Brainard Kilman pump until the water is visually clear, on-
site pH and conductivity measurements have stabilized or until 10 well volumes
(0.16 gal/ft of water column in the well) have been removed.

Decontamination - The split spoon sampling device will be decontaminated using
a TSP wash followed by two distilled water rinses between each sample.

The drill rig tools will be steam cleaned immediately after each boring,
except where a shallow boring is conducted with the same rig immediately after
completion of an adjacent deep well. Steam cleaning will be conducted at the
decontamination pad.

The Brainard Kilman pump will be decontaminated using a TSP wash and clear
water rinse or steam c]eanea‘following each water quality sample. If water
quality results from the on site lab indicate compounds of concern are below
detection prior to the next sample, no decontamination will be necessary.

Waste Disposal - Cuttings from the drilling operation will be contained if

they are found to be contaminated by screening with a PID or OVA. If on-site
disposal of cuttings create aesthetic problems, they will be removed and
disposed of off-site. The off-site disposal area will be coordinated between
the City, EPA project officer and the Team Leader.

Drilling fluids, purge water from water quality sampling and well development
water will be contained and disposed of to the City sewer at a location agreed
upon by the City.

D. SURFACE WATER AND SEDIMENT SAMPLING

1. Objective ,

Surface water and sediment samples from six (6) different locations will be
collected and submitted to the CLP for VOC and general water quality parameter
analyses. The results of these analyses will be used to determine if
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potentially identified sources have had an impact on VOC concentrations of
surface water and sediment. Inorganic parameter analyses of surface water
samples will be used to evaluate future potential alternative water supplies
and to compare groundwater and surface water chemical characteristics. GC/MS
Analyses of sediment samples will be used to evaluate VOC impact on surface
water bodies in the area.

2. Personnel and Responsibilities

Sampling Team - One team of two people will collect surface water and sediment
samples and provide their own site safety monitoring.

Chain-of-Custody Technician - This person will prepare sample labels and

provide chain-of-custody records and package and ship samples.

3. Methods
Surface Water Sampling - Samples will be collected in quiet water areas near

the bank of the stream or river. Surface water samples will be collected
prior to sediment samples at 6 locations shown on Figures 7 and 8.

Surface water samples will be collected using stainless steel sampling
equipment. Sampling equipment will be decontaminated using TSP wash and
double clear water rinse. Surface water samples undergoing metals analyses
will be filtered through a 0.45 um pressure filtration device as soon as
possible after sample collection. Sample handiing, preservation, bottles and
packaging are summarized in Table 3 of the QAPP.

Surface water samples will be analyzed for pH and conductivity using the
methods in Appendices Cl1 through C4 of the QAPP.

Sediment Sampling - Sediment samples will be collected following surface water

samples using a hand-corer. The hand-corer will be driven to a depth of

6 inches sediment sample splits of the material will be collected in the
sample bottles listed in Table 3 of the QAPP. The VOA sample will be
collected as soon as possible after sample removal. The hand-corer will be
decontaminated in the same manner as the surface water sampling equipment.
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QC Samples

« 1 duplicate of each media

« 1 sample blank of each media collected by using the sampling
device immediately after decontamination. Silica sand will be
used for the sediment sample blank

-+ 1 matrix spike for each media

E. HYDRAULIC CONDUCTIVITY TESTS
1. Objective
The hydraulic conductivity tests are intended to obtain an estimate of the

hydraulic conductivity of the screened interval of the well tested.

2. Personnel and Responsibilities

The site geologist will conduct the test.

3. Methods
The test methods will follow the procedures outlined in Appendix G of the
QAPP, and will include the following steps:

Hydraulic conductivity tests will not be conducted at wells
with total VOC concentrations greater than 750 ug/L

Measure water level with a tape and sounding device.

- Place the pressure transducer into the well and allow
approximately three minutes for the probe to equ111brate to
the water temperature and pressure

Install the well head device to seal the well head (for
piezometers only)

Enter the reference water level into the data logger and check
the water level using the pressure transducer to water level
reading is stable

- After a stabilized water level reading is obtained from the
pressure transducer, the well is pressurized with sufficient
air pressure to displace 10 ft of water (0.4 PSI/ft of water)
(for piezometers only)
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- Air pressure is maintained until the water level reading from
the transducer is constant (for piezometers only)

- The air pressure is then be instantaneously released while
running the pressure transducer recorder in the log sampling
mode (for piezometers only)

At water table wells a single bailer is removed to reduce the
water level, while running the pressure transducer recorder in
the Tog sampling mode

- The test results are immediately printed out to obtain a hard
copy

- Data is transferred at the end of the day to a micro computer.

SAMPLE DOCUMENTATION

Samples will be handled under chain-of-custody procedures. Standard forms
including sample tags, traffic reports, chain-of-custody forms, and custody
seals used for sample tracking will be maintained. Pertinent information
regarding the samples will be recorded in the site log book maintained by the
Team Leader and in logs maintained by each sampling crew. The information
will include sampling time, location, tag numbers, designation and samplers.
Pertinent PID readings, weather conditions and field modifications of sampling
strategy will be recorded. The log book will be maintained in indelible ink
and will be in a bound volume unless weather conditions dictate otherwise.

CLP Sample Documentation Required by the U.S. EPA. The following documents
are numbered and must be accounted for. If a document is voided, it will not
be destroyed, rather, it will be saved and returned to the REM 11 Sample
Coordinator. Copies of the multiple-copy forms will accompany samples to the
laboratory. The other copies will be sent to the Sampling Coordinator

immediately following sample shipment.

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 each project sample.
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B) Chain of Custody Seals

1)

2)
3)
4)

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

Cover seals with clear tape.
Record seal numbers on Chain of Custody Form.

Use for each project sample.

C) Organic and Inorganic Traffic Reports

1)

2)

3)

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

Preprinted stickers on forms should be fixed to appropriate
sample containers.

These numbers are recorded on Chain of Custody Forms.

D) Sample Tags

1)
2)

3)
4)

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

Traffic Report Numbers and Case numbers are recorded in the
“Remarks"” section of the tag.

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

Use for each project sample.

E) High Hazard Traffic Reports

1)

2)

One form is required for each High Concentration sample being
analyzed by the CLP.

The stickers provided are to be affixed to the appropriate sample
when packaging.

Other Sample Documentation Required

A) Special Analytical Service (SAS) Packing List

1)
2)

Used in place of Traffic Report Forms for SAS requests.

Does not replace Chain of Custody Form - used in conjunction with
it.
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Basic Data Forms

For samples sent to CRL, these replace Traffic Report Forms and
are shipped wi;h'samp]es.

Sample Data Repoft.
Will 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.

These forms are necessary for the U.S. EPA to track the sampies
for data validation purposes.

D) Sample Identification Record Form

1)

2)

3)

Will provide a means of recording crucial sample shipping and
tracking information.

Will contain information to be entered into the Remtech DataBase
such as:

a) Case Number

b) CRL Number

c) Sample Matrix

d) Site Number

e) Sample Location Code

f) Sample Round

g) Sample Type (blank, replicate)
h) Number of bottles

i) Traffic Report Numbers

j) Chain of Custody Number

k) Lab Code

1) Date Sampled

m) Date shipped

n) Airbill Number

o) Sampie Tag Number

This form must be maintained for each sample shipment and
forwarded to the Sampling Coordinator upon sample shipment.

Paperwork accompanying the samples being shipped to CRL and CLP Laboratories
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 (if possible), will
be retained for the field files. |
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Two sample seals will be placed on opposite sides of the 1id and extending
down the sides of the cooler. The 1lid will be securely taped shut prior to

shipment.

Schedule of Sampling Events

The Phase I investigation sampling will begin with existing well sampling
approximately one week after receipt of approval of the QAPP and associated
plans. Existing well sampling will take approximately 2 weeks and will be
followed immediately by the soil gas investigation. It is anticipated that
the soil gas investigation will take approximately two weeks to complete.
Monitoring well installation is tentatively scheduled to occur simultaneously
with the second week of the soil gas investigation. However, the well
installation schedule is subject to the availability of a drilling
subcontractor chosen through an open bid procedure. Approximately twenty-two
drilling days for three rigs are anticipated.- Following well installation,
monitoring wells will be developed and surveyed for location and elevation.
Surface water, sediment and groundwater sampling of all monitoring wells and
production wells will be initiated approximately two weeks after monitoring
well installation. Finally, groundwater levels will be recorded at six
different time periods following monitoring well installation. The schedule
of sampling activities is summarized in Figure 12.

13076.12
CSR/jap/DLI
[jap-600-30]]
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APPENDIX B

EPA CLP TARGET COMPOUND LIST - RAS
ORGANIC AND INORGANICS
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TABLE A-1

CLP TARGET COMPOUND LIST AND .
CONTRACT REQUIRED DETECTION LIMITS (CRDL)

Detection Limits(1)

Low Soi}
Low Water(2) Sediment (3)

Volatiles CAS Number ug/1 ug/kg
Chloromethane 74-87-3 10 10
Bromomethane 74-83-9 10 10
Vinyl Chloride 75-01-4- 10 10
Chloroethane 75-00-3 .10 10
Methylene Chloride 75-09-2 5 5
Acetone 67-64-1 10 10
Carbon Disulfide 75-15-0 5 5
1,1-Dichloroethene 75-35-4 5 5
1,1-Dichloroethane 75-35-3 5 5
trans-1,2-Dichloroethene 156-60-5 5 5
Chloroform 67-66-3 5 5
1,2-Dichloroethane 107-06-2 5 5
2-Butanone 78-93-3 10 10
1,1,1-Trichloroethane 71-55-6 5 5
Carbon Tetrachloride 56-23-5 5 5
Vinyl Acetate 108-05-4 10 10
Bromodichloromethane 75-27-4 5 5
1,1,2,2-Tetrachloroethane 79-34-5 5 5
1,2-Dichloropropane 78-87-5 5 5
trans-1,3-Dichloropropene 10061-02-6 5 5
Trichloroethene 79-01-6 5 5
Dibromocloromethane 124-48-1 5 5
1,1,2-Trichloroethane 79-00-5 5 5
Benzene 71-43-2 5 5
cis-1,3-Dichloropropene 10061-01-5 5 5
2-Chloroethyl Vinyl Ether 110-75-8 10 10
Bromoform . 75-25-2 5 5
2-Hexanone 591-78-6 10 10
4-Methyl-2-pentanone 108-10-1 10 10
Tetrachloroethene 127-18-4 5 5
Toluene 108-88-3 5 5
Chlorobenzene 108-90-7 5 5
Ethyl Benzene 100-41-4 5 5
Styrene 100-41-4 5 5
Total Xylenes 100-42-5 5 5



) TABLE A-1
I HAZARDOUS SUBSTANCE LIST (HSL) AND
CONTRACT REQUIRED DETECTION LIMITS (CROL)™*
l' Detection Limits(1)
Low Soi}
Low Water(2) Sediment (3)
' Volatiles CAS Number ug/1. uq/kg
1. Chloromethane 74-87-3 10 10
2. Bromomethane 74-83-9 10 10
' 3. Vinyl Chloride 75-01-4 10 10
4. Chloroethane . 75-00-3 10 10
5. Methylene Chloride 75-09-2 5 5
' 6. Acetone 67-64-1 10 10
7. Carbon Disulfide 75-15-0 - 5 5
8. 1,1-Dichloroethene 75-35-4 5 5
l 9. 1,1-Dichloroethane 75-35-3 5 5
10. trans-1,2-Dichloroethene 156-60-5 5 5
l 11. Chloroform 67-66-3 5 5
12. 1,2-Dichloroethane 107-06-2 5 5
13. 2-Butanone 78-93-3 10 10
14. 1,1,1-Trichloroethane 71-55-6 5 5
l 15. Carbon Tetrachloride . 56-23-5 5 5
16. Vinyl Acetate 108-05-4 10 10
I 17. Bromodichloromethane 75-27-4 5 5
18. 1,1,2,2-Tetrachloroethane 79-34-5 5 5
19. 1,2-Dichloropropane 78-87-5 5 5
l 20. trans-1,3-Dichloropropene 10061-02-6 5 5
21. Trichloroethene 79-01-6 5 5
22. Dibromocloromethane 124-48-1 5 5
. 23. 1,1,2-Trichloroethane 79-00-5 5 5
24. Benzene 71-43-2 5 5
25. cis-1,3-Dichloropropene 10061-01-5 5 5
l 26. 2-Chloroethyl Vinyl Ether 110-75-8 10 10
27. Bromoform 75-25-2 5 5
28. 2-Hexanone 591-78-6 10 10
l 29. 4-Methyl-2-pentanone 108-10-1 10 10
. 30. Tetrachloroethene 127-18-4 5 5
l . 31. Toluene 108-88-3 5 5
. 32. Chlorobenzene 108-90-7 5 5
33. Ethyl Benzene 100-41-4 5 5
: 34. Styrene 100-41-4 5 5
l 35. Total Xylenes 100-42-5 5 5
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l Table A-1, continued
} Detection Limits (1)
! Low Soi}
I Low Water(4) Sediment {5)
: Semi-Volatiles CAS Number ug/1 uq/kg
36. Phenol 108-95-2 10 330
i 37. bis(2-Chloroethyl)ether 111-44-4 10 330
l 38. 2-Chlorophenol 95-57-8 10 330
39. 1,3-Dichlorobenzene 541-73-1 10 330
40. 1,4-Dichlorobenzene 106-46-7 10 330
l 41. Benzyl Alcohol 100-51-6 10 330
42. 1,2-Dichlorobenzene 95-50-1 10 330
43, 2-Methylphenol 95-48-7 10 330
l 44. bis(2-Chloroisopropyl)ether 39638-32-9 10 330
45, 4-Methylphenol 106-44-5 10 330
' 46. N-Nitroso-Dipropylamine 621-64-7 10 330
47. Hexachloroethane 67-72-1 10 330
' 48. Nitrobenzene 98-95-3 10 330
I 49. Isophorone 78-59-1 10 330
50. 2-Nitrophenol 88-75-5 10 330
51. 2,4-Dimethylphenol 105-67-9 10 330
l 52. Benzoic Acid 65-85-0 50 1600
53. bis(2-Chloroethoxy)methane 111-91-1 10 330
54. 2,4-Dichlorophenol 120-83-2 10 330
. 55. 1,2,4-Trichlorobenzene 120-82-1 10 330
56. Naphthalene 91-20-3 10 330
57. 4-Chloroaniline 106-47-8 10 330
l 58. Hexachlorobutadiene 87-68-3 10 330
59. 4-Chloro-3-methylphenol 59-50-7 10 330
(para-chloro-meta-cresol)
' 60. 2-Methylnaphthalene 91-57-6 10 330
61. Hexachlorocyclopentadiene 77-47-4 10 330
62. 2,4,6-Trichlorophenol 88-06-2 10 330
l 63. 2,4,5-Trichlorophenol 95-95-4 50 1600
64. 2-Chloronaphthalene 91-58-7 10 330
65. 2-Nitroaniline 88-74-4 50 1600
l 66. Dimethyl Phthalate 131-11-3 10 330
67. Acenaphthylene 208-96-8 10 330
l 68. 3-Nitroaniline 99-09-2 50 1600
y 69. Acenaphthene 83-32-9 10 330
70. 2,4-Dinitrophenol 51-28-5 50 1600
l : 71. 4-Nitrophenol 100-02-7 50 1600
.. 72. Dibenzofuran 132-64-9 10 330
B 73. 2,4-Dinitrotoluene 121-14-2 10 330
. 74. 2,6-Dinitrotoluene 606-20-2 10 330
E B 75. Diethylphthalate 84-66-2 10 330




76.
77.
78.
79.
80.

81.
82.
83.

85.

86.
87.
88.

90.
91.
92.
93.

94.
95.

96.
97.
98.

100.

Table A-1, continued

Semi-Volatiles
4-Chlorophenyl Phenyl ether
Fluorene
4-Nitroaniline
4,6-Dinitro-2-methylphenol
N-nitrosodiphenylamine

4-Bromophenyl Phenyl ether
Hexachlorobenzene
Pentachlorophenol
Phenanthrene

ANTHRACENE

Di-n-butylphthalate
Fluoranthene

Pyrene

Butyl Benzyl Phthalate
3,3'-Dichlorobenzidine

Benzo(a)anthracene
bis(2-ethylhexyl)phthalate
Chrysene

Di-n-octyl Phthalate
Benzo(b) fluoranthene

Benzo (k) fluoranthene
Benzo(a)pyrene
Indeno(1,2,3-cd)pyrene
Dibenz(a,h)anthracene
Benzo(g,h,i)perylene

Detection Limits(1l)

Low Soi}
Low Water(4) Sediment (5)
CAS Number ug/1 ug/kq
7005-72-3 10 330
86-73-7 10 330
100-01-6 50 1600
534-52-1 50 1600
86-30-6 10 330
101-55-3 10 330
118-74-1 10 330
87-86-5 50 1600
85-01-8 10 330
120-12-7 10 330
84-74-2 10 330
206-44-0 10 330
129-00-0 10 330
85-68-7 10 330
91-94-1 20 660
56-55-3 10 330
117-81-7 10 330
218-01-9 10 330
117-84-0 10 330
205-99-2 10 330
207-08-9 10 330
50-32-8 10 330
193-39-5 10 330
53-70-3 19 330
191-24-2 10 330
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101.
102.
103.
104.
105.

106.
107.
108.
109.
110.

111.
112.

114.
115.

116.
117.
118.
119.
120.

121.
122.
123.
124,
125.
126.

Pesticides
alpha-BHC
beta-BHC
delta-BHC
gamma-BHC (Lindane)
Heptachlor

Aldrin

Heptachlor Epoxide -

Endosulfan I
Dieldrin
4,4'-DDE

Endrin

Endosulfan II
4,4-00D

Endosulfan Sulfate
4,4'-DDT

Endrin Ketone
Methoxychlor
Chlordane
Toxaphene
AROCLOR-1016

AROCLOR-1221
AROCLOR-1232
AROCLOR-1242
AROCLOR-1248
AROCLOR-1254
AROCLOR-1260

Table A-1, continued

Detection Limits(1)

Low Soi}
Low Water(6) Sediment(7)

CAS Number ug/] uq/kq
319-84-6 0.05 8.0
319-85-7 0.05 8.0
319-86-8 0.05 8.0
58-89-9 0.05 8.0
76-44-8 0.05 8.0
309-00-2 0.05 8.0
1024-57-3 0.05 8.0
959-98-8 0.05 8.0
60-57-1 0.10 16.0
75-55-9 0.10 16.0
72-20-8 0.10 16.0
33213-65-9 0.10 16.0
72-54-8 0.10 16.0
1031-07-8 0.10 16.0
50-29-3 0.10 16.0
53494-70-5 0.10 16.0
72-43-5 0.5 80.0
57-74-9 0.5 80.

8001-35-2 1.0 160.0
12674-11-2 0.5 80.0
11104-28-2 0.5 80.0
11141-16-5 0.5 80.0
53469-21-9 0.5 80.0
12672-29-6 0.5 80.0
11097-69-1 1.0 160.0
11096-82-5 1.0 160.0



Table A-1, continued

NOTES

(1)

(2)

(3)

(4)

(5)

(6)

(7)

Detection limits listed for soil/sediment are based on net weight. The
detection limits calculated by the laboratory for soil/sediments will be
on dry weight basis and will be higher.

Medium Water Contract Required Detection Limits (CRDL) for Volatile
Hazardous Substances List (HSL) Compounds are 100 times the individual
Low Water DL.

Medium Soil/Sediment CROL for Volatile HSL Compunds are 100 times the
individual Low Water CROL.

Medium Water CROL for Semi-Volatile HSL Compounds are 100 times the
individual Low Water CRDL.

Meidum Soil/Sediment CRDL for Semi-Volatile HSL Compunds are 60 times the
individual Low Soil/Sediment CRDL.

Medium Water CRDL for Pesticide HSL Compounds are 100 times the
individual Low Water CRDL.

Medium Soil/Sediment CRDL for Pesticide HSL Compunds are 15 times the
individual Low Soil/Sediment CRDL.

Specific detection limits are highly matrix dependent. The detection
1imit listed herein are provided for guidance and may not always be
achievable.

[Jap-400-66]



TABLE A-2
ELEMENTS DETERMINED BY
INDUCTIVELY COUPLED PLASMA EMISSION
OR ATOMIC ABSORPTION SPECTROSCOPY

Required

Detection Level(l)

Metal ug/1
Aluminum 200
Antimony 60
Arsenic 10
Barium 200
Beryilium 5
Cadmium 5
Calcium 5000
Chromium 10
Cobalt 50
Copper 25
Iron 100
Lead 5
Magnesium 5000
Manganese 15
Mercury 0.2
Nickel 40
Potassium 5000
Selenium 5
Silver 10
Sodium 5000
Thallium 10
Vanadium 50
Zinc 20
Other

Cyanide 10

NOTES

(1) Any analytical method specified in Exhibit D of IFB WA 84-J091/J092 may
be utilized as long as the documented instrument or method detection
limits meet the CRDL requirements. Higher detection levels may only be
used in the following circumstances.

If the sample concentration exceeds two times the detection limit of
the instrument or method in use, the value may be reported even
though the instrument or method detection 1imit may not equal the
CRDL.

[jap-400-65]
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APPENDIX C-1
FIELD MEASUREMENT OF pH
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Scope and

PH

Application: This method is applicable to surface water,

wastewater and groundwater.

Yethod: Potentiometric

Reference:

£EPA 1983, p. 150.1

Sensitivity: 0.01 pH unit

Jptimum Rznge: pH 1.00 to 12.00

Sample Handling: Oetermine on-site, if possible

Reagents and Apparatus:

1.

w

o

1,

Ny
.

(¥3)
.

4>
.

Procedgure:

1.

2.

pH meter (Orion 901 or 437A for lab use, Orion 211, 221, and 230
for field use).

Combination pH electrode.
¥agnetic stirrer and stir bars (for lab use).
3ezkers or plastic cups.
pr buffer solutions, pH 4.00, 7.00, and 10.00.

Deionized water in squirt bottle.

Celibration:

Piace combinztion electrode in pH 7.00 buffer solution.

Avter aliowing several minutes for metsr to stabilize, turn
calibretion dgial until reading of .7.00 is obtained.

Rinse electirode with deionized water and place in pH 4.00 or
prn 10.00 buffer sciution. Use pH 7.00 and £.00 for samples wizth
pH <2, and buffers 7.00 and 10.00 for samples with pH °8.

wait several minutes and then turn slope adjustment dial until
reading of £.00 or 10.00 is odbtainad.

Rinse eleciro¢s with deionized water and place in pH 7.00 tuffer.
If meter reeding is not 7.00, follow Steps 2-5 again.

Calibrate meter using calibration procedure,

Pour the sample into clean beaker or plastic cup.

pH-1
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3. Place stir bar in beaker and put on magnetic stirrer (low speed)
for lab measurement of pH. Swirl cup gently for field measurement
of pH.

4. Check temperature of sample. It should be + 2°C of the buffer
solutions.

5. Rinse electrode with deionized water.

6. immerse electrode in sample. The white KC1 junction on side or

bottom of electrode must be fully immersed in solution. Allow
sufficient time for reading to stabilize. Record pH. Rinse
electrode with deionized water.

7. Recheck calibration with pH 7.00 buffer solution after every
20 samples and at the end of the analytical run.

Quality Control:

1. Duplicate 1 out of 10 samples. If less than 10 samples are analyzed,
a duplicate is still required. Duplicates shculd be + 0.2 pH units.
Average the results, a7

2. A1l glassware is to be soap and water washed, tap rinsed and
deionized water riased prior to analvses.

Notes:

(=)

. The pH test is temperature dependent. Therefore, temperatures of
buffers and samples shouid be within 2°C of each other. rfor
refrigerated or cool samples, use refrigerated buffers to calibrete
meter.

2. Interferences in pH measurements occur with presence of wzak organic
and inorganic salts, and oil and grease. If 0il and grease are
visible, note on data sheet. (lean electrode with soap and water,
followed by 10% HC1 and deionized water. Then recalibrate meter
before analysis of next sample, :

3. tlectrode should be stored in pH 4.00 buffer.
4, Eefore leaving laboratory for field work:
a. Check batteries. .
b. Do quick calibration at pH 7.00 and 4.00 to check

electrode response and batteries.
c. Obtain fresh pd buffer solutions.

pH-2



5. Following field measurements:
a. Report any problems with meter or electrode.
D. Clean meter and meter case.
C. iMake sure electrode is stored in pd 4.00 buffer,

—

Wt e

/,LW 2/a. 276
MNidasl Jonihery

Michael J. Linskens
Laboratory Manager

[ALM-1-26]
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RS introduction s
-

The Model 211 1s a battery- or line-operated (1101220 V AC adapter) digital phy
meter for licld or laboratory use. The meler is complete with sirip chart recorder
BAT, u binding posts and is supplicd with an unbreakable, gel-filled cornbination it
tow : clectrode, one packetolpH 7 buller powder, one Lottle lorpt 7 buller, one bottle
@ lor distilled walter, support rod, electrode holder, AC adapter, six 1.5 Vbalienes,
@ @ shorting plug, and carrying case.
L A

ORION RESEARCH model 2‘lll(ligilal pH meter 1

on

OFF

o

@ instrument description
TEMP °C CAaLIB
i See figure 1,
N ; ; 1. stripchartrecorderbinding posts: black postislow({ground)andicd postis

l high inpul side ol recorder. See page 8.
H 2. BAT LOW: an arrow pointing tlowards BAT LOW appears on the display

when ballery requires replacement.
3. LCdisplay: pi display over the tange 0l 0 - 14 with = .01 pHunits resolutiom

4. supporl rod clip: holds steel rod used to mount elecliode holder.
5. temperalure indicalor conlrol (TEMP °C): compensates lor vanation in
eleclrode slope or lemperature changes. Used in two-buller calibisthion
6. AC line adapter Inpul: jack used lo insert AC line adapier With AC tin
| " adapler operalional, the internal baltery is bypassed.
o 7. lunction conltrol: rocker swilch with thiee positions - O, OFF and (ON)
@) Oepress (ON) for a momenlary reading The swilch will return 10 OF F when
@ \ released. :
legend (9) ) 8. calibration control (CALIB): used 1o calibiale the meler wilh bullurs ol
Vostedp chart rocorder binding posts 6 AC line adapler inpul known pii.
2. BAT LOW 7. tunction control ’ 9. eloctrodo connector: accepts BNC conneclor from pH cleclrode.
3. LC display 8. calibration control 10. slope control: screwdriver adjusiment used 10 sel sacond buller In (veo-
fu% 4. suppon rod clip 9 clecirode conneclor buller catibration
2.‘:_1‘ 6. temperalure Indicatlor contiol 10. slope control UL :
<xd: A PRGN T J
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instrument set-up
support rod

1.

Insert slect supporl rod into the hole in the support rod clip on side of the
meler.

Mount eleclrode holder on the rod by pinching to compress the spring.
Release to hold in place.

power source

The Model 211 operales on six nonrechargeable 1.5 voll batleries or on 110 or
220 : 20% Vwith anapproved AC adapter (specily vollage when ordering). Low
ballery is indicaled by the BAT LOW indicator on the display.

HOTE: Batlerics are nol rechargeable - use ol line adapter whenever possible
will prevent the unil's batteries lrorm being discharged. il batlery operation is
desied, follow installation instructions under batlery replacement.

meler check-out
1.

Install six AA balleries in the meler. Orient the (+) and (-) baltery tenmi-
nals 1o malch the orienlation shown in ihe ballery compartimenl.

Depress ON button on the [ront pancel. I the BAT, LOW indicatur on the
tront display lighls up, the batleries musl be replaced.

tt battary mode Is not to e used, disregard steps 1 and 2. Inserl pin end ol
appropriate AC line adapler into the meter, and the other end inlo the ap-
proprlato grounded AC line receplacle. |

4
Attach BHC shorling plug to BHG inpul on the hollom side ol the meter,
Doprass ON bulton on the Lront panel. Tarm CALIR knob 50 display reads
a sloady 7.00. il thls cannol be dune consull ORIOM Technical Scervice,

Ramaove tho shorling plug. Successtul complelion of steps 1-4 show the
v catis roedy for use.
: A .

Y 78 -..".: P
.».‘1:" J‘kul

L A S S VA T YO K
- O O W ah Em =.E e

connectling electrode

1. Insertthe BNC connector into the elecirode jack on the bottom panel of the
meler. Turn conneclor clockwise until it seals lirmly.

2. Mount cleclrode in the electiode holder by spreading Lhe eleclrode clip

open and sliding the clecliode inlo the holder so that the clip closes on
cleclirode cap. Sce ligure 2.

3. Follow measuiemenl proceduros to use the meler to measure pH.

4. Disconnneci cleclrode by lurning conneclor counlerclockwise untilieleas.
ed lrom pin,

figuro 2

{F

~.

Sthueeze As shown 1o inscil eleChiimie
'
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measurement procedures

general measurement technique

temperature: All samples and bullers should be at the same lemperatuie, as
small variations in temperalure can cause efrors in measurement. The slope ol
the pH electrode, the polential ol the relerence elecliode, and the pH ol the bul-
ler are temperature-dependent.

cleaning electrodes: Electrode should be rinsed and shaken between mneasure-
ments lo rermove drops and (0 prevent solution carryover.

stirring: Slir measured solutions moderalely to oblaln good contact between
the glass bulb and Lhe solulion. Inserl eleclrode to a depth of aboul 3 cm.

pH measurements

single-buller standardlzation
(where maxitnum precision is nol required)

NOTE: For maximum accuracy Itis recommended thal a two-buller calibration
Le pertormed once at the beginning ol each day(see page 7). This procedure en-
suresthecoirect settingol the slope conlrol. Subsequent measuremenls during
the day may be made using a single point calibration.

1. Placelheelectiodein a buller solution whose plisnearthe expecled pHol
the sample. Insert electrode lo a depth of aboul 3 ¢cm and stir moderately.

Sct the temperature Indicalor contiol (o the temperalure ol the buller.

Sutthe tunciion control to OM and allow the Luller reading lo slabilize. Ad-
just the CALIB so that the display indicates the pHol the buller at the solu-
hon temperature. See Table 1.

I
4 Hemove the clectrode from the buller solution and tinse by stirting
moderglely in distilled water Shake ofl excoss diops ol walter.,

IR

Place clectrode in the sampletoadepmthol about 3 cin and stis moderately,
Settne lunctioncontiol 1o ON and allow thereading to stabitize. flecond Ihe
steady pH reading.

Ilwo-buller standardizatlion
(whete maximum precision is required)

1. Selectiwo bullers to brackel the cxpected pHolthe sample, with one Lul-
ler having apH ol 7,

2. Place the clectiode in the pH 7 buller 10 a depih of about 3 cin and shr
moderalely. Selthe temperalure indicalor conlroltothe temperature ol Ihe
buller. Set Ihe tunction control 16 ON and allow the reading 1o stabilize.
Turn CALIB unlil the display indicales the pH ol the buller at the solution
lemperalure. See table 1.

3. Remove eleclrode from the first buller and rinse by slirring moderately in
distilled water. Shake off excess drops of water.

4. Place the clectrode in the second bulfer to a depth of aboul I cm and stir
moderalely. Sel the lunction control 1o ON and adjust the slope control un.
lil the pH at the solulion temperalure is displayed. See Table 1.

5. Remove the cleclrode and rinse by stirring modetrately in distilled waler.
Shake off excess drops ol waler.
6. Place the clectrode In the sample 1o a depth ol abou! 3 em and siir

modcrately. Set the function conirot to ON and allow Ihe reading 10
stabilize. Record the steady pH reading.

TABLE1
TEMP (°C) pH 7.00 Bulfer pH 4.01 Buller pH 10.01 Bullor
5 7.08 4.00 1025
10 _ 706 4.00 10.18
S _1.00 e ADO_ 1012
20 7.0 4.00 10.06
T T 4.01 10.01 - =
4.02 9.97 .
___402 9.93
Y 9.60
4.06 9.83
4.09 --




battery replacement

Toreplace the balteries, remove the panel on the back ol the meter. Be sure o
obscive the polarity marking when inserting new balleries.

recorder output

The ted and black binding posls at the side ol 1he meler provide an outpul for
sltip chart recording ol absolute mV independent of funclion mode. For
tecorders with inpul impedance ol 100 Kilohms or greater, the outputis fixed to
aboul 100 mVipH. pH 14.00 oulpulis 1.40 V. Lower impedance recorders may bhe
used but full-scale oulpul is reduced.

1. Connecliheleadromthe high (inpul side ol therecorder) to the red binding
post and the lead Irom the low (ground) side 1o the black binding post.

ro

Proceed according 10 directions in the strip charl recorder instruclion
manual.

repair and service

ORION wattanty covers lailures due lo manufaclurer's workmanship ormaterial
delect trom the date of purchase by the user. User should relutn The warranty
cardto OfIOM and retain proof ol purchase. Warranty is void il producl has been
abused, misuscd, or repairs attempted by unaulhorized persons.

Wartanties herein are for products soldlinstalled lor use only in the Uniled Slates
and Canada For ORION products puschased foruse in all other countrics consull
local in.country, aulhorized ORION sales agent/distributor tor product warranly
informanion.

A Return Authorization Number mus! be obtained lrom ORION Laboratowy Pro.
ducts Custamner Sewvice belore returning any product for in-waranty repair,
replacement or credit

“"No Lemon Instrumen!t Warranly

Themstrumentis covered by the ORION “Hu L emon” vaaranty 1 the instrioment
lads vallun twelve months trom date ol purchase for any reason other than
abuse the purchaser may etectio have itrepaitmtorreplaced at no charge This
wattanty caovers the original orreplacementiinpaited meter ram date ol original
moter purchasce: the warranty is not extended beyond the buyer's original wav.
rsnty date

-

dccessories

815600 foss™ epoxy body, bulb guard combination pH electrode

91040M Laboratory grade combination pH elecliode (BNC conneclor)

910600 GX-series epoxy body, gellilled combination etectrode (BHG
connectot)

912600 GX-series epoxy body, gel-lilled llask combination electrode
(BONC conneclor)

913600 GX-series epoxy body, gel-filled at surlace combinatlon plt
cleclrode (BNC connector)

915600 RX.series relilfable, epoxy body combination pH elecliode (BNC
conneclor)

91628H Combination pH electiode with rugged bulb (BNC conneclor)

91630H Combination pH elecliode with needle shape (BNC connecior)

910004 pi 4 buller packels, box ol 25 packets, each pachel making
200 mt.of buller

910007 pH 7 buller packets, box of 25 packels, cach pachel making
200 mil of buller

910009 pH 9 buller packels, Lox ol 25 packels, cach packel making
200 mil ol buller

910104 pH 4.01 buller, 475 i bollle

910107 pH 7.00 buller, 475 mli boltle

910110 pH 10.01 buller, 475 mil bollle

970899 Dissolved oxygen elecliode

910002 Electrode holder

020030 Shorting plug

020120 110V AC line adapler

020121 220V AC line adapler

.



specifications

package
conlenls

range
tresolulion

temperaluro
compensalion

isopotentlal
point

power
requirement

dimensions
wolght

model 211 digital pH meter, with model 910600 gel-lilled
unbieakable comtanation pH eleclrode, suppoil rod, elec:
lrode holder, bottles tor pH 7 butler and distilled valter, one
packetl ptt 7 buller powder, AC adapler, six 1.5V batleries,
and canrying case

010 14 pH
z .01 pH

manual {010 100°C)
pH 7 {lixed)

six 1.5V balleries;
battery lite: 3000 ten sccond intermittent measurernents
vshen line adapter is nol used.

line adapler; 110 0r 220V = 20%, 50/G0 Hz
14 cm high x 9 cm wide x 4.5 cin'deep
0.4 kg

specliications subject lo changs withoul notice

notice of compliance

The Model 211 may generale radio lrequency enerqy and il not installed and
used properly, that is, in strict accordance with the manulaclurer’s insituc:
lions, may cause inlerlerence 10 radio and television receplion. It has been
lype tested and found o comply with the timils lor a Class B computing device
In accordance wilh specilications in Subpart J of Part 150! FCC Rules, which
are designed 10 provide reasonable proteclion against such interlerence in a
residential instaltation. However, there is no guarantiee that interlerence will
notl occur In a particular instatiation. Il the Model 211 does cause interierence
to radio or television receplion, which can be determined by turning the unit
off and on, the uscr is encouraged o try 10 correct the inlerlerence by one or
more of the lollowing measures:

- teorient the receiving antenna
- relocate the Model 211 with respect to the receiver
- move the Model 211 away lrom the receiver

- plug the Model 211 Inlo a dillerent oullel so that the meler and recceiver are
on difterent branch circuils

If necessary, the user should consult the dealer or an expetienced radia/televs-
sion technician for addilional suggestions. The user may hind the following
bookiel prepared by the Federal Communications Cormmission helplul’

"How lo Identily and Resolve Radio-TV Interlerence Problems™

This bookiel is available from the U.S. Government Prninting Oflice, \Washinglon,
DC 20402, Slock No. 004-000-00345-4.
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CONDUCTIVITY
(YSI METER)

Scope and Application: This method is applicable to surface water,

wastewater and groundwater.

Method: Specific Conductance (Electrical Conductivity), umhbs/cm @ 25°C

Reference: EPA 1983, p. 120.1.

Detection Limit: 1 umhos/cm @ 25°C

Sample Handling: Determine on-site

Reagents and Apparatus:

1. Conductivity meter, YSI 33 SCT
2. Deionized water
3. Conductivity standard, 1413 umhos/cm @ 25°C.

Procedure:

-

1. With mode switch of meter in off position, check zero setting.
If not zeroed, use meter adjusting screw to zero.

2. Plug prode into jack located on side of meter.

3. Turn mode switch to red line, and turn red line knob until needle
aligns with red line on dial. Change batteries if meter cannot
be aligned.

¢, Analyse the conductivity standard. If the result is within the
specified ‘control reznges, analyse samples. A control should be
analysed after every 20 samples and at the end of every analytical
run.

5. Totally immerse and suspend the probe in the water sample. Do not
allow probe to touch the sides of the sample container.

6. Turn mode switch to appropriate conductivity scale, X100, X10, or Xl.
Use scale that produces a mid-range output on metier.

7. Wait for needle to stabilize {about 15 seconds) and record conductivity
as indicated. Multiply reading by scale setting.

8. While gently agitating probe, take sample temperature (°C) to nearest
1°C and record. :

9. Rinse probe with deionized water.

10. Record specific conductivity and temperature.

CONDYSI-1
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Quality Control:

l.

Notes:

A quality control check standard of 1413 umhos/cm is to be analyzed
before and after every 10 samples. The check standard must be
within the critical levels or the samples run prior to the last
check standard are to be reanalyzed. Before the samples are
reanalayzed, the analyst must diagnose the problem and consult with
the laboratory supervisor until the problem has been resolved and
approved. Record the result of the check standard in the quality
control check standard book.

Duplicate 1 out of 10 samples. If less than 10 samples are analyzed,
a duplicate is still required. Ouplicates should be within 95%.
Average the results,

A1l glassware is to be soap and water washed, tap rinsed and
deionized rinsed prior to analysis.

Calculate specific conductivity at 25°C using following formula:

G5 = Gr
[T + 0.02 (1-25)]

Gpg = Specific conductivity at 25°C, umhos/cm
T = Temperature of sample, °C
Gr = Conductivity of sample at temperature T, umhos/cm

Analyze and record the conductivity standard solution (1413 umhos/cm
@ 25°C) with each data set.

Record on field sheet which meter and probe were used. The meter
should be wiped clean as necessary.

Reagent Preparation:

1.

dppeoced T/off

Conductivity Standard: Dissolve 0.7456g anhydrous XCl in deionized

water and dilute to 1000 mL at 25°C in a volumetric flask. Specific
conductance is 1413 umhos/cm at 25°C.

Lo b e

Michael J. Linskens
Laboratory Manager

(AL-1-20]

CONDYSI-2
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OPERATING INSTRUCTIONS YSI MODEL 33
CONDUCTIVITY METER
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INSTRUCTIONS FOR YSI MODEL
33 AND 33M S-C-T METERS

Scientific Division
Yellow Springs Instrument Co., Inc.

[XUKKRS

-
U

Yellow Springs, Ohio 45387 « Phone 513-767-7241

PRICE INCLUDING HANDLING $5.00
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GENERAL DESCRIPTION

The YSI Model 33 and 33M S-C-T Meters are portable, battery
powered. transistorized instruments designed to accurately measure
salinity, conductivity and temperature. They use a probe consisting of
a rugged. plastic conductivity cell and a precision YS! thermistor
temperature sensor combined in a single unit.

Conductivity with the Model 33 is expressed as micromhos/centi-
meter (umhos/cm); with the 33M, it's millisiemens/meter {mS/m).
These are measurements of the electrical conductance the sample
would show if measured between opposite faces of a 1cm cube.
(Conversion information: 1 umho/cm = 0.1 mS/m.) Salinity is the
number of grams of salt/kilogram of sample (%o = parts per
thousand). This measurement assumes the sample contains a “'stan-
dard” sea water salt mixture. The sample temperature is measured in
degrees Celsius.

Salinity measurements are manually temperature compensated by
direct dial. Conductivity measurements are not temperature compen-
sated: however. a temperature function is provided on the instrument
to aid with calculation of corrections. Also, when just temperature
and conductivity are known it is possible to calculate salinity, and
when only temperature and salinity are known it is possible to
calculate conductivity.

SPECIFICATIONS
Model 33 Conductivity
Ranges: 0-500, 0-5.000. 0-50.000
umhos/cm with YSI 3300 Series
Probes. {Note: The “umho’ desig-
nations on the meter are a
shorthand form for “umho/cm™.)
Accuracy: +2.5% max. error at 500, 5.000
and 50.000 plus probe.
+3.0% max. error at 250, 2.500
and 25.000 plus probe.
See Error Section.
2

Readability:

Temperature Compensation:

Mode! 33M Conductivity
Ranges:

Accuracy:

Readability:

Temperature Compensation:

Salinity
Range:

Accuracy:

Readability:

Temperature Compensation:

2.5 ymhos/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
YS| 3300 Series Probes.

+2.5% max. error at 50. 500. and
5.000 plus probe.

+3.0% max. error at 25, 250, and
2,500 plus probe.

See Error Section.

0.25 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 %n in temperature range of -2
to +45°C.

Above 4°C, £0.9 %o at 40 %o and
+0.7 %0 at 20 %o plus conductivity
probe.

Below 4°C, £+ 1.1 %o at 40 %o and
+0.9 %0 at 20 %o plus conductivity
probe.

See Error Section.

0.2 %o on 0-40 %o range.
Manual by direct dial from -2 to
+45°C.

3



Temperature
Range
Accuracy

Readability

Power Supply

Probe

Accuracy

Instrument

Ambrent Range-

OPERATION PROCEDURE

1. Setup

-2 to +50°C.

+0.1°C at -2°C, £0.6°C at 45°C
plus probe.

See Error Section.

+0.15°C at -2°C to +£0.37°C at
45°C.

Two D-size alkaline batteries, Ever-
eady E95 or equivalent. provide ap-
proximately 200 hrs. of operation.

. YSI 3300 Series Conductivity/Tem-

‘perature Probe.

Nominal Probe Constant: K=5/cm
+ 2% ol reading for conductivity and
salinity.

Error of +£0.1°C at 0°C and
+0.3°C at 40°C.

Satisfactory operation -5 to +45°C.
A maximum error of £0.1% of the
reading per °C change ninstrument
temperature can occur This error is
negligible «f the instruinent is read-
justed to redline for each reading.

(a) Adjust meter zero (il necessary) by turning the bakelite
screw on the meter face so that the meter needle coincides
with the zero on the conductivity scale.

(b} Calibrate

by turning the MODE control to

REDLINE and adjusting the REDLINE control so the meter

4

needle lines up with the redline on the meter face. If this
cannot be accomplished. replace the batteries.

{c) Plug the probe into the probe jack on the side of the instru-
ment,

{d) Put the probe in the solution to be measured. (See Probe
Use.)

. Temperature

Set the MODE control to TEMPERATURE. Read the
temperature on the boltom scale of the meter in degrees
Celsius. Allow time for the probe temperature to come to
equilibrium with that of the water before reading.

Salinity

(a) Transfer the temperature reading from Step 2 to the °C
scale on the instrument.

(b) Switch the MODE contro! to the SALINITY position and
read salinity on the red 0-40 %00 meter range.

{c) Depress the CELL TEST button. The meter reading should

* fall less than 2%: il greater. the probe is fouled and the
measurement is in error. Clean the probe and re-measure.

Conductivity on Model 33 (Model 33M data are in

parantheses.)

(a) Switch the MODE control to the X100 scale. If the reading
is below 50 on the 0-500 range (5.0 on the 0-50 range).
switch to the X10 scale. If the reading is stll below 50
(5.0). switch to the X1 scale. Read the meter scale and
multiply the reading appropriately. The answer is ex-
pressed in umhos/cm (mS/m). Measurements are not
temperature compensated.

Example: Meter Reading: 247 (24.7)

Scale: X10
Answer: 2470 umhos/cm
(247.0 mS/m)



{b) When measuring on the X100 and X10 scales, depress the Example: Meter Reading: 15°C

CELL TEST button. The meter reading should fall less than Total Error: 0.4°C
2%: il greater. the probe is fouled and the measurement is .
in error. Clean the probe and re-measure. Accuracy: 15°C £ 0.4°C for probe
NOTE: The CELL TEST does not function on the X1 scale. and instrument combined
{2) Conductivity on Model 33 {(Model 33M data are in

5. Error
. . . . arentheses.)
The maximum error in a reading can be calculated by using the 2 2 sh h ductivity error as a func-
graphs in the following sections. igure 2 shows the worst-case conductivily erro 3 1u
tion cf the conductivity reading for the probe and instru-

(1) Temperature t bined
The temperature scale is designed to give the minimum ment combined.

salinity error when the temperature readings are used to
compensate salinity measurements.
Figure 1 shows total error for probe and instrument versus

°C meter reading. ¢ . \

1.0 L— 2% of 4 o

9 j— READING

. Figure 2

8 = 23

7

6 0 | | | | 1

0 100 200 300 400 500

t°% * umhos/cm x Scale
FRAOR 4 - . (u 10 20 30 a0 so)

3 Flgure 1 mS/m x Scale

2

a b Example: Meter Reading: 360 umhos/cm (36 mS/m)

o Ll ' 1 L I Scale: X10

0 10 20 30 a0 )

% Reading Error: £ 4.5%

Accuracy: 3600 + 162 umhos/cm
{360 +16.2 mS/m)
for probe and instrument

°C READING



{3) Salinity .

The salinity readings are 8 function of temperature and
conductivity. therefore the accuracy is a function of both.
The temperature scale and temperature control have been
designed to minimize the Llemperature error contribution to
the salinity error. The error shown in Figure 3 is the total of
the temperature and_conductivity probe, the temperature
scale and the salinity scale error.

e § 270+ 8°C

L 410445 C

t%ol 4 |-
READING

Figure 3

0 | | ] 1

0 10 20 30 40

0/00 SALINITY REAOING

Example: Meter Reading: 10 0/00, @ 10°C

% of

Reading

Error: 6.5%

Accuracy: 10 %o £ 0.65 %o for all
errors, combined worst
case.
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NOTE- YSI MODEL 33 AND 33M B-03321-F
1. Rasistance values in ohms, K=1.000: resistors
ar0 'aW, 10% unless otherwise specitied.
2. The values shown on the schematic may dilter
from thosa in the instrument: i so. eithers vatue
canba used for repincament puIposes,
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CIRCUIT DESCRIPTION, MAINTENANCE AND CALIBRATION
1. Description
The circuit is composed of two parts: a multivibrator and switching
transistors. The multivibrator produces a square waveform voltage.
The square wave is applied to two switching transistors. They alter-
nately apply two batteries of opposite polarity to the probe thus
providing AC power which minimizes polarization effects. The meter
is in series with one battery and measures the current from it. The
. current from the battery is progortional to the conductance of the cell.
Salinity is measured in a special range conductivity circuit which in-
cludes a user-adjusted temperature compensator. In the temperature.
redline and X1 positions the multivibrator operates at 100 Hz. in the
salinity, X100 and X1 O positions the multivibrator operates at 600 Hz
and in these ranges pushing the CELL TEST button drops the frequen-
cy to 100 Hz allowing the operator to judge the degree of probe
polarization.

2. Maintenance

The only maintenance required is battery replacement. Two “D"” size
alkaline flashlight cells, such as Eveready E95 or equivalent. will
provide 200 hrs. of operation. Accuracy will not be maintained if zinc-
carbon D" cells are used. Battery replacement is indicated when the
redline adjustment cannot be accomplished.

Replace batteries every six months to reduce the danger of corrosion
due to leaky batteries. 70 replace batteries, remove the six screws
from the rear plate. The battery holders are color coded. The Positive
{+ button) end must go on red.

3. Calibration of Model 33 {(Mode! 33M data are in parentheses.)
It is possible for the temperature knob to become loose or slip from
its normal position. In an emergency the dial 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 earliest opportunity.

9



{a) Read the temperature and conductivity of the solution. Deter- ® line horizontally to the edge of the graph. This determines the
mine the salinity of the solution by running a line vertically on salinity for this sample.
the graph from this conductance value until it intersects the Example: 25,000 umhos/cm and 20°C gives a salinity of 17.
appropriate °C line (interpolate as required lor temperature (Example: 2,'500 mS/m and 20°C gives a salinity of 17.)

the given °C lines). is i i
between the given °C lines). From this intersection extend 3 (b) Remove the °C knob. switch to SALINITY, and turn the control

shaft until the meter needle indicates the salinity value deter-
mined in Step (a). In the example given, the value is 17.

CALIBRATION CHART 2 0% 100C {c) Switch to TEMPERATURE. (Note: This temperature reading
© QT T T T T {'l'{'l‘ {]]] O : must be the same as Step (a): if not. begin again at Step (a).)
- 3 2% Place the knob on the control shaft (without turning the control
w shaft) with the knob pointer at the same temperature as the
- —:, meter reading and tighten both set screws securely.
! : At earliest opportunity recalibrate using the following procedure or
30— p 30°C return the instrument to factory for service.
o — {a) Set the instrument for a salinity measurement as normal.
s - {b) Substitute a 1000 uf capacitor and 112.7 ohm 0.1% tolerance
- e resistor for the probe.
— ] Connect the resistor and capacitor between the green wire and red
s -~ wire on the jack connections inside the instrument.
~ -
= S Ay Ay 4 3
‘; s _‘j |
FE= : = O VY | l
0 [ \ . GREEN WIRE 112780 1000 uf
. . - 1%
s : 3 :
C ] ]
_ ¢ t :
o T Lo b b brews by b da s b s biaa o RED WIRE
o 10.000 20.000 30.000 40.000 60.000 . O
umhos
( o 1,000 2,000 3,000 4,000 5.000)
mS/m

11
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{c! Turn the temperature dial until the meter reads redline.
Now mstall the temperature knob with the arrow at 25°C. This s a
temporary cahbration only Return the instrument (O the factory for
proper tecahbrabion

PROBE
1. Description of YS! 3300 Seriss Conductivily/Temperalure
Probe
The YSI 3300 Senes Conductivity Probes are designed lor held use.
embodymy construction and design for rugged. accuratle service
Each probe features a built-in cell constant of 5.0 (500.0/M) 42%. a
precision YS! thermistor temperature sensor of £0.1°C accuracy at
0°C and +0.3°C at 40°C and a low capacitance cable assembly ter-
minating in a three therminal 0.25" dia. phone type conneclor.
The 3310 has a 10 fi cable and the 3311 1s a 50 fi. version Other
lengths are avaslable on speciat order
The probe has a ngid PV C body. platimzed pure mickel electrodes.
and a durable cable. prowiding resistance to a wide range ol water-
borne substances
2. Maintenance
tay Cleaning
When the cell test mdicates low readings the probable cause is dirty
gloctiodes Hard water deposits. ols and orgame mattee are the most
hkely contammanits
For converment normal cleaming soak the electrodes for % minutes
with a locally available bathroom tle cleamng preparation such as:
Dow Chemical “Bathroom Cleaner”. Honzon Industnes “Rally. Tile.
Purcelam. and Chrome Cleaner”: Johnson Wax “Envy, Instant
Cleaner” or Lysol Brand “Basm. Tub. Tile Cleaner.”

For stronger cleaning a 5 minute soak in a solution made of 10 parts
distilled water. 10 parts isopropy! alcohol and 1 part HCl can be used.

Always rinse 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 Platinizing Solution. 2 fl. oz. {3% platinum
chloride dissolved in 0.025% lead acetate solution).
(2) YS! Model 33 or 33M S-C-T Meter.
{3) 50 m! glass breaker or equivalent bottle.
{4) Distilled water. :

Procedure —

{1) Clean the probe as in Section {al — 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 to0 the
X100 scale to platinize the electrode. Move the probe
slightly to obtain the highest meter reading and continue
platinizing for the approximate time shown below:

Meter Reading Time
umhos/cm mS/m {minutes)
30,000 3.000 5
25.000 2,500 6
20,000 2.000 8
15.000 1,500 1"
10.000 1.000 16
13



The solution is prepared by diluting 0.745 grams of pure dry KCl with
distilled water until the solution is 1 kilogram. The table below shows
the values of conductivity this solution would have if the distilled
water were non-conductive. However, since even high purity distilled
water is slightly conductive, the measured conductivity will be higher

(4) After the elapsed time remove the probe and rinse in fresh
waler.

{5) Return the solution to its container. 2 oz. of solution
should be sufficient for 50 treatments.

(c) Storage: ; .
It is t?est to store conductivity cells in deionized water. Cells by an amount equal to the water’s conductivity.
stored in water require less frequent platinization. Any cell that Conductivity
has been stored dry should be soaked in deionized water for Temperature °C umhos/cm mS/m
24 hours before use. ' 15 11415 114.2
3. Probe Use 16 1167.5 116.8
(a) Obstructions near the probe can disturb readings. At least two 17 1193.6 119.4
inches of clearance must be allowed from non-metallic un- 18 1218.8 122.0
derwater objects. Metallic objects such as piers or weights 19 1246.4 124.6
should be kept at least 6 inches from the probe. 20 1273.0 127.3
{b) Weights are attached to the cable of the YSI 3310 and 3311 21 1299.7 130.0
Probes. The YSI 3327 Weights are supplied in pairs with a 22 1326.6 132.7
total weight of 4 ounces per pair. Should it become necessary 23 1353.6 135.4
lo add more weight 10 overcome water currents, we suggest 24 1380.8 138.1
hmiting the total weight 1o two pounds (8 pairs). For weights 25 1408.1 140.8
in excess of two pounds use an independent suspension 26 1436.5 143.7
cable. In either case. weights must be kept at least 6 inches 27 1463.2 146.3
away from the probe. ) 28 1490.9 149.1
{c) Gentle agitation by raising and lowering the probe several 29 1518.7 151.9
times during @ measurement insures flow of specimen solu- 30 1546.7 154.7
tion through the probe and improves the time response of the The operator may use the standard solution and the table to check ac-
temperature sensor. . curacy of a cell's constant or to determine an unknown constant. The
4. Cell Calibration & Standard Solutions formula is shown below:
The YSI #3300 Series Cells are calibrated to absolute accuracy of :
+1.5% based on a standard solution. Since the literature on concuc- . R(C: + Ci) R(S: + S»)
tivity does not indicate a consistently accepted standardization K = T or T-
method. we have chosen the 0.01 demal KC! solution method as
determined by Jones and Bradshaw in 1937 as our standard. Recent . where: K = Cell constant
textbooks. as well as the ASTM standards. concur with this choice. R = Measured resistance in {}

14 15



Cr = Conduclivity in gmhos/cm

C: = Conductivity 1n urﬁhos/cm of the distilled water
used to make solution.

Sy = Conductivity in mS/m

S, = Conductivity in mS/m of the distilled water used

to make the solution.

R, Cr and C:, or Si and S». must either be determined at the same
temperalture or corrected to the same temperature to make the equa-
non valid

Note: For lurther information on conductivity and the above stan-
dard nformation. refer to ASTM Standards Part 23 — Slandard
Methods of Test lor Electrnical Conductivity, or Water and Industrial
Waste Water - ASTM Designation D1125-64.

YS! MODEL 33 AND 33M USED WITH YSI 51A, 54 and 57

OXYGEN METERS

If the salinity measurement 1s to be used for salinity correction on the

51A. the reading should be converted to Chlorosity. The formula is:
Salimty 200 -0.03

PPM Chlorosity = 8 x 10?

For these instruments the 0.03 can be neylected so the equation
simplifies to

Ss Do X ]O:l
PPM CI = N O F—
0 9 18 27 36 S %¢
| 1 | | |
[ | | [ |
0 5,000 10,000 15,000 20,000 PPM CL
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For salinity correction when using the Model 57 use the salinity
reading direct from the Model 33 or 33M. No conversion 1Is
necessary.

Model 33 and 33M salinity readings taken in conjunction with Model
54 dissolved oxygen readings can be used to correct the Model 54 for
salinity and to make post-measurement salinity corrections to dis-
solved oxygen data. Correction tables are available from the factory.

WARRANTY
All YSI products carry a one-year warranty on workmanship and
parts. exclusive of batteries. Damage through accident, misuse. or
tampering will be repaired at a nominal charge.
If you are experiencing difficulty with any YSI product, it may be
returned to an authorized YSI| dealer for repair. even if the warranty
nas expired. If you need factory assistance for any reason, contact:

Service Department

Yellow Springs Instrument Co.. Inc.

P.O. Box 279

Yellow Springs, Ohio U.S.A.

Phone: {(513) 767-7241
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CALIBRATION AND MAINTENANCE OF PHOTOVAC TIP

CALIBRATION
Two basic calibration operations must be performed. These are adjustment of

zero and the'adjustment of span.

The zero adjustment is the easiest. Under conditions where accuracy is very
important and sensitivity is less important, it may be sufficient to zero the
instrument using outdoor air. In other cases, office area or indoor may prove
to be clean enough for zeroing purposes. When rigorously done, a source of
“Zero Air" or “Ultra Zero Air" is necessary. These are high purity grades of
compressed air available in bottled form. The bottle is fitted with a
requlator and can be connected directly to the TIP's input fitting. A very
low rate of flow should be used with pressure applied never exceeding 1 psi

{6 kPa.).

Having adjusted zero (this is best done with the "Span" control at maximum),
we will now turn to span calibration. To assess a situation where there is a
high ionizable loading in the air consisting of a mixture of many components,
it must be recognized that any reading obtained will be a composite of the
various components. With photoionization, response factors vary greatly from
compound to compound. This makes the reading on TIP dependent upon both
concentration and nature of the mixture involved. TIP, in this case, works as
a scoping tool; the user can move around the contaminated area seeking "hot

spots”.

HNu calibration gas will be used to calibrate the TIP. The TIP probe will be
inserted into the gas cylinder feeder base and the gas released. The TIP will
then be adjusted to the gas concentration (generally 52 ppm).

MAINTENANCE
Routine maintenance requirements for TIP are minimal. AIl that is required is
to assure the batteries remain close to full charge (during periods of
non-use) and to assure that the inlet frit-filter is kept clear of debris.
The frit is a sintered, stainless type and must be periodically replaced to
assure free-flow of air to the detector.
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Replacement of the frit is indicated when the inlet flow falls below
140 mL/min.

Referring to the TIP pictorial diagram, remove the four cover mounting screws
holding the detector cover in place. Remove any inlet probe that may have
been installed. Make sure the unit is switched “0ff". Lift the detector
cover straight off the front of TIP with a twisting motion to overcome
friction against the seal. Take the cover and place it upside down against a
soft, but firm, surface such as a block of wood, so that the ‘inlet fitting
will not be damaged. From the inside of the fitting, press out the filter
with a tool such as a 1/16th inch hex screwdriver.

Turn the cover right side up and position the new filter squarely in the inlet
fitting. Press it into position with the same tool.

Make sure that the black PID seal is in place in its recess in the TIP
detector and slip the detector cover into position, twisting it over the
seal. Replace the four cover mounting screws.

Further maintenance operations that can be performed by the user involve the
cleaning of the ion chamber and the lamp window, replacement of the lamp and
replacement of the battery pack.

The ion chamber is reached by removing the detector cover (as previously
described), unplugging the yellow collector wire from the printed circuit
board of the UHF driver, releasing the red repeller wire at its attachment
point on the PID (loosen the small screw and pull gently free) and finally,
unscrewing the PID from the lamp holder by grasping gently but firmly the body
of the PID and rotating counterclockwise. The lamp will pop up on a spring
and may be lifted out for cleaning/replacement. The interior of the ion
chamber contains a very delicate wire mesh and must not be touched with any
solid object. The lamp window may be cleaned with a cotton swab dipped in
methanol and the interior of the ion chamber may be blown free of dust using a
gentle compressed air jet. The lamp (or its replacement) is simply put back
into the lamp holder and the PID screwed back into place being very careful to
avoid "cross threading". The two wires are replaced as before. It is vital
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to assure that the PID seal is replaced in its seat before putting the cover
back onto the detector.

If the pump and LEDs stay off for longer than a minute or so on a fully
charged TIP, the detector lamp driving circuit may need adjustment. Remove
the detector cover after which the pump and LEDs should come on as a result of
ambient light hitting the photo resistor on the exposed circuit UHF driver
circuit board.

Locate fhe ceramic trimming capacitor on the UHF driver; it has a screwdriver
adjustment slot on the top of it. Be sure TIP is switched off, and make a
pencil mark on the trimmer capacitor to indicate its original position. Turn
the trimmer adjustment slightly (five degrees or so) in one direction or the
other, then replace the detector cover and turn TIP “On". Repeat this
procedure until the lamp starts. After TIP has run for two minutes or so,
turn it of f and set the trimmer back to-its original position, or very near
it, replace the detector cover, and use TIP.

If the lamp will not start regardless of the trimmer capacitor setting, the
lamp likely needs replacing. Set the trimmer to its original position and
replace the lamp as previously described. Lamp replacement is also indicated
if, with fully charged batteries, TIP response drops drastically from one day
to the next. Normally, a slight ozone smell will be present at the TIP

vent. A failed lamp will not produce ozone.

[cac-65-18]

WARZYN




APPENDIX C-6

CALIBRATION AND MAINTENANCE OF
HNu PHOTOIONIZER

WARZYN




[cac-65-19]

CALISRATION AND MAINTZNANCE
OF HNU PHOTJICNIZATION DETZCTOR

(Extracted from Manufacturer's instruction Manuzi)

To zero the instrument, turn the function switin to the standby position and
rotate the zero photentiometer until the meter reads zero. Clockwise rotation
of the zero potentiometer produces an ugscale deflection whila
counterclockwise rotation yields a downscale deilection. MNote: no zerc gas
is needed, since this is an elecironic zero qdjustﬁent (see 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 calibrazion or measuramen: by switching the
function switch to the procper meisurament ranca. The instrument is suppliiad
calibrzted to read diractly in pom {v/v) C-29, 0-200, 0-2500 of hHerzzne with
the span position set at 9.3. Ffor addizicnal sessitivity, the span
potentiometar is turned countarciockwisa {smallar numbers) to increase the
gain. By changing the span setting from 10.0 to 1.0, the sensitiviiy is
increasad aoproximately ten fold. Tren, the 0-20, 0-290, 0-2000 ppm scaias
become 0-2, 0-20, and 0-200 ppm full scale, respectively.

The span control is also utilized to meks the instrument scale read diractly
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 compound 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.

Place the HNU probe top into the calibration gas cylinder discharge hose and
open the gas valve. Place the scale selector on 0-200 and adjust to the cali-
bration gas concentration (generally 52 ppm) by turning the potentiometer.

The instrument is now calibrated. Recheck and adjust the zero if necessary.

WARZYN

F




APPENDIX C-7

CALIBRATION AND MAINTENANCE OF
ORGANIC VAPOR ANALYZER (OVA)

WARZYN




——

R

o~

Mi

Instruction & Service Manual 2R900AC

CENTURY SYSTEMS

Portable Organic Vapor Analyzer
Model OVA-128

FOXBORO®
|

$ Registered Tragemark

4

4
S

-

-

I RPN



K ORI

.

i o

- SEm - Sl g e
.

—_ pEe—

. @ e
- - "B -

TABLE OF CONTENTS
PAGE
INTROOUCTION

SECTION 1: Description and Loading PRAICUIBIS ... urernmenrnsnsnresnsanenessssar s smsrsss st i m i 1
1.1 GOMEFAL + e emeeaeae e e e ee et s 1
1.2 Typical ApPICAtONS. ..o oonnennrmerrrrrrrressrrotts B LT TR LT EEL LR 1
1.3 OtherTypicaIUses..............................-.,‘.....-" ............................................... 1
1.4 MRIOF F@AIUTBS -« .« eeesennnnssseeassnnstcressss s s s s st s s e T 1
1.5 Adaptability Features and StaNdard ACCESSOMI@S ..o vveneoornseenssrsnmaesesmsrrrrm s innrn s 2
1.5.1 GOMOIAL v e s e e e e e e e e s s s 2
1.5.2 PO - e e e e e e s e e T 2
1.5.3 PACIS FILOTS - e eeeesesee e e s ne s e s s s s s s s e s 2
1.5.4 IAStUMENE CAMMYiNG CASE ¢ eevvnsrsnsemnmmrsnssessnnssrsssmssmssessesssss st sn i mn i 2
1.5.5 AAODI1@ INSTAIIALON - e« s s e eeeeecnnsnanessmn s smssessmnnssmssasmsnsree s s s et et T T 2
1.6 SPOCIICAtIONS -« ee e eenssnssnmenensssssessesssmnsnsrsss s s s s en T 2
SECTION 22 Detalled Operating PrOCOAUIES .« v v v s eennneennnssseessnsasssssnnauesssssnnnammssssrrreensrsaits 2
2.1 GONEIAl - v ss e see e s snaeneeem e et s s s e T 2
2.2 System Contrals, Indicators 200 CONMNBCIONS. oo vevvnnnernnransssnssesassnessesssransresnsersronisssnss 4
2.3 SHAIMiQG PrOCEAUIB . e eeeennnnnnssnssssnnnassssnnssnsnsssenssssnstnsssms s r e i 4
2.3.1 lnitialPrepamtiontorUse.................................................. .......................... 4
2.3.141 [t12 ASSOIIDIY . -+« e s eeseemasmnmssssssnnsnnasessnssmsssasrssmsmsasmssrstrn I 4
2.3.1.2 SOIVICHQ e+ e e aeeeseemecmnnssaeee s st s s r et TS e S 4
2.3.1.3 Sty PrOGAULIONS. . eeceeserssseeessmnnssnsssensnsssstnnsssssssnsenessrsssnens s it S
23.2 TUIT O PrOGOGUIE. « <« e evseeenssasessesm s ss st snasn s o s s s st e st st e T S
2.4 OPEIAting PrOCEAUIES. «. .. ornrssnaesessnnsssssnnasssnassssnsssnnastnssssss st rrn s e 5
2.5 SHUL DOWN PrOCEAUID -« eveesesssenensnssnsssasasmsnsssssssnssssssssossnssssrrsn st mrm s im 6
2.6 F U@L ROFIING v e eeenesseemammsnnmeea s sm s assna s sssrsse s n s n s rr e T 6
27 Battery Recharging — AC Battery Charger ... oovereeeaseanssessssssromsesssansorensrsnrnreseinsssy 5
2.7.2 DG CRAGEF . - v s eeeeeeeeamssesen s ma s s st s s n s sa s s e T 7
2.8 CRArCOAl FIIQEING ¢« e v svmneeensnnssnsnssnsnasasssosmssssesesssssnsacmssrsmssratnso it inin i imere 7
2.9 MOIStUr® FilteriNg ..cccreneeaseensnsassccsessnneesosesrnnesrosrnsstosss R R RREEEEAS 7
SECTION 3: Summarized Operating ProCOAUI@S . ... curnraneonrsssnnsenesemssnsssensssmrsnrssnen st it st n?” 7
31 GONEIAl - . vsssnseens s eeme et e e s s T s S T T T T 7
3.2 SEAMUP vneeeeeneseeeeeaaamsss st s n e s st R s ST I 7
33 SIUL DOWIN. v v s e m e ses s s eee e aa s e s s e e s s e s s s s s ST TR 7
SECTION4: Calibration .....oeeeveionnasensnnnmocenennrraeernssrnsscsss W ereeeceeaeseeaceceseseneseenarnaneees 7
4.1 GOMOEAl v v s e ensaaseaeee s m s s e e et e s T S R TETE 7
4.2 E1ECtrONIC AGJUSIMENLS «eevuvnssseaenesnnssssransssrsnssaessnaasatesesssnsnrrrsrs s inin i 8
4.2.1 G AGJUSIMEAL .+ veeeeeeeemnnnsnsenssnsssssnssssnssastasesnssatessssssrrssreres sttt inrn i n e 8
4.2.2 B35 AGJUSIMOAL . <o veennennnnnmsenssnsrnsteasnssnsussaseesssmsnasecessrmsrsrtest s s inn s s i 8
43 Calibration to Other Organ:c VapOrs ... veeerrraraencresresesesserrmosessrsnnsss Qeterremraerersinaans 8
4.3.1 Setting Gas Select Contrct SPAN) v v enveenee e ettt s 8
. 43.2 USiNgG EMPIACAI DAtA . .. oeeerreeesmnssssressnsnssnsseseasanrosesas s rator et in i m I 8
433 Preparation of Calibration CANAANAS oo e vunerrvnesennrruascsnesnssesssasneraersnsaresoersmsrnsriionts 8

4.3.3.1 COMMErCIal SAMPIES. <« e eeeeserssrraeensaranasssresssnansoresnsanseneensrrrsrsnrrt s s sttt tns”
4.3.3.2 PUCE GASEOUS SAMPLES. . 1oveerennenesseesnsansstenssnsusanessesneseronsssssasntrnrnsrsnin i iints 8
43.33 Gaseous and Liquid Samg.2s (Alternate MENOM). o e evvevrecnrnsasesssesomansasassonananecoseraneencses 9
4.4 R R e L LR A 9
4.4 Hydrocarbons ......coeeeee L R LR LA Rt 9
4.4.2 Other Organic COMPOUNDS ...ocuuiieecroaresonmnarerensncrers R R X E R RS 9
i




~

. - [P . . -

—_—

SECTIONS: Safety CoNSIdermtions .. ... ... ..o iiiieeererosacasoseosecaseuieseassnsansassssasasasasesasanncsss 1
5.1 {7 T3 T 1 A E L L EE TR 1
5.2 Operating, Servicing and odifying .......... N S R LR R R 1
5.3 [ T3 (o (o7 T o (o1 0= 71 { 1o TR TR R R R R "
5.4 Fuel SUPPIY AN TanK ... .t iiie ittt ai et iaataearae e canaasssssasonsnssaseananconss "
5.5 H2 FlOW RE S ICIOMS .. ..ottt ittt e iaeeeasueeaeseeoeuaseeaassoassssasssossseacansnsennns "
5.6 [0 T =Tt Lo L @ o Vs o1« - T 11
5.7 Hz Filling and EmMptying Operations. .. ... ... ittt it iiiias sitsasasccenesnoesananssonnnns 1
5.8 B2 Y2 1T T R R R 1
SECTION B: MaiN @AM . ..o it ot itetesaeeeesnaesnaesasaecssaeeaeeeassesonsesssasssasesnassatnsosansoasans 13
6.1 L€ 7Y o Y- 1< | 13
6.2 ROUINE MaiNtBNBNCE .. .ttt it ittt iaeeaeeaeaeasaeasaseatoeoeeascasansessssansnnsanssaonnsns 13
6.2.1 Pl S e o it ittt iiitiieeenaeneaneceaasuaseseaosasacnscasesaoesssasensansasessnassnasasasassasassnes 13
6.2.1.1 Lo T3 aF: TV T T o R R 13
6.2.1.2 PartiCIE FillOrS . ittt itiiietieetaeeeeeeaoaaansanancasscssossecsssassssosssssassssnsssssassacsas 14
6.2.1.3 Mixer/Burner Assembly Filter ... ... iiiiiiiiiiiiniiiiiiinnennannnn eteeserecacaeseeeertanaanans 14
6.2.1.4 EXNaUSt Flame AT S0l . ittt ieeeeeeaccasosecasossosesassssassssasasasaassansenassacssasans 14
6.2.2 PICKUD P S L ittt it it ittt ieieiiteetnecetocssosecaasasnssaseeososssssscassnasaasannasan PR 14
6.2.3 Seal Maintenance — Cylinder ASSemMbDIy. ... ouiiuiriiiiiriteteeieresoereeosnscsaaaasascssasaanacas 14
6.2.3.1 H2Tank, H2 Supply and Refill Valve s, . ... vt iiiieiariiateeraetaseastanssssssasssascssasasasnasnns 14
6.2.3.2 Retfiiler Vaive Packing Adjustment. . ..........covieineeeannn.. ettt tieeetteeetereeee e 14
6.2.4 Air Sampling SystemM MainteNaNCe . ... .. ..cuieiiieetaconaoroosearoasssssnsssssasanasnsscsssssacans 15
6.2.4.1 e - Y- - | 15
6.2.4.2 Testing for Leaks . ..uueieiieiiiniineeiceoasacsoareccacsosasososeassassassssosasssnnsssncsenasnoena 15
6.2.4.3 Leak Isolation......... e et eaaeeeaeaataianaeaeetaeneteaecaaaiaceteoans easnontestreartasontana neres 15
6.2.5 Contamination Control aNd MaiNteMaNCE ... .u.ieeereeceeneeeeeoosaeeeoasasacssssscasssassosssacsnans 15
6.2.5.1 1T T - L 15
6.2.5.2 ANAlYSiS AN COrrBC IO .o vttt i it ttieeeenneeeoeaacatnaaaeeasoscosnsasssosassessssssnsssennnennnes 16
6.2.6 FUSE RePIaCeMeNE ...ttt iittiiintteeeseaeaaaoarasesasasssasescacsoacosennnnssasassssssenssnanns 17
6.3 TrOUDIE SROOING «oviieteneeeneeneereeeereeeeessncsoaoeanenesassosssassscscsscesasssansnsncnsnasns 17
6.4 FaCtory MaintenanCe. . ..ottt it iiieneaseeeeensonenenaeaaeeeseauesosanessassasnsssssssossanannsnns 17
6.5 Fleld MaintenanCe L v i e it eeteeeeeenerennearesnanseasaessacsasacsetosesasassaasassasessssasanenons 18
6.6 RECOMMENAET SP AN S .o v tteeteenennaeeeaaaaaceaseeasecaascacssseacsoansesaasasseasssssnnnansns 18
SECTION 7. OptIoNal ACCESSOMBS . .ottt ttieriietnneaneseasaneeanseseensseesssnsnsesenassssssaseancaancsns Al
7.1 Gas Chromatograph (GC) OPlioN . .. .. i iiiietiereecnroeeseasaasesoaasoasassscnsssesceseeasanasnns 23
7.1.1 10) (g T [T o3 < T J S P 23
7.1.2 Description and Leading PartiCulars . . ... . iiiieniiiiioiiniiaiiiitieieeiesisnssssnssssseseceannnns 23
7.1.2.1 (€= T3 - - 1 g AN 2
7.1.2.2 PrHNCIDIE Of O P IAtION .. vttt et ittt iteaseeeenesnenneeennnnaesnaeeesaseseseonsennnesesoacnnenanness 23
7.1.3 Operating Procedures. . .....ccovveeeennereceanns e eeeeaaeaaeese st anaseataseaacntcttttatsnanaeans 28
7.1.3.1 (€LY T T - 1 NP PP 28
7.1.3.2 GC System Controls and CoOmMPONENES . .. .renrinreneennnneneanenanaaasenns eeeeeneeen i iiteeeereaan 28
7.1.3.3 Servicing and TUMN ON . L. i ittt titteeaanococaaronaasseossarsane eeleeretiiaaraeannaens 29
7.1.3.4 SUIVEY MOde 0P eration .. oiet ittt iiietieeeeerereneeecuoesesossssecenaseroncnsaananass eeeriaaaaaas .28
7.1.3.5 GCModeOperation ......coeeivriiinenrernnncnnnns e e aeeraeeneeceecreccetatereactattetoresannannn 29
7.1.4 0% 11T YT T T 29
7.1.4.1 (€T T T T e 29
7.1.4.2 TOChNICAl DiSCUS S ON L.t etnii it ietitiiiiteieaeeecaeeeescneonssssasosanseasssasacsseacsanssaanans 29
7.1.43 Preparation of Callbration Samiples. ... ittt itietraaecenansseounosassnsssssssaceseacncnnnn 32
7.1.4.4 0% 11 Lo T 17T o I o -1 T 32
7.1.5 Maintenance ...... et et eeaeeaee e aeaae et acaeee e e ene et eeteneenntetatseeeierarsantennns 32
7.1.5.1 GO Al .. it iitietetaaneteeeteeeeeusaseensasansncsessseseseaseasesesssaannmesusennsecennans 32
7.1.5.2 ROUING MalN e MaANCE . iieienerineeetrereneeceasaeasoseasecesssassesesasassssnsaasesseasannnnnas 32
7.1.5.3 Trouble Shooting .................. ettt e eeaeteateetaeraenenetetrttacneaanaaantttareaateanas 35
7.1.5.4 ROCOMMONAOd SPAN®S . ..ot iiien ittt iiaeenueraseansesesonaceesesencssoesaceasnceanmesenennnnenn 35

o i v r——r o ST



~—

. e — '
- - - ’ - - - ) - ' - ’ - " - o - - - - '—_

7.2 ROCOFIBI OPLION .« v\t ee e aeae e saa s e et et ea e aaaatoetasaesaasettoecostsinessonrnoecnscns 37
7.21 LT T E O AR AR LR LA 37
7.2.2 APPHCAtONS . ..\ eeeneeeeinnaeere e eaa s et a e e et et ta s s ettt 37
7.2.3 FOAIUPOS - - o\ e s eseeeensneasaacensasasaesssansaseeaasosssoreassaeasttsssonaasorosesrnosananosss 37
7.2.4 CONtrols 8NA CONNOCHIONS . ..o\t eieeinineeaeaassaansocastessssnsuosossnssssonncrssrsesaatcraecess 37
7.25 OpOrating ProCOAUIES. . ... .uuern e eeeenn e et e etaatiasetassuatnastasacesesstanresronsssnees 37
7.2.6 CalIDIALIOM - v v e e enseeesaeaeasasasceeansssesssesasesaaesensesaasssassssssnasesonsosurtosasecccesess 37
7.2.6.1 General ........ocoviieiaiaannns A REETEELEEEE TR 37
7.2.6.2 Mechanical Zero AGJUSHMBNY ... .ttt ettt tatancauras i an et aasec st 37
7.2.8.3 GalN AQJUSEMIOAL . o« e et et vt e e e et et s et e et a ettt 37
7.2.7 LT 7Y Y SRR R LR 37
7.2.8 Malntenance and Routine Operatlons ... ... . ..uuuiueeeraninnittetoersansanecesssaeotaucaaaacsenns 38
7.2.8.1 ChanQinG CRArt SPOOUS ... vut it tenecieaeeetanatasaaanacecesaatatenasoneateatetratetetaraeennscs 38
7.3 Activated Charcoal FIlter ASSemMbBIY ... . ..t iiirniinuunnerccsnnetessasaseeassesossannanansanscones 38
7.4 OVA SaMPIO DlUtOr . ..t ee et et eaeeateieasasosotossaneanasesaoasesescasasoraststamatscocenecses a8
7.4 SettiNg DHUtION RALE . .. ieieineeiiiteiaeiaeaiiaseiatanaeaaarecaetnoanresanantenoressarreeeaans 39
7.5 VA SOPIUM AQADLEN. . .. veeeeneeeeneeneenneeaaaaneeanssateeanteeneea et sats et et aaeteetenes 39
APPENDIX A: Sample Forms, Application/Technical Notes, Schematic, Drawings, Parts Lists

Y



INTRODUCTION

™. The Century Model OVA-128 Portable Organic Vapor
" Analyzer (OVA) is a highly sensitive instrument design-
l { to measure trace quantities of organic materials in

r. Itis essentially a hydrogen flame ionization detector
.uch as utilized in laboratory gas chromatographs and
*  has similar analytical capabilities. The flame ionization
' l stector is an almost universal detector for organic

gy

ympounds with the sensitivity to analyze for them in
ne parts per million range (VIV) in airin the presence of

moisture, nitrogen oxides, carbon monoxide and car-

a Jn dioxide.

l The instrument has broad application, since it has a
.ontinuous, chemically resistant air sampling system
and can be readily calibrated to measure almost all
-rganic vapors. It has a single linearly scaled readout

-om 0 ppm to 10 ppm with a X1, X10, X100 range switch.

| ~esigned for use as a portable survey instrument, it can
also be readily adapted to fixed remote monitoring of
mobile installations. 1t is ideat for the determination of

' rany organic air pollutants and in the monitoring of air
1 potentially contaminated areas.

The OVA-128 is certified intrinsically safe by Factory
Mutual Research Corporation (FM) for use in Class i,
division 1, Groups A, B, C & D hazardous environments.

-

SIDE PACK ASSEMBLY

Recorder Conneclor\
Igniter Button
Earphone Jack —————
Sample Connector——

Readout Connector—/ '

Model OVA-128

Similar foreign certifications have been obtained, in-
cluding BASEEFA and Cerchar approval for Group IiC,
Temperature Class T4 and equivalent approval from the
Japanese Ministry of Labor. This requirement is
especially significant in industries where volatile flam-
mable petroleum or chemical products are manufac-
tured, processed or used and for instruments which are
actually used in portable surveying and in analyzing
concentrations of gases and vapors. Such instruments
must be incapable, under normal or abnormal condi-
tions, of causing ignition of the hazardous atmospheric
mixtures. In order to maintain the certified safety, it is
important that the precautions outlined in this manual
be practiced and that no modification be made to these
instruments. .

Sections 1 through 6 herein app'y (o the basic instru-
ment. Section 7 contains information relative to options
which are available and which may or may not have
been purchased with your OVA.

It is highly recommended that the entire manual be
read before operating the instrument. Itis essential that
all portions relating to safety of operation and
maintenance, Including Section 5, be thoroughly
understood.

\PROBEIREADOUT
ASSEMBLY

~g— UMBILICAL CORD

Reflli Connector

FIGURE 1-1. PORTABLE ORGANIC VAPOR ANALYZER

o

AME D aiege 024 )

. e e e v gy WY



SECTION 1

DESCRIPTION AND LEADING PARTICULARS

1.1 GENERAL

The Century Portable Organic Vapor Analyzer (OVA),
illustrated in Figure 11, Is designed to detect and
measure hazardous gases found In almost all in-
dustries. It has broad application, since it has a
chemically resistant sampling system and can be
calibrated to almost all organic vapors. it Is extremely
sensitive and can provide accurate indication of gas
. concentration in one of three ranges: 0 to 10 ppm; 0 to
- 100 ppm; and 0 to 1,000 ppm. While: designed as a
lightweight portable instrument, it can readily be
adapted to remote monitoring applications.

The Instrument utilizes the principle. of hydrogen
flame ionization for detection and measurement of
organic vapors. 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
. continuous sample Is drawn into the probe and
transmitted to the detector chamber by an Internal pum-
ping system. The sample flow rate is metered and pass-
ed through particle filters before reaching the detector
chamber. Inside the detector chamber, the sample is
exposed to a hydrogen flame which lonizes the organic
vapors. When most organic vapors burn, they leave
positively charged carbon-containing lons which are
. collected by a negative collecting electrode in the
chamber. An electric field exists between the con-
ductors surrounding the flame and the collecting elec-
trode which drives the lons to the collecting electrode.
As the positive ions are collected, a current correspon-
ging to the collection rate is generated on the input
electrode. This current Is measured with a linear elec-
trometer preamplifier which has an output signal pro-
portional 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 meter display is an integral part of
the Probe/Readout Assembly and has a scale from 0 to
10.
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1.2 TYPICAL APPLICATIONS

(1) Measurement of most toxic organic vapors pre-
sent In industry for compliance with Occupa-
tional Safety and Health Administration (OSHA)
requirements.

(2) Process monitoring and evaluation.

(3) Evaluation and monitoring applications in the
air pollution field.

(4) Leak detection in storage, transportation and
handling equipment.

(5) Survey of gas distribution and transmission
lines and equipment for compliance with Office
of Pipetine Safety (OPS) requirements.

(6) Forensic science applications.

1.3 OTHER TYPICAL USES
(1) Controlling and monitoring atmospheres in
manufacturing and packaging operations.
(2) Mudiogging, gas and mineral exploration.
(3) Leak detection related to volatile fuel handling
equipment.

1.4 MAJORFEATURES

The basic Instrument consists of two major
assemblies, the Probe/Readout Assembly and the Side
Pack Assembly (see Figure 1-1). The recorder is op-
tlonal on all models, but is normally used with all in-
struments which incorporate the GC Option. The output
meter and alarm level adjustments are incorporated in
the Probe/Readout Assembly which is operated with
one hand. The Slde Pack Assembly contains the re-
maining operating controls and indicators, the elec-
tronic circuitry, detector chamber, hydrogen fuel supply
and electrical power supply. Itis a quantitative type in-
strument with sensitivity to 0.1 ppm methane.

Other major features are: 250* linear scale readout,
less than two second response time and minimum eight
hour service life for fuel supply and battery pack. A bat-
tery test feature allows charge condition to be read on
the meter. Hydrogen flame-out 1s signified by an audi-
ble alarm plus a visual {indication on the meter. The in-~
strument contains a frequency modulated detection
alarm which can be preset to sound at a desired con-
centration level. The frequency of the detection alarm



varies as a function of detected level giving an audible
Indication of organic vapor concentration. The Instru-
ment Is designed for one man, one hand operation and
the entire unit weighs a total of less than 12 pounds, in-
cluding fuel supply and battery. An earphone is provid-
ed for **only operator’’ monitoring.

Ouring use, the Side Pack Assembly can be carried by
the operator on either his left or right side or as a back
pack. The Side Pack Assembly {s housed in a high im-
pact plastic case and weighs less than 10 pounds. The
Probe/Readout Assembly can be detached from the
Side Pack Assembly and broken down for transport and
storage. See Figure 1-2 for the breakdown capability of
the instrument.

1.5 ADAPTABILITY FEATURES AND STANDARD
ACCESSORIES

1.5.1 GENERAL

Maximum flexibility and operability features are in-
cluded in the instrument design. As shown in Figure 1-2,
a variety of pickup fixtures can be used. They can be in-
stalled by simply turning a knuried locking nut. Small
diameter tubing can be used for remote sampling and
electrically insulated flexible extensions can be used
for ditficult places to reach.

1.5.2 PROBE

The telescoping probe allows the length to be in-
creased or decreased over an eight 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 using a knurled locking nut.
For measurements in close areas, the probe is replaced
with a Close Area Sampler, which is supplied as a stan-
dard accessory.

1.5.3 PARTICLE FILTERS

The primary filter is of porous stainless and located
behind the sample inlet connector, see Side Pack
Assembly drawing in Appendix ‘“A”. In addition,
replaceable porous metal filters are Installed in the
**close area’* sampler, the pickup funnel and the tubular
sampler.
1.5.4 INSTRUMENT CARRYING CASE

An instrument carrying case is provided to transport,
ship and store the disassembled Probe/Readout
Assembly, the Side Pack Assembly and other standard
equipment.

1.5.5 MOBILE INSTALLATION

The instrument is readily adaptable to a mobile ap-
plication by simply plugging into vehicle power and
hydrogen fuel supply and making provisions for drawing
sample from the vehicle primary sampling system.

1.6 SPECIFICATIONS
Senasitivity: 0.1 ppm (methane)
Response time: Less than 2 seconds
Readout: 0 to 10 ppm, 0 to 100 ppm, 0 to 1,000 ppm,
250* linear scaled meter; external monitor
connector

Sample filow rate: Nominally 2 units

Fuel supply: 75 cubic centimeter tank of pure
hydrogen at maximum pressure of 2300 PSIG,
fillable while In case

Primary electrical power. Rechargeable and
replaceable battery pack at 12vOC

Service life: Hydrogen supply and battery power-8
hours operating time minimum

Size: Standard Unit: 8-5/8 x 11-5/8 x 4-1/4 FM
Unit: 8-5/8 x 11-5/8 x 4-1/2 Probe/Readout
Assembly: Variable (see Figure 1-2)

Woeight: Standard Unit: Side Pack Assembly, less
than 10 Ibs. FM Unit: Side Pack Assembly,
less than 11 |Ibs. Probe/Readout
Assembly: less than 2 [bs.

Operator requirements: One man, one hand opera-
tion

Deteciion alarm: Frequency modulated audible
alarm. Can be preset to desired level. Fre-
quency varies as a function of detection level

Flame-out Indication: Audible alarm plus visual
meter indication

Battery test: Battery charge condition indicated on
readout meter or battery recharger

Pickup fixtures: Variety of types tor various applica-
tions

Probe: Telescoping adjustment over 8 inches or
probe can be completely removed from
Readout Assembly

Umbilical cord: Cable between readout and
sidepack with connectors for electrical cable
and sample hose

Filtering: In-line particle filters and optional ac-
tivated charcoazl filter.

Slde Pack case: Molded high impact plastic case
with carrying handle and shoulder strap

Electrical protection: Refer to Section 5

Standard accessorles:

1) Instrument carrying and storage case

2) Fuelfilling hose assembly

3) A.C. battery charger

4) Earphone

5) Various pickup fixtures

Optional accessorles:

1) Gas chromatograph option

2) Portable strip chart recorder

3) Activated charcoal filter; also used
with desiccant as a moisture trap

4) Dilution valve

5) Septum adapter for use with gas
chromatograph option

SECTION 2

DETAILED OPERATING PROCEDURES
2.1 GENERAL

The procedures In this section are broken into five
parts: (1) Starting, (2) Operating, (3) Shut Down, (4) Fuel
Relilling, and (5) Battery Charging. After familiarization

i
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with the Instrument, the summarized procedures
described In Section 3 may be used for simplicity.
Because of the many optional applications for the in-
strument, the comprehensive detailed procedures
described in this section may seem complex. However,
in normal applications the operating procedures are
quite simple. A condensed operating procedure check
list is provided inside the cover of the Side Pack
Assembly. Refer to Section 7 for operating procedures
relative to major optional accessories such as the Gas
Chromatograph Option.

2.2 SYSTEM CONTROLS, INDICATORS AND CON-
NECTORS .

Tables 2-1 and 2-2 describe the functions of the
various controls, indicators and connectors illustrated
in Figure 1-1. Unless otherwise noted, the listings in
Tables 2-1 and 2-2 are applicable to both the Model OVA-
118 and OVA-128.

TABLE 2-1
SIDE PACK ASSEMBLY

Controls/Indicators — Function

1) INSTR/BATT Test Switch - This 3 position tog-
gle switch turns on all instrument electrical
power except the pump and alarm power and
also permits display of the battery charge con-
dition on the readout meter.

2) PUMP (ON-OFF) Switch - This toggle switch
turns on power to the internal pump and audio
alarms. )

3), Igniter Switch - This momentary push button
switch connects power to the igniter coil in the
detector chamber and simultaneously discon-
nects power to pump.

4) CALIBRATE Switch (range selector) - This 3
position toggle switch selects the desired
range: X1 (0-10 ppm); X10 (0~100 ppm); X100 (0-
1,000 ppm).

5) "'CALIBRATE ADJUST (zero) Knob - This poten-
tiometeris used to ‘‘zero’’ the instrument.

6) GAS SELECT Knob (span control) - This ten-
turn dial readout potentiometer sets the gain of
the instrument commonly referred to as span
control.

7) Recorder Connector - This 126 series 5-pin Am-
phenol connector is used to connect the instru-
ment to an external monitor with the following
pin connections.

Pin E - plus 12VDC

Pin H - Ground

Pin A - Signal 0-5VDC (OVA-118 only)
Pin 8 - Signal 0-5VDC (OVA-128 only)

8) Recharger Connector - This BNC connector is
used to connect the battery pack to the battery
recharger assembly.

9) H2 TANK VALVE - This valve Is used to supply
or close off the fuel supply from the hydrogen
tank.

10) H2 TANK PRESSURE Indicator - This high
pressure gauge measures the pressure in the
hydrogen fuel tank which is an indication of fuel
supply.

11) H2 SUPPLY VALVE - This valve is used to supp-
ly or close off the hydrogen fuel to the detector
chamber.

12) H2 SUPPLY PRESSURE indicator - This low
pressure gauge is used to monitor the
hydrogen pressure at the caplllary restrictor.

13) SAMPLE FLOW RATE Indicator - This indicator
{s used to monitor the sample flow rate.

14) Refill Connection - This 1/4"" AN fitting is used
to connect the hydrogen refill hose to the in-
strument.

15) REFILL VALVE - This valve is used to open one
end of the instrument fuel tank for refilling with
hydrogen.

16) Earphone Jack - This jack is used to connect
the earphone; it turns off speaker when used.

17) VOLUME Knob - This potentiometer adjusts the
volume of the internal speaker and earphone.

18) Readout and Sample Connectors - These con-
nectors are used to connect the sample -hose
and umbilical cord from the Probe/Readout
Assembly to the Side Pack Assembly.

TABLE 2-2
PROBE/READOUT ASSEMBLY
Controls/Indicators — Function

A) Meter - This 250* linear scaled meter displays
the output signal level in ppm.

8) Alarm Level Adjust Knob - This potentiometer
(located on the back of the Readout Assembly)
is used to set the concentration level at which
the audible alarm is actuated.

2.3 STARTING PROCEDURE
231 INITIAL PREPARATION FOR USE
2.3.1.1 INITIAL ASSEMBLY (Reference Figure 1-2)
a) Normal Survey Configuration
(1) Connect the adjustable length probe to the
Readout Assembly with the captive locking
nut. Ensure that the probe is seated firmly
in the Readout Assembly. '
(2) Select the desired pickup fixture and check
that a particle filter is installed.
(3) Connect the pickup fixture to the probe us-
ing the knurled locking nut.
(4) Connect the umbilical cord and sample
hose to the Side Pack Assembly.
b) '‘Close Area’* Survey Configuration
(1) Check to ensure that a particle filter is in-
stalled in the close area sampler.
(2) Connect the close area sampler directly to
the Readout Assembly.
(3) Connect the umbilical cord and sample’
hose to the Side Pack Assembly.

2.3.1.2 SERVICING
a) Fuellng: Pure, dry hydrogen can normally be
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purchased locally or In a high grade from the
Matheson Company of East Rutherford, New
Jersey. The maximum instrument supply bottie
pressure s 2300 PSIG. A high pressure
hydrogen filling hose assembly is provided with
the I(nstrument. This assembly Inciudes the
proper fittings for the Instrument and supply
bottle, and a three-way fill/bleed vaive. fnitial
fueling and subsequentrefilling, using the Cen-
tury high pressure filling hose, should be ac-
complished In accordance with the detailed in-
structions described in Section 2.6 of this
manual.

b) Battery Check: Move INSTR/BATT Test Switch
to the BATT position and ensure battery is
charged by reading the indication on the
readout meter.

c) Calibration: Standard factory calibration is per-
formed using methane in air. The GAS SELECT
(span) Control is set and locked to the position
for calibration to methane (factory setting is
300). If the instrument is calibrated for other
organic vapors, the reading on the GAS
SELECT Control must be set for that particular
vapor.

2.3.1.3 SAFETY PRECAUTIONS

Cenrtain safety precautions must be followed in using
the instrument. Hydrogen gas, when mixed with air, is
highly flammable. Operating and refueling instructions
should be strictly followed to ensure safe, reliable
operation. Section 5 of the manual provides detailed
safety precautions.

2.3.2 TURN ON PROCEDURE

The GAS SELECT control should be preset to the
desired dial indication prior to turn on. The procedure
for determining this setting is contained in Section 4 of
this manual. The instrument, as recaived from the fac-
tory, is set to measure in terms of methane in air.

a) Move the INSTR Switch to ON and allow five
minutes for warm up.

b) To set the audible alarm to a predetermined
level, first turn the PUMP Switch to ON, then
adjust the meter pointer to the desired alarm
level, using the CALIBRATE ADJUST (zero)
Knob. Turn the Alarm Level Adjust Knob on the
back of the Readout Assembly until the audible
alarm just comes on. Adjust speaker volume
with VOLUME Knob. If earphone is used, plug
in and readjust the volume as desired. The in-
strument is then preset to activate the alarm
when the level exceeds that of the setting.

c) Move the CALIBRATE Switch to X10 and adjust
the meter reading to zero with the CALIBRATE
ADJUST (zero) Knob.

d) Ensure the PUMP Switch is ON and observe the
SAMPLE FLOW RATE Indicator. Indication
should be approximately 2 units.

e) Open H2 TANK VALVE one (1) turn and observe
the reading on the H2 TANK PRESSURE In-
dicator. (Approximately 150 psi of pressure is

2.4

f)

9)
h)

i

a)

needed for each hour of operation.)

Open H2 SUPPLY VALVE 1/2 to 1 turn and
observe the reading on the H2 SUPPLY
PRESSURE Indicator.

CAUTION

Do not leave H2 SUPPLY VALVE open

when the pump is not running, as this will

allow hydrogen to accumulate in the detec-

tor chamber.
Contirm that meter is still reading zero (readjust
if required).
Depress igniter button. There will be a slight
“pop’* as the hydrogen ignites and the meter
pointer will move upscale of zero. Immediately
after ignition, release the igniter button. Do not
depress igniter button for more than 6 seconds.
if burner does not ignite, let instrument run for
several minutes and try again. After ignition,
the meter pointer will indicate the background
concentration. This background level is nulled
out using the CALIBRATE ADJUST (zero) Knob.
Reference paragraph 6.2.5.1. .

NOTE -
Since the OVA utilizes the sample air drawn
by the pump into the detector chamber as
the only source of air to support the
hydrogen flame, without adjustment the in-
strument will read the actual background
concentration (ppm) of all hydrocarbons
present at a given location.
Move instrument to an area which is represen-
tative of the *‘lowest ambient background con-
centration’* (cleanest air) to be surveyed. Move
the CALIBRATE Switch to X1 and adjust the
meter to read 1 ppm with the CALIBRATE AD-
JUST (zero) Knob.

NOTE

Adjustment to 1 ppm (rather than 0) is
necessary in the X1 range because of the
sensitivity of the OVA. This permits minor
downward fluctuations in the normal
background level without dropping below
0, which would actuate the flame-out alarm.
it Is important, therefore, to remember dur-
ing the subsequent survey that 1 ppm must
be subtracted from all readings. Therefore,
a 1.8 ppm reading would actually be only 0.8
ppm.

If the alarm level is to be set above the normal

background detection level, turn the Alarm

Level Adjust Knob on the back of the Readout

Assembly until it actuates slightly above

background.

THE INSTRUMENT IS NOW READY FORUSE. -

OPERATING PROCEDURES
Set the CALIBRATE Switch to the desired
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range. Using one hand operation, survey the
areas of interest while observing the meter
and/or listening for the audible alarm indica-
tion. For ease of operation, carry the Side Pack
Assembly positioned on the side opposite the
hand which holds the Probe/Readout
Assembly. For broad surveys outdoors, the
pickup fixture should be positioned several feet
above ground level. When making quantitative
reading or pinpointing, the pickup fixture
should be positioned at the point of interest.
When organic vapors are detected, the meter
pointer will move upscale and the audible alarm
will sound when the preset point I1s exceeded.
The frequency of the audible alarm will in-
crease as the detection level increases.

If the flame-out alarm is actuated, ensure that
the pump is running, then press the Igniter but-
ton. Under normal conditions, flame-out results
from sampling a gas mixture that is above the
lower explosive level which causes the H2
flame to extinguish. If this is the case, reigni-
tion is all that Is required.

Another possible cause for flame-out would be
restriction of the sample flow line which would
not allow sufficient air into the chamber to sup-
port combustion of the H2 flame. The normal
cause for such restriction would be a clogged
particle filter or other restriction in the line.

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 followed for shut
down of the instrument:

Close H2 SUPPLY VALVE.

Close H2 TANK VALVE. .

Move INSTR Switch to OFF.

Wait § seconds and move PUMP Switch to OFF.
INSTRUMENT IS NOW IN A SHUT DOWN CON-
FIGURATION.

FUEL REFILLING

The instrument should be completely shut
down as described in Section 2.5 herein during
hydrogen tank refilling operations. The refilling
should be done In a ventllated area. There
should be no potentlal igniters or flame In the
area.

If you are making the first filling of the instru-
ment or if the filling hose has been allowed to
fill with air, the filling hose should be purged
with N2 or H2 prior to filling the Instrument tank.
;!'his purging Is not required for subsequent fill-
ngs.

The tilling hose assembly should be left attach-
ed to the hydrogen supply tank when possible.
Ensure that the FILL/BLEED Valve on the in-
strument end of the hose is in the OFF position.

2.7

d)

e)

f)

g)
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a)

b)

c)

d)

Connect the hose to the refill connection on the
Side Pack Assembly.

Open the hydrogen supply bottie valve slightty.
Open the REFILL VALVE and the H2 TANK
VALVE on the instrument panel and place the
FILL/BLEED Valve on the filling hose assembly
In the FILL position. The pressure in the instru-
ment tank will now be Indicated on the H2 TANK
PRESSURE Indicator.

After the instrument fuel tank is filled, shut off
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 atmospheric pressure. CAUTION
should be used in this operation as described
in Step (g) below, since the hose will contain a
significant amount of hydrogen at high
pressure.

The hose is bled by turning the FILL/BLEED
Valve on the filling hose assembly to the
BLEED position. After the hose is bled down to
atmospheric pressure, the FILL/BLEED Valve
should be turned to the FILL position tp allow
the hydrogen trapped in the connection fittings
to go into the hose assembly. Then, again, turn
the FILL/BLEED Valve to the BLEED position
and exhaust the trapped hydrogen. Then turn
the FILL/BLEED 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.

Close the H2 TANK VALVE.

With the H2 TANK VALVE and the H2 SUPPLY
VALVE closed, a small amount of H2 at high
pressure will be present in the regulators and
plumbing. As a leak check, observe the H2
TANK PRESSURE Indicator while the re-
mainder of the system is shut down and ensure
that the pressure indication does not go down
rapidly, indicating a significant leak. if it does
decrease rapidly (greater than 350 PSIG/hr.),
there Is a sngnmcant leak in the H2 supply
system.

BATTERY RECHARGING

Plug charger BNC connector into mating con-
nector on battery cover and insert AC plug into
115 VAC wall outiet. Never charge In a hazar-
dous area or environment.

Move the battery charger switch to the ON posi-
tion. The light above the switch button should
Hluminate.

Battery charge conditipn is indicated by the
meter on the front panel of the charger; meter
will deflect to the right when charging. When
fully charged, the pointer will be in line wnth
*‘charged’’ marker above the scale.
Approximately one hour of charging time is re-
quired for each hour of operation. However, an
overnight charge is recommended. The
charger can be left on indefinitely without

s
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damaging the batteries. When finished, move
the battery charger switch to OFF and discon-
nect from the Side Pack Assembly.

The following are special instructions relative to bat-
terfes which have been allowed to completely
discharge.

it has been established that the above battery
recharging procedures may not be sufficient when the
operator of the instrument has Inadvertently left the IN-
STR Switch ON for a period of time without recharging
and allowed the battery to completely discharge.

When this happens and the above procedures fail to
recharge the battery, the following should be ac-
complished:

1) Remove the battery from the instrument case.

2) Connecttoany variable DC power supply.

3) Apply 40 volts at 1/2 amp maximum.

4) Observe the meter on the power supply fre-
quently and as soon as the battery begins to
draw current, reduce the voltage on the power
supply at a slow rate until the meter reads ap-
proximately 15 volts. NOTE: The time required
to reach the 15 voit reading will depend on
degree of discharge.

5) Repeat steps a), b), c). and d) above to continue
charging.
2.7.2 DCCHARGER
a) The optional OC charger is designed to both

charge the battery and to provide power for
operating the instrument from a 12 volt OC
source, such as vehicle power.
b) Connect the DC charger cord to the connector
on the battery cover of the Side Pack
Assembly. Plug the line cord into the vehicle
cigarstte lighter or other power source connec-
tion.
In mobile applications, the DC charger is used
to supply vehicle power to the instrument.
Therefore, it may be left connected at all times.

2.8 CHARCOAL FILTERING ‘

When it is desired to praeferentially remove the
heavier hydrocarbons, such as those associated with
automobile exhaust, gasoline, etc., simply remove the
pickup fixture from the end of the probe and install the
optional charcoal filter assembly. :

This same charcoal filter assembly can be installed
directly into the Readout Assembly by using the adapter
provided.

2.9 MOISTURE FILTERING

Filtering of moisture in the sample is not normally re-
quired. However, when moving in and out of buildings in
cold weather, excessive condensation can form in the
lines and detector chamber. In this case, the charcoal
filter adapter can be filled with a desiccant such as
“Drierite’ which will filter out the moisture contained in

the sample.
SECTION3

SUMMARIZED OPERATING PROCEDURES
3.1 GENERAL

The procedures presented In this section are Intend-
ed for use by personnel generally famitiar with the
operation of the instrument. Section 2 presents the
comprehensive detalled operating procedures.

[¢)
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it is assumed that, prior to start up the positions of all
switches and valves are In shut down configuration as

described in paragraph 3.3.

3.2 START UP

a) 'Move PUMP Switch to ON and check battery
condition by moving the INSTR Switch to the
BATT position.

b) Move INSTR Switch to ON and allow five (5)
minutes for warm-up.

c) Set Alarm Level Adjust Knob on back of
Readout Assembly to desired level.

d) Set CALIBRATE Switch to X10 position, use
CALIBRATE Knob and set meter to read 0.

e) Move PUMP Switch to ON position then place
instrument panel in vertical position and check
SAMPLE FLOW RATE indication.

f) Open the H2 TANK VALVE and the H2 SU PPLY
VALVE.

g) Depress Igniter Button until burner lights. Do
not depress Igniter Button tor more than six (6)
seconds. (If burner does not ignite, let instru-
ment run for several minutes and again attempt
ignition.)

h) Use CALIBRATE Knob to ‘‘zero™ out ambient
background. For maximum sensitivity below 10
ppm, set CALIBRATE Switch to X1 and readjust
zero on meter. To avoid false flame-out atarm
indication, set meter to 1 ppm with CALIBRATE
Knob and make ditferential readings from

there.

33 SHUT DOWN
a) Close the H2 SUPPLY VALVE and the H2 TANK

VALVE.
b) Move the INSTR Switch and PUMP Switch to

OFF.
c) Instrumentis nowin shut down configuration.

SECTION 4

CALIBRATION
4.1 GENERAL

The OVA is capable of responding to nearly all
organic compounds. For precise analyses it will be
necessary to calibrate the Instrument with the specitic
compound of Interest. This Is especially true for
materials containing elements other than carbon and
hydrogen.

The instrument is factory calibrated to a methane in
air standard. However, it can be easily and rapidly
calibrated to a variety of organic compounds. A GAS
SELECT control is incorporated on the instrument panel
which is used to set the electronic gain to a particular
organic compound. .

internal electronic adjustments are provided to
calibrate and align the electronic circuits. There are four
(4) such adjustments all located on the electronics
board. One adjustment potentiometer, R-38, Is used to
set the power supply voltage and Is a one-time factory
adjustment. The remaining three adjustments, R-31, R-
32 and R-33 are used for setting the electronic amplifier
gain for sach of the three (3) calibrate ranges. Access to
the adjustments Is accomplished by removing the in-
strument from its case. Figure 4-1 indicates the location

of the adjustments.




2 ELECTRONIC ADJUSTMENTS
Primary calibration of this instrument is accomplished
at the lactory using methane 1n aic sample gases.

GAIN ADJUSTMENT

a) Place instrument in normal operation with
CALIBRATE Switch set to X10 and GAS SELECT
controt set to 300.

b} Use the CALIBRATE ADJUST (zero) Knob and
agjust the meter reading (o zerO.

c¢) Introduce a methane sample ol a known con-
centration (near 100 ppm) and adjust trimpot R-
32 on circuit board (see Figure ¢-1 lor location)
so that meter reads equivalent 10 the known
sample.

d) This sets the instrument gain for methane with
the panel mounted gQain adjustment (GAS
SELECT) set at arelerence number of 300.

e) Turnolf H2SUPPLY VALVE to put out llame.

S
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4.2.2 BIAS ADJUSTMENT

a) Leave CALIBRATE Swilch on X10 position and
use CALIBRATE ADJUST (zero) Knob to adjust
meter reading to 4 ppm.

b) Place CALIBRATE Swilch in X1 position and,
using trimpot R-31 on circuit board, adjust
meter reading to 4 ppm. (See Figure 41)

Move CALIBRATE Switch to X10 position again.
Use CALIBRATE ADJUST (zero) Knob to adjust
meter to a reading of 40 ppm.

d) Move CALIBRATE Switch to X100 position and
use trimpot R-33 on circuit board to adjust
meter reading to 40 ppm.

e) Move CALIBRATE Switch to X10 position and
use CALIBRATE ADJUST (zero) Knob to adjust
meter reading {0 zero.

f) Unit is now balanced from range 1o range.
calibrated to methane, and ready (0 be placed
in normal service.
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FIGURE 4.1, LOCATION OF ELECTRONIC
ADJUSTMENTS

(Model OVA-118 shown: location typical to OVA-128)
8

A4 CALIBRATION TO OTHER ORGANIC VAPORS

4.3 SETTING GAS SELECT CONTROL (Span)

Primary calibration of the instrument is accomplished
using a known mixture of a specilic organic vapor com-
pound. Alter the instrument is in operation and the
**normal background’ is ‘‘zeroed oul’’, draw a sample
ol the calibration gas into the instrument. The GAS
SELECT Knob on the panel is then used to shilt the
readoul meter indication to correspond to the concen-
tration of the calibration gas mixture.

The instrument is then calibrated lor the vapor mix-
ture being used. Alter this adlustment, the setting on
the “'digidial™ is read and recorded for that particular
organic vapor compound. This exercise can be perform-
ed for a targe variety of compounds and when desiring
to read a particular compound the GAS SELECT control
is turned to the predetermined selting lor the com-
pound. Calibration on any one rangQe automatically
calibrates the other two ranges.

4.3.2 USING EMPIRICAL DATA

Relative response data may be obtained, which can
then be used to estimate concentrations of various
vapors. With the instrument calibrated to methane, ob-
tain the concentration reading lor a calibration sample
of the test vapor. The relative response, in percent, for
that test vapor would then be the concentration
read/concentration of the calibrated sample X 100.

433 PREPARATION OF CALIBRATION STANDARDS
4.3.3.1 COMMERCIAL SAMPLES

Commercially available standard samples offer the
most convenient and reliable calibration standards and
are recommended lor the most precise analyses.
Always remember to obtain the cylinder with the
desired sample and the ‘‘balance as air’’. Sample
should be drawn Irom the cylinder into a ccllapsed sam-
ple bag, then drawn irom the bag by the instrument 10
prevent a pressure or vacuum at the sample inlet.

4.3.3.2 PURE GASEOUS SAMPLES

Obtain a large collapsible sample bag, preferably
polyethylene such as a 40 gallon trash can liner. Inserta
tube into the bag opening and tie shut around the tube.
The tubing should have a shut-off valve or plug and be
suitable lor connecting the OVA input tube. Determine
the volume ol the bag by appropriale means (i.e., wel-
test meter, dimensions of the bag, elc.). Forty gallon
polyethylene bags provide a volume of approximately
140-160 liters. For gas samples, flush a10cc hypodermic
syringe with the compound to be tested and then inject
a 10 cc sample through the wall of the air-lilled bag. Im-
mediately alter withdrawing the needle, cover the hole
with a piece of plastic tape. Allow a lew minutes for the
sample to completely diffuse lhrc;ughoul the bagQ. Agita-
tion will ensure complete dillusion. Connect the outlet
tube to the OVA and take a reading. To verily
repeatability of sampling technique, disconnect the bag
and inject a second sample of the Qas in10 the bag
without emptying. Since only 2 or J liters will have been
removed, the overall volume change will be sqnalt ang
the instrument reading should now be twice that of the



nciginal. The conceantration in pom (VIV) will be equal to
sample size incc divided by the volume of the bag in

s times 1000. For example, a 10 cc gas sample when
1aced in a 160 liter bag will provide a sample of 63 ppm,

i.e. 10X 10007160 equals 63 ppm.

sl , ; GASEOUS ANO LIOQUIO SAMPLES (Alternate
Method)

Obtain a tive (5) gallon glass poille and determine its
ume DY measuring the volume ol water needed 10 fin
se of a 1000 m! graduated cylinder, obtainable lrom
lantitic supply houses. is convenient). Another ap-
proach is to weigh the empty bottle, lill il with water and
igh again. The difference between the two values is

i weight of water. By multiplying the weight of water
pounds by 0.455, you obtain the volume of the botile

a liters. Empty the water out and allow the bottie to dry.
tastic tubing in the flask to aid

ce a one-toot piece ofp
mixing the vapors uniformly with the air. The volume

lm such a bottle should be about 20 liters, which s 20,000
1. 1f the volume were 20,000 mi, then 3 2 ml sample ol a
as placed in the bottie would be equivalent to 200 ml
- ¢ 2 million ml or 100 ppm (VIV). Use of a gas tight syr-
l oe, readable in 0.01 mi, allows the preparation ol mix-

ures in the 1 -2 ppm range, which are sullicient tor the
quantitative estimation of concentrations. ‘A rubber

opper is loosely fitted to the top of the bottie and the
[ edle of the syringe placed inside the jug neck and the

topper squeezed against the needle 1o decrease
feakage during sample introduction. Inject the sample
Elo the bottie and withdraw the needle without remov-

l Q the stopper. Put the stopper in tight and shake the

__;oltle for a lew minutes with sufficient vigor that he

‘L.Dlastic tubing in the botile moves around to ensure
ood mixture of the vapors with the air.

y I For liquid samples, use of the following equation will
llow the calculation of the aumber of microliters of
organic liquid needed to be placed into the bottle to

ake 100 ppm (V/V) of vapor.
":1 equals V2 X Mw /2440
V1 - Volume of liquid In microliters needed to make
an air mixture of 100 ppm (V/V)
I V2 - Volume of bottle In liters
Mw - Motecular weighto! substance’
D - Density of substance
ﬂ. This procedure has the advantage that you can see
— W nen all of the organic liquid has vaporized and the
volume can be determined readily.
. For liquid samples, an alternate procedure involves
I the use of a diltusion dilution device such as that
described by ODesty, Geach and Goldup in **Gas
Chromatography™’, R.P.W. Scott, ed.. Academic Press.
New York, 1961.
l l4.4 THEORY
Theoretical background and empirical data related to
the Century Organic Vapor Analyzer is presented in

E" 4.4.1200 4.4.2.

1
1

4.4 HYDOROCARBONS
In general. 3 nydrogen flame onization detector is

more sensitive for hydrocarbons than any otner class ol
organic compounds. The response ol the QVA vartes
{rom compound o compound, Dbut Qives excellent
table results with alt types of nydrocarbons. i.e..

repea

saturated hydrocarbons (alkanes), unsaturated
hydrocarbons (alkenes 3and alkynes) and aromatic
hydrocarbons.

The typical relative response of vanous nydrocarbons
to methane is as loliows:

Compound Relalive Response (percent)
Methane 100 (relerence)

Propane 64

N-butane 61

N-pentane 100

Ethylene 8s

Acetylene 200

Benzene 150

Yotuene 120

Ethane S0

4.4.2 OTHER ORGANIC COMPOUNDS .
Compounds containing oxygen, such as alcohols,
ethers, aldehydes, carbolic acid and esters give a
somewhat lower response than ihat observed for
hydrocarbons. This is particularly noticeable with those
compounds having a high ratio of oxygen to carbon
such as found in the tower members of each series
which have only one, two or three carbons. With com-
pounds containing higher aumbers of carbons, the el-
fect of the oxygen is diminished to such an extent that
the response is simitar to that of the corresponding
hydrocarbons.
Nitroqen-comaininq compounds (i.e., amines,
amides and nitriles) mspbnd in a manner similar to that
observed for oxygenated materials. Halogenated com-
pounds also show a lower relative response as com-
pared with hydrocarbons. Materials containing nO
hydrogen, such as carbon tetrachioride, give the lowest
response; the presence of hydrogen in the compounds
results in higher relative responses. Thus, CHCI3 gives
a much higher response than does CCls. As in the other
cases. when the carbon to halogen ratio is S:1 of
greater, the response will be similar to that observed for
simple hydrocarbons.
The typical reiative res
to methane is as lollows:

ponse of various compounds

100 (calibration sample)

Methane

Ketones
Acetone 60
Methyt ethyl ketone 80

Methylisobutyl ketone 109

Alcohols
Methyl alcoho! 15
Ethyl 25
1sopropyl 65



I" ~* Halogen compounds

Carbon tetrachioride 10
Chlorolorm 65

Trichloroethylene 70
E‘ Vinyl chloride as

and carbon dioxide which evidently, due to their struc-

Il The OVA has negligible response to carbon monoxide
ture, do not product appreciable ions In the detector '

& Hame. Thus, other organic materials may be analyzed in
the presence ol CO and COa.




SECTION S

SAFETY CONSIDERATIONS

5.1 GENERAL
The Models OVA-108, OVA-128 and OVA-138 have

been tested and certilied by Factory Mutual Research
Corporation (FM) as intrinsically sale lor use in Class |,
Division t, Groups A, B, C & D hazardous atmospheres.

. Similar loreign certilications have been obtained, in-
cluding BASEEFA and Cerchar approval lor Group IC,
Temperature Class T4 on the Models OVA-108, OVA-128
and OVA-138, and equivalent approval (rom the
Japanese Ministry of Labor lor the Model OVA-128.
Special restrictions must be strictly adhered to, to en-
sure the certification is not invalidated by actions of
operating or service personnel.

All llame ionization hydrocarbon detectors are poten-
tially hazardous since they burn hydrogen (H2) or H2
mixtures in the detector cell, Mixtures of H2 and air are
flammable over a wide range of concentrations whether
an inen gas such as nitrogen (N2) is present or not.
Therefore, the recommended precautions and pro-
cedures should be lollowed lor maximum salety. Safetly
considerations was a major lactor in the design of the

: Organic Vapor Analyzer (OVA).

All connectors are of the permanent type as opposed

lo quick disconnect. To protect against external ignition

flammable gas mixtures, the flame detection
chamber has porous metal [lame arrestors on the sam-
ple input and the exhaust ports as well as on the H2 inlet
connector. The standard battery pack and other circuits
are internally current limited to an intrinsically sale
level

5.2 OPERATING, SERVICING ANO MODIFYING
Itis imperative that operation and service procedures
ﬂdescnbed in this manual be carelully loliowed.in order
to maintain the intrinsic safety which is built into the
OVA. No modification to the Instrument s permisaslble.
Therefore, component replacement must be ac-
'compushed with the same lype parts.

5.3 ELECTRICAL PROTECTION
The 12V battery power supply circuit is current limited
1o an intrinsically sale level. Fuses are not utilized and
alt current limiting resistors and other components
' which are critical to the salety certilication are en-
capsulated to prevent inadvertent replacement with
Tcomponents of the wrong value or specification. Under
: no circumstances should the encapsulation be remov-

R O]

FUEL SUPPLY & TANK

lli The OVA fuel tank has a volume of 75 to 85 cc which,
hen filled to the maximum rated pressure of 2300 PSIG,
holds approximately 5/8 cubic foot of gas. The fuel used
n the OVA is pure hydrogen which can be readily pur-
hased in a highly pure form at nominal cost. The H2
anks used in the instrument are made {rom stainless
steel, proot-tested to 6,000 PSIG and 100% production

esled to 4,000 PSIG.

- -

5.5 H2 FLOW RESTRICTORS

Hydrogen Qas Qains heal when expanding and,
therefore, should not be rapidly released irom a high
pressure lank to a low pressure environment. Flow
restriclors are incorporated in the H2 relill litting and H2
is reslricted on the output side ol the tank by the low
flow rate control system. In addition, a special {low
reslrictor is incorporated in the FILL/BLEED vaive of the
hydrogen lilling hose assembly. These precaulions
limit the llow rate of the H2 to prevent ignition due (0
sell-heal lrom expansion.

5.6 OETECTOR CHAMBER

The OVA has a small llame ionization chamber cavily
with sintered metal llame arrestors on both the input
and output ports. The chamber is ruggedly constructed
of teflon such that even il highly explosive mixtures of
H2 and air are inadvertently created in the chamber and
ignited, the chamber would NOT rupture.

5.7 H2 FILLING AND EMPTYING OPERATIONS

Precautions should be taken during H2 lilling or H2
tank emptyinQ operations to ensure that there are no
sources ol ignition in the immediate area. Since the in-
strument tank at 2300 PSIG holds only 5/8 cu. ft. of H2,
the total quantity, il released (0o the atmosphere, would
be quickly diluted to a non-flammable level. There is,
however, the possibility of generating flammable mix-
tures in the immediate vicinity of the instrument during
the filling or emptying operations il normal care is not
exercised.

5.8 VENTING

The OVA case is vented to eliminate the possibility of
trapping an explosive mixture of H2 and air inside the
case.
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R GENERAL
This section descrives the rouline malntenance

edule recommended and provides procedures tor
bie shooting matlunctions or lallures In the Instru-

SECTION 6

went,
Appendix A’ 10 this manual contains the assembly

winQgs and assoclated pans list tor the Side Pack
sembly and two major subassemblies: the Electronic
®rponent Assembly and the Cylinder Assembly.
These drawinQs and pans fists may be used for localing
y identilying components. Also included in Appendix
[' Is a schematic wiring diagram showing intercon-
ting wirinQ between major electronic assemblies
and typical signal levels at selected points on the cer-
ilied instruments. The enclosed drawings and parts
's are subject to change without notice and pant
I lacement on any centitied instrument should be
verilied to comply with the a0 modilications permil-

g’ requirement.
i' CAUTION

Maintenance personnel should be thoroughly
{amiliar with instrument operation belore perform-
- ing maintenance. It is essential that all portions ol
s {his manual relating to salety of operation, servicing
and maintenance, including Section S5, be
thoroughly understood. There should be no poten-

Sintered Hy Supply
Metat Pressure ladicator Valve Presoure Pressure

Flame J}\

ttat igniters or tlame in the area when filling, empty-
ing or purQing the hydrogen system and the instru-

mant should be turned olf.

Extreme care should be exercised o ensure that
required parts replacement is accomplished with
(he same pans specilled by Century. This is
especially necessary on the Models OVA-108, OVA-
128 and OVA-138 In order that their cenification tor
use in hazardous atmospheres be maintained. No
modlfications are permltted. Disassemble instru-
mentonlylina non-hazardous atmosphere.

6.2 ROUTINE MAINTENANCE

Note that Figure 6-1is a flow diagram of the basic Qas

handling system.

6.2.1 = FILTERS
6.2.1.1 PRIMARY FILTER

This ftiter is located behind the sample inlet connec-
tor (Fitting Assembly) on the Side Pack Assembly andis
removed for cleaning by using 3 thin wall socket to
unscrew the Fitting Assembly. The fiiter cup, 0" ring
and loading spring, will then come out as shown in the

Side Pack Assembly drawing in ‘Appendix

A", The'

porous staintess lilter cup can then be cleaned by blow-
Ing out or washing in a solvent. If a solventis used, care
should be taken to ensure that all solventis removed by
blowlng out or heating the filter. Reassemble in reverse
order ensuring that the ©Q" ring seal on the Fitting

Assembly is intact.

Hp Supply Low High

Capiltary
Restrictlor

Fuel

|
|
l
|
|
I
|
1 R e L
| X
|
|
|
|
|
|

Sample
Pump

g
4 Sample
Primary Flow Rate
" 8 Fllter tadicator
l Line
L FListing = ————

Arrestore J

Hy Tank
Pressure
ladicator

Hy Tank
Valve
Hydrogea

Fuel Tank

Refill

Filter snd Flow
Restrictor

SIDE PACK ASSY. Refilt

L |

1 /Sumplc
Sample Hose | N e
|

UMBILICAL CORD &

I
Particle l
|
|

L _ _READQUTASSY, ____ . rier
. | PICK-UP TIXTURE
L - —-———
g‘. FIGURE 6-1. Flow Diagram - Gas Handling System

13



al
_

- @5 21.2 PARTICLEFILTERS

R

a
4
4
-

|
i
]

il
il
1

1l
L
L
4
]
|

A particle lilter is located in each pickup lixture. One
of these lilters must be inthe sample line whenever the
instrument is in use. The Modeis OVA-88 and OVA-138
use a disposable cellutose lilter which should be chang-
od as often as required. The Models OVA-98, OVA-108,
OVA-118 and OVA-128 use 3 porous metal filter which
can be reptaced of cleaned using the cleaning pro-

cedure in paragraph 6.2.1.1.

6.2.1.3 MIXER/IBURNER ASSEMBLY FILTER

Another porous metal pacticle filter is incorporated in
the Mixer/Burner Assembly which screws into the
Preamp Assembly. See Side Pack Assembly drawing.
This filteris used as the sample mixer and inlet ftame ar-
restor in the chamber. This tilter should not become
contaminated under normal conditions but can be
cleaned or the assembly replaced if necessary.

Access lo this filter (or outpul surface cleaning is
gained by simply unscrewing the exhaust port from the
Preamp Assembly without removing the instrument
from the case. The OVA-108, OVA-128 and OVA-138 in-
struments require removal of the safely cover prior to
unscrewing the exhaust port. The Filter Assembly can
now be seen on the side of the chamber (Preamp
Assembly) and can be scrapped or cleaned with a small
wire brush.

If tilter replacement is required, install a new of fac-
tory rebuiit Mixer/Burner Assembly. In several OVA
models, this requires removal of the Preamp Assembly.

6.2.1.4 EXHAUST FLAME ARRESTOR

A porous metal flame arrestor is located in the ex-
haust port of the detector chamber (Preamp Assembly).
See Side Pack Assembly drawing. It acts as 3 particie
filter on the chamber output and restricts loreign matter
from entering the chamber. This (ilter may be cleaned, il
required, by removing the exhaust port from the
Preamp Assembly. The exhaust port is removed from
the bottom of the case without case removal. Note that
the filter is captive to the exhaust port on the Models
OVA-108, OVA-128 and OVA-138. Clean the lilter with a
solvent or detergent but ensure that it is dry and any
solvent completely baked out at 120°F before reinstall-

ing.

6.2.2 PICKUP FIXTURES

The pickup lixtures should be periodically cleaned
with an air hose and/or detergent water 10 eliminate
foreign particle matter. f a solvent is used, the fixture
should be subsequently cleaned with detergent and
baked out at 120°F to eliminate any residual hydrocar-
bons {rom the solvent.

6.2.3 SEAL MAINTENANCE - CYLINDER ASSEMBLY
6.2.3.1 H2TANK, K H2SUPPLY ANO REFILL VALVES
Aflter some time, the teflon washers under each valve
packing nut can **cold flow'* (move with pressure) and
allow hydrogen to leak. Leakage can be determined by
using Leak-Tec, Snoop or a 303p solution around the
V.llve stems. This leakage can usually be stopped by
tightening the compression nut (adapter) as outlined

14

below. See Side Pack Assembly and Cylinder Assembly
drawings.

1) Remove instrument irom the case by unlocking
the lour (4) 1/4 turn lasteners on the panel and
removing the exhaust salety cover (it included),
exhaust port and relill cap nut. Be sure relil
valve is closed belore removing relill cap nut.

2) Remove the valve knob screw and knob.

3) Loosenthe panel nutwith a 314 wrench.

4 Thevalve compression nutis localed justunder
the panel. Tighten the compression nul—
usually not more than 1/4turn,

This compression is against soft material ang only 3

small amount ol force is necessary to sulliciently

compress the tellon washers. il, alter tightening.
leakage still occurs, it would be advisable to
replace the two tetlon washers, as lollows:

1) Orain hydrogen system slowly and 10 the extent
necessary O work on the leaking valve(s).
Observe salety precautions (see Section $).
There should be no potential igniters in the
area.

2) Disconnect the capillary tube from the manilqld
at low pressure gauge (H2 Supply Pressure).

3) Remove all three (3) knob screws and knobs.

4) Remove the three (3) panel nuts and washers.

5) Carelully remove the tank assembly from the
panel. NOTE: if OVA has GC Option installed,
the GC valve assembly must be loosened of
removed in order to remove the tank assembly
{from the panel.

6) Remove the compression nut on the valve that
is notl sealing properly. Remove the stem by
uascrewing it from the valve body. Observe the
sandwich of metal and tellon washers and note
their order. -

7) Visually check the Kel-F seat on the stem for
cracks or foreign material. Wipe clean, 'if
necessary, with a lintlree cloth {no solvents or
oils) and replace if damaged.

8) Remove the washers and replace the teflon
washers (the factory procedure is a light wipe
ol hydrocarbon free silicone Qrease).

g) Replace the stem assembly in the valve body
and tighten lightly.

10) Push the washers down into the compression
area in the same order as noted upon removal.
Replace the compression nut and tighten snugQ-
ly.

Close the low pressure valve and fill the tank
assembly. Check valves for leaks. Tighten
again, if necessary, and reassemble the unit.

-

"

~—

6.2.3.2 REFILLER VALVE PACKING ADJUSTMENT

Adjustment for the valve on (he reliller can be made
by loosening the set screw with 2 3/32"" hex key, so that
the handle turns freely on the stem. Inseat two (2) 31327
hex keys through the holes provided in the handle and
turn until they engage the holes in the packing adjuster.
Then tighten the packing by turning the handle.



AIR SAMPLUING SYSTEM MAINTENANCE

1 ENERAL
--l-:'nial problem associated with the OVA instru-
'3t leaks can develop in the air sample pump-
-stem. These leaks can resull in either dilution or
: mple, causing low reading of vapor concentra-
5 me response time.
I TESTING FORLEAKS
VA's a re equipped with a flow gauge, which
ji a metnod to check for air leaks. Assemble the
{@robe selected lor use to the readout assembly
‘nen position the sidepack verically so the flow
. may be observed. Cover the end of the pickup
‘tn your linger and observe that the ball in the
ce goes (o the bottom, incicating no air flow (it

.as slight chatter while on bottom, this is accep-

.. Cover the center of the chamber exhaust por
. thumb and again observe the ball going to the

Another simple check is to expose the pickup
.+ 10 cigarette smoke or a light v'apor (butane) and
~ve that the meter responds in approximately 1.5 -
( nds. It should be noted that slow meter
{ e may also indicate a restriction in the air
a1Q system.

{JPRLEAK ISOLATION ]
) of the ball to go 1o the bottom when the inletis

1 W indicates a leak in the system between the pro-
.4 the pump inlet or the inlet check valve. Toisolate
| lem, remove parts, one at a time, and again
; { the air inlet. Remove the pickup probe(s) and
| e air inlet at the Readout Assembly. If the ball
to the bottom, check that the *‘readout to probe’™’
ner is in place and replace the probes, holding
I‘Eck against this seal while tightening the nut.
] ., and it leakage is still present, it is probably in
robe (pickup fixture), which should be repaireg or
d.

,f age is indicated as being past the readout han-
n the conneclion to the sidepack is tight;
,Anect the sarnple e at the litlting on the sidepack
sover this intet with your linger. it the tlow gauge

L

ball goes to the botiom, the problem should be a leak in
{he umbilical cord/Readoutl Assembly, which should be
investigated and repaired. There is also the possibitity
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 is most likely In the pump check valve
which should be repairedor replaced.

I the ball does not QO 10 the bottom, the leak will be
either in the llow Qauge or il's connecting tubing.
Visually check that the tubing is connected ang it so,
the low gauge should be repaired or replaced. Check
the Q" ring installation in the sample inlet connector
(Fitting Assembly).

As an allernate approach, leaks on the inlet side ol
the pump can be detected by using alcohoton a Q" Tip
and lightly swabbding the connections one at a lime or by
directing organic vapor of smoke at the potential
leakage points and observing the meter response of
audgible 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 system under pressufe, and check each
connection, one at a lime. Replace the tefton tubing of
retape the threaded connections with teflon joint tape.
Check the igniter and Mixer/Burner Assembly where
they screw into the detector, the high voltage terminal
screw on the side of the Mixer/Burner and exhaust port
itsell. If atter these checks, the tlow gauge ball stilt will
not Qo to the bottom with the exhaust blocked, the pro-
blem is likely a leaking exhaust check valve in the
pump, which should be repaired or replaced.

6.2.5 CONTAMINATION CONTROL AND
MAINTENANCE
6.2.5.1 GENERAL

On occasion. the background reading of the OVA may
be relatively high under normal ambient conditions. Am-
bient background readings will vary somewha! depen-
ding on the geographical location where the instrument
is being used. However, the background reading nof-
mally should be in the range of 3 to S ppm as methane.
The acceptable background reading consists of 1 to 1-
1/2 ppm of methane which is present in the normal air
environment. In addition to the measurement ol a nor-
mal methane background, there will normally be 2 t0 4
ppm of equivalent methane background caused by ac-
ceptable levels of contamination in the hydrogen fuel
and/or hydrogen fuel handling system resulting in a
total equivalent methane reading of 3 o S ppm in clean
air.

If the background reading goes above Sppmto6or?7
ppm. this is normally still acceptable since any
measurement is additive to that backgrotnd reading,
i.e..2 ppm on top of 5 or 2 ppm on top ol 7 provides the
same differential reading, however, the lower
background is obviously desirable.

The background reading on the linear OVA's is
reroed out or nulled out—even though in reality the
background stilf exists. The background reading on the
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i~23- Oy A's is measured Dy zeroing the meter with the
= a=a ot anz noling the meter indication after the flame
1 o= Hzaever, On the logarithmic scaled OVA's the

SEzegoure ‘reaging is observed on the meter at all

-« —as. Th:s1s considered desirable since It assures the’

~a-2:2r 1nat the instrument Is, in fact, operating pro-

~y. The cackgrouna reading on the OVA's serves as
1 ~« level calibration point since it does represent the
—aasuremant of ambient levels of methane in the air,
==~ 2% are extremely stable and predictable any place in
~e actiC.

T~e cause for a high background reading is usually
associated with contamination in the hydrogen fuel
sysiem. This will, ol course, cause a background
seacing since this is the function of the basic detector
‘19 measure contamination entering the detector
chamber’. In addition, contamination present in the
~verogen will many times feave a small unobservable
ce20sit on the burner lace which can continue to
se~erate a background reading when the detector isin
coeraltion and the burner assembly is heated.

Another possible cause ol contamination is the mix-
er/urner assembly when the contamination is trapped
0 the porous bronze sample lilter. This is not acommon
croblem and usually only happens when an unusually
fugh level of contaminant is drawn into the assembly.
Another possible cause of high background reading is
contamination someplace in the air sample line to the
ceiec:or. This is also uncommon bu’ can be the source
of the problem.

NOTE
OVA's that include the Chromatograph Option in-
stalled can also have an indication of high
background related to saturation or contamination
of the activated charcoal fliter, which is in the line
during chromatograph analysis, or ol the column
which is in the hydrogen line at all times.

6.2.5.2 ANALYSIS ANO CORRECTION

Prior t0 analyzing the problem, the OVA should be
checked [(or proper electronic operation. Check
logarithmic instruments for proper high and low calibra-
tion points and for proper gas selector operation (see
Section 4). On logarithmic OVA's, check Gas Selector
Dy turning to 500 and observing the flame-out alarm
comes on as the needle Qoes below 1 ppm. It should be
ensured that the instrument is calibrated to methane as
referencec. :

I{, atter checking that the OVA is properly calibrated,
the background is still higher than normal for ambient
conditions, the following procedure should be followed
toisolate the cause of the problem.

1} Let the OVA run for a period of time (15 to 30
minutes) and see il the background level
decreases as a lunction of time. The
background could go down and stay down as a
result of clearing line contamination which Is
removable simply by the normal flow of air
through the sample line.

2) Take a reading in a known, relatively clean air
environment. Normally, outside air environ-

J)

4)

S)

6)

7
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ment |s clean enough to assess by comparisgn
whether the background reading Is intarnal g
the Instrument or Is present In the laboratory,
olfice or location where the instrument is Deing
used.

it the OVA Inciudes the Gas Chromatograph Op-
tlon, depress the sample inject valve so that the
activated charcoal Is in the line and observe
whether the background reading Qoes down
and stays steady after the elutlon of the air
peak. The reading should always Qo down or
stay the same but never be a higher
background reading with the sample valve
depressed, since the charcoal {liter will take
out any trace elements of organic vapors in the
air heavier than a Ca. If another aclivated char-
coal lilter is available, this may De attached to
the end of the probe 1o scrub the air so that a
clean air sample would be Qoing to the detec-
tor. The external activated charcoal can be us-
ed on any instrument, with or without
chromatograph, for providing a clean air sam-
ple to assess background level.

It background still stays up and cannot be
reduced by any of the previous steps, the sale-
ty cover (if included) and the exhaust port on
the detector chamber (Preamp Assembly) on
the bottom of the case should be removed and
the Mixer/Burner Assembly scraped or brush-
ed with a small wire brush. (Reference
paragraph 6.2.1.3.) This will remove any small
quantities of contaminalion that are on the Mix-
er/Burner Assembly which could be the source
ol the background vapor. After cleaning the
face of the burner and tube, replace the ex-
haust port and safety cover (if included) and
reignite the OVA. I contamlination on the
burner (ace was the cause, the problem should
be immedlately resolved and the ambient
background will drop to an acceptable level.

If the background is still present, place your
finger over the inlet of the probe so as 10
reduce the flow of air to the detector chamber.
Reduced flow rate may be observed either on
the sample flow gauge or can normally be
observed by the sound of the pump motor.

i the background drops immediately In
response to the reduced flow ol air to the
chamber, this is an indication that the con-
tamination is in the air sample line. Therefore,
the various parts of the<sample {low line such
as pickup probes, umbilical cord to the instru-
ment, etc., should be investigated by the pro-
cess ol elimination to see if the contamination
can be isolated.

Serious contamination in the air sample line is
very uncommon. However, if very large doses
ol very heavy compounds are sampted, there is
a possibility of a resldual contamination which
would eventually clear Itself out but may take a
conslderable period of time. A typical cause for
the high background [rom the sample line is a

|
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contaminated Mixer/Burner Assembly. See
paragraph (4) above lor cleaning procedure. il
heavy contamination of the Mixer/Burner is still
indicated by a high background, replace the
Mixer/Burner Assembdly. In several OVA
models, this will require removal of the Preamp
Assembly. The old Mixer/Burner Assembly
shoulo be either discarded or rcturned o the
factory 10r cleaning and reduilding.

In the event there 1S contamination in the pump
or other internal parts of the sample {iow lines
which cannotl be removed, the samplc flow
components would have to be disassembled
and cleaned. This is normalty a factory type
operation. However, the components such as
the pump can be replaced in the lield along wilh
any contaminated tubing in the sample lines.
High background readings on OVA's which in-
clude the Gas Chromatograph Option can be
caused by other sources of contamination, lf
the charcoat in the charcoal filter mounted on
the panel of the instrument is contaminated or
saturated, contaminated air would be supplied
to the detector and raise the ambient level
background. To check for this, the charcoal
filter cartridge can be removed from the panel
and either a bypass tube put between the two
connectors or the charcoal can be removed
from the charcoal cartridge and the canriridge
relilled with clean activated charcoal. This
would determine if the charcoal was the source
of the background reading. It is possible that an
apparent high background reading could be
due to contamination in the columan that is on
the instrument. This background could be
caused by compounds that are slowly eluting
from a column which has become con-
taminated. The easiest way to check lor column
contamination is to replace the column with a
known clean column or a short empty piece ol
column tubinQ and see il the high background
readingQ drops.

If alt the above steps do not correct the high
background problem, the cause will normally
be contamination in the hydrogen fuel system.
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ntamination in the hydrogen tuel system is usually
e girect result of contamination in the hydrogen gQas
or contamination introduced during the filling
ation. Filling hose contamination can be caused by
Q the hose in a contaminated area.

To remove contamination from the hydrogen fuel
m, « should be purged with hydrogen. Effective
inQ of the hydrogen system is accomplished by
nnecting the capillary tube fitting which attaches
=~ 1o the manifold block which has the low pressure
igge (H2 Supply Pressure Gauge and H2 Supply
). This disconnects the capillary tubing trom the
en line so that hydrogen may be purged at a
:asonable rate from the tank assembly through the
j:Zulators, gauges and vaives. After disconnecting the
lary, the hydrogen tank can be filled in the normal

- o e

manner. The tank valve and H2 supply valve can then be
opaned which will bleed the hydrogen lrom the tank
through the H2 tuel system purQing out the contamina-
tion which is in vapor form. There is the possibility that
contamination has been introduced into the hydrogen
fuel system which is not readily purged oul by the
hyorogen gas but this is unlikely. Atter purging with
clean hydrogen, approximately two or three times, the
capillacy tube should Dbe reconnected and the
bachg@round again checked. Five or ten minutes shouil
be allowed belore assessing the background reading,
since contaminated hydrogen may still have been trap-
pedin the capillary tube.

I another tank assembly in a clean instrument is
available, the fuel system l{rom the clean instrument can
be connected to the contaminated instrument to ab-
solutely verily that it is or is not in the hydrogen fuel
supply system. The interconnection should be made to
the capillary tube of the contaminated instrument.

6.2.6 FUSE REPLACEMENT

This paragraph applies only to the standard (non-
cenitied) OVA's. There are two (2) overload luses in-
corporated in the Baitery Pack Assembly, one is a 3AG-
1 AMP Slo-8lo in the power line to the pump and igniter
and the other a JAG-1/4 AMP in the power line to the
electronics. Both fuses follow the current limiting
resistors which provide primary short circuit protection.
However, in the event of an excessive overioad, the
fuses will open and prevent overheating of the current
limiting resistors. It should be pointed out that the 1
AMP Slo-Blo fuse will blow in approximately 8 to 12
seconds if the igniter switch is kept depressed. Normal
ignition should take place in not more than 6 seconds.
Therefore, do not depress igniter button for more than &
seconds. i ignition does not occur, wait 1 1o 2 minutes
and try agQain. If the required 1 AMP Slo-8lo fuse cannot
be readily obtained, replace temporarily with a 3 AMP-3
AG standard fuse.

6.3 TROUBLE SHOOTING

Table 6-1 presents a summary ol recommended flield
trouble shooting procedures. If necessary, the instru-
ment can be easily removed {rom the case by unlocking
the tour (4) 1/4 turn fasteners on the panel face and
removing the relill cap and exhaust port. The battery
pack is removed by taking out the tour (4) screws on the
panel and disconnecting the power connector at the
battery pack.

6.4 FACTORY MAINTENANCE

To ensure continuous trouble-{ree operation, Century
recommends a periodic factory mainterance, overhaul
and recalibration. The recommended schedule is every
six (6) lo nine (9) months. This maintenance program in-
cluges replacement of plastic seals and pars as re-
quired, pump overhaul, motor check, new batteries.
sample line cleaning, H2 leak check, recalibration,
replacement ol plastic hose as required, and detailed
examination ol the unit for any other reqQuwed
maintenance and repair.
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he recommended procedure (0or maintenance and
beyond the scope of this manual Is to send the
.ele Instrument or subassembly to the Century
0.y lor repairs. The assemblies will be handled ex-
-litiously for rapid turn-around.
I FIELD MAINTENANCE
nough .not recommended, where lleld
antonance boyond that deacribed herein Is con-
‘B0 essential, the assembly drawings, pans lists
':hemalics in Appendix A" will'be of assistance.
RECOMMENDED SPARES :
tury does nol recommend thal spares be main- 1
'; for Its Instruments. Howaever, If the instrument is - }
used in a remote area or spares are desired lor .
.er reasons, the following list should be used as a :
ie
' RECOMMENDED SPARES
: Recommended Quantitv :
Standard Aporoved T
'm Description Part No. 88 98 ] T18 [ 108 | 128 ] 138 J
Igniter . 510027-1 2 2 2 i
T Icniter S10461-1 2 2 2 v
B Pump Valve 510067-3 (10/0ka.) 1 1 1 1 1 1 y
Pump Diaphragm (Buna-N) 5S10051-1 1 1
Pump Diaphracm (Teflon) 510061-1 1 1 1
< Cup, Filter (3/8 0D, SS) 51031&-1 (5/oka.) 1 1 1 1 1 1
) Mixer/Burner AsSsSv 510557-2 1 3
' Mixer/Burner Assv 51035%7-1 1 1 -
Mixer/Burner Assy . 510513-1 1 1 1 3
Wafer, Teflon, H2 Valve 510160-1 (10/okq.) 1 1 1 1 1 1 -
1 Washer, Brass, Hy Valve 510160-2 (10/pkqg.) 1 1 1 1 1 1 4
Exhaust Port Assy 510425-1 1 1 1 . 3
' Exhaust Port Assv 510530-1 1 1 1 ) 3
Battery Pack Assv 510070-1 1 L 1
> Batterv Pack Assv 510542-1 1 T 1 4
l' Sample Line Assv ST10316-1 T 1 T 1 1
Parcticle Filters S10114-1 1 1
' Particle Filters S10116-1 ) I S I R W :
i Unit quantity is each unless otherwise noted. 4
. E
!. ' . »
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TROUBLE
1) Low sample llow rale on flow indlicator.
Nominslly 2 units on llow QaugQe. {See alzo &
below and refer 10 paragraph 6.2.4)

——
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TABLE 8-1

TROUBLE SHOOTING PROCEDURE

a) Chock primary filter in sidepack and panicle
Hiers In tho pickup assembly.

b) Oetarmine assombly conlaining rosiriction by
process ol olimination, i.e., remove probe,
ramove Rendoul Assembly, remove primary
filler, oic.

¢} il the restrictton Is in the Side Pack Assembly.
lurther isolate by disconnecting the sample

low tubing at various points, l.e,, pump oulput, -

chambaer inpul, elc,

Noto: The inhoront restrictions duo to langth ol
sample lind, flame arrostors, e'c., must bo
taken into account when lroubls shooling.

REMEDY
Replace or clesn lilter I clogQed. (See paragraph 8.2.1)

Invastigate the assombly containing LNty testriction 1o
dalermine Cause ol blockage. Claan or replace 23 1¢&
qQuired.

itin the detector chambor, remove ana ciean of replace
porous malal ltame arrestors, I pump 13 found to be the
problem, remove and cloan of replace.

2) H2ame will nollight. (See also 6 below)

a) Chechk samplo llowrato(seo ) abovel.

bl Check igniter by removing the chamber ex-
haust pon and observing the giow when the IG-
NITE Buiton is depressed.

¢) Check for rated H2 Supply Pressure. (Listed on
calibration plate on pump brackel.}

g} Check H2 MHow rate by obsorving the PSI
decrease in pressure on ithe H2 Tank Pressure
gauge. Tha flow rate shoutd bo about 130 PSI
decreaso in pressufe per hour. {Approxirnalely
12cc/min. at detector.)

Oninslruments with GC Optlion, disconnect col-
umn and measure H2 llow rate wilh a buodle
moler.

¢) Check all H2 plumbing joinis lor leaks using
soap bubble solution. Also, shul off alf valves
and note pressure decay on H2 tank gauge. It
should be less than 350 PSIG per hour,

1} Chack to sec il H2 supply system is lroren up
by taking unilinto a warm area.

O W,
( J\cc.\’\ bysttety P..cz..w& 4 y
Cc.;\hedﬁwb o cha sl
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i sample I1Ow rate 13 fow, loliow procedure | above

it igniter does not light up, reolace Ihe plug. It igneter
siill does not light, cneck the Dartery ano winng

Il low. remove Dattery pack ana adjust 1o prooer level Dv
turming 1he allen wrench agusimen) On ihe 10w
pressure regulalor cao.

The normal cause (or H2 llow resinction would be 3
blocked or paniially Dlockod capiliary tuoe. Il HOow rate «s
marginally low, attemol 10 comoensaie Oy ncreasing
the H2 Supply Pressure by one-nall or ane PSi. 1t How
rale cannol be compensated lor. reprace capillary tuo-
ng.

Aepair leaking joint.

i inere is moisture 1n Ihe H2 supply 3ysiem and the unil
musl be Oparated 1n sublreeing 1emperatures, puige
the H2 syatem wilh dry N2 and ensuie the H2 gas uvsed
is ory.

TR i el 3
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Remove exhaust pon and chech lor contamina-
lion. (Scc Figure 6-2.)

Check spacing between. colleccting elecirode
and burner 1ip. Spacing shoutd be 0.1 10 0,150
ches.

Il the chamber is Girty, clean with elhyl alcohol and dry
by running pump lor approximately 15 minutes. i1 H2
fuel et is misaligned, ensure the porous metat lhame a¢-
resior 1s properly seated.

Agjus! by screwing Mixer/Burner Assembdly in Or oul
Tis spacing problem should only occur ahet
rcassembhing 3 Miser/Burner Assembly 10 3 Preamp
Asscmbly.

N

H2 lame lights bul will not stay tighted

a)

Follow procedures 2 (a), te). (@), te), (@) and (h)
above. Alsorcler lo Sbelow.

&)

Flame-oul alarm will not QO on when H2 llame is
oul

a)

[+}]

c)

d)

Check instrument calibration sciling ana GAS
SELECT conirol sciing. Reler to paragraphs
2.3.1.23n02.1.2.

Remove exhaust port and check lor leakage
current patn in chamber (probadly morsture of
girtin chamber).

it apove pracedures do not tcsolve the pro-
niem. (he probable causc.is 3 mallunction in
ihe preamp of power board assemblies.

Check volume control koD is turned up.

Readjust as required 10 pioper setling. Hole that on
linear OVA’s the llame-oul alarm s actiualcao when the
meler reading poes below 1e70. On loganiinmic OVA's,
Ihe alarm s actualed when the signallevel goes below )
ppm methane of cquivalent. -

Clean contaminalion and/or moisture lrom Ine chamoe?

using a sSwa0 and atcohol, Oty chamber Dy funning
pump lor approximately 15 minuies.

Aelurn prcamp Chamber of powel poard assembly (0
Ine 1actory tor repair.

AgQjustlor ocsired volume.

5

False hame-oul alarm_(Apphes 10 hneat OVA'S)

a)

Flame-outl alarm s aclualed on linear in-
strumems when sipnal goes below elecironic
zero tevenihough llame is still on), This can be
gue 1o Inaccutate initial seling, dritt or a
gecrease in ambient concentration. verily it
this is the problem Dy reroing meter with llame
out and reigniling. (See parapraph 2.3.2)

when using the X1 range, adjusl meler 10 ) ppM satner
1han 2010, See paragrapn 2.3.2. Be sure instrument nas
been zeroed 10 “lowcest expecied ambient packQround
level™.

6)

Siow response Lme, ie.. hme 10 oblain
response aher sample 18 applhied 10 1npul.
(Relerto paragrapn 6.2 4) ‘

a)

b)

Check to ensure that probe is litmly seated on
ihe rubber seatinthe readoul assembly,

Check samplc flow rate pcr procedure | above.

Acscatl by holding the probe tirmly apainsl the rubber
seal and then lock in posihion wilh i1he rnurled loching
nut,

Sce Y above.
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71 Slow recovery lime, l.e.. 100 10nQ a time lor ihe
teading 10 got back 10 amuient aller exposuic
to a high concentratton of organic vapor.

Fhis pm\ i3 n.”y cau- cun;-

b)

lion in tho sampte input lino. roquiring pumping
lor a long period to got ihe systom cloan ol
vapors again. Charcoal inthe lines would be the
worst typa of contamination. ,1sofale through
tho procass of otinunation. (Sce 1 (b))

Check iamo chamber lof contamination.

nor
asrequirco.

Clean as required.

8) Ambient background reading in clean environ-
meni s too high. {Reler 1o paragraph 6.2.5)

o}

c)

An ambiant background reading can be cavsed
by hyorocarbons in 1ho H2 tuel supply systom.
Place lingar ovoer samplo probe lube resiricting
sample llow and il meler ingication does nol QO
gown 3signilicanity the contamination s pro-
pably in the M2 luel. ’

An ambient backgrouna raading can be caused
by a residuc of samole, ouilding up on the lace
of the sample inict filter. Il the 1est in8(a)above
proouces alarge arop in reaoing, this is usually
the cause.

An ampient background freaqing can also be
caused by hyarocarbon contamination n (he
sampie inpul system. The tnost likely cause
would De a contarminant absoroed of conaens-
eoin the samole line.

Mote: It snould be emphasized 1hat tunming the
nsirument lends 10 keep down Ihe buildup of
packqQrounu vapDors. Theretore, fun he vt
whencvet DO!SIDIO ana store W with the cafry-
ing casc ooeninclican e,

Use 2 higher grage of hyorocaroon lree nydroqen.
Check fot contaminated htings on tlling hose
assemoly.

Aecmove Ihe exhaust oort it is not necessarv o remove
instrument Irom case), use small wire orusn trom Ine
tool M1t Or 3 knsle Dlaoe and tigntvy scruo sunace ol sam-
pteniet lilter.

Clean anadlor reoiace the samole inout nnes, NOormany
Ine hines wilt clear vo witn suthicientrunming

7y Pump will not tun

a)

Check | AMP Slo-8lo luse on 1he batiery pack
cover. MOTE: Cerutics OVA's go nol have
luses.

Necotace luse. \MPORTANT. Note tnat luse «s 3 Slo-310
type. !l luse continues 10 DlOow when 1Qniler Swilch 1S
closed, chech ignitei 1or snort circut 11igniter 13 noL INe
Q'ODIQm. thetg 18 3 shon n the wining Of pump motofr

Acturn OVA io 1aé10ry of autnonzed reoar tacility

10} NO power to electronics Dul pump runs

al

Check V/4 AMP luse on the batery pack cover.
NOTE: Cenilicd OVA's do not have luses.

Aeplace luse. It fyse conunues 10 010w, \nere 13 2 shon
in 1he eleciomcs assembly Aeturn OvA 10 lactory Of
authornized repaf tacihty.

¥4

11} Mo power 10 pump Of clectronics.

a)

Place baltery Oon charger ang see il power is
then avaiable. Recharge in 3 Non-hazardous
arca only.

11 power 13 avadabple! pallery PICh 18 avay or open
Recnharge banery pack It sull Gelecuive (nptace banery
pack. Aclerence paragraph 2.7

) con 1008 3, a ey IV
N o e,
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Alkalinity (H20)
U.S. Environmental Agency
CLP Sample Management Office SAS Number
P.0. Box 818, Alexandria, Virginia 22313
PHONE: (703)/557-2490 or FTS/557-2490

SPECIAL ANALYTICAL SERVICES Approved for Scheduling
Client Request

X Regional Transmittal Telephone Request

A. EPA Region/Client: Reqion V, Wausau NPL Site

B. RSCC Representative: Dennis Wesolowski

C. Telephone Number: 312-886-1971

D. Date of Request:

E. Site Name: Wausau NPL Site

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 for

Alkalinity in waters (surface waters, groundwaters, drinking waters,

leachates, etc.) Samples will be unfiltered. Results will be reported as
mg/L CaCOs.

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):

214 groundwater samples - low level and 8 surface water samples - low level

\

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

WDNR lead remedial investigation

[jap-750-97]
[jap-750-90]



Revised 6/29/87 Analysis for alkalinity

1

Estimated date(s) of collection:

lEstimated date(s) and method of shipment: Daily by overnight carrier

IlNunber 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):

' 1) Alkalinity EPA Method 310.1 (Titrimetric, ph 4.5) 2) Standard Methods, 16th Edition,

Method 403 4c¢ and 4d.
[ Samples will be stored at 4°C until analysis and validation of results.

ll_,

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

. Samples holding time should not exceed 14
days from date of collection. Use potentiometric titration to pH 4.5 for alkalinity >
0 mg/1 as CaC03. For concentrations <20 m /1, use EPA Method 310.1 (Section 6.3) or
tandard #Hethods, Method 403 4d. Do not use titrant volumes greater than 50mi,
Obtain asproval of CPMS, CRL prior to use of any other method. '

'Jie NapC03 to standardize titrant. Standardize the pH meter and the titrant each day.

fandardize the pY meter using at least two buffers which bracket the end point,

.na]ytical cesults required (if known, specify format for data sheets, QA/QC reports,
hain-of-Custody documentation, etc.). If not completed, format of results will be
Teft to program discretion:
The Test procedure used will be clearly identified. Bench
.eco:‘ds tabulating the order of analysis including pH meter calibration, titrant standardi-
ation, Tab blanks, samnles. lab control standards, duplicates, etc., with resultin
titrant volumes or readosts will be provided along with calculation worksheets. A
cords will be legible and sufficient to recalculate all sample concentrations and 0A
dit results. Report method of titrant standardization.
EPA OC Reference samples. or an other reference sample or initial calidration verification
be i1dentified as to source, lot number, and sample number, Corresponding “true" or
;Iget values and associated 95% confidence 1imits for analysis results will be provided
o- all reference samples used.

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

..,l:e of sampling/shipping contact: Mike Linskens




DATA REQUIREMENTS

Pa-ameter:

Alkalinity

NOTE: -These are minimum
requirements., Report
actual detection limits
used based on allowable
n2thoddlogies.

.

—

akalinity determinations,

Aydits Required

135 blank

135 duplicate

1ab control sample
1 set of EPA QC mineral
reference samples

1

Analysis of alkalinity

Detection Limit

2 mg/1 for low level

20 mg/1 for high level

Frequency of Audits

at least 1 per group of
10 or fewer samples

at least 1 per group of
10 or fewer samples

6/29/87

Precision Desired

(¢+% or Conc.)
+ 2 mg/1 for Conc.
< 20 mg/1 CaC0:

+ 10% for Conc.
> 20 mg/1

QC REQIREMENTS - Do not use designated field blanks for QA audits.
Tne 04 audits below will be done for each group of low-level and high-level

Limits* (% or Conc.)

<10 mg/1 for high-
level samples tested.
<2 mg/1 . for low-
Tevel samples tested.

+10% or + 2 mg/1

1 per sample set

90-110% recovery.

ACTION REQUIRED IF LIMITS ARE EXCEEDED:

Take corrective action and reanlyze samples.

Contact Jay Thakkar (212) 886-1972 or Chuck Elly (312) 353-9087.

!
1d¥se return this request to the Sample Management Office as soon as possible to expedite
rocessing of your request for special analytical servictes. Should you have any questions
rleed any assistance, please call the Sample Management Office.



T0C (H20)
U.S. Environmental Agency
CLP Sample Management Office SAS Number
P.0. Box 818, Alexandria, Virginia 22313
PHONE: (703)/557-2490 or FTS/557-2490

SPECIAL ANALYTICAL SERVICES Approved for Scheduling
Client Request

X Regional Transmittal Telephone Request

A. EPA Region/Client: Region V, Wausau NPL Site

B. RSCC Representative: Dennis Wesolowski

Telephone Number: 312-886-1971

Date of Request:

E. Site Name: Wausau NPL Site

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 for TOC in

waters (surface waters, qroundwaters, drinking waters, leachates, etc.)

samples will be unfiltered.

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):

214 groundwater samples - low level and 8 surface water samples - low level

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

WDNR lead remedial investigation

[jap-750-97]
[jap-750-86]



Revised 6/30/87- Analysis for total organic carbon

:izs .
1 2.

l Estimated date(s) of collection:

Estimated date(s) and method of shipment: Daily by overnight carrier,

II 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):

I EPA Method 415.1 (combustion or oxidation).

Samples will be preserved with 1 ml/1 H2S04 to pH <2. Samples will be stored at 4°C

l until analysis and validation of results.

Special technical instruction (if outside protocol requirements) dilute and rerun samples
with absorbances higher than the highest standard:
Check sample pH with (wide range pH

paper). If pH. 2 contact CPMS, CRL for instructions. The holding time is not to exceed 28
davs from sample collection, Homogenize samples if necessary. Qualify results where

. suspended solids content may affect accuracy. Instruments with syringe injection will
utilize 2 injections per measurement. If the 2 injections differ by more than 10% or
2 mg/1, repeat and report the average of 4 injections. Inorganic carbon will be purged
from solution or, if determined separately, subtracted from total carbon values. Obtain
approval of Cri4S, CRL, prior to use of any other method. The calibration curve must include
at least 5 standards. (One of the standards must be zero concentration).

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

Test procedures and specific instrument used will be clearly
identified. Bench records tabulating order of calibration standards, lab blanks, samples
1ab control standards, spikes, duplicates etc., with resulting output on concentration
readout will be provided along with worksheets used to calculate results, Specify the
organic comoound used to prepare standards and spikes. A photocopy of the instrument read-

lout. 1.e. stripcharts, printer, tapes, etc. must be included. Results are to be reported
in mg/1 C. Records of analysis and calculations must be legible and sufficient to re-
calculate all concentrations.
EPA QC reference samples, or any other reference sample or initial ca11bratigg_¥erificati921
will be Vdentified as to source, lot number, and sample number. Corresponding true  or
target values and assocfated 95% confidence limits for analysis results «ill be provided
tor all reference samples used.

(0. Other (use additional sheets or attach supplementary fnformation, as needed):

\1. Neme of sampling/shipping comtact: Hike Linskens

phone: (608) 273-0440




Revised 6/30/87 Analysis of.total organic carbon.

3.
DALTA REQUIREMINTS .
Parameter: NDetection Limit Precision Desired
~ (#% or Conc,)
T0C - 2 mg/l Difference in duplicate

. results should not

NME: These are minimum exceed + 107 for

requirenents. Repo-~t concentrations >20
' actual detection limits mg/1 or 2 mg/1 for

used dased on specifs ed concentr-ations less

mathodologies. than 20 mg/1.

' '0C PEQUIREMINTS - Do not use designated field blanks for QA audits.

*The mat~ix spike concentrations will be approximately 30% of sample concentra-
tions, but spiked samples shall not exceed the working range of the standard
curve,

Audits Required Frequency of Audits Limits* (% or Conc.)
at least 1 per group of
Matrix Spike* 10 o~ fewer samples 85% - 115¢%
. at least 1 per group of
Lab Duplicate 10 or fewer samples + (10% or 2.0 mg/1)
' at least 1 per group of
Lab Rlank 10 or fewer samples < 2.0 mg/1
l Calibration verification 1 per g-oup of 10 samples 90% - 110%
standard and end of set
' 1 set of EPA demand QC 1 per sample set 85% - 115%
reference samples (conc.
1 and 2)

1o ACTION REQUIRED IF LIMITS ARE EXCEEDED:

Take corrective action and reanalyze samples - Contact Jay Thakkar (312) 886-1972

. or Chuck Elly (312) 353-9087.

lelte return this request to the Sample Management Office as soon as possibple to expedite
ssing of your request for special analytical services. Should you have any questions
r need any assistance, please call the Sample Management Office.



TKN (H20)
U.S. Environmental Agency
CLP Sample Management Office SAS Number
P.0. Box 818, Alexandria, Virginia 22313
PHONE: (703)/557-2490 or FTS/557-2490

SPECIAL ANALYTICAL SERVICES  Approved for Scheduling
Client Request

X Regional Transmittal Telephone Request

A. EPA Region/Client: Region V, Wausau NPL Site

B. RSCC Representative: Dennis Wesolowski

C. Telephone Number: 312-886-1971

D. Date of Request:

E. Site Name: Wausau NPL Site

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 for
TKN in waters (surface waters, groundwaters, drinking waters,leachates, etc.)
Samples will be unfiltered.

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):

214 groundwater samples - low level and 8 surface water samples - low level

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

WDNR lead remedial investigation

[jap-750-97]
[jap-750-87]



6/16/87 Analysis for total Kjeldahl nitrogen in water
-2 -

« Estimated date(s) and method of shipment: DAlly by overnight carrier

I. Estimated date(s) of collection:
5

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

Laboratories shall report results within 30 days after receipt of samples

+ Analytical protocol required (attach copy if other than a protocol currently used in
this program):
1) EPA Method 351.2 (Colorimetric, Block Digestor, AA I1)
2) EPA Mathod 351.3 (Calorimetric, Titrimetric, or Potentiometric ) (NOTE: Fo- Method
351.3 the micro-Kjeldahl technique is not acceptable.) Samples will be preserved in the
field using H2504 (Iml/L) to pH<2, samples will be stored at 4°C until analysis and
validation of results,

8. Special technical instruction (if outside protocol requirements, specify compound

l namas, CAS numbers, detection limits, etc.):

For all Methods: Analyze samples within 28
days after collection. Check the sample pH (wide range pH paper)}. If the pH>2, contact
CPMS, CRL for instructions. Use nicotinic acid for the control standard. Use an organic

II nitrogen compound for the matrix spike. Use on Yy the Methods specified in item 7, Metho
351.3 requires distillation separation, prior to all final ammonia measurements.

ll ior Method 351.3: Use only the Colorimetric method for samples containing less than

mg N/1,

For Colorimetric Methods (351.2 and 351.3): Use at least five calibration standards

1ncluding a zero concentration standard). ODilute and reanalyze samples with concentra-

l tions that exceed the highest calibration standard.

For the Poteatiometric “ethod (351.3): Use at least four calibration standards. 0jlute

and reanalyze samples with concen

For the Titrimetric Metnod

' of indicator blank.

trations that exceed the highest calibration standard.
¢ Standardize the titrant each day. Include records

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

Identify the test procedure and options used. Provide bench
records and all records of calibration, analyses, and calculations for standards. sam les
bianks, any titration indicator blanks, duplicates, spikes, controls, etc. Include ab-
sorbances, peak heights, responses, concentrations, etc. for each measurement. Include

digestion loys showing sample volumes and dilutions for a samples. Identify organic
nitrogen compound used for matrix spikes. Records must be legible and sufficient to
recalculate all concentrations and QA audit results. Provide photocopies of all instru-
ment readouts (i.e. stripcharts, print-outs, etc). Report results as m N/1. ldentif
the compound used for the matrix spike.
EPA QC reference samples, or any other reference sample or initial calibration verifica-
tion, will be identified as to source, lot number, and sample number. Corresponding “tru

or target values and associated 95% confidence limits for analysis results will be provi-
ded for all reference samples used,

Gl E am s

10, Other (use additional sheets or attech cupplementary information, as needed):

t

l' ame of sampling/shipping contact: Mike Linskens
Phone: (608) 273-0440




.:l".— 4
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DATA REQUIREMENTS

lpa:‘ameter: Detection Limit Precision Desired

(+% or Conc.)

. TKN = 0.1 mg N/1 Duplicate sample results
NJTE:  Thése are must agree within 0.1 mg/1
minimun requirements. for concentrations <1 mg/1
eport the actual and within 10% for~ concen-
etection limit used trations > or = to 1 mg/\

based on allowable
rethodologv options.

l)c REQUIREMENTS Do not use designated field blanks for QA audits.

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

’ontrol standards (Nicotinic one per set 70 - 110% recovery
Acid) :

Matrix spike* one per group of 10 or 85 ~ 115% recovery

fewer samples
ab duplicate “ ‘

+ (10% or 0.1 mg N/1)

ab blank " " + 0.1 mg N/1
alibration verification v ~ ' and at
Standard the end of the set 90 - 110%
set of EPA QC nutrient

1reference samples one per set 85 ~ 115%
conc. 3 and 4,

Matrix spike concentration will be greater than 30% of the sample concentration
ut will not exceed the highest calibration standard. Matrix spikes will be
prepared from an organic nitrogen compound.

'QTION REQUIRED IF LIMITS ARE EXCEEDED:

lg:e corrective acticn and reanalyze samples.

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

L

]

sel'eturn this request to the Sample Management Office as soon as possible to expedite
>5Sing of your request for special analytical services. Should you have any gquestions
':e.any assistance, please call the Sample Management Office. :




NO3 + NOp (H20)
U.S. Environmental Agency
CLP Sample Management Office SAS Number
P.0. Box 818, Alexandria, Virginia 22313
PHONE: (703)/557-2490 or FTS/557-2490

SPECIAL ANALYTICAL SERVICES  Approved for Scheduling
Client Request

X Regional Transmittal Telephone Request

A. EPA Region/Client: Region V, Wausau NPL Site

B. RSCC Representative: Dennis Wesolowski

C. Telephone Number: 312-886-1971

D. Date of Request:

E. Site Name: Wausau NPL Site

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 for
NO3_+ NO» in waters (surface waters, groundwaters, drinking waters,

leachates, etc.) Samples will be unfiltered.

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):

214 groundwater samples - low level and 6 surface water samples - low level

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

WDNR lead remedial investigation

[jap-750-97]
[jap-750-85]
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% ) -2~ Revised 6/2Y15/ Aitdey343 Ui wiviaee ¥
3 : Nitrite

l Estimated date(s) of collection:

Estimated date(s) and method of shipment: Daily bu overnight carrier

' 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):

1) EPA Method 353.1 (colorimetric, automated hydrazine reduction).

2) EPA Yethod 353.2 (colorimetric, automated cadmium reduction).

3) EPA Method 353.3 (colorimetric, manual cadmium reduction).

For all methods:
Samples will be stored at 4°C until analysis and validation of results. Samnles will

Il be preserved in the field with sulfuric acid (1 mi/1) to pH<2. Tne analytical working
range shall not exceed 0.1 to 10.0 mg/1 N,

l For Methods 353.2 or 353.3: If more than one reduction column is used separate
calibrations, QA audits, and records are required for each colunn. The column used

must be identified for each analytical result.

Special technical instruction (if outside protocol requirements, specify compound
names, CAS numbers, detection limits, etc.):
Analyze the samples within 28 days after
'collection. Check the sample pH (wide range pd paper 1s acceptable). If the pH>2
contact CPMS, CRL for instructions. Use only the methods specified in item 7. Obtain
acproval of CPMS, CRL before using any other method.
For Methods 353.2 and 353.3: After checking the pH it -is recommended that the laboratory
check for res:dual chlorine (or oxidizing reageats) and sulfide using test strips such as
starch iodide and lead acetate papers. Contact CPMS, CRL if these interferences are
p-esent; however, the lahoratory mJst remove these interferences prids to amalysis.
Tpe laboratory must also minimize interferences due to metals in order to prolong column
Tife. (See Section 7.1.2 of method 353.3) It is suggested that the laboratory may dilute
savples up to ten-fold prior to analysis (Section 7.4 of Method 353.3) provided that the
final analytical working range does not exceed 0.1 to 10.0 mg/1 N.
For all methods: Neutralize samples to pH 5-9 (or to phenolphthalein color end-point)
prior to analysis. Dilute and reanalize the neutralized samples if the concentrations
exceed that of the highest standard. Use at least five calibration standards (including
a zero standard ). Prepare the 1ab blank using 1 ml of H2SJ4/1. Neutralize and analyze

it like a sample.

Analytical resslts cequired (if known, specify format for data sheets, QA/QC reports,
Chain-of-Custody documentation, etc.). If not completed, format of results will be

left to program discretion:
The test procedure used must be clearly identified. Bench

records tabulating the order of calibration standards, 1ab control standards, 123 blanks,
samples, spikes, duplicates, etc., with resulting absorbances or concentration readouts
will De provided. Wo-ksheets used to calculate results will be included. Any sample
ltreatment to remove interferences will be documented. The laboratory shall submit photo-
copies of the instrument readout (strip-charts, printer tapes, etc.) All records o
analysis and calculations must be legible and sufficient to recalculate all concentrations.
Results are to be reported as mg N/1l.
EPA QC reference samples, or any Other reference sample or initia
«i11 be identified as to source, lot number, and sample number,
target values and associated 95% confidence limits for anaiysis Tesults «ill be

| for all reference samples used. !
0. Other (use additional sheets or attach supplementary jinformation, as needed):

1. Kame of <amplinn/chinmina rontact:  Mike Linskens (608) 273-0440

1 calibration verification,
Corresponding “true” or
provided




I. DATA REQUIREMENTS

Parameter:

Nitrate ¢ Nitrite

requirements. Report actual
detection limits used based
on _allowable methodology

options.

l Note: These are minimum

3. ©6/29/87

Detection Limit Precision Desired

{(#% or Conc.)

0.10 mg/1 as N

Duplicate results myst
be within 105 for con-

centrations >Img/1

or within 0.1 mg/1 for
concentrations < 1mg/1

Results will be reported
to the nearest 0.1 mg/1

for conc. less than 1.0
mg/1 and to 2 significant

figures for conc. exceed-
ing 1 mg/l-N.

I. QC REQUIREMENTS - Do not use any designated field blanks for QA audits,

Audits Required

Matrix Spike*

Lad Duplicate

Lab Biank (1m1/T H,303)

Calibration verification

Calioration blank

1 set of EPA Nutrient QC
reference sanples-conc,
1 and 2,0r EPA F/i03

QC sample, WS series
Conc. 1 and 2

Frequency of Audits Limits* (% or Conc.)

1 per group of 10 or 85% - 115%

fewer samples

1 per group of 10 or

+(10% - or 0.1 0 mg/1)
fewer samples

2 per sample set <0.1 mg/1

1 per group 90% - 110%

of 10 or fewer sanples and
at end of run

1 per group of 10 < 0.1 m3/1
samples or less .
1 per sample set 85% - 115%

*Matrix spike concentrations will be 30% or larger, of s§mp1e concentrations,
but spiked samples should not exceed working concentration range of standard

Curve,

' standard

I. ACTION REQUIRED IF LIMITS ARE EXCEEDED:

|' Take corrective action and reanalyze samples. Contact Jay Thakkar (312)7886-1972)

or Chuck Elly (312) 353-9087.

‘Iease 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

i need any assistance, please call the Sample Management Office.



S04 (H20)
U.S. Environmental Agency
CLP Sample Management Office SAS Number
P.0. Box 818, Alexandria, Virginia 22313
PHONE: (703)/557-2490 or FTS/557-2490

SPECIAL ANALYTICAL SERVICES  Approved for Scheduling
Client Request

X Regional Transmittal Telephone Request

A. EPA Region/Client: Reqgion V, Wausau NPL Site

B. RSCC Representative: Dennis Wesolowski

C. Telephone Number: 312-886-1971

D. Date of Request:

E. Site Name: Wausau NPL Site

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 for

sulfate in waters (surface waters, groundwaters, drinking waters,

leachates, etc.) Samples will be unfiltered.

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):

214 groundwater samples - low level and 8 surface water samples - low level

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

WDNR lead remedial investigation

[jap-750-97]
[jap-750-89]



i3 I : S : Revised 6/12/87 Analysis for sulfate in water,

-2 -

ld. Estimated date(s) of collection:

5. Estimated date(s) and method of shipment: Dailv bv overnight carrier

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

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

Anslytical protocol required (attach copy if other than a protoc01'Current1y used in
this program):

1. EPA Method 375.2 (Colorimetric Methylthmol Blue) - 1983 ed.
- Note: This method requires 0.75 mg/1 S04 n Dilution Water(See Reagent Section 6.

2. Method'426c of Standard Methods, 16th ed. (Turbidimetric)

= Note; this last method provides for measurement of sulfate using 2 standard curves
1 for sulfate concentrations between 0 and 10mg/1, and 1 between 10 and 40 mg/1

sulfate.

Samples will be kept at 4°C until validation of results.

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

_ Sample holding time is not to exceed 28
da¥s from date of sample collection. Sulfate standards will be prepared dailx from stock
solution. Samples with absorbances or turbidities greater than that 1n the highest stan-
dard will be diluted and rerun. For Method 426C, 1) the reanalysis solution should conta
between 20 and 40 mg/1 sulfate, and 2) concentrations must be corrected for background
turbidity and color per Section 5d of Method 426C using pH adjusted sample ali uots.

Use only the methods specified. Calibration curves must include at least points
(including a zero concentration standard) for Method 375.2 and Buffer A of Method 426C.

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

The test procedure used must be clearly identified. Results
shall be reported as mg/1 SO4. Bench records tabulating the order of calibration standard

1ab control siandards, lab blanks, samples, spikes etc., with resulting absorbances

Oor concentration readouts, will be provided aiong with copies of worksheets used to cal-
l culate results, Background absorbances used for turbidit corrections must be tabulated

for each sample aliquot tested. A photocopy of the instrument readout (ie. strip charts,
. printer tapes, etc.)

: +) must be included. All records of analysis must be legible and
l sufficient to calculate all concentrations and results.

EPA QC reference sanrles, cr any other reference sample or initial calibration verificatic
target values and associated 95% confidence Vimits for analysis results will be provided
tor all reference samples used. '

N ah = B O BE BN BN GE EE g

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

4

1' Name of sampling/shipping rontact: Mike Linskens

N . s man - -~ -~ o~
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Revised 6/25/87- Analysis for sulfate in water

mg/1 and < 10% for
concentrations > 20
mg/1 in aliquot tested.

II- QC REQUIREMENTS - Do not use designated field blanks for QA audits.

Audits Required Frequency of Audits Limits* (% or Conc.)
' Matrix Spike* 1 per group of 10 or
fewer samples 85-115%

+ (10% or 3 mg/1) for
Method 375.2
+ (10% or 2 mg/1) for

: Method 426C
| oo ™ " <5 mg/T - Wethod 375.2
-2 to +2mg/1-Buffer B of

Method 426C or

' Lab Blank (10 mg/1 S04) " " 8 to 10mg/1 - Buffer A of

Method 426C

l Lad Duplicate

Calibration Verification 1 per group of 10 samples ~30 - 110%
' Standard and at end of sample set
1 Set of EPA QC Fineral once per sample set 85-115% for each

Reference Samples concentration.

l *Matrix spike concentrations will be greater than 30% of sample concentrations,
but spiked samples shall not exceed working range of standard curve.

ACTION REQUIRED IF LIMITS ARE EXCEEDED:

Take corrective action and reanalyze samples,

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

1

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

expedite processing of your request for special anal{tica\ services. Should you
_GVQ Gn_V Quest’ion.( nr noad anv ACCr et anrn ~Yasern ~2aYY Gba M~ Y e -

-3-
I. DATA REQUIREMENTS
Parameter: Detection Limit Precision Desired
(*% or Conc.)
Sulfate 3 mg/1 Method 375.2:
Differences in duplicate
= sample results are to
. be < 3 mg/1 for con-
Centrations < 50 mg/1,
and < 10% for concentration
> 50 mg/1. 4
Note: These are min- Method 426 C:
ImuT requirements, Report Differences in dupli-
the actual detection limits cate sample results
used based on allowable are to be < 2 mg/1 for
methodology options. concentrations < 20




' free of all fine matenal, dry'i'

cvilBhe coarse matenal. after

:m[-is mass as the mass of g s
d¥&, on the No. 4 (4.75-mm) ¢ E

the mass retained on the No. 4 g

np!or Particle-Size Analysis

oullly mix together the frac
No. 10 (2.00-mm) sieve in both g :
m‘nd by the method of quans

fa

npl€ for Soil Constants

rate the rc_maihing portion of the
g No. 10 (2.00-mm) sieve ix

mpler, select a portion weighs
cly l.S g for sandy soils and apprg
2 for silt and clay soil for particle<§

IS

Standard Method for

siandard 18 issued
ol adoption or. in
wpencnpt epsilon (¢

qg‘b Designation: D 422 - 63 (Reapproved 1972)"

under the fiaed designation D 422: the number immediately foliowing the desy
the case of revision. the year of lasi revision. A number in parentheses indicates the vear of last reapproval.

) indicates an editorial change since the last revision of reapproval.

PARTICLE-SIZE ANALYSIS OF SOILS'

gnauon indicates the year of

fo g —Section 2

3 was sdded editorially and subsequent sections renumbered in July 1984.

'y, Scope
1.1 This method covers the quantitative de-

1ecmination of the distribution of particle sizes

'\;-mm. ns of 2 No. 40 (425-um) sies- soils. The distnbution of particle sizes larger
. ion retained on the No. 40 sieqFypan 75 pm (rewained on the No. 200 sieve) is
' passing the No. 40 sieve for tff gqcrmined by sieving. while the distribution of
o the soil constants. §

validiry of any patent rights asserted in connea
! determination of the validity of anysd

ity.

miliec an_d must be reviewed cvery five vears
v for_revision of this standard or for additidy.
r;‘ careful consideration a1 a meeting f W vwied: (1) a high-speed mechanical stirrer, and (2) air

ave not received a fair hearing you

]

ilaMihhia. PA 19103.

“panticle sizes smaller than 75 pm is determined
't a sedimentation process, using a hydrometer
10 secure the necessary data (Notes 1 and 2).

Note | —Separation may be made on the No. 4
¥(4.75-mm), No. 40 (425-um), or No. 200 (75-um) sieve
wmsiead of the No. 10. For whatever sieve used, the size
sl be indicated in the report.
NoTe 2—Two types of dispersion devices are pro-

espersion. Extensive investigations indicate that air-
dspersion devices produce a morc positive dispersion
of plastic soils below the 20-um size and appreciably
kss degradation on all sizes when used with sandy soils.
Beause of the definite advantages favoring air disper-
won. its use is recoramended. The results from the two
npes of devices differ in magnitude, depending upon
sl 1ype. leading 10 marked differences in particle size

1 ¢auibution, especially for sizes finer than 20 pm.

2. Applicable Documents

2.1 ASTM Standards:

D41 Practice for Dry Preparation of Soi!
ﬁ Samples for Particle-Size Analysis and De-

termination of Soil Constants®

E 1} Specification for Wire-Cloth Sieves for
Testing Purposes’

E 100 Specification for ASTM Hydrometers*

3. Apparatus

3.1 Balances—A balance sensitive 10 001 g
for weighing the matenal 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

118

the material retained on 2 No. 10 sieve.

3.2 Suirring Apparaius—Either apparatus A
or B may be used.

3.2.1 Apparatus A shall consist of a mechan-
ically operated stiming device in which a suitably
mounted cleciric motor turns a vertical shaft at
a speed of not less than 10 000 rpm without load.
The shaft shall be equipped with a replaceable
stiming paddle made of mezal, plastic. or hard
rubber, as shown in Fig. 1. The shaft shall be of
such length that the stimng 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 10
cither of the designs shown in Fig. 2 shall be
provided to hold the sample while it is being
dispersed.

3.2.2 Apparatus B shall consist of an air-jet
dispersion cup® (Note 3) conforming to the gen-
eral details shown in Fig. 3 (Notes 4 and 5).

Note 3—The amount of air required by an air-jet
dispersion cup is of the order of 2 fi*/min; some small
ai'r compressors are not capable of supplving sufficient
air 10 operale a cup.

NoTE 4—Another  air-type dispersion  device,

known as a dispersion tube. developed by Chu and
Davidson at lowa State College. has been shown 1o give

' This method is under the jurisdiction of ASTM Committee
D-18 on Soil and Rock and is the direct responsibility of
Subcommittee D16.03 on Texture. Plasticity. and Density Char-
acienistics of Soils.

Current edition approved Nov. 21, 1963. Originally pub-
lished 1935. Replaces D422 - 62

2 gnnual Book of ASTM Standards. Vol 04.08.

3 Annual Baok of ASTM Siandards. Vol 14.02.

* 4nnual Book of ASTM Standards. Vol 1401,

3 Detaited working drawings for this cup ar available at 2
nominal cost from the American Socicty for Testng and Ma-
terials. 1916 Race St Philadclphia. PA 19103, QOrder Adjunct
No. 12-404220-00.
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NH3 (H20)
U.S. Environmental Agency
CLP Sample Management Office SAS Number
P.0. Box 818, Alexandria, Virginia 22313
PHONE: (703)/557-2490 or FTS/557-2490

SPECIAL ANALYTICAL SERVICES Approved for Scheduling
Client Request

X Regional Transmittal Telephone Request

A. EPA Region/Client: Region V, Wausau NPL Site

B. RSCC Representative: Dennis Wesolowski

C. Telephone Number: 312-886-1971

D. Date of Request:

E. Site Name: Wausau NPL Site

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 for NH3 in
waters (surface waters, qroundwaters, drinking waters, leachates, etc.)
Samples will be unfiltered. Results will be reported as mg/L N.

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):

214 groundwater samples - low level and 6 surface water samples - low level

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

WONR lead remedial investigation

[jap-750-97]
[jap-750-84]



’ N 2

ld. Estimated date(s) of collection:

5. Estimated date(s) and method of shipment: Daily by overnight carrier

l6. Number of days analysis and data required after laboratory receipt of samples:
Laboratory should report results within 30 days of receipt of samples.

'7. Analytical protocol required (attach copy 1f other than a protocol cur-r"eﬁwt’ly used in
this program):

I)QE"PA Method 350.1 (Automated Phenate), or

2) EPA Method 350.3 (Potentiometric, Ion Selective Electrode).

Samples will be Stored at 4° C until analysis and validation of results. Sample

aliguots will be preserved in the field with sulfuric acid (1 m1/1 to pH < 2).

The working concentration range of Method 350.1 Auto Analyzer should be 0.1 to 10 mgN

N43-N or lesser concentration,

3. Special technical instruction (if outside protocol requirements, specify compound
names, CAS numbers, detection limits, etc.):
. Check sample pH (wide range pH paper). If pH >2
contact Jay Thakkar, CPMS, CRL for instructions. Dilute and rerun samples with peak
_heights or concentrations higher than the highest standard. The holding time is not to
. exceed 28 days from sample collection, AIl solutions should be made with amonia-free water,
For Method 350.3 calibrate the electrometer with standards in order of increasing concen-
tration of ammonia, The pH of the solution after the addition of NADH must be above 11,
Use only the method(s) specified above. Standard curve for Method 350.1 must include at
l least 5 standards (one of which 1s zero concentration). Standard curve for Method 350.3
must include at least 4 standards between 0.1 and 10.0 mg/1 NH3-N. AN standards, blanks,
‘ dilution water, and diluted samples must be acidified with 1 ml/1 H2S04.

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

The test procedure used will be clearly identified. Bench
records tabulating the order of calibration standards, lab bYanks, samples, lab control
standards, spikes, duplicate, etc. with resulting peak heights, millivolts, or concentration

l readouts, will be provided along with copies of worksheets used to calculate ammonia re-
Sults. If Method 350.3 is used, the standard curve should be provided. A photocopy of the
1nstrument readout 3.e. strip charts, printer tapes, etc. must be included. AT records

l analyses and calculation must be legible and sufficient to recalculate all concentrations.
Results are to be in mg/-N per liter, )
EPA QC reference samples, or any other reference - sample or initial calibration verification,

'will be identified as to source, 1ot number, and sample number. Corresponding “true" or

target values and associated 95% confidence limits for analysis results will be provided
tor all reference samples used.

1:-.0l Other (use additional sheets or attach supplementary information, as needed):

ﬁl'Name of sampling/shipping contact: Mike Linskens '

Phone: (608) 273-0440




DATA REQUIREMENTS

Parameter:

Ammonia

NOTE: These are minimum
requirements. Report
actual detection limits
used based on specified

methodologies.

GENZRAL STATEMENT
I. QC REQUIREMENTS

a) For Method 350.1

' Audits Recuired

Matrix Spike*

Lad Duplicate

Lab Blank

Calibration verification

1 set of EPA QC Nutrient
reference samples. Conc.
182

b) For Method 350.3

Lab Duplicate

Lab Blank

Calibration verification
standard
1 set of EPA QC Nutrient

reference samples. Conc.
18&2

-3-

Detection Limit

0.1 mg/1-N

Frequency of Audits

at least 1 per group of
10 or fewer samples

June'30.

1987

Precision Desired

(#% or Conc.)

Duplicate results myst

agree to within 10%
for concentrations

> Img/1 or to within
0.1mg/1 for concen-

trations <] mg/l
Results will be re-

ported to the near-
est 0.05 mg/1 and to

2 significant figures
for concentrations

exceeding 1/mg/1I-N.

— Do not use designated field blanks for QA Audits.

Limits* (% or Conc.)

85% - 115%

at least 1 per group of
10 or fewer samples

at least 1 per group of

+ 10% or 0.1 mg/l

10 or fewer samples <0.1 mg/1
1 per group of 10 samples 90% - 110%
1 per sample set 85% - 115%

at least 1 per group of
10 or fewer samples

at least 1 per group of
10 or fewer samples

1 per 10 samples and
end of set

1 per sample set

10% or 0.1 mg/1}

< 0.1 mg/3
90% - 110%
85% - 115%

Matrix spike concentrations will be greater than 30% of sample concentrations, but spiked
Ples should not exceed working concentration range of standard curve.

“11.  ACTION REQUIRED IF LIMITS ARE EXCEEDED:

Take corrective action and reanalyze samples - Contact Jay Thakkar '(312) 886-1972)
or Chuck Elly (312) 353-9087.

’1lase return this request to the Sample Management Office as soon as possible to expedite

- any questions
nraceccinn af vaur rennect far cnactal analvtical services. Should you have any q




C1 (H20)
U.S. Environmental Agency
CLP Sample Management Office SAS Number
P.0. Box 818, Alexandria, Virginia 22313
PHONE: (703)/557-2490 or FTS/557-2490

SPECIAL ANALYTICAL SERVICES Approved for Scheduling
Client Request

X Regional Transmittal Telephone Request

A. EPA Region/Client: Region V, Wausau NPL Site

B. RSCC Representative: Dennis Wesolowski

C. Telephone Number: 312-886-1971

D. Date of Request:

E. Site Name: Wausau NPL Site

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 for
chloride in waters (surface waters, groundwaters, drinking waters,

leachates, etc.) Samples will be unfiltered.

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):

214 groundwater samples - low level and 8 surface water samples - low level

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

WDNR lead remedial investigation

[jap-750-97]
[jap-750-88]



' Analysis of Chloride 6/25/87

timated date(s) of collection:

mated date(s) and method of shipment: Daily bu overnight carrier

moe~ of days analysis and data required after laboratory receipt of samples:

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

‘i program):

||'yticaf protocol required (attach copy if other than a protocol currently used in
1. EPA Method 325.2 (Colorimetric, Automated Ferricyanide, AA I1), 1983 ed.

TE: A Region V CRL Auto-Analyzer manifold (0-20 mg/1) is attached for modification of
Method 325.2 and to correct errors in Method 325.2.
or :

2. _ASTM D 512C-81 (Colorimetric, Manual Ferricyanide).

Jm_ples will be kept at 4°C until analysis and validatior of results.

leia] technical instruction (if outside protocol requirements, specify compound
ames, CAS numbers, detection limits, etc.): Prepare all standards , reagents, blanks, etc.

ly from stock solutions. Use working concentration range or standard curve between

_!h ASTM Type 11 reagent water or equivalent, calibration standards will be prepared

)l
-¢) mg/1 o~ Tess, Calibration curves must contain at least 5 points (including a zero

centration standard). Dilute and reanalyze any samples with concentrations greater
%highest standard. Remove any large amounts of turbidity prior to sample analysis
ee Section 7.1 of Method 325.2).

“Use only the specified methods. Wo others are allowed.

+

hagytical results required (if known, specify format for data sheets, QA/QC reports,

bygn-of-Custody documentation, etc.). If not completed, format of results will be
eft to program discretion.

Bench records tabulating the order of calibration standards,

ification and control standards, samples, blanks, matrix spikes, etc. with resulting

k height, concentration, or absorbance read-outs will be provided with copies of
vorksheets used to calculate results. A photocopy of instrument readouts, i.e.

SllﬁPCha?ts, printer tages, efc., must be included with all results. AIl records of
agplysis and calculations must be legible and sufficient to recalculate all sample

concentrations and QA Audit results.

Eiﬁ QC reference savples, or any other reference sample or initial calibration verifica-
" will be identified as to source, lot number, and sample number. Corresponding
“Clue® or target values and associated 95% confidence limits for analysis results will
be provided for all reference samples used.

h® (use additional sheets or attach supplementary information, as ‘needed):

me of Sampling/shipping contact: Mike Linskens '

' Phone: (608) 273-0440

-



NATA REQUIREMENTS

l 3.

Parameter: Detection Limit

' chlor&ide
These are

NUTE:

.minimum requirements,
Report actual detection
1imit used based on

l allowadle methodology

options,
-.OC REOUIREMENTS Do not use any designated field blanks for

0.5 mg/1

Audits Required Frequency of Audits .

atrix spike* 1 per group of 10 or

cloride 6/25/87

Precision Desired
(+X or Conc.)

Differences in duplicate
sample results are to

be < or = to 0.5 m3/1 for
concentrations < 5 mg/1 ang

< or = to 10% for
concentrations exceeding

5 mg/1.,

Report chloride concentrations
to the nearest 0.1 mg/)
between 0 and 20 mg/1.

QA Audits.

Limits* (% or Conc.)

85 -~ 115% Recovery

fewer samples
Lab duplicate . .

+ or -(10% or 0.5 mg/1)

lib blank " " < 0.5 mg/
alibration verification '
standard “ "

90 - 110% Recovery

set of EPA QC Mineral
Reference samples - 2

1 per sample set

85 - 115¢% Recovery

concentration levels,

I,

atrix spike concentrations .will be greater than 30% of sample concentration, but

' spiked sample shall not exceed working range of standard curve,

ACTION REQUIRED IFf LIMITS ARE EXCEEDEN:

Take corrective action and reanalyze samples.

.O_fgact Jay Thakkar (312) 886-1972 or Chuck E1ly (312) 353-9087.

e!&tum this regquest to the Sample Management 0¢fice 8$ soon
5103 of your request for special analvtical caruica-

84S possibdle to expec_lite

Chn..Vd com.,

Y
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Calcium + Magnesium, Iron
Sodium, Potassium

U. S. Environmental Protection Agency SAS Number

HWI Sample Management Office
P.0. Box 818, Alexandria, Virginia 22313

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

SPECIAL ANALYTICAL SERVICES
Regional Request

X Regional Transmittal Telephone Request

A. EPA Region and Site Name: Region V - Wausau NPL Site

B. Regional Representative: Dennis Weslowski

C. Telephone Number: ( )

D. Date of Request:

Please provide below a description of your request for Special Analytical
Services under the Uncontrolled Hazardous Waste Dumpsite 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: Calcium and

magnesium iron, sodium and potassium of groundwater samples is to be

determined.

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):

Analysis is to be performed on 214 groundwater samples




Calcium + Magnesium, Iron
-2- Sodium, Potassium

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

WONR - lead remedial investigation

4. Estimated date(s) of collection:

5. Estimated date(s) and method of shipment: delivered daily by

Federal Express.

6. Approximate number of days results required after lab receipt of
samples: Laboratory should report results within 30 days after receipt of samples.

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

Calcium (dissolved) EPA Method 215.1

Magnesium (disso]Ved) EPA Method 242.1

Iron (dissolved) EPA Method 2361

Sodium (dissolved) EPA Method 273.1

Potassium (dissolved) EPA Method: 258.1

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

Samples will be preserved with 5 mi/1 1:1 HNO;. Groundwater samples will

be filtered (in-field) through a .45 micron filter prior to analysis.

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

Copies of aall bench records for lab duplicates, matrix spikes, blanks,

continuing calibration standards, calibration verification standard, and

saamples with resulting concentrations will be provided with copies of any

worksheets used to calculate results.




Calcium + Magnesium,; Iron
-3- Sodium, Potassium

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

Name of sampling/shipping contact: Brian Hegge

Phone: (608) 273-0440

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.



I. DATA REQUIREMENTS

Parameter

Calcium

Magnesium

Iron

Sodium

Potassium

Detection Limit

0.01 mg/1

0.001 mg/1

0.03 mg/1

0.002 mg/1

0.01 mg/1

II. QUALITY CONTROL REQUIREMENTS

Audits Required

Lab blank

Lab duplicate

Matrix spike*
Continuing calibration

standard
Calibration verification

STD (EPA QC reference
sample)

Frequency of Audits

Z fTor sets <10
1 per 10 for sets > 10

Z tor sets < 10
1 per 10 for sets > 10

¢ tor sets < 10
1 per 10 for sets > 10

I per 10 samples and
end of set

1 per set

Calcium + Magnesium, Iron

Sodium, Potassium

Precision Desired
(+% or Conc.)

10% or 0.01 mg/1 for
conc. < 1.0

10%Z or 0.001 mg/i for
conc. < .10

107 or 0.01 mg/1 for
conc. < 1.0

T0% or 0.01 mg/T for
conc. < 1.0

10% or 0.01 mg/1 for
conc. < 1.0

Limits*

(+% or Conc.)

< detection limit

10% or detection limit

85 - 115% recovery

85 - 115% recovery

85 - 115% recovery

* Matrix spike concentrations will be greater than 30% of sample concentration
but spiked sample shall not exceed the working range of the standard curve.

III. *Action Required if Limits are Exceeded:

Reanalyze. Contact Chuck Elly (312) 353-9087.

[jam-26-2]



U. S. Environmental Protection Agency SAS Number
HWI Sample Management Office

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

SPECIAL ANALYTICAL SERVICES
Regional Request

X Regional Transmittal Telephone Request

A. EPA Region and Site Name: Region V Wausau NPL Site

B. Regional Representative: Dennis Wesslowski

C. Telephone Number: ( )

D. Date of Request:

Please provide below a description of your request for Special Analytical
Services under the Uncontrolled Hazardous Waste Dumpsite 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 aescription of analytical service requested: Analysis for

volatiles by GC/MS in surface water and groundwater with low sensitivity

limits.

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):

Analysis will be performed on 6 surface water samples and 214 groundwater

samples to be considered low concentration.




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

MDNR lead remedial investigation

4, Estimated date(s) of collection:

5. Estimated date(s) and method of shipment: delivered daily by

Federal Express.

6. Approximate number of days results required after lab receipt of
samples: Laboratory will report results within 15 days of receipt of samples.
7 days for analysis

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

Organic analysis IFB WA85-J664

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

1. Exceptions to Organic IFB - Attachment 1

2. Required low sensitivity limits - Table 7.

3. Requirements for determining sensitivity limits: easily recognizablie
spectra for all compounds using 1.5 ug/1 for VOA's.

4. 1Initial calibrations: %RSD for RFs should be <40 for each VUA before
beginning analysis.

5. Continuing calibration: run daily calibration standard before running
analysis. %D should be <25 for all compounds in VOAs. If some are
greater than 25%, they should be reinjected. If still out, rerun 3 point
curve.

6. 1If dilution of samples is required, results for both original and diluted
sample should be reported.

9. Analytical results required (if known, specify format for data sheets,
QA/QC 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

sensitivity determinations. The lab will notify the Region prior to diluting
any sample. If Regional approval is given to dilute, all the data will be
submitted; data dilution will be reported on separate OADS forms.

G G G O G BE E D B O T A BN E G BN O e =
o
.




-3-

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

Name of sampling/shipping contact: Brian Hegge

Phone: (608) 273-0440

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.



Precision Desired
(+% or Conc.)
See Attachment 1

-4-
I. DATA REQUIREMENTS
Parameter Detection Limit
As listed (Table D-1) As listed (Table D-1)
I1. QUALITY CONTROL REQUIREMENTS
Audits Required Frequency of Audits
Organics as in IFB As in IFB

III. *Action Required if Limits are Exceeded:

Limits*
(+% or Conc.)

Attachment 1

Reanalyze. Contact Chuck Elly (312) 353-9087 or Dennis Wesslowsk.

[jam-26-1]



TABLE D-1
(A11 Units are Micrograms/Liter)

METHOD DETECTION LIMIT

PARAMETER CAS ¢# IN REAGENT WATER
Benzene 71-43-2 1.5
Bromodichloromethane - 75-27-4 1.5
Bromoform 75-25-2 1.5
Bromomethane 74-83-9 10
Carbon Tetrachloride 56-23-5 1.5
Chlorobenzene 108-90-7 1.5
Chloroethane 75-00-3 1.5
2-Chloroethyl Vinyl Ether 110-75-8 1.5
Chloroform 67-66-3 1.5
Chloromethane 74-87-3 10
Dibromochloromethane A 124-48-1 1.5
1,1-Dichloroethane 75-34-3 1.5
1,2-Dichloroethane 107-06-2 1.5
1,1-Dichloroethene 75-35-4 1.5
trans,1,2-Dichloroethene 156-60-5 1.5
1,2-Dichloropropane . 78-87-5 1.5
cis-1,3-Dichloropropropene 10061-01-5 2
trans-1,3-Dichloropropene 10061-02-6 1
Ethyl Benzene 100-41-4 1.5
Methylene Chloride (*) 75-09-2 1
1,1,2,2-Tetrachloroethane 79-34-5 1.5
Tetrachloroethene 127-18-4 1.5
Toluene (*) 108-88-3 1.5
1,1,1-Trichloroethane 71-55-6 1.5
1,1,2-Trichloroethane 79-00-5 1.5
Trichloroethene 79-01-6 1.5
Vinyl Chloride 75-01-4 10
Acrylein 107-02-8 100
Acetone (*) 67-64-1 10
Acrylonitrile 107-13-1 50
Carbon Disulfide 75-15-0 3
2-Butanone 78-93-3 10
Vinyl Acetate 108-05-4 10
4-Methyl-2-Pentancne 108-10-1 (3)
2-Hexanone 519-78-6 10
Styrene 100-42-5 1
m-Xylene 108-38-3 2
o-Xylene** 95-47-6

p-Xylene** 106-42-3 2.5

*Common Laboratory Solvent - Blank Limit is 5x Method Detection Limit
**The o-Xylene and p-Xylene are reported as a total of the two

[cmj-400-54a]



ATTACHMENT 1

VOA - Increase sample volume up to 20 ml to meet quantitation limits.

Initial Calibration: 5 ug/L, 10 ug/L, 20 ug/L for all compounds except
acrolein and acrylonitrile, which should be run at:.200 ug/L, 300 ug/L,
500 ug/L. .-

Continuing Calibration: 10 ug/L except all those Compounds that have a
detection limit greater than 3.0 ug/L which are to be run at 20 ug/L.
Acrolein and acrylonitrile should be run at 300 ug/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 20.05.

NOTE: The IFB limits 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 listed are the concentrations
in the liter of the sample.

KDF/cmj/KDF

[cmj-400-54]



Total Organic Carbon

U. S. Environmental Protection Agency SAS Number
HWI Sample Management Office

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

SPECIAL ANALYTICAL SERVICES
Regional Request

X  Regional Transmittal Telephone Request

A. EPA Region and Site Name: Region V - Wausau NPL Site

B. Regional Representative: Dennis Wesolowski

C. Telephone Number: (312) 886-1971

D. Date of Request:

Please provide below a description of your request for Special Analytical
Services under the Uncontrolled Hazardous Waste Dumpsite 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. '

v

1. General description of analytical service requested: Determination of

total organic carbon in soil samples.

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):

15 soil (concentrations unknown)




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

Superfund Remedial

4, Estimated date(s) of collection:

5. Estimated date(s) and method of shipment:

6. Approximate number of days results required after lab receipt of
samples: Laboratory should report results within 30 days after receipt of samples.

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

Procedures will follow those described in:

Methods of Soil Analysis, Part 2, Second Edition

American Society of Agronomy, 1982 (See Attached)

Analysis wil be performed by wet combustion (Section 29-2.3) after pretreatment

for inorganic carbon removal (Section 29-3.3.2).

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

Procedures are to be followed as described. Expected carbonate content

ranges from 5 to >50% by weight.

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

Report all raw laboratory data and calculations. Report mass of soil tested

on a dry weight basis and the volume and normality of soil used to neutralize

carbonates. Report method of determining CO» generated by wet combustion and

mass or titrant volumes as normality as appropriate.




-3-

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

See attached methods description

Name of sampling/shipping contact: Brian Hegge

Phone: (608) 273-0440

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.



Precision Desired

(+% or Conc.)

10% or *- 0.05%

Limits*
(+% or Conc.)

10% RPD

-4-
I. DATA REQUIREMENTS
Parameter Detection Limit
Total Organic Carbon 0.05% (w/w)
IT. QUALITY CONTROL REQUIREMENTS
Audits Required Frequency of Audits
Laboratory Blank 2 per sample set
Laboratory Duplicate 1 per 10 and least 2

10% RPD

III. *Action Required if Limits are Exceeded:

Reanalyze. Contact Chuck El1ly (312) 353-9087.

[jam-26-5]



AGRONOMY
A Series of Monographs

The American Socicty of Agronomy (ASA) and Academic Press published the first six

books in this series. Subsequent books were published by ASA alone, but in 1978 the associ-
ated socicties, ASA, Crop Scicnce Society of America (CSSA), and Soil Science Society of
America (SSSA), published Agronomy 19. The books numbered ! to 6 on the list below are

av

ailable from Academic Press, Inc., 111 Fifth Avenue, New York, NY 10003; those num-

bered 7 1o 22 arc available from ASA, 677 S. Scgoe Road, Madison, W1 53711.

1
2
3.
4

w

9.

20.

21.

22

General Editor Monographs 1 to 6, A.G. NORMAN

. C. EDMUND MARSHALL: The Colloid Chemical of the Silicate Minerals, 1949
. BYRONT. SHAW, Editor: Soil Physical Conditions and Plant Growth, 1952
K. D. JACOB: Fertilizer Technology and Resources in the United States, 1953

. W.H.PIERRE and A. G. NORMAN, Editors: Soil and Fertilizer Phosphate in Crop
Nutrition, 1953

GEORGE F. SPRAGUE, Editor: Corn and Corn Improvement, 1955
_ J. LEVITT: The Hardiness of Plants, 1956

. JAMES N. LUTHIN, Editor: Drainagc of Agricultural Lands, 1957
General Editor, D. E. Gregg
. FRANKLIN A. COFFMAN, Editor: Oats and Oat Improvement
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gravimetry, an automated CO, analyzer (LECO no. 761-100) based on
thermal conductivity measurements of the effluent gases is applicable to soil
analysis (Tabatabai & Bremner, 1970). This system allows a single operatc?r
to analyze total C in 15 to 20 samples/hour. Alternatively, a titrimetric
method was developed to allow estimation of both total C and “C in soil
samples amended with '*C compounds (Cheng & Farrow, 1976). A bypass
valve and a 125-ml gas washing bottle (e.g., Corning 31760) are used in
place of the CO, absorption bulb of Fig. 29-1. All CO, released by com-
bustion is trapped in 50 ml of 0.5N NaOH followed by removal of 1 aliquot
for liquid scintillation counting to quantify '*CO; and a second aliquot for
titration with standard HCI to determine total C. The total C data obtained
were comparable with a wet combustion procedure.

29-2.2.5 OTHER INSTRUMENTAL METHODS

The following section describes three additional commercial instru-
ments for determining total C in soils. They were chosen to illustrate the
principles involved in instrumenting total C analysis. The inclusioq of the
following three instruments does not imply that they are superior or inferior
to others currently being marketed. As with all instruments, various evalu-
ation procedures should be used to determine if the instrument selected is
compatible with the types of samples requiring analysis.

29-2.2.5.1 Perkin-Eimer 240. The Perkin-Elmer 240 (Perkin-Elmer
Corp., Instrument Division, Norwalk, Conn.) simultaneously measures C,
H, and N using the principles employed in the traditional Pregl and Dumas
procedures. A sample contained in a Pt boat is oxidized with O, at ~1,000°C
for 2 min in a combustion tube in the absence of carrier gas (He) flow. After
combustion, He flow is initiated and the CO,, H,O, and N, gases produced
by combustion are passed over CuO to convert CO to CO, and-Ag mesh
(silver vanadate on Ag wool) to remove S and halogen gases. The gases
then flow into a tube maintained at 650°C and packed with Cu granules
between end plugs of Ag wool, where quantitative reduction of N oxides to
N, occurs. The gases are brought to constant pressure and volume in a gas
mixing chamber and then allowed to expand into the analyzer portion of the
instrument. The analyzer consists of three thermal conductivity (TC) de-
lectors connected in series and scparated by two traps. The sequence of TC
detectors and traps enabling quantification of H, C, and N is as follows:

1) TC detector 1 (output equals total gas composition).

2) Magnesium perchlorate trap to remove H.,O. .

3) TC detector 2 (decrease in output from detector 1 is proportional to

H content).
4) Soda asbestos plus Mg(ClO.). trap to remove CO;.. _
5) TC detector 3 (decrease in output from detector 2 is proportional to
C content).
6) The remaining gascs in the sample are N,.

All operations within the instrument are automatic.
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29-2.2.5.2 Dohrman DC-50. The Dohrman DC-50 (Dohrman, Santa
Clara, Calif.) is designed to analyze liquid samples, although an alternative
sample injection boat system allows analysis of suspensions (i.e., finely
ground soil suspended in water or another suitable dispersant). The system
involves injecting a 30-ul sample into a sample boat containing CoO, fol-
lowed by vaporization of H,O at 90°C and combustion of organic and in-
organic C at 850°C. Purified He is used as the carrier gas to sweep the CO,
formed through a column (350°C) containing alumina coated with Ni where
H, is introduced to reduce the CO, to CH.. After removal of H,O by a
CaSO, column, the CH, is determined by a flame ionization detector. The
peak area is integrated automatically, and the results (milligrams of C per
liter) are displayed on a digital read-out. The instrument has a linear
. response range of approximately 1 to 2,000 mg of C/liter. The instrument
was designed for injection of liquid samples and thus should be more amen-
able to total C analysis of soil extracts than intact soils, Ultrapure He, air,
and H, must be employed with the instrument. Various aspects of this
instrument have been described by Takahashi et al. (1972).

29-2.2.5.3 Coleman Model 33. Coleman Model 33 (Coleman Instru-
ments Division, Perkin-Elmer Corp., Oak Brook, Ill.) is an automated ver-
sion of the medium temperature resistance furnace method described in
section 29-2.2.3 and determines both C and H. Compressed O, is purified -
by Mg(ClO.), and COSORB traps before entry into a combustion tube. A
sample placed in the combustion tube is heated to ~1,000°C by a resistance
furnace, and the gases formed are passed over CuO, platinized asbestos,
silver vanadate, and Ag gauze. Scrubbers are used to remove interfering
gases (e.g., N). Two traps in series containing COSORB and Mg(ClO.), re-
tain CO, and H,0, respectively. Both C and H traps are removed from the
instrument and weighed manually.

29-2.3 Total Carbon by Wet Combustion

29-2.3.1 INTRODUCTION

The wet combustion analysis of soils by chromic acid digestion has
long been a standard method for determining total C, giving results in good
agreement with dry combustion. The main advantages for wet combustion
are that the cost of apparatus is but a small fraction of the cost for dry com-
bustion equipment and that the parts needed to assemble the apparatus are
standard equipment in most laboratories. The chief disadvantage of the
earlier wet combustion procedures (e.g., Heck, 1929) is that they use macro
equipment, which is tedious to assemble and disassemble, and which
occupies considerable bench space more or less permanently. Wet com-
bustion is also used when the special manometric Van Slyke-Neil apparatus
(Van Slyke & Folch, 1940; Bremner, 1949) is employed to estimate total C in
soils.

The wet combustion method of Allison (1960), described here, em-

~bodies important refinements from published procedures, such as a simple
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and effective digestion acid mixture (Clark & Ogg, 1942), a simple purifica-
tion and absorption train assembled on a small panel (McCready and
Hassid, 1942), and a more rapid procedure than formerly used (Heck, 1929;
Jackson, 1958, p. 211). The significant features of this apparatus (Fig.
29-2) are as follows: (i) it can be assembled from simple parts and requires
no ground-glass connections, (ii) its small internal volume precludes the
necessity for preaeration under most laboratory conditions, (iii) it requires
only a short period of aeration following digestion, and (iv) the entire as-
sembly (F-K) occupies only a small area. This method is satisfactory for
salt-affected soils high in Cl- and also for the dry residues of soil extracts
rich in organic matter. A rapid treatment to remove carbonates described in
section 29-3.3.2 permits determination of organic C on the residue of a pre-
treated calcareous soil. The following description of wet combustion
methodology was presented by Allison et al. (1965).

29-2.3.2 PRINCIPLES

The soil sample is digested in a 60:40 mixture of H,SO. and H,PO.
containing K,Cr,0,. The boiling temperature of this mixture, 210°C, is high
enough to ensure complete oxidation of carbonaceous matter, yet low
cnough to prevent excessive fuming in the condenser. The CO, evolved is
absorbed by a suitable absorbent and weighed, although it may be absorbed
in a standard base and titrated.

A combination of fuming H,SO., H,PO., HIO, (added as KIO,), and
CrO, has been used for determining C in organic compounds (Van Slyke &
Folch, 1940) and in soil (McCready & Hassid, 1942). The reputed ad-
vantages of this oxidation mixture are that it vigorously attacks and dehy-
drates resistant forms of C, thereby reducing boiling time for complete oxi-
dation, and that it facilitates conversion of CO to CO,. Carbon monoxide is
often produced when readily oxidizable carbohydrates are present in the
sample. Extensive comparisons of the Van Slyke-Folch and the 60:40
H,SO.-H,PO. oxidizing mixtures on many soils indicate that the two mix-
tures are equally effective in converting total soil C to CO,. The more rapid
digestion with the Van Slyke-Folch mixture, resulting in a saving of 3 or 4
min per determination, is not sufficient advantage to offset the difficulties
of preparing and maintaining a digestion acid that contains fuming H,SO..
Morcover, it was found that the necd for HIO, in the digestion mixture does
not exist, which indicates that soil organic matter contains little or no active
carbohydrate capable of producing CO during digestion (Allison, 1960).

Salt-affected soils frequently contain sufficent Cl- to give errors by wet
combustion analysis whether the CO, is determined titrimetrically (Clark &
Ogg, 1942) or gravimetrically (Allison, 1960). When soil high in CI is
heated in a digestion mixture containing Cr,0,*, chromyl chloride
(CrO,Cl,) is formed by the following reaction before boiling begins:

6H,S0. + K,Cr,0, + 4KCl = 2CrO,Cl, + 6KHSO. + 3H,0.  [4]

The reddish CrO,Cl, decomposes at about 190°C, releasing free Cl,, with a
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For logend, seq soen g9 3ratus e determination of C by the Allison (1960) method.
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Fig. 29-3. Diagram of apparatus used to determine C by the Allison (1960) meth.od. Trap I or
11 is used for determination of CO, evolved by gravimetric or titrimetric techniques, respec-
tively. (Diagram is not drawn to scale.)

the system, Cl- up to 5% of the sample weight does not interfere, provided
proper precautions are observed during the early stages of sample digestion.
Use of the Ag,SO, trap in conjunction with the KI trap serves to indicate
when the latter is exhausted. For soils containing trace or low amounts of
CI-, the carrier stream may flow directly into the Ag,SO, trap.

29-2.3.3 METHOD

29-2.3.3.1 Special Apparatus. The traditional apparatus is shown in
Fig. 29-2, and a modified version is presented in Fig. 29-3. Assemble the
apparatus in Fig. 29-2 from the following parts: (A) Hoke needle valve: (B)
25-cm high soda-lime tower; (C) 100-ml Kjeldah! flasks to fit a no. 2
stopper; (D) Allihn four-bulb condenser, fitted with a no. 2 stopper at the
delivery end; (E) 60-ml open-top separatory funnel; (F-H) 25 by 90 mm
shell vials with no. 4 stoppers; (I and J) 15-cm long CaCl, U-tube; and (K)
Nesbitt absorption bulb. Use neoprene stoppers and gum rubber tubing for
all connections. Coat all rubber tube connections lightly with silicone
lubricant.

Items C through E can be replaced with ground-gtass joint glassware if
desired (Fig. 29-3). All joints are standard-taper 24/40. The following parts
arc needed: (C) 100-ml round-bottom flask (Corning 4320); (C-1) distilling
adapter tube (Corning 9421), which contains inlet tube for bubbling CO,-
free air into digestion acid mixture;.(D) Allihn condenser, ~300-mm jacket
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length (Corning 2480); (E-1) distilling tube with suction side arm (Corning
9420) (side arm is connected to purifying traps); (E) graduated separatory
funnel (Corning 6382 A). A heating mantle and rheostat are used to heat the
100-ml digestion flask.

Provide a CO,-free carrier stream by releasing air from an air pressure
line through valve A and passing it through soda-lime tower B. Connect B
in a glass tube 4 mm o.d. that extends downward through condenser D and
dips about 1 cm below the surface of the oxidizing acid in digestion flask C.
Shorten the stem of funnel E to a length of about 9 ¢cm, and reduce the tip
opening of the stem to a diameter of about 2 mm. Adjust the position of the
funnel E to extend into D at least 5 cm below the stopper to avoid contact
between oxidizing acid and stopper. Lubricate stopcock E with the digestion

- acid mixture or with syrupy H,PO.. Regular stopcock lubricant should not

be used on stopcocks.

Assemble the purifying traps, F to J, inclusive, on a panel 19 ¢cm high
by 36 cm long, with attached base as shown in Fig. 29-2. Fit the vials of
traps F, G, and H with no. 4 stoppers that have approximately 6 cm of the
bottom cut off to provide a tight seal with the vials. Reduce the tip openings
of the inflow tubes in F and G, but do not make them smaller than I mm in
diam, or sealing may occur. Fill traps F and G approximately two-thirds full
with 50% KI solution and saturated Ag,SO., respectively. Adjust the inflow
tubes so that they extend into the solutions not more than 3.8 cm for trap F
and 1.3 cm for trap G; otherwise back pressure may develop and cause leaks
in the system.

Fill trap H not more than one-third full with concentrated H,SO.. Pre-
pare the inflow tube for H from the barrel of a 5-ml pipette with the tip ex-
tending not more than 1.3 cm into the acid (note that trap H connects
directly to trap I). Place a fiberglass disc in the bottom of the U-tube; and
fill the right side, trap I, with 30-mesh granular Zn for absorbing any acid
fumes that escape past H. Fill the left side, trap J, with anhydrous
Mg(Cl0.),, which absorbs water from the carrier stream containing evolved
CO, before it enters K. .

Fill the Nesbitt absorption bulb K with any good, self-indicating ab-
sorbent having a high capacity for absorbing CO,. Indicarb and Mikhobite
are excellent for this purpose. When filled as shown in Fig. 29-2, the bulb
contains successively a 3-cm layer of 8- to 14-mesh absorbent, a 2-cm layer
of 14- to 20-mesh absorbent, and a 1-cm overlayer of anhydrous Mg(ClO.),,
with a wad of glass wool above and below the column.

29-2.3.3.2 Reagents.

1. Digestion acid mixture: Pour 600 ml of conc sulfuric acid (H,SO,) into
400 ml of 85% phosphoric acid (H,PO.), cool the mixture, and store it
in a glass-stoppered bottle. Keep the bottle well stoppered to prevent ab-

_sorption of water vapor.
. Potassium dichromate (K,Cr,0,), reagent grade.

. Potassium iodide (KI) solution, 50%: Dissolve 100 g of KI in 100 ml of
water,

w N
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4. Silver sulfate (Ag,SO.) solution, saturated.

5. Carbon dioxide (CQ,) absorbent, self-indicating, 7- to 14- and 14- to 20-
mesh size: Suitable materials are Mikhobite (G. Frederick Smith Chemi-
cal Co., Columbus, Ohio), Caroxite or Indicarb (Fisher Scientific, Pitts-
burgh, Pa.), or Ascarite (Arthur H. Thomas Co., Philadelphia).

6. Soda lime, 8- to 14-mesh size.

. Granular Zn, <30-mesh size.

8. Anhydrous magnesium perchlorate [Mg(ClO.):] (Anhydrone,
Dehydrite, or equivalent).

~

29-2.3.3.3 Procedure. Place a finely ground soil sample containing
20 to 40 mg of C (usually 0.5 to 3 g of oven-dry soil) into digestion flask C,
and add about 1 g of K,Cr,0,. Wash down the neck of the flask with 3 ml of
distilled water, and connect the flask to condenser D. Weigh the Nesbitt
bulb (sections 29-2.2.3.4 and 29-2.3.3.4), attach it to the system, and im-
mediately open the valve at the top of the bulb. Pour 25 ml of the digestion
acid mixture into funnel E above the condenser, and cover the funnel with a
small beaker. Open stopcock E, allow the acid to flow through D into flask
C, and close the stopcock immediately to prevent loss of CO,. Adjust the air
delivery tube that passes through D into C so that its tip extends not more
than 1 cm into the acid during digestion.

At this point, turn on the cooling water. Adjust the carrier stream to a
flow rate of about 2 bubbles/sec, and maintain this rate during digestion.
Apply a flame § to 6 cm high, and bring the sample to boiling in 3 or 4 min.
If CI" is high, heat the mixture slowly at first, and bring it to boiling in
about 5 min. Continue gentle boiling, avoiding excessive frothing, for a
total heating period of 10 min. Reduce the rate of heating if visible white
fumes of SO, occur above the second bulb of D during digestion.

Remove the flame at the end of the digestion period, and aerate the
system for 10 min at the rate of 6 to 8 bubbles/sec. When aeration is com-
pleted, shut off the air stream, and disconnect the digestion flask from the
condenser. Close the stopcock on the Nesbitt bulb, and disconnect it from
the system. Brush the bulb with a camel’s hair brush to remove any lint and
dust, and weigh it immediately. Make a blank determination, using the
identical procedure, but without sample. Add four to five glass beads to the
blank to prevent bumping. The calculation is as follows:

(g CO, (sample)] — [g CO, (blank)}
g water-free soil

Total C, % = x 0.2727 x 100. [6]

29-2.3.3.4 Comments. Soil samples should be ground to pass
through a sieve with openings 0.5 mm or smaller in diam. This is necessary
to reduce errors due to the presence of occasional fragments of carbonate
minerals in a predominantly noncalcareous matrix.

A single analysis, involving all operation from weighing the sample to
calculation of results, requires 25 min. By using two sets of apparatus, one
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may analyze two samples concurrently, thereby reducing the overall time re-
quired to 15 min per determination, provided the digestion phase of one
sample coincides with the aeration phase of the other.

Because CO, absorption bulbs change weight on standing overnight or
for longer periods, it is necessary to bring the bulb to constant weight by the
following procedure before beginning C or blank determinations. Without
being weighed, the bulb should be connected to the system, all reagents (but
no soil) should be added to the digestion flask, and the apparatus should be
operated as directed for sample determinations. After aeration, the bulb
should be detached and weighed, and this weight should be used as the
initial (constant) weight of the bulb. See section 29-2.2.3.4 for additional
comments on care and use of CO, absorption bulbs.

Blank determinations have ranged from 0.8 to 1.2 mg of CO,, for
which an average value of 1.0 mg has been used. If blanks are found to be
high, preaeration may be necessary. The system may be preaerated by
placing the digestion flask (containing all materials except the digestion
acid) in position for digestion, disconnecting the rubber tube between D and
F, opening valve A, and directing a stream of CO,-free air (about 10
bubbles/sec) into C and through D for 2 min (spattering of the contents in C
must be avoided). The air flow is then readjusted to about 2 bubbles/sec, D
is connected to F, and the analysis is performed as directed.

The H,SO, in trap H should be renewed at the beginning of each day’s
operation or more often if frothing occurs. The KI solution in trap F has a
high capacity for absorbing Cl-, and the need for its renewal is indicated by
the first trace of an AgCl precipitate in trap G.

The Nesbitt absorption bulb, when filled as described, weighs about
125 g and will absorb about 10 g of CO,, equivalent to about 100 determina-
tions averaging 100 mg of CO, each.

When the apparatus is idle overnight or for longer periods and the
Nesbitt bulb is detached, the tube connecting J and K should be clamped off
to prevent entrance of water vapor into the desiccant in trap J.

A titrimetric procedure for CO, determination is readily adaptable to
the above procedure (Fig. 29-3). Replace the Nesbitt bulb with a 250-m!
sidearm Erlenmeyer (filtering flask) fitted with a no. 6 1/2 stopper con-
taining a 22 cm by 14 mm diam glass tube. This bubble tower should extend
to within 0.5 cm of the flask bottom and should be filled with glass beads.
Through the glass tube, 25 ml of 1IN KOH should be added, and the soil
sample should be oxidized as described previously. Tropolene O can be
added to the KOH to ensure that sufficient alkalinity remains after trapping
the CO, evolved. After oxidation, the KOH is washed from the bubble
tower with distilled water, treated with § ml of saturated BaCl, and several
drops of phenolphthalein, and titrated with standard HCI. The data are cal-
culated from

ml (blank) — ml (sample)
g soil

Total C, % = X Nyc X 0.6. (7]
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29-3.2 Organic Carbon as Calculated from Total Carbon Determinations

Methods previously described for total C are basic for many of the pro-
cedures used to determine organic C in soils. However, soils may contain
both organic and inorganic C, and thus total C analysis procedures recover
both forms of C. In noncalcareous soils and soils not recently limed, the
total C can be considered to be organic C. With calcareous or recently limed
soils, organic C may be estimated as the difference between total C and in-
organic C concentrations.

29-3.2.1 ORGANIC CARBON IN NONCALCAREOUS SOILS

Prepare soil samples, and conduct a total C determination by dry or
wet combustion using titrimetric, gravimetric, volumetric, infrared, or
thermal conductivity techniques to quantitate evolved CO, as described in
section 29-2. Report the total C determined as percent organic C in the sam-
ple (i.e., total C = organic C).

29-3.2.2 ORGANIC CARBON IN CALCAREOUS SOILS

Prepare soil samples, and conduct a total C determination on the
sample by dry or wet combustion techniques as described in section 29-2.
Determine inorganic C on a separate sample by one of the quantitative
methods described in section 11-2. Calculate the percent organic C in the
sample from the relationship

% organic C = % total C — % inorganic C. (8]

29-3.3 Wetand Dry Combustion Techniques for Organic.
Carbon in Calcareous Soils

In contrast to noncalcareous soils, inorganic C must be removed from
calcareous or recently limed soils before the analysis if wet or dry combus-
tion techniques are used to directly measure the organic C present.

Inorganic C is conveniently removed before wet combustion by
pretreating the sample contained in a digestion flask with a mixture of dilute
H,SO. and FeSO.. The FeSO. is added to the mixture to minimize oxida-
tion and decarboxylation of organic matter by added H,SO. or by MnO,
present in soil (Allison, 1960). After pretreatment, the digestion flask con-
taining soil is transferred to the combustion train, and a total C determina-
tion is carried out as described in section 29-2.3.

Inorganic C removal is generally more difficult before determination
of organic C by dry combustion techniques. Treatment of soil at room
temperature with H,SO, followed by heating to remove excess H,SO; is
normally used to decompose inorganic C compounds (Piper, 1942;
Bremner, 1949); however, several difficulties are apparent with the proce-

dure. Little destruction of organic matter occurs during room temperature
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treatment of samples with H,SO,, but some decarboxylation is possible as
the sample is heated (Bremner, 1949). It is difficult to decide when all inor-
ganic C has been removed and when H,SO, treatment should be discon-
tinued. It is doubtful that dolomite is completely decomposed by the rela-
tively mild H,SO, treatment employed (Allison, 1965). Nommik (1971) sug-
gested that inorganic C may be effectively removed from soil samples by
treatment with a metaphosphoric acid solution for 30 min at room tempera-
ture and 30 min at 130°C. However, Nommik’s procedure has not been
evaluated with a variety of soils. '

29-3.3.1 TEST FOR PRESENCE OF INORGANIC CARBON

Place finely ground soil on a spot plate, and moisten with a few drops
of water. Add 4N HCI dropwise to the wetted sample, and observe any ef-
fervescence. Allow sufficient time for dolomite to react (~5 min). If inor-
ganic C is absent from the soil, proceed with organic C (total C) analysis as
per section 29-2. If inorganic C is present or the test is not definitive, pro-
ceed as described below.

29-3.3.2 PRETREATMENT PRIOR TO WET COMBUSTION

29-3.3.2.1 Special Apparatus. See the special apparatus listed in sec-
tion 29-2.3.3.1.

29-3.3.2.2 Reagents.

1. Digestion reagent for carbonates (H,SO.-FeSQ.): Dissolve 57 ml of conc
sulfuric acid (H,SO.) and 92 g of ferrous sulfate heptahydrate (FeSO.-
7H,0) in 600 ml of deionized water, cool, and dilute to 1 liter.

2. Potassium dichromate (K,Cr,0,), reagent grade, pulverized.

3. Other reagents as described in section 29-2.3.3.2,

29-3.3.2.3 Procedure. Prepare soil samples as described in section
29-2.3.3.3. Transfer a sample of known water content and containing 20 to
40 mg of C (but not more than 2 g of soil) to a 100-ml Kjeldahl digestion
flask. Using 3 ml of the H,SO,-FeSO, digestion acid, wash down any soil
that adheres to the neck of the flask. Place the flask in a rack or beaker, and
allow the sample to digest at room temperature with occasional turning of
the flask for at least 20 min or until effervescence appears to cease. Then
hold the flask upright over a flame 1 cm high, and boil the contents slowly
for 1.5 min to destroy any remaining carbonate. Rotate the flask continu -
ously during boiling to avoid excessive frothing. Allow the sample to cool.

Insert a long-stemmed funnel into the flask, and add 2 g of pulverized
K.Cr,0,. Immediately connect the flask to the reflux condenser (Fig. 29-2),
and proceed with the determination of organic C as directed in section 29-
2.3.3.3 beginning with the third sentence.

Report the C present in the pretreated sample as percent organic C.

29-3.3.2.4 Comments. The 3 ml of 2N H,SO.-5% FeSO., used in this
procedure replaces the 3 ml of distilled water used in the total C procedure
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described in section 29~2.3.3.3. Three milliliters of this reagent adds 6 meq
H*, which will neutralize 0.3 g of CaCO, (i.e., 15% CaCO, in a 2-g soil sam-
ple). An appreciable excess of acidity must be present to ensure complete
decomposition of carbonates. Rather than using >3 mi of the 2NV reagent
for soils containing more than ~ 10% CaCO, equivalent, it is preferable to
use 3 ml of a3 or even a 4N H,SO.-5% FeSO, reagent.

29-3.3.3 PRETREATMENT PRIOR TO DRY COMBUSTION

29-3.3.3.1 Special Apparatus. Seé the special apparatus listed in sec-
tions 29-2.2.3.1 and 29-2.2.4.1.

29-3.3.3.2 Reagents.

1. Sulfurous acid (H,SO,), approximately 5%: Bubble SO, through dis-
tilled water until a saturated solution is obtained. Keep the bottle well
stoppered to prevent rapid loss of SO,.

2. Sodium hydroxide (NaOH), pellets.

29-3.3.3.3 Procedure. Transfer a soil sample that passes through a
100- or 140-mesh sieve (section 29-2.2.3.4) and of known water content to a
nonporous combustion boat that has been previously ignited and cooled.
Treat the sample with an excess of a 5% H,SO, solution. After several
hours, remove the water and excess H,SO, by leaving the boat overnight in
an cvacuated desiccator containing NaOH pellets. Repeat the treatment
until CO, evolution ceases on addition of H,SO,.

Proceed with the determination of organic C by one of the dry com-
bustion methods (section 29-2.2.3 or 29-2.2.4). Report the C present in the
pretreated samples as percent organic C.

29-3.4 Organic Carbon in Soil Extracts

29-3.4.1 SPECIAL APPARATUS

See the special apparatus listed in section 29-2.3.3.1.

29-3.4.2 REAGENTS

Sce the reagents listed in section 29-2.3.3.2.

29-3.4.3 PROCEDURE

Place an aliquot of the extract (10 to 50 ml, depending on the organic C
content) in a 100-ml Kjeldahl digestion flask, and add 1 ml of the H,SO.-
FeSO. reagent. Immerse the bulb of the flask in boiling water, and direct a
stream of dry, dust-free air onto the surface of the liquid in the flask. Re-
duce the volume of solution in the flask to 3 ml or less. Add five or six glass
beads and 1 g of K,Cr,0, to the flask, and proceed with the determination
of organic C as directed in section 29-2.3.3.3.
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29-3.4.4 COMMENTS

Drying of extracts is best accomplished in 100-ml flasks of the Kjeldahl
type. A 2-liter beaker conveniently holds four flasks.

29-3.5 Rapid Dichromate Oxidation Techniques

29-3.5.1 INTRODUCTION AND PRINCIPLES

Schollenberber (1927) first proposed that the organic matter in soil may
be oxidized by treatment with a hot mixture of K,Cr,0, and H,SO. accord-
ing to Eq. [9]. '

2Cr,0,* +3C°+ 16 H* =4 Cr* + 3CO, + 8 H,0. (9]

After the reaction, the excess Cr,O,*" is titrated with Fe(NH.),(SO.),+«6H,0,
and the Cr,0,* reduced during the reaction with soil is assumed to be
equivalent to the organic C present in the sample. It must be emphasized
that all methods based on analysis of Cr,0,* remaining or Cr* formed as-
sume that C in soil organic matter has an average valence of zero. Although
most dichromate oxidation procedures described since the original Schol-
lenberger method have involved chromic acid solutions or mixtures of con-
centrated H,SO, and aqueous K,Cr,0; solutions (Table 29-3), the use of
other oxidants has been proposed. Degtijareff (1930) suggested that a mix-
ture of H,O, and chromic acid be used to oxidize organic matter. However,
Walkley and Black (1934) conclusively established that the addition of H,O,
to chromic acid procedures gave fictitiously high values for organic C be-
cause H,0, reduces Cr,0,* in acid solution. Tinsley (1950) and Kalembasa
and Jenkinson (1973) proposed that the chromic acid mixture used to oxi-
dize organic C compounds be 9 and 4.5N, respectively, with respect to
H,PO.. There is no evidence, however, to suggest that oxidation mixtures

Table 29-3. Digestion reagents used in various rapid dichromate methods
for organic C determinations.

Digestion reagent concentration

Method K,Cr,0,t H,S0, H,PO,
N
Schollenberger (1927) 0.35 36 -
Tyurin (1931) 0.40 18 -
Walkley & Black (1934) 0.33 25 -
Anne (1945} 0.16 22 -
Tinsley (1950) 0.40 15 9
Mebius (1960) 0.267 20 -
Kalembasa & Jenkinson (1973) 0.20 18 5
Nelson & Sommers (1975) 0.40 21.6 -
Modified Mebius (described here) 0.20 21.6 -

t Based on Cr,0,* + 14H* = 2Cr** + TH,0 + 6e- half reaction.
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HWI Sample Management Office
P.0. Box 818, Alexandria, Virginia 22313
PHONE: (703) 557-2490 or FTS-557-2490
SPECIAL ANALYTICAL SERVICES
Regional Request
X Regional Transmittal Telephone Request

A. EPA Region and Site Name: Region V - Wausau NPL Site

B. Regional Representative: Dennis Wesslowski

C. Telephone Number: ( )

D. Date of Request:

Please provide below a description of your request for Special Analytical
Services under the Uncontrolled Hazardous Waste Dumpsite 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: Determination of

grain size in soil samples.

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):

30 soils - concentrations unknown
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3. Purpose of analysis (specify whether Superfund (Remedial or Enforce-
ment), RCRA, NPDES, etc.):

Superfund Remedial

4, Estimated date(s) of collection:

5. Estimated date(s) and method of shipment: Shipped as a group by overnight

carrier

6. Approximate number of days results required after lab receipt of
samples: Laboratory should report results within 30 days after receipt of samples.

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

Particle Size Analysis of Soils, ASTM Method D422

8. Special technical instructions (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.

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

Submit all raw data including container tare weights, hydrometer readings

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

liquid temperatures. Provide reportables as described in sections 17 and 18

of Method D422.
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10. Other (use additional sheets or attach supplementary information,
as needed):

Name of sampling/shipping contact: Brian Hegge

Phone: (608) 273-0440

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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I. DATA REQUIREMENTS
. Parameter Detection Limit
Percentage Finer Than 2%
IT. QUALITY CONTROL REQUIREMENTS
Audits Required Frequency of Audits

2 for sets < 10

Lab Duplicate 1 per 10 for sets >10

Limits*

(+% or Conc.)

10%

III. *Action Required if Limits are Exceeded:

Reanalyze. Contact Chuck El1ly (312) 353-9087.

[jam-26-4]
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results equivalent to those secured by the air-jet disper-
sion cups. When it is used, soaking of the sample can
be done in the sedimentation cylinder. thus climinating
the need for transferring the slurry. When the air-
dispersion tube is used, it shall be so indicated in the
report.

NOTE 5—Water may condensc in air lines when not
in use. This water must be removed. either by using a
water trap oa the air line, or by blowing the water out
of the line before using any of the air for dispersion
purposes.

3.3 Hydrometer—An ASTM hydrometer,
graduated to read in ecither specific gravity of the
suspeasion or grams per litre of suspension, and
conforming to the requirements for hydrometers
I51H or 152H in Specifications E 100. Dimen-
sions of both hydrometers are the same, the scale
being the only item of difference.

3.4 Sedimentation 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
bottom on the inside.

3.5 Thermometer—A thermometer accurate
o I°F (0.5°C).

3.6 Sieves—A series of sieves, of square-mesh
woven-wire cloth, conforming to 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 (850-um)
1%-in. (37.5-mm) No. 40 (425-um)
1-in. (25.0-mm) No. 60 (250-um)
Ye-in. (19.0-mm) No. 140 (106-um)
%-ia. (9.5-mm) No. 200 (75-am)
No. 4 (4.75-mm) ’

NOTE 6—A set 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 sieves:

3-in. (75-mm) No. 16 (1.18-mm)
1'A-ia. (37.5-mm) No. 30 (600-am)
Y%-in. (19.0-mm) No. 50 (300-um)
¥-in. (9.5-mm) No. 100 (150-um)
No. 4 (4.75-mm) No. 200 (75-um)
No. 8(2.36-mm)

3.7 Water Bath or Constant- Temperature
Room—A water bath or constant-temperature
room for maintaining the soil suspension at a
constant 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 temperature at
or near 68°F (20°C). Such a device is illustrated
in Fig 4. In cases where the work is performed
inaroomatan automatically controlled constant
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temperature, the water bath is not necessary,
3.8 Beaker—A beaker of 250-mL capacity,
3.9 Timing Device—A watch or clock with,

second hand.

4. Dispersing Agent

4.1 A solution of sodium hexametaphosphy,
(sometimes called sodium metaphosphate) shy
be used in distilled or demineralized waler, at the
rate of 40 g of sodium hexametaphosphate/ig,
of solution (Note 7).

Note 7—Solutions of this salt, if acidic, slowty p,
vert or hydrolyze back to the orthophosphate form wig
a resultant decrease in dispersive action. Solutioy
should be prepared frequently (at feast once 2 month
or adjusted to pH of 8 or 9 by means of sodiys
carbonate. Botues containing solutions should have te
date of preparation marked on them.

4.2 All water used shall be either distilled o
demineralized water. The water for a hydromete
test shall be brought to the temperature that
expected to prevail during the hydrometer teg
For example, if the sedimentation cylinder isw
be placed in the water bath, the distilied or &
mineralized water to bé used shall be brought v
the temperature of the controlied water bath; o
if the sedimentation cylinder is used in a rooz
with controlled temperature, the water for i
test shall be at the temperature of the room. Th,
basic temperature for the hydrometer test is 687
(20°C). Small variations of temperature do na
introduce differences that are of practical signd
icance and do not prevent the use of correction
derived as prescribed.

5. Test Sample

5.1 Prepare the test sample for mechanid
analysis as outlined in Practice D 421. Duriy
the preparation procedure the sample is divide!
into two portions. One portion contains ok
particles retained on the No. 10 (2.00-mm) sicw
while the other portion contains only particde
passing the No. 10 sieve. The mass of airdr#
sail selected for purpose of tests, as prescribed @
Practice D 421, shall be sufficient to yield quar ¥ -
tities for mechanical analysis as follows:

5.1.1 The size of the portion retained on &
No. 10 sieve shall depend on the maximum s
of particle, according to the following schedule

Nominal Diameter of
Largest Particles,
in. (nm)

%(9.3)
¥ (19.0)

e,
&t

d
3

v - Nomuinal Dameter

¢, of Largest Particles, Appr

) in. (mm) M
(25.4)

5.1.2 The size of the portion £
10 sicve shall be approximately |
solls and approximately 65 g fo
soils.

52 Provision is made in Sectio
D421 for weighing of the airdry s
purpose of tests, the separation of
No. 10 sieve by dry-sieving and wa
weighing of the washed and drie
ained on the No. 10 sieve, Fr¢
masses the percentages retained ar
No. 10 sicve can be calculated |
with [2.].

2 NoTE 8—A check on the mass value
oughness of pulverization of the clods ;
by weighing the portion passing the N¢
adding this value to the mass of the wa
dned portion retained on the No. 10 sie

/

SIEVE ANALYSIS OF PORTION
S5 ON NO. 10 (200-mm) SIE

t

€ Procedure .

5.].&:pamtc the portion retainec
102.00-mm) sieve into a series of fr.
E}in. (75-mm), 2-in. (50-mm), 1
am), l-in, (25.0-mm), ¥-in. (19.0
03-mm), No. 4 (4.75-mm), and N
&3 many as may be needed deper

Raple, or upon the specifications f;
El under test.

£62 Conduct the sicving operatio
3 lateral and vertical motion o
dxompanied by a jarring action in o1

;4

Lr

_Zxsample moving continuously over
ok sieve. In no case turn or manj

Psl;ls in tlfc sample through the sie
r_—__a__l_!_:gnuc sieving until not more thar

residue on a sieve passes that s
in of sieving. When mechanical
test the thoroughness of sievin
nd method of sieving as describ
> Determine the mass of each frz

@.M.Poﬂfonning to the requireme

.. ¢nd of weighing. the sum of ;

- Alned on 4 the sieves used she
]

Y the original mass of the quanti
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.Er is used in a rooz
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is as follows:
rtion retained on &
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the following scheduk
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Approximate Mioim‘.
Mass of Poction. §

4

. Nominat Diameter

of Lasgest Particles. Approaimate Mimmum

Mass of Portion. 8

.'-5: in. {(mm)
- (254 2000
v (38.1) 3000
2 (50.8) 4000
3 (76.0) 5000
5.1.2 The size of the portion passing the No.

10 sieve shall be approximately 115 g for sandy
soils and approximately 65 g for silt and clay
ols e
52 Provision is made in Section 5 of Practice
p42i for weighing of the air-dry soil selected for
of tests, the separation of the soil on the
No. 10 sieve by dry-sieving and washing. and the
weighing of the washed and dried [raction re-
nined 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.

‘_Nm 8—A check on the mass values and the thor-
oaghoess of pulverization of the clods may be secured
by weighing the paction passing the No. 10 sieve and
sdding this value to the mass of the washed and oven-
died portion retained on the No. 10 sicve.

SIEVE ANALYSIS OF PORTION RETAINED
\:A ON NO. 10 {(2.00-mm) SIEVE
=i
ﬂ‘Procedure
%.6.1. Separate the portion retained on the No.
10(2.00-mm) sieve into a series of fractions using
!b}: 3in. (75-mm), 2-in. (50-mm), 1%-in. (37.5-
@m), l-in. (25.0-mm), Ye-in. (19.0-mm), %-in.
(95-mm), No. 4 (4.75-mm), and No. 10 sieves,
of s many as may be needed depending on the
ample, or upon the specifications for the mate-
‘n}l,under test.
=62 Conduct the sieving operation by means
of 2 lateral and vertical motion of the sieve,
accompanied by a jarring action in order to keep
!_’_!ngmplc moving continuously over the surface
g!}!}c_sicvc. In no case turn or manipulate frag-
ments in the sample through the sieve by hand.
Lontinue sieving until not more than 1 mass %
d_u‘_c residue on a sieve passes that sieve during
._—!;_,mll}_of sieving. When mechanical sieving is
.;,;z;d- test the thoroughness of sieving by using
"¢ hand method of sieving as described above.
:6.3 Determine the mass of cach fraction on 2
nce conforming to the requirements of 3.1.
Lthe end of weighing, the sum of the masscs
E‘ ed on all the sieves used should cqual
ly the original mass of the quantity sieved.

b oae22

HYDROMETER AND SIEVE ANALYSIS OF
PORTION PASSING THE NO. 10 (2.00-mm)
SIEVE

9. Determination of Composite Correction for

Hydrometer Reading

7.1 Equations for percentages ol 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 soil hydrometers arc calibrated 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 vanation from
the standard temperature inCreases.

7.1.2 Hydrometers arc graduated by the man-
ufacturer to be read at the bottom of the menis-
cus formed by the liquid on the stem. Since it is
not possible to secure readings of soil suspensions
at the bottom of the meaiscus, readings must be
taken at the top and 2 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
differences for the range of expected test temper-
atures may be prepared and used as needed.
Measurement of the composite cofrections may
be made at two temperatures spanning the range
of expected test temperatures, and corrections for
the intermediate temperatures calculated assum-
ing a straight-line relationship between the two
observed values.

7.3 Prepare 1000 mL of liquid composed of
distilied 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, after a short interval
to permit the hydrometer to come to the temper-
ature of the liquid, read the hvdrometer at the
top of the meniscus formed on the stem. For
hydrometer | STH 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 for the hy-
drometer test, weigh out an auxiliary portion of
from 10 to 15 g in a small metal or glass con-
tainer, dry the sample to a constant mass in an
oven at 230 £ 9°F (110 £ 5°C), and weigh again.
Record the masses.

9. Dispersion of Soil Sample

9.1 When the soil is mostly of the clay and silt
sizes, weigh out a sample of air-dry 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 sodium hexameta-
phosphate solution (40 g/L). Stir until the soil is
thoroughly wetted. Allow to soak for at least 16
h.

9.3 At the end of the soaking period, disperse
the sample further, using either stirring apparatus
A or B. If stirring apparatus A is used, transfer
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
distilled or demineralized water (Note 9). Add
distilled or demineralized water, if necessary, so
that the cup is more than half full. Str for a
period of | min.

NOTE 9—A large size syringe is a convenient device
for handling the water in the washing operation. Other

devices include the wash-water bottle and a hose with
nozzle connected 1o a pressurized distitled water tank.

9.4 f stiming apparatus B (Fig. 3) is used.
remove the cover cap and connect the cup to a
compressed air supply by means of a rubber hose.
A air gage must be on the line between the cup
and the control valve. Open the control valve so
that the gage indicates | psi (7 kPa) pressure
(Note 10). Transfer the soil - water slurry from
the beaker to the air-jet dispersion cup by wash-
ing with distilled or demineralized water. Add
distilled or demineralized water, if necessary, so
that the total volume in the cup is 250 mL, but
no more.

NOTe 10—The initial air pressure of | psi is required
to prevent the soil - water mixture from cntering the

air-jet chamber when the mixture is transferred to the
dispersion cup.
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9.5 Place the cover cap on the cup and Ope
the ais control valve until the gage pressure 9.3
psi (140 kPa). Disperse the soil according to e
following schedule:

Dispersion Penod,

Plasticity Index min
Under § S
61020 10
Over 20 s

Soils containing large percentages of mica ge
be dispersed for only | min. After the dispersios
period, reduce the gage pressure to 1 psi prepa.
atory to transfer of soil - water slurry 1o the s
imentation cylinder.

10. Hydrometer Test

10.1 Immediately after dispersion, transfer i | . .
soil - water slurry to the glass sedimentation o} | IL Sieve Analysis  Values for

inder, and add distilled or demineralized watz
until the total volume is 1000 mL.

10.2 Using the palm of the hand over the ope:
end of the cylinder (or a rubber stopper in tk
open end), tum the cylinder upside down
back for a period of 1 min t0 complete tx
agitation of the slurry (Note 11). At the end of!
min set the cylinder in a convenient location ant
take hydrometer readings at the following inter
vals of time (measured from the beginning d
sedimentation), or as many as may be needed
depending on the sample or the specification &
the matenal under test: 2, §, 15, 30, 60, 250, a!
1440 min. If the controlled water bath is used
the sedimentation cylinder should be placed t
the bath between the 2- and 5-min readings.

NOTE | |—The number of tums during this miaex
should be approximately 60, counting the turn upst
down and back as two turns. Any soil remaining in™
bottom of the cylinder during the first few turns shoek

be loosened by vigorous shaking of the cylinder w&¥
it is in the inverted position.

10.3 When it is desired to take a hydromets
reading, carefully insert the hydrometer about ¥
10 25 s before the reading is due to approximateh
the depth it will have when the reading is take®
As soon as the reading is taken, carefully remo|
the hydrometer and place it with a spinnl_ﬂ
motion in a graduate of clean distilled or dem? §
eralized water. .

Note 12—Itisimportant to remove the hydrome®
immediately after each reading. Readings shall be 139

at the top of the meniscus formed by the suspens”
around the stem, since it is not possible to

readings at the bottom of the meniscus.

;110.4 After each reading. take the
of the suspension by inserting the
iato the suspension.

ll’ Sieve Analysis

" 11.1 After taking the final hvdr
ing, transfer the suspension to a No.
geve and wash with tap water ur
water is clear. Transfer the matena
200 sieve to a suitable container, dr
#2230 £ 9°F (110 + 5°C) and n
analysis of the portion retained. us
seves as desired, or required for the

' opon the specification of the maten:

CALCULATIONS AND REP

" Coarser than the No. 10 (2.00-r

“12.1 Calculate the percentage pas
10 sieve by dividing the mass passin
seve by the mass of soil originally
Ya. 10 sieve, and multiplying the rc
'l'o obtain the mass passing the N
mbuact the mass retained on the }
iom the original mass.

§122 To secure the total mass of
B¢ No. 4 (4.75-mm) sieve. add to
tbe material passing the No. 10 sieve
e fraction passing the No. 4 sieve :
o the No. 10 sieve. To secure the
22 passing the %-in. (9.5-mm) sieve
Yol mass of soil passing the No. -
1ass of the fraction passing the %-ii
xuined on the No. 4 sieve. For the
%ves, continue the calculations it
®mnner,

@123 To determine the total perc
xg for each sieve, divide the total n
B 12.2) by the total mass of samp
tD*yt.hc result by 100.

ll HYgroscoplc Moisture Correctio
= 13.1' The hydroscopic moisture cor

h.._.“ the ratio between the mass o

\‘.."Pd Samplc and the air-dry mass be
Aba number less than one, except

sy l‘Ysl't)scoplc moisture.

,J( Pﬂctntngcs of Soil in Suspensio
__?“ Calculate the oven-dry mass

!‘\_

hydrometer analysis by mult
"j')’ mass by the hygroscopic mois
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counting the turm ups®
ms. Any s0il remaining inX

1ing the first few turns shott
lkmg of the cylinder whi

ired to take a hvdromet=
¢ hydrometer about X
ls due to approximatct
n the reading is takes
s taken, carefully remov

ce it with a spinnit
‘Mean distilled or demi>

10t 1o remove the hydrome?
'ibe- Readings shall be ks
ormed by the suspens®
s not pussible to st
the meniscus.

:104 After each reading, take the temperaturc

ifthe suspension by inserting the thermometer
gothe suspension.

ii:'Sieve Analysis

11.1 After taking the final hydrometer read-
. transfer the suspension to a No. 200 (75-um)
geve and wash with tap water until the wash
qater is clear. Transfer the matenial on the No.
y0 sieve 10 a suitable container, dry in an oven
£230 £ 9°F (110 = 5°C) and make a sieve
malysis of the portion retained, using as many
gcves as desired, or required for the matenal, or
won the specification of the material under test.

CALCULATIONS AND REPORT

11 Sieve Analysis Values 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
seve by the mass of soil onginally split on the
Na. 10 sieve, and multiplying the result by 100.
To obtain the mass passing the No. 10 sieve,
sbtract the mass retained on the No. 10 sieve
fom the original mass.

:12.2 To secure the total mass of soil passing
e No. 4 (4.75-mm) sieve, add to the mass of
the material passing the No. 10 sieve the mass of
te fraction passing the No. 4 sieve and retained
e the No. 10 sieve. To secure the total mass of
nl passing the %-in. (9.5-mm) sieve, add to the
ol mass of soil passing the No. 4 sieve, the
#3ss of the fraction passing the %-in. sieve and
xtained on the No. 4 sieve. For the remaining
sves, continue the calculations in the same
manner.

=123 To determine the total percentage pass-
g for each sieve, divide the total mass passing
(gcc 12.2) by the total mass of sample and mul-
tply the result by 100.

!&;'Hygroscopic Moisture Correction Factor

£13.1 The hydroscopic moisture correction fac-
Yo is the ratio between the mass of the oven-
d“ﬁd sample and the air-dry mass before drying.
!ls,a number less than one, except when there
:'f‘° hygroscopic moisture.

-
g_ Percentages of Soil in Suspension
Z14.1 Calculate the oven-dry mass of soil used
-R the hydrometer analysis by multiplying the
z_f“l mass by the hygroscopic moisture correc-

{h o422

e

tion factor.

14.2 Calculate the mass of a total sample 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 multiplving the result by 100. This
value is the weight H in the equation for per-
centage remaining in suspension.

14.3 The percentage of soil remaining in sus-
pension at the level at which the hydrometer is
measuring the density of the suspension may be
calculated as follows (Note 13): For hydrometer
ISIH:

P = [(100 000/ W) x GAG — GONR - G))

Note 13—The bracketed portion of the equation
for hydrometer 151H is constant for a series of readings
and may be calculated first and then multiplied by the
portion in the parentheses.

For hydrometer 1 52H:
P =(Ra/W)x 100

where:

a = correction faction to be applied to the read-
ing of hydrometer 152H. (Values shown on
the scale are computed using a specific grav-
ity of 2.65. Correction factors are given in
Table 1),

P = percentage of soil remaining in suspension
at the level at which the hydrometer 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 sample
represented by mass of soil dispersed (see
14.2), g.

G = specific gravity of the soil particles, and

G, = specific gravity of the liquid in which soil
particles are suspended. Use numerical
value of one in both instances in the equa-
tion. In the first instance any possible van-
ation 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 to
Stokes’ law (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
scttled 1o the level at which the hydrometer is
measuring the density of the suspension. Accord-
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ing to Stokes’ law:
= «[30n/98(G - Go] x L/ T

where:

D =diameter of particle, mm.

n = 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 suspenston
to the level at which the density of the
suspension is being measured. cm. (For a
given hydrometer and sedimentation cvl-
inder, values vary according to the hydrom-
cter readings. This distance is known as
effective depth (Table-2)).

T =interval of time from beginning of sedimen-
tation to the taking of the reading, min,

G = specific gravity of soil particles. and

G = spedific gravity (relative density) of sus-
pending medium (value may be used as
1.000 for all practical purposes).

NOTE 14—Since Stokes' 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 rate as the soil particles.

15.2 For convenience in calculations the
above equation may be written as follows:
D =KkJUT

where:

K = constant depending on the temperature of
the suspension and the specific gravity of
the soil particles. Values of X for a range of
temperatures and specific gravities are given
in Table 3. The value of K does not change
for a series of readings constituting a test,
while values of L and T do varv.

15.3 Values of D may be computed with suf-

ficient accuracy, using an ordinary 10-in. slide
rule.

NOTE 15—The value of L is divided by T using the
A- and 8-scales, the square root being indicated on the
D-scale. Without ascertaining the value of the square

100t it may be multiplied by K, using either the C- or
Cl-scale.

16. Sieve Analysis Values for Portion Finer than
No. 10 (2.00-mm) Sieve

16.1 Calculation of percentages passing the
various sieves used in sieving the portion of the
sample from the hydrometer test involves several
steps. The first step is to calculate the mass of the

0422

fraction that would have been retained oq
No. 10 sieve had it not been removed. Thyg may
is equal to the total percentage retained on the
No. 10 sieve (100 minus total percentage passiny
times the mass of the total sample represeni
by the mass of soil used (as calculated in 142,
and the result divided by 100.

16.2 Calculate next the total mass passing
No. 200 sieve. Add together the fractional Mase
retained on all the sieves. including the No. 1t
sieve, and subtract this sum from the mass of g
total sample (as calculated in 14.2).

16.3 Calculate next the total masses passi
each of the other sieves. in 2 manner similar
that given in 12.2.

16.4 Calculate last the total percentages pas
ing by dividing the total mass passing (as cales
lated in 16.3) by the total mass of sample (a
calculated in 14.2). and multiply the result &
100.

17. Graph
7.1 When the hydrometer analysis is pe-

formed, a graph of the test results shall be made |

plotting the diameters of the particles on a log-
rithmic scale as the abscissa and the percentags
smaller than the corresponding diameters to
arithmetic scale as the ordinate. When the by
drometer analysis is not made on a portion &
the soil, the preparation of the graph is optiond
since values may be secured directly from tabe
lated data.

18. Report

18.1 The report shall include the tollowing:

18.1.1 Maximum size of particles.

18.1.2 Percentage passing (or retained oo:
cach sieve, which may be tabulated or presents’
by plotting on a graph (Note 16).

[8.1.3 Description of sand and gravel par®
cles: .
18.1.3.1 Shape-—rounded or angular,
18.1.3.2 Hardness—hard and durable. soft.
weathered and friable.

18.1.4 Specific gravity. if unusually high &
low,

[8.1.5 Any difficulty in dispersing the fractico
passing the No. 10 (2.00-mm) sicve, indicatint
any change in type and amount of dispersint
agent, and

18.1.6 The dispersion device used and U
length of the dispersion period.

;)

Rt

A Al g o v

Note 16—This tabulation
tion of the sample tested.

pose contained in the sampl
wsting. the report shall so state
gaximum size.

18.2 For matenals tested

&fhinite specifications, the fi
such specifications shall be
pons smaller than the No. 1
from the graph.

18.3 For matenals for wh

definite specifications is not
the soil is composed almost
passing the No. 4 (4.75-mr
raad from the graph may be

/) Gravel, passing 3-in. and ret

No. 4 sicve

(1) Sand, passing No. 4 sicve

tained on No. 200 sieve
(a) Coarse sand, passing N¢
and retained on No. {(
{6) Medium sand. passing
sieve and retained on
sieve
(c) Fine sand, passing No.
and retained on No. 2(
Silt size, 0.074 10 0.005 mm
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16—This tabulation of graph represents the
"«‘,a';(ion of the sample tested. If particles larger than
o contained in the sample were removed before
the report shall so state giving the amount and

gximum Size.

wling.

182 For materials tested for compliance with
&finite specifications. the fractions called for in
ach specifications shall be reported. The frac-
sons smaller than the No. 10 sieve shall be read
fom the graph.
18.3 For materials for which compliance with
&fintte specifications is not indicated and when
Be soil is composed almost eatirely of particles
ing the No. 4 (4.75-mm) sieve, the results
rad from the graph may be reported as follows:

.1) Gravel. passing 3-in. and retained on a
No. 4 sieve :
() Sand, passing No. 4 sieve and re- %
tained on No. 200 sieve o
"{a) Coarse sand. passing No. 4 sieve %

and retained on No. 10 sicve
(b) Medium sand. passing No. 10

sieve and retained on No. 40 ... %
sieve
{¢) Fine sand. passing No. 40 sieve %

and rewained on No. 200 sicve

) Silt size. 0.074 t0 0.005 mm %

D 422

(4} Clay size, smaller than 0.005 mm
Colloids. smaller than 0.001 ma

(8.4 For matenals for which co
definite specifications is not indica
the soil contains material retained
sieve sullicient to require a sieve
portion. the results may be repor
(Note {7):

SIEVE ANALYSES

Sieve Size
3-in.
2.in.
1%-in.
f-in.
Yi-1n.
Ya-in.
No. 4 (4.75-mm)
No. 10 (2.00-mm)
No. 40 (425-um)
No. 200 (75-um)

HYDROMETER ANALYS:

0074 mm
0.005 mm
0.001 mm

Note 17—No. 8 (2.36-mm) and }
sieves may be substituted for No. 10a

121
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: 16— This tabulation of graph represents the
%&(ion of the sample tested. If particles larger than

contained in the sample werc removed before
i ¢ report shall so state giving the amount and

'/18.2 For matenials tested for compliance with
&finite specifications. the fractions called for in
specifications shall be reported. The frac-
gons smaller than the No. 10 sieve shall be read
fom the graph.

18.3 For materials for which compliance with
&finite specifications is not indicated and when
B¢ soil is composed almost entirely of particles
ing the No. 4 (4.75-mm) sieve, the results
xad from the graph may be reporied as follows:

1) Gravel. passing 3-in. and retained 0n p
M '0

No. 4 sicve
) Saand, passing No. 4 sieve and re- %

tained on No. 200 sieve

" (a) Coarse sand. passing No. 4 sieve o
and retained on No. 10 sieve o

() Medium sand. passing No. 10

sieve and rcuined on No. 40 %
sieve

(¢) Fine sand. passing No. 40 sieve P

and retained on No. 200 sieve 777 °

%

) Silt size. 0.074 10 0.005 mm

D 422

%

{41 Clay size. smaller than 0.005 mm
%

Colloids. smalter than 0.001 mm

18.4 For materials for which compliance with
definite specifications is not indicated and when
the soil contains matenal retained on the No. 4
sieve sullicient 1o require a sieve analysis on that
portion. the results may be reported as follows
(Note 17

SIEVE ANALYSIS
Percentage
Sieve Size Passing
3-in.
2-in.
1%A-in.
1-in.
Ya-in.
Ya-in.
No. 4 (4.75-mm). <7
No. 10 (2.00-mm)
No. 40 (325-pm) . ~
No. 200 (75-pm) *
’ HYDROMETER ANALYSIS

0.074 mm -
0.005 mm
0.00t mm ..
Note 17-—No. 8 (2.36-mm) and No. S0 (300-tm)
sieves may be substituted for No. 10 and No. 40 sicves.



TABLE 1|

Values of Correctioa Factor, a, foc DifTerent
Specific Gravities of Svil Particles”

b oa22

TABLE 2 Coatinued

Speaific Gravity Correction Factor’
295 0.94
2.90 0.95
285 0.96
2.80 0.97
275 0.98
2.70 0.99
2.65 1.00
2.60 1.0t
2.5 1.02
50 1.03
245 1.05

Hydrometer 1SIH Hydrometer 152 H

“ For usc in equavon for percentage of soil remaining in
suspension when using Hydrometer 152H.

TABLE 2 Values of Effective Depth Based oa Hydrometer
and Sedimentation Cylinder of Specified Sizes”

Actual Actual
Actual . Hy- Effec- Hy- Effec.
Hydrom- Eg:::;vc drom- tive drom- ﬁ:
cter L cm. eter Depth, cter
Reading Read- L.em Read- Lo
ing ing
1.031 8.1
1.032 18
1.033 1.6
1.034 13
1.035 1.0
1.036 68
1.037 6.5
1.038 6.2

Hydrometer [SIH

Hydrometer 152H

1.030

Actual
Actual . Effec- Hy- Eflec-
Hydrom- Effective dve drozm dve
eter Lem & Depth,  eter  Depth,
Reading Lcn Rad- Lcem
: ing
1.000 16.3 16.3 3t 2
1.001 16.0 16.1 32 1.
1.002 15.8 16.0 33 10.9
1.003 15.5 15.8 3 10.7
1.004 15.2 15.6 35 10.6
1.005 15.0 15.5
1.006 147 15.3 36 104
1.007 14.4 15.2 3 10.2
1.008 14.2 150 38 10.1
1.009 139 14.8 39 9.9
1.010 13.7 14.7 40 9.7
1011 134 14.5 41 9.6
1.012 13.1 143 42 9.4
1.013 129 14.2 43 9.2
1.014 12.6 14.0 44 9.1
1.015 12.3 13.8 45 89
1.016 12.1 137 46 88
1017 1.8 135 47 8.6
1018 1n.s 13.3 48 8.4
1.019 113 13.2 49 8.3
1.020 11.0 13.0 50 8.1
1.021 10.2:¢ 12.9 51 79
1.022 10.5 12.7 52 78
1.023 10.2 12.5 53 1.6
1.024 10.0 124 54 14
1.025 9.7 12.2 55 7.3
1.026 9.4 12.0 56 7.1
1.027 9.2 11.9 57 0
1.028 8.9 1.7 58 6.8
1.029 8.6 1.5 59 6.6

“ Values of effective depth are calculated from the equatiog
L=l +%[L - (Va/A)

where:
L = effective depth, cm,

L, = distance along the stem of the hydrometer from the g

of the bulb to the mark for a2 hydrometer reading, cm,

Ly = ovenall length of the hydrometer bulb, cm,
Ve = volume of hvdrometer bulb, cm?, and
4 = cross-sectional area of sedimentation cylinder, cm?
Values used in calculatng the values in Tabie 2 are as follosr
For both hydrometers, 15{H and 152H:
L; = 140 cm
Vs = 67.0cm’
A =218cm!
For hydrometer 151 H:
L, = 10.5 cm for a rcading of 1.000

= 2.3 cm for 3 reading of 1.031
For hydrometer 152H:
L, = 10.5 cm for a reading of 0 g/litre

= 2.3 cm for a reading of 50 g/liue

TABLE ) Values of A

t@“ﬂlul‘. .
< 2.45 0
16 0.01510  0.01%
17 0.01511 0.014:
18 0.0149?2 0.014¢
19 0.01474 0.014:
X 0.01456 0.014;
21 0.01438 0.0141
n 001421 0.0i 3
23 0.01404 0.0138
24 0.01388 0.01 3¢
25 0.01372 0.013:
6 0.01357 0.013:
7 0.01342 0.0131
28 0.01327 0.01%¢
» 0.013¢2 0.012¢
30 0.01298 001"

el

/4 —
(a)

n,

m



1 Coatinved
Hydrometer 152 H —
l Aqual
Effec- Hy- .
- tive drom- tive
Depth. eter Depy,

L.cm Read- L om
ing
e

calculated from the equane
Ly - (Va/A)}

lfthc hydrometer from the iy
r a hydrometer reading, cm,
ydrometer bulb, cm.
- bulb, cm’, and
imentation cylinder, cm?
ues in Table 2 are as follow
l’ 1S2H:

TABLE 3 Vaulues of K for Use in Equatioa for Computing Diameter of Particle in H

¢h o422

ydrometer Analysis

Specific Geavity of Soil Particles

rm,pgmlurc. R _
< 243 150 2.55 260 2.65 270 275 2.80 285
16 001510  0.01505 0.01481 001357 001335 001414 001394 0.01374 0.01356
17 0.01513% 0.01486 001462 001439 001417 00139 0.01376 0.01356 0.01338
18 0.01492 0.01367 001433 001421 001399 001578  0.01339 0.01339 0.01321
9 001474  0.01439 0.01425 001403 001382 0.01361 0.01342 0.1323 0.01305
0 001456 001431 001408 001386  0.01365 001344 001325 0.01307 0.01289
b1} 001433 0.01414 0.01391 00139 00118 001328 001309 0.01291 0.0127)
22 0.01424 0.01397 0.01374 001353 001332 001312 001294 0.01276 0.01258
3 001404 0.01381 001358 001337 001317 001297 001279 0.0i1261 0.0124}
u 0.01338 0.01365 001342 00131 0.0t1301 001282 0.01264 0.01236 0.01229
23 001372 0.01349 001327 001306 001236 001267 001249 001232 001215
6 0.01357 0.01334 001312 001291 0.01272 001253 001235 001218 0.01201
n 001342 0.01319 001297 001277 001258  0.01239 0.01221 0.01204 0.01188
18 0.01327 0.01304 001283 001264 001244 001155 0.01208 0.01191 0.0t175
» 0.01312 0.01290 001269 001249 001230 001212 0.01195 0.01178 0.01162
30 0.01298 0.01276 001256 001236 001217 .. 801199 0.01182 001165 0.01149
A No.18 8W Ga =0.049

Chrome Plated

Metric Equivalents

0.001

0.03

0.203 K2}
5.16 127

0.049
1.24

19.0

F1G.

Detail of Stirving Paddles
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ADDENDUM

Changes for Model 1000-BP

1-10.0 Change the following items to read as shown below:

2-6.1

10. 120 vac Charging cable 1000-BP-120
10A. 240 vac Charging cable 1000-BP-240
11, 12 vdc Charging cable A-500K 0107

Change paragraph to read as follows:

Connect the proper charging cable for the voltage source available
to the BATTERY CHARGE comnector (Fig. 1-10). If the 12 vdc cable is
used, the red lead comnects to the positive (+) terminal of the source
and the black lead to the negative (-). Two charging cords are provided
for charging from an a.c. source, one for 120 volts and the other for
240 volts. Select the proper cable and connect the free end as follows:
Black to the a.c. HOT, white to the RETURN, and green to EARTH GROUND.

NOTE: 1f the polarity of the 12 vdc cable is reversed, no damage will
result but the batteries will not be charged.

October 1977 . Supplement A (1000-C)
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Section 1 (1000-C)
SECTION 1
GENERAL INFORMATION
INTRODUCTION

The Model 1000-C is a complete, fully portable, lightweight (27.3 Kg-60
lbs) backpack mountable, borehole logging unit.

Using the standard probe (G375/A), it is possible to record up to three
different logs in one trip in the hole: (1) Gross count, dead-time
corrected gamma radié&on, (2) Self Potential, and (3) Single Point
Resistance. Other Nuclear Pulse counting tools available include gamma-
gamma and neutron-neutron.

The recorder is a dual pen, servo-driven type, equipped with a bi-
directional chart drive allowing multiple logs and re-runs without
resetting the chart paper. o

The power requirements for the Model 1000-C are provided by intermal
nickel cadmium batteries which are recharged by a built-in battery
charger when connected to an A.C, or D.C. source. Battery life will
provide a minimum of eight (8) hours of logging.

The hand cranked winch has two speeds: a 1:1 ratio for going
down hole, and a 4:1 ratio for coming back out. The winch comes with
305 M (1000 ft.,) of steel armored logging cable.

The Model 1000-C, when handled reasonably .and maintained properly,
will provide many years of reliable logging.

Page 1-1
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Section I (1000-C)

GENERAL SPECIFICATIONS

The Model 1000-C logger comes equipped with one combination probe, 305
M (1000') of cable, recorder-instrument assembly, shipping containers,
spare parts and consumables, and all necessary cables and hardware
required to log a borehole. A backpack frame with necessary fittings is
optionally available.

Shipping Weight: 36.4 Kg. (80 lbs.)
Net Weight (With 305 M of cable and backpack frame): 27.3 kg. (60 1lbs.)

Shipping Dimensions: Probe/Accessory Case = 33cm x 124.5cm x 10.2cm
(13" x 49 x 4") :

w1nch/Reéorder Case = 58.4cm x 48.3cm x 43.,2cm (23" x 19" x 17")

Operating Temperature Range (limited by pens): -25°C (-13°F) to 55°C
(131°F) .

1-3.0 WINCH

1-3. 1

1-302

1“3.3

1"4.4

1'1‘05

Cable Capacity: 305 M (1000')

Cable Type: U. S. Steel type no. IN10SB (or equivalent) galvanized
steel armored logging cable. Single center conductor, D. C. resistance
approximately 24R/305M. Tensil strength is 408 Kg. (900 lbs.).

Cable Head: Tapered cone and sleeve strain relief. Cable center
conductor is water sealed with a Mecca underwater connector. Connection
to probe is through center contact and outer screw threads (3/4 - 16).

- Qutside diameter is 2.86 cm (1.125").

Hand Crank Gearing: Direct drive (1:1 ratio) or step down (4:1 ratio)
selected with easily removable crank.

RECORDER INSTRUMENT ASSEMBLY

Depth Odometer: 5 digit bi-directional, resettable, mechanical odometer
geared directly to the measuring wheel. Resolution is 0.1 M (0.1' on
English models).

Measuring System: Hard anodized grooved aluminum wheel. The measuring
wheel rotates 3 1/3 revolutions per meter (3' on English models).

Servo Amplifier (Recorder): Two pen, non-overlapping, servo-driven,
rectilinear recorder.

Recorder Response Time: Time to full scale (step function in) is ~l
second,

Pens: Disposable felt tip cartridge available in red and black.

Page 1-2
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Section I (1000-C)
Pen lifter: Both pens operate simultaneously with front panel lever.

Chart Drive: Bi-directional, geared (through multi-tooth clutch) to
measuring wheel. Turned on and off with front panel shift lever.

Chart Paper: 10 cm wide grid 2-fold paper with 1 em x 1 cm
major divisions and 0.5 cm intermediate lines. Each box contains
two packets (7.6 m - 25' each) of paper. The last 61 cm (2')
are marked with a red line on the right-hand margin.

Sensitivity: 100 mV. (F. S.)

GAMMA CIRCUIT

Ranges: s cps/div.e (50 cps full scale) to 5 Keps/div. (50 Keps full
scale) in 1-2-5 rdtio steps.

Internal Calibration Source: 5.000Khz. square wave crystal oscillator
with a temperature coefficient of t0.,01%/°C maximum.

Temperature Coefficient (total circuit): Each unit individually aligned
for $0.027%/°C maximum from -25°C to +75°C.

Time Constant: 2 pole Bessel function active filter. Full scale
response time is %7 seconds (step function in).

Deadtime Correction: Realtime analog correction adjusted to<l micro-
second as calculated by the Energy Research and Development Administra-
tion in their test pits at Grand Junction, Colorado.

Input Sensitivity: +380 mV *10 mV.

Downhole Power: 30 vdc *lv at 50 ma. maximum as measured at

the slip rings (with combination proke connected).

SELF POTENTIAL

Ranges: 2mV./div. (20mV full scale) to 100 mV/div. (1v. full scale) in
1-2-5 ratio steps. :

Bias Range: O to 500 mV + or - as selected with POLARITY switch.

Time Constant: 2 pole Bessel function active filter. Full scale
response time is 11 second (step function in).

Input Impedance: >2 megohms.

Page 1-3
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SINGLE POINT RESISTANCE

" Range: 2)/div. (20 ohms full scale) to 100R/div. (1000 ohms full scale)

in 1-2-5 ratio stepse.
Displacement: 0 to 500 olms maximum.

Time Constant: 2 pole Bessel function active filter. Full scale
response time is ~l second (step function in).

Current Génerator Output: Constant current (varies with range switch
setting--20mA max.) at 25 hz to 30 hz (selected by internal switch).

Resistance Voltmeter Input Impedance: >500 K ohms.

BATTERIES & BATTERY CHARGER

Battery Type: General Electric type GCW3.5SB (or equivalent) Nickel
Cadmium batteries (10 each).

Battery Rating: 1.2vdc at 3.5 Ah.

Battery Life: 8 hours continuous operation minimum. Varies with log(s)
being run. Maximum drain is during SP-R log.

Battery Charger Input: 12 to 14 vdc at 1.0 A maximum, IZOFYgE?anO.IO A
max., and 220 vac at 0.05 A maximum (A. C. input is 50 té‘ﬁqoxhzl).

Battery Charger Qutput: Dual, constant current outputs. 350 ‘mA’ each.

Charging time to full charge: 12 to 14 hours.

PROBES

G375/A Standard Combination Probe

Dimensions: 1.1 m (43.5") 1long by 3.18 cm (1.25") maximum outside
diameter including neoprene insulating sheath. The stainless steel
housing is 2.86 cm (1.125") diameter.

-

Weight: 2.95 Kg (6.5 lbs.).

Construction: Stainless steel (type 303) housing with lead électrode ’
for SP and R logs. O-ring sealed at all joints., '

Power Requirement: 20 wvdc (at cable head) minimum at 35 mA. Maximum
voltage in is 30 wvdc, 24 volts is nominal.

Scintillation Crystal: 38.1mm (1.50") long by 12.7mm (0.5") diameter

sodium {odide, thalium activated scintillation crystal in ruggedized,
sealed, aluminum mount. .

Page 1-4
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Section I (1000-C)

Electrical Connection: Insulated center spring loaded contact and
mechanical threaded attachment to cable head. Center contact is

positive.

Output: 6.5v 1 microsecond wide positive pulse superimposed on the
positive supply line (center conductor).

Deadtime: Constant 5.0 microseconds.

- -5
K-factor: Average K-factor at 10 cm intervals is 4.8 x 10 ?2.5 x 10 at
0.5' intervals). :

G375/A-1.0 1' 0.D. Combination Probe

Dimensions: 1.lm (43.5") long by 2.54cm (1.0") outside diameter
stainless steel housing (for very small diameter holes). The probe must
be covered with a neoprene sheath or electrical tape to run the SP and
R logs.

Weight 2.7 Kg (6 lbs.).

-6 -5
K-factor: Average K-factor at 10 cm intervals is 5.2 x 10 (2.6 x 10 at
0.5' intervals).

All other characteristics are the same as ﬁodel G375/A.

G375/AS Stratigraphic Combination Probe

Dimensions: 1.02m (40.2") 1long by &41.1 cm (1.62'") maximum outside
diameter including neoprene sheath (housing is 38.lcm (1.50") diameter.

Weight: 4.4 Kg (9.7 1bs.).
Scintillation Crystal: 76.2mm (3.0") long by 22.2 mm (0.875") diameter
sodium iodide, thalium activated scintillation crystal in ruggedized,

sealed aluminum mount.

All other characteristics are the same as Model G375/A.
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1-10.0 CONSUMABLES AND SPARE PARTS

Section I (1000-C)

Item Description Part No. Quantity*
1. Chart Paper BP-10 3 Boxes
2. Pen Cartridge-Black (Center Nib, long) 120-430 5 Each
3. Pen Cartridge-Black (Nib on Right; long) 130-430 S Each
4. Pen Cartridge-Red (Offset Right, long) 130-430 5 Each
5. Adjustment Screwdriver R-3324 1 Each
6. Rubber Cable Wiper Balls RB-1.875 2 Each
7. Surface Electrode Assembly B-500K 0125 1 Each
8. Mecca Sockets 2670-6 3 Each
9. Mecca Boot 2458-1 1 Each

10. A. C. Charging Cable A-500K 0124 1 Each

11. 12vdc Charging Cable B-500K 0108 1 Each

12. Cablehead Protector Cap B-2000 0108 1 Each

13. Probe Top Protector Plug B-2000 0107 1 Each

14. Hand Crank for Winch 1 Each

15. O-Ring (for cable head) 2-115 1 Each

‘16. Nylon Accessory Storage Bag 1 Each

17. Recorder Protective Cover 1 Each

18. Operation and Maintenance Manual (1000-C) 1 Each

19. Winch-Recorder Shipping Case 1 Each

20. Probe—-Accessory Shipping Case 1 Each

21. Standard Combination Probe G375/A 1 Each

22, Backpack Frame Optional

23. 1" 0.D. Combination Probe G375A-1.0 Optional

24, Stratigraphic Combination Probe G375/As Optional

25, Filtered Combination Probe G375F/A Optional

When logging in extremely remote areas, you may wish to consult Mount Sopris

to allow repairs to be made in the field.

‘for a list of spare parts (including both electronic and mechanical components

*NOTE: This quantity refers to the number of pieces shipped with each unit

initially. :
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Section 1I (1000-C)
SECTION 1I
OPERATING INSTRUCTIONS
Incoming Inspection

The Model 1000-C should be unpacked and inspected as soon as possible.
Check externally for broken knobs, bent shafts or levers, damaged
connectors, etc. Also check for scratches, dents, or any gross
misalignment of cases, shafts, plates, etc. :

A quick incoming test may be performed as follows:
Chart Drive and Depth Measuring System

Shift the CHART DRIVE lever (fig. 1-13) to ON. CAUTION: do not force
the lever. If necessary,..rotate the CHART ADVANCE wheel (fig. 1-22)
slightly while pushing  the CHART DRIVE lever to ON. Reset the DEPTH
odometer (fig. 1-12) to zero with the RESET wheel (fig. 1-11) Note ‘the
position of one of the pens on the chart, and rotate the MEASURING
WHEEL (fig. 1-23) counterclockwise exactly 10 revolutions. The chart
will move 3 cm and the DEPTH odometer will read 9997.0 meters (9991.0'
on English models). Rotating the MEASURING WHEEL clockwise exactly 10

. revolutions brings the chart and DEPTH odometer back to zero.

Recorder~Instrument Circuitry

Connect one of the combination probes to the cable head as shown in
figure 4. Connect the surface electrode to the front panel connector
(fig. 1-10) and short this electrode to the electrode on the probe
(fig. 4). Turn the CPS/DIV. switch (fig. 1-1) to CAL, gamma DISPLACE-
MENT switch (fig. 1-3) to zero, and the LOG SELECTOR (fig. 1-9) to<.
The right-hand pen will go completely off scale to the right,
and the left pen will slowly go to full scale (47 seconds).
Depress the 1left ZERO button (fig. 1-16) and see that the left ZERO
control (fig. 1-15) adjusts the pen to the left and right of zero
(left-hand margin). Set the left pen to zero. Turn the CPS/Div. switch
to 10 (100 cps full scale). The recorder will indicate the level of
background radiation. Turn the LOG SELECTOR to POWER OFF and set the
following controls as indicated: POLARITY switch (fig. 1-5) to '‘+",
BIAS control (fig. 1-6) to zero, MV/DIV. switch (fig. 1-4) to 10,
Q/DIV. switch (fig. 1-7) to 10, and resistance DISPLACEMENT control
(fig. 1-8) to zero. .
Turn the LOG SELECTOR to SP-R. The left pen (SP) will read near the
left margin, and the right pen (R) reads up scale about 8 cm. If the -
right pen goes off scale to the right, check the connection between the
surface electrode and probe electrode. Depress the right ZERO button
(fig.- 1-19) and see that the right ZERO control (fig. 1-18) will
adjust the pen both left and right of the center of the chart. The zero
line for the right pen is the center of the chart. Set the right pen on
"zero''. Turning the BIAS control clockwise will cause the SP pen to go
up scale (to the right) on '"#'' POLARITY and down scale on "-'" POLARITY.

Page 2-1
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Turning the resistance DISPLACEMENT covatrol c¢lockwise causes the R pen
to go down scale.

Should any of the aforementioned tests fail, check to see if the LOW
BATTERY indicator (fig. 1-14) is on (LOG SELECIOR on Y or SP-R); if it
is, recharge the batteries (refer to sec. 1-8). Otherwise, refer to

. section 3-9. It is normal for the LOW BATTERY indicator (fig. 1-14) to

tlash as the LOG SELECTOR is switched from POWER OFF to < or SP-R.
Storage

The logger should be stored in a temperate, dry area if possibiz. The
temperature range for storage is -40° C (-40° F) to 70° C (158° F}. All
protective covers should be in place and the units stored in their
shipping containers. The batteries should be given a full charge (17 to
14 hrs.) prior to storage and re-charged (at least 8 hours) every
six months.
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2-2.0 OPERATING CONTROLS

Section II (1000-C)

Function

Refer to
Fig. 1 Control
1. CPS/DIV:
2. Gamma CAL.:
3. " Gamma DISPLACEMENT:
4, MV/DIV.:
Se BIAS POLARITY:
6. BIAS:
7. /DIV.:
8. ) Resistance DISPLACEMENT:

Gamma range switch, selects the number
of counts per second per division (lecm)
to be recorded on the chart. In the CAL.
position, the internal calibration os-
cillator is connected to the input of
the gamma circuitry and causes the pen
to go full scale (right-hand margin).

20 turn - screwdriver adjustment to set
the gamma pen on full scale with the
CPS/DIV. switch in the CAL. position.

Displaces the gamma pen down scale (to
the left). The amount of displacement 'is
equal to the CPS/DIV. switch setting
(100/div. maximum) multiplied by the
gamma DISPLACEMENT switch setting i.e.,
if the CPS/DIV. switch 1is on 20 and
the DISPLACEMENT switch 1is on 15, the
pen 1is displaced 300 cps (1% times full
scale) to the left. CAUTION: This switch
must be kept on zero when the CPS/DIV.
switch is on 200 or above.

Self Potential range switch. Selects the
number of millivolts per division (lcm)
to be recorded. Full scale for the SP
pen is assumed to be at the center
of the chart.

Selects the polarity of the bias signal
fed to the SP circuit.

Controls the amount of bias signal fed
to the SP circuit. The BIAS range is 0
to 500 mv. S

Resistance range switch. Selects the
number of ohms per division (lcm) to be
recorded. Zero for the R pen is assumed
to be the center of the chart; full
scale is the right-hand margin.

Controls the number of ohms and R pen is

displaced to the left. The range is 0 to
500 ohms. .
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Function

- e o ew em

Refer to

Fig, 1 Control

9. LOG SELECTOR:
10. BATTERY CHARGE~SURFACE
i1, RESET:

12. DEPTH:

13. CHART DRIVE:
14. LOW BATTERY:
15 & 18. ZERO control:
16. & 19. ZERO button:
17. & 20. SERVO GAIN:
21. PEN LIFTER:
22, CHART ADVANCE:

Controls the power to all circuitry and
selects gamma or SP-R operation. This
switch must be in POWER OFF to allow
charging.

ELECTRODE: A connector which provides con-

nections for all battery charging and
the surface electrode.

Allows resetting DEPTH odometer to zero.

Displays the amount of cable which has
been spooled off the winch drum from the
time the odometer was reset.

Controls multi-tooth clutch to engagz or
disengage chart. The chart will move at
a ratio of 1 meter of borehole to
1 centimeter of chart. CAUTION: Do not
force the CHART DRIVE lever to ON. If
necessary, rotate the CHART ADVANCE
wheel slightly (to 1line up a mulei-
tooth clutch) while pushing the lever to
m.

Indicator will come on when batteries
are low. A mdximum of one hour of use
remains after the indicator comes on.

Adjusts associated pen to zero. Zero for
the left pen is the left-hand margin;
zero for the right pen is the center
of the chart,

When depressed, it shorts the input of
the associated servo amplifier to ground
(causing the pen to read zero).

Adjusts the amount of gain in the
feedback loop of the servo amplifier.

-

Mechanically raises and lowers both
pens,

Thumbwheel to manually move the chart.
CAUTION: The CHART DRIVE must be OFF.
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Section II (1000-C)

Replacing Chart Paper & Pens
Loading Chart Paper (refer to figure 3)

It may be easier, but not necessary, to remove chart pens before
loading recorder with new chart paper.

Shift the CHART DRIVE lever (refer to figure 1) to "OFF" and open
the side door. Rotate chart paper thumb wheel clockwise while
pushing up, from the inside, on the front end of the Teflon

paper holder. The rotating sprockets will catch the paper holder
and 1ift it up and off of the front sprocket roller. The paper
holder may rub along the left side of the opening in the front
panel. )

The bottom end of the paper holder remains inside the recorder and
around the rear sprocket roller. Do not attempt to completely
remove paper holder from recorder.

Load a new packet of chart paper into recorder and thread paper up
and over the front roller. Rotate thumb wheel clockwise and feed
the chart paper until it engages the rear roller. Be sure the paper
is flat and properly aligned on sprockets before lowering the front
end of the paper holder. Maneuver paper holder down over the front
roller until it catches on sprockets. The thumb wheel may then be
rotated in a counter-clockwise direction. It may be necessary to
hold the pens up to clear the paper holder. The paper holder will
then snap into place.

Use thumb wheel to feed chart paper through reéorder and into take-up
magazine. Make note of which way chart paper unfolds, so that you
can get paper refolding into original position.

CAUTION:

Take care not to bend the paper holder. The stretching required
for the paper holder to snap on and cff of roller is normal. When
the paper holder is in its normal operating position, it should fit
slightly loose. If the paper wrinkles or tears, or if the paper
holder has a tendency to lift up during operation, the paper holder
has become bent, and must be resored to its original shape.

Pens (Refer to Fig.l) .
Turn LOG SELECTOR to POWER OFF. The pens can then be removed by
grasping the front of the pen cartridge and pulling straight out.
Replace with a fresh cartridge in the reverse order. When not in
use, the protective caps should be kept on the pen tips to prevent
the pens from drying out.
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Section 11 (1000-C)

Logging a Borehole

INTRODUCTION

The main objective for the operator of a logging unit is to produce an
accurate, informative, and easy-to-read log. This means the pens make
maximum use of the available chart space (full chart for Gamma and half
chart each for SP and R), and do not overlap or criss-cross so much
that thev confuse the log. To do this requires selecting proper scales
and setting bias or displacement controls properly (there 1is no
substitute for experience). Using black pens for SP and R and a red pen
for Gamma also helps keep the record straight. Since the two pauns are
non-overlapping, they may collide while logging SP and R, It is almost
impossible to prevent this, so (if they do not separate naturally
within a meter or so) the pens must be separated, using the SP blAS
control and/or R DISPLACEMENT control. Turning the R DISPLACEMENT
control clockwise will cause the R pen to move to the left. Turning
the SP BlAS control clockwise, with the POLARITY switch on '“+", will
move the SP pen to the right. With the POLARITY switch on "-" the pen
will move to the left when the SP BIAS control is turned clockwise. A
sample of a good log is illustrated in figure SA and a poor log in 5B.

All three logs (Gamma, SP and R) can be run in one trip in the borehole
by logging SP and R down, and Gamma o=n the way out. However, because of
the added difficulty with this method (the hole cannot be pre-viewed on
the way down to set up and SP and R controls, extra chart paper must be
fed into the take-up magazine because the paper will run backwards
while going down hole, etc.) it is recommended only when logging in
poorly consolidated material, or when time is the ruling factor.

Prior to going to the drill site, check to make sure you have: fully
charged batteries, a charging cable, spare pens (in both styles aad
colors), the winch crank, probe(s), extra chart paper, cable wiper
balls, mud electrode, Gamma calibration screwdriver, electrical tape,
and silicone grease (for O-Ring on cable head).

The following list is intended as a guideline to 1log a typical
borehole, using the ¢two trip method. (The probe is lowered to che
bottom of the hole and Gamma is logged while coming out; the probe is
then lowered a second time to log SP and R.

Clear the area around the borehole to give you a relatively clean, dry
place to work.

Release the BRAKE and unspool a couple of meters of cable to give you .
enough slack to connect the probe and set up the tripod as shown in
figure 2.

Place the logger on the borehole. Depending on the site, you may have
to ‘use scrap lumber, rocks, etc. to make the unit as level as possibie.
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Section 11 (1000-C)

Shift the CHART DRIVE lever to OFF. Check to see if there is enough
paper in the supply magazine to log the hole.

Remove the protector plug from the probe and check to see that the
threads and area around the contact are clean. Remove the knurled cable
head protector (clean the threads and contact if dirty), apply a
generous amount of silicone grease to the O-ring, and screw the probe
to the cable head HAND TIGHT ONLY--do not use wrenches. The probe must
be insulated with electrical tape as shown in figure 4.

Bury the mud plug by digging a small hole, putting the mud plug in, and
filling the hole with dirt and fresh water. The mud pit will provide a
good ground on freshly drilled holes. It may be necessary to use salt
water to obtain a good ground in extremely arid areas. This must be
noted on the log heading, as it usually reverses the polarity of the SP
log.

Load the chart paper (refer to section II, paragraph 3) and put your
log heading on it. A typical log heading might contain the unit serial
number, probe serial number, probe K factor, type of logs run and their
scales, hole number and location, operator's name, and the date.

The first log to run is Gamma, because it is usually considered most
important, and depending on conditions in the borehole, one run may be
all you can get. For clarity, the Gamma should be run with a red pen
(SP and R in black). Remove the protective cap from the gamma
pen and switch the 10G SELECTOR to ¥ . The right-hand pen will
automatically go off scale to the right to allow full use of the chart
for gamma. e

The SERVO GAIN control (one for each channel) should be set as high as
possible (clockwise) without having the recorder pens oscillate. 1f a
recorder pen starts to oscillate, reduce the gain (counterclockwise)
just to the point where the oscillation stops.

To check the gamma calibration, turn the CPS/DIV. switch to CAL. and
alternately check for zero on the left-hand margin and full scale on
the right-hand margin. Depress the letft-hand ZERO button and adjust the
ZERO control so the pen rests on the left-hand margin. Release the
button, and the pen will come to rest near the right-hand margin.
Adjust the pen for full scale with the CAL. screwdriver adjustment.
Depress the ZERO button and again check for zero and then full scale to
{nsure accurate calibration. The calibration procedure routinely should
be checked before each hole. .

Make certain the brake is set, and lower the probe into the borehole. .
Position the logger as necessary to center the cable in the hole. Slip-
the winch crank on the 1:1 ratio shaft, release the brake and crank the
top of the cable head back up to ground level. Set the brake.

Page 2-10
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Section II (1000-C)

Reset the DEPTH odometer by rotating the depth RESET wheel upward, and
then set in the distance from the top of the cable head, (ground levei)
to the reference point by manually rotating the measuring wheel. The
gamma log and SP-R logs will be displaced by the distance between
the center of the scintillation crystal to the center of the electrode
(See Fig. &). If this distance is considered significant, it may be
compensated for by sliding the pens in or out slightly as the case may
be. A good range for 7Y exploration is 20 cps/DIV.

You are now ready to lower the probe to the bottom of the hole.
CAUTION: do not allow the probe to freewheel down the hole. Holding the
winch crank, release the brake and crank the probe to the bottom of the
hole. The bottom will 'be detected by the sudden loss of weight. The
approximate depth can be obtained from the drilling crew.

Wwhen you hit bottom, take the slack out of the cable and set the brake.
Move the winch crank to the 4:1 ratio shaft.

Adjust the chart with the CHART ADVANCE wheel so the pen will cross a
major division on the chart (every 1 cm) at the same time the depth
odometer indicates a whole number of meters (or at 3' intervals on
English models). This makes reading the chart easier because each
centimeter line will be an even depth reading i.e., every meter
273.0, 272.0, 271.0, (or 273.0, 270.0, --- 6.0, 3.0, 0.0 on English
models). Shift the CHART DRIVE to ON. CAUTION: Do not force the CHART
DRIVE lever. If necessary, rotate the CHART ADVANCE wheel very slightly
(to line up a multi-tooth clutch) while shifting the CHART DRIVE

lever to ON.

Check to be sure a good cable wiper ball is in place. If not, rotate
the old one (or iustall a new ball) and cut a slice for the cable to go

through.

You are now ready to make the first log (gamma) in the hole. Lower the
pen, release the brake, and begin to crank the probe back out. A gocd
speed for general logging is 4M/min. (15'/min.). This can be approxi-
mated by making one revolution of the crank every 2 seconds. As you
come out of the hole, an attempt should be made to keep the
cable as neat and level across the winch drum as possible.

If a gamma anomaly is encountered, the gamma pen will go off scale to
the right. Continue to log until the pen comes back on scale and is
reading the normal background gain. Stop cranking, raise the pen, and,
while observing the pen, crank back down through the anomaly, selecting
a scale which will keep the pen on scale in the upper half of the
chart. Make a note of this range setting on the chart. When the pen is
reading background (below the anomaly on the new scale), put the pen
down and crank back up through the anomaly until the pen again returns
¢o background. A re-run should be 1logged at 1 to 2 m/min (3 to
6'/min.). When the pen has returned to background, raise the pen,
switch back to the original gamma range, lower the pen and continue
logging the hole. A sample of a re-run is shown in figure 5c.
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Section II (1000-C)

Upon reaching the top of the hole: 1. raise the pen, 2. set the brake,
3. switch the LOG SELECTOR to POWER OFF, 4. change the left pen to
black (with the nib on the right) and remove the protective caps from
both pens, 5. move the winch crank to the 1:1 ratio shaft, 6. switch
the LOG SELECTOR to SP-R, 7. set the MV/DIV, and ohms/DIV. switch to
100, and the BIAS and DISPLACEMENT controls to zero. DO NOT shift the
CHART DRIVE to OFF; the bi-directional chart drive will automatically

" follow the probe back downhole for the second run: (SP and R).

2'6.21

2-4,22

2-4.23

2-4.25

2-4.26

Check the zero on both pens. The SP pen zero is on the left margin and
the R pen zero is at the center of the chart. The scales and
bias/displacement setting should be set on the trip downhole. The R pen
will be off scale to the right until the water level is reached (when
it comes back on scale). At this time you should start alternately
lowering the OHMS/DIV. switch, to make the pen more active (larger
fluctuations), and adjusting the DISPLACEMENT control to center the
fluctuations on the right-hand half of the chart. The MV/DIV. switch
and BIAS control are set in a similar manner; the POLARITY switch
changes the polarity of the bias voltage to allow logging positive
or negative SP. The SP log should cover the left-hand half of the chart
and the R log the right-hand half.

You can now crank the probe back down the hole, setting the SP and R
controls as you go. If the pens come into contact with each other,
allow a few seconds for them to come back on their own, then if
necessary, adjust the BIAS and/or the DISPLACEMENT controls. Turning
the DISPLACEMENT control clockwise moves the R pen to the left; turning
the BIAS control clockwise moves the SP pen to the right on Yy
polarity and to the left on "-" polarity. .

When you come out of the water the SP and R pens will rapidly go off
scale. Raise the pens and turn the LOG SELECTOR to POWER OFF. The probe
should be cranked out of the hole as fast as possible, to reduce time
in the hole and the chance of getting stuck.

Retrieve the mud plug and wipe excess mud from it and the winch
assembly. After storing the cable head and pulley assembly, tighten the
cable slightly to prevent it from loosening on the drum and becoming

tangled during shipping.

Make sure the LOG SELECTOR is in the POWER OFF position and the winch
brake is on before storing or transporting the logger.
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Section II (1000-C)
Operating Precautions

Keep the <cable head threads and brass contact clean and the O-ring
coated with silicone grease.

The probe top threads and area around the center connector must be kept
free from dirt and grit.

If you become stuck in the hole DO NOT force the winch. If a moderate
amount of pull from the winch will not free the probe a cable gripper
and a jack or lever arm will be required.

When the CPS/DIV. switch 1is on 200 or above, the gamma DISPLACEMENT
switch must be on 0 or the batteries will prematurely discharge.

DO NOT allow the probe to freewheel to the bottom of the hole, as
damage may result to the photomultiplier tube and/or scintillation
crystal.

In logging holes near the length of the cable, do not unspool cable
completely. A minimum of 5 full wraps must be kept on the winch drum.

Keep the cable neat and evenly wound across the winch drum to prevent
kinks and possible short circuits.

Do not allow the cable to kink. This causes premature wear, and could
cause a short between the center conductor and the steel armor.

Handle probe with care. Avoid rapid changes in temperature and sharp
blows, especially in a lateral direction.

10G SELECTOR must be in POWER OFF when changing or removing probes.
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Section 11 (1000-C)
Battery Life & Re-charging

The life of a nickel cadmium battery is largely dependent on tempera-
ture; however, there are many other factors involved (discharge rate,
type of charger, etc.). The cells used in the Model 1000-C nominally
give 1000 complete charge-discharge cycles. The charging system used is
of the constant current type, and can be left on for an indefinite
period of time with no danger of overcharging. A sensor in the charger
switches automatically for 120 or 240 wolt a.c. operation. It is
recommended that the unit be left on charge when it is not in use, and
recharged at least every six months when in storage.

Connect the proper charging cable, for the woltage source available, to
the BATTERY CHARGE connector. If the 12 vdc cable is used, the red lead
connects to the positive (+) terminal of the source, and the black lead
to the mnegative (-). If the a.c. cord is to be used, MAKE CERTAIN
the CHARGING VOLTAGE SELECTOR SWITCH (located inside the chart access
door) is in the PROPER POSITION. If used on 240 v. it will be necessary
to cut the cord near the a.c. plug and install an appropriate
connector. Refer to figure 6 for the proper connections. Connect the
cable to the power source and observe the charge light (located
inside the chart access door) come on to indicate proper charging.
Should the charging indicator fail to light, check the connections to
the power source, make sure the power source is active, and check the
fuse (a.c. operation only) located inside the chart access door.
NOTE: 1f the polarity of the 12 vdc cable is reversed, no damage will
result, but the batteries will not charge.
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WATER AND CASING FACTOR TABLES

January 5, 1982
For Probe Model Numbers: G375/A, HLP-2375, ALP-4979

(Probes with 2SHA6K/0.5-NaI(tl) PMT/Crystal assemblies
and 0.065" SS wall thickness)

TABLE 1 - WATER FACTORS

Hole Diameter (Inches) Correction Factor
2.25 - 1.027
a.s 1.099
6.5 1.167
8.5 1.238

TABLE 2 - CASING FACTORS (4.5" dia. hole)

Casing Wall Thickness (Inches) Correction Factor
0.0625 : ' 1.196
0.125 ©1.329
0.1875 1.524
0.25 1.691
0.375 2.021

e

These tables supersede all previous water and casing
factor tables.



APPENDIX F
FIELD SCREENING OF VOLATILE ORGNAICS



FIELD ANALYSIS OF VOLATILE ORGANICS

Scope and Application: This method covers the determination of the following
organic compounds in water and soil gas.

Compounds:

- Benzene - 1,1-Dichloroethane - Methylene Chloride

- Bromodichloromethane - 1,2-Dichloroethane « *Tetrachlorethene

+ Bromoform « *1,1-Dichloroethene + *Toluene

+ Chloroform - *1,2-Dichloroethene - 1,1,1-Trichloroethane
Chlorodibromethane - Ethyl benzene * *Trichloroethene

*Target Compounds

Method: Headspace - Gas Chromatographic/Photoionization and Hall Electrolytic
Conductivity Detection

Reference: EPA Test Methods 601 and 602 with modifications

Detection Limits: Headspace (water): 1.0 - 50 ug/L; Soil Gas: 5-10 ng
injected) :

Quality Control:

1. Each analytical run should begin wtih a target headspace
standard curve consisting of 50, 10, 5 ug/L and a blank.
Every eleventh analysis threafter and the last sample
analyzed should also be standards. Continuous calibration
standards should be within 30% of the original standards or a
new standard must be prepared and samples analyzed since the
last check standard reanalyzed.

2. After the initial 3-points calibration with target headspace
standards is done, the following 1-point calibration will be
performed:

2.1 Run a 1-point, 50 ug/L non-target headspace standards.
2.2 Direct inject 5 ul of a 5 ug/ml target standard (25 ng)
for a 1-point soil gas curve.

2.3 Direct inject 5ul of 5ug/ml non-target standards (25 ng)
for a 1-point soil gas curve.

3. A minimum of 10% duplicate samples should be analyzed. If
less than 10 samples are analzyed, a duplicate sample should
still be analyzed. Duplicates should be within 15%.

4. New stock standards should be prepared monthly in the
laboratory. New secondary standards should be prepared
weekly in the laboratory and brought to the field location
while maintaining a temperature of approximately 4°C (iced).

-1 -



Sample Collection and Handling: Water samples are to be collected in

40 mL vials with open screw-caps and
teflon faced silicone septa. They
should be collected so that no
headspace remains in the bottle.

Soil gas samples are to be collected
in 250 mL glass bulbs. Sample should
be collected in a manner to ensure
the complete purging of the bulb.

A1l samples should be protected from
sunlight and transported to the field
lab as soon as possible. '

Reagents and Apparatus:

1.

10.
11.

12.

Open screw cap 40 mL vial (Pierce #13075 or equivalent).
Detergent washed, distilled water rinsed and dried at 105°C
before use.

Septum - Teflon-faced silicone (Pierce #12722 or equivalent).
Detergent washed, distilled water rinsed and dried at 105°C
before use.

250 mL gas sampling bulbs.

Gas chromatograph - Varian 3400 equipped with PID and Hall
detectors in series.

. Column 1 - 8 ft x 1/8 in. stainless steel, packed with

1% SP 1000 on Carbopack B (60/80 mesh).

Dual-channel Integrator/Recorder.

Syringes -
1 and 5 mL gas tight, fitted with shut-off valves and
22 gauge needle.
10, 100, and 1,000 m/L gas tight.

30 m/L Serum type reaction vials (hypo) with teflon lined
septa and seals.

Balance - $0.0001 g - (Cahn TA4200).

Balance - 20.01 g - (Sartorius, 1202 MP).

Reagent water - organic free water or cold tap water which
has been shown to be organic-free at the method detection
Timits.

25 mL TC graduated cylinders.
-2 -



13.
14.
15.
16.

Standard

Constant temperature water bath - 50°C.
Volumetric flasks - assorted.
Pipettes - assorted.

Certified gas standard solutions - 200 mg/L (Supelco).

Preparation:

1.

Stock Standard Solution: The stock standard solution is
prepared at 5,000 mg/L methanol from pure standard materials
(exceptions: 2-chloroethylvinylether is prepared at 100 g/L;
1,2-DCB, 1,3-DCB and 1,4-DCB are prepared at 25 g/L;
Bromoform is prepared at 10 g/L). Correction for purities of
less than 99% are made. Gas standards are purchased as a
certified solution at 200 mg/L.

1.1 Add about 20 mL of methanol to a 25 mL volumetric flask.
Allow the flask to stand unstoppered until the methanol
on the neck of the flask has dried.

1.2 Tare the flask on the analytical balance.

1.3 Using a 100 uL syringe add the reference material to the
flask. Make sure the drops fall directly into the
methanol without contacting the neck of the flask.

1.4 Determine the amount of reference material added. Rinse
the syringe with methanol, tare the flask, and add the
next standard.

1.5 After all the reference materials are added, fill to
volume with methanol, cap, and invert to mix.

Secondary Standard Solution: Prepare secondary standards (target and

non-target compounds) according to the following scheme.

Standard Amount Final Volume Concentration

5000 ug/ml 1 ml 10 ml 500 ug/ml

500 ug/ml 1 ml 10 ml 50 ug/ml
50 ug/ml 1 ml 10 ml 5 ug/ml
10 ug/ml 1 ml 10 ml 1 ug/ml

Dilute to volume with methanol.



Calibration:

Water Samples (Headspace):

1.0 Working Headspace Calibration Standards: Prepare working
calibaration standards (target and non-target compounds) according
to the following scheme:

Secondary Standard Amount Final Volume Cocentration
500 ug/ml 20 ul 200 ml 50 ug/1
50 ug/ml 40 ul 200 ml 10 ug/1
50 ug/ml 20 ul 200 ml 5 ug/1
10 ug/ml 20 ul 200 ml 1 ug/1

2.0

e

Fill a 200 m1 volumetric flask with reagent water to the mark.
Directly inject the secondary standards into the water with an
appropriate microliter syringe.

Invert each working standard 3 times, discard the first 10 ml in
the neck of the volumetric and transfer aliquots of the freshly
prepared working standards to 40 ml VOC vials, (no headspace) and

capped.

Calibaration Procedure

2.1 Target Headspace Standards

2.1.1

2.1.2

2.1.3

2.1.4

2.1.5

Remove and discard 10 mL from a freshly prepared
standard and place the vial now having 10 mL of
headspace in a 50°C water bath insuring the water level
in the bath is sufficient to equal the water level in
the vial.

Allow time for equilibration of temperature (10
minutes).

Remove 5 mL of headspace for injection onto the gas
chromatograph.

Construct a minimum 3-point standard curve of peak area
response versus concentration for each of the compounds
of interest.

A continuing calibaration check is performed after each
set of 10 samples and as the last sample of the day.

If the response for any of the target compounds varies
from the expected response by more than 30%, a new
calibration curve must be prepared.
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2.2 Non-Target Headspace Standards

Run a 1-point, 50 ug/L headspace standard of non-target
compounds.

Soil Gas Samples:

1.0 Working Soil Gas Calibration Standards: prepare working soil gas
calibration standards (target and non-target compounds) according
to the following scheme:

Secondary Standard Amount Final Volume Concentration
500 ug/ml 1 ml 10 ml 50 ug/m]
50 ug/ml . 2 ml 10 ml 10 ug/ml
10 ug/ml 5 ml 10 ml 5 ug/ml-

Dilute to volume With.methanol

2.0 Calibration Procedures:

2.1 Inject 5.0 uL of each of the working standard solutions into
the gas chromatograph.

Construct a minimum 3-point standard curve of peak area
response versus total nanograms injected for each of the
compounds of interest.

A continuing calibration check is performed after each set of
10 samples and as the last sample of the day. If the response
for any of the compounds varies from the expected response by
more than +30%, a new calibration curve must be prepared.

Sample Analysis

1.0 Water Samples:

1.1 Water samples are received in 40 mL VOC vials. Remove RO
10 mL of the sample from the vial.

1.2 The vials are placed in a 50°C water bath and allowed
to equilibrate for 10 minutes.

1.3 Remove 5 mL of headspace for injection into the gas
chromatograph.
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2.0

1.4

Soil

If any compound of interest is outside the calibration
curve and an accurate concentration is required, a
smaller aliquot of headspace can be taken from a
freshly prepared sample.

Gas Samples:

2.1

2.2

2.3

Soil gas samples will be received in 250 mL glass
bulbs. When received, they are allowed to equilibrate
to the ambient air temperature.

Remove 5 mL of sample through the sampling septum and
inject onto the gas chromatograph..

If any compound of interest is outside the calibration
curve and an accurate concentration is required, a '
smaller aliquot is taken from the same sample.

Chromatographic Conditions

Column:

8 ft x 1/8 inch stainless steel, packed with 1% SP-1000
on Carbopack B (60/80 mesh).

Carrier Gas

Helium - Ultra High Purity Grade (Linde)

35 mL/min

Detectors (in series)

1.

Photoionization 10.2eV

Sensitivity - Range 11 x Attenuation 8
Temperature - 240°C

Hall 700A

Mode - Halogen

Reactor Temperature - 1000°C
Solvent Flow - 0.8 mL/min Methanol
Hydrogen Flow - 60 mL/min

Injector

Temperature - 220°C



*
Oven

Initial - 60° C-0 minutes
Rate - 20° C/minute
Final - 220° C/and held for 7 minutes

* Conditions listed can be varied as needed for changing applications.
Relative retention times are found on Tables 1 and 2 using these
conditions.

Target Headspace

Calculations:

1.

Review the chromatograms and data reports for each analysis.
Check for gross errors such as incomplete data reports
because of faulty integration.

Prepare external standard calibration curves for each
compound using at least three data points and linear
regression analysis.

Calculate the concentration found in the samples from the
calibration curves using the following equations:

ug/L = A x DF

where: A = Amount of compound found in the analysis in ug/L
(from linear regression). DF = Dilution factor.

Other VOC Headspace Calculations:

1.

Review the chromatograms and data reports for each analysis.
Check for gross errors such as incomplete data reports
because of faulty integration.

Calculate the concentration of each parameter found in the
samples using the following equation.

R(samp) x C(std) x DF
R(std)

ug/L

where: R(Samp) = Response of parameter in sample

R(Std) = Response of parameter in standard
C(Std) = Concentration of standard in ug/L
DF = Dilution factor
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Soil Gas Bulb Calculations:

1.

Review of the chromatograms and data reports for each
analysis. Check for gross errors such as incomplete data
reports because of faulty integration.

Calculate the concentration of each parameter found in the
samples using the following equation.

ng/L = R{samp) x ng(std) x DF x 1000
R(std) x VL

where: R(samp)' = Response of parameter in sample

R(std) = Response of parameter in standard

ng(std) = ng (10-9 grams) of standard injected

VL = Volume of aliquot taken from bulb (in mL)
DF = Dilution factor

Data Reporting:

1.

A1l results, standards conditions, and notes will be recorded
in a bound field notebook.

. All data generated by field G.C. will be considered as

tentatively identified, with all concentrations being
estimated.

A1l raw field data will be forwarded to Warzyn Engineering
Inc. analytical laboratory for final review and archiving. A
final summary report will be prepared with pertinent copies
of the field notebook, and chromatograms included (see
attached report form).

Analysis will be rejected for re-analyzed if:
- duplicates are outside the 15% acceptable range.
- continuing calibration varies greater than 30% of
true value.

[jp1-600-22b]
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TABLE 1

Torget YOC Detaction Limits
for Matar Headspiog

Standard Method .
Compound Replicates Mean (1) Deviation Detection Lim{t(2)
Yoluene : o7 2.4 > -- 0,208 - - 0,65 ug/l
i, I-Dicmoroethene 7 2, 0.364 1.14 ug/L
Trms 1,2-Dichloroethene 7 ry v 0.332 1.04 ‘uy/L
Trich]orOethene 7 1,84 0,294 0.92 ug/L
Tetrachloroethane 7 2.38 0.310 0.97 ug/L

\

(1) Nean value for spike at 3 ug/L. L
(2) Lalculated D.L. according to Appendix A of EPA Test Methods for
Organic Chemica) Analysis of Municipal and Indu:trial Kastewater.

L e
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TABLE 2
Other YOC's Detection Limire

i = . for Water Headspace

Compound Replfcates petection Limit
Benzene . . 3 2.0 ug/L
€ thy! Benzerne 3 2.0 ug/L
1,1,1-Trichloroethene 3 1.0 ug/L
1,1-0D1chloroethane 3 2.0 ug/L
Chloroform 3 2.0 ug/t
Me thylene Chloride 3 6.0 ug/L
1,2-Dichloroethane 3 5.0 ug/L
Bromodi chlorom thane B 8.0 ug/L
¢hloroGibroromathane 3 25 ug/l
BromOFOTM . e e 50 ug/L
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TABLE 3

Soil GCas Detecrion Limits

' T Standard
Compound Replicates Mean (ng) Deviation Detection Limit (ng) (1)
Toluene _ 3 ¢.16 0,044 5.0
1,1-Dichloroethene 3 506 0.086 £.0
Trans-1,2-Dfchloroethene 3 4.95 0,021 £.0
Trichloroethene 3 4,91 0.032 5.0
Tetrachloroethene 3 4,21 0.219 5.0
1,1,1-Trichlorcethane 3 . 3,90 0,147 5.0
Benzene 3 7.57 0.085 5.0
Ethyl Benzene 3 6.08 0.301 5.0
1,1-Dichlorcethane 3 3.99 0.216 5.0
Chloroform b 3 4,02 0,132 5.0
Methylene Chloride 3 3.65 0.788 5.0
1,2-Dichloroethane 3 2.92 0.099 5.0
Bromodfchloromethane 3 4.92 0,093 5.0
Chlorodibromomethane 3 8.77 0.180 10.0
gromoform 3 8,95 0,118 10.0

(1) Detection Timit {s toral nanograms fnjectad into G,C. column.
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TABLE 4

Yolat{le Retention Order

Photo lonization Detsctor

Parameter

V1,1-Dichloroethens
Trans-1,2-Dichloroethene
VvTrichlorogthene
Benzene
v Tetrachloroethene
VToluene
Ethyl Benzene

Hall Detector

Retention Time

Parameter

Methylene chloride
~1,1-Dichloroethens
1,1-Dichlorothane
Trans-1,2-Dichioroethene
Chloroform
1,2-Dichloroethane
1,1,1-Trichloroethane
gromodichloromethane
vTrichloroethene
Chlorodibromome thane
Bromoform
v Tetrachloroaethene

FGC1-12

4,24
4.98
7.23
7,39
9.86
10,81
13.84

Retention

Time

3.26
§.29
4,77
5.04
5.21
5,49
6.12
6.40
7.29
7.58
8.76
9.91
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APPENDIX G
VOC - WARZYN STANDARD OPERATING PROCEDURE

WARZYN




PURGEABLE HALOCARBONS AND AROMATICS

Scope and Application: This method covers the determination of the

following 35 organic compounds in water and soils:

Compounds:

Acetone* Dibromochloromethane Ethyl benzene

Benzene 1,2-Dichlorobenzene Methylene chloride
Bromodichlorome thane 1,3-Dichlorobenzene 1,1,2,2-Tetrachloroethane
Bromoform 1,4-Dichlorobenzene Tetrachloroethene
Bromome thane Dichlorodifluoromethane Tetrahydrofuran (THF)*
Carbon tetrachloride 1,1-Dichloroethane Toluene

Chlorobenzene 1,2-Dichloroethane 1,1,1-Trichloroethane
Chloroethane 1,1-Dichloroethene 1,1,2-Trichloroethane
2-Chloroethylvinyl ether 1,2-Dichloroethene Trichloroethene
Chloroform 1,2-Dichloropropane Trichlorofluoromethane*
Chlorome thane cis-1,3-Dichloropropene Vinyl chloride

trans-1,3-Dichloropropene Xylenes

* Analyzed upon request.

The following sets of compounds are known not to be resolved on the 1% SP 1000
column and will be reported as the sum of the unresolved set.

- Vinyl chloride and Dichlorodifluoromethane
- cis-1,3-Dichloropropene, 1,1,2-Trichloroethane and Chlorodibromomethane
. Tetrachloroethene and 1,1,2,2-Tetrachloroethane
Note: Second column confirmation is performed upon client request.
Method: Purge and Trap - Gas Chromatography.
Reference: "Methods for Organic Chemical Analysis of Municipal and Industrial

Wastewater", July, 1982, Mthods 601, Purgeable Halocarbons, and
602, Purgeable Aromatics

Detection Limits: Waters 1.0 - 20 ug/L (See Table 4)
Low Level Soils - 10-200 ug/kg
Medium/High Level Soils - 50-20000 ug/kg

Quality Control:

1. Each analytical run should begin with a standard curve consisting of
a 50, 25, 10 and 1 ug/L standard and a blank. Every sixth analysis
thereafter and the last sample analyzed should also be one of the
above standards. Ongoing calibration standards should be within 15%
of the original standards or a new standard curve must be prepared
and samples since the last check standard, reanalyzed.
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2. Surrogate compounds 2-bromo-l-chloropropane for the halocarbons
o« o A-trifluorotoluene for the aromatics are added at 25 ug/L
to each sample to monitor the performance of the method. Surrogate
recoveries are calculated on an external standard basis. If a
surrogate recovery falls outside of the acceptable control limits
(see Table 5), the sample must be reanalyzed. If the surrogate
recovery still falls outside of the control limits, the sample
should be diluted until an acceptable surrogate recovery is obtained.

3. A minimum of 10% duplicate and 10% spiked samples should be analyzed.
If less than 10 samples are analyzed, a duplicate and a spiked sample
should still be analyzed. Duplicates should be within 15% and results
are averaged. Recoveries for spiked samples should fall within
the limits shown in Tables 3 and 6. For samples processed as a
set where spiked sample recoveries fall outside of the established
limits, data for the affected parameters should be asterisked and
reported as suspect.

4. Table 4 presents verification of method detection limits calculated
from seven control spikes at 5 times the detection limits.

5. New stock standards should be prepared monthly. New secondary
standards should be prepared weekly. New working standards should
be prepared daily.

Optimum Range: Up to 1,000 times the detection limit.

Sample Collection, Preservation and Handling:

Samples are to be collected in duplicate in 40 mL glass vials with open
screw-caps and teflon faced silicone septa. They should be collected so that
no headspace remains in the bottle. Samples should be preserved by adding

one crystal of sodium thiosulfate, except for those which are known to contain
non-chlorinated compounds which are preserved with the addition of three

drops of 1:1 HC1. Samples should be refrigerated at 4°C and analyzed within
14 days of collection,

Reagents and Apparatus:

1. Open screw cap 40 mL vial (Pierce #13075 or equivalent). Detergent
wash, deionized water rinse and dry at 105°C before use.

2. Septum - Teflon-faced silicone (Pierce # 12722 or equivalent).
Detergent wash, deionized water rinse and dry at 105°C before use.

3. Purge and trap device - Tekmar LSC-2 equipped with ALS multiple
sampler option.

4. Purge tubes - 5 mL and 25 mL fritted

5. Gas chromatograph - Varian 3400 equipned with a PID and Hall
detectors in series,
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9.

10,
11.

12.
13.
14,
15,
16.
17.
18.
19,
20,
21.

Reagent

Column 1 - 8 ft. x 1/8 inch stainless steel, packed with 1%
SP-1I000 on Carbopack B (60/80 mesh).

Column 2 - 8 ft. x 1/8 inch stainless steel packed with n-octane
on Porasil - C (100/120 mesh) for confirmation.

Glass Syringes:

5 mL Leurlock tip

1 mL Hamilton

100 uL Hamilton

10 uL Hamilton
Balance - + 0.0001 g - (Cahn TA4200)
Balance - + 0.01 g - (Sartorius, 1202 MP)

Reagent water - organic free water or cold tap water which has
been shown to be organic-free at the method detection 1limits.

Methanol ~ B & J Brand

Stainless steel tubes - 1/16" x 3" and 1/16" x 6"
3 - 1/16" connectors

1/16" Teflon tubing - 2 pieces 2 - 3 ft.
Stirring hot plate

Ring stand with clamps

Stir bars ~ 3/8" ~ 1/2" teflon coated

Beakers - assorted

Volumetric flasks - assorted

Pipettes - assorted

Preparation:

l.

Stock Standard Solution: The stock standard solution is prepared at

5000 mg/U from pure standard materials (exceptions-Acetone, THF, and
2-chloroethylvinyl ether are prepared at 100 g/L; 1,2-DCB, 1,3-DCB
and 1,4, DCB are prepared at 25 g/L; Bromoform is prepared at 10
g/L). Correction for purities of less than 99% should be made.

Gas standards are purchased as a certified solution,

1.1 Add about 20 mL of methanol to a 25 mL volumetric flask. Allow
the flask to stand unstoppered until the methanol on the neck
of the flask has dried.
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1.2 Tare the flask on the analytical balance.

1.3 Using a 100 ul syringe add the reference material to the flask.
Make sure the drops fall directly into the methanol without
contacting the neck of the flask.

1.4 Determine the amount of reference material added and tare the
flask. Rinse the syringe with methanol and add the next
standard.

1.5 After all the reference materials are added, fill to volume
with methanol and invert to mix.

2. The stock gas standard (200 ug/mL of chloromethane, bromomethane,
vinyl chloride and chloroethane prepared in methanol) is purchased
as a certified solution in sealed ampules.

3. Working Standard Solutions:

3.1 Prepare a secondary standard mix at 500 ug/mL by diluting 1 mL
of the stock standard to 10 mL with methanol.

3.2 Prepare working standards at 1.0, 10.0, 25,0, and 50.0 ug/mL
from the secondary standard.

3.3. Prepare working gas standards at 1.0 to 25 ug/mL from the
purchased solution,

4, Surrogate Standard Solution:

4.1 2-Bromo-l-chloropropane andol . g -trifluorotoluene are used
as the surrogate standards,

4.2 The stock surrogate standard is prepared the same as Ssteps
1.1-1.5 above.

4.3 Dilute to obtain a final surrogate standard concentration of
25.0 ug/mL.

Procedures:

Waters:

l. Adjust the purge flow rate on the LSC-2 Automatic Liquid Sampler
(ALS) to 40 mL/min. (Attach a bubble meter to a sample Tine on the

ALS autosampler and adjust the purge pressure and purge flow controllers

as needed).
2. Set the LSC-2 for the following cycle:
Purge - 8 minutes
Desorb - 4 minutes at 180°C

Bake - 8 minutes at 180°C
Transfer lines - 100°C
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Low Soils:

1.

Remove the plunger from a 5 mL syringe. While holding a finger over
the tip, rinse and fill the syringe with reagent water. Replace the
barrel and adjust to 5.0 mL mark making sure that all air bubbles
are removed. Spike through the valve bore with 5 uL of the standard
mixture.

Attach syringe to the syringe valve on the purging device. Open
the valve and inject the sample into the purging chamber. Close
the syringe valve on the purging device.

Continue filling the remaining purge vessels of the ALS auto sampler
using the same technique as above. Make sure to add 5 ulL of the
surrogate to samples and blanks.

Index the ALS to the sample number before the first sample, then
advance the switch to auto to begin purging.

When analysis is completed remove the purge tube from the ALS
empty the contents, flush with DI water and rinse with reagent
water,

The LSC-2 and ALS purge and trap parameters are the same as for the
water samples.

Remove the purging vessel from the ALS. Attach teflon tubing to
both the purge and sample lines. Connect the 6" stainless steel
probe to the tubing from the purge line with a 1/16" union.
Connect the 3" stainless steel probe to the tubing from the sample
line with a 1/16" union.

Set up a water bath by placing a 150 or 250 mL beaker half
full of water on a stirring hot plate. Heat the bath to
60°C. A ring stand with clamps will hold the modified purge
vessel (40 mL VOC vial) in the water bath,

For standards (100, 50, 25, 10 and 0 ppb) add 5 mL of reagent
water to a 40 mL VOC vial containing a 3/8" - 1/2" teflon coated
stir bar. Spike with 5 uL of the standard mixture. Cap and insert
the 6" purge probe through the septum to the bottom of the vial.
Insert the 3" sample probe through the septum about 1 inch. Place
the vial in the water bath and adjust the height so that the stir
bar stirs smoothly. Start the purge cycle by advancing to start

on the LSC-2.

When purging is completed remove the probes and place them in an
empty 40 mL VOC vial until the next analysis. (Back pressure
causes the sample to flow back into the purge line.)

For samples, weigh out 5.0 g into a 40 mL VOC vial containing a stir
bar. Add 5.0 mL of reagent water and 5 ulL of the surrogate mix.
Cap and place probes in the vial and continue in the same manner

as in step #4 above.
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7. When purging is completed, remove the probes and clean by rinsing
with deionized water and wiping with a Kimwipe. Place in an empty
VOC vial.

8. See Table 3 for Q.C. limits for spike recoveries.

Medium/High Soils:

This VOC screening procedure is used for moderate to highly contaminated

soil samples. These samples may contain high concentrations of volatiles and
odor can be detected upon opening the sampling containers. Any soil samples
that contain large amounts of gasoline or fuel o0il, volatile interferences,

or samples where screening procedures (i.e. HNu, OVA, etc.) indicate high
contamination levels, should be analyzed by this procedure. This procedure can
also be used for screening of samples where lower detection limits are not
critical (see Table 6 for Detection Limits and Q.C. Limits for spike recoveries)

Procedure:

1, Weigh out 5.0 g of sample in a 20x150mm screw cap centrifuge tube.

2. Add 5.0 mL of methanol to the sample.
3. Spike with the appropriate level of surrogate or spike mix,

4, Cap with a teflon lined screw cap and mix the sample gently for
1 minute.

5. Place the tubes in a centrifuge for 2 min at 1200 rpm's.

6. Remove the tubes from the centrifuge and transfer a portion of
the methanol layer into a small vial with a disposable pipet.

7. Inject 100 uL or less (depending on the concentration of the
interferences) of the extract into 5 mL of tap water and load
into a purging vessel on the LSC-2 purge and trap.

8. Proceed with analysis, (loading, timing, etc) as stated for water
samples.*

* Note: A procedural blank should also be run with each set of samples.
Prepare by spiking 100 uL of the methanol used for the extraction
into 5 mL of tap water and running as above. Subtract any
contaminant volatiles found in the methanol from the final
concentrations of the samples.

1, Purge tubes should be acid cleaned periodically when lime or
other deposits become evident.

2. Stir bars should be cleaned with hot water and soap, rinsed
with DI water then rinsed with methanol.

-
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3. A1l soapy or foamy samples should be diluted to prevent
contamination of the sample lines and the purge and trap.

4, An 8 ft x 1/8 in n-octane on Porasil C (100/120) mesh column is used
for confirmation, if necessary.

Gas Chromatographic Conditions:

Column:

8 ft. x 1/8 inch stainless steel, packed with 1% SP-1000 on
Carbopack B (60/80 mesh).

Carrier Gas:

Helium - Ultra High Purity Grade (Linde)
35 mL/min

Detectors (in series):

1. Photo Ionization 10.2eV

Sensitivity - Range 11 X Attenuation 8
Temperature - 240°C

2. Hall 700A/ECD
Mode - Halogen
Reactor temperature - 1000°C
Solvent Flow - 0.8mL/min Methanol
Hydrogen Flow - 60 mL/min
Injector:
Temperature - 200°C
Oven:
Initial - 45°C/4 minutes
Rate - 8°C/minute
Final - 220°C/20 minutes

Relative retention times are found on Tables 1 and 2.

Second Column Confirmation:

Second column confirmation is performed upon client request when routine
first run samples have detected amounts of coeluting parameters. An eight
foot by 1/8" n-octane on Porasil C (100/120 mesh) column is used for confir-
mation. When confirmation is performed, helium carrier gas is 40 mL/min flow
rate, column temperature is held at 50°C for three minutes then programed at
6°C per minute to 170°C and held for four minutes.
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Calculations:

1. Determine that the surrogate standards are within the quality
control Timits; if not, reanalyze the sample.

2. Review the chromatograms and data reports for each analysis.
Check for gross errors such as incomplete data reports because
of faulty integration.

3. Prepare external standard calibration curves of ug vs. response
for each parameter using at least three data points and linear
regression analysis.

4, Calculate the concentration found in the samples from the calibration
curves using the following equations:
A
Waters: wug/L = Vs x 1000

where: A
Vs

Amount of parameter found in analysis (in ug)
Volume of sample (in mL)

Note: Vs should be actual volume of sample taken before
any dilutions.

A
Soils: ug/kg = Ws x 1000

Amount of parameter found in the analysis (in ug)
Weight of sample (in g)

where: A
Ws

5. If the calculated result does not fall within the limits of
external standard curve, the sample must be diluted and
reanalyzed.
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TABLE 1

PHOTO IONIZATION DETECTOR

1%Z SP-1000 on Carbopack B (60/80 mesh)
Parameter Retention Time (Minutes)

Acetone

1,1 Dichloroethene

THF

1,2-Dichloroethene
trans,1,3~-Dichloropropene
Trichloroethene

Benzene
cis-1,3-Dichloropropene
2-Chloroethylvinyl ether
Tetrachloroethene
Toluene
X, XX-Trifluorotoluene
Chlorobenzene
Ethylbenzene

M-Xylene

0&P-Xylene
1,3-Dichlorobenzene
1,2-Dichlorobenzene
1,4-Dichlorobenzene

. . e o 6 o o o ¢ o o
NO\O@OHHO\@N@‘ONNOO\@mg

W W WLWMN NN NN b pd bt b o b s
WONWNOIOATNHE WO NN-O
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Parameter

Chloromethane

Bromome thane

Vinyl Chloride
Chloroethane

Methylene Chloride
1,1-Dichloroethene
1,1-Dichloroethane
1,2-Dichloroethene
Chloroform
1,2-Dichloroethane
1,1,1-Trichloroethane
Carbon Tetrachloride
Bromodichloromethane
1,2-Dichloropropane
trans-1,3-Dichloropropene
Trichloroethene
Dibromochloromethane
1,1,2-Trichloroethane
cis-1,3-Dichloropropene
2-Chloroethyvinyl ether
Bromoform
1,1,2,2-Tetrachloroethane
Tetrachloroethene

>, X X-Trijfluorotoluene
Chlorobenzene
1,3-Dichlorobenzene
1,2-Dichlorobenzene
1,4-Dichlorobenzene

TABLE 2
HALL DETECTOR

1% SP-1000 on Carbopack B (60/80 mesh)

Retention Time (Minutes)

PURHAR1-10

1.82
3.02
3.88
5.13
7.63
10.5
11.9
12.6
13.2
15.2
15.6
15.6
16.1
17.4
17.7
18.2
19.0
19.0
19.0
19.9
21.6
23.7
23.7
25.6
26.1
37.9
39.0
39.7



TABLE 3

SPIKES OF FIELD WATER SAMPLES

Acetone

Benzene
Bromodichloromethane
Bromoform

Bromome thane

Carbon tetrachloride
Chlorobenzene
Chloroethane
2-Chloroethylvinyl ether
Chloroform

Chloromethane
Dibromochloromethane
1,2-Dichlorobenzene
1,3-Dichlorobenzene
1,4-Dichlorobenzene
Dichlorodifluoromethane
1,1-Dichloroethane
1,2-Dichloroethane
1,1-Dichloroethene
1,2-Dichloroethene
1,2-Dichloropropane
cis-1,3-Dichloropropene
trans-1,3-Dichloropropene
Ethyl benzene

Methylene chloride
1,1,2,2-Tetrachloroe thane
Tetrachloroethene
Tetrahydrofuran (THF)
Toluene

-1,1,1-Trichloroethane

1,1,2-Trichloroethane
Trichloroethene
Trichlorofluoromethane
Vinyl chloride

Xylenes

* Insufficient data for statistics.

t

3 Standard
Number Average % Relative Deviations
of p4 Standard Acceptable
Analyses Recovery Deviation Recoveries(1)
* (8) *(94.4) *(16.3)
25 90.6 6.05 72.4-109
25 91.2 4,38 78.1-104
25 72.9 9.50 44 .4-101
25 95.9 11.8 60.5-131
25 89.8 8.29 64.9-115
25 87.7 7.87 64.1-111
21 96.2 6.82 75.7-117
20 104 16.2 55.4-153
25 95.6 3.04 86.5-105
20 100.4 6.99 79.4-121
15 80.7 6.10 62.4-99.0
25 76.6 7.74 53.4-99.8
25 81.0 9.17 53.5-108
25 80.8 8.03 56.7-105
* * *
25 98.7 4.38 85.6-112
25 85.3 5.50 68.8-102
25 94.6 5.91 76.9-112
23 93.9 5.46 77.5-110
25 93.7 4,66 79.7-108
* * *
* * *. ]
25 86.2 9.36 58.1-114
25 94.1 10.3 63.2-125
* * *
25 85.7 9.42 57.4-114
* * *
25 88.0 6.66 68.0-108
25 91.8 7.66 68.8-115
* * *
25 85.3 7.45 63.0-108
* * - *
20 - 95.3 7.17 73.8-117
23 88.4 . 9.37 60.3-116

(1) These Q.C. limits are also used for low soils analysis.
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TABLE 4

Analyses of Seven Control Waters Spiked at 5x LOD

Reportable
Detection Average Calculated
Limit Recovery Standard Method Detection
(ug/L) (3) Deviation Limit (ug/L)

Acetone 20.0 77.0 10.7 33.6
Benzene 1.0 95.6 5.04 0.79
Bromodichloromethane 1.0 99.7 5.72 0.90
Bromoform 2.0 93.6 7.48 2.35
Bromome thane 2.0 95.1 4.39 1.38
Carbon tetrachloride 1.0 98.1 2.95 0.46
Chlorobenzene 1.0 87.9 6.45 1.01
Chloroethane 1.0 92.9 5.33 0.84
2-Chloroethylvinyl ether 20.0 105 7.81 24.5
Chloroform 1.0 110 5.60 0.88
Chloromethane 1.0 90.0 6.56 1,03
Dibromochlorome thane 1.0 99.7 8.31 1.30
1,2-Dichlorobenzene 5.0 85.1 5.54 4.35
1,3-Dichlorobenzene 5.0 82.9 8.95 7.03
1,4-Dichlorobenzene 5.0 55.0 6.84 5.37
1,1-Dichloroethane 1.0 106 7.20 1.13
1,2-Dichloroethane 1.0 114 19.5 3.06
1,1-Dichloroethene 1.0 99.6 6.02 0.94
1,2-Dichloroethene 1.0 104 8.14 1.28
1,2-Dichloropropane 1.0 103 7.00 1.10
Ethyl benzene 1.0 85.0 10.1 1.59
Methylene chloride 1.0 112 12.8 2.00
Tetrachloroethene 1.0 89.1 8.23 1.29
Tetrahydrofuran (THF)* 20.0 79.0 16.1 25.3
Toluene 1.0 92.4 7.01 1.01
1,1,1-Trichloroethane 1.0 102 3.57 0.56
Trichloroethene 1.0 96.0 4.41 0.69
Vinyl chloride 1.0 87.1 7.26 1.14
Xylenes 1.0 83.6 8.86 1.39

* THF spiked at 2.5 times the LOD.
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TABLE 5

SURROGATE RECOVERY CONTROL LIMITS

oA X ATrifluorotoluene

Number Average Relative
of Z Standard Acceptable
Matrix Type Analyses Recovery Deviation Recoveries
Water 34 87.9% 13.7% 50.0-120%
Low Soils 19 80.2% 11.0% 47.2-113%
Medium/High Soils 33 91.4%2 ~ 16.1% 43.1-140%
2-Bromo-1-chloropropane
Number Average Relative
of pA Standard Acceptable
Matrix Type Analyses Recovery Deviation Recoveries
Water 32 80.0% . - 6.91% 60.0-120%2
Low Soils 19 82.8% " 12.6% 45,0-121%
Medium/High Soils 32 74.0% 11.1% 40.7-107%
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TABLE 6

DETECTION LIMITS AND RESULTS FOR SPIKES
OF FIELD SOIL SAMPLES (Medium/High)

2 Standard
Number  Detection Average % Relative Deviations
of Limit 2 Standard Acceptable
Compound Analysis  ug/kg Recovery Deviation Recoveries
Benzene 7 50 87.6 11.8 64.0-111
Bromodichlorome thane 8 50 89.1 19.8 49,5-129
Bromoform 7 100 79.6 147 50.2-109
Carbontetrachloride 7 50 96.9 12.7 71.5-122
Chlorobenzene 8 50 83.2 13.9 55.4-111
Chloroform 8 50 91,2 18.6 54.0-128
Dibromochlorome thane 8 50 87.8 12.5 62.8-113
1,2-Dichlorobenzene 8 250 81.7 13.0 55.7-108
1,3-Dichlorobenzene 8 250 83.4 16.3 50.8-116
1,4-Dichlorobenzene 7 250 90.9 21.4 48.1-134
1,1-Dichloromethane 8 50 88.8 13,2 62.4-115
1,2-Dichloroethane 8 50 86.8 15.1 56.6-117
1,1-Dichloroethene 7 50 86,2 15,2 55.8-117
1,2-Dichloroethene 8 50 92.6 17,7 57.2-128
1,2-Dichloropropane 8 50 91.2 16.1 59.0-123
Ethyl benzene 8 50 89.7 11.7 66.3-113
Methylene Chloride 6 50 75.4 14,0 47.4-103
Tetrachloroethene 8 50 91.5 13.4 64.7-118
Toluene 6 50 83.8 12.8 58.2-109
1,1,1-Trichloroethane 7 50 94.7 12.6 69.5-120
Trichloroethene 8 50 91.8 13.0 65.8-118
Xylenes 7 50 87.7 14.4
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APPENDIX H
FIELD MEASUREMENT OF HYDRAULIC CONDUCTIVITY
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FIELD MEASUREMENT OF PERMEABILITY
BAIL-DOWN TEST

INTRODUCTION
The objective is to determine hydraulic parameters (transmissivity,
storativity, hydraulic conductivity) of the water-bearing strata. Single well
aquifer tests are used because they may be conducted using a minimum of
equipment, personnel, and time. They may also be done at many points within
an aquifer and may be used to better plan a full-scale pumping test.

PROCEDURES
Each bail-down test is conducted by measuring the static water level with an
electric water level indicator or cloth tape with attached sounding device,
placing a pressure transducer (connected to a Hermit data loggerl), below the
water level, and removing one bailer volume from the well. The recovery of
the water level back to the static level is recorded over the necessary period
of time, using a logarithmic sampling mode on the data logger.

The electric water level tape and transducer are wiped, first with methanol
and then with deionized water as they are placed in the wells, to prevent
cross-contamination between wells. The bailer is lowered with an attached
1/8-inch stainless steel cable. The bailer and cable are decontaminated
between uses by washing and rinsing with Liquinox soap and water, rinsing
three times with methanol, and rinsing three times with deionized water. The
bailer and cable are then allowed to air-dry on steel supports and are covered
with new sheet plastic.

1 Hermit Environmental Data Logger, Model SE10008B,
In-Situ, Inc., Laramie, Wyoming 82070.
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DATA REDUCTION
The data accumulated during the bail-down tests are used to calculate
hydraulic parameters using several published methods. Hydraulic conductivity
is calculated for shallow, unconfined wells using the Bouwer and Rice method
(1976). The NAVFAC method (1971) is used for comparison. Transmissivities
and storativities for the deeper, confined wells are determined using the
curve matching method described by Cooper, et al. (1967). For comparison,
hydraulic conductivities are also calculated using the Hvorsley method (1951).
A1l methods assume an infinite, homogenous, isotropic aquifer and an
instantaneous change in head in the well.

The method described by Bouwer and Rice (1976) is based upon modifications to
the Thiem equation, with the use of an analog model. A straight line is drawn
through a semi-log plot of relative head versus time, and the hydraulic
conductivity is calculated using the slope of that line and the geometry of
the well and aquifer. The formulation assumes that draw-down of the water
table around the well is negligible, that flow in the capillary fringe may be
ignored, and that well losses are negligible. It is applicable to completely
or partially penetrating wells in unconfined aquifers, but may be used for
confined aquifers that receive water from the upper confining layer.

In the NAVFAC method (1971), a straight line is also drawn through a semi-log
plot of recovery data for unconfined aquifers. The method is based on the

Hvorsley method. It assumes that the well is cased below the water table, and
the ratio of the screen length to the well radius (L/R) is greater than eight.

The Cooper, et al. (1967) formulation calculates the transmissivity of an
aquifer by matching a plot of relative head (linear scale) versus time
(Togarithmic scale) to one of a set of type curves. The method assumes that
the change in head after a known volume of water is injected or removed is
instantaneous and that the (non-flowing) well is screened over the entire
thickness of an artesian aquifer. It is directly applicable to fully
penetrating screened wells in confined aquifers, but may be used to determine
the transmissivity of the portion of an aquifer over which a partially
penetrating well is screened, assuming no vertical flow occurs.

1 Hermit Environmental Data Logger, Model SE1000B,
In-Situ, Inc., Laramie, Wyoming 82070.
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The Hvorsley method (1951) is based on a solution of the LaPlace equation and
does not account for aquifer storage. A straight line is drawn through a
semi-log plot of relative head versus time. The time that would be required
for complete equalization of head difference if the original rate of inflow
were maintained (defined as the basic time lag, Ty, and equal to the time when
H-h/H-Ho = 0.37) is used to calculate the hydraulic conductivity. The value
of Ty is measured graphically, and the ratio of the piezometer length to
radius is assumed to be greater than eight (L/RD8).

[jap-600-71E]

1 Hermit Environmental Data Logger, Model SE1000B,
In-Situ, Inc., Laramie, Wyoming 82070.





