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I
I SECTION 1.0 - INTRODUCTION

I

I
This QAPP has been prepared using the following guidance documents:

I

I
I
I
I

I

• 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

WARZYN

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 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.

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.
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I
I 3.0 - PROJECT DESCRIPTION

I
Identification of contaminant sources

• Determination of the nature and extent of impacts
• Determination of probable fate of contaminants through timeI

I

I

I
I
I

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

WARZYN
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• Assessment of the danger to public health associated with the 
contamination

• Development of remedial action alternatives to address varying 
levels of response

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:

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.

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.
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Prior to treatment (before July 1984), the water supply contained
tri chloroethene 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 groundwater 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.

In Mid-1983, Wausau drinking water exceeded recommended drinking water 
standards for VOCs. In 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.

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, 
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 the river in the west study area and are lower in 
the vicinity of the east study area.
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the river.
that are approximately 100 feet deep.
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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

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 slope is cut by two deep east-west trending tributary valleys
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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

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.

Revision No. 1 
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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.

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.

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.
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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 wel1-decreased substantially after Well 
CW3 pumpage was shifted to Well CW4 for several months in 
1982.

WARZYN
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The plume observed at the groundwater surface in Monitoring Well WC6A and at 
depth at Well WC3A contains all three of the primary VOCs (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.

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.

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 RID/RIS, 
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.
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• The VOCs at Monitoring Well Nest MWIO in the vicinity of 
Marathon Box appear to be strongly related to the pumping rate 
at Production Well CW4.
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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 MWIO 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 MWIO 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.

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.

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.
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• Identification of contaminant sources;I • Characterization of on-site physical features and facilties
that could affect contamination, migration and remediation;I • Determination of the nature and extent of impacts;

• Determination of probable fate of contaminants through time;

I
• Support future enforcement action under CERCLA.

The following tasks have been formulated to achieve these objectives:

I

I

N

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

WARZYN
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• Assessment of the dangers to public health asocaited with the 
contamination;

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 guality 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.

3.5 Project Objectives and Use of Data
The RI will be performed to gather,and assess information needed to accomplish 
the following objectives:
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Field measurements for pH, specific conductance and temperature will also be 
performed on these samples. (See Appendix C1-C4)

WARZYN

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 Organic Carbon
• Sodi urn*
• Potassium*

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

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.

Revision No. 1
Date:
Page 11 of 27

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.
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TOC will be used as a non-specific indicator of organic 
It will be used with results of VOC analyses to
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The above indicator parameters, here and in other subtasks, will fill the 
following data needs, 
carbon concentration.
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 
ionic species may remain unidentified.
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Soil gas sampling will be conducted at an estimated 
Seven of the soil gas investigation areas are shown 
remaining 3 locations are anticipated new potential 
identified through an industrial survey of the area, 
be surveyed and tentative numbers of samples.

10 facility locations.
in Figures 7 and 8. The 
sources which may be

Table 1 lists sites to

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.

Revision No. 1 
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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 2.1.5 - 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.
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adsorption capacities of the soils.
the CLP for organic target compound analyses.] These data will 
characterize contamination in the unsaturated zone at potential 
source areas.
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Approximately, one hundred six (106) water quality samples will 
during drilling operations, 
identify the plume distribution prior to setting of well screens, 
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.

be collected
Sample locations will be selected to help 

These

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.

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 

[Thirty soil samples will be submitted to 
be used to 
contaminant
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Split spoon sampling will be performed at the deepest well in each nest on a 5 
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 lOOOC 
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).
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Filtration of samples for metals analysis will allow comparability of results 
with groundwater results. In addition, surface water samples will be analyzed 
for pH, specific conductance and temperature in the field (See Appendices Cl- 
C4 for methodology).

Calcium* 
Magnesium* 
Alkalinity 
Sulfate 
Chloride Iron*
Nitrate + Nitrite - Nitrogen 
Ammonia - Nitrogen 
Total Kjeldahl nitrogen 
Total Organic Carbon 
Sodium 
Potassium*

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. In addition, surface water samples will be 
analyzed for the following water quality parameters: (see Appendix D for 
methodology).

Subtask 2.1.7 - Surface Water and Sediment Investigation
Six surface water and six sediment samples will be collected from the 
Wisconsin River and Bos Creek to supplement the resultf 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.
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* Samples for these parameters will be field filtered prior to preservation.
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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.

WARZYN
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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).

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

Calcium*Magnesium*
AlkalinitySulfate
Chloride
Iron*
Ni trate+Ni tri te-Ni trogenAmmonia-nitrogenTotal Kjeldahl nitrogen
Total Organic Carbon
Sodium*Potassium*

Subtask 2.1.8 - Groundwater Sampling and Aquifer Testing •.
One hundred seventeen (117) monitoring wells and 5 production wells will be 
sampled and analyzed for groundwater quality during this task. 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.

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 2.1.10 - 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.

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.



4.0 - PROJECT ORGANIZATION

I
4.2 - Monitoring Sample Operators and QC

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

I
4.3 - Laboratory Analysis and QC

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

I - VOCs

I 4.4 - Specialized Responsibilities for Laboratory Services
Contract Laboratory Program (CLP)

I

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

• Quality Control - Warzyn Engineering Inc.
Richard Maurer (Quality Assurance Officer)

• Field analysis of pH, specific conductivity and on-site GC 
screening, laboratory analysis of VOC - Warzyn Engineering Inc. - 
Michael Linskens, Manager of Analytical Services

• 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.

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

Revision No. 1
Date: 9/4/87
Page 18 of 27

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.



I

4.5 - Quality Assurance

I • Field Analysis - Warzyn Engineering Inc.
• QAPP Review - QAO, Region V

4.6 - Performance and Systems Audits
I • Field operations - QA officer, Warzyn Engineering Inc.

• CLP-Support Services Branch, OERR, EPA and EMSL-Las Vegas, EPAI Evidence Audit - EPA
• Field GC analysis - Warzyn Engineering Inc.

A project organization chart is shown in Figure 11.
I

• 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 (SAS)
- CPMS, CRL
- Region V QAO
- Warzyn Engineering INc.

• CLP (RAS)
- Support Services Branch, OERR, EPA headquarters
- EML Las Vegas, EPA
- CPMS, CRL,
- EPA, QAO Region V

WARZYN

• 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

Revision No. 1 
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5.0 - QUALITY ASSURANCE OBJECTIVES
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I
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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.

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 
is 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.



I
I

I

I

I

I

I

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.

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.

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.

Revision No. 2 
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I

I

I
I • Documenting time and weather conditions

I
• Determination of depths to water in a borehole or well
• Natural gamma ray logging (Mount Sopris lOOOC)
• Verifying well development and pre-sampling purge volumes

I

I

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

WARZYN

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 
incidental to collecting samples for analytical testing or unrelated to 
sampling. These activities include, but are not limited to, the following:

• Semi-quantitative 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).

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.
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6.0 - SAMPLING PROCEDURES

7.0 - SAMPLE AND DOCUMENT CUSTODY PROCEDURES

I
I

I

I
I
I
I
I

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

Revision No. 1 
Date: 9/4/87 
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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.

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.

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.

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.
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9.0 - ANALYTICAL SERVICES

I

I
I WARZYN

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.

9.1 - CLP RAS
9.1.A - Analytical Calibration Procedures
All 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-J838/J839 for inorganics.

Revision No. 1
Date: 9/4/87
Page 24 of 27

9.1.B - 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.

Calibration of survey instruments used for health and safety purposes will 
follow procedures recommended by the manufacturer (Appendices C-5 through 
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.

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.



I

I
I
I

I

I • Re-analyzing the samples, if holding time criteria permits
• Resampling and analyzing

I

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

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:

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 Orqanics 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.

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

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, respectiyely.

9.2.F - Correct!ye 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.

follow procedures specified in analysis methods cited, except where noted on 
SAS requests.

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.
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I 10.0 - QUALITY ASSURANCE REPORTS
I

i

I
I
I

I

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

WARZYN

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.
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LOCATION COMMENTS
East Side
1-Railroad Line 15

2-Marathon Press 8
I 3-Marathon 8Box

I 4-Wausau Chemical 12

I 5-Wausau Energy 6

West Side

6-Marathon Electric 16

7-Outer Arc-Well CW6 15

I 8-Well CW6 13

Total 93 samplesI
I

TABLE 1 
SOIL GAS SAMPLING LOCATIONS 
WAUSAU WELL FIELD RI/FS

NUMBER 
OF 

SAMPLES

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).

200 foot sample spacing 
around 3000 feet of arc West 
and South of Well CW6.

locations based on review of 
the most recent reports

13076.12 
CSR/jap/DLI 
[jap-600-30g]

locations based on plant 
survey

200 foot spacing along rail 
line with double line of 
samples on southern half of 
area

locations based on plant 
survey and observed TCE 
concentrations at Monitoring 
Wells C25, R4D

Revision No. 1 
Date; 9/4/87 
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locations based on plant 
survey
locations based on plant 
survey



4) 5) .1) 2) 3)
MS/MSDDuplicatesMatrix Lab

1$pH, specific
temperature

/ 'CLP. (RAS) 2 2 2 2016

CLP (RAS) 1 1 8 VOC6 1

* * 93 VOCField GC 93

* it

2 2

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

★
2

3 13

11

111

11

SedimentSubtask 2.1.7Phase I
Soil Gas Subtask 2.1.5 Phase I
Groundwater during drilling Subtask 2.1.6 Phase I
SoilSubtask 2.1.6Phase I

Groundwater exist­ing wells. Sub­task 2.1.4, Phase I

On-site GC VOC-screen

On-site GC VOC-screen

pH, specific conductivity.

Field Parameters

Field GC CLP (SAS)

CLP (SASCLP (SASCLP RAS

CLP (SASCLP (SAS:

Number of Samples

10620

122122

261326

5656

66

1212

66

Field Blanks

1212

66

11

Matrix Total

106*24

146146

301530

6868

88

VOC. VOC

6) Test Parameters

Groundwater new pH, specific and existing wells conductivity. Subtask 2.1.8 Phase I

Surface WaterSubtask 2.1.7Phase I

Duplicates, blanks and sp ***As outlined in Appendix D SAS requests.

CLP (SAS)CLP (SAS)

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

pH, specific conductivity, temperature
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, NH3 HSL Parameters
VOCAik, Sulfate, Chloride, Nitrate+Nitrite Nitogen, TKN, TOC, Ca, Mg, Fe, Na, K, NH3

•CLP (SAS)CLP (SAS)

TABLE 2 SUMMARY OF SAMPLING AND ANALYSIS PROGRAM WAUSAU NPL SITE



I
I 1) Samples are to be considered low concentration

I 2) Samples for metal

3) Contract Laboratory Program, RAS, SAS

4)

I 5)

I 6) See Appendix D for requested analysis methods.
7) Actual numbers may vary based onI

I

I

I

I
I

SGW/jap 
[jap-600-30c]

Field parameters run by Warzyn sampling personnel, 
analysis will be filtered prior to preservation.

Triple the sample volume will be collected for matrix spike/matrix 
spike duplicate analysis
The matrix spike/matrix spike duplicate samples are at a frequency of one 
per twenty investigative samples.

Sample blank numbers are estimated, 
field conditions.

SUMMARY OF SAMPLING 
(Table 2 Continued)



TABLE 3

Volume of Samples ShippingAnalysis Bottles and Jars Preservation Holding time Normal Packaging

Iced to 4°C 5 days unti1’ Fill bottle toextraction neck

Low Concentration (Inorganics)
6 monthsMetals

$ 6N NaOH to pH>12 14 daysCyanide Iced to 4°C

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

Fill to shoulder of bottle

Fill to shoulder of bottle

Federal Express Priority I

Federal Express Priority I

No. 2 foam liner or vermiculate

No. 2 foam liner or vermiculite

No. 1 foam liner or vermiculiteTwo 1/2-gallon amber bottles (teflon-lined caps)

One 1-1 iter high density polyeth­ylene Dottle

One 1-liter high density polyeth­ylene bottle
Federal Express Priority IFilter through 0.45 urn filter 1:1 HNOi to pH<2 Iced to 4°C

WATER AND LIQUIDS
Routine Analytical Services (RAS) Low Conceniration (urgamcs)
Acid Extractables, base/neutral extractables, pesiticides/PCBs



Preservation Holding time Volume of Samples ShippingBottles and Jars Normal Packaging

Iced to 4®C 7 daysVolatiles

Low Concentration (Inorganics)
28 days Vermiculite

A’C
Iced to 4’COne 1-liter high density polyethyleneSulfate, Chlorides, Alkalinity

VermiculiteMetals

SOILS AND SOLIDS

Iced to 4’C 7 days

[jap-600-30b]

TKN, TOC, Nitrate + Nitrite-N NH3

Fill to shoulder of bottle

Fill completely no headspace

Fill to shoulder of bottle

Fill to shoulder of bottle

!

No. 2 foam liner or vermiculite

No. 1 foam liner or vermiculite

1 ml/1 1:1 HgS04 Iced to

28 days (14 days for alkalinity)

Two 40-ml volatile organic analysis (VOA vials)

TABLE 3 (cont.)

Analysis
Special Analytical Services (SAS) WaterLow concentration (Organics)

One 1-liter high density ployetnylene Deliver daily to performing Laboratory

Fill completely no headspace

Routine Analytical Services (RAS)LOw or Hed concentration (Organics)
Volatiles Two 120-ml VOA vials

Delivered daily to performing laboratory

Federal Express Priority I

Federal Express Priority I

Vermiculite (Med in cans/ vermiculite)

One 1-liter high density polyethylene bottle

Federal Express Priority I (Med w/attacned ship­per's certificate for restricted articles)

Filtered through 16 months 0.45 urn filter, 1:1 HNO3 to pH<2 Iced to 4’C



TABLE 4

West
74a 6 6Existing Well 61.

Total 23

East

Total 33

126^ VOCs10 *2. 10

158® All new and existing monitoring wellsVOCs12 12 123.

CLP (SAS)

HSL (RAS)20 HSL samples

NOTES
a

[jap-600-30k]

Sampling Event
Total Number of Samples Sample Blanks Duplicate Samples MatrixSpikes Water Quality Parameters

Sample interval 15 foot for east invest­igation area wells

Sample Interval 10 foot for west invest­igation area wells

Sample Locations

VOCsInorganic Para­meters Identified under Subtask 2.1.4

20 CLP GC/MS with low de­tection SAS

126 GC (On Site) low detection

Inorganic para­meters identified under Subtask 2.1.8

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

Analytical Methods

WW6, MW7, MW7A, MWlOA, MWlOB, WCl, WC2, WC3, WC3A, WC3B, WC3C, WC5A, WC6, WC6A, FVD2, FVD5, FVD7, Wergin, CW3, CW4, GM5D, GM6D, GM7D, GM80, GM9S, TCT40, TCT41, TCT42, TCT43, TCT44, WC7, WC7A ~

Complete Ground­water Sampling Round

CW6, CW7, CW9, C2S, C4D, RIS, RID, R2S, R2D, R3S, R3D, R40, WIA, W4A, W4B, W4C, W6, W7, W9, GMIS, GM4S, GM4D, Plum St. Test Well

(CLP) GC/MS with low de­tection SAS

Includes quality control samples, matrix spikes and matrix spike duplicates
* To be determined on site

Sampling DuringDrilling

GC (Warzyn) CLP (SAS)



I
TABLE 5I

I
I
I WEST STUDY AREA

I WIASame WMW-IARID
W2ASame WMW-2AR2D
W3ASame WMW-3AR3DI W3BSame WMW-3B
W4A#6 CW6 WMW-4A

I #7 CW7 WMW-4B W4B
#9 CW9 WMW-4C W4C

WMW-5 W5CIS
WMW-6 W6B-2S C2S

I C3S WMW-7 W7B-3S
C4S WMW-9 W9B-4S

6M-1S GMIS4D C4DI GM-2S GM2SB-6D C6S
C7S GM-3S GM3SB-7S

GM-4S GM4S
GM-4D GM4D

I EAST STUDY AREA

MWllBl WCl MWll
WC2 MW12 MW12B2I B3 WC3 MW13 MW13
WC3A MW14 MW14B3A
WC3B SameB3B

TCT41 SameB3C

I TCT42 SameB4

I

WC3C
WC4

R4D
City Well
City Well
City Well 
IS

Well 
Identification 
Code Appearing 
in This Report

Well 
Identification 
Code Appearing 

on Log

Well 
Identification 
Code Appearing 
In This Report

(ERA 11)
(ERA 12)
(ERA 13)
(ERA 14)

TCT40

CROSS INDEX OF EXISTING WELL DESIGNATIONS 
WAUSAU NRL SITE

Well 
Identification 
Code Appearing 

on Log



I
- 2 -

I
I
I

I

I

I

I
I

B4B
B5
B5A
B6
B6A
B7
B7A
MWl
MW2
MW3
MW4
MW5
MW5
MW7
MW7A (EPA 7A)
MW8
WGS9
MW9A
WGSIO
MWlOA (EPA lOA)
MWlOB (EPA lOB)

Well 
Identification 
Code Appearing 

on Log
Same
Same
Same
Same
Same
Same
Same
Same
Same
Same
Same
Same
CW3
CW4

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

WC4B
WC5
WC5A
WC6
WC6A
WC7
WC7A
WWl
WW2
WW3
WW4
WW5
WW6
WW7
MW7A
Same
Same
Same
Same
MWlOA
MWlOB

TABLE 5 
(conf.)

TCT42
TCT44
FVDl
FVD2
FVD5
FVD7
GM5D
GM6D
GM7D
GM8D
GM9S
WERGIN
CITY WELL #3
CITY WELL #4

Well 
Identification 
Code Appearing 
in This Report

Well 
Identification 
Code Appearing 

on Log

Well 
Identification 
Code Appearing 
In This Report
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• Identification of contaminant sources;I
• Determination of the nature and extent of impacts;
• Determination of probable fate of contaminants through time;

• Support future enforcement action under CERCLA.

I

I

I
I
I
I

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

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

SAMPLING PLAN 
WAUSAU NPL SITE 

13076.12

WARZYN

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

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.

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:
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I Groundwater SamplesA.
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September 4, 1987 
Revision No. 1
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.

A.l 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).

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).
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I
I • Municipal water supply wells CW6, CW7 and CW9;

I
• Two (2) DNR monitoring wells;
• Four (4) City of Wausau monitoring wells; and
• Seven (7) ERA monitoring wells.

I • Municipal water supply wells CW3 and CW4;
• Wergin Construction water supply well;

I
I

I

I
I

I

Twenty-three (23) water samples will be collected from the following existing 
well locations west of the Wisconsin River.

September 4, 1987 
Revision No. 1

Thirty-three (33) groundwater samples will be collected from the following 
existing well locations east of the Wisconsin River:

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

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

A.3 Groundwater Sampling
Following the installation of site monitoring wells, a comprehensive 
groundwater sampling round will be conducted at accessible groundwater 
monitoring and production wells. One hundred and twenty-two (122) groundwater

A.2 Samples Collected During Drilling
Groundwater samples will be collected during drilling from selected locations 
through the aguifer 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 
low detection limit GC/MS verification of VOC concentrations.
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Bos Creek in the backwater north of Randolf Street.
Bos Creek downstream of Marathon Electric.

I

I
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Refer to Figures 7 and 8 for locations of surface water and sediment sampling 
stations.

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

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

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

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

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:
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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.

investigation locations, 
which may be identified, 
gas survey locations and the tentative number of samples.

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

The remaining 3 are reserved for additional sources
Table 1 (QAPP) presents a list of the proposed soil 

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.

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.

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.

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.



13076.12- 6 -

I
I

I
I
I
I
I
I
I

I
I
I
I

September 4, 1987 
Revision No. 1

WARZYN

Sampling Round Code/Dupiicate 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.

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

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.

The location code (QAPP) will follow the sample type code. The location code 
consists of a two to five digit number!c 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.

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
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Subtask (s) Sampling ActivityRound
• Existing well sampling2.1.401

I 2.1.802

I 2.203

D.

I
I

I WE-SG05 = Wausau (EPA Lead), Soil gas sample from location 05.

I
I
I
I

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.

• Groundwater sampling following 
installation of new monitoring 
wells.

• Phase II groundwater sampling, 
if warranted by previous 
analyses.

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

WE-SBlO-03 = Wausau (EPA Lead), sample blank number 10, 
sampling Round 3.
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WE-SW02-9 = Wausau (EPA Lead), surface water location 2, 
duplicate.

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

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 probe will 
be used to measure the depth to fluid and depth to water.

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.

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.

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.

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.

5.0 GENERAL SAMPLING EQUIPMENT AND PROCEDURES
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Purging

1.

I
I 2.

3.

I
4.

5.
If more than 10% of the purged volume comes from

Purge water discharge will be collected in a tank.6.
7.

Sample Collection
1.

2.
I

3.I
I

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

Samples collected from the bailer (those wells with floating 
product observed) will be collected with a minimum amount of 
water disturbance.

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 
leakage past the packer (0.1 ft of head drop above the

All 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.

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.

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 
reguired samples (See Table 3 of the QAPP for reguired 
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.

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.

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.

When the purged water tank is full, it will be discharged to 
the City sanitary sewer at a point directed by the City of 
Wausau.
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QC Samples
QC samples will be collected at the following rate:

1 Trip blank submitted per sample shipment
1 matrix spike/10 samples

Sample Handling Preparation and Sample Analysis

I All samples will be iced immediately after collection

Decontamination

I
The

I
I
I

pH and conductivity will be measured as specified in 
Appendices Cl through C4 of the QAPP.
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Decontamination will be conducted by washing in TSP solution 
using City water followed by two rinses with distilled water

Bailers used to sample oily groundwater will be 
decontaminated by rinsing with acetone followed by the same 
wash and rinse sequence.

WARZYN

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, 
second rinse will follow a similar procedure

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

Preservation will be conducted as specified in Table 3 of the 
QAPP

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

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

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

2. Personnel and Responsibilities
Sampling Team - Two-person sampling team to drive the sampling probe and 
collect the soil gas sample for analysis.

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.

September 4, 1987
Revision No. 1
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.
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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 and QC will be conducted as described in the 
QAPP (Appendix F).

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.

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 guality and water level information. This data 
will be used to characterize groundwater flow conditions and the distribution 
of the contaminant plume(s).
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Site Geoloqist/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.

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.

3. Methods
Dri11ing - 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.

September 4, 1987 
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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.
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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.

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.

It is anticipated that deep borings (>65 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.

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.
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Wells located in high traffic areas (i.e., parking lots, driveways) will be 
constructed so that protective casings are flush with the ground surface.

WARZYN

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

September 4, 1987
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A duplicate and blank sample will be collected and analyzed for every 10 
groundwater samples or per day, whichever is 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 
OD. pump. Four VOA vials will be collected, two for on-site GC analysis and 
two for possible lab analysis. All samples will be collected with no head 
space. Samples will be analyzed on-site according to methods in Appendix F of 
the QAPP.

Geophysical Logging - 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 
(less 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.
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Development - Each well will be developed using either air lift pumping or 
pumping with the Brainard Ki Iman 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.

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.

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

The Brainard Ki Iman pump will be decontaminated using a TSP wash and clear 
water rinse or steam cleaned 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.

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.

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

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

WARZYN

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.

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.

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.

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

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 urn pressure filtration device as soon as 
possible after sample collection. Sample handling, preservation, bottles and 
packaging are summarized in Table 3 of the QAPP.
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• 1 duplicate of each media

• 1 matrix spike for each media
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• Measure water level with a tape and sounding device.
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• Hydraulic conductivity tests will not be conducted at wells 
with total VOC concentrations greater than 750 ug/L

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

• 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)

WARZYN

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

• 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

• 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

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.
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• Data is transferred at the end of the day to a micro computer.
SAMPLE DOCUMENTATION

I

I
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I A) Chain of Custody Form

I One Form per shipping container (cooler).1)
2)

3) Use for each project sample.

I
I

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

WARZYN
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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.

• 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 log sampling mode

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

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 II 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.
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B) Chain of Custody Seals
1)

2) 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)

I 3) These numbers are recorded on Chain of Custody Forms.
D) Sample Tags

1)

2)

3) Sample Tag Numbers are recorded on the Chain of Custody Forms.
4) Use for each project sample.

I E) High Hazard Traffic Reports

Other Sample Documentation Required
A) Special Analytical Service (SAS) Packing List

1) Used in place of Traffic Report Forms for SAS requests.
in conjunction with

I

3)
4)

September 4, 1987 
Revision No. 1

2) Does not replace Chain of Custody Form - used 
it.

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

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.

WARZYN

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

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

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

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

I C)
1)

I 2)

3)

D)I 1)

I 2)

I

I

3)

I

September 4, 1987 
Revision No. 1

WARZYN

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
l) Date Sampled
m) Date shipped
n) Airbill Number
o) Sample Tag Number
This form must be maintained for each sample shipment and 
forwarded to the Sampling Coordinator upon sample shipment.

Sample Identification Record Form
Will provide a means of recording crucial sample shipping and 
tracking information.
Will contain information to be entered into the Remtech DataBase 
such as:

CRL Sample Data Report ,
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 samples 
for data validation purposes.

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 lid. 
Copies of the chain-of-custody forms and other paperwork (if possible), will 
be retained for the field files.

CRL Basic Data Forms
1) For samples sent to CRL, these replace Traffic Report Forms and 

are shipped with samples.
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WARZYN

September 4, 1987
Revision No. 1
Two sample seals will be placed on opposite sides of the lid and extending 
down the sides of the cooler. The lid 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. .FoJlowing 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.
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EPA CLP TARGET COMPOUND LIST - RAS ORGANIC AND INORGANICS



TABLE A-1
*

Volatiles CAS Number

I

I

I

I

I

1.
2.
3.
4.
5.

2-Chloroethyl Vinyl Ether 
Bromoform
2-Hexanone
4-Methyl-2-pentanone
Tetrachloroethene

Chloromethane
Bromomethane
Vinyl Chloride
Chloroethane
Methylene Chloride
Acetone
Carbon Disulfide
1.1- Dichloroethene
1.1- Dichloroethane
trans-l,2-Dichloroethene
Chloroform
1,2-Dichloroethane
2-Butanone
1,1,1-Trichloroethane
Carbon Tetrachloride
Vinyl Acetate
Bromodichloromethane
1.1.2.2- Tetrachloroethane
1.2- Di chloropropane 
trans-1,3-Di chloropropene
Tri chloroethene
Di bromocloromethane 
1,1,2-Tri chioroethane 
Benzene
cis-1,3-Dichioropropene

Toluene 
Chlorobenzene 
Ethyl Benzene
Styrene
Total Xylenes

74-87-3
74- 83-9
75- 01-4
75-00-3
75-09-2
67-64-1
75-15-0
75-35-4
75-35-3
156-60-5
67-66-3 
107-06-2 
78-93-3
71-55-6 
56-23-5
108-05-4
75-27-4
79-34-5
78-87-5 
10061-02-6
79-01-6 
124-48-1 
79-00-5 
71-43-2 
10061-01-5
110-75-8 
75-25-2 
591-78-6
108-10-1 
127-18-4
108-88-3
108-90-7
100-41-4
100-41-4
100-42-5

Low Water(2) 
uq/1

10
5

10
10
5

10
10
10
10
5

5
5

10
5
5

10
5
5
5
5

10
5
5
5
5

5
5
5
5
5

5
5
5
5
5

10 
5

10 
10 
5

10
10
10
10
5

10
5
5
5
5
5
5

10
5
5

10
5
5
5
5

5
5
5
5
5

5
5
5
5
5

16.
17.
18.
19.
20.
21.
22.
23.
24.
25.
26.
27.
28.
29.
30.
31.
32.
33.
34.
35.

11.
12.
13.
14.
15.

6.
7.
8.
9.

10.

CLP TARGET COMPOUND LIST AND CONTRACT REQUIRED DETECTION LIMITS (CRDL)
Detection Limits(^) 

Low SoilSediment(3) 
uq/kq



I
I

TABLE A-1

I
Volatiles CAS Number

I

I
I
I

I
Toluene 
Chlorobenzene 
Ethyl Benzene 
Styrene 
Total Xylenes

Vinyl Acetate
Bromodichioromethane
1.1.2.2- Tetrachloroethane
1.2- D1chioropropane 
trans-l,3-01chloropropene

Acetone
Carbon Disulfide
1.1- D1chloroethene
1.1- Dlchloroethane 
trans-l,2-D1chloroethene

Chloroform 
1,2-D1ch1oroethane 
2-Butanone
1,1,1-Trlchloroethane 
Carbon Tetrachloride

Chloromethane
Bromomethane
Vinyl Chloride
Chloroethane
Methylene Chloride

108-88-3
108-90-7
100-41-4
100-41-4
100-42-5

110-75-8 
75-25-2 
591-78-6 
108-10-1 
127-18-4

79-01-6 
124-48-1 
79-00-5 
71-43-2 
10061-01-5

67-66-3 
107-06-2 
78-93-3 
71-55-6 
56-23-5
108-05-4
75-27-4
79-34-5
78-87-5 
10061-02-6

74-87-3
74- 83-9
75- 01-4
75-00-3
75-09-2

Low Water(2) 
uq/1 .

10
5

10
10
5

5
5

10
5
5

10
5
5
5
5

10
5
5
5
5

10
10
10
10
5

5
5
5
5
5

5
5
5
5
5

10
5

10
10
5

10
5
5
5
5

10
10
10
10
5

10
5
5
5
5
5
5

10
5
5

5
5
5
5
5

5
5
5
5
5

Trichloroethene
01 bromocloromethane
1,1,2-Trlchloroethane 
Benzene
cls-1,3-01 chloropropene

67-64-1
75-15-0 '
75-35-4
75-35-3
156-60-5

26.
27.
28.
29.
30.

21.
22.
23.
24.
25.

16.
17.
18.
19.
20.

11.
12.
13.
14.
15.

6.
7.
8.
9.

10.

1.
2.
3.
4.
5.

31.
32.
33.
34.
35.

i

2-Chloroethyl Vinyl Ether 
Bromoform
2-Hexanone
4-Methyl-2-pentanone
Tetrachloroethene

HAZARDOUS SUBSTANCE LIST (HSL) AND 
CONTRACT REQUIRED DETECTION LIMITS (CRDL)*

Detection Llmlts(^) 
Low Soil Sedlmentv^) 

uq/kq



I
I Table A-1, continued

I
I
I
I

60. 91-57-6 10 330

I
I
I

46.
47.
48.
49.
50.

61.
62.
63.
64.
65.

Benzyl Alcohol
1,2-Di chiorobenzene
2-Methylphenol
bi s(2-Chloroi sopropyl)ether
4-Methylphenol
N-Ni troso-Dipropyl ami ne 
Hexachloroethane 
Nitrobenzene 
Isophorone 
2-Nitrophenol
2.4- Dimethyl phenol
Benzoic Acid
bis(2-Chloroethoxy)methane
2.4- Dichlorophenol
1.2.4- Trichiorobenzene
Naphthalene
4-Chloroaniline
Hexachlorobutadi ene
4-Chloro-3-methylphenol

(para-chloro-meta-cresol)
2-Methylnaphthalene
Hexachlorocyclopentadi ene 
2,4,6-Trichlorophenol 
2,4,5-Trichlorophenol 
2-Chloronaphthalene 
2-Nitroaniline
Dimethyl Phthalate 
Acenaphthylene 
3-Nitroaniline 
Acenaphthene 
2,4-Dinitrophenol
4-Nitrophenol
Di benzofuran
2,4-Di ni trotoluene
2,6-Dinitrotoluene
Di ethyl phthal ate

100-51-6
95-50-1
95-48-7
39638-32-9
106-44-5
621-64-7
67-72-1
98-95-3
78-59-1
88-75-5
105-67-9 
65-85-0 
111-91-1 
120-83-2 
120-82-1
91-20-3 
106-47-8 
87-68-3 
59-50-7

77-47-4
88-06-2
95-95-4
91-58-7
88-74-4

100-02-7 
132-64-9 
121-14-2 
606-20-2
84-66-2

10
10
10
10
10
10
10
10
10
10
10
50
10
10
10
10
10
10
10

10
10
50
10
50
10
10
50
10
50
50
10
10
10
10

330
1600
330
330
330

330
330
1600
330
1600
330
330

1600
330
1600
1600
330
330
330
330

330
330
330
330
330
330
330
330
330
330

330
330
330
330

131-11-3
208-96-8
99-09-2
83-32-9
51-28-5

36.
37.
38.
39.
40.
41.
42.
43.
44.
45.

51.
52.
53.
54.
55.
56.
57.
58.
59.

66.
67.
68.
69.
70.
71.
72.
73.
74.
75.

Semi-Volatiles
Phenolbis(2-Ch1oroethyl)ether
2-Chloropheno1
1.3- Dichlorobenzene
1.4- Di chiorobenzene

CAS Number 
108-95-2 
111-44-4 
95-57-8 
541-73-1 
106-46-7

Low Water(^) 
uq/1 
10 
10 
10 
10 
10

Detection Limits(^) 
Low Soil Sediment(5) 

uq/kq 
330 
330 
330 
330 
330



I
I Table A-1, continued

I
I
I
I

I

I
I
I

Di-n-butylphthal ate 
Fluoranthene
Pyrene
Butyl Benzyl Phthalate
3,3'-Di chlorobenzidine

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

Benzo(a)anthracene
bis(2-ethylhexyl)phthal ate
Chrysene
Di-n-octyl Phthalate
Benzo(b)fluoranthene

84- 74-2 
206-44-0 
129-00-0
85- 68-7 
91-94-1
56-55-3 
117-81-7 
218-01-9 
117-84-0 
205-99-2
207-08-9 
50-32-8 
193-39-5 
53-70-3 
191-24-2

10
10
50
10
10
10
10
10
10
20
10
10
10
10
10
10
10
10
19
10

330
330

1600
330
330
330
330
330
330
660
330
330
330
330
330
330
330
330
330
330

4-Broniopheny1 Phenyl ether 
Hexachlorobenzene 
Pentachlorophenol 
Phenanthrene 
ANTHRACENE

101-55-3 
118-74-1 
87-86-5 
85-01-8 
120-12-7

76.
77.
78.
79.
80.
81.
82.
83.
84.
85.

96.
97.
98.
99.

100.

86.
87.
88.
89.
90.
91.
92.
93.
94.
95.

Semi-Volati1es 
4-Chlorophenyl Phenyl ether 
Fluorene 
4-Nitroaniline
4,6-Dinitro-2-methylphenol 
N-nitrosodiphenyl amine

CAS Number 
7005-72-3 
86-73-7 
100-01-6 
534-52-1 
86-30-6

Low Water(4) 
uq/1 
10 
10 
50 
50 
10

I

Detection Limits(^) 
Low Soil 

Sediment(5) 
uq/kq 
330 
330 
1600 
1600 
330



I
Table A-1, continued

I

I

I
I
I
I

I
I

I
I
I
B

0.5
0.5
0.5
0.5
1.0
1.0

116.
117.
118.
119.
120.
121.
122.
123.
124.
125.
126.

111.
112.
113.
114.
115.

101.
102.
103.
104.
105.
106.
107.
108.
109.no.

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

53494-70-5 
72-43-5 
57-74-9 
8001-35-2 
12674-11-2
11104-28-2
11141-16-5
53469-21-9
12672-29-6
11097-69-1
11096-82-5

309-00-2 
1024-57-3 
959-98-8 
60-57-1 
75-55-9
72-20-8 
33213-65-9
72-54-8
1031-07-8
50-29-3

0.05
0.05
0.05
0.10
0.10
0.10
0.10
0.10
0.10
0.10

16.0
80.0
80.0
160.0
80.0
80.0
80.0
80.0
80.0
160.0
160.0

16.0
16.0
16.0
16.0
16.0

Endrin Ketone 
Methoxychlor 
Chlordane 
Toxaphene 
AROCLOR-1016

0.10
0.5
0.5
1.0
0.5

8.0
8.0
8.0
16.0
16.0

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

CAS Number 
319-84-6 
319-85-7 
319-86-8 
58-89-9 
76-44-8

Low Water(®) 
uq/1 

0.05 
0.05 
0.05 
0.05 
0.05

Aldrin
Heptachlor Epoxide • 
Endosulfan I 
Dieldrin
4,4'-DDE
Endrin 
Endosulfan II 
4,4-DDD 
Endosulfan Sulfate 
4,4'-DDT

Detection Limits(^) 
Low Soil Sediment(7) 

uq/kq 
8.0 
8.0 
8.0 
8.0 
8.0



I
I Table A-1, continued

I NOTES

(1)

I
(2)I
(3)

(4)

(5)

I
(6)

(7)

*

[Jap-400-66]

I

I
I

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

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

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

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

Medium Water CRDL for Pesticide HSL Compounds are 100 times the individual Low Water CRDL.
Medium Soll/Sediment CRDL for Pesticide HSL Compunds are 15 times the Individual Low Soll/Sediment CRDL.

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.

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



I
TABLE A-2I

I Metal

I

I
I

otherI Cyanide 10
NOTES

I
[jap-400-65]I

Aluminum 
Antimony 
Arsenic 
Barium 
Beryl 1i urn 
Cadmi urn 
Calcium 
Chromium 
Cobalt 
Copper 
Iron 
Lead 
Magnesium 
Manganese 
Mercury 
Nickel 
Potassium 
Selenium 
Silver 
Sodium 
Thallium 
Vanadium 
Zinc

ELEMENTS DETERMINED BY INDUCTIVELY COUPLED PLASMA EMISSION OR ATOMIC ABSORPTION SPECTROSCOPY

200 
60 
10 

200
5
5 

5000
10
50
25
100

5 
5000

15 
0.2 
40 

5000
5

10 
5000

10 
50 
20

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 limit may not equal the 
CRDL.

RequiredDetection Level(1) 
uq/1

(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.
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APPENDIX C-1

I FIELD MEASUREMENT OF pH

I

I
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I
I
I
I
I
I

WARZYN

I



I £H

Scope and Application:I
Method: Potentiometri cI Reference:
Sensi ti vi ty: 0.01 pH unitI Optimum Range: pH 1.00 to 12.00

Sample Handling: Determine on-site, if possible

Reagents and Apparatus:

1. pK meter (Orion 901 or 407A for lab use, Orion 211, 221, and 230
for field use).
Combination pH electrode.

3. Magnetic stirrer and stir bars (for lab use).

I 4. Beakers or plastic cups.

5. pH buffer solutions, pK 4.00, 7.00, and 10.00.I
6. Deionized water in squirt bottle.

I Calibration:

1. Place combination electrode in pH 7.00 buffer solution.
I 2. turn

I 3.

A

I 5.

Procedure:

1. Calibrate meter using calibration procedure.

I 2. Pour the sample into clean beaker or plastic cup.

pH-1

I

This method is applicable to surface water, 
wastewater and groundwater.

pH 10.00 buffer solution. I'
pH <2, and buffers 7.00 and 10.00 for samples with pH

Rinse electrode with deionized water and place in pH 7.00 buffer, 
if meter reading is not 7.00, follow Steps 2-5 again.

After allowing several minutes for meter to stabilize, 
calibration dial until reading of .7.00 is obtained.

nait several minutes and then turn slope adjustment dial until 
reading of 4.00 or 10.00 is obtained.

Rinse electrode with deionized water and place in pH 4.00 or 
pH 10.00 buffer solution. Use pH 7.00 and 4.00 for samples with

£PA 1983. p. 150.1



3.

It should be + 2°C of the buffer4.

I 5. Rinse electrode with deionized water.
6.

7.

Quality Control:

I 1.

I 2.

I Notes:

1

I
I 2.

3. Electrode should be stored in pH 4.00 buffer.

I 4. Before leaving laboratory for field work:

I
c.I

I

pH-2
I
i

a.
b.

If less than 10 samples are analyzed; 
Duplicates should be 0.2 pH units.

Duplicate 1 out of 10 samples, 
a duplicate is still required. 
Average the results.

Check batteries.
Do quick calibration at pH 7.00 and 4.00 to check 
electrode response and batteries.
Obtain fresh pH buffer solutions.

Check temperature of sample, 
solutions.

The white KCl junction on side or 
Al 1 ow 

Ri nse

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

Interferences in pH measurements occur with presence of weak organic 
and inorganic salts, and oil and grease. If oil and grease are 
visible, note on data sheet. Clean electrode with soap and water, 
followed by IOS HCl and deionized water. Then recalibrate meter 
before analysis of next sample.

All glassware is to be soap and water washed, tap rinsed and 
deionized water rinsed prior to analyses.

The pH test is temperature dependent. Therefore, temperatures of 
buffers and samples should be within 2‘’C of each other. Tor 
refrigerated or cool samples, use refrigerated buffers to calibrate 
me te r.

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.

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



I
5, Following field measurements:

in pH 4.00 buffer.

!

I
I
I

I

I
7/3-I

[ALM-1-26]
pH-3

j
1

Report any problems with meter or electrode. 
Clean meter and meter case. 
Make sure electrode is stored

a.
b.
c.

Michael J. Linskens 
Laboratory Manager
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INSTRUCTIONS MANUAL ORION MODEL 211 pH METER



ORION RESEARCH
!

INSTRUCTION MANUAL 
model 211 

digital pH meter
!

I

j I

r i I



t'- ' '

contents
inlroduction 3

3

4

6

0

8
8
9

10

1 1I

I

I

I

0191530(10(1 Flosonich l(icoi|in(.*iicil

onion* Is 6 fOQlslumd KndoiibKK of Orion He search Incorporalcd

specifications

notice o( compliance

I
I

I 
I

OBION BESEABCII INCOnPOBATED
Ciislotnor Service
040 Memorial Drive
Cnrnbridtjo, Mnssncinrsells 02139 U.S.A.
000-225-1400 (Conlincnial U.S.)
G17-8G4 r)4OO (Massnchusolls, Alaska, Hawaii, Canada)
Telex: 92I4GG

rorrnlM?! 1/3000 

PiinicdinU S A

instrument description 

instrument set-up 
support rod 
power source 
rnnler check-out 
connecting electrodes 

measurement procedures 
general nieasurcrnenl technique 
pH rnnasirrernent

singlc lnrller standardization 
Iwo-buller standardization

battery replacement 

recordoroiilpul

repairand service 

accessories

repair/service
For Inlortnollon on repair or replacement ol this inslrurnenl, contact Orion 
rtesearcli toll-lreo. Ask (or Customer Service.



introduction 'iujilllS

o

OH

OFF

(OHI

CALIO
I

40 60
ISI

?0 -- uo 2.

0 < 100

o ®
0.

9.
Iv.O

3

llgufo 1

X—

3.
4.
5.

(<
I.

®

®

®

®

BAT. 
LOW 

®

TEMP ’C

(1
®

instrument description
See (Igufo 1.

1. strip chart recorder binding posts: black post is low (ground) and red post

The Model 211 Is a battery- or line-opcralod (110/220 V AC ndapier) diniiai pit 
meter lor lield ui laboratory use. The mclot is complete with strip ch.tri record,.-. 
Ijltiding posts and is supplied with an unbreakable, gol-lilled corntiinaiion |,li 
electrode, one packet o( pH 7 bullcr powder, one bolile lor pH 7 bullcr one bniiie 
lor distilled waler, support rod. electrode holder. AC adapter, six 1.5 V baiiene;, 
shorlinrj plug, and carrying case.

AC. litu! arl.ipliH inpul 
luni.lion ,:onl,(,l 

I), calibration control 
9 eler.lrorle cnnneclor 

10. slope control

logend
I strip Chori rocorder Ijitidina posts
2. UAT LOW

C . 3. LC Olspley
' j-iP 4. support rod Clip

6, t»mp«(tluta Indicator conirol

ORION RESEARCH ntodel 21 t/dirjilal pit meter

high in()ul side ol recorder. Sec page 8.

BAT LOW: an arrow pointing towards BAT LOW appears on ihe dis()i.,y 
when ballery requires replacement.
LC display; pH display over Ihe range ol 0 - 1 4 with ±01 pH un.is resoiuin.,, 
support rod clip: holds steel rod used lo mount electrode holder.
lompernlure Indicator control fTEMP ‘C): compensates lor varialion HI 
electrode slope or temperature changes. Used in two bullcr cahbiaiion

6. AC lino adaptor input: jack used lo insert AC line adapter wuii AC i.ru- 
adnplcr operational, Ihe inicrnal ballcry is bypassed.

7. lunction control; rocker swilcti with three positions - OH. Ol'F and (Oi-J) 
Deiiress (ON) lor a momentary reading The switch will rciurn loOf (' when 
released.

calil)talion control (CALIB): used lo calibralc Ihe molcr wiin bullurs iil 
known pl I.

oincirodo connector; accepts ONC conneclor horn pH clcclrode.
10. slope control: screwdriver adjusimcnl used lo set second duller In 

dullr.’r calibration.
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3

I
4.

I

ii

3.
-1.

power source
The Model 211 opeoles on six nonfcchnrgo.’ibic 1.5 voll balleiies ot on 110 O( 
220 1 20*/i> V willi an approved A.C ndaplcr (specify vollago when ordering). Low 
baiicty is indicalcd by the BAT LOW indicniot on ibc display.
NOTE: Dalleries ate nol rechargeable - use ol line adapter whenever possible 
will ptcvcni the unit's batteries Itorn being discharged. Il ballery operation is 
desitcit. (ollow installation instructions under battery rcpiaccnicnt.

instrument set-up
support rod

1. Insert Steel support rod into the hole in Iht! 5up()0tt tod clip on side ol the 
nielcr.

2. Mount olecirode holder on the rod by pinching to compress the spring, 
rtclcase Io hold in place.

meler ctiock out 
1.

connecting electrode
1. Insert the BNC connector Into the elocitode jack on the bottom panel ol lire

rnctcr. Turn connector clockwise until it seals litnily.

Mount electrode in the electrode holder by spreading the electrode clip 
open and sliding the cleclrodc into the holder so that the clip closes on 
cleclrodc cap. Sec figure 2.
Follow moasuromenl procedures Io use the nielcr to measure pit.
DisconnnecI electrode by turning connector counterclockwise until releas­
ed Irorn pin.

Install six AA batteries in the meter. Orient tin; ( i ) and (-) liallety letini- 
nals Io match the orientation shown in ilie Ijallery contparlrnenl.
Depress ON button on llio IronI panel. II llie BAT. LOW indicator on llie 
Iron! display lights up, llie liallerics niusi lie replaced.
II ballory mode Is nol Io lie used, rlistegartl steps 1 and 2. Insert pin end ol 
appropriate AC line adapter into the rneler, and the other end into llie ap­
propriate grounded AC line rei;e()laclc.
Attach BNC sliorling plug to til KT input on the liollorn sirle ol llie rneler. 
Depress ON button on the IronI panel. Turn GAI IB knoli so display re,-iris 
a Bloady 7.00. II this cannot be done consult OBION Technii-.al Service.
Anmove llie ohorllng plug. Succcsslul completion ol slefis I-*! show llie 
' '.1’ la toady lor use.

•- •:
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measurement procedures

willl one l;iil

2.

3.

4.

6.

TABLE 1

4

s

2
3

1
1

TEMP (’C)
5

Iwo biillcr slniulnrdiznlion
(wlicfc iiinxinuiin precision is required)

1. Seleci two butlers Io bracket the expected pH ol the sample.

1
•J

to
..!5
..?9_

.19.
r.o
GO

pH 7.00 Duller 
7.00

____ LO6____  
7.03

______rot■ 

7.00

___ G,?o 2'
_ 6/)H _

6.97 '

—__
6.90

pH 4.01 Duller
_____ 4_00_____
_____ 4.00______
_____ _4_00____
_____ 4.0^_____
_____ 4.0J______
_____ 4.02______
____ £02______
____ 403

4.06
4.09

pH 10.0) Duller
_____ to 25______
______10.10
_____ 10.12
_____ 10.06______

lO.Ot ■

________ __________L_
______9.93___ _
___ slop___Z

9.03

Si lvwy.1

general measurement technique
temperature; All samples and trullers should be al llio same lcm()er,-111110, as 
small variations in lomperalurc can cause errors in measurement. Tlio slope ol 
llie (iH electrode, the potential ol lite relerencc uleclrodo, and the pH ol I lie bul- 
lor arc Icmpcraluro dcpendenl.
cleaning electrodes: Electrode should be rinsed and shaken between measure- 
menis to remove drops and to prevent solution carryover.
stirring: Stir measured solution's moderately Io obtain good contact between 
the glass bulb and the solution. Insert electrode Io a depth ol about 3 cm.

ra^ap"

pH measurements
singlo'bullor standardization
(wticrc maximum (irccision is not required)
NOTE. For maximum accuracy II is recommended that ,1 two biiller caliliralion 
be pcriormed once al the beginning ol each day (see page 7). This procedure en­
sures the correct setting ol lite slope conlrol. Suhsc(|ucnl rneasurcrncnls during 
the day may be made using a single point calibration.

1. Place die elecirodc in a buller solution whose pl I is near lhe oxpecicci pH ol

Shake oil excess drops ol waler.

Place lhe electrode In lhe sample lo a depth ol about 3 cm and stir 
moderately. Set lhe lunclion conlrol lo ON and allov/ ihc reading to 
stabilize. Ftccord the steady pH reading.

the sample. Insert electrode lo a depth ol about 3 cm and stir moderately. 
Set lhe temperature Indicator conlrol lo lhe lemiieralure ol the buller.
Sr.i the lunclion conlrol lo OH and allow lhe buller reading lo ;,labilize. Ad­
just the CALIB so that Ihc display indicates Ihc pH ol Ihc buller al Ihc solu­
tion temperature. See Table 1

J

Hernovc Ihc electrode born llic liullcr solution and rinse by stirring 
rnorir.-ralcly in distilled waler Stiakc oil excess drt.()S ol waler.
Place elecirodc in llic sample lo a dc|illi ol atioul 3 ern and stir moderately. 
jcI llic lunclion conlrol lo OH and allow lhe reading lo slatiilizc liccord lhe 
steady pH reading.

Icr having a pH ol 7.

Place lhe electrode in Ihc pH 7 buller to a depth ol about 3 cm and sur 
mocIcratcly. Set lhe lomporaluro indicalorconirol to the temperature ol me 
buller. Set lhe lunclion control lo OH and allow the reading lo stabilize 
Turn CALID until lhe display indicates lhe pH ol the buller at the solution 
temperature. Sec table 1.
Remove electrode born the lirsi buller and rinse by stirring moderately m 
dislillcd waler. Shake oil excess drops ol waler.
Place lhe elcclrode in Ihc second buller lo a depth ol about 3 cm and siu 
moderately. Sei lhe lunclion conlrol lo ON and adjust Ihc slope conlrol un 
111 lhe pH at the solution temperature is displayed. See Table 1.

5. Remove lhe elecirodc and rinse by stirring modetaiely in dislillcd waler.



accessories

9I2G00

913C00

915G00

910007

910009

!

.fl!-

0

I

1. Connect lite lead Ifom the high (input side o( 1 he fccotdct) to the red binding 
post and lire lead Irom the low (ground) side Io the black binding post.

2. Proceed according to directions in the strip charl recorder instruction 
manual.

910104
910107
910110
970099
910002
020030
020120
020121

0I5C00 
9104(311
9I0G00

9 l62UtJ
9IC3DH
910004

"No lemon" Instrument Warrarrty

1 tic rnstrurncnl is covrtred liy tin,' OI3ION "Nu ^ernun” v/arianly. II llir; instriiinenl 
tails wiihin iwnivc munitis Irorn d.ilc ul purcliasr; lor any mason (illiot Ilian 
aiHisi:. Illi' iHiir.liascr may elect Io liavr; it mpaimil or ir;|>lact;d al no cliargc I liis 
wRiianiy corcis llie original or ie|il<)ceinenl/ii!|iaii(!(l nielcr Irom dale ol original 
mold iiiiitliase; the v/aiianly is not extended beyond the buyer's original war­
ranty dale

recorder output
Trie red and black binding posts al llie side ol lhe rnoler provide an output (or 
strip cliari recording ol absolute mV independent ol (unction inode. For 
recorders with input impedance ol 100 Kilohms or giiraler, lhe Oulpiil is (ixed Io 
about 100 mV/pH. pH 14.00 Output is 1.40 V. Lower impedance recorders may be 
used but lull scale output is reduced.

repair and service
OniOiJ war raniy cover s lailurcsduclonianulaclurcr's work man st) ip or mater ia I 
tieicci Irorn llie dale ol purctiase by llie user. User sliould return llie warranty 
card to on toil and retain prool ol purchase. Warranty is void it (irodur;! has been 
aliiised, misused, or repairs allcrnpled by uiiaulliorized persons.
Waiianiies tier ci n arc lor products sold/inslalleci lor use only in the United Stales 
and Canada For ORION products puicliased (or use iii all other countries consult 
local in coiiniry. aultiorized ORION sales agenl/disiribuloi lor product warranty 
inlormalion.

A Rciiiin Aull1ori^alion Number must lie obtained Irorn ORION l.atioralory Pro­
ducts Cusltrmcr Service belorc relurning any pruduci lor in-warianly repair, 
icpiaccmcrii or credit

battery replacement
To replace llie balleries, remove the panel on lliti back cl the rneler. De sure to 
observe lhe polarity marking when inserting new Ijallcries.

- V-
■ 1^'

200 ml ol buller

pH 4.01 buller, 475 ml bottle 
pH 7.00 buller, 475 ml bottle 
pH 10.01 buller, 475 ml boille 

Dissolved oxygen eiccirodc 
F.lecirode holder 
Shorting plug

110V AC line adapter 

220V AC line adapter

Ross”' epoxy body, bi.itb guard combination pH clecirodc 

Laboratory grade combination pH cleclrodo (DNC connector) 
GX-sories epoxy body, gel Idled combination electrode (DNC 
connector)

GX-scrios epoxy body, gel-lillcd llask combination electrode 
(DNC connector)

GX-series epoxy body, gel-lillcd Hal surlacc combination pH 
electrode (DNC connector)

RX-series rclillable, eiioxy liody combination pH electrode (DNC 
conneclor)

Combination pH eiccirodc with rugged bulb (DNC connector) 

Combination pH electrode with needle shape (DNC connector) 

(ill 4 bitllcr packets, box ol 25 packets, eadi packet making 
200 ml.ol buller

pH 7 bitllcr packets, box ol 25 packets, cadi packet making
200 ml ol buller

pH 9 buller packets, box ol 25 packets, cadi packet making



I BS I I tiSF®a

notice of compliancespecifications

»

manual (0 lo lOO’C)

pH 7 (lixcd)

• ptclllctlloni tubjtcl lo ch«no» without nolUa

I

I

11

I
I

tango 
icsolulion

Icmperaluro 
compensalion 

isopoicnilal 
point

power 
requirement

dimensions 
weight

package 
contents

six t.5 V batteries;
battery lilo: 3000 ten second intermittent measurements 
when line adapter is not used.
lino adaptor: 110 or 220 V ± 20%, 50/00 Hz

14 cm high x 9 cm wide x 4.5 ern deep
0.4 kg

Tlic Model 211 may genorale radio Itequency energy and il not installed and 
used properly, that is, in strict accordance with the manulaclurer's inslruc 
lions, rnny cause inlerlerence lo radio and television reception, it has been 
typo tested and lound lo comply with Ihe limits lor a Class 0 compuiing device 
In accordance with spccilicalions in Subparl J ol Part 15 ol FCC Rules, whrcti 
are designed lo provide reasonable protection against such inlerlerence in a 
residential ins 1 a Ila I ion. However, there is no guarantee that inlerlerence will 
nol occur In a particular installation. II the Model 211 docs cause inlerlerence
10 radio or lelevision rcceplion. which can be dcicrmincd by turning Ihe unit 
oil and on, the user is encouraged lo try lo correct the inlerlerence by one or 
more ol the following measures;

- reorient Ihe receiving antenna

- relocate the Model 211 with respect to the receiver

- move Ihe Model 211 away Irom the receiver
- plug Ihe Model 211 Inlo a dillercnl outlet so that lire meter and receiver arc 

on dillercnl branch circuits
11 necessary, the user should consult the dealer or an experienced railio/iclevi 
Sion technician lor additional suggestions. The user may Imd the lollowmg 
booklet (ircpared by the Federal Communications Cornntission helpful

"How lo Identity and Resolve Radio-TV Inlerlerence Problems"

This booklet is available Irom Ihe U.S. Government Printing Olhce, V/ashingion. 
DC 20402, Slock No. 004 000 00345-4.

model 211 tliyilal pH rnolor, vzilh model 910000 yel lilled 
unlirenkable r.orntjinalion pH elrjclrodo, support rod, elec­
trode holder, l)ollles lor (jl-1 7 liuller and distilled v/aler, one 
packet pH 7 bullcr pov/dcr, AC adapter, six 1.5 V batteries, 
arid carrying case

0 lo 14 pH
i .01 pH

V-

F
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FIELD MEASUREMENT OF SPECIFIC CONDUCTANCE AND TEMPERATURE



I
I

Scope and Application:

Specific Conductance (Electrical Conductivity), umhos/cm 0 25°CMethod:

EPA 1983, p. 120.1.Reference:

1 umhos/cm 0 25°CDetection Limit:

Determine on-siteSample Handling:I Reagents and Apparatus:

Procedure:

1.

I
Plug probe into jack located on side of meter.2,

I 3.

I 4.

I
Do not5.I

6.

I
7.

I 3.

I 9. Rinse probe with deionized water.

10. Record specific conductivity and temperature.I

CONDYSI-1

This method is applicable to surface water, 
wastewater and groundwater.

1.
2.
3.

(Conductivity meter, YSI 33 SCT
Deionized water
Conductivity standard, 1413 umhos/cm 0 25"C.

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

Totally immerse and suspend the probe in the water sample, 
allow probe to touch the sides of the sample container.

Turn mode switch to appropriate conductivity scale, XlOO, XIO, or XI. 
Use scale that produces a mid-range output on rreter.

While gently agitating probe, take sample temperature (°C) to nearest 
I'C and record.

CONDUCTIVITY 
(YSI METER)

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

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 ranges, analyse samples. A control should be 
analysed after every 20 samples and at the end of every analytical 
run.



Qua 11ty Control:

1.

I
2.

3.

Notes:

Calculate specific conductivity at ZS’C using following formula:1.

I G25 =

G25 = Specific conductivity at 25°C, umhos/cm

= Temperature of sample, ’CT

I Gf = Conductivity of sample at temperature T, umhos/cm

2.

I 3. The meter

I Reagent Preparation:

I 1.

CAL-1-20]

CONOYSI-2

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

Duplicate 1 out of 10 samples, 
a duplicate is still required. 
Average the results.

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

If less than 10 samples are analyzed. 
Duplicates should be within 955.

_____ Gt
LI + 0.02 (T-2S)J

Michael J. Linskens 
Laboratory Manager

Analyze and record the conductivity standard solution (1413 umhos/cm 
@ 25’0 with each data set.

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.

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.
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OPERATING INSTRUCTIONS YSI MODEL 33 CONDUCTIVITY METER
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500 pmho/cmReadability;

50.000on

Accuracy:

Readability:

to

Accuracy:0-5.000,

Accuracy:
Readability:

Model 33M Conductivity
Ranges:

Salinity ’
Range:

500 mS/m range. 
5.000 mS/m range.

SPECIFICATIONS
Model 33 Conductivity

Ranges;

0-50. 0-500,- 0-5,000 mS/m with 
YSI 3300 Series Probes.
±2.5% max. error at 50. 500. and 
5.000 plus probe.
±3.0% max. error at 2 5. 2 50, and
2,500 plus probe.
See Error Section.
0.25 mS/m on 50 mS/m range.
2.5 mS/m on 
25.0 mS/m on

Temperature Compensation: None.

on 5,000 ^imho/cm

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 YSI thermistor 
temperature sensor combined in a single unit.
Conductivity with the Model 33 is expressed as micromhos/centi- 
meter (;imhos/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 gmho/cm = 0.1 mS/m.l 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 

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.

0-500. 0-5.000, 0-50,000 
jL<mhos/cm with YSI 3300 Series 
Probes. (Note: The "gmho " desig­
nations on the meter are a 
shorthand (orm for ";rmlio/cm '.) 
±2.5% max. error at 500, 5.000 
and 50.000 plus probe.
±3.0% max. error at 250, 2.500 
and 25.000 plus probe.
See Error Section.
2

0-40 %n in temperature range of -2 
to ±45°C.
Above 4°C, ±0.9 %o at 40 %o and 
±0.7 o-bo at 20 %o plus conductivity 
probe.
Below 4°C, ±1.1 %i) at 40 %o and 
±0.9 %o at 20 %o plus conductivity 
probe.
See Error Section.
0.2 %o on 0-40 %o range.

Temperature Compensation: Manual by direct dial from -2 to 
±45°C.

3

2.5 ^mhos/cm on 
range.
2 5 Armhos/cm 
range.
250 umhos/cm 
jirmho/cm range.

Temperature Compensation: None



the solution to be measured. (See Probe

Readability

Power Supply

Probe

(a)

Accuracy (bl

(c)

247 (24.7)

Answer:

5

Instrument
Ambient Range'

Temperature
Range 
Accuracy

Satisfactory operation -5 to +45°C. 
A maximum error of ±0.1% of the 
reading per °C change in instrument 
temperature can occur This error is 
negligible if the instrument is read- 
lusted to redline for each reading.

-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.

XIO
2470 pmhos/crn 
(247.0 mS/ml

OPERATION PROCEDURE
1. Setup

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

(bl Calibrate the meter by turning the MODE control to 
REDLINE and adjusting the REDLINE control so the meter

4

on
parentheses.)
(a) Switch the MODE control to the XlOO 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 still below 50 
(5.0). switch to the XI scale. Read the meter scale and 
multiply the reading appropriately. The answer is ex­
pressed in pmhos/crn (mS/m). Measurements are not 
temperature compensated.
Example: Meter Reading:

Scale:

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% of reading (or conductivity and 
salinity.
Error of ± 0. 1 °C 
±0.3°C at 40°C.

at 0°C and

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.

(cl) Pul the probe in 
Use.)

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

3. Salinity
Transfer the temperature reading from Step 2 to the "C 
scale on the insirument.
Switch the MODE control to the SALINITY position and 
read salinity on the red 0-40 °oo meter range.
Depress the CELL TEST button. The meter reading should 
fall less than 2%: if greater, the probe is fouled and the 
measurement is in error. Clean the probe and re-measure.

4. Conductivity on Model 33 (Model 33M data are in



15®C

0.4®C

Accuracy:

e

6

1.0 4

.9 Figure 2
8 2 -

6

6

10 40
Figure 13

Example:
0

7
6

JL 
0

I 
10

I 
30

I 
40

1
400 500

I 
100

% Reading Error:

Accuracy:

Meter Reading:

Scale:I 
20

°C READING

50)

1°C 
ennoR

± Sol 
READING

J__________L
200 300

i»mho«/cm « ScBle

Example: Meter Reading

Total Error:

1 S’C ± 0.4°C for probe 
and instrument combined

33 (Model 33M data are in(2) Conductivity on Model
parentheses.)
Figure 2 shows the worst-case conductivity error as a func­
tion of the conductivity reading for the probe and instru­
ment combined.

360 pmhos/cm (36 mS/m)

X10

0 L 
0

(b) When measuring on the X100 and X10 scales, depress the 
CELL TEST button. The meter reading should fall less than 
2%: if greater, the probe is fouled and the measurement is 
in error. Clean the probe and re-measure.

NOTE: The CELL TEST does not function on the XI scale.
5. Error

The maximum error in a reading can be calculated by using the 
graphs in the following sections.
(1) Temperature

The temperature scale is designed to give the minimum 
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.

± 4.5%
3600 ±162 pmhos/cm 
(360 ±16.2 mS/ml 
for probe and instrument

20 30

mS/m « Scale



8

6

Figure 3

lOO/OO.fe lO’CMeter Reading;Example:

Accuracy;

8

I 
10

I 
30

J
40

• * o’ 
reading

%of 
Reading 
Error:

_ ____ I_______
20

0/00 SALINITY READING

6.5%
10%o ± 0.65 %o (or all 
errors, combined worst 
case.

■ 2 TO » 4^C

• 4 TO * 4S''C

0 L 
0

(3) Salinity ,
The salinity readings are a function of temperoture and 
conductivity, therefore the accuracy is a function of both. 
The temperature scale and temperature control have been 
designed to minimize the temperature 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.
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CIRCUIT description, MAINTENANCE AND CALIBRATION

1. Description

s =s,',;:”o is 
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 proportional to the conductance of the cell. 
Salinity is measured in a special range conductivity circuit which in­
cludes 3 user-adjusted temperature compensator. In the temperaw^ 
redline and XI positions the multivibrator operates at 100 Hz In the 
salinity XI00 and XI0 positions the multivibrator operates at 600 Hz 
aX -.ngos pushing ,he CELL TEST bu„on -uPS 
cy to 100 Hz allowing the operator to )udge the degree of prooe 
polarization.
2. Maintenance ,
The only maintenance required is battery replacement. Two ' D size 
alkaline flashlight cells, such as Eveready E95 or eqy'valen . will 
provide 200 hrs. of operation. Accuracy will not be 
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. To replace batteries, remove thei six screws 
from the rear plate. The battery holders are color coded. The Positive 
(-f- button) end must go on red.
3 Calibration of Model 33 (Model 33M data are in parentheses.) 
It is possible for the temperature knob to become loose or slip frorn 
its normal position. In an emergency the dial can be .
must be emphasized that this is an emergency procedure only, and 
SJ the instrument should be returned to the factory for proper 

recalibration at the earliest opportunity.
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line horizontally to the edge of the graph. This determines the 
salinity for this sample.
Example: 25.000mhos/cm and 20°C gives a salinity of 17. 
(Example: 2,500 mS/m and 20°C gives a salinity of 17.)

(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.

(c) Switch to TEMPERATURE. (Note: This temperature reading 
must be the same as Step (a): if not, begin again at Step (a).) 
Place the knob on the control shaft (without turning the control 
shaft) with the knob pointer al the sarne temperature as the 
meter reading and tighten both set screws securely.

At earliest opportunity recalibrate using the following procedure or 
return the instrument to factory for service.

(a) Set the instrument for a salinity measurement as normal.
(b) Substitute a 1 000 pf capacitor and 1 1 2.7 ohm 0.1 % tolerance 

resistor for the probe.
Connect the resistor and capacitor between the green wire and red 
wire on the jack connections inside the instrument.

(a) Read the temperature and conductivity of the solution. Deter­
mine the salinity of the solution by running a line vertically on 
the graph from this conductance value until it intersects the 
appropriate '’C line (interpolate as required (or temperature 
between the given °C lines). From this intersection extend a

11 I I I 111 I I 11 I I r
40.000 60.000

I I I I I I I 11 I I I I I I I I 11 I I I I 

10.000 20.000

t 15 z

s



3300 Series Conductivity/Temperature

A'

1312

mS/m 
3.000 
2.500 
2.000 
1.500 
1.000

Time 
(minutes) 

5 
6 
8 

1 1 
16

, solution to cover the electrodes. Do not cover the top of 
the probe.

(3) Plug the probe into the Model 33 or 33M. switch to the
XI00 scale to platinize the electrode. Move the probe 
slightly to obtain the highest meter reading and continue

For stronger cleaning a 5 minute soak in a solution made of 10 parts 
distilled water. 10 parts isopropyl alcohol and 1 part HCI 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) YSI Model 33 or 33M S-C-T Meter.
(3) 50 ml glass breaker or equivalent bottle.
(4) Distilled water.
Procedure —
(1) Clean the probe as in Section (a) — either method.
(2) Place the cell in the beaker and add sufficient YSI ff3140

(cl Turn (he temperature dial until the meter reads redline.
Now install the lemperalure knob with the arrow al 25"C This is a 
temporary calibration only Return the instrument Io the factory for 
proper tecniihraiion

platinizing for the approximate time shown below:

Meter Reading 
mhos/cm i
30.000 
2 5.000 
20.000 
1 5.000 
10.000

PROBE
1. Description of YSI

Probe
The YSI 3300 Senes Conductivity Probes are designed (or field use. 
embodyinil construction and design lor rugged, accurate service 
Each probe features a built-in cell constant ol 5.0 (500.0/M) ±2%. a 
precision YSI thermistor temperature sensor of ±0.1 °C accuracy al 
O’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 connector.
Till! 3310 has a 1 0 ft cable and the 3311 is a 50 fl. version Other 
li’itylbs are available on special order
The probe has a rigid P V C body, platinized pure nickel electrodes, 
and a durable cable, providing resistance to a wide range of waler- 
boriie substances
2. Maintenance

la) Cleaning
When the cell lesl indicates low leadings Iho piobiible c;ius(! is dirty 
elecliudi.'S Hani waler deposits, oils and organic nitillei an; the most 
likely conlaminanis
For convenient normal cleaning soak the electrodes loi 5 minutes 
with a locally available bathroom Ute cleaning preparation such as: 
Dow Chemical ■Bathroom Cleaner". Horizon Indiislne.s "Rally. Tile. 
Poicelain. and Chrome Cleaner": Johnson Wax "Envy. Instant 
Cleaner" or Lysol Brand "Basin. Tub. Tile Cleaner. "



The solution is prepared by diluting 0.745 grams of pure dry KCI with

ac-

K = or

14

Temperature °C
1 5
16
1 7
18
19
20
21
22
23
24
25
26
27
28
29
30

R (C. + C?) 
10°

Cell constant 
Measured resistance

15

R (S. 4- $7) 
10°

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 
by an amount equal to the water's conductivity.

Conductivity 
fimhos/cm 

1 141.5 
1 167.5 
1 193.6 
1219.9 
1246.4 
1273.0 
1299.7 
1326.6 
1353.6 
1380.8 
1408.1 
1436.5 
1463.2 
1490.9 
1 518.7 
1 546.7

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

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

(c) Storage:
It is best to store conductivity cells in deionized water. Cells 
stored in water require less frequent platinization. Any cell that 
has been stored dry should be soaked in deionized water for 
24 hours before use.

3. Probe Use
(a) Obstructions near the probe can disturb readings. At least two 

inches of clearance must be allowed from non-metallic un­
derwater objects. Metallic objects such as piers or weights 
should be kept at least 6 inches from the probe.

(b) Weights are attached to the cable of the YSI 3310 and 331 1 
Probes. The YSI 3327 Weights are supplied in pairs with a 
total weight of 4 ounces per pair. Should it become necessary 
to add more weight to overcome waler currents, we suggest 
limiting the total weight Io two pounds (8 pairs). For weights 
in excess of two pounds use an independent suspension 
cable. In either case, weights must be kept at least 6 inches 
away from the probe.

(c) Gentle agitation by raising and lowering the probe several 
limes during a measurement insures flow of specimen solu­
tion through the probe and improves the time response of the 
temperature sensor.

4. Cell Calibration & Standard Solutions
The YSI //33OO Series Cells are calibrated to absolute accuracy of 
i 1.5% based on a standard solution. Since the literature on conduc­
tivity does not indicate a consistently accepted standardization 
method, we have chosen the 0.01 demal KCI solution method as 
determined by Jones and Bradshaw in 1 937 as our standard. Recent 
textbooks, as well as the ASTM standards, concur with this choice.

mS/m
1 14.2
1 16.8
1 19.4
122.0
124.6
127.3
130.0
132.7
135.4
138.1
140.8
143.7
146.3
149.1
151.9
1 54.7

The operator may use the standard solution and the table to check 
curacy of a cell s constant or to determine an unknown constant. The 
formula is shown below:

where: K =
R = in !?



PPM Chlorosily = X IC

the 0.03 can be neglected so the equation

PPM Cl =

0 9 18 27 36

0 5,000 20,000 PPM CL

For these instruments 
simplifies tO'

Cl =
C? =

Si =
S; =

SS X 10’
1.8

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 
has 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

R. Cl and Cr, or Si and S?. must either be determined al the same 
temperature or corrected to the same temperature to make the equa­
tion valid
Note: For further information on conductivity and the above stan­
dard information, refer to ASTM Standards Part 23 — Standard 
Methods of Test lor Electrical Conductivity, or Waler and Industrial 
Waste Water ■■ ASTM Designation DI 1 25-64.

Conductivity in ^mhos/cm
Conductivity in ,inihos/cm of the distilled water 
used IO make solution.
Conductivity in mS/m
Conductivity in mS/m of the distilled water used 
to make the solution.

For salinity correction when using the Model 57 use the salinity 
reading direct from the Model 33 or 33M. No conversion is 
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.

S ”Z)u

YSI MODEL 33 AND 33M USED WITH YSI 51A, 54 and 57 
OXYGEN METERS
II the salinity measurement IS to be used for salinity correction on the 
51 A. the reading should be converted to Chlorosity. The formula is:

Salinity ’’tx. -0.03

Tb

10,000 15,000

16
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The TIP probe wi11 be 
The TIP win

CALIBRATION
Two basic calibration operations must be performed, 
zero and the adjustment of span.

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

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 
regulator 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.).

MAINTENANCE
Routine maintenance requirements for TIP are minimal. All 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.

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".
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Replacement of the frit is indicated when the inlet flow falls below 
140 mL/min.

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 PIO (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

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 "Off". 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 
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 l/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.
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to assure that the PID seal is replaced in its seat before putting the cover 
back onto the detector.

WARZYN

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.

Locate the 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, 
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 off and set the trimmer back to its original position, or very near 
it, replace the detector cover, and use TIP.

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;



I
I
I
I

I
APPENDIX C-6

I
I
I
I
I
I
I

I
I
I
I WARZYN

I

CALIBRATION AND MAINTENANCE OF HNu PHOTOIONIZER



I

I
I
I

I
I

I
I
a
a

Ccac-65-19]
WARZYN

I

CALISRATION A.'JD MAIiNTENA.'ICE 
OF HNU PHOTOIONIZATION DETECTOR

The instrument is now ready for calibration or measureinen: by switching the 
function switch to the proper measurement rance. The instrument is supplied 
calibrated to read directly in ppm (v/v) 0-20, 0-200, 0-2000 of benzene with 
the span position set at 9.3. For additional sensitivity, the span 
potentiometer is turned counterclockwise {small ar numbers) to increase the 
gain. By changing the span setting from 10.0 to 1.0, the sensitivity is 
increased approximately ten fold. Then, the 0-20, 0-200, 0-2000 ppm scales 
become 0-2, 0-20, and 0-200 ppm full scale, 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.

^2?

(Extracted from Manufacturer's Instruction Manual)

To zero the instrument, turn the function switch to the standby position and 
rotate the zero photentiometer until the meter reads zero. Clockwise rotation 
of the zero potentiometer produces an upscale deflection while 
counterclockwise rotation yields a downscale deflection. Note: no zero gas 
is needed, since this is an electronic zero adjustment (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 span control is also utilized to make the instrument scale read directly 
in ppm of the compound being measured. E.6., 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.
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CALIBRATION AND MAINTENANCE OF ORGANIC VAPOR ANALYZER (OVA)
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FIGURE 1-1. PORTABLE ORGANIC VAPOR ANALYZER 
Model OVA-128

"■The Century Model OVA-128 Portable Organic Vapor 
Analyzer (OVA) is a highly sensitive instrument design- 

H 1 to measure trace quantities of organic materials in 
y ■ r. It is essentially a hydrogen flame ionization detector 
i " uch as utilized in laboratory gas chromatographs and 

has similar analytical capabilities. The flame ionization 
Hector is an almost universal detector for organic 

I impounds with the sensitivity to analyze for them in 
■,ne parts per million range (V/V) in air in the presence of 

moisture, nitrogen oxides, carbon monoxide and car-
M sn dioxide.
I The instrument has broad application, sirtce it has a 
l.ontinuous. chemically resistant air sampling system 

and can be readily calibrated to measure almost all 
^-rganic vapors. It has a single linearly scaled readout 
I omO ppm to 10 ppm with a XI, X10. XlOO range switch. 
I resigned for use as a portable survey instrument, it can 

also be readily adapted to fixed remote monitoring or 
mobile installations. It is ideal for the determination of 
I lany 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. 
I division 1, Groups A. B, C 4 0 hazardous environments.

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 apply to 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. It Is essential that 
all portions relating to safety of operation and 
maintenance. Including Section 5, be thoroughly 
understood.

MHI
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11 description ano leading particulars
H Century Portable Organic Vapor Analyzer (OVA),

illustrated in Figure 1-1. Is designed to detect and
■ measure hazardous gases found In almost all in-
■ dustrles. 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 
I 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
a adapted to remote monitorlnp applications.
I The Instrument utilizes the principle, of hydrogen
■ flame ionization for detection and measurement of 

organic vapors. The Instrument measures organic vapor
M concentration by producing a response to an unknown 
I sample, which can be related to a gas of known com- 
fl position to which the instrument has‘previously been 

calibrated. During normal survey mode operation, a 
_• continuous sample Is drawn into the probe and 
fl transmitted to the detector chamber by an Internal pum- 
fl 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

I exposed to a hydrogen flame which Ionizes the organic 
vapors. When most organic vapors burn, they leave 
positively charged carbon-containing Ions which are 
collected by a negative collecting electrode In the

I chamber. An electric field exists between the con­
ductors surrounding the flame and the collecting elec­
trode which drives the Ions to the collecting electrode. 
As the positive ions are collected, a current correspon-

I ding 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

I 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

I 10.

TYPICAL APPLICATIONS
Measurement of most toxic organic vapors pre­
sent In industry for compliance with Occupa­
tional Safety and Health Administration (OSHA) 
requirements.
Process monitoring and evaluation.
Evaluation and monitoring applications in the 
air pollution field.
Leak detection in storage, transportation and 
handling equipment. ,

(5) Survey of gas distribution and transmission 
lines and equipment for compliance with Office 
of Pipeline Safety (OPS) requirements. 
Forensic science applications.

OTHER TYPICAL USES
(1) Controlling and monitoring atmospheres in 

manufacturing and packaging operations. 
Mudlogging, gas and mineral exploration.
Leak detection related to volatile fuel handling 
equipment.

1.4 MAJOR FEATURES
The basic Instrument consists of two major 

assemblies, the Probe/Readout Assembly and the Side 
Pack Assembly (see Figure 1-1). The recorder is o^ 
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 Side Pack Assembly contains the re­
maining operating controls and indicators, the elec­
tronic circuitry, detector chamber, hydrogen fuel supply 
and electrical power supply. It Is a quantitative type in­
strument with sensitivity to 0.1 ppm methane.

Other major features are: 250* linear scale readout 
leas than two second response time and minimum t 
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 Is 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
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SPECIFICATIONS
Sensitivity: 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

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 
Refilling, and (5) Battery Charging. After familiarization

i
1
i

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.

varies as a function of detected level giving an audible 
Indication of organic vapor concentration. The Instru­
ment Is designed tor 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.

During 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 Is 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.

1.5.3 PARTICLE FILTERS
The primary filter is of porous stainless and located 

behind the sample inlet connectbr, 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.

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 knurled locking nut. Small 
diameter tubing can be used for remote sampling and 
electrically insulated flexible extensions can be used 
for difficult places to reach.

Sample flow 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 12V0C

Service life: Hydrogen supply and battery power-6 
hours operating time minimum

Size: Standard Unit: &-5/8 x 11-5/8 x 4-1/4
Unit: 6-5/8 x 11-5/8 x 4-1/2 Probe/Readout 
Assembly: Variable (see Figure 1-2)

Weight: Standard Unit: Side Pack Assembly, less 
than 10 lbs. FM Unit: Side Pack Assembly, 
less than 11 lbs. Probe/Readout 
Assembly: less than 2 lbs.

Operator requirements: One man. one hand opera­
tion

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

Flam»-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 for various applica­
tions

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

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

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

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

Electrical protection: Refer to Section 5 
Standard accessories:

1) Instrument carrying and storage case
2) Fuel filling hose assembly
3) A.C. battery charger
4) Earphone
5) Various pickup fixtures

Optional accessories:
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
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t*

EARPHONE

SHOULDER CARRYING 
STRAP

PROBE ASSEMBLY 
(ADJ. LENGTH)

"CLOSE” AREA'
SAMPLER >

STANDARD 5 FT. 
UMBILICAL CORD

TUBULAR 
SAMPLER

PICKUP FUNNEL 
(NOT APPLICABLE 
TO FM CERTIFIED 

MODELS)

 READOUT ASSEMBLY
(CAN BE USED AS SHOWN WITHOUT 
FURTHER ATTACHMENTS IN 
CONFINED AREAS)

FIGURE 1-2

INSTRUMENT DISASSEMBLED
Typical of All Models Except Where Noted.
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Recharger Connector - This BNC connector is 
used to connect the battery pack to the battery 
recharger assembly.
H2 TANK VALVE - This valve Is used to supply 
or close oil the fuel supply from the hydrogen 
tank.

2.3
2.3.1

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.

Pin E-plus 12V0C
Pin H-Ground
Pin A - Signal 0-5VDC (OVA-118 only)
Pin 8 - Signal 0-5VDC (OVA-128 only)

TABLE 2-2
PROBE/READOUT ASSEMBLY 

Controls/lndicators — Function
A) Meter - This 250* linear scaled meter displays 

the output signal level in ppm.
B) 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.

TABLE 2-1 
SIDE PACK ASSEMBLY 

Controls/lndicators — Function
INSTR/8ATT 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.
PUMP (ON-OFF) Switch - This toggle switch 
turns on power to the internal pump and audio 
alarms.
Igniter Switch - This momentary push button 
switch connects power to the igniter coil in the 
detector chamber and simultaneously discon­
nects power to pump.
CALIBRATE Switch (range selector) - This 3 
position toggle switch selects the desired 
range: XI (0-10 ppm); X10 (0-100 ppm); X100 (0- 
1,000 ppm).

5) ■ CALIBRATE ADJUST (zero) Knob - This poten­
tiometer is used to “zero” the instrument.
GAS SELECT Knob (span control) - This ten­
turn dial readout potentiometer sets the gain of 
the Instrument commonly referred to as span 
control.
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.

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 defector 
chamber.

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

13) SAMPLE FLOW RATE Indicator - This indicator 
is 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.

2.3.1.2 SERVICING 
a)

STARTING PROCEDURE 
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.

"Close Area” Survey Configuration
(1) Check to ensure that a panicle 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.

■ 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 

I list is provided inside the cover of the Side Pack 
I Assembly. Refer to Section 7 for operating procedures 
I relative to major optional accessories such as the Gas 

Chromatograph Option.
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OPERATING PROCEDURES
Set the CALIBRATE Switch to the desired

Move the INSTR Switch to ON and allow five 
minutes for warm up.
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.
Move the CALIBRATE Switch to XIO and adjust 
the meter reading to zero with the CALIBRATE 
ADJUST (zero) Knob.
Ensure the PUMP Switch is ON and obsen/e the 
SAMPLE FLOW RATE Indicator. Indication 
should be approximately 2 units.
Open H2 TANK VALVE one (1) turn and observe 
the reading on the H2 TANK PRESSURE In­
dicator. (Approximately 150 psi of pressure is

J

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 XI 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 XI 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 detectioo 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 FOR USE. '

2.3.1.3
Certain 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 received from the fac­
tory, is set to measure in terms of methane in air.

a)

purchased locally or In a high grade from the 
Matheson Company of East Rutherford, New 
Jersey. The maximum Instrument supply bottle 
pressure Is 2300 PSIG. A high pressure 
hydrogen filling hose assembly is provided with 
the Instrument. This assembly Includes the 
proper fittings for the Instrument and supply 
bottle, and a three-way fill/bleed valve. Initial 
fueling and subsequent refilling, 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.
Battery Check: Move INSTR/BATT Test Switch 
to the BATT position and ensure battery is 
charged by reading the indication on the 
readout meter.
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.

2.4 
a)

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.

Confirm 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.I.

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.
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FUEL REFILLING
The Instalment should be completely shut 
down as described in Section 2.5 herein during 
hydrogen tank refilling operations. The refilling 
should be done In a ventilated area. There 
should be no potential Igniters or flame In the 
area.
If you are making the first filling of the instru­
ment or if the filling hose has boon allowed to 
fill with air, the filling hose should be purged 
with N2 or H2 prior to filling the Instrument tank. 
This purging Is not required for subsequent fill­
ings.
The filling hose assembly should bo 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.

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 wilt move upscale and the audible alarm 
will sound when the preset point Is 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-out.

SHUT DOWN PROCEDURE
The following procedure should be followed for shut 

down of the instrument:
1)
2)
3)
4)

BATTERY RECHARGING
a) Plug charger BNC connector Into mating con­

nector on battery cover and insert AC plug into 
115 VAC wall outlet. Never charge In a hazar­
dous area or environment.

b) Move the battery charger switch to the ON posi­
tion. The light above the switch button should 
illuminate.

c) Battery charge condittpn 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 with 
"charged" marker above the scale.

d) 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

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

d) Open the hydrogen supply bottle valve slightly. 
Open the REFILL VALVE and the H2 TANK 
VALVE on the instrument panel and place the 
FILL/BLEEO 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.

e) 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.

g) The hose Is bled by turning the FILL/BLEEO 
Valve on the filling hose assembly to the 
BLEED position. After the hose is bled down to 
atmospheric pressure, the FILL/BLEEO Valve 
should be turned to the FILL position tg 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.

h> 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.j, 
there Is a significant leak in the H2 supply 
system.

Close H2 SUPPLY VALVE.
Close H2 TANK VALVE.
Move INSTR Switch to OFF.
Wait 5 seconds and move PUMP Switch to OFF. 
INSTRUMENT IS NOW IN A SHUT DOWN CON­
FIGURATION.

2.6 
a)
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3.2 
a)

3.3 
a)

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.

SUMMARIZED OPERATING PROCEDURES
3.1 GENERAL

The procedures presented in this section are Intend­
ed for use by personnel generally familiar with the 
operation of the instrument. Section 2 presents the 
comprehensive detailed operating procedures.

2 8 CHARCOAL HLItKiNVi
When it is desired to preferentially remove the 

heavier hydrocarbons, such as those associated with 
automobile exhaust, gasoline, etc., simply remove he 
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 FILTERINIS
I Filtering of moisture in the sample is not normally r^ 
• quired. However, when moving in and out of buildings in 

cold weather, excessive condensation can forrn 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. _ ,

SECTION 3

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 specific 
compound of interest. This is especially true for 
materials containing elements other than carbon and 

^yfhe^ins’trument is factory calibrated to a methane in 

air standard. However, it can be easily and ra^dly 
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 facto^ 
adjustment. The remaining three adjustments. R-31._ R- 
32 and R-33 are used for setting the electronic amplifier 
gain for each 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.

SHUTDOWN
Close the H2 SUPPLY VALVE and the H2 TANK
VALVE
Move the INSTR Switch and PUMP Switch to 

ms^njment is now in shut down configuration.

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 relaUve » bat­
teries which have been allowed to completely 

"iXS* been established that the above battery 

recharging procedures may not be sufficient
■ operator of the instrument has Inadvertently left the. N- 
I STR Switch ON for a period of time without recharging 
P and allowed the battery to completely discharge.

When this happens and the above '
recharge the battery, the following should be 

complis battery from the instrument case.
Connect to any variable DC power supply. 
Apply 40 volts at 1/2 amp maximum.
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.
Repeat steps a), b). c). and d) above to continue 
charging.

DC CHARGER
The optional DC charger is designed to both 
charge the battery and to provide power 
operating the instrument from a 12 volt DC 
source, such as vehicle power.
Connect the DC charger cord to the connector 
on the battery cover of the Side Pack 
Assembly. Plug the line cord into the vehicle 
cigarette lighter or other power source connec-

In mobile applications, the DC charger is used 
to supply vehicle power to the instrument. 
Therefore, it may be left connected at all times. 

CHARCOAL RLTERING

STARTUP
•Move PUMP Switch to ON and check battery 
condition by moving the INSTR Switch to the 
batt position.
Move INSTR Switch to ON and allow five (5) 
minutes for warm-up.
Set Alarm Level Adjust Knob on 
Readout Assembly to desired level. 
Set CALIBRATE Switch to X10 position, use 
CALIBRATE Knob and set meter to read 0.
Move PUMP Switch to ON position then place 
instrument panel in vertical position and check

H2 SUPPLY

VALVE.
Depress Igniter Button until burner lights. Do 
not depress Igniter Button for more than six (6) 
seconds. (If burner does not ignite, lot instru­
ment run for several minutes and again attempt 
ignition.) . .
Use CALIBRATE Knob to "zero out ambient 
background. For maximum sensitivity below 10 
Dom set CALIBRATE Switch to XI and readiust 
zero'on meter. To avoid false flamj^ut alarrn 
indication, set meter to 1 ppm with CALIBFwTE 
Knob and make differential readings from 

there.
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4.3.1

4.2.1 
a)

.) 4.3.3
’ 4.3.3.1

PREPARATION OF CALIBRATION STANDARDS 
COMMERCIAL SAMPLES

Commercially available standard samples oiler the 
most convenient and reliable calibralion standards and 
are recommended lor the most precise analyses. 
Always remember to obtain the cylinder wiih the 
desired sample and the "balance as air". Sample 
should be drawn Irom the cylinder into a collapsed sam­
ple baQ. then drawn from the bag by the instrument lo 
prevent a pressure or vacuum at the sample inlet.

4.2.2 
a)

4.3.3.2 PURE GASEOUS SAMPLES
Obtain a large collapsible sample bag, preleraoiy 

polyethylene such as a 40 gallon trash can liner. Insert a 
lube into the bag opening and lie shut around the tube. 
The tubing should have a shut-oil valve or plug and be 
suitable lor connecting the OVA input tube. Determine 
the volume ol the bag by appropriate means (i.e.. wet­
test meter, dimensions ol the bag, etc.). Forty gallon 
polyethylene bags provide a volume ol approximately 
140-160 liters. For gas samples. Hush a 10 cc hypodermic 
syringe with the compound to be tested and then inject 
a to cc sample through the wall ol the air-liiied bag. Im­
mediately alter withdrawing the needle, cover the hole 
with a piece ol plastic tape. Allow a lew minutes lor the 
sample to completely dilluse throughout the bag. Agita­
tion will ensure complete dillusion. Connect me outlet 
lube lo the Ova and lake a reading. To verily 
repeatability ol sampling technique, disconnect the bag . 
and inject a second sample ol the gas into me bag 
without emptying. Since only 2 or 3 liters will have been 
removed, the overall volume change will be sgiali and 
the instrument reading should now be twice mat ol the

BIAS ADJUSTMENT
Leave CALIBRATE Switch on XIO position and 
use CALIBRATE ADJUST (zero) Knob to adjust 
meter reading to 4 ppm.
Place CALIBRATE Switch in XI position and. 
using irimpot R-31 on circuit board, adjust 
meter reading to 4 ppm. (See Figure 4-1) 
Move CALIBRATE Switch lo XiO position again.
Use CALIBRATE ADJUST (zero) Knob to adjust 
meter to a reading ol 40 ppm.
Move CALIBRATE Switch to X100 position and 
use trimpol R-33 on circuit board lo adjust 
meter reading to 40 ppm.
Move CALIBRATE Switch lo XIO position and 
use CALIBRATE ADJUST (zero) Knob to adjust 
meter reading to zero.
Unit is now balanced Irom range lo range, 
calibrated to methane, and" ready to be placed 
in normal service.

CALIBRATION TO other ORGANIC VAPORS 
setting GAS SELECT CONTROL (Span) 

Primary calibralion ol the instrument is accomplished 
using a known mixture ol a specilic organic vapor com­
pound. Aller the instrument is in operation and me 
"normal background" is "zeroed out", draw a sample 
ol the calibralion gas into the instrument. The GAS 
SELECT Knob on the panel is then used to shill the 
readout meter indication to correspond to me concen­
tration ol the calibration gas mixture.

The instrument is then calibrated lor the vapor mix­
ture being used. Alter this adjusimenl. the setting on 
the "digidial" is read and recorded lor that particular 
organic vapor compound. This exercise can be perlorm- 
ed lor a large variety ol corhpounds and when desiring 
to read a particular compound the GAS SELECT control 
is turned to the predetermined setting lor me com­
pound. Calibration on any one range automatically 
calibrates the other two ranges.

4.3.2 USING EMPIRICAL DATA
Relative response data may be obtained, which can 

then be used lo estimate concentrations ol various 
vapors. With the instrument calibrated to methane, ob­
tain the concentration reading lor a calibration sample 
ol the test vapor. The relative response, in percent, lor 
that test vapor would then be the concentration 
read/conceniration ol the calibrated sample X 100.

figure 4-1.
adjustments
(Model OVA-118 shown: location typical to OVA-128)

8

GAIN adjustment
Place instrument in normal operation with 
Calibrate Switch set to XiO and GAS SELECT 
control set to 3(X).
Use me Calibrate adjust (zero) Knob and 
adjust me meter reading to zero.
Introduce a methane sample ol a known con­
centration (near 100 ppm) and adjust trimpot R- 
32 on circuit board (see Figure 4-1 (or location) 
so mat meter reads equivalent to the known 
sample.
This sets the instrument gain lor methane with 
the panel mounted gain adjustment (GAS 
SELECT) set at a relerence number ol 300.
Turn oil H2 SUPPLY VALVE to pul Out llame.

electronic adjustments 
Primary calibration ol mis instrument is accomplished 

at me lactory usmg memane m air sample gases.
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3.3
various hydrocarbons

corresponding

compounds (i.e..

Il
o( various compounds

100 (calibration sample)

presented

n 9

n

Compound 
Methane 
Propane 
N-butane 
N-pentane 
Ethylene 
Acetylene 
Benzene 
Toluene 
Ethane

Alcohols 
Methyl alcohol 
Ethyl 
Isopropyl

Relative Response (percent) 
1<X3(relerence) 

64 
61 

100
85 

200 
150 
120

90

60
80

100

15
25
65

..mpl. .l«e .n « .p«n
a sample ol 63 ppm.

- —! involves
1 such as that 

Goldup in

THEORY . , HTheoretical background and empirical data related o 

the Century Organic Vapor Analyzer is presen

4.4.1 and 4.4.2.

n I This procedure has the
U "when all o( the organic liquid has 

volume can be determined readily.
* For liquid samples, an alternate procedure 

lithe use o( a didusion dilution device --- .
(■described by Oesty. Geach and

Chromatography". Scott, ed.. Aca

— New York. 1961.

Il

ca-oo,,=

somcwKal lo-ef '« ’ „oiiceaole wdn Ihose
hydrocarbons. This is p J oxygen Io carbon
compounds having a each series
such as lound in the lower rnembers^o^^ ^i,h com-

similar to that ol the
lect ol the oxygen 
the response is

pounds also show ® Materials containing no

simple hydrocarbons.
The typical relative response 

to methane is as lollows: 
Methane

Ketones
Acetone 
Methyl ethyl ketone 
Methyl isobutyl ketone

I"
iAs times 1000. For example, a 1 - 
■J^ed in a 160 liter bag will provide 

i.e.. 10 X 1000/160 equals 63 ppm.

gaseous ano LIOUIO samples (Alternate

d.Hdd '»

•SimA^d^ro?thTJyringe placed inside the jug neck and the

-make 100 ppm oi vapor.

ll ’1 equals V2XMW/244O

VI - Volume o( liquid In microliters needed to make 

an air mixture ol 100 ppm (V/V)
V2 - Volume ol bottle In liters 
Mw - Molecular weight ol substance 

O - Density ol substance

advantage that you can see 
vaporized and the

4 41 hydrocarbons
in General a hydrogen name .onizai.on detector -s 

niore sensitive lor hydrocarbons
oroanic compounds. The response ol the OVA vaes 
Irom compound to compound, but O'^es exce 
reoeatable results with all types ol hydrocarbons. • e.. 
sa^u X hydrocarbons (alkanes), unsaturated 
"yXc'oOd.’ ,.,k.A.S >Ad .Ad .-dA,.,.d

hydrocarbons.
The typical relative response oi 

to methane is as lollows;
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,0
65
70
35

I 
■l 
■i 
3.

Oroon telrachlorlde 
Chlofolorm 
Tflchlofoethylone 
Vinyl chloride

The OVA has neo'IO'ble response Io carbon monoxide 
and carbon dioxide which evldenlly. due to their struc­
ture do not product appreciable ions In the detector 
(lame. Thus, other organic materials may be analyzed In 
the presence o( CO and COj.

■l 
*1
!

I
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SECTION 5
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5.8 VENTING
The OVA case is vented to eliminate the possibility o( 

trapping an explosive mixture of H2 and air inside the 
case.

5.6 DETECTOR CHAMBER
The OVA has a small llame ionization chamber cavity 

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

g^.4 FUEL SUPPLY & TANK
IB The OVA fuel lank has a volume of 75 to 85 cc which, 
"■when tilled Io the maximum rated pressure of 2300 PSIG.

holds approximately 5/8 cubic fool of gas. The fuel used 
J^n the OVA is pure hydrogen which can be readily pur- 
IBchased in a highly pure form al nominal cost. The H2 
^Wanks used in the instrument are made from stainless 

steel, proof-tested to 6,000 PSiG and 100% production
^^tosled to 4.000 PSIG.

*1

5.7 H2 FILLING ANO EMPTYING OPERATIONS
Precautions should be taken during H2 filling or H2 

lank emptying operations Io ensure that there are no 
sources of ignition in the immediate area. Since the in­
strument tank at 2300 PSIG holds only 5/8 cu. h. of H2. 
the total quantity, if released 10 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 if normat care is not 
exercised.

5.5 H2 flow RESTRICTORS
Hydrogen gas gains heal when expanding and. 

therefore, should not be rapidly released Irom a high 
pressure lank Io a low pressure environment. Flow 
restrictors are incorporated in the H2 refill lilting and H2 
is restricted on the output side of the lank by the low 
flow rate control system. In addition, a special How 
restrictor is incorporated in the Fill/BLEEO valve of the 
hydrogen filling hose assembly. These precautions 
limit the How rale of the H2 to prevent ignition due to 
self-heal Irons expansion.

SAFETY CONSIDERATIONS
IB 5.1 general
• The Models OVA-108. OVA-128 and OVA-138 have 

been tested and cenlliod by Factory Mutual Research 
Corporation (FM) as intrinsically sale lor use in Class I, 
Division I, Groups A. B. C 4 D hazardous atmospheres. 
Similar foreign certifications have been obtained, in­
cluding BASEEFA and Carchar app’roval lor Group IIC. 
Temperature Class T4 on the Models OVA-t08. OVA-t28 

|BB and OVA-t38. and equivalent approval Irom 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 loltowed lor maximum safety. Safely 

sfl considerations was a major factor in the design of the 
B|| Organic Vapor Analyzer (OVA).

All connectors are of the permanent type as opposed 
to quick disconnect. To protect against external ignition 
of flammable gas mixtures, the llame detection 
chamber has porous metal flame arrestors on the sam- 
pie input and the exhaust pons as well as on the H2 inlet 
connector. The standard battery pack and other circuits 
are internally current limited to an intrinsically sale 

IB
' ■■’5.2 OPERATING, SERVICING ANO MODIFYING 
» Il is imperative that operation and service procedures 

^fldescribed in this manual be carefully followed in order 
0|Blo maintain the intrinsic safety which is built into the 

OVA. No modification Io the Instrument Is permissible.
^—Therefore, component replacement must be ac- 
Ijflcomplished with the same type parts.

5.3 ELECTRICAL PROTECTION
The 12V battery power supply circuit is current limited 

Mio an intrinsically sale level. Fuses are not utilized and 
mall current limiting resistors and other components 

' which are critical to the safety certification are en­
capsulated to prevent inadvertent replacement with 

r<Bcomponenis of the wrong value or specification. Under 
: '.Bno circumstances should the encapsulation be remov- 
"l"ed.
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Maintenance personnel should be thorouQhly 
lamiliar with Instrument operation before perlorm- 
ina maintenance. It is essential that all portions ol 
this manual relating to salety ol operation, se^icing 
and maintenance, including Section 5. be 
thoroughly understood. There should be no poten-

R.nit I

*****'**'*-*«^

6 2 routine MAINTENANCE
■ Note that Figure 6-1 is a How diagram ol the basic gas 

handling system.
identilying components. Also included in
Is a schematic wiring diagram showing intercon- 

■ {Kcting wiring between major electronic 
’and typical signal levels at selected points on the ce - 

Ulied instruments. The enclosed drawings and parts 
irfflis are subject to change without notice andpan 
I placement on any cenilied instrument should be 

■verified to comply with the "no modlllcations permit-

tad" requirement.

(lai igniters or llame In the area when filling, empty­
ing or purging the hydrogen system and the instru­
ment should be turned oil.
Extreme care should be exercised to ensure that 
required pens replacement is accomplished with 
the same pans specilled by Century. This is 
especially necessary on the Models OVA-108. OVA- 
128 and OVA-138 In order that their camlicalion lor 
use in haxardous atmospheres be maintained. No 
modifications are permitted. Disassemble instru­
ment only In a non-haxardous atmosphere.

6.2.1 ■ FILTERS
6 2 11 PRIMARY FILTER

This filter is located behind the sample
tor (Fitting Assembly) on the Side Pack ’
removed lor cleaning by using a thin wall socket to 
unscrew the Fitting Assembly. The filler cup O Q 

and loading spririg.will then come out as
Side Pack Assernbly drawing in Appendix A . T^he 
porous stainless filter cup can then be cleaned by b o 
Tng out or washing in a solvent. If a solvent is used, care 
should be taken to ensure that all solvent is removed by 
blowing out or healing the filter. Reassemble m reverse 
order ensuring that the "O" ring seal on the Fitting

Assembly is Intact.

riMlNTENANCE

□51 GENERAL
This section describes the routine nialntenance 

Aedule recommended and provides procedures lor 
g9jbte shooting malfunctions or (allures In the Inslru- 

• 'Ippendlx "A" IO this manual contains .he assembly 

wings and associated pans list lor iho Side Pack 
sambly and two major subassemblies: the Eleciror^ic 
Tiponeni Assembly and the Cylinder Assembly.
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6.2.3.2 
Adiustmeni 

by looseninq i

below. See Side Pack Assembly and Cylinder Assembly 
drawings.

1) Remove insirumenl Irom the case by unlocking 
the lour (4) 1/4 turn lasleners on the panel and 
removing the exhaust saleiy cover (il included) 
exhaust port and refill cap nut. Be sure rehii 
valve is closed before removing refill cap nui. 
Remove the valve knob screw and knob. 
Loosen the panel nut with a 3/4" wrench.
The valve compression nut is located |usi under 
the panel. Tighten the compression nut 
usually not more than 1/4 turn.

is .gain., sol, "i.'o;" 
small amount 
compress 
leakage still occurs.
replace lhe two tellon washers
1) I

REFILLER VALVE PACKING ADJUSTMENT
1 lor the valve on the reliUer can be made 
the set screw with a 3/32" hex key. so that 

me handle furns Ireely on the stem. Insert two (2) 3/32" 
hex keys through the holes provided in the handle and 
turn until they engage the holes in the packing ad|uster. 
Then tighten the packing by lurnmg the handle.

foreign particle matter. If a solvent is used, the fixtu e 
Should be subsequently cleaned with detergent and 
baked out al l2(rF to eliminate any residual hydrocar­
bons Irom the solvent.

6.2.3 SEAL maintenance - CYLINDER ASSEMBLY
6.2.3.1 H2 TANK. H2 SUPPLY AND REFILL VALVES

After some time, lhe tellon 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 soap solution around the 
valve stems. This leakage can usually be stopped by 
tightening lhe compression nut (adapter) as out me

VMrtfc*e”liltert located in each pickup fixture. One 

. cedure in paragraph 6.2.1.1.

■ miXER/BURNER ASSEMBLY FILTER" Another porous metal particle filter is incorporated m 

the Mixer/Burner Assembly which screws mio I 
a Assembly. See Side Pack Assembly drawing.

This filter is used as the sample mixer and inlet flame ar- 
CW Lsm in he chamber. This filter should not become 

Xtaminated under normal conditions bv« can be 
cleaned or lhe assembly replaced if necessary.

Access to this filter lor output surface cleaning is 
gained by simply unscrewing the exhaust P<^ 
or.amo Assembly without removing the instrument kom the^ase. The OVA-t08. OVA-128 and OVA-138 in­
struments require removal of the safely cover prior 
unsSeXg the exhaust port. The Filter Assembly can 

now be seen on lhe side of lhe chamber 
Assembly) and can be scrapped or cleaned with a sma 

**'?inter replacement is required, install a new or lac^ 
tory rebuilt Mixer/Burner Assembly. In several O 
models, this requires removal of the Preamp Assembly.

6 2 14 exhaust FLAME ARRESTOR
1 ’ 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 a P’^'c'e 

al filter on lhe chamber output and restricts 
from entering the chamber. This filter may be c 
required, by removing the exhaust port from the 
Preamp Assembly. The exhaust port is 
lhe bottom of the case without case ‘
the filter is captive to the exhaust port on he Models 
OVA-108 OVA-128 and OVA-138. Clean lhe filter with a 
solvent or detergent but ensure that it is dry a^d any 
solvent completely baked out at 12O*F before reinstall- 
ing.

a 
of force is necessary to sufficiently 

the teflon washers. If. alter tightening.
it would be advisable to 

- as follows: 
Or:inh;;rog''ensysrem Slowly and to the extern 
necessary to work on the leaking v.ive(s . 
Observe safety precautions (see Section 5)^ 
There should be no potential igniters in the 

OiZconnect the capillary tube from the manilqld 
at low pressure gauge (H2 Supply Pressure). 
Remove all three (3) knob screws and knobs. 
Remove lhe three (3) panel nuts and washers. 
Carefully remove the tank assembly Irom the 
panel. NOTE: If OVA has GC Option installed, 
the GC valve assembly must be loosened or 
removed in order to remove the tank assembly 
from lhe panel.
Remove the compression nut on the valve that 
is not sealing properly. Remove the stem by 
unscrewing it from lhe valve body. Observe the 
sandwich of metal and teflon washers and note 

V^sua°fy check lhe Kel-F seal on the stem lor 
cracks or foreign material. Wipe dean, if 
necessary, with a lint free cloth (no solvents or 
oils) and replace il damaged.
Remove the washers and replace the teflon 
washers (the factory procedure is a light wipe 
of hydrocartxm free silicone grease).
Replace the stem assembly in the valve body 
and tighten lightly.

, Push the washers down into lhe compression 
area in the same order as noted upon removal. 
Replace the compression nut and tighten snug-

11) Close the low pressure valve and fill the tank 
assembly. Check valves lor leaks. Tighten 
again, il necessary, and reassemble the unit.
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'^LEAK ISOLATION
K o( the ball to qo to the bottom when the inlet is 

i Windicates a leak in the system between the pro- 
■d the pump inlet or the inlet check valve. To isolate 
. MClem, remove pans, one at a time, and again 
jK the air inlet. Remove the pickup probe(s) and 
'i Ke air inlet at the Readout Assembly. II the ball 

to the bottom, check that the "readout to probe ’ 
>'^^her is in place and replace the probes, holding 
Kck against this seal while tightening the nut. 
Be. and il leakage is still present, it is probably in 
robe (pickup (ixiure). which should be repaired or 

, Wage is indicated as being past the readout han-
Ben the connection to the sidepack is tight, 
inneci the sample li.f al the lilting on the sidepack 
;o»et trus inlet witn ycur linger. Il the How gauge

I

- - .'

k ?—r~ •10 5(1 sc«c"

CONTAMINATION CONTROL 
maintenance

6.2.5.1 GENERAL
On occasion, the background reading ol the OVA may 

be relatively high under normal ambient conditions. Am­
bient background readings will vary somewhat depen­
ding on the geographical location where the instrument 
is being used. However, the background reading nor­
mally should be in the range ol 3 to 5 ppm as methane. 
The acceptable background reading consists ol i to i- 
t/2 ppm ol 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 to 4 
ppm ol equivalent methane background caused by ac­
ceptable levels ol contamination in the hydrogen luei 
and/or hydrogen luel handling system resulting in a 
total equivalent methane reading ol 3 to 5 ppm in clean 
air.

II the background reading goes above 5 ppm to 6 or / 
ppm. this is normally still acceptable since any 
measurement is additive to that background reading, 
i.e.. 2 ppm on top ol 5 or 2 ppm on top ol 7 provides the 
same dillerenlial reading, however, the lower 
background is obviously desirable.

The background reading on the linear OVA _s is 
zeroed out or nulled out—oven though in reality the 
background still exists. The background reading on the

ball goes to the bottom, the problem should be a leak in 
the umbilical cord/RoaOoul Assembly, which should be 
investigated and repaired. There is also the possibility 
ol a leaking check valve in the pump which would not 
snow up on this lest. II the leakage is not lound in the 
umbilical cord, it is most likely In the pump check valve 
which should be repairodor replaced.

II the ball doos not go lo the bottom, the leak will be 
either in the How gauge or it's connecting tubing. 
Visually check that the tubing is connected and il so. 
the How gauge should be repaired or replaced. Check 
the "O" ring installation in the sample inlet connector 
(Filling Assembly).

As an alternate approach, leaks on the inlet side ot 
the pump can be detected by using alcohol on a "Q" Tip 
and lightly swabbing me connections one at a lime or by 
directing organic vapor or smoke at the potential 
leakage points and observing the meter response or 
audible alarm.

Leaks (beyond the pump) are easier lo locale, as any 
ol the commercially available leak deiection solulions 
can be used. Cover ihe exhaust pon. which will place 
the exhaust system under pressure, and check each 
connection, one at a lime. Replace the lellon tubing or 
reiape the threaded connections with lellon joint tape. 
Check Ihe igniter and Mixer/Burner Assembly where 
they screw into the detector. Ihe high voltage terminal 
screw on Ihe side ol the Mixer/Burner and exhaust port 
iisell. II aher these checks. Ihe How gauge ball suit will 
not go IO 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.

1
AIR SAMPLING SYSTEM MAINTENANCE

(■SENERAL
• Belial problem asscxziated with the OVA instru- 
i"hat leaks can develop in the air sample pump- 

. stem. These leaks can result in either dilution or 
: ^Bmple. causing low reading ol vapor concenira-
1 response time.

2 TESTING FOR LEAKS
1 AVA's a re equipped with a How gauge, which 
j B a method to check lor air leaks. Assemble the 
(Brobe selected lor use to the readout assembly 
nen position Ihe sidepack venicaily so the How 
.^ay be observed. Cover the end ol the pickup 

■ Bth your linger and observe that the ball in the 
Bee goes to the bottom, indicating no air How (il 

•as slight chaher while on bottom, this is accep- 
.. Cover the center ol Ihe chamber exhaust pon 
Br thumb and again observe the ball going to the 
■Another simple check is to expose the pickup

• m cigarette smoke or a light vapor (butane) and 
rve that the meter responds in approximately 1.5 - 
/■□nds. It should be noted that slow meter 
! Be may also indicate a restriction in Ihe air 
l*g system.
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Let the OVA run (or a period o( time (IS to 30 
minutes) and see i( the background level 
decreases as a (unction o( time. The 
background could go down and stay down as a 
result o( clearing line contamination which is 
removable simply by the normal (low o( air 
through the sample line.
Take a reading in a known, relatively clean air 
environment. Normally, outside air environ-

NOTE
OVA’S that include the Chromatograph Option in­
stalled can also have an indication o( high 
background related to saturation or contamination 
of the activated charcoal (liter, which is in the line 
during chromatograph analysis, or of the column 
which is in the hydrogen line at all times.

OVA'3 is measured by zeroing the meter with the 
.•! a~.; noting the motor indication aher the (lame 
■‘b-ever, on the logarithmic scaled OVA’s the 
v'‘C "reading is observed on the motor al all 
his IS considered desirable since II assures the’ 
r ma; the"instrument Is. in (act. operating pro- 

T>e background reading on the OVA’s serves as 
1 :e*ei calibration point since it does represent the 
— easufement o( ambient levels of methane in the air. 

Ch are extremely stable and predictable any place in 
me -c'ld.

T-e cause (or a high background reading is usually 
associated with contamination in the hydrogen (uel 
3»s;em. This will, of course, cause a background 
•eacmg since this is the (unction of the basic detector 
”:o measure contamination entering the detector 
Chamber". In addition, contamination present in the 
••ydrogen will many times leave a small unobservable 
ceoosit on the burner (ace which can continue Io 
generate a background reading when the detector is in 
operation and the burner assembly is heated.

Another possible cause of contamination is the mix- 
er/burner assembly when the contamination is trapped 
in the porous bronze sample tiller. This is not a common 
problem and usually only happens when an unusually 
high level of contaminant is drawn into the assembly. 
Another possible cause of high background reading is 
Cbntaminaiion someplace in the air sample line to the 
cetector. This is also uncommon but can be the source 
of the problem.

6.2.S.2 ANALYSIS ANO CORRECTION
Prior to analyzing the problem, the OVA should be 

checked (or proper electronic operation. Chock 
logarithmic instruments (or proper high and low calibra­
tion points and (or proper gas selector operation (see 
Section <). On logarithmic OVA’s. check Gas Selector 
by turning Io 500 and observing the (lame-out alarm 
comes on as the needle goes below 1 ppm. It should be 
ensured that the instrument is calibrated to methane as 
relerenced.

I(. alter checking that the OVA is properly calibrated, 
the background is still higher than normal (or ambient 
conditions, the lollowing procedure should be lollowed 
to isolate the cause of the problem.

1)

moni Is clean enough to assess by comparison 
whether the background reading Is internal to 
the instrument or Is present In the laboratory 
odlce or location where ths Instrument Is being 
used.
Il the OVA Includes the Gas Chromatograph Op­
tion. depress the sample in|eci valve so that the 
activated charcoal Is In the lino and observe 
whether the background reading goes down 
and stays steady aher the elution ol the air 
peak. The reading should always go down or 
slay 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 Cz. II another activated char­
coal filter is available, this may be attached to 
the end of the probe to scrub the air so that a 
clean air sample would be going 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.
I( background still stays up and cannot be 
reduced by any of the previous steps, the sa(e- 
ty cover (i( 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. (Relerence 
paragraph 6.2.1.3.) This will remove any small 
quantities of contamination that are on the Mix­
er/Burner Assembly which could be the source 
of the background vapor. After cleaning the 
face o( the burner and lube, replace the ex­
haust port and safety cover (if included) and 
reignite the OVA. If contamination on the 
burner lace was the cause, the problem should 
be immediately resolved and the ambient 
background will drop to an acceptable level.
II the background is still present, place your 
finger over the inlet ol the probe so as to 
reduce the flow ol air to the detector chamber. 
Reduced flow rale may be observed either on 
the sample (low gauge or can normally be 
observed by the sound of the pump motor.
I( the background drops immediately In 
response to the reduced (low ol air to the 
chamber, this is an indication that the con­
tamination is in the air sample line. Therelore. 
the various parts of Ihe-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 il the contamination 
can be isolated.
Serious contamination in the air sample line is 
very uncommon. However, il very large doses 
of very heavy compounds are sampled, there is 
a possibility of a residual contamination whic.h 
would eventually clear Itseil out but may lake a 
considerable period of time. A typical cause lor 
the high background (rom the sample line is a
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6.3 TROUBLESHOOTING
Table 6-1 presents a summary ol recommended field 

trouble shooting procedures. If necessary, the instru­
ment can be easily removed (rom the case by unlocking 
the lour (4) i/4 turn fasteners on the panel lace and 
removing the refill cap and exhaust pon. The battery 
pack is removed by taking out the lour (4) screws on the 
panel and disconnecting the power connector at the 
battery pack.

6.4 FACTORY maintenance
To ensure continuous trouble-free operation. Century 

recommends a periodic factory maintenance, overhaul 
and recalibralion. The recommended schedule is every 
six (6) IO nine (9) months. This maintenance program in­
cludes replacement ol plastic seals and pans as re­
quired. pump overhaul, motor check, new batteries, 
sample line cleaning. H2 leak check, recalibralion. 
replacement ol plastic hose as required, and detailed 
examination ol the unit lor any other required 
maintenance and repair.

manner The lank valve ano H2 supply valve can then be 
opened which will bleed the hydrogen from me lank 
through the H2 luel system purging out the coniamina- 
lion which is in vapor form. There is the possibility that 
conlaminalion has been introduced into the hydrogen 
luel system which is not readily purged out by the 
hydrogen gas but this is unlikely. Alter purging with 
clean hydrogen, approximately two or three limes, the 
capillary lube should be reconnected and the 
background again checked. Five or ten minutes should 
be allowed before assessing the background reading, 
since contaminated hydrogen may still have been trap­
ped in the capillary lube.

II another tank assembly in a clean instrument is 
available, the fuel system Irom 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 lube ol the contaminated instrument.

Intamination in the hydrogen luel system is usually 
-e direct result ol contamination in the hydrogen gas 

or contamination introduced during the filling 
1 Bation. Filling hose contamination can be caused by 
1 Hng the hose in a contaminated area.

To remove conlaminalion from the hydrogen fuel 
.^^m. It should be purged with hydrogen. Effective 
Bing ol the hydrogen system is accomplished by 
B>nnecting the capillary tube fitting which attaches 

-• IO the manifold block which has the low pressure 
i^e (H2 Supply Pressure Gauge and H2 Supply 
Bi). This disconnects the capillary tubing Irom the 
Bocen line so that hydrogen may be purged at a 

■asonable rate Irom the tank assembly through the 
•dulators. gauges and valves. After disconnecting the 
Blary. the hydrogen lank can be tilled in the normal

contaminated Mixer/Burner Assembly. See 
paragraph (4) above lor cleaning procedure. If 
heavy contamination ol the Mixer/Burner is still 
indicated by a high background, replace the 
Mixer/Burner Assembly. In several OVA 
models, this will require removal ol the Preamp 
Assembly. The old Mixer/Burner Assembly 
should be either discarded or returned to me 
factory lor cleaning and rebuilding.
In the event there is contamination in the pump 
or other internal pans ol the sample How lines 
which cannot be removed, the sample How 
components would have to be disassembled 
and cleaned. This is normally a factory type 
operation. However, the components such as 
the pump can be replaced in the Held along with 
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 ol contamination. If 
the charcoal in the charcoal filter mounted on 
the panel ol the instrument is contaminated or 
saturated, contaminated air would be supplied 
to the detector and raise the ambient level 
background. To check lor this, the charcoal 
filter canridge can be removed from the panel 
and either a bypass lube pul between the two 
connectors or the charcoal can be removed 
Irom the charcoal canridge and the canridge 
refilled 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 conlaminalion in the column that is on 
the instrument. This background could be 
caused by compounds that are slowly eluting 
Irom 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 tubing and see if the high background 
reading drops.

10) II alt the above steps do not correct the high 
background problem, the cause will normally 
be conlaminalion in the hydrogen fuel system.'I

I

I

I
6.2.6 FUSE REPLACEMENT

This paragraph applies only Io the standard (non- 
cenilied) OVA's. There are two (2) overload fuses in­
corporated in the Battery Pack Assembly, one is a 3AG- • 
1 AMP Slo-Blo in the power line to the pump and igniter 
and the other a 3AG-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 ol an excessive overload, the 
fuses will open and prevent overheating ol the current 
limiting resistors. II 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 lake place in not more than 6 seconds. 
Therefore, do not depress igniter button lor more than 6 
seconds. If ignition does not occur, wail 1 to 2 minutes 
and try again. If the required 1 AMP Slo-Blo fuse cannot 
be readily obtained, replace temporarily with a 3 AMP-3 
AG standard fuse.
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Approved 
1'2 S“

T 
T

510027-1 
510461-1' 
510067-3 
510091-1 
510063-1'
510318-1 (5/pkq.)
510557-2____________
510557-1 ~
510513-1
510160-1 (10/pkq~ 
510160-2 (10/pkq.) 
510425-1 ~
510530-1 ~
510070-1
510542-1
510316-1 ~
510114-1 ~
510116-1

Recommended Quantity 
Standard 9T

2 
T

RECOMMENDED SPARES
^ntury does not recommend that spares be main-
■ J lor 1(3 Instrumems. However. Il the instrument Is 
I used in a remote area or spares are desired tor

■ er reasons, the lollowing list should be used as a

Igniter___________ ,_____
Igniter
Pump Valve
Pump Diaphragm (Buria-N) 
Pump Diaphragm (Teflon) 
Cup~, Filter <3/8 OP, S^ 
Mixer/Burner Assy_______
Mixer/Burner Assy 
Mixer/Burner Assy
Wafer, Teflon, H2 Valve" 
Washer, Brass, H2 Valve 
Exhaust Port Assy 
Exhaust Port Assy_______
Battery Pack Assy_______
Battery Pack Assy_______
Sample Line Assy 
Particle Filters 
Particle Filters

r

he recomniondsd procedure (or maintenance and 
M beyond the scope ol (his manual Is to send the
■ ete Instrument or subassembly to the Century 
W.y lor repairs. The assemblies will be handled ex- 
litiously lor rapid turn-around.

■ FIELD MAINTENANCE
Whou0h .npI recommended, where Held

■ mtonanco beyond that described herein Is con- 
'^ed essential, the assembly drawings, pans lists 
Hohematics in Appendix "A" wlll'be ol assistance.



bl

Cl

II sample now rale ii low. lollow ofoceoure i aoo»eCheck sampio llowialo(ae« I abovel.alH2 name will nol Hohl. iSae also 6 below)2>
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Repair leaking joini.el

■o

Il in lhe deleclOf chamoor. remove ano clean or replace 
poroua meial llama ariejiorj, II pump is louno lo be me 
problem, remove ano clean or replace.

II igniier does nol lighi uo. reolace me plug. ii igmiet 
siill does not ligni. check me 03iier> ano w.nnq

Check all H2 plumbing ioinis lor leaks using 
soap bubble solution. Also, shut oil all valves 
and note pressure decay on H2 lank gauge. Il 
should ba less man ISO PSIG per hour.

Invasllgaia ma assomoly coniaining this resiriclion to 
dalermine cause ol blockage. Clean or replace as re­
quired.

Check Igniter by removing the chamber ei- 
haust port and observing the glow when me IG­
NITE Bulton is depressed.

Check (or rated H2 Supply Pressure. (Listed on 
calibration plate on pump bracket.I

' It mere is moisture in lhe H2 supply system ano me unit 
must be operated in sublreecmg lemperaiures. purge 
lhe M2 system with dry N2 and ensure me M2 gas used 
is dry.

REMEDY
Replace or clean llller II clogged. iSee paragraph 6.2.>1

TABLE 6-1
TROUBLE SHOOTING PROCEDURE 

al Itrouble
I) Low

II Check lo see il H2 supply system is Iroien up 
by lahing unit into a warm area.

ly, QSU-f'

II low. remove battery pack ano aoiusi lo or'ooer level ov 
turning me alien wrencn aoiusimeni on me io-« 
pressure regulator cao.

Check H2 How rale by observing me PSI 
decrease in pressure on me H2 Tank Pressure 
gauge. The How rate should bo about 130 PSI 
decreaso in pressure per hour. |Approsimaiely 
12 cc/min. al dclecioi.l
On instruments with GC Option, disconnect col­
umn and measure 112 How rate with a bubble 
moler.

The normal cause lor H2 How resinciion would be a 
blocked or paniaily blocked caoHlary luoe. il How rate is 
marginally low. aiiemoi lo comoensaie by increasing 
me M2 Supply Pressure by one-nail o' one PSI. il How 
rale cannot be compensated lor. replace capillary luo- 
ing.

Chock primary llller in sidepack and panicle 
liners In Iho pickup assembly.
Deiormine assembly coniaining resiriclion by 
procoss ol ollmlnallon. i.e., remove probe, 
remove Rondoul Assembly, remove primary 
llller, etc.
II Iho resiriclion Is in Iho .Side Pack Assembly, 
lunher isolaio by disconnecting Iho sample 
How tubing al various points, I.e.. pump output, 
chamber Input, etc.
Nolo: The Inhoronl restrictions duo lo length ol 
sampio Hnd, Hamo arroslors, o'c., must bo 
taken into account when trouble snooting.

Lew sampio How rale on How Indicator. 
Nominally 2 units on How gauge. (Seo also 6 
below and rotor 10 paragrapn 6.2.41

n'O-j flcT
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h)

a)
31

a)

b)

DOarO asjemoiy to
c)

Adiu5i lor ocurcd volume.Check volume conuoi knob is turned up.d)

al
5i

a)
6i

ISee 1 above.1 above.Check sample How rate per procedureb)

Remove e«n«usi pon 
current pain t..-----------
din in criamucr).

Return preamp cnamoer or power 
me laciory lor repair.

----- 1 and check lor leakaoc 
in Cltamuer tprob.iDly moisture or

Remove eahaust port and check lor contamina­

tion. (Sec Figure 6-2.1

Follow procedures 2 la). Ic). Id). Ic). IQ) and.lh) 

above. Also relcr lo 5 below.

<1 Fiame-oul alarm will not go on when H2 name is 

Oul

When using the XI range, adjust meter to 1 ppm rather 
than zero. See paragraph 2.3.2. Be sure instrument has 
been zeroed to ■•lowest eroecteo ambieni oackgiouno 

level'.

II above procedures do not resolve the pro- 
ntem. the probable cause.is a mallunction in 
the preamp or power board assemblies.

Stow response time. i.e.. 
icsbonse alter sample is 
(Relet IO paragraph 6.2 <)

Reseat by holding me probe lirmly apamsi me rubber 
seat and men lock in position with me knurled locking 

nut.

Check spacing between, collecting electrode 
and burner lip. Spacing should be O.t to O.tS tn-

Ches.

Clean contamination and/or moisture Irom me cnamoer 
using a swan and alcohol, dry chamber by running 
pump lor apptOMimaicly 15 minutes.

H? name lights bul will not slay lighted

Flame-Out alarm ts actuated on linear in- 
siruments when signal goes below elecironic 
zero leventhough llame is slill on). This can be 
due IO inaccuraie inilial .selling, dull or a 
decrease in ambient concentralion. Verity il 
this is the problem by zeroing meter with llame 
out and reigniling. (See paragraph 2.3.2)

•£555=52=2?
tesior IS properly seated.

Check to ensure mat probe is lirmly seated on 
the rubber seal in me readout assembly.

Adjusl O-r screwing Miner/Burner Assemoiy m or out

Assembly. _________________  

lime 10 Obtain 
applied to input.

Readjust as required lo proper selling. Note mat on 
linear OVA’s me liame-oui alarm is actuatco when me 
meter reading goes below zero. On loganmmic Ova s. 
me alarm ts actuated when me signal level goes ociow t 
ppm methane or equivalenl.

Check insirumenl calibration setting and GAS 
SELECT control selling. Heler to paragraphs 

2.3.1.2snd 2.3.2.

False liame-oui alarm. lAppnes lo linear OVA s)



Clean as reooueeJ.
b)

al
61

01

Cl

a SiO'dio

al
Pun^p will noi ^un91

at

al
il power is 

non-nazardous

Uso a
ChecH 
asse^noly.

as icquircO.

Hl NO po~ef IO pump or clecironics.

Replace luse.
in me eiccuonics asscmoiy 
auinorucd repair lacihiy.

Place Oaiier-y on charger and see 
men available. Acchargc in a 

area only.

■■ Wi VB BB BB 'BB. bbl Hi
7) Sio»» lecoveiTf lime. I.o.. 

leading 10 gel back 10 amo.eni allof e.posuic ,^,,0
10 a high concenuallon ol organic vapor. vapors again. Charcoal In lhe lines v.

1 liee nyoioqen. 
on tilling nose

II luse continues lO oiov.. mere .s a snori 
Relurn Ova lo liCioi/ oi

IS Oead Of open 
II lull ocicciive I cpiact oaiiciy 

. Releiencc p.iiaq'ap'i

101 NO power 10 elecironics Dul pump runs

Il power IS available; nailery pack 
Recharge oaiicry pack 
pack. -----

Remove lhe e.hausi oori lit is not necessarv lo remove 
insirumoni Irom easel, use small wire orusn Irom me 
tool kil or a knilc olaoe ano liqniiv scruo suriace or sam- 

pte mici lilier.

Check H4 AMP fuse on lhe baiicry pack cover. 
NOTE; Ccnilicd OVA s do noi have luses.

An amoreni b.ickground rcaoing can also be 
caused bv hyorocaroon coniaminaiion in ihc 
sample mpui system. The most likely cause 
would be a coniammani absorbed or condens­
ed in me sample line.
Note: 11 snouid be emphasised ihal running me 
insiruineni lends to keep down me buildup ol 
oackground vaoors. Tlicreiore. run lhe uml 
whenever possible and store n wuli ihc carry- 
inq C35C Open tn dean aif. 

An ambient background reading can bo caused 
by hydrocarbons in lhe H2 luel supply system. 
Place linger over sample probe lube restricting 
sample How and il meler indication does not go 
down signillcanity the coniaminaiion is pro­
bably in lhe H2 luel.
An ambient background reading can be caused 
by a residue ol sample, building up on mo lace 
ol me sample mlet tiller. II the lest in 6 (al above 
produces a large drop m rcaoing, this is usually 

(he ceuse.

Return OVA to laclory or auinorilcO repair taciluy

cun.BHB 
tion in rho"s'a’m'plo'’inpulilno, requiring pumping 

- — - aysiom clean oi 
la'por?ag’'aim CharcoaFIn the linos would bo tho 
worst type ol coniaminaiion. .isolate through 
the process ol elimination. (Seo I Ibl).

Check name chamber lor contamination.

Ambient background reading in clean environ­
ment IS too high. iRoler to paragraph 6.2.5)

higher grade ol hyorocaroon 
lor coniammaieo Idlings <

Check I AMP Slo-Olo lusc on the bailcry pack 
cover. MOTE; Ccrtilied Ova's OO not have 

luses.

Clean ano/or reotaco me samoie moui unes. Norman-- 
me lines will Ciear uo with sutlicicnt running
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I
Alkalinity (H^O)I SAS Number

I Approved for Scheduling

I Regional Transmittal Telephone RequestX
ERA Region/Client: Region V. Wausau NPL SiteA.
RSCC Representative: Dennis WesolowskiB.
Telephone Number:C. 312-886-1971
Date of Request:D.I Site Name: Wausau NPL SiteE.

I
I

I 2.

I
I 214 groundwater samples - low level and 8 surface water samples - low level

I 3.

I WDNR lead remedial investigation

I
I
I1

[jap-750-97]
[jap-750-90]

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):

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

SPECIAL ANALYTICAL SERVICES 
Client Request

U.S. Environmental Agency
CLP Sample Management Office
P.O. Box 818, Alexandria, Virginia 22313 
PHONE: (703)7557-2490 or FTS/557-2490

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, qroundwaters, drinking waters, 
leachates, etc.) Samples will be unfiltered. Results will be reported as 
mg/L CaCO3.



Revised 6/29/37 Analysis for alkalinity
- 2 -

Estimated date(s) of collection:

16th Edition,

Mike Linskens '•ne of sampling/shipping contact:

I—LV ^^*^81inity EPA Method 310.1 (Titrimetric, ph 4.5) 2) Standard Methods,
— Method 403 4c and 4d.
—Sanpies w:n be stored at 4**C until analysis and validation of results* 

I--- -----------------—

Estimated date(s) and method of shipment: Daily by 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 tn.s progrBoi);

^pec'.al technical instruction (if outside protocol requirements, specify compound Jiames. CAS numbers, detection limits, etc.):
Samples holding time should not exceed 14 oays T.om date of collection. Use potentiometric titration to pH 476 for alkalinity > ^aCO?. For concentrations <20 mg/l, use EPA Method 310.1 (Section 6.3) orLuanda, d Hethods, Method 403 4d. bo not use titrant volumes greater than 60ml.-----Ohuain approval of CPMS, CRL prior to use of any other method.  

|j.se NapCO^ to standardize titrant. Standardize the pH meter and the titrant each day.

^tandardize the p» meter using at least two buffers which bracket the end point.

results required (if known, specify format for data sheets, QA/QC reports, ana.n-oT-Custody documentation, etc.). If not completed, format of results will be left to program discretion:
■orn-He procedure used will be clearly identified. Bench■eco.os tabulating the order of analysis including pH meter calibration, titrant standardi- blanlgs. samples, lab control standards, duplicates, etc., with resulting

*•,?' readouts will be provided along with calculation worksheets. All ycorps will be legible and sufficient to recalculate all sample concentrations and OA 
FPA nrmethod of titrant standardization.samples, or any other reference sample or initial calibration verification, ■p11 w 1dent1f1ed as to source, lot number, and sample number. Corresponding "true“ or 

associated 9St confidence limits for analysis results will be providedTO. all reference samples used. ---- ---- ----------- ---------
l^her (use additional sheets or attach supplementary information, as needed):



I 3.

I DATA REQUIREMENTS

Detection LimitParameter:

Alkalinity 2 mq/1 for low level

20 mg/I for high 1eve1

I OCREC'.'IREMEMS

Audits Required Limits* (t or Cone.)Frequency of Audits

lab blank

I lab duplicate 10% or + 2 mg/1

1 per sample set 90-110% recovery.

I ACTION REQUIRED IF LIMITS ARE EXCEEDED:

Take corrective action and reanlyze samples.
I Contact Jay Thakkar (31?) 886-1972 or Chuck Elly (312) 353-9087.

at least 1 per group of 10 or fewer samples

at least 1 per group of 10 or fewer samples

lab control sample
1 set of ERA QC mineral reference samples

Analysis of alkalinity 6/29/87

NOTE: -These are minimum requirements. Report actual detection limits used based on allowable methodologies.

<10 mg/1 for high- level samples tested. <2 mg/1 for low- Tevel samples tested.

Precision Desired (^% or Cone.) i 2 mg/1 for Cone. < 20 mg/1 CaCO-^ 10% for Cone. > 20 mg/1

iJIse return this request to the Sample Management Office as soon as possible to expedite 
recessing of your request,for special analytical services. Should you have any questions r|eed any assistance, please call the Sample Management Office.

___________  - Do not use designated field blanks for QA audits.Tne OA audits below will be done for each group of low-level and high-level akalinity determinations.



I
TOC (h2o)I SAS Number

Approved for Scheduling

Regional Transmittal Telephone RequestX
ERA Region/Client: Reqion V. Wausau NPL SiteA.

Dennis WesolowskiRSCC Representative;B.
I Telephone Number:C. 312-886-1971

Date of Request:D.I Site Name: Wausau NPL SiteE.

I

I
2.

I
214 groundwater samples - low level and 8 surface water samples - low levelI
3.

I WDNR lead remedial investigation

I
I

[jap-750-97]
[jap-750-86]

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):

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

SPECIAL ANALYTICAL SERVICES 
Client Request

U.S. Environmental Agency
CLP Sample Management Office
P.O. Box 818, Alexandria, Virginia 22313
PHONE: (703)7557-2490 or FTS/557-2490

1. General description of analytical service requested: Analysis for TOC in 
waters (surface waters, qroundwaters, drinking waters, leachates, etc.) 
samples will be unfiltered.

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.



Revised 6/30/87- Analysis for total organic carbon
- 2 -

Estimated date(s) of collection: 
Estimated date(s) and method of shipment: Dally by overnight carrier.

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

ERA Method 415.1 (combustion or oxidation).

Samples will be preserved with 1 ml/I H2S04 to pH <2. Samples will be stored at 4**C

until analysis and val1dat1 on of results. 

10. Other (use additional sheets or attach supplementaTy infoTmatloh, as needed):

Mike LinskensLI. Kame of saropling/shipplng contact:

<608) 273-0440Phone:

Special technical instruction (if outside protocol requirements) dilute and rerun samples with absorbances higher than the highest standard:

!

I Check sample pH with (wide range pHpaper). If pH>2 contact CPMS, CRL for instructions^ The holding time is not to exceed 28J days 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 lOt or_____2 mg/1, repeat and report the average of 4 injections. Inorganic carbon will be purged■ from solution or, if dete^ined separately, subtracted from total carbon values. Obtain■ approval of CPMS, 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).
I____________________________
.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 taT)u1ating order of calibration standards, lab blanks, samples
■ lab control standards, spikes, duplicates etc., with resulting output on concentration  readout will be provided along with worksheets used to calculate results. Specify the
J organic compound used to prepare standards and spikes. A photocopy of the instrument read-■ out, i.e. stripcharts, printer, tapes, etc. must be included. Results are to be reported *1n mg/1 C. Records of analysis and calculations must be legible and sufficient to re-calculate all concentrations. '
BEPA QC reference samples, or any other reference sample or initial calibration verification,■ will be identified as to source, lot number, and sample number. Corresponding "true or 
target values and associated 95i confidence limits for analysis results will be provided■ for all reference samples used^

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

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



PHAREOl'lRt KENTS

Parameter: Detection Limit

TOC 2 mg/1

I

REKENTS - Do not use designated field blanks for QA audits.
Audits Required limits* (t or Cone.)Frequency of Audits

Matrix Spike* 85% - list
I Lab Duplicate (10% or 2.0 mg/1)

Lab Plank £ 2.0 mg/1

I 90% - 110%

1 per sample set 85% - 115%

I. ACTION REQUIRED IF LIMITS ARE EXCEEDED:

Take corrective action and reanalyze samples - Contact Jay Thakkar (312) 886-1972
or Chuck Elly (312) 353-9087.

*The matrix spike concentrations will be approximately 30% of sample concentra­tions, but spiked samples shall not exceed the working range of the standard curve.

at least 1 per group of 10 or fewer samples
at least 1 per group of 10 or fewer samples
at least 1 per group of 10 or fewer samples

Revised 6/30/87 Analysis of total organic carbon 3.

1 set of EPA demand QC reference samples (cone.1 and 2)

Calibration verification 
standard

1 per group of 10 samples and end of set

Precision Desired (*% or Cone.)
Difference in duplicate results should not exceed £ 10% for concentrations >20 mg/1 or 2 mg/1 for 
concentrations less than 20 mg/1.

leRe return this request to the Sample Management Office as soon as possi)jle to expedite 
roRssing of your request for special analytical services. Should you have any questions 
r need any assistance, please call the Sample ’Management Office.

O: PEOUI

NOTE; These are minimum requirements. Report actual detection limits used based on specified methodologies.



I
TKN (h2o)

SAS Number

Approved for Scheduling

Regional TransmittalX Telephone Request
ERA Region/Client:A. Region V, Wausau NPL Site

B. RSCC Representative: Dennis Wesolowski
Telephone Number:C. 312-886-1971
Date of Request:D.

E. Site Name: Wausau NPL Site

I

2.

I
3.

WDNR lead remedial investigationI
[jap-750-97]
[jap-750-87]

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):

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

SPECIAL ANALYTICAL SERVICES 
Client Request

U.S. Environmental Agency
CLP Sample Management Office
P.O. Box 818, Alexandria, Virginia 22313 
PHONE: (703)7557-2490 or FTS/557-2490

1. General description of analytical service requested: Analysis for
TKN in waters (surface waters, groundwaters, drinking waters.leachates, etc.) 
Samples will be unfiltered.

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.

214 groundwater samples - low level and 8 surface water samples - low level



6/16/87 water
Estimated date{s) of collection: 

DAlly by overnight carrier

I
this program):

I
I
I Oilute

9.

I

I
I

Mike Linskens

(608) 273-0440Phone:

I

or attach supplementary information, as needed):

Analysis for total Kjeldahl nitrogen in

- 2 -

If not completed, format of results will be
Identify the test procedure and options used. Provide bench _records and all records of calibration, analyses, and calculations for standards, samples bIanns, any titration indicator blanks, duplicates, spikes, controls, etc. Include ab- _sorbances, peak heights, responses, concentrations, etc, for each measurement. Include digestion logs showing sample volumes and dilutions for all samples. Identify organic _mtrogen compound used for matrix spikes. Records must be legible and sufficient to reca1cu1 ate all concentrations and QA audit results. Provide photocopies of all instru- y^ent readouts (i.e. stripcharts, print-outs, etc). Report results as moN/l. Identify the compound used for the matrix spike. ------------------------—ERA QC reference samples, or any other reference sample or initial calibration verifica­tion, will be identified as to source, lot number, and sample number. Corresponding “tru or target values and associated 95X confidence limits for analysis results will be provi­ded for all reference samples used.

10. Other (use additional sheets

1||^ Name of sampling/shipping contact:

Estimated date(s) and method of shipment:
Number of days analysis and data required after laboratory receipt of samples:
—laboratories shall report results within 30 days after receipt of samples

protocol required (attach copy if other than a protocol currently used in
1) EPA Method 351.2 (Colorimetric, Block Oigestor, AA II)|P\*’«thod 351.3 (Calorimetric, Titrimetric, or Potentiometric ) (NOTE: For Method dbi.3 the micro-Kjeldahl technique is not acceptable.) Samples will be preserved in the f«e^d using H2S04 (Iml/L) to pH<2, samples will be stored at 4’C until analysis and validation of results.

• Special technical instruction (if outside protocol requirements, specify compound. names, CAS numbers, detection limits, etc.):
. - ,, For all Methods: Analyze samples within 28
roMc pH (wide range pH paper). If the pH>2, contactJ —CkL for instructions. Use nicotinic acid for the control standard. Use an orqanic 2’t“ogen compound for the matrix spike. Use only the Methods specified in item >. Metho 
c u "®9uires distillation separation, prior to all final ammonia measurements.—V®** Hethod 351.3: Use only the Colorimetric method for samples containing less than1 •”9 N/1. -- ---------- ---------- -------- —--
—Colorimetric Methods (351.2 and 351.3): Use at least five calibration standards

(1nc1 Udi ng a zero concentration standard). Dilute and reanalyze"samples with concentra- —l"ons that exceed the highest calibration standard.For the Potentiometric Method (351.3): Use at least foijr calibration standards. 
__and reanalyze samples with concentrations that exceed the highest calibration standard. for the T11rimetric Method (351.3): Standardize the titrant each day. Include records of indicator blank.
Analytical results required (if known, specify format for data sheets, OA/QC reports, 
cnain-of-Custody documentation, etc.). If not completed, format of results will be left to program discretion.



3.

'DATA REQUIREMENTS

Detection Limit

0.1 mg N/1

Do not use designated field blanks for QA audits.

Frequency of Audits Limits* (t or Cone.)

70 - not recoveryone per set
85 - list recovery

(10% or 0.1 mg N/1)
M It + 0.1 mg N/1

90 - not
85 - listone per set

[CATION REQUIRED IF LIMITS ARF EXCEEDED:

be greater than 30t of the sample concentration 
Matrix spikes will be

and atthe end of the set

Qparameter;

Ijake corrective action end reanalyze samples.
Contact Chuck Elly (312) 353-9087 or Jay Thakkar (312) 886-1972.

Bludits Required

ftc REQUIREMENTS

■ontrol standards (Nicotinic 
Acid)

Matrix spike*tab duplicate ”

Precision Desired(2,1 or Cone.)
Duplicate sample resu11s must agree within 0.1 mg/l for concentrations <1 mg/I and within lOt forconcen- trations > or « to 1 mg/1

1 TKN  
^OTE: These are 
minimuT. requirements.■fteport the actual Kletection limit used 
based on allowable

 yethodology options.

one per group of 10 or fewer samples 
W H

||ab blank
Calibration verification 

Standard_______J set of EPA QC nutrient 
■ reference samples • cone. 3 and 4.

5 um this request to the Sample Management Office as soon as possible to expedite ^ing of your request for special analytical services. Should you have any questions any assistance, please call the Sample Management Office.

■Matrix spike concentration will■ut w', 11 not exceed the highest calibration standard, prepared frotn an organic nitrogen compound.



I
NO3 + NO2 (h2o)I SAS Number

I Approved for Scheduling

I Regional Transmittal Telephone RequestX

I ERA Region/Client: Region V, Wausau NPL SiteA.
Dennis WesolowskiB. RSCC Representative:

Telephone Number: 312-886-1971C.
Date of Request:D.I E. Site Name: Wausau NPL Site

I
I 2.

- low level and 6 surface water samples - low level214 qroundwater samplesI
3.I

(I WDNR lead remedial investigation

I
I
I

[jap-750-97]
[jap-750-85]

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

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):

SPECIAL ANALYTICAL SERVICES 
Client Request

1.
NO3.

General description of analytical service requested: Analysis for 
+ NO? in waters (surface waters, qroundwaters, drinkinq waters, 

leachates, etc.) Samples will be unfiltered.

U.S. Environmental Agency
CLP Sample Management Office
P.O. Box 818, Alexandria, Virginia 22313
PHONE: (703)7557-2490 or FTS/557-2490

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.



Revised 6/^y/ fi /-2- o VC

Daily bu overnight carrier

I

!

I

I

Mike Llnskens (608) 278-0440

Mila . J i I > y , ,,
Nitrite

Dilute and reanalizs the neutralized samples if the concentrations 
exceed that of the highest standard. I— --- ------------Prepare the lab blank using 1 ml of H2SO4/I.

I
■ Estimated date(s) of collection: I

Estimated date(s) and method of shipment:
I Number of days analysis and data required after laboratory receipt of samples: 

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

I Analytical protocol
• this program):

I Special technical instruction (if outside protocol requirements, specify compound names, CAS numbers, detection limits, etc.): Analyze the samples within 28 days after
I collection. Check the sample pH (wide range pH paper is acceptable). If the pH>2■ contact CPMS, CRL for instructions. Use only the methods specified in item 7. Obtain 

approval of CPMS, CRL before using any other method.H For Methods 353.2 and 353.3: After checking the pH it is recommended that the laboratory
I check for residual chlorine (or oxidizing reagents) and sulfide using test strips such as starch iodide and lead acetate papers. Contact CPMS, CRL if these interferences areM present; however, the laboratory must remove these interferences prior to analysis.■ The laboratory must also minimize interferences due to metals in order to prolong column■ life. (See Section 7.1.2 of method 353.5) It is suggested that the laboratory may dilute samples up to ten-fold prior to analysis (Section 7.4 of Method 353.3) provided that theH final analytical working range does not exceed 0.1 to 10.0 mg/1 N.■ For all methpds: Neutralize samples to pH 5-9 (or to phenolphthalein color end-point) prior to analysis. Dilute and reanalize the neutralized samples if the concentrationsUse at least five calibration standards (including Neutralize and analyze

I required (attach copy if other than a protocol currently used in
1) EPA Method 353.1 (colorimetric, automated hydrazine reduction)._______ _______________
2) ERA Method 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. Samples will be preserved in the field with sulfuric acid (1 ml/1) to pH<2. Tne analytical working 
range shall not exceed 0.1 to ID.O mg/1 N.
For Methods 353.2 or 353.3; If more than one reduction column is used sepyate_____calibrations, OA audits, and records are required for each column. The column used 
must be identified for each analytical result. _ ______________________

g a zero standard ).it like a sample.
J| Analytical results required (if known, specify format for data sheets, QA/OC reports,
■ Chain-of-Custody documentation, etc.). If not completed, format of results will be

left to program discretion: .H The test procedure used must be clearly identified. Bench
I records tabulating the order of calibration standards, lab control standards, lab blanks, 

samples, spikes, duplicates, etc., with resulting absorbances or concentration readouts-H will be provided. Worksheets used to calculate results will be included.Any sample■ treatment to remove interferences will be documented. The laboratory shall submit photo-—" copies of the instrument readout (strip-charts, printer tapes, etc.) All records of 
analysis and calculations must be legible and sufficient to recalculate all concentrations.

■ Results are to be reported as mg N/1. 7 .,. ,•■ EPA QC reference samples, or any other reference sample or initial calibration verification, «iH be identified to source, lot number, and sample number. Corresponding true or■ target values and associated 95X confidence limits for analysfs results 11 be provided
■ for all reference samples used.  >
0. Other (use additional sheets or attach supplementary information, as needed); 

I------ ---
1. nf ^^mnl i nn/ch' nninn contact:



I 3. 6/29/87
I. DA^A REQUIREMENTS

Parameter: Detection Limit
I Nitrate ♦ Nitrite 0.10 mg/l as N

I
I

QC REQUIREMENTS - Do not use any designated field blanks for QA audits.

Audits Required Frequency of Audits Limits* (t or Cone.)
Matrix Spike* 851 - 1151I Lab Duplicate +(Y01 - or 0.1 0 mg/l)
Lab Blank (lml/1 H2SO4) <0.1 mg/l

90% - 1101I
Calioration blank < 0.1 mg/l

I 1 per sample set 85% - 115%

I
I action REQUIRED IF LIMITS ARE EXCEEDED:

I T^al^g corrective action and reanalyze samples. Contact Jay Thakkar (312) 886-1972)
or Chuck Elly (312) 353-9087.

»

I

Precision Desired {♦! or Cone.)

Calibration verification standard

1 per group of 10 or fewer samples_____1 per group of 10 orfewer samples_____2 per sample set

I

Note: These are minimum 
requirements. Report actua1 detection limits used based on allowable methodology options.

ftl.

1 per group______
of 10 or fewer samples and at end of run1 per group of 10samples or less

*Matrix spike concentrations will be 30% or larger, of sample concentrations, but spiked samples should not exceed working concentration range of standard curve.

1 set of EPA Nutrient QC reference samples-conc.1 and 2,or EPA F/NO3 QC sample, WS series Cone. 1 and 2

Duplicate results must be within' 10% /or con- centrations >lmg/l or within 0.1 mg/l for 
concentrations < lmg/1 Results will be reported to the nearest 0.1 mq/1 for cone, less than 1.0 mg/l and to 2 significant figures for cone, exceed­ing 1 mg/l-N.

I®ease 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 need any assistance, please call the Sample Management Office.



I
SO4 (h2o)

SAS Number

Approved for Scheduling

I Regional Transmittal Telephone RequestX

I ERA Region/Client: Region V, Wausau NPL SiteA.
Dennis WesolowskiRSCC Representative:B.

I Telephone Number: 312-886-1971C.
Date of Request:D.I Wausau NPL SiteE. Site Name:

I

2.

214 groundwater samples - low level and 8 surface water samples - low level

3.

WDNR lead remedial investigation

I
I

[jap-750-97]
[jap-750-89]

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):

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

SPECIAL ANALYTICAL SERVICES 
Client Request

U.S. Environmental Agency
CLP Sample Management Office
P.O. Box 818, Alexandria, Virginia 22313 
PHONE: (703)7557-2490 or FTS/557-2490

1. General description of analytical service requested: Analysis for 
sulfate in waters (surface waters, groundwaters, drinking waters, 
leachates, etc.) Samples will be unfiltered.

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.



in water.

I

Section 6.
2.

Samples win be kept at 4°C until validation of results.

t

sheets or attach supplementary information, as needed):
X

1 Name of samp11 ng/shipping contact: Mike Linskens

I
I
5.
I

thU^rog\S)?‘°'°' “W than a protocol currently used in

(including

■ Ar.alytical 

left to

Revised 6/12/87 Analysis for sulfate - 2 -

Estimated date(s) of collection:
Estimated date(s) and method of shipment: Paiiv 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.

nS^^'cArJuih^'rs’"?,™''^-"" <>«**«»• protocol requirements, specify compoundnames, LAb numbers, detection limits, etc.): 
davc frnm «■ m ,m Sample holding time is not to exceed 28“TuE'uST collection. Sul fatt standards will be pr~e~pared daily from stockdard will hA S f w’t\a‘’sorbances or turbidities greater than that in the h^ghest stan-

1) the reanalysis solution should cont a tuJbfditv aSd sulfate, and 2) concentrations must be cirrected for background
■■2^.?! P» adjusted sample aliquots.-• - methods specified.Calibration curves must include at least 6 points

----—* ^^*^0 concentration standard) for Method 375.2 and Buffer A of Method 426C.
Chain-of required (if known, specify format for data sheets. QA/QC reports,
lef^to ;?;rr°m''d??cS“'°"’ results will be

Shall be rennrfoH z, procedure used must be clearly identified. Resultslab coStrolrecords tabulating the order of calibration standard
■ —spikes, etc., with resulting absorbances
I culatS SetnH provided along with copies of worksheets used to cal-■ K:- ::,rc2n?* absorbances used for turbidity corrections must be tabulated. printer tane?^/»J^'?“°^ / P^’otocopy of the instrument readout (ie. strip charts.
I included. All records of analysis must be legible and
I SI nr ri calculate all concentrations and results. ----------------------

'rril U any other reference sample or initial calibration verificatic■ target valnal source.iot number, and sample number. Corresponding “true"'or

Other (use additional

- • Method 375.2 (Colorimetric Methylthmol Blue) » 1983 ed
” This method requires 0.75 ing/l S04"in Dilution'Water(See Reagent
Method 426C of Standard Methods, 16th ed". (turbidimetric)------------

method provides for measurement of sulfate using 2 st a nda rd cu r ves sulflte^’^^^® concentrations between 0 and lOmg/l, and 1 between 10 and 40 mg/1---



Analysis for sulfate in water
I. DATA REQUIRE HINTS

Parameter; Detection Limit

Sulfate I 3 mg/1

I
I.

I QC REQUIREMENTS Do not use designated field blanks for QA audits.

Audits Required Frequency of Audits Limits* {% or Cone.)
Matrix Spike* or

I  
 

Lab Duplicate

II
 

I —Blank (IQ mg/l SO4) II H

90 - 110%

I

85-115% for each concentration.

1 per group of 10 fewer samples

Revised 6/25/87- 
-3-

Precision Desired 
(21" or Cone.)

*Matrix spike concentrations will I 
but spiked samples shall not exceed working range of standardbe greater than 30% of sample concentrations, .—I curve.

_the actual detection limits used based on allowable _methodology options.

1 per group of 10 samples and at end of sample set once per sample set 

Method 375.2; bifTerences in duplicate 
sample results are to be < 3 mg/1 for con­centrations < 50 mg/1, and < 10% for concentration > 50 mg/1.Bethod 426 C;
Differences in dupli­cate sample results are to be < 2 mg/1 for concentrations < 20 mg/1 and < 10% for 
concentrations > 20 mg/1 in aliquot tested.

^ote; These are min- imun requirements. Report

85-115%______ _+ (10% or 3’ mg/1) for Bethod 375.2+ (10% or 2 mg/1) for Method 426C  < 5 mg/1 - Method 375.2 -2 to •*'?mg/1 -Buffer B of Method 426C or8 to lOmg/1 - Buffer A of Method 426C
Calibration Verification StandardT Set of EPA QC Mineral

Reference Samples

or Chuck Elly (312) 353-9087. ,___________

nr rww»n ^nv «*■__

Lab Blank (u mg/1 SO4)

I
I ■ •

but spiked samples shall
ACTION REQUIRED IE LIMITS ARE EXCEEDED:
Take corrective action and reanalyze samples.
Contact Jay Thakkar (312) 886-1972
Please return this
have any questions
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f aBmpIcr, select a portion wdgli ^.S^opii'on or. 
cly 115 g for sandy soils and appn Xwro*^!” rtw'-"

• ------- the quantitative de­
sizes 

distribution of particle sizes larger
1 on the No. 200 sieve) is 

while the distribution of 
is determined

' This method is under the jurisdiction of ASTM Commin« 
0-18 on Soil >nd Rock and is ^e direct 
Subcommittee D16.03 on Texture. Plast.crty. and Dens.ts Char

approved Nov. 21, 1963. Ortginal.y pu.> 
lished 1935. Replaces D422-62.

> Annual Book of ASTM Siandards. Vo W.«.
> Annual Book o/ASTM Standard,. Vo 4.02.

No. i:-4<M22OXIO.

Designation: D 422 - 63 (Reapproved 1972) ’

2. .Applicable Documents
2.1 ASTM Siandards:
D42I Practice for Dry Preparation of Soil 

Samples for Panicle-Size Anah-sis and De­
termination of Soil Constants*

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

: E lOO Specification for ASTM Hydrometers
t

3- .Apparatus
i 3.1 fla/anc«-A balance sensitive to0.0 Ig
, for weighing the material passing a No. 10

■ ; mm) sieve and a balance sensitive to 0.1 % of 
: tho mass of the sample to be weighed for weighing

Nott; j—The amount of air required by an air-jrt 
dispersion cup is of the order of’ ft /mtn; somt; sm^ 
airVompressors are not capable of supphnng sumcient

known as a dispersion tube, developed by Chu and 
^t^n at lowrsute College, has been shown to give

Standard Method for 
particle-size analysis of soils

«li,o,i,lly and wtecquent sections renumbered in July 1984. -------- ----------------------------------

vertical shaft 3l 
■I^"orn?t Ic^ t?an 10 rpm without load. 

— J --•h a replaceable

I„«u,e.hrne«s^n*.u(No»l.n<12). , - ---------

de-ices «

SeX^rSSXs n-^nr sir Pispe- 

soil type. leading to marked differences in (article size 
drsuibution. especially for sizes finer than -0 pm.

I im
; free of all fine material, dry/^ll ' 
prek^is mass as the mass of ct^ 
cvHhe coarse material, after he i- 
diWl. on the No. 4 (4.75-mm)i, r 

the mass retained on the No. 4 s^ ; 
npBor Particle-Size Analysis ( 
ou™ly mix together the fractit 
No. 10 (2.00-mm) sieve in both si : 
insHnd by the method of quarter • 
f aHmpler, select a portion wdgii i' , 

lv“r-----------A --. - A “T**

; for silt and clay soil for particlc-s 
np jfor Soil Constants j gjope

rate the remaining (xirtion of the b i i i This method covers the quantitative < 
tg|e No. 10 (2.00-mm) sieve ie ’..Tninaiion of the distribution of particle st 
y iBans of a No. 40 (425-gm) sin ^c-.' soils. The distributi- 
fraction retained on the No. 40 sin ^itan 75 gm (rcuined 
rti^ passing the No. 40 sieve forti determined by sieving, 
onir the soil constants. -panicle sizes smaller than 75 gm

lalidiiv of any palenl righli ttuened in conneai "
ud^d. ■ • -f------- -
onWO-.

miiife and mia bf rrvirurd every five yean* 
r fr^evision cf ibis aandard or for addiiht 
reef^ careful contideraiion ai a meeting d' ___
ler^tave not received 0 fair hearing you sit* eispctsion. Extensive 
r/aHhAra. />>( I9I03. ,

the material reuined on a No. 10 sieve.
3.2 Stirring Apparatus—Etkhet apparatus A 

or B may be used.
3.2.1 Apparatus A shall consist of a mechan­

ically operated stirring dcrice in which a suitably 
mounted elearic motor turns a

The'shaft shall be equipped with

rubber, as shown in Fig. 1. The shaft shall be of 
such length that the stirring paddle

"■ cup. A special dispersion cup conforming W
either of the designs shown in Fig 2 sh^ be 
provided to hold the sample while it is being 
dispersed. , .

311 Apparatus B shall consist of an air-jet 
Because of the dcl.n.te »u....u.bvv------- -  - • disp^^on cup’ (Note 3) conforming to the gen-
«n. its use is recommended. The results from the w jj, F,g. 3 (Notes 4 and 5).

■ AaMan/imO lll*ll| . .

VS w’ma’^itrf’Sifferences in (Article size



NH3 (h20)
SAS Number

Approved for Scheduling

Regional Transmittal Telephone RequestX
ERA Region/Client:A. Region V, Wausau NPL Site
RSCC Representative: Dennis WesolowskiB.
Telephone Number:C. 312-886-1971
Date of Request:D.

E. Site Name: Wausau NPL Site

I

2.

I
3.

I
WDNR lead remedial investigation

[jap-750-97]
[jap-750-84]

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):

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

SPECIAL ANALYTICAL SERVICES 
Client Request

U.S. Environmental Agency
CLP Sample Management Office
P.O. Box 818, Alexandria, Virginia 22313 PHONE: (703)7557-2490 or FTS/557-2490

1. General description of analytical service requested: Analysis for NH^ in 
waters (surface waters, groundwaters, drinking waters, leachates, etc.) 
Samples will be unfiltered. Results will be reported as mg/L N._____

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.

214 groundwater samples - low level and 6 surface water samples - low level



I
- 2 -

used In

or

Sample

I
zer should be 0.1 to 10 mg/1I

I
I

I

supplementary Information, as needed);
111 Mike Llnskens

Phone; (608) 273-O4AO
I

I 
5.

I^.

Ion Selective Electrode).  
and validation of results, 

reserved in the field with sulfuric acid (1 
concentration range of Method 350.1 Auto Anal 

—or lesser concentration. 
Special technical instruction (if 
n JI mA c A c — ■ “

Daily by overnight carrier 
and data required after laboratory »rf rAcitlfe J___  .

ml/I to pH < 21.

names. CAS nu^be^srSe^^^-on requiranents. specify expound

contact Jay Thakkar. CPMS. CRL for inztruct  
jLeights or concentratin"/hin*'cr than thP cJ ? samples with peak----- -------HLCeJ kb d.yc -4' E- g| Icctil standyd. The holding time is not to
For Method 350.3 calibr»'^ the elwtJinetii wSth made with amonia-tree waterE
tration of ammnniA tk^ increasing concen-
Use only the method(s) specified above addition of NAOH must be above 11.
^^mTstandard. /?finclude at 
must include at Ipact 4 standard? ^^^"‘^ard curve for Method 350.3------

left to program disemionr ’ completed, format of results will be 

records tabulating the identified. Bench■ spikes, dupbcItP b anks. hmples. lab control--------
I r-->idcd 3 o'nq nu?Tu millivolts, or concentration■ ̂ Its. If Method 35n 3 ed ?h??Jani!rd “^ed to calculate ammonia re----
■ ̂ ^^cument readn-.t , o 1 curve, should be provided. A photocopy of the
I analyses and calculaHnn'l" ? be leoiblP and c included."^ All records---■ sufficient to recalculate all concentrations.
■ calibration verification,I^et values and alsn^?,t°d'ot* Corresponding “true“ or '

all refprpnra confidence limits for analysis results will be provided
1C| Other (use additional sheets or attach

Name of sampling/shipping contact;

Estimated date(s) of collection;
Estimated date(s) and method of shipment;

» P'-otoco, currend,
—--^ Method 350.1 (Automated Phenate
—Method 350.3 (Potentiometric
..Samples will be stored at 4° C until analysis 
aliquots will ba
The work in



June'30. 1987-3-I. DATA REQUIREMENTS
Parameter: Detection Limit

Ammonia 0.1 mg/l-N

I
I
I designated field blanks for QA Audits.

Frequency of Audits Limits* (t or Cone.)

Matrix Spike* 85% - 115%I
Lab Duplicate + 10% or 0.1 mg/1

I Lab Blank _<0.1 mg/1

I Calibration verification 1 per group of 10 samples 90% - 110%

1 per sample set 85% - 115%

b) For Method 350.3I Lab Duplicate 10% or 0.1 mg/1

Lab Blank _< 0.1 mg/1
!

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

at least 1 per group of 
10 or fewer samples

1 per 10 samples and 
endof set

at least 1 per group of 
10 or fewer samples

■

!
i

’ijase return this

nrnr**’:’: i on nf

Precision Desired 
(2* or Cone.)

at least 1 per group of 
10 or fewer samples

I
5P^’^e_concentrations will I 
--- 1 not exceed working concentration range of standard

ACTION REQUIRED IF LIMITS ARE EXCEEDED:
Jmples should 

'*11.

I

Duplicate results muct 
agree to within 10% 
for concentrations 
> lmg/1 or to within 
O.Im^/1 for concen­
trations <1 mg/1 
Results will be re- 
ported to the near- 
est 0.05 mg/1 and to 
2 significant figures 
for concentrations 
exceeding 1/mg/l-N.

request to the Sample Management Office as soon as possible to expedite 
wni.T- ronuor* fnr- cnoclal analvtical services- Should you have any questions

Calibration verification standard____
1“ set of EPA QC Nutri ent 
reference samples. Cone.1 & 2

1 set of EPA QC Nutrient 
reference samples. Cone. rT2 ----

NOTE: These are minimum 
requirements. Report 
actual detection limits 
used based on specified 
methodologies.

be greater than 30% of sample concentrations, but spiked- ■ • - I Qjpyg,

Take corrective action and reanalyze samples - Contact Jay Thakkar *(3T2) 886-1972) 
or Chuck Elly (312) 353-9087.

GENERAL STATEMENT
QC REQUIREMENTS  Do not use
a) For Method 350.1 
Audits Required



I
Cl (h2o)

SAS Number

Approved for Scheduling

I Regional Transmittal Telephone RequestX

I ERA Region/Cllent: Region V, Wausau NPL SiteA.
Dennis WesolowskiRSCC Representative:B.

I Telephone Number: 312-886-1971C.
Date of Request:D.
Site Name: Wausau NPL SiteE.

I
I
I

I 2.

I
214 groundwater samples - low level and 8 surface water samples - low levelI
3.

I WDNR lead remedial investigation

I
I
I

[jap-750-97]
[jap-750-88]

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):

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

SPECIAL ANALYTICAL SERVICES 
Client Request

U.S. Environmental Agency
CLP Sample Management Office
P.O. Box 818, Alexandria, Virginia 22313 
PHONE: (703)7557-2490 or FTS/557-2490

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.



I
I i6/25/87

- 2 -

Dally bu overnight carrler

of receipt of samples.

ASTM D 512C-81 (Colorimetric, Manual Ferricyanide).

Mike Linskens 9

(608) 273-0440Phone:

J

’ijytical protocol required (attach copy if other than a protocol currently used in i|| program):
MOTE:
■or
2.
^mples will be kept at 4°C until analysis and validation of results.

1. E^A Method 325.2 (Colorimetric, Automated Ferricyanide, AA II), 1983 ed.- 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.

Ln»e of sampling/shipping contact:

I

’’^tical results required (if known, specify format for data sheets, QA/QC reports, fr»-of-Custody documentation, etc.). If not completed, format of results will be fefv to program discretion.
Bench records tabulating the order of calibration standards, ' ^cation and control standards, samples, blanks, matrix spikes, etc, with resulting pwk height, concentration, or absorbance read-outs will be provided with copies of w^ksheets used to calculate results. A photocopy of instrument readouts, i.e.5|r’Pcharts, printer tapes, etc., must be included with all results. All records of aQlysis and calculations must be legible and sufficient to recalculate all sample  coneentrations and QA Audit results.E|A QC reference sa-^les, or any other reference sample or initial calibration verifica- ^Ifh.^will be identified as to source, lot number, and sample number. Corresponding True" or target values and associated 95X confidence limits for analysis results will b^provided for all reference samples used.

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

p^ial technical instruction (if outside protocol requirements, specify compound
ames, CAS numbers, detection limits, etc.): Prepare all standards , reagents, blanks, etc. ^th ASTM Type II reagent water or equivalent, calibration standards will be prepared
- fryn stock solutions. Use working concentration range or standard curve between 0-20 mg/1 or less. Calibration curves must contain at least 5 points (including a zero 
cycentration standard). Dilute and reanalyze any samples with concentrations greater ^an highest standard. Remove any large amounts of turbidity prior to sample analysis (Tee Section 7.1 of Method 325.2)._________________________________________

 
ty only the specified methods. No others are allowed.

I timated date(s) of collection: 
|mated date(s) and method of shipment:

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

J Laboratory should report results within 30 days

Analysis of Chloride



I
cloride 6/25/87

3.

Detection Limit

0.5 mq/l

I
I

not use any designated field blanks for QA Audits.
^Audits Required IFrequency of Audits Limits* (t or Cone.)

85 - list Recoveryor

II

verification
90 - not Recovery

1 per sample set 85 - 115t Recovery

or Chuck Elly Qi?) 353-90^87.

concentrations will be greater 2*1 not exceed working range of standard

i

1 per group of 10 
fewer samples

.|0C REOUIREHENTS Do

than 30X of sample concentration, but ,2_. J curve.

action and reanalyze samples.
Jay Thakkar (312) 886-1972

or -dot or 0.5 mg/l)
< 0.5 mq/1

Precision Desired or Cone.)
Differences in duplicate sample results are to be < or to 0.5 mq/l for concentrations < 5 mg/l and < or ° to lot for 
concentrations exceed!nq 5 mg/l. _______
Report chloride concentrations to the nearest 0.1 mg/l between 0 and 20 mg/l.

as soon as possible to expedite
CK u . . . . . .

J Parameter:

chloride■ NOTE: These areI .minimum requirements.
Report actual detection HJimit used based on I allowable methodology " options.

I HATA REQLIIREKENTS

spng of your request for soeciel .n.lvtic.l ..rvi’.’

yatrix spike*

Lab duplicate
■.ab blankCalibration

standard_____IT set of EPA OC Mineral 
w Reference samples - 2 concentration 1evels.
® Matrix spike c;,-.,.

I spiked sample shall

^TION required if limits are EXCEEDED: 

Take correctivp 
jantact
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I SAS Number

I

I Telephone RequestRegional Transmittal X

A.
Regional Representative:B.

I ) Telephone Number: (C.
Date of Request: D.I

I

General description of analytical service requested: Calcium and1.
magnesium iron, sodium and potassium of groundwater samples is to be
determined.

2.

Analysis is to be performed on 214 groundwater samplesI

I

ERA Region and Site Name: Region V - Wausau NPL Site
Dennis Weslowski 

Calcium + Magnesium, Iron 
Sodium, Potassium

SPECIAL ANALYTICAL SERVICES 
Regional 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.

U. S. Environmental Protection Agency
HWI Sample Management OfficeP.O. Box 818, Alexandria, Virginia 22313
PHONE: (703) 557-2490 or FTS-557-2490

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



-2-

3.

WDNR - lead remedial invest!gation

Estimated date{s) of collection: 4.
Estimated date(s) and method of shipment: delivered daily by5.

Federal Express.

I 6.

Calcium (dissolved) EPA Method 215.1

Magnesium (dissolved) EPA Method 242.1
Iron (dissolved) EPA Method 2361

I Sodium (dissolved) EPA Method 273.1
Potassium (dissolved) EPA Method: 258.1

8.

Groundwater samples willSamples will be preserved with 5 ml/I 1:1 HNO-:^.
be filtered (in-field) through a .45 micron filter prior to analysis.

9.

Copies of aall bench records for lab duplicates, matrix spikes, blanks.
continuing calibration standards, calibration verification standard, and

I saamples with resulting concentrations will be provided with copies of any
worksheets used to calculate results.

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

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

Calcium + Magnesium, Iron 
Sodium, Potassium

Approximate number of days results required after lab receipt of 
samples: Laboratory should report results within 30 days after receipt of samples.

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

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.



-3-

10.

I
Name of sampling/shipping contact: Brian Hegge

Phone: (608) 273-0440

I

I

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

Calcium + Magnesium,- Iron 
Sodium, Potassium

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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DATA REQUIREMENTSI.

Detection LimitParameter

0.01 mg/1Calcium

I 0.001 mg/1Magnesium

0.03 mg/1Iron

I 0.002 mg/1Sodium

0.01 mg/1Potassium

QUALITY CONTROL REQUIREMENTSII.
Frequency of AuditsAudits Required

< detection limitLab blank
10% or detection limitLab duplicate

I 85 - 115% recovery
85 - 115% recovery
85 - 115% recovery1 per set

I *

*Action Required if Limits are Exceeded:III.
Contact Chuck Elly (312) 353-9087.Reanalyze.

I

Ejam-26-2]

Calcium + Magnesium, Iron 
Sodium, Potassium

10% or 0.01 mg/1 for 
cone. < 1.0 

Precision Desired 
(+% or Cone.)

Matrix spike*
Continuing calibration
standard______Calibration verification
STD (EPA QC reference 
sample)

10% or 0.001 mg/1 for 
cone. < .10
10% or 0.01 mg/1 for
cone. < 1.0
10% or 0.01 mg/1 for
cone. < 1.0
10% or 0.01 mg/1 for
cone. < 1.0 

Limits* 
{+% or Cone.)

2 for sets £ 10
1 per 10 for sets > 10
2 tor sets £ 10
1 per 10 for sets > 10
2 for sets £ 10
1 per 10 for sets > 10
1 per 10 samples and 
end of set

Matrix spike concentrations will be greater than 30% of sample concentration 
but spiked sample shall not exceed the working range of the standard curve.



I
I SAS Number

I

I Telephone RequestRegional Transmittal X

I A.
Regional Representative:B.

I ) (Telephone Number:C.
Date of Request: D.I

I

General description of analytical service requested: Analysis for1.

I volatiles by GC/MS in surface water and groundwater with low sensitivity
limits.

I 
I 2.

Analysis will be performed on 6 surface water samples and 214 groundwaterI samples to be considered low concentration.

I
I

ERA Region and Site Name: Region V Wausau NPL Site
Dennis Wesslowski

SPECIAL ANALYTICAL SERVICES 
Regional Request

U. S. Environmental Protection Agency
HWI Sample Management OfficeP.O. Box 818, Alexandria, Virginia 22313
PHONE: (703) 557-2490 or FTS-557-2490

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):

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.



-2-

I 3.

I MDNR lead remedial investigation

Estimated date(s) of collection; 4.

I Estimated date(s) and method of shipment: delivered daily by5.
Federal Express.
6.

I 7.

Organic analysis IFB WA85-J664

8.

Exceptions to Organic IFB - Attachment 11.

I
4.

I 5.

I 6.

I
9.

All deliverables included in the IFB are required including instrumentI
I
I

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

2.
3.

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

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

Purpose of analysis (specify whether Superfund (Remedial or Enforce­
ment), RCRA, NPDES, etc.);

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 PADS forms.

Required low sensitivity limits - Table 7._________ _______
Requirements for determining sensitivity limits: easily recognizable 
spectra for all compounds using 1.5 ug/1 for VOA's.____
Initial calibrations: %RSD for RFs should be <40 for each VOA before 
beginning analysis._____________________________________ _
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.__________________________________If dilution of samples is required, results for both original and diluted 
sample should be reported.

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.
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I attach supplementary information.10.

Name of sampling/shipping contact: Brian Hegge
I Phone: (608) 273-0440

I

I

I

I

I
I
I

other (use additional sheets or 
as needed):

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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DATA REQUIREMENTSI.
Detection LimitParameter

As listed (Table D-1)As listed (Table D-1)

I
I

I
I QUALITY CONTROL REQUIREMENTSII.

Frequency of AuditsAudits Required
As in IFBOrganics as in IFB

I
I
I

*Action Required if Limits are Exceeded:III.
Contact Chuck Elly (312) 353-9087 or Dennis Messlowsk. Reanalyze.

[jam-26-1]
I

Precision Desired 
(+% or Cone.) 

See Attachment 1

Limits*(H^% or Cone.) 
Attachment 1



TABLE D-1
(All Units are Micrograms/Liter)

I

I

I

2.5

[cmj-400-54a]

I

CAS # 
71-43-2 
75-27-4 
75-25-2
74- 83-9 
56-23-5 
108-90-7
75- 00-3 
110-75-8 
67-66-3
74- 87-3 
124-48-1
75- 34-3
107- 06-2 
75-35-4 
156-60-5
78- 87-5 
10061-01-5 
10061-02-6 
100-41-4 
75-09-2
79- 34-5 
127-18-4
108- 88-3 
71-55-6 
79-00-5 
79-01-6 
75-01-4 
107-02-8 
67-64-1
107- 13-1 
75-15-0 
78-93-3
108- 05-4 
108-10-1 
519-78-6 
100-42-5 
108-38-3 
95-47-6 
106-42-3

METHOD DETECTION LIMIT 
IN REAGENT WATER 

1.5 
1.5 
1.5 

10 
1.5 
1.5 
1.5 
1.5 
1.5 

10 
1.5 
1.5 
1.5 
1.5 
1.5 
1.5 
2 
1 
1.5 
1 
1.5 
1.5 
1.5 
1.5 
1.5 
1.5 

10 
100 
10 
50 
3 

10 
10

(3) 10 
1 
2

PARAMETER
Benzene
Bromodi chloromethane
Bromoform
Bromomethane
Carbon Tetrachloride
Chlorobenzene
Chloroethane
2-Chloroethyl Vinyl Ether 
Chloroform
Chloromethane
Di bromochioromethane
1.1- Dichloroethane
1.2- Dichloroethane
1.1- Dichloroethene
trans,1,2-Di chi oroethene
1.2- Dichioropropane
ci s-1,3-Di chioropropropene
trans-1,3-Di chloropropene
Ethyl Benzene
Methylene Chloride (*)
1.1.2.2- Tetrachloroethane
Tetrachloroethene
Toluene (*)
1.1.1- Trichloroethane
1.1.2- Tri chloroethane 
Tri chioroethene 
Vinyl Chloride
Acrylei n
Acetone (*)
Acrylonitrile
Carbon Disulfide 
2-Butanone
Vinyl Acetate
4-Methyl-2-Pentancne 
2-Hexanone
Styrene 
m-Xylene 
o-Xylene** 
p-Xylene**

*Common Laboratory Solvent - Blank Limit is 5x Method Detection Limit 
**The o-Xylene and p-Xylene are reported as a total of the two



ATTACHMENT 1
VOA - Increase sample volume up to 20 ml to meet quantitation limits.

As in IFB but at 10 ug/L with percent recovery 80-120%.Surrogates:
As in IFB but at 10 ug/L with percent recovery 80-120%.Matrix spike:

All RFs must be ^0.05.
NOTE:

I
I

I

I

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]

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.



Total Organic Carbon

SAS Number

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: 

I
I 1. Determination of
I
I

2.

15 soil (concentrations unknown)

General description of analytical service requested: 
total organic carbon in soil samples.

SPECIAL ANALYTICAL SERVICES 
Regional Request

U. S. Environmental Protection Agency
HWI Sample Management Office
P.O. Box 818, Alexandria, Virginia 22313
PHONE: (703) 557-2490 or FTS-557-2490

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):

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.
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I 3.

Superfund Remedial 

Estimated date(s) of collection: 4.
Estimated date(s) and method of shipment: 5.

6.

7.

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 29-3.3.2J. 

I 8.

Procedures are to be followed as described. Expected carbonate content
ranges from 5 to >50% by weight.

9.

Report all raw laboratory data and calculations. Report mass of soil tested

I Report method of determining CO? generated by wet combustion andcarbonates.
mass or titrant volumes as normality as appropriate.

I

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

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

Approximate number of days results required after lab receipt of 
samples: Laboratory should report results within 30 days after receipt of samples.

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

on a dry weight basis and the volume and normality of soil used to neutralize

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.



-3-

attach supplementary information.10.

See attached methods description

Name of sampling/shipping contact: Brian Hegge
Phone: (608) 273-0440

I
I

I
I

I

other (use additional sheets or 
as needed):

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 REQUIREMENTSI.
Detection LimitParameterI

0.05% (w/w)I 10% or +- 0.05%Total Organic Carbon

I

II. QUALITY CONTROL REQUIREMENTS
Frequency of AuditsAudits Required

I
10% RPD2 per sample setLaboratory Blank
10% RPD1 per 10 and least 2Laboratory Duplicate

I
I

III. *Action Required if Limits are Exceeded:
Contact Chuck Elly (312) 353-9087.Reanalyze.

I

I
I Ejam-26-5]

I

Precision Desired 
(_+% or Cone.)

Limits* 
(+% or Cone.)
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29-2.2.5.1

29-2.3 Total Carbon by Wet Combustion

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

1

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-/xl sample into a sample boat containing CoO, fol­
lowed by vaporization of HjO at 9O'’C and combustion of organic and in­
organic C at SSO’C. Purified He is used as the carrier gas to sweep the COj 
formed through a column (35O°C) containing alumina coated with Ni where 
Hj is introduced to reduce the CO2 to CH4. After removal of HjO by a 
CaSO4 column, the CH4 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,(XX) 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 Hj 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 Oj is purified ’ 
by Mg(C104)2 and COSORB traps before entry into a combustion tube. A 
sample placed in the combustion tube is heated to -1,0(X)'’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(C104)2 re­
tain CO2 and H2O, respectively. Both C and H traps are removed from the 
instrument and weighed manually.

II
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gravimetry, an automated CO2 analyzer (LECO no. 761-1(X)) based on 
thermal conductivity measurements of the effluent gases is applicable to soil 
analysis (Tabatabai & Bremner, 1970). This system allows a single operator 
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 CO2 absorption bulb of Fig. 29-1. All CO2 released by com­
bustion is trapped in 50 ml of 0.5/7 NaOH followed by removal of 1 aliquot 
for liquid scintillation counting to quantify '‘CO2 and a second aliquot for 
titration with standard HCl to determine total C. The total C data obtained 
were comparable with a wet combustion procedure.

29-2.2.5.1 Perkin-Elmer 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 Dum^as 
procedures. A sample contained in a Pt boat is oxidized with O2 at ~ 1,(XX)°C 
for 2 min in a combustion tube in the absence of carrier gas (He) flow. After 
combustion. He flow is initiated and the CO2, H2O, and N2 gases produced 
by combustion are passed over CuO to convert CO to CO2 and-Ag mesh 
(silver vanadate on Ag wool) to remove S and halogen gases. The gases 
then flow into a tube maintained at 650’0 and packed with Cu granules 
between end plugs of Ag wool, where quantitative reduction of N oxides to 
Ni 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- 
lector.s connected in scries and separated 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 H2O.
3) TC detector 2 (decrease in output from detector 1 is proportional to 

H content).
4) Soda asbestos plus Mg(ClO4)! trap to remove CO2.
5) TC detector 3 (decrease in output from detector 2 is proportional to 

C content).
6) The remaining gases in the sample arc Ni. 

All operations within the instrument are automatic.

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 inclusion 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.

29-2.3.1 INTRODUCTION
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The reddish CrO,CI, decomposes at about 190°C, releasing free Ch, with a
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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).

I1

B

i I- 

h 
s ■

I
29-2.3.2 PRINCIPLES

The soil sample is digested in a 60:40 mixture of H2SO4 and HjPO, 
containing KjCrjO,. The boiling temperature of this mixture, 210°C, is high 
enough to ensure complete oxidation of carbonaceous matter, yet low 
enough to prevent excessive fuming in the condenser. The COj evolved is 
absorbed by a suitable absorbent and weighed, although it may be absorbed 
in a standard base and titrated.

A combination of fuming H2SO4, H3PO4, HIO3 (added as KIO2), 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- 
dratc.s resistant forms of C, thereby reducing boiling time for complete oxi­
dation, and that it facilitates conversion of CO to CO2. 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 
H2SO4-HJPO4 oxidizing mixtures on many soils indicate that the two mix­
tures are equally effective in converting total soil C to CO2. 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 H2SO4. 
Moreover, it was found that the need for HIOj 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 CO2 is determined titrimetrically (Clark & 
Ogg, 1942) or gravimetrically (Allison, 1960). When soil high in Cl* is 
heated in a digestion mixture containing Cr2O7’*, chromyl chloride 
(CrOjClj) is formed by the following reaction before boiling begins:

6H2SO4 + K2Cr,O, + 4KC1 = 2CrO2C12 4- 6KHSO4 + 3H2O.

’’('960)

color change to pale green. Any CI2 and traces of undecomposed CrO2C12 
that pass the purification train are retained in the CO2 absorption bulb to 
give a positive error.

In the methods described. Ch interference is prevented by including 
purifying train, one containing KI and one containing 

Ag2SO4 (traps F and G in Fig. 29-2). The use of Ag2SO4 alone gives protec­
tion up to about 0.2% Cl* (Allison, 1960), but its protective value becomes 
questionable at higher Cl* concentrations. Since KI has a very high capacity 
to absorb free Ch by the reaction

2KI -t- Ch = 2KC1 -t- 2I2, 

the use of a KI trap is recommended for soils high in Cl*. With both traps in

5S5



CARBON AND ORGANIC MATTER556 29-2 TOTAL CARBON 557

E

G. -H_

Zn®'T 24/40

Trap IID
Trap I

B

29-2.3.3

Gas —• 
Fiber glass

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 AgjS04 trap in conjunction with the KI trap serves to indicate 
when the latter is exhausted. For soils containing trace or low amounts of 
Cl", the carrier stream may flow directly into the AgiSOi trap.

Fiber 
glass

CaO

Air
Fiber glass

Glass 
beads 

+ 
NoOH

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 COj-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 HjPO/. 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 1 mm in 
diam, or sealing may occur. Fill traps F and G approximately two-thirds full 
with 50% KI solution and saturated AgjSO4, 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 H1SO4. 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(C104)j, which absorbs water from the carrier stream containing evolved 
COj before it enters K.

Fill the Nesbitt absorption bulb K with any good, self-indicating ab­
sorbent having a high capacity for absorbing COj. 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(ClO4)j, 
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 cone sulfuric acid (H,SO«) into 
400 ml of 85% phosphoric acid (HJPO4), cool the mixture, and store it 
in a glass-stoppered bottle. Keep the bottle well stoppered to prevent ab­
sorption of water vapor.

2. Potassium dichromate (KjCr2O7), reagent grade.
3. Potassium iodide (KI) solution, 50%: Dissolve 100 g of KI in 100 ml of 

water.

K
Nesbitt 
bulb

\ Water

T 24/40

’H C-1
B-T 24/40

■ To Trap 
I or II

MglCIO^lj

I

■^IJ

Waler

50% KI

250ml Side-arm 
Erlenmeyer

C
Fig. 29-3. Diagram of apparatus used to determine C by the Allison (1960) method. Trap I or 

Il is used for determination of CO, evolved by gravimetric or titrimetric techniques, respec­
tively. (Diagram is not drawn to scale.)
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Cone HjSO^
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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 Kjeldahl 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 CaClj 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-glass 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 COj- 
free air into digestion acid mixture;.(D) Allihn condenser, ~300-mm jacket

Gas —► 
MgtCIO^)^ 

Ascarite
Fiber glass

ft
9
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X 0.2727 X 100. [6]Total C, Vo =

Total C, Vo = X A'hci X 0.6. [7]

II

1
1

3

(g CO; (sample)] - [g CO; (blank)] 
g water-free soil

ml (blank) - ml (sample) 
gsoil

I

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 COi 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 COj, 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 CO2-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 H2SO4 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 CO2, equivalent to about 100 determina­
tions averaging 100 mg of CO2 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 CO2 determination is readily adaptable to 
the above procedure (Fig. 29-3). Replace the Nesbitt bulb with a 250-ml 
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 IN 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 CO2 evolved. After oxidation, the KOH is washed from the bubble 
tower with distilled water, treated with 5 ml of saturated BaCh and several 
drops of phenolphthalein, and titrated with standard HCl. The data are cal­
culated from

4. Silver sulfate (Ag:SO4) solution, saturated.
5. Carbon dioxide (CO2) 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.
7. Granular Zn, <30-mesh size.
8. Anhydrous magnesium perchlorate [Mg(C104)2] (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 K2Cr2O2. 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 CO2. 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 5 to 6 cm high, and bring the sample to boiling in 3 or 4 min. 
If Cl' 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:

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

I

i
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I
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29-3.2 Organic Carbon as Calculated from Total Carbon Determinations

■«

[8]% organic C = % total C - ®7o inorganic C.

29-3.3.2.1 Special Apparatus. See the special apparatus listed in sec­
tion 29-2.3.3.1.

29-3.3 Wet and Dry Combustion Techniques for Organic 
Carbon in Calcareous Soils

1

29-3 ORGANIC CARBON 563
I
treatment of samples with HjSO,, 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 HjSO, treatment should be discon­
tinued. It is doubtful that dolomite is completely decomposed by the rela­
tively mild HjSOi 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.

I

K

29-3.3.2.2 Reagents.

1. Digestion reagent for carbonates (H2SO4-FeSO4): Dissolve 57 ml of cone 
sulfuric acid (H2SO4) and 92 g of ferrous sulfate heptahydrate (FeSO4* 
7H2O) in 600 ml of deionized water, cool, and dilute to 1 liter.

2. Potassium dichromate (K2Cr2O2), 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 H2SO4-FeSO4 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 
K2Cr2O2. 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 2?/H2504-5% FeSO4 used in this 

procedure replaces the 3 ml of distilled water used in the total C procedure

.w

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 CO2 as described in 
section 29-2. Report the total C determined as percent organic C in the sam­
ple (i.c., total C = organic C).

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

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.

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 
HjSO. and FeSO.. The FeSO, is added to the mixture to minimize oxida­
tion and decarboxylation of organic matter by added H2SO4 or by MnO2 
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 HjSOi followed by heating to remove excess H2SO3 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

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.

29-3.3.2 PRETREATMENT PRIOR TO WET COMBUSTION

•»I 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 HCl 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.
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29-3.4.4 COMMENTS

5

29-3.5 Rapid Dichromate Oxidation Techniques29-3.3.3

2 CrjO,’- + 3 C’ + 16 H* = 4 Cr’* + 3 CO2 + 8 H,O. [9]

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
MethodSec the reagents listed in section 29-2.3.3.2.

9

6

described in section 29-2.3.3.3. Three milliliters of this reagent adds 6 meq 
H*, which will neutralize 0.3 g of CaCOj (i.e., 15% CaCOj 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 ml of the IN reagent 
for soils containing more than ~ 10% CaCOj equivalent, it is preferable to 
use 3 ml of a 3 or even a4A^H2SO4-5% FeSO4 reagent.

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 HjSOi- 
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 KjCrjO, to the flask, and proceed with the determination 
of organic C as directed in section 29-2.3.3.3.

Drying of extracts is best accomplished in 100-ml flasks of the Kjeldahl 
type. A 2-liter beaker conveniently holds four flasks.

0.35 
0.40 
0.33 
0.16 
0.40 
0.267 
0.20
0.40 
0.20

I-

Table 29-3. Digestion reagents used in various rapid dichromate methods 
_______________ for organic C determinations.

Digestion reagent concentration
K,Cr.O,t 1^. H.PO, 

■ N - 

36 
18 
25 
22 
15 
20 
18 
21.6 
21.6

S i
4 g.

5-

29-3.3.3.2 Reagents.

1. Sulfurous acid (HjSOj), approximately 5%: Bubble SO2 through dis­
tilled water until a saturated solution is obtained. Keep the bottle well 
stoppered to prevent rapid loss of SO2.

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 
nonporou.s combustion boat that has been previously ignited and cooled. 
Treat the sample with an excess of a 5% HiSOj solution. After several 
hours, remove the water and excess H2SO3 by leaving the boat overnight in 
an evacuated desiccator containing NaOH pellets. Repeat the treatment 
until CO2 evolution ceases on addition of H2SO3.

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.

SchoUenberger (1927)
Tyurin (1931)
Walkley& Black (1934)
Anne (1945)
Tinsley (1950)
Mebius (1960)
Kalembasa & Jenkinson (1973)
Nelson & Sommers (1975)
Modified Mebius (described here)

t Based on Cr.O,’- + 14H‘ = 2Cr’* + 7H,0 + 6e-half reaction.

11

I
After the reaction, the excess CrjO,’’ is titrated with Fe(NH4)j(SO4)j«6H2O, 
and the CrjOj’’ 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 CrjOj’" 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 H2SO4 and aqueous KjCriO, solutions (Table 29-3), the use of 
other oxidants has been proposed. Degtijareff (1930) suggested that a mix­
ture of H2O2 and chromic acid be used to oxidize organic matter. However, 
Walkley and Black (1934) conclusively established that the addition of H2O2 
to chromic acid procedures gave fictitiously high values for organic C be­
cause H2O2 reduces CrjOj’" 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 4.5/*/, respectively, with respect to 
H,PO4. There is no evidence, however, to suggest that oxidation mixtures

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 K2Cr2O, and H2SO4 accord­
ing to Eq. [9].

PRETREATMENT PRIOR TO DRY COMBUSTION

29-3.3.3.1 Special Apparatus. See the special apparatus listed in sec­
tions 29-2.2.3.1 and 29-2.2.4.1.

29-3.4.3 PROCEDURE

I
b'

I



Grain Size

SAS Number

I
I
I Telephone RequestRegional Transmittal X

I ERA Region and Site Name: Region V - Wausau NPL SiteA.
Dennis WesslowskiRegional Representative:B.I ( ) Telephone Number:C.

Date of Request: D.

request.

Determination ofGeneral description of analytical service requested:1.

I grain size in soil samples. 

I 
2.

I
30 soils - concentrations unknown

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):

SPECIAL ANALYTICAL SERVICES 
Regional 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 

Please continue response on additional sheets, or attach 
supplementary information as needed.

U. S. Environmental Protection Agency
HWI Sample Management Office
P.O. Box 818, Alexandria, Virginia 22313
PHONE: (703) 557-2490 or FTS-557-2490



Grain Size-2-

I 3.

Superfund Remedial

I Estimated date(s) of collection: 4.
Estimated date(s) and method of shipment: Shipped as a group by overnight5.

carrier

I 7.

Particle Size Analysis of Soils, ASTM Method D422

I
I
I 8.

I Use only the method specified above.
to use of any other method.

9.

Submit all raw data including container tare weights, hydrometer readingsI (along with any correction factor associated with the hydrometer used) and

I Provide reportables as described in sections 17 and 18liquid temperatures.
of Method D422.

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

Obtain approval of CPMS, CRL, prior

6. Approximate number of days results required after lab receipt of 
samples: Laboratory should report results within 30 days after receipt of samples.
Analytical protocol required (attach copy if other than a protocol 
currently used in this program):

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

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.



Grain Size
-3-

I 10.

Name of sampling/shipping contact: Brian Hegge
Phone: (608) 273-0440

I
I
I
I
I
I

I

I

I
I
I

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

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 Grain Size-4-

DATA REQUIREMENTSI.
Detection LimitParameterI

I Duplicates within 10%Percentage Finer Than 2%

I
I
I
I II. QUALITY CONTROL REQUIREMENTS

Frequency of AuditsAudits RequiredI
10%Lab Duplicate

I *Action Required if Limits are Exceeded:III.
Contact Chuck EI1y (312) 353-9087.Reanalyze.

I
I
I
I [jam-26-4]

I

2 for sets £ 10
1 per 10 for sets >10

Precision Desired 
(+% or Cone.)

Limits* 
(_+% or Cone.)
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4. Dispersing Agent
4.1 A solution of sodium hexameuphosphau 

(sometimes called sodium metaphosphate) shjj 
be used in distilled or demineralized water, at tl* 
rate of 40 g of sodium hexameUphosphatc/litu 
of solution (Note 7).

Note 7—Solutions of this salt, if acidic, slowly » 

a resultant decrease in dispersive action. Soluti^ 
should be prepared frequently (at least once a monik, 
or adjusted to pH of 8 or 9 by means of sodim 
carbonate. Bottles containing solutions should have tk 
dale of preparation marked on them.

4.2 All water used shall be either distilled a 
demineralized water. The water fora hydrometo 
test shall be brought to the temperature that a 
expected to prevail during the hydrometer tea 
For example, if the sedimenution cylinder is to 
be placed in the water bath, the distilled or dp 
mineralized water to be used shall be brought tg 
the temperature of the controlled water bath; ot. 
if the sedimenution cylinder is used in a roou 
with controlled temperature, the water for the 
test shall be at the temperature of the room. Pr 
basic temperature for the hydrometer test is 687 S 
(20*C). Small variations of temperature do oa 
introduce dificrences that arc of practical signif 
icance and do not prevent the use of correction 
derived as prescribe.
5. Test Sample

5.1 Prepare the test sample for mechanic^ 
analysis as outlined in Practice D42I. Durin 
the preparation procedure the sample is divided 
into two portions. One portion contains onl) 
particles retained on the No. 10 (2.00-mm) sic* 
while the other portion conuins only partida 
passing the No. 10 sieve. The mass of air-dfx^ ■ 
soil selected for purpose of tests, as prescribed « ^CftStini

titles for mechanical analysis as follows:

pension at a convenient consunt temperature at 
or near 68'F (20'C). Such a device is illustrated 
in Fig. 4. In cases where the work is performed 
in a room at an automatically controlled consunt

temperature, the water bath is not necessary.
3.8 Beaker—A beaker of 250-mL capacity
3.9 Timing Device—A watch or clock wit),. 

second hand.

■ Nomiiul Ounxter 
r, ofLi/gcM Pinido.

tn. (mm)

1 (25.4) 
IVi (38.1)
2 (50.8)
3 (76.2)

5.1.2 The size of the ponion p 
10 sieve shall be approximately I

! f ;
i I Ji
I. .i

___________ _______________________________ <*««*“<* on *be 
unk that mainuins the temperature of the sus- of particle, according to the following schedule

»»♦ «« _____ •___ _ _ KT____•_.«

Approjumite 
Majs of Portion-( -

500 
1000

® 0 422
resulu equivalent to those secured b> the air-jet disper­
sion cu{^ When it is used, soaking of the sample can 
be done in the sedimentation cylinder, thus eliminating 
the need for transferring the slurry. When the air­
dispersion lube is used, it shall be so indicated in the 
report.

Note 5—Water may condense in air lines when not 
in use. This water must be removed, either by using a 
water trap on 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 cither specific gravity of the 
suspension or grams per litre of suspension, and ------ ------- ----- - - v. som .. «.iuic, siowiy
conforming to the requirements for hydrometers ****7^7“ back to the orthophosphate fonn wit
I SIH or 152H in Specifications E 100. Dimen- ’ '"
sions of both hydrometers are the same, the scale 
being the only item of difference.

3.4 Sedimeniaiion Cylinder—A. glass cylinder 
essentially 18 in. (457 mm) in height and 216 in. 
(63.5 mm) in diameter, and marked fora 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 
to rF(0.5‘C).

3.6 Sieves—A series of sieves, of square-mesh 
woven-wire cloth, conforming to the tequire- 
ments of Specification E 11. A full set of sieves 
includes the following (Note 6);

3-in. (75-min)
2-in. (50-mm)
116-in. (37.5-nim)
l-in. (25.0-mm)
V«-in. (l9.0-<iim)
H-in. (9.5-mm)
No. 4 (4.75-ram)

siting uniform spacing of

used if desired. This set consists of the following sieves;
No. 16 (I.l8-mm) 
No, 30 (60051m) 
No. 50 (30051m) 
No. 100 (15051m) 
No. 200 (7551m)

points for ^e graph, as required in Section 17, may be

3-in. (75-mm) 
I'6-in. (37.5-mm) 
t<t-in. (l9.0-mm) 
W-in. (9.5-mm) 
No. 4 (4.75-mm) 
No. 8 (2.36-mm)

3.7 H'ater Bath or Constant-Temperature 
Room—water bath or consunt-temperature 
room for maintaining the soil suspension at a 
consunt temperature during the hydrometer 
analysis. A satisfactory water Unk is an insulated

soils and approximately 65 g fo 
soils

5J Provision is made in Scctio 
0421 for weighing of the air-dry s 
purpose of tests, the separation of 
No. 10 sieve by dry-sieving and wa 
weighing of the washed and drie 
Qined on the No. 10 sieve. Frc 
masses the percentages retained at 
No. 10 sieve can be calculated i 
with 12.1.

Note 8—A check on the mass valui 
oighnCT of pulverization of the dods 1 
by weighing the portioa passing the N< 
«Mng this value to the mass of the w^. 
4ned portion retained on the No. 10 sie

SEVE ANALYSIS OF PORTION 
ON NO. 10 (23X)-aun) SIE

t Procedure
^6.1. Separate the portion reuinec 
I0(100-mm) sieve into a series of frt 
*e.^in. (75-mm), 2-in. (50-mm), I 

I-in. (25.0-mm), Yi-in. (19.0 
P;^m), No. 4 (4.75-mm), and N 
»as many as may be needed deper 
topic, or upon the specifications f. 

under test.
^6-? Conduct the sieving operatioi 

* later^ and vertical motion 0 
^mpanied by a jarring action in 01 

continuously ovei 
"’3ni 

G»k “mplc through the sici 

n®''^'idueTn"a Xe"°p!i^ ^‘at"'

_o. 10 sieve shall depend on the maximum oflfvJ^Ta^ dSC

E
V ccquireme
- ^^Li' *<='Ehing, the sum of 1

- she
; onginal mass of the quanti
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Min of Portion. I

500
1000

1 a
Approiimaic Minimum 

Miss of Portion, g

2000 
3000 
4000 
5000

iSIb 0 422
hydrometer
PORTION 1.-I

uh is not necessary. 
or250-mL capacity 

. |tch or clock will,.

jBic.tameuphosph]). 
nBeiaphosphale) s1d{ 
mineralized water, aitlj 
t^neuphosphate/lit«
Mt, if acidic, slowt,, I D 421 for weighing of the air-dry soil selected for 

orthophosphate fonn «ia I jjifpose of tests, the separation of the soil on the 
Mcivc action. Soluoael |O sieve by dry-sieving and washing, and the 
At least once a i^ I ‘ ^^e washed and dried fraction re-

S o. the No. ,0 Jro™ .h~ 
oo them. | niasses the percentages reuined and passing the

Ax either distilled a I 
; ^ter for a hydromcie I 
the temperature that i I 
M the hydrometer lea I 
iHutioa cyUnder is tc I 
At distilled or de-1 
used shall be brought tc I 
}^olled water bath; a. I 
.ler is used in a rooc I 
'.Be, the water for the I 
rature of the room, tlie I 
t^drometcr test is 6371 
fl temperature do tut I 
iflre of practical signif I 
nt the use of conectioa j 

I 
sample for mechanic^ 
fcctice D42I. Durint] 
.Ithe sample is divided 
i^ortion contains onh 
No. 10(2.00-mm)aot 

only pattickJ 
Bfhe mass of air-dried
mte; . .
sufficient to yield qu“’ 
Ais as follows:

t' id o

TER AND SIEVE ANALYSIS OF 
PA.SSINC THE NO. 10 (l.OO-mm)

SIEVE
7. Determination of Composite Correction for 

Hydrometer Reading
7.1 Equations for percentages ol soil remain­

ing in suspension, as given in 14.3. we based on 
the use of distilled or demineralized water. A

■ in the water, however.

appreciably greater than that of distilled or de­
mineralized water.

7.1.1 Both soil hydrometers are calibrat^ at 
68T (20*0. and variations in temperature from 
this standard temperature produce inaccuracies 
in the actual hydrometer readings. The amount 
of the inaccuracy increases as the vanauon from 
the standard temperature increases.

7 1 2 Hydrometers are 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 suspensio^ 
at the bottom of the meniscus, readin^must be 
uken at the top and a correction applied.

7.1.3 The net amount of the corrections for 
the three items enumerated is designated as the 
composite correction, and may be determined 
experimentally.

7 2 For convenience, a graph or table of com­
posite corrections for a series of I* temperature 
differences for the range of expected test «ra^- 
atures may be prepared and used as needed. 
Measurement of the composite correcuons may 
be made al two temperatures spanning the range 
of expected test temperatures, and correcuons for 
the intermediate temperatures calculated fum­
ing a straight-line relationship between the two 

°Tr?re7are”i000 mL of liquid composed of 
distilled or demineralized water and dispersing 
agent in the same proportion as will prevail in 
the sedimentation (hydrometer) test. Place the 
liquid in a sedimenution cyclinder and the cyl­
inder in the constant-temperature water taA. «l 
for one of the two temperatures to be used. When 
the temperature of the liquid becomes constant 
insert the hydrometer, and. after a short inters al 

, to permit the hydrometer to come to the temper­
ature of the liquid, read the hydrometer al the 
top of the meniscus formed on the stem. For

- -- • ----- ilc correction IS the
this reading and one; for hy-

ffa. 10 sieve can be calculated in accordance
with 12.1.

■■ Non 8-A check on the mass values and the ihor- 
^ness of pulverization of ihe clods may be 
tn weighing the portion passing the No. 10 sieve and 
lifing this value to the mass of the washed and oven- 
Aicd portion retained on the No. 10 sieve.

SIEVE ANALYSIS OF PORTION RAINED 
■w ON NO. 10 (2.00-mm) SIEVE 
=lht ■
& Procedure
*6.1. Separate the portion retained on the No. 
Fo(2.00-mm) sieve into a series of fractions iwng 
the 3-in. (75-mm), 2-in. (50-mm), IVi-in (37.5- 
nm), 1-in. (25.0-mm), Vi-in. (19.0-mm), %-in. 
ip5-inm). No. 4 (4.75-mm), and No. 10 siev^ 
oras many as may be needed depending on the 
ample, or upon the specifications for the mate- 
iial under test.
2 62 Conduct the sieving operation by means 
rf a lateral and vertical motion of the sieve, 
accompanied by a jarring action in order to keep

■ Ihe ample moving continuously over the surface 
i dhhe sieve. In no case turn or manipulate frag- 

. ____________ _ I ^ts in the sample through the sieve by hand,
tests as prescribed a I ..ifonlinue sieving until not more than 1 mass o 

' of the residue on a sieve passes that sieve dunng 
... „ of sieving. When mechanic^ sieving is
irtion reuined on il* test the thoroughness of sieving by using 

id on the maximum I .^hand method of sieving as desenbed above, 
the following schedule I :<6.3 Determine the mass of each fraction on a 
I conforming to the requirements of 3.1.

Ihe original mass ol Ihe quantity diiretence between I--------

J. J . Nominal Diameter 
of Largest Particles.

-■ in. (mm)

I (25.4) 
IV, (38.1) 
2 
3

5.1.2 The size

soils and approximately 65 g

Provision is made in Section 5 of Practice

(50.8)
(76.2)

, , i a.aw size of the portion passing the No.
m rieve shall be approximately 115 g for sandy .... .

- I ee for sill and clay dispersing agent is used i

;r than that of distilled or de-



a-
<Slh 0 422

9.5 Place the cover cap on the cup and ope;

a

ri

r '

I

I

5
118

I.

I

i:!:
'i '■ to prevent the soil - water mixture from entering the 

air-jet chamber when the mixture is transferred to the 
dispersion cup.

8. Hygroscopic Moisture
8.1 When the sample is weighed for the hy­

drometer test, weigh out an au.xiliary 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.

drometer I52H it is the difference between the 
reading and zero. Bring the liquid and the hy­
drometer to the other temperature to be used, 
and secure the composite correction as before.

10. Hydrometer Test
10.1 Immediately after dispersion, transferih 

soil - water slurry to the glass sedimenution of 
inder, and add distilled or demineralized wait 
until the total volume is 1000 mL,

10.2 Using the palm ofthe hand over the opK

; 10.4 After each reading, take the 
of the suspension by insening the 
jato the suspension.

perci
I n

Plasticity Index
Under 5 
6 to :o 
Over 20

I 
1

h i II Sieve Analysis Values for 
' Coarser than the No. 10 (2.00-r

III Calculate the percentage pas 
10sieve by dividing the mass passin 
seve by the mass of soil originally

10 sieve, and multiplying the r< 
To obtain the mass passing the N

motion in a graduate of clean distilled or deiw* fjse-* 
eralized waler.

WriTc n__ It:. __ _ ____________

II. Sieve Analysis
11.1 After taking the final hydr 

iag, transfer the suspension to a No. 
sieve and wash with tap water ur 
inter is dear. Transfer the materia 
200 sieve to a suiuble container, dr 
m 230 ± 9'F (110 ± 5*0 and n 
malysis of the portion retained, us 
sieves as desired, or required for the 
epoo the specification of the materi.

CALCULATIONS AND REP

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. Stir for a 
period of 1 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 to a pressurized distilled water unk.

9.4 If stirring 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 reading, carefully insert the hydrometer about S
that the gage indicates I psi (7 kPa) pressure to 25 s before the reading is due to approxitnairf!

the depth it will have when the reading is takra 
As soon as the reading is Uken, carefully lemo*

the ais control valve until the gage pressure is2b 
psi (140 kPa). Disperse the soil according to 
following schedule:

Otspenion Penod. 
min

5 
10 
15

Soils containing large percentages of mica o«c 
be dispersed for only I min. After the dispersio* 
period, reduce the gage pressure to 1 psi prep». 
atory to transfer of soil - water slurry to the s<i 
imentation cylinder.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 end of the cylinder (or a rubber stopper inOt

open end), turn the cylinder upside down 
back for a period of 1 min to complete th

t iii'i

id
Bli

ih| i

.IJ 
til'i

h.
9.3 At the end of the soaking period, disperse ____ _ _ ______ ______________ ____ ___ __________ ______

the sample further, using either stirring apparatus agiution of the slurry (Note 11). At the'end of 1 »btract the mass ret^ned on the i

min set the cylinder in a convenient location aod 
take hydrometer readings at the following inter-

(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 I psi is required immediately after each reading. Readings shall be ok’ 
.. . - , ■ at the top of the meniscus formed by the suspenr**

around the stem, since it is not possible to set* 
readings al the boilom of ihe meniscus.

fitxn the original mass.
^22 To secure the total mass of 
the No. 4 (4.75-mm) sieve, add to

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 vals of time (measured from the beginning rf 

sedimentation), or as many as may be needed .^material passing the No. 10 sieve 
depending on the sample or the specification fa 
the material under test; 2,5, 15,30,60,250, ani 
1440 min. If the controlled water bath is used 
the sedimentation cylinder should be placed u 
the bath between the 2- and 5-min readings.

Note II—The number of turns during this minci 
should be approximately 60, counting the turn ups»i 
down and back as two turns. Any soil remaining in*

be loosened by vigorous shaking of the cylinder 
it is in the inverted position.

10.3 When it is desired to lake a hydroinetc

^fi^on passing the No. 4 sieve : 
No. 10 sieve. To secure the t< 

Jofl passing the H-in. (9.5-mm) sieve 
tnass of soil passing the No. ■ 

®aa of the fraction passing the ’A-ii 
^ned on the No. 4 sieve. For the 

continue the calculations it 
. ____________ - ........... ............... . ......„ ^ner.

bottom of the cylinder during the first few turns shout i».l2.3 To determine the total r- 
“8 lor each sieve, divide the total ..

122) by the total mass of samp 
the result by 100.

W-
“Ms,Hygroscopic Moisture Correct io 

=f:l3.1 The hydroscopic moisture coi 
. .. afei*: the ratio between the mass o

the hydrometer and place it with a spinnioj sample and the air-dry mass be 
'• number less than one, except

^hygroscopic moisture. 
Note 12—It is important to remove the hydron** :;jL p ’ '
mediately after each reading Readings shall be ot’ {^/."^ntages of Soil in Suspensio 

Calculate the oven-dry mass 
hydrometer analysis by muli 
mass by the hygroscopic mois
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I Dispersion Pcnoo.
min

■t percentages of mica ne;
I min. After the dispenic, 

gftressure to I psi prep- 
water slurry to the sei

until the gage pressure i$> 
-se the soil according loi^

ilrdispersion, transferee 

he glass sedimentation c.i 
e^or demineralized uair 
:B1000mL.
rWf the hand over the opc 
or a rubber stopper in th 
^nder upside down aa 
<■ min to complete th 
Rote 11). At the end of 

1 a convenient location la: 
iA at the following inlr 
tHfrom the beginning j 
many as may be needc: 

iple or the specification & 
iB. 5, 15,30,60, 250, lac 
tfled water bath is usd 
inder should be placed i 
2- and 5-min readings, 
<Bf turns during this mini: 
B, counting the turn upsu 
ms. Any soil remaining in i 
■ring the first few turns shodf 
Bking of the cvlinderI
tired to take a hydromcte 
■^e hydrometer about 3 
Bis due to approximaidl 
'Bn the reading is takes 
is taken, carefully retno'r 
^ce it with a spinnia 
Sean distilled or demii> 

mt to remove the hydrome® 
>*g. Readings shall be ti^ 
Bormed by the suspens** 
■s not possible to seef 
the meniscus.

where: 
a

15. Diameter of Soil Particles
15.1 The diameter of a panicle corresponding 

to the percenuge indicated by a given hydrome­
ter reading shall be calculated according to 
Stokes’ law (Note 14), on the basis that a panicle 
of this diameter was at the surface of the suspen­
sion at the beginning of sedimenution and had 
settled to the level at which the hydrometer is 
measuring the density of the suspension. Accord-

= 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), 
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 panicles, 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 vari­
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,.

tion faaor.
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.(X)-mm) 
sieve, and multiplying 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 
I51H:

/> = 1(100 000/HQ X C/(C - <7,))(« - C,)
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 I52H:

P = (Ra/W} X 100

^'tbe suspension by inserting the thermometer 
jiothe suspension.

ii. Analysis
11,1 After taking the final hydrometer read- 

transfer the suspension to a No. 2(X) (75-gm) 
jjve and wash with tap water until the wash 
water is clear. Transfer the material on the No. 
200 sieve to a suitable container, dry in an oven 
K 230 ± 9'F (110 ± 5*C) and make a sieve 
galysis of the portion retained, using as many 
jeves as desired, or required for the material, or 
ipon the specification of the material under test.

CALCULATIONS AND REPORT

1 •
cup and op:. “jg 4 After each reading, take the temperature

11 Sieve Analysis Values for the Portion 
Coarser than the No. 10 (2.00-mm) Sieve

12.1 Calculate the percentage passing the No. 
lOsieve by dividing the mass passing the No. 10 
aeve by the mass of soil originally split on the 
Mo. 10 sieve, and multiplying the result by 100. 
To obtain the mass passing the No. 10 sieve, 
Bbtiact the mass retained on the No. 10 sieve 
bin the original mass.
J 12.2 To secure the total mass of soil passing 
Ik No. 4 (4.75-mm) sieve, add to the mass of 
the material passing the No. 10 sieve the mass of 
4e,fraction passing the No. 4 sieve and retained 
00 the No. 10 sieve. To secure the total mass of 
nil passing the Vi-in. (9.5-mm) sieve, add to the 
Wai mass of soil passing the No. 4 sieve, the 
Bass of the fraction passing the ’/»-in. sieve and 
Stoned on the No. 4 sieve. For the remaining 
Kves, continue the calculations in the same 
Banner.
l-tIT-S To determine the total percentage pass- 
Bg for each sieve, divide the total mass passing 
(*e 12.2) by the total mass of sample and mul- 
®ply the result by 100.

Hygroscopic Moisture Correction Factor
.= •3.1 The hydroscopic moisture correction fac- 
•‘’f is the ratio between the mass of the oven-

ample and the air-dry mass before drying, 
number less than one, e.xcept when there

■ no hygroscopic moisture.

H. Percentages of Soil in Suspension
-^•^•1 Calculate the oven-dry mass of soil used 

-®the hydrometer analysis by multiplying the 
mass by the hygroscopic moisture corrcc-

■ --ST: 
'7=.i

I
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16. Sieve Analysis Values for Portion Finer than 
No. 10 (2.00-nim) 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

>■

..u

ine to Stokes' law:
O = ' l-'On/QSOtC - C,)! X z./r

Note 16—This tabulation 
jpdaiion of the sample tested, 
jxjse contained in the samph 
(SUng. the repon shall so state 
guximum size.

18-2 For materials tested 
^finite specifications, the fi 
such specifications shall be 
lions smaller than the No. 1 
fiom the graph.

18.3 For materials for wh 
definite specifications is not 
the soil is composed almost 
passing the No. 4 (4.75-mf 
lad from the graph may be

(/) Gravel, pt^ing 3-in. and ret 
No. 4 sieve

(7) Sand, passing No. 4 sieve 
tained on No. 200 sieve

(а) Coarse sand, passing .Nt 
and retained on No. I(

(б) Medium sand, passing 
sieve and retained on 
sieve

(c) Ftne sand, passing No. 
and reuined on No. 2C 

to Silt size, 0.074 to 0.005 mm

by plotting on a graph (Note 16).
18.1.3 Description of sand and gravel pan:- 

cles:
18.1.3.1 Shape—rounded or angular.
18.1.3.2 Hardness—hard and durable, soft.cr 

weathered and friable.
18.1.4 Specific gravity, if unusually high «x 

low,
18.1.5 Any difficulty in dispersing the fractio" 

passing the No. 10 (2.00-mm) sieve, indicating 
any change in type and amount of dispersing 
agent, and

18.1.6 The dispenion device used and the 
length of the dispersion period.

17, Graph
17.1 When the hydrometer analysis is pc- 

formed, a graph of the test results shall be made 
plotting the diameters of the particles on a loc- 
rithmic scale as the abscissa and the percentage 
smaller than the corresponding diameters to ai , 
arithmetic scale as the ordinate. When the hy- J 
drometer analysis is not made on a portion d 
the soil, the preparation of the graph is optional 
since values may be secured directly from tabu­
lated data.

Hi ■

■

e-

where:
K = consunt depending on the temperature of 

the suspension and the specific gravity of 
the soil particles. Values of AT 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 Tdo varv.

h'iii
'' 1'

where:
D = diameter of panicle, mm.

= coefficient of viscosity of the suspending 
medium (in this case water) in poises (varies 
with changes in temperature of the sus­
pending medium),

L = distance from the surface of the suspension 
to the level at which the density of the 
suspension is being measured, cm. (For a 
given hydrometer and sedimentation cyl­
inder. values vary according to the hydrom­
eter readings. This distance is known as 
effeaive depth (Table-’)),

= interval of time from beginning of sedimen­
tation to the taking of the reading, min.

fraction that would have been retained on 
No. 10 sieve had it not been removed. This tnaj, 
is equal to the total percentage retained on U( 
No. 10 sieve (100 minus total percentage passinj 
times the mass of the total sample represenic 
by the mass of soil used (as calculated in U i. 
and the result divided by 100.

16.2 Calculate ne.\t the total mass passing ii^ 
No. 200 sieve. Add together the fractional masse 
retained on all the sieves, including the No. |r 
sieve, and subtract this sum from the mass oftl^ 
total sample (as calculated in 14.2).

16.3 Calculate ne.xt the total masses passic 
each of the other sieves, in a manner similar u 
that given in 12.2.

16.4 Calculate last the total percentages pas 
ing by dividing the total mass passing (as calo- 
lated in 16.3) by the total mass of sample (a 
calculated in 14.2), and multipiv the result b 
100.

I

Hi

H !

G = speafic gravity of soil particles, and
C, = specific 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 = K^/L/f

18. Report
18.1 The report shall include the following-
18.1.1 Ma-timum size of particles.

__  18.1.2 Percentage passing (or retained on^
15.3 Values of D may be computed with suf- sieve, which may be tabulated or presenief 

licient accuracy, using an ordinary 10-in. slide 
rule.

Note 15—The value of Z. is divided by T using the 
A-and fl-scales, the square root being indicated on the 
O-scale. Without ascertaining the value of the square 
root it may be multiplied by K, using either the C- or 
C/-scale.
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. . %

I
I

ivity. if unusually high

I

I
I

sion device used and 
)n period.

. . %

.. %

the total percentages pas. 
)tal mass passing (as calo 
: total mass of sample 
ind multiply the result S

lall include the following 
size of panicles,
passing (or retained oo' 

y be tabulated or presentfl 
h (Note 16),

of sand and gravel patu-

ounded or angular, 
—hard and durable, soft, or

Ity in dispersing the fractifli 
2.00-mm) sieve, indicatin? 
and amount of dispersing

0.074 mm
0.005 mm
0.001 mm

Note 17—No. 8 (2.36-mm) and 1 
sieves may be substituted for No. 10 a

Sieve Size
3-in.
2-in.
I'/i-in.
l-in.
V»-in.
%-in.
No. 4 (4.75-mm)
No. 10 (2.00-mm)
No. 40 (42S-pm)
No. 200 (75-pm)

Hydrometer Analys;

ydrometer analysis is pc- 
e test results shall be mad; 
s of the particles on a logs 
bscissa and the pereentag- 
■esponding diameters to at 
le ordinate. When the hy 
not made on a portion a 
on of the graph is optional 
secured directly from tabu-

■ 0 422

14) Clay size, smaller than 0.005 mm 
Colloids, smaller than 0.001 mrr

18.4 For materials for which cot 
definite specifications is not indica 
the soil contains material retained 
sieve sulTicient to require a sieve ai 
portion, the results may be repor 
(Note 17):

have been retained on 
)t been removed. This nijj 
percentage retained on li, 
lus total percentage passir,; 
e total sample represenic 
sed (as calculated in 14.2 
1 by 100.
.t the total mass passing th. 
gether the fractional masse 
eves, including the No.;; 
is sum from the mass of th 
ilated in 14.2).
tt the total masses passic; 
/es, in a manner similar-;

’MOTE 16—This tabulation of graph represents the 
^,ion of the sample tested. If panicles larger than 

contained in the sample were removed before 
the report shall so state giving the amount and 

mimum size.

'■■jg 2 For materials tested for compliance with 
jefinite specifications, the fractions called for in 
gich specifications shall be reined. The frac- 
jonssnaoller than the No. 10 sieve shall be read 

jam the graph.
18.3 For materials for which compliance with 

definite specifications is not indicated and when 
die soil is composed almost entirely of particles 
-Bsing the No. 4 (4.75-mm) sieve, the results 
nad from the graph may be reported as follows:

• I) Gravel, passing 3-in. and retained on 
No. 4 sieve

d) Sand, passing No. 4 sieve and re­
tained on No. 200 sieve

(а) Coarse sand, passing No. 4 sieve 
and retained on No. 10 sieve

(б) Medium sand, passing No. 10 
sieve and retained on No. 40 
sieve

(c) Fine sand, passing No. 40 sieve 
and reuined on No. 200 sieve

U) Silt size, 0.074 to 0.005 mm

121
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121

%
%

Pcrcenuge 
Passing

i

Sieve Size

2-in.
I'/i-in.
1-in.
V«-in.
’/•-in.
No. 4 (4.75-nim)-'’
No. 10 (2.00-mm)
No. 40 (425-tim), '
No. 2OO(75-tini) ■

.' Hydrometer Analysis

1

iB include the following: 
size of panicles.
^ssing (or retained oo’ 
Be tabulated or presenie: 
B'lote 16).
of sand and gravel pare-

iHtded dr angular.
■^ard and durable, soft, or

JUometer analysis is pc- 

e test results shall be mad: 
s of the particles on a logs 
Bissa and the percentage 
■Bionding diameters to a: 
le ordinate. When the hy 
^t made on a portion a 
B of the graph is options 
Bured directly from ubu-

portion, the results may be reported as follows 

(Note 17):

have been retained on 
itataeen removed. This mjj 
(Bentage retained on tl* 
iBotal (xrcentage passipi 
e total sample representc 
.s^ (as calculated in U* 
iB 100.
.Wie total mass passing 
gether the fractional mas^: 
.As. including the No.;; 
iBm from the mass of 4 
i™ed in 14.2).
tt the total masses passia- 
A in a manner similara

the total percentages pas- 
)tal mass passing (as calo 
;Btal mass of sample is 

multiply the result S

■y. if unusually high o 

liy in dispersing the fraction 
2.00-mm) sieve, indicaiin? 
|d amount of dis|X'rsin< 

Sion device used and ihr 
)n period.

(7) Clav size, smaller than 0.005 mm
Colloids, smaller than 0.001 mm

18.4 For materials for which compliance with 
deliniie specifications is not indicated and when 
the soil contains material retained on the No. 4 
sieve sulTicient to require a sieve analysis on that

’NOTE 16—This labulaiion of graph represenis the 
^,ion of the sample tested. If particles larger than 

contained in the sample were removed before 
Sng. the repon shall so siaic giving the amount and 
^mum size.

■•(8 2 For materials tested for compliance with 
if,nite specifications, the fractions called for tn 
-ch sfiecifications shall be reptoned. The frac- 

smaller than the No. 10 sieve shall be read 
non, the graph.

18.3 For materials for which compliance with 
definite specifications is not indicated and when 
die soil is comfKJsed almost entirely of particles 
arsing the No. 4 (4.75-mm) sieve, the results 
(od from the graph may be reported as follows:

■1) Gravel, passing 3-in. and reuined on
No. 4 sieve

U) Sand, passing No. 4 sieve and re­
tained on No. 200 sieve

(a) Coarse sand, passing No. 4 sieve 
and retained on No. 10 sieve

(4) Medium sand, passing No. 10 
sieve and retained on No. 40 
sieve

(c) Fine sand, passing No. 40 sieve 
and retained on No. 200 sieve

U) Silt size. 0.074 to 0.005 mm

0.074 mm ■
0.005 mm ...................
0.001 mm

Note 17—No. 8 (2.36-mm) and No. 50 (300-(im) 
sieves may be substituted for No. 10 and No. 40 sieves.
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table 2 Conlinixd
TABLE J V.lucs of K

Hydrometer 152 HHydrometer I5IH

2.45 2.^0

!•

Hydrometer I52HHydrometer I51H

3/4

(a)

r. I

Hi

i

122
I

1 
i’i 

I

IJIII 
1.012 
1.013 
1.014 
1.015
1.016
1.017
1.018
1.019
1.020

1.026
1.027
1.028
1.029
1.030

1.021
1.022
1.023
1.024
1.023

13.4
13.1
12.9
12.6
12.3

16.3 
16.0 
13.8
15.3 
15 J 
13.0
14.7
14.4
14.2
13.9
13.7

12.1
11.8
11.5
11.3
11.0
10.7--"
10.3
10.2
10.0
9.7

26
27
28
29
30

11
12
13
14
13

16.3
16.1
16.0
15.8
15.6
15.3
15.3
15.2
15.0
14.8
14.7
14J
14.3
14.2
14.0
13.8

12.9
12.7
12.5
12.4
12.2

56
57
58
59
60

1.031 
1.032 
1.033 
1.034 
1.035 
1.036 
1.037 
1.038

EITcciivc 
Depih. 
L. cm

26
27
28
29
30

0.01438
0.01421
0.01404
0.01388
0.01372

0.01357
0.01342
0.01327
0.01312
0.01298

0.01510
0.01511
0.01492
0.01474
0.01456

0.01 5* 
0.01 j; 
0.01 Jf 
O.OU-
0.01 j;

Actual 
Hydrom­

eter 
Reading

21
22
23
24
25

16
17
18
19
20

6 
7 
8 
9 

10

13.7
13.5
13.3
13.2
13.0

12.0
11.9
11.7
11.5
11.4

41
42
43
44
45

51
52
53
54
55

11.2
11.1
10.9
10.7
10.6

10.4
10.2
10.1
9.9
9.7

Actual 
Hydrom­

eter 
Reading

16
17
18
19
20

0.013.■ 
0.0131 
0.01.k'. 
O.Ol.'c 
0.012’

1-

36
37
38
39
40

46
47
48
49
50

9.6
9.4
9.2
9.1
8.9

8.8
8.6
8.4
8.3
8.1

Actual 
Hy- 

drom- 
eler 

Read­
ing

ElTective 
Depth, 
L, cm

7.9
7.8
7.6

7.3

EITec- 
tive 

Depth. 
L. an

21
T2
23
24
25

EfTec- 
tive 

Depth, 
L, ctn

EfTec- 
ti»e 

Depth, 
E, cm

0.014 1 
0.01 3< 
0.0138 
0.01 3t- 
0.0154

s

Eff«. 
6»e 

Depth, 
t. era

Tetnpr'’*'"'- •cActuaJ 
Hy­

drom­
eter 

Read­
ing

9.4
9.2
8.9
8.6
8.4

I

7.1
7.0
6.8
6.6
6.5

8.1
7.8
7.6
7’:^

6.8
6.5
6.2

2.95
2.90
2.85
2.80
2.75
2.70
2.65
2.60
2.55
2.50
2.45

1.006
1.007
1.008
1.009
1.010

1.000
1.001
1.002
1.003
1.004
1.005

hl

Table I Vtlu« of Corrtctloo Eactor, o, (or OilTerenf 
Specinc Crwriliea o( Soil Particlej’'

Specific Gravity Correction Factor"
Ti94 
0.95 
0.96 
o.r 
0.98 
0.99 
1.00 
I.OI 
1.02 
1.03 
1.05

Actual 
Hy­

drom­
eter 

Read- 
■"8

0
I 
2
3 
4
5

Actual 
Hy­

drom­
eter 

Read- 
■"8

31 
32 
33 
34 
35

■" Values of effective depth are calculated ftpm the oquaout 

L - L. 91 (E. -

For use in equation for percentage of soil remaining in 
suspension when using Hydrometer I52H.

Hi
Table 2 o( Effective Dep(h Based <m Hydrometer 

aod Sedimeotarioo Cylioder of Specified Sizef^

it

0i[
81'

'ii

where:
£ • cffcciive depth, cm.
Li « disunce along the stem of the hydrometer from the 

of the bulb to the mark for a hydrometer reading, cm.
Lj “ overall length of the hydrometer bulb, cm, 

« volume of hydrometer bulb, cm’, aod
J • cross-sectional area of sedimcotadon cylinder, cm’ 
Values used in caJculadng the values in Table 2 are as foUovc 
For both hydrometers. 151H and IS2H;
Li » 14.0 cm 
t'i « 67.0 cm’ 
.4 - 27.8 cm’
For hydrometer 151H:
Li - 10.5 cm for a reading of 1.000

» 2.3 cm for a reading of 1.031
For hydrometer 152H:
Li "* 10.5 cm for a reading of 0 g/litre

" 2.3 cm for a reading of 50 g/liue

hl 
ri lj:
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I

I

2.852.802.752.702.652.602.552.502.45

I

i A

Chrome Plated

(b)I (a)

Metric Equirekno

0.049

nC. I Deoil of Sdiring Pxldlej

I
I
I
I

.-jit. 123

in. 
mm

I
2 Continued

V.

19.0

0.01510 
0.01511 
0.01492 
0.01474 
0.01456

0.01505
0.01486
0.01467
0.01449
0.01431
0.01414
0.01397
0.01381
0.01365
0.01349
0.01334 
0.01319 
0.01304 
0.01290 
0.01276

0.01481
0.01462
0.01443
0.01425
0.01408

0.01312
0.01297
0.01283
0.01269
0.01256

0.001 
0.03

0.01369
0.01353
0.01337
0.01321
0.01306
0.01291
0.01277
0.01264
0.01249
0.01236

0.01435 
0.01417 
0.01399 
0.01382 
0.01365
0.01348
0.01332
0.01317
0.01301
0.01286
0.01272
0.01258
0.01244
0.01230

0.01414 
0.01396 
0.01378 
0.01361
0.01344
0.01328
0.01312
0.01297
0.01282
0.01267

0.01394
0.01376
0.01359
0.01342
0.01325

0.01235 
0.01221 
0.01208 
0.01195 
0.01182

0.01291
0.01276
0.01261
0.01246
0.01232
0.01218
0.01204
0.01191
0.01178
0.01165

0.01356
0.01338
0.01321
0.01305
0.01289
0.01273 
0.01258 
0.01243
0.01229 
0.01215
0.01201
0.01188
0.01175
0.01162
0.01149

16
17
18
19
20

0.01438 
0.01421 
0.01404 
0.01388 
0.01372
0.01357
0.01342
0.01327
0.01312
0.01298

0.01391 
0.01374 
0.01358
0.01342 
0.01327

0.01457 
0.01439 
0.01421 
0.01403
0.01386

0203
5.16

'h

0.01309
0.01294
0.01279
0.01264
0.01249

0.01374 
0.01356 
0.01339 
0.1323
0.01307

.Actual 
Hy­

drom­
eter 

Read­
ing

EITee. 
tin 

Otpth. 
t. on

26
n
28
29
30

22
23
24
25

'^No. 16 8W Go =0.049"

Hr the hydrometer from ihe 'on 
H>r 4 hydrometer reading, era. 
ydrometer bulb. cm.
- bulb. on', and
M|imeniation cylinder, cm' 
^Uucs in Table 2 arc as follow 
Ht I52H:

Il .000 
f 1.031

0.01253 
0.01239 
0.01255 
0.01212 

0.0121? . 0.01199

calculated from the equatxa 
Wct - (1'17.4)1

lipg/litre
H> g/litrc

Punch 
0.203" iO-00'

T.ABLE 3 Values Ot K for C.e in E,.»tinn foe CtKnpuring DUtnetee of Particle in Hydrometer .Analyih 

----------------------------------- - Specific Gravity of Soil Panicles ^Hydrometer 152 H

■ EfTec- 
live 

Depth.
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-I ADDENDUM

f Changes for Model 1000-BP

f shown below;Change the following items to read as1-10.0

—I
follows;Change paragraph to read as2-6.1

NOTE:

I

I
I
1
1 Supplement A (1000-C)October 19771

120 vac Charging cable
240 vac Charging cable
12 vdc Charging cable

1000-BP-120 
1000-BP-240 
A-500K 0107

10. 
lOA.
11.

no damage will

Connect the proper charging caoie for the voltage source available 
to the BATTERY CHARGE connector (Fig. 1-10). If the 12 vdc cable is 
used, the red lead connects 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.

the proper charging cable
BATTERY CHARGE connector (Fig.

the red lead connects to the positive (+) terminal of the

If the polarity of the 12 vdc cable is reversed, 
result but the- batteries will not be charged.
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Section 1 (1000-C)
SECTION 1

GENERAL INFORMATION

1-1. INTRODUCTION

I
d.

I
I
]l

Page 1-1

The Model lOOO-C is a complete, fully portable, lightweight (27.3 Kg-60 
• lbs) backpack mountable, borehole logging unit.

I I

5
J
I
I_J

11_J

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 radia^on, (2) Self Potential, and (3) Single Point 
Resistance. Other Nuclear Pulse counting tools available include gamma­
gamma and neutron-neutron.

The Model 1000-C, when handled reasonably .and maintained properly, 
will provide many years of reliable 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 power requirements for the Model 1000-C are provided by internal 
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 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.

requirements 
batteries

to



(1000-C)Section I
GENERAL SPECIFICATIONS1-2.0

Shipping Weight: 36.4 Kg. (80 lbs.)1-2.1
Net Weight (With 305 M of cable and backpack frame): 27.3 kg. (60 lbs.)1-2.2

= 33cm X 124.5cm x 10.2cmProbe/Accessory Case1-2.3

19” X 17”)Winch/Recorder Case = 58.4cm x 48.3cm x 43.2cm (23” X

(limited by pens): -25'’C (-13»F) to 55°C1-2.4

1-3.0 WINCH .
Cable Capacity: 305 M (1000*)1-3.1

1-3.2

I 1-3.3

step down (4:1 ratio)1-3.4

RECORDER INSTRUMENT ASSEMBLY1-4.0

I 1-4.1

I 1-4.2

pen, non-overlapping, servo-driven.1-4.3 Two

to full scale (step function in) is >vl1-4.4 Time: Time

Pens: Disposable felt tip cartridge available in red and black.1-4.5I
I Page 1-2

to• Outside diameter is 2.86 cm (1.125”).

Cable 
steel

Recorder Response 
second.

The 
M

Operating Temperature Range 
(ni’F)

J 
J 
J 
I
—I

Type: U. S. Steel type no. INlOSB (or equivalent) galvanized 
armored logging cable. Single center conductor, D. C. resistance 

approximately 24n/305M. Tensil strength is 408 Kg. (900 lbs.).

Model' 1000-C logger comes equipped with one combination probe, 305 
(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.

Servo Amplifier (Recorder): 
rectilinear recorder.

Shipping Dimensions: 
(13” X 49” X 4”)

Measuring System: Hard anodized grooved aluminum wheel. The measuring 
wheel rotates 3 1/3 revolutions per meter (3’ on English models).

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).

Hand Crank Gearing: Direct drive (1:1 ratio) or 
selected with easily remo'vable crank.

Cable Head: Tapered cone and sleeve strain relief. Cable center 
conductor is water sealed with a Mecca underwater connector. Connection 

probe is through center contact and outer screw threads (3/4 - 16).
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I Section I (1000-C)

1-4.6 Pen lifter: Both pens operate simultaneously with front panel lever.
1-4.7

I 1-4.8

I 1-4.9 Sensitivity: 100 raV. (F. S.)

I 1-5.0 GAMMA CIRCUIT
1-5.1 (50 cps full scale) to 5 Kcps/div. (50 Kcps full

1-5.2 Calibration

1-5.3

1-5.4 filter. Full scale

I 1-5.5 Correction:

V 1-5.6 Input Sensitivity: +380 mV ±10 mV.

I 1-5.7 30 vdc measuredas at

1-6.0 SELF POTENTIAL
1-6.1

1-6.2 Bias Range: 0 to 500 mV + or - as selected with POLARITY switch.I 1-6.3 2 filter. Full scale

I 1-6.4 Input Impedance: >2 megohms.

I
I Page 1-3

wide 
0.5

Internal 
with a

Temperature Coefficient (total circuit): Each unit individually aligned 
for ±0.027./'’C maximum from -25’0 to +75’C.

Source; 5.000Khz. square wave crystal oscillator 
temperature coefficient of ±0.017./’C maximum.

Time Constant: 2 pole Bessel function active 
response time is 'v7 seconds (step function in).

Ranges: 5 cps/div. ( 
scale) in 1-2-5 ratio steps.

with 1 cm X 1 cm 
Each box contains 
last 61 cm (2')

Paper: 10 
divisions 

packets

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.

Chart Drive: Bi-directional, geared (through multi-tooth clutch) to 
measuring wheel. Turned on and off with front panel shift lever.

Ranges; 2raV./div. (20raV full scale) to 100 mV/div. (iv. full scale) in 
1-2-5 ratio steps.

Downhole Power; 30 vdc ±lv at 50 ma. maximum 
the slip rings (with combination prolae connected).

Chart Paper: 10 cm wide grid Z-fold paper 
major divisions and 0.5 cm intermediate lines, 
two packets (7.6 m - 25’ each) of paper. The 
are marked with a red line on the right-hand margin.

Time Constant: 2 pole Bessel function active 
response time is -vl second (step function in).



• Section I (1000-C)

1-7.0 SINGLE POINT RESISTANCE
1-7.1

1-7.2 Displacement; 0 to 500 ohms maximum.

1-7.3 filter. Full scale

1-7.4

1-7.5 Resistance Voltmeter Input Impedance: >500 K ohms.

1-8.0 BATTERIES & BATTERY CHARGER

1-8.1 type GCW3.5SB (or equivalent) Nickel

1-8.2 Battery Rating: 1.2vdc at 3.5 Ah.

1-8.3

1-8.4

1-8.5

1-8.6 Charging time to full charge: 12 to 14 hours.

1-9.0 PROBES
1-9.1 G375/A Standard Combination Probe

I 1-9.1.1 (43.5")
sheath.

I 1-9.1.2 Weight; 2.95 Kg (6.5 lbs.).

I 1-9.1.3

1-9.1.4 20I
1-9.1.5

Page 1-4

I 
-J

J
I

J

1 Scintillation 
sodium iodide, 
sealed, aluminum mount.

Range: 2n/div. (20 ohms full scale) to lOOH/div. (1000 ohms full scale) 
in 1-2-5 ratio steps.

Battery Charger Input: 12 to 14 vdc at 1.0 A maximum, 120’vac‘at 0.10 A 
max., and 220 vac at 0.05 A maximum (A. C. input is 50 to 400 hzJ).

h • / ■ -s .

Battery Charger Output: Dual, constant current outputs. 350 mA’each.

Power Requirement: 20 vdc (at cable head) minimum at 35 mA. Maximum 
voltage in is 30 vdc, 24 volts is nominal.

Dimensions: 1.1 m (43.5") long by 3.18 cm (1.25") maximum outside 
diameter including neoprene insulating sheath. The stainless steel 
housing is 2.86 cm (1.125") diameter.

Time Constant: 2 pole Bessel function active 
response time is /vl second (step function in).

Current Generator Output: Constant current (varies with range switch 
setting--20mA max.) at 25 hz to 30 hz (selected by internal switch).

Crystal: 38.1mm (1.50") long by 12.7mra (0.5") diameter 
thallum activated scintillation crystal in ruggedized.

Battery Life; 8 hours continuous operation minimum. Varies with log(s) 
being run. Maximum drain is during SP-R log.

Battery Type: General Electric 
Cadmium batteries (10 each).

Construction: Stainless steel (type 303) housing with lead electrode 
for SP and R logs. 0-ring sealed at all joints.
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1-9.1.6

1 microsecond wide positive pulse superimposed on the1-9.1.7

1-9.1.8 Deadtime: Constant 5.0 microseconds.

G375/A-1.0 1" 0^. Combination Probe1-9.2
2.54cm1-9.2.1

1-9.2.2 Weight 2.7 Kg (6 lbs.).

All other characteristics are the same as Model G375/A.

G375/AS Stratigraphic Combination Probe1-9.3

1-9.3.1I
1-9.3.2 Weight: 4.4 Kg (9.7 lbs.).

I 1-9.3.3

lI All other characteristics are the same as Model G375/A.

I

•fl

Page 1-5

Electrical 
mechanical 
positive.

Output: 
positive

be 
R logs.

center 
cable

spring 
head.

-5 I at

J"
IJ
I

I

I
—I

il
I
I
il

6.5v 
supply line (center conductor).

Scintillation Crystal: 76.2mra (3.0") long by 22.2 ram (0.875") diameter 
sodium iodide, thalium activated scintillation crystal in ruggedized, 
sealed aluminum mount.

1-9.1.9 K-factor: Average K-factor at 10 cm intervals is 4.8 x 10 
0.5' intervals).

.6
1-9.2.3 K-factor: Average K-factor at 10 cm intervals is 5.2 x 10 (2.6 x 10 

0.5’ intervals).

loaded contact and
Center contact is

Connection: Insulated 
threaded attachment to

Dimensions: 1.1m (43.5") long by 2.54cra (1.0") outside diameter 
stainless steel housing (for very small diameter holes). The probe must 

covered with a neoprene sheath or electrical tape to run the SP and

Dimensions: 1.02m (40.2") long by 41.1 cm (1.62") maximum outside 
diameter including neoprene sheath (housing is 38.1cm (1.50") diameter.

"^2.5 X 10'\t



Section I (1000-C)I 1-10.0 CONSUMABLES AND SPARE PARTS

Item Description Part No. Quantity*

I
1
1

2-115I
G375/A

components

*NOTE;

Page 1-6

G375A-1.0
G375/AS
G375F/A

BP-10 
120-430 
130-430 
130-430 
R-3324 
RB-1.875 
B-500K 0125

2458-1 
A-500K 0124 
B-500K 0108 
B-2000 0108 
B-2000 0107

1.
2.
3.
h.
5.
(i.

1.
Z.
9.

10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24.
25.

Chart Paper
Pen Cartridge-Black (Center Nib, long) 
Pen Cartridge-Black (Nib on Right', long) 
Pen Cartridge-Red (Offset Right', long) 
Adjustment Screwdriver 
Rubber Cable Wiper Balls 
Surface Electrode Assembly 
Mecca Sockets 
Mecca Boot
A. C. Charging Cable 
12vdc Charging Cable 
Cablehead Protector Cap 
Probe Top Protector Plug 
Hand Crank for Winch 
O-Ring (for cable head) 
Nylon Accessory Storage Bag 
Recorder Protective Cover 
Operation and Maintenance Manual (lOOO-C) 
Winch-Recorder Shipping Case 
Probe-Accessory Shipping Case 
Standard Combination Probe 
Backpack Frame 
1" O.D. Combination Probe 
Stratigraphic Combination Probe 
Filtered Combination Probe

3 Boxes
5 Each 
5 Each
5 Each
1 Each
2 Each 
1 Each
3 Each 
1 Each
1 Each 
1 Each
1 Each 
1 Each
1 Each 
1 Each
1 Each 
1 Each
1 Each 
1 Each
1 Each 
1 Each 
Optional 
Optional 
Optional 
Optional

This quantity refers to the number of pieces shipped with each unit 
initially.

?I

’I

When logging in extremely remote areas, you may wish to consult Mount Sopris 
for a list of spare parts (including both electronic and mechanical 
to allow repairs to be made in the field.



Section II (1000-C)

SECTION II

OPERATING INSTRUCTIONS

Incoming Inspection2-1.0
The

i
A quick incoming test may be performed as follows:
Chart Drive and Depth Measuring System2-1.1

I

Recorder-Instrument Circuitry2-1.2

I
I
I cps

71 as

the to

•i

Page 2-1

CHART DRIVE 
If

(fig.
(fig.

zero.
to 
to

the LOG SELECTOR to POWER OFF and set the 
POLARITY switch (fig. 1-5) to 'M-”, 

zero, MV/DIV. switch (fig. 1-4) to 10, 
10, and resistance DISPLACEMENT control

-J

J

SP-R. The left pen (SP) will read near the 
the right pen (R) reads up scale about 8 cm. If the

"TiI
I

Shift the CHART DRIVE lever (fig. 1-13) to CW. CAUTION: do not force 
the lever. If necessary, .. rotate I— ---- 
slightly v4»ile pushing the 
odometer (, 
position of 
WHEEL (fig. 
will 
on

the CHART ADVANCE wheel (fig. 1-22)
■  ' • - CHART DRIVE lever to ON. Reset the DEPTH

(fig. 1-12) to zero with the RESET wheel (fig. 1-11) Note -the 
one of the pens on the chart, and rotate the MEASURING 
1-23) counterclockwise exactly 10 revolutions. The chart 

move 3 cm and the DEPTH odometer will read 9997.0 meters (9991.0' 
English models). Rotating the MEASURING WHEEL clockwise exactly 10 

revolutions brings the chart and DEPTH odometer back to zero.

Turn 
indicated: 

1-6) 
1-7)

combination probes to the cable head as shown in 
the surface electrode to the front panel connector 

short this electrode to the electrode on the probe 
Turn the CPS/DIV. switch (fig. 1-1) to CAL, gamma DISPLACE- 

(fig. 1-3) to zero, and the LOG SELECTOR (fig. 1-9) toy . 
pen will go completely off scale to the right, 

pen will sJLowly go to full 
left ZERO

Turn the LOG SELECTOR 
left margin, and 
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.

one of the 
Connect 

1-10) and 
4). 
switch 

right-hand 
the left 

the 
(fig.

Connect
figure 4.
(fig.
(fig. 
MENT

• The right-hand pen will go completely off scale to the 
and the left pen will sJLowly go to full scale ( n/? seconds). 
Depress the left 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, 
following controls 
BIAS control

Jl/DIV. switch 
(fig. 1-8) to

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.
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2-1.3 Storage

logger

I
I

Page 2-2

the resistance DISPLACEMENT control clockwise causes the R pen 
down scale.

Turning 
to go

_■ I a full charge (IZ co 
re-charged (at least 8 hours) every

' -30 p-., ^11 
protective covers should be in place and the units stored in their 
shipping containers. The batteries should be given 
14 hrs.) prior to storage and 
six months.

I 
I
J 
f 
f

I 
-fl
I

The logger should be stored in a temperate, dry area if possible. The 
temperature range for storage is -40° C (-40° F) to 70° C (l58' 

in I

Should any of the aforementioned tests fail, check to see if the LOW 
BATTERY indicator (fig. 1-14) is on (LOG SELECIOR on "x 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 
flash as the LOG SELECTOR is switched from POWER OFF to nr or SP-R.



Section II (1000-C)

OPERATING CONTROLS2-2.0

FunctionControl

CPS/DIV:1.

CAL.:2. Gamma

3. DISPLACEMENT:Gamma

I 4. MV/DIV.:

BIAS POLARITY:5.I
6. BIAS:

/DIV.;1, range

I
Resistance DISPLACEMENT:8.

•n

ri Page 2-3

Refer to 
Fig. 1

Selects the polarity of the bias signal 
fed to the SP circuit.

be 
is

I

s'

position, 
cillator 
the 
to

Controls the number of ohms and R pen is 
displaced to the left. The range is 0 to 
500 ohms.

#

Resistance 
number 
recorded, 
to be the

Displaces the ganina pen down scale (to 
the left). The amount of displacement 'is 
equal to the CPS/DIV. switch setting 
(lOO/div. maximum) multiplied by the 
gamma DISPLACEMENT switch setting i.e., 
if the CPS/DIV. switch is on 20 and 
the DISPLACEMENT switch is on 15, the 
pen is 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 (1cm) 
to be recorded. Full scale for the SP 
pen is assumed to be at the center 
of the chart.

20 turn screwdriver adjustment to set 
the gamma pen on full scale with the 
CPS/DIV. switch in the CAL. position.

switch. Selects the 
of ohms per division (1cm) to be 

Zero for the R pen is assumed 
center of the chart; full 

scale is the right-hand margin.

Controls the amount of bias signal fed 
to the SP circuit. The BIAS range is 0 
to 500 mv.

Gamma range switch, selects the number 
of counts per second per division (1cm) 
to be recorded on the chart. In the CAL. 

the internal calibration os- 
is connected to the input of 

gamma circuitry and causes the pen 
go full scale (right-hand margin).
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FunctionControl
LOG SELECTOR:9.

I
10.I

J Allows resetting DEPTH odometer to zero.11. RESET:

12. DEPTH:

I
. 13. CHART DRIVE:I

14. LOW BATTERY:

ZERO control:15 & 18.I right pen is the center

16. 19. ZERO button:&

17. 20. SERVO GAIN:&

and lowers both21. PEN LIFTER:

! 22. CHART ADVANCE:

Page 2-4

Mechanically raises 
pens.

Controls 
selects 
switch 1 
charging.

A connector which provides con­
fer

Refer to
Fig, 1

Displays the amount of cable which has 
been spooled off the winch drum from the 
time the odometer was reset.

When depressed, it shorts the input of 
the associated servo amplifier to ground 
(causing the pen to read zero).

BATTERY CHARGE-SURFACE ELECTRODE: 
nections for all battery charging and 
the surface electrode.

Thumbwheel to manually move the chart.
CAUTION: The CHART DRIVE must be OFF.

Adjusts the amount of gain in the 
feedback loop of the servo amplifier.

Indicator will come on when batteries 
are low. A maximum of one hour of use 
remains after the indicator comes on.

i the power to all circuitry and 
gamma or SP-R operation. This 

must be in POWER OFF to allow

Adjusts associated pen to zero. Zero for 
the left pen is the left-hand margin; 
zero for the 
of the chart.

Controls multi-tooth clutch to engage, 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 line up a multi­
tooth clutch) while pushing the lever to 
ON.
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Replacing Chart Paper & Pens2-3.0

Loading Chart Paper (refer to figure 3)2-3.1

I
the side door.

fl
Do not attempt to completely

I
I

magazine.

g CAUTION:

2-3.3 Pens (Refer to Fig.l)g

Page 2-7-A

The bottom end of the paper holder remains inside the recorder and 
around the rear sprocket roller, 
remove paper holder from recorder.

It may be easier, but not necessary, to remove chart pens before 
loading recorder with new chart paper.

end of the paper holder.
roller until it catches on sprockets, 
rotated in a counter-clockwise direction, 
hold the pens up to clear the paper holder, 
then snap into place.

Use thumb wheel to feed chart paper through recorder and into take-up 
Make note of which way chart paper unfolds, so that you 

can get paper refolding into original position.

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.

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

Maneuver paper holder down over the front 
The thumb wheel may then be 

It may be necessary to 
The paper holder will

Take care not to bend the paper holder. The stretching required 
for the paper holder to snap on and off 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.

Shift the CHART DRIVE lever (refer to figure 1) to "OFF" and open 
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 lift 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.
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Borehole2-4.0 Logging a

INTRODUCTION

2-4.1

>

going9

2-4.2

2-4.3 shown in

2-4.4 the

I Page 2-9

Release 
enough

J

9
rJ

1 ■

J 
I 

.J

I
; J 

9
J
9

The 
borehole, 
bottom of 
then lowered a second time to log SP and R.

charging cable, spare pens (in both styles and 
crank, probe(s), < . ,

couple of meters of cable to give you . 
the probe and set up the tripod as

The 
accurate, 
maximum use 

each

wi thin 
control 
control 
the 
move 
will

intended as a 
trip method.

a relatively clean, dryClear the area around the borehole to give you 
place to work.

■ ’ have
make the unit as level as possible.

following list is intended as a guideline to log a typical 
using the two trip method. (The probe is lowered to the 
the hole and Gamma is logged while coming out; the probe is

the BRAKE and unspool a 
slack co connect (

figure 2.
Place the logger on the borehole. Depending on the site, you may 
to use scrap lumber, rocks, etc. co i-----  ----

SP 
the

 move — —sample of a good log is illustrated in figure 5A and
All three logs (Gamma, SP and R) can be run in one trip in the borehole 
by logging SP and R down, and Gamma on 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 backx^ards 
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 and 
colors), the winch crank, probe(s), extra chart paper, cable wiper 
balls, mud electrode. Gamma calibration screwdriver, electrical tape, 
and silicone grease (for 0-Ring on cable head).

main objective for the operator of a logging unit is to produce an 
informative, and easy-to-read log. This means the pens make 
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 is 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 pens 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 

a meter or so) the pens must be separated, using the SP BIAS 
and/or R DISPLACEMENT control. Turning the R DISPLACEMENT 
clockwise will cause the R pen to move to the left. Turning 
BIAS control clockwise, with the POLARITY switch on 'M-’’, will 

SP pen to the right. With the POLARITY switch on "-•* the pen 
to the left when the SP BIAS control is turned clockwise. A 

a poor log in 5B.
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2-4.5

fromprotector2-4.6 Remove

shown in figure 4.

2-4.7 Bury

2-4.8

2-4.9

2-4.10

2-4.11

2-4.12

Page 2-10

the 
pen 

for

r
I

il

rests on 
come

To check the 
alternately check

pen rests on the left-hand margin. Release the 
will come to rest near the right-hand margin, 
full scale with the CAL. screwdriver adjustment, 

zero and then full scale to

11

■
J
I

protector
amount .

the cable head HAND TIGHT ONLY—do not use wrenches. The probe must 
insulated with electrical tape as shown in figure 4.

r (refer to section II, paragraph 3) and put your 
typical log heading might contain the unit seri-al

r •

a

1

-  ‘ 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 0-ring, and screw the probe 
to 
be

and 
the . 
the ZERO button and again check for

The first 
important, 
all you 
(SP and 
pen and

Shift the 
paper in the supply

Load the chart paper 
log heading on it. A --- -- - j .unumber, probe serial number, probe K factor, type of logs run and their 
scales, hole number and location, operator’s name, and the date.

log to run is Gamma, because it- is usually considered most 
and depending on conditions in the borehole, one run may be 

can get. For clarity, the Gamma should be run with a red pen 
R in black). Remove the protective cap from the gamma 
switch the LOG SELECTOR to T . The right-hand pen will 

automatically go off scale to the right to allow full use of the chart 
for gamma.
The SERVO GAIN control (one for each channel) should be set as high as 
possible (clockwise) without having the recorder pens oscillate. If a 
recorder pen starts to oscillate, reduce the gain (counterclockwise) 
just to the point where the oscillation stops.

turn the CPS/DIV. switch to CAL.

CHART DRIVE lever to OFF. Check to see if there is enough 
magazine to log the hole.

gamma calibration, turn the CPS/DIV. switch to CAL. and 
for zero on the left-hand margin and full scale on 

the right-hand margin. Depress the left-hand ZERO button and adjust the 
ZERO control so 
button, and the 
Adjust the pen
insure 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.

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 
eood 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.
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2-4.13 Reset

I
1

2-4.14

2-4.15

2-4.16

clutch) while

2-4.17 slice for the cable to gof
2-4.18

for

2-4.19

Page 2-11

I
-■(

You 
pen, 
speed 
mated 
come out of 
cable as neat and level across the winch drum as possible.

When you hit bottom, take the slack out of the cable and set the brake. 
Move the winch crank to the 4:1 ratio shaft.

Check to be sure a good cable wiper ball is in place. If not, rotate 
the old one (or install a new ball) and cut a :---
through.

the DEPTH odometer by rotating the depth RESET wheel upward, and 
then set 
to the 
gamma log 
the center 
(See Fig. 
compensated 
be. J

chart with the CHART ADVANCE wheel so the pen will cross a 
the chart (every 1 cm) at the same time the depth 
a whole number of meters (or at 3' intervals on 

This makes reading the chart easier because each 
will be an even depth reading i.e., every meter 

273.0, 270.0, — 6.0, 3.0, 0.0 on English

If a 
the

in the distance from the top of the cable head, (ground level) 
reference point by manually rotating the measuring wheel. The 

and SP-R logs will be displaced by the distance between 
of the scintillation crystal to the center of the electrode 
4). If this distance is considered significant, it may be 
for by sliding the pens in or out slightly as the case may 

A good range for T exploration is 20 cps/DIV.

gamma anomaly is encountered, the gamma pen will go off scale to 
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 
to background. A re-run should be logged at 1 to 2 m/min (3 to 
6’/mln.). 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.

are now ready to make the first log (gamma) in the hole. Lower the 
release the brake, and begin to crank the probe back out. A good 

general logging is 4M/min. (15'/min.). This can be approxi- 
by making one revolution of the crank every 2 seconds. As you 

out of the hole, an attempt should be made to keep the

• chart (every 1 cm) at the 
whole number 
makes 
be 

. (or 
 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.

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.

Adjust the 
major division on 
odometer indicates 
English models), 
centimeter line 
273.0, 272.0, 271.0, 
models). Shift
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2-4.20

I OFF;

2-4.21

I
I

2-4.22

SP

2-4.23

2-4.25

2-4.26

Page 2-12
 

You can 
controls 
allow a 
necessary,

crank the probe back down the hole, setting the SP and R 
you go. If the pens come into contact with each other, 
seconds for them to 

the

If the pens come into contact with each other, 
for them to come back on their own, then if 
BIAS and/or the DISPLACEMENT controls. Turning 

to the left; turning 
to the right on ”+•"

reaching the top of the hole; 1. raise the pen, 2. set the brake, 
LOG SELECTOR to POWER OFF, 4. change the left pen to 

the nib on the right) and remove the protective caps from 
5. move 

to

Upon 
3. switch 
black -both pens, 5. «nove 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).

now 
as 
few 

adjust
the DISPLACEMENT control clockwise moves the R pen 
the BIAS control clockwise moves the SP pen 
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.

the zero on both pens. The SP pen zero is on the left margin and 
pen zero is at the center of the chart. The scales and 

 ■ ■ • • ; on the trip downhole. The R pen
off scale to the right until the water level is reached (when 
back on scale). >--- 
the OHMS/DIV. switch, to 

and adjusting theon the right-hand half of the chart. The MV/DIV. switch 
control are set in a similar manner; the POLARITY switch 

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.

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.

the
(wi th

pens,
LOG SELECTOR 
and

Check 
the R pen zero is at the center 
bias/displacement setting should be set 
will be <--
it comes I— 
lowering the 
fluctuations), 
fluctuations 
and BIAS 
changes

At this time you should start alternately 
make the pen more active (larger 

DISPLACEMENT control to center the
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2-5.0 Operating Precautions

I and brass contact clean and the 0-ring2-5.1

2-5.2

2-5.3
of

I 2-5.4

I 2-5.5 to as

the length of the cable, do not unspool cable2-5.6

I cable neat and evenly wound across the winch drum to prevent2-5.7

2-5.8

2-5.9 probe withI LOG SELECTOR must be in POWER OFF when changing or removing probes.2-5.10

I
I
I
I

Page 2-15

I 
I

The probe top threads and area around the center connector must be kept 
free from dirt and grit.

to 
the

DO NOT allow 
damage may 
crystal.

become stuck in the hole DO NOT force the winch. If a moderate 
pull from the winch will not free the probe a cable gripper 

jack or lever arm will be required.

Keep the cable head threads 
coated with silicone grease.

Keep the 
kinks and possible short circuits.

Do not 
cause a

If you 
amount 
and a

Handle probe with care. Avoid rapid changes in temperature and sharp 
blows, especially in a lateral direction.

freewheel to the bottom of the hole, 
photomultiplier tube and/or scintillation

allow the cable to kink. This causes premature wear, and could 
short between the center conductor and the steel armor.

the probe 
result to

In logging holes near
completely. A minimum of 5 full wraps must be kept on the winch drum.

When the CPS/DIV. switch is on 200 or above, the gamma DISPLACEMENT 
switch must be on 0 or the batteries will prematurely discharge.



I
Section II (1000-C)

2-6.0 Battery Life & Re-charging

life

I 2-6.1

I
I

IV

I
I

Page 2-16

I

I

and 
door)

I to 
the 
the 

power 
(a.c.
If

I

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 volt 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 voltage 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 negative (-). 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: If the polarity of the 12 vdc cable is reversed, no damage will 
result, but the batteries will not charge.
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J
WATER AND CASING FACTOR TABLESJ January 5, 1982

For Probe Model Numbers: G375/A, HLP—2375/ ALP—4979

TABLE 1 - WATER FACTORS1 Correction FactorHole Diameter (Inches)
1.027] 2.25

1.0994.5

1.1676.5

1.2388.5I
TABLE 2 - CASING FACTORS (4.5" dia. hole)

Correction FactorCasing Wall Thickness (Inches)

1.1960.0625
1.329i 0.125
1.5240.1875

I 1.6910.25
2.0210.375

casingandpreviousall water

I
I
I

I

I1

(Probes with 2SHA6/0.5-NaI(tl) PMT/Crystal assemblies 
and 0.065" SS wall thickness)

These tables supersede 
factor tables.
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APPENDIX F
FIELD SCREENING OF VOLATILE ORGNAICSI

I
I

I
I



I
FIELD ANALYSIS OF VOLATILE ORGANICS

Scope and Application;
soil gas.

Compounds:

I
I

*Target Compounds
I Method;

Reference: ERA Test Methods 601 and 602 with modifications
Detection Limits:

1.

I
2.

I 3.

I 4.

- 1 -

I

• Benzene
• Bromodi chloromethane
• Bromoform
• Chloroform
Chiorodi bromethane

Headspace - Gas Chromatographic/Photoionization and Hall Electrolytic 
Conductivity Detection

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 Sul of 5ug/ml non-target standards (25 ng) 
for a 1-point soil gas curve.

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).

• 1,1-Dichloroethane
• 1,2-Dichloroethane
• *1,1-Dichloroethene
• *1,2-Dichloroethene
• Ethyl benzene

• Methylene Chloride
• *Tetrachlorethene
• *Toluene
• 1,1,1-Trichloroethane
• *Trichloroethene

After the initial 3-points calibration with target headspace 
standards is done, the following 1-point calibration will be 
performed:

This method covers the determination of the following 
organic compounds in water and

Headspace (water): 1.0 - 50 ug/L; Soil Gas: 5-10 ng 
injected)

Quality Control;
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.

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%.



I
Sample Collection and Handling;

Reagents and Apparatus:
1.

2.

I 250 ml gas sampling bulbs.3.
4.I
5.

I Dual-channel Integrator/Recorder.6.
7.

I
8.

Balance - ±0.0001 g - (Cahn TA4200).9.

I Balance - ±0.01 g - (Sartorius, 1202 MP).10.
11.

12.

Septum - Teflon-faced silicone (Pierce #12722 or eguivalent). 
Detergent washed, distilled water rinsed and dried at 1O5’C 
before use.

Gas chromatograph - Vari an 3400 eguipped 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).

25 ml TC graduated cylinders.
- 2 -

30 m/L Serum type reaction vials (hypo) with teflon lined 
septa and seals.

Reagent water - organic free water or cold tap water which 
has been shown to be organic-free at the method detection 
limits.

Open screw cap 40 ml vial (Pierce #13075 or eguivalent). 
Detergent washed, distilled water rinsed and dried at 105®C 
before use.

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.

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. 
All samples should be protected from 
sunlight and transported to the field 
lab as soon as possible.



13. Constant temperature water bath - 50°C.
Volumetric flasks - assorted.14.

15. Pipettes - assorted.I Certified gas standard solutions - 200 mg/L (Supelco).16.

Standard Preparation;
1.

I
1.1

Tare the flask on the analytical balance.1.2
1.3

I 1.4

1.5

Secondary Standard Solution:

Standard Final VolumeAmount Concentration

I
Dilute to volume with methanol.

- 3 -

I

5000 ug/ml
500 ug/ml
50 ug/ml
10 ug/ml

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.

After all the reference materials are added, fill to 
volume with methanol, cap, and invert to mix.

1 ml
1 ml
1 ml
1 ml

10 ml
10 ml
10 ml
10 ml

500 ug/ml
50 ug/ml
5 ug/ml
1 ug/ml

____________________  Prepare secondary standards (target and 
non-target compounds) according to the following scheme.

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.

Determine the amount of reference material added. Rinse 
the syringe with methanol, tare the flask, and add the 
next standard.

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.



Calibration:
Water Samples (Headspace):

Prepare working

I
Secondary Standard Amount Final Volume Cocentration

I

2.0 Cali baration Procedure
2.1 Target Headspace Standards

2.1.1

Allow time for equilibration of temperature (102.1.2

2.1.3

2.1.4

I 2.1.5

- 4 -

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.

500 ug/ml
50 ug/ml
50 ug/ml
10 ug/ml

20 ul
40 ul
20 ul
20 ul

200 ml
200 ml
200 ml
200 ml

50 ug/1
10 ug/1
5 ug/1

1 ug/1

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.

1.0 Working Headspace Calibration Standards:
calibaration standards (target and non-target compounds) according 
to the following scheme:

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.

Remove and discard 10 ml from a freshly prepared 
standard and place the vial now having 10 ml of 
headspace in a 5O’C water bath insuring the water level 
in the bath is sufficient to equal the water level in 
the vial.

Fill a 200 ml volumetric flask with reagent water to the mark. 
Directly inject the secondary standards into the water with an 
appropriate microliter syringe.



Non-Target Headspace Standards2.2

Soil Gas Samples:I prepare working soil gas1.0
to the following

Final VolumeSecondary Standard Amount Concentration

I Dilute to volume with methanol
Calibration Procedures:2.0
2.1

I

I
Sample Analysis

Water Samples:1.0
1.1 Remove

I 1.2

I 1.3

- 5 -I
I

500 ug/ml
50 ug/ml
10 ug/ml

Run a 1-point, 50 ug/L headspace standard of non-target 
compounds.

Water samples are received in 40 ml VOC vials.
10 ml of the sample from the vial.
The vials are placed in a 50®C water bath and allowed 
to equilibrate for 10 minutes.
Remove 5 ml of headspace for injection into the gas 
chromatograph.

1 ml
2 ml
5 ml

10 ml
10 ml
10 ml

50 ug/ml
10 ug/ml
5 ug/ml'

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.

Working Soil Gas Calibration Standards: 
calibration standards (target and non-target compounds) according 

scheme:

Inject 5.0 uL of each of the working standard solutions into 
the gas chromatograph.



I
1.4

Soil Gas Samples:2.0

2.1

2.2

I
2.3

I
I Chromatographic Conditions

Column:

I
Carrier Gas

Detectors (in series)
Photoionization 10.2eV1.

I Hall 700A2.

I
I

Injector

I Temperature - 22O’C
- 6 -

I

8 ft X 1/8 inch stainless steel, packed with 1% SP-1000 
on Carbopack B (60/80 mesh).

Helium - Ultra High Purity Grade (Linde) 
35 mL/min

Sensitivity - Range 11 x Attenuation 8
Temperature - 240®C

Mode - Halogen
Reactor Temperature - 1000®C
Solvent Flow - 0.8 mL/min Methanol
Hydrogen Flow - 60 mL/min

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.

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 of headspace can be taken from a 
freshly prepared sample.

Soil gas samples will be received in 250 mL glass 
bulbs. When received, they are allowed to equilibrate 
to the ambient air temperature.



I
I Oven*

I
I
I

Target Headspace
Calculations;

1.I
2.

3.

I ug/L = A X DF

I other VOC Headspace Calculations:
1.

I 2.

I X C(std) X DF

where:

- 7 -

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:

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.

A = Amount of compound found in the analysis in ug/L 
\ DF = Dilution factor.

where: i
(from linear regression).

ug/L = R(samp) 
R(std)

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.

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



I
Soil Gas Bulb Calculations;

I 1.

I 2.

I
where:

Data Reporting:
1. standards conditions, and notes will be recorded

I 2.

I 3.

I 4.

[jpl-600-22b]
- 8 -

I

I

All results, 
in a bound field notebook.
All data generated by field G.C. will be considered as 
tentatively identified, with all concentrations being 
estimated.

ng/L = R(samp) x nq(std) x DF x 1000 
R(std) X VL

Calculate the concentration of each parameter found in the 
samples using the following equation.

R(samp)‘ = Response of parameter in sample 
R(std) = Response of parameter in standard 

■9 grams) of standard injected 
= Volume of aliquot taken from bulb (in ml) 
= Dilution factor

Review of the chromatograms and data reports for each 
analysis. Check for gross errors such as incomplete data 
reports because of faulty integration.

Analysis will be rejected for re-analyzed if:
- duplicates are outside the 15% acceptable range.
- continuing calibration varies greater than 30% of 

true value.

R(samp
R(std) 
ng(std) = ng (10
VL 
DF

All 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).



I
TABLE 1

I
I Mean (I)ReplicatesCocppund

I

I
I
I
I

(

I
I
I

I

Toivene 
ljl-01 chloroethene

7
7
1
1
1

o.tos 
0.364 
O.J3i 
0.294 
0.310

Standard 
Deviation

0.65 ugZL 
1.14 ug/L 
1,04 uy/L 
0.92 ug/L
0,97 ug/L

FGCl-9
i \

I

e.49
2.52 
2.ue 
1.64
2.38

Trans-1,2-0ich 1oroethene
Trichloroethene
Tetrachloroethene

  . A of EPA Test Methods for 
Organic'chemicil*Ani'lys'is of Municipal and Industrial Wastewater.

(1) Mean value for spike at 3 ug/L.
(2) Xalculated D.L. according to Appendix

Target Detection Limits 
for Uaur

Method ,
Detection Limit(2)



table 2I

He action Li wit

I
I s'; <

I
I
I

-.•.viu:

I
I
I
I

I-

I
I 1

FGCl-10

■ I".-

Replicates

3
3
3
3
3
3
3

, , J
3

., 3

I Cont).oun^

Benzene 
£thyi Mwne 
13 J-TrKhloroethenc
1.1- Oi 
Chloroform 
Hethyltne Chloride
1.2- 0ichioroethane 
BrowOdi Chi oroow thane 
Chlorodi bron^ome thane 
Bro»ofon« .

2.0 ug/L t.O ufl/L 
1.0 ug/L 
l.O ug/L 2.0 ug/t 
6.0 ug/L 5.0 ug/L 
8.6 ug/L

25 ug/L 
60 ug/L

Other VOC’s Detection Li«i»‘ 
for W*ter



TABLE 3I Soil C«J OflteCTion Li«5tc

Detection Limit.(ng) (I)Mean (ng)ReplicatesCompound

I
I

total nanograms ln>ct«d'into G.C. column.(1) Detection limit is

I

I
I

I
I r

FGCl-ll

I

Standard 
Deviation

0.044 
0.086 
0,021 
0.032 
0.219 
OJ47 
0.085 
0.301 
0.216 
0,132 
0.788 
0.099 
0.093 
0.180 
0.118

3 
3
3 
3
3 
3
3 
3 
3 
3
3 
3 
3 
3
3

4.16 
S.06 
4.95 
4,91 
4.21

. 3.90
7,57 
6.08 
3.99 
4.02 
3.65
2.92 
4.92 
8.77 
8.95

5.0 
5.0 
5.0 
5.0 
5.0
5.0 
5.0 
5.0 
5.0 
5.0
5.0 
6.0 
5.0 

10,0 
10.0

I

Toluene
1.1- Oichlordetnene 
Tr8ns-l,2-0ichloro«thene 
Trichloroetbene 
Tetrachloroethene
1.1.1- Trlchloroethane 
Benzene 
Ethyl Benzene

■ 1,1-0 i chloroethane
■ Chloroform 

Mathylene Chloride 
1,2-Oichloroetbane 
Bromodi ch 1 oroinethane 
Chlorodibromomethane 
Bromoform



•J»

I
TABLE 4

Voletlle RcUnTlon OrderI
Photo Ionization OeteetorI Retention TimeParameter

I

Han Detector

Retention TimeParafneter

I

I

FGCl-12

3.26
4.29
4.77
5.04
6.21
5.49
6.12
6.40
7.29
7.58
8.76
9.91

4.24
4.98
7.23
7.39
9.86

10.81
13.84

.l-Dichloroethene 
'Aranj-1,2-Di chloroethene 
\/r richloroethcne

Benzene
'/Tetra chloroethene 
'/Toluene

Ethyl Benzene

Methylene chloride 
“<1 .l-bichloroethene

1.1- Oichlorothane 
vTrans-1,2-Oichloroethene

Chloroform
1.2- Oichloroethane 
l.l.l-Trichloroethane 
Bromodichloromethane

/Trichloroethene
Chlorodibromomethane 
Bromoform

/ Tttrachloroothene



P I D de tec torNon-tarqeted compounds

CH . 1 c H ij ,M 1 7

1

I 7 .25
S .2-5

I 13.87r
I

0-2080 07/29/87 08:29
METHOD: P I D THE: 34 Ch: 1
FILE: C H L C - M E T H! j 0 : E/T-STD TABLE: CONC: hPEA11

NAME

benz'ene- ■

c ' H B t H
• 5 9 8 9 8 159

I
FGCl -1 5

■? i j
810

47354
30138
1234 

d 0 1 2 2

AO .
i
2
3
4
5
8
I
9

10
1 1
12 

total

AREA 
2463 

29535
4 0 8 0 
13 98 
23 70

BC 
BS 
60 
ijl.i 
0 e 
BB 
AS 
SB 
BB 
BO 
OR 
BB 
8 8

ti

rt
1 .27
2 .43
3 .25
3 .52
5 .08
5 .72
8 .04
8.38
7 .25
7 .52
8 .25

1 3 .87

COHO 
0 .002 
0 .029 
0 .00 4 
0.00 1 
0 .002 
0 .000 
0 .000 
0 .000 
0 .04 7 
0 .030 
0 .00 1 
0.040

0 7 ■ 7 2/27



PIDNon-targeted compounds detector

5 . y Q hTT OPP S O'-: p/3 7 0 3 : 2

■i-

7 .25/ .52A 3 .25

I
13.37r

O-2yyy 07/29/37 03: 24

METHOD: P I D TOO: 4 Ch I

FILE: CklC-HETHOD: EXT-STD TABLE CONC:1 APEh1

NAPlE

BENZ.'FNE'

E ■ H E: E H
159393 0 .2 59

I

FGCl-q 5

r-1 0 
47354 
30 1 33 
1234 

“019 9

0 
0 
0 
•J

0 
0 
0 
0
0 
0 
0

3 
q

IO
11
12 

total

AREA
2433

29535
4030
1 3 93
2 3 7 0

HO .
I
2
3
4
5
3

BC 
BS 
BO 
0 0 
OB 
BB 
B B
BB 
BB 
BO 
OB 
BB 
BB

COHC 
.002 
.029 
.004 
.001 
'002 
. 0 0 0 
.000 
.000 
.047 
.030 
.001 
. 0 “ 0

5 -03

CH. 1

RT
1 .2?
2 .43
3 .25
3 .52
5 .03
5 .72
3 .04
3 .33
7 .25
7 .52
3 .25

’ z- .37



I PID detectorN0n-targeted compounds

I CH . C -S 5 .AC HTT H !- 1= S I A li A : 21 4

I 7

I
7 .25

8 .25

I 15.87r
I

0-2AyA A7/29/S7 ah: 24

I I'lETHOD: P I 0 “PC: 5 4 Ch: 4

FILE: C H L C - f'1 E T H! j 0 : EXT-STQ TABLE: 1 CONC: HPEH •1

riHiiE

I be.nz‘ene-'

I E ’ H B E N

1 5 9 8 9 8 A .159

I FGCl -15

8 1 A 
4 7 5 5 4 
58158 
1254 
A 1 2 c

1
2
5

hREh
2465

2 95 55
4 A 8 8 
15 98 
257A 
182

uu 
•.'B 
BB 
PS 
SB 
BB 
PC 
86 
BB 
PS

BC
BS

NO .
1
2
5
4
5
6
7

8
9

18
1 1
12

total

RT
2 7 
4 5 
25 
52 
88 
7'' 
84
3 8 
25 
52

CONC 
8 .882 
A .329 -■ SA 
8 .884 
8.881 
A ^882 
8 .888 
8 .888 
A .888 
8.847 
8 .858 
8.881 
8 .8-^8

5
5
6
6
-7
7

P .25
13 .87

.5 -83
■4 ■ t :3.8



r
I

Non-targeted, compounds Hall detector

7 ye : 2-3CH . 2 C .S

E 3 .29
5 .1 2’

6.4 1I 7 .39
S .77

■ y .19

I
D-2yy0 y 7 / 2 9 ■■■■■ 9 7 08:24
METHOD: HhlL ! H H: 39 Ch : 2
FILE: CALC-H6TH00: tXT-STD TARLF: 2 COHC: AREA1

N A rl E-

I
3193351 3 . i<3

I FGCl-16

5 .yy ATT 
f-----

0 .05

NO . 
•> 
3 
3 
9 

10 
1 1 
12 
13 
14 
15 

TOTAL

AC 
AH 
UA 
AR 
AU 
HH
HI!
i.l I..I 
y A 
A A 
A A

c owe 
A .0 38 
y .029 
0 .489 
y -390 
0 .53 7 
0 .474 
0 .4'4 
0 .34 8 
0 -231 
0 . ' ■ 7

c 
r

area 
38839 
29 7 2 0 

48942A 
390539 
537809 
474154 
474926 
3485 ; 6 
231536 
I 7 7 8 8 r,

4 ,67 
'■^^.99

PT
0.12
0.19
3 .29 NEC!.2
4.67 liDCA
5.12 CHCL3
5.41 12DCA
5 .99 11 ITCA 
6.4! 6 A C 2 y 
7 .59 CL5A2y 
8.77 S A 0 fl 0

0 F A 9 10
■0-19 0.12



I

I
APPENDIX G

VOC - WARZYN STANDARD OPERATING PROCEDUREI

I
I

I
I
I
I WARZYN



PURGEABLE HALOCARBONS AND AROMATICS
Scope and Application: in water and soils:
Compounds:

I

Second column confirmation is performed upon client request.Note:
Purge and Trap - Gas Chromatography.Method:

Reference:

I
Detection Limits:

Quality Control:I 1.

I

I
PURHARl-1

Acetone*
Benzene
Bromodi chloromethane
Bromoform
Bromomethane
Carbon tetrachloride
Chlorobenzene
Chloroethane
2-Chloroethylvinyl ether
Chloroform
Chloromethane

• Vinyl chloride and Dichlorodifluoromethane
• cis-1,3-Dichloropropene, 1,1,2-Trichloroethane and Chlorodi bromomethane
• Tetrachloroethene and 1,1,2,2-Tetrachloroethane

Ethyl benzene
Methylene chloride
1,1,2,2-Tetrachloroethane 
Tetra chloroethene
Tetra hydrofuran (THE)* 
Toluene
1.1.1- Tri chioroethane
1.1.2- Trichloroethane 
Trichloroethene
T ri chiorof1uorometha ne* 
Vinyl chloride

The following sets of compounds are known not to be resolved on the 12 SP 1000 
column and will be reported as the sum of the unresolved set.

"Methods for Organic Chemical Analysis of Municipal and Industrial 
Wastewater", July, 1982, Mthods 601, Purgeable Halocarbons, and 
602, Purgeable Aromatics

This method covers the determination of the 
following 35 organic compounds

Di bromochloromethane
1.2- Di chlorobenzene
1.3- Dichlorobenzene
1.4- Dichlorobenzene 
Dichlorodifluoromethane
1.1- Dichioroethane
1.2- Dichioroethane
1.1- Di chloroethene
1.2- Dichloroethene
1.2- Di chioropropane 
cis-l,3-Dichloropropene 
trans-1,3-Dichloropropene Xylenes

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 152 
of the original standards or a new standard curve must be prepared 
and samples since the last check standard, reanalyzed.

Waters 1.0 - 20 ug/L (See Table 4)
Low Level Soils - 10-200 ug/kg
Medium/High Level Soils - 50-20000 ug/kg

* Analyzed upon request.



I
2.

3.

4.

5.

Optimum Range: Up to 1,000 times the detection limit.

Sample Collection, Preservation and Handling:

I
Reagents and Apparatus:

Detergent1.

2.

3.

4. Purge tubes - 5 ml and 25 ml frittedI 5.

I PURHARl-2

Table 4 presents verification of method detection limits calculated 
from seven control spikes at 5 times the detection limits.

Open screw cap 40 ml vial (Pierce #13075 or equivalent), 
wash, deionized water rinse and dry at 105°C before use.
Septum - Teflon-faced silicone (Pierce # 12722 or equivalent).
Detergent wash, deionized water rinse and dry at 105“C before use.

Gas chromatograph - Varian 3400 equipped with a PID and Hall 
detectors in series.

Purge and trap device - Tekmar LSC-2 equipped with ALS multiple 
sampler option.

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 HCl. Samples should be refrigerated at 4°C and analyzed within 
14 days of collection.

A minimum of 102 duplicate and 102 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 152 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.

Surrogate compounds 2-bromo-l-chloropropane for the halocarbons 
<<,o<,oC-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.

New stock standards should be prepared monthly. New secondary 
standards should be prepared weekly. New working standards should 
be prepared daily.



I

6.I
7. n-octane

8. Glass Syringes:

I
9. Balance - + 0.0001 g - (Cahn TA4200)

10. Balance - + 0.01 g - (Sartorius, 1202 MP)
11. Reagent water - organic free water or cold tap water which has

12.

Stainless steel tubes - 1/16" x 3" and 1/16" x 6"13.

I 14. 3 - 1/16" connectors
15. 1/16" Teflon tubing - 2 pieces 2 - 3 ft.

16. Stirring hot plate

17. Ring stand with clamps

18. Stir bars - 3/8" - 1/2" teflon coated

I 19. Beakers - assorted

20. Volumetric flasks - assorted
21. Pipettes - assorted

Reagent Preparation:

1.

I
I 1.1 Add about 20 ml of methanol to a 25 ml volumetric flask.

PURHARl-3

2-chloroethylvinyl ether are prepared at 100 g/L; 1,2-DCB, 

Correction for purities of less than 99% should'”be

the flask to stand unstoppered until the methanol 
of the flask has dried.

Allow 
on the neck

5 ml Leurlock tip 
1 ml Hamilton 
100 uL Hamilton 
10 uL Hamilton

Column 2 - 8 ft. x 1/8 inch stainless steel packed with 
on Porasil - C (100/120 mesh) for confirmation.

Column 1 - 8 ft. x 1/8 inch stainless steel, packed with 1% 
SP-1000 on Carbopack B (60/80 mesh).

been shown to be organic-free at the method detection limits.

Methanol - B & J Brand

Stock SUndard Solution: The stock standard solution is prepared at 
5000 mg/L 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.



1.2 Tare the flask on the analytical balance.

1.3

1.4

1.5

I 2. The stock gas standard (200 ug/mL of chloromethane, bromomethane.

3. Working Standard Solutions:
3.1

4. Surrogate Standard Solution:

4.1

4.2

I 4.3

Procedures:
Waters:
1.

2. Set the LSC-2 for the following cycle:I
I
I PURHARl-4

Purge - 8 minutes
Desorb - 4 minutes at 180“C
Bake - 8 minutes at 18O’C
Transfer lines - 100°C

After all the reference materials are added, fill to volume 
with methanol and invert to mix.

Prepare a secondary standard mix at 500 ug/mL by diluting 1 ml 
of the stock standard to 10 ml with methanol.

Dilute to obtain a final surrogate standard concentration of 
25.0 ug/mL.

2-Bromo-l-chloropropane ando< ,otp<-trifluorotoluene are used 
as the surrogate standards.

3.2 Prepare working standards at 1.0, 10.0, 25.0, and 50.0 ug/mL 
from the secondary standard.

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.

3.3. Prepare working gas standards at 1.0 to 25 ug/mL from the 
purchased solution.

vinyl chloride and chloroethane prepared in methanol) is purchased 
as a certified solution in sealed ampules.

The stock surrogate standard is prepared the same as steps 
1.1-1.5 above.

Determine the amount of reference material added and tare the 
flask. Rinse the syringe with methanol and add the next 
standard.

Adjust the purge flow rate on the LSC-2 Automatic Liquid Sampler 
(ALS) to 40 mL/min. (Attach a bubble meter to a sample line on the 
ALS autosampler and adjust the purge pressure and purge flow controllers 
as needed).



I
3.

I
4.

I
5.

6.

7.

I
Low Soils:

1.

I 2.

I
I 3.

Heat the bath to
60“C.

4.

Cap and insert

Place

I 5.
(Back pressure

I 6. vial containing a stir
AddI

PURHARl-5

Attach syringe to the syringe valve on the purging device, 
the valve and inject the sample into the purging chamber, 
the syringe valve on the purging device.

bar stirs smoothly, 
on the LSC-2.

Open
Close

When analysis is completed remove the purge tube from the ALS 
empty the contents, flush with DI water and rinse with reagent 
water.

Continue filling the remaining purge vessels of the ALS auto sampler 
using the same technique as above. Make sure to add 5 uL of the 
surrogate to samples and blanks.

When purging is completed remove the probes and place them in an 
empty 40 mL VOC vial until the next analysis, 
causes the sample to flow back into the purge line.)

The LSC-2 and ALS purge and trap parameters are the same as for the 
water samples.

Index the ALS to the sample number before the first sample, then 
advance the switch to auto to begin purging.

For samples, weigh out 5.0 g into a 40 mL VOC 
bar. Add 5.0 mL of reagent water and 5 uL of the surrogate mix. 
Cap and place probes in the vial and continue in the same manner 
as in step #4 above.

Set up a water bath by placing a 150 or 250 mL beaker half 
full of water on a stirring hot plate.

A ring stand with clamps will hold the modified purge 
vessel (40 mL VOC vial) in the water bath.

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.

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.

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, 
the 6" purge probe through the septum to the bottom of the vial. 
Insert the 3" sample probe through the septum about 1 inch, 
the vial in the water bath and adjust the height so that the stir 

Start the purge cycle by advancing to start



I
7.

I
8. See Table 3 for Q.C. limits for spike recoveries.I Medium/High Soils:

I 1. Weigh out 5.0 g of sample in a 20xl50mm 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.

I 4.

5. Place the tubes in a centrifuge for 2 min atI 1200 rpm's.

6.

I 7.

8.

★ Note:

I
I Notes:

1. or

I 2.

PURHARl-6

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.

Purge tubes should be acid cleaned periodically when lime 
other deposits become evident.

Proceed with analysis, (loading, timing, etc) as stated for water 
samples.*

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.

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.

Remove the tubes from the centrifuge and transfer a portion of 
the methanol layer into a small vial with a disposable pipet.

Stir bars should be cleaned with hot water and soap, rinsed 
with DI water then rinsed with methanol.

Cap with a teflon lined screw cap and mix the sample gently for 
1 minute.

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 oil, 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:



I
3.

I 4.

I Gas Chromatographic Conditions:
Column:

I Carrier Gas:

I
I Detectors (in series):

1. Photo Ionization 10.2eV

I 2. Hall 7OOA/ECD

I
I Injector:

Temperature - 200“C
Oven:

I
Relative retention times are found on Tables 1 and 2.
Second Column Confirmation:

I
I

6°C per minute to 170°C and held for four minutes.

I PURHARl-7

8 ft. X 1/8 inch stainless steel, packed with 1% SP-1000 on 
Carbopack B (60/80 mesh).

Helium - Ultra High Purity Grade (Linde) 
35 mL/min

Mode - Halogen
Reactor temperature - 1000°C
Solvent Flow - 0.8mL/min Methanol
Hydrogen Flow - 60 mL/min

An 8 ft X 1/8 in n-octane on Porasil C (100/120) mesh column is used 
for confirmation, if necessary.

All soapy or foamy samples should be diluted to prevent 
contamination of the sample lines and the purge and trap.

Sensitivity - Range 11 X Attenuation 8
Temperature - 240°C

Initial - 45°C/4 minutes
Rate - 8°C/minute
Final - 220°C/20 minutes

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



I
Calculations:

I 1.

I 2.

3.

I 4.

I
Waters:

where: A

I Note:

I
Soils:

where: A

I 5.

I
I
I
I
I

PURHARl-8

Calculate the concentration found in the samples from the calibration 
curves using the following equations:

Determine that the surrogate standards are within the quality 
control limits; if not, reanalyze the sample.
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 of ug vs. response 
for each parameter using at least three data points and linear 
regression analysis.

Vs should be actual volume of sample taken before 
any dilutions.

= Amount of parameter found in analysis (in ug) 
Vs = Volume of sample (in ml)

= Amount of parameter found in the analysis (in ug) 
Ws = Weight of sample (in g)

If the calculated result does not fall within the limits of 
external standard curve, the sample must be diluted and 
reanalyzed.

A 
ug/L = Vs X 1000

ug/kg = Ws X 1000



I
TABLE 1I PHOTO IONIZATION DETECTOR

I
Parameter

I
I
I
I

I
I
I
I

I
I

PURHARl-9

12 SP-1000 on Carbopack B (60/80 mesh) 
Retention Time (Minutes)

8.30
10.5
11.9
12.6
17.6
18.2
18.7
18.9
19.9
23.7
24.9
25.6
26.1
28.1
32.6
33.6
37.9
39.0
39.7

Acetone
1,1 Di chloroethene
THE
1.2- Dichloroethene
trans,1,3-Dichloropropene 
Trichloroethene
Benzene
ci s-1,3—D ichioropropene 
2-Chloroethylvinyl ether 
Tetra chloroethene
Toluene

o< ,o<o<_Tri fluorotoluene 
Chlorobenzene
Ethylbenzene
M-Xylene
O&P-Xylene
1.3- Dichlorobenzene
1,2-Oichlorobenzene
1.4- Dichlorobenzene



TABLE 2
HALL DETECTOR

Parameter

I
I
I

I

I
I
I

PURHARl-10

1% SP-1000 on Carbopack B (60/80 mesh) 
Retention Time (Minutes)

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

Chloromethane 
Bromomethane 
Vinyl Chloride 
Chloroethane 
Methylene Chloride
1.1- Dichloroethene
1.1- D ichioroethane
1.2- Dichloroethene 
Chloroform
1.2- Di chloroethane 
1,1,1-Trichioroethane 
Carbon Tetrachloride 
Bromodi chloromethane
1.2- Di chioropropane 
trans-l,3-Dichloropropene 
Tri chloroethene
Dibromochloromethane
1.1.2- Trichioroethane 
ci s-l,3-Dichloropropene 
2-Chloroethyvinyl ether 
Bromoform
1.1.2.2- Tetrachioroethane 
Tetrachloroethene

'^,'^,®^-Tri fluorotoluene 
Chlorobenzene
1.3- Dichlorobenzene
1.2- Dichlorobenzene
1.4- Di chlorobenzene



I
TABLE 3

SPIKES OF FIELD WATER SAMPLES

I
I
I
I

I
I

57.4-114

I
63.0-108I

★ Insufficient data for statistics.

(1) These Q.C. limits are also used for low soils analysis.

PURHARl-11

Number 
of

Analyses
% Relative 
Standard 
Deviation

85.6- 112
68.8- 102
76.9- 112
77.5-110
79.7- 108

58.1- 114
63.2- 125

68.0-108
68.8-115

73.8-117
60.3-116

3 Standard 
Deviations 
Acceptable 
Recoveries {1)

Acetone 
Benzene 
Bromodi chloromethane 
Bromoform 
Bromomethane
Carbon tetrachloride 
Chlorobenzene 
Chloroethane
2-Chloroethy1 vinyl ether 
Chloroform
Chloromethane 
Di bromochloromethane
1.2- Di chiorobenzene
1.3- Di chlorobenzene
1.4- Dichiorobenzene
Di chlorodifluoromethane 
l,l“Dichloroethane 
1,2-Dichioroethane
1.1- Dichloroethene
1.2- Dichloroethene
1.2- Dichloropropane
ci s-1,3-Di chloropropene 
trahs-l,3-Dichloropropene
Ethyl benzene 
Methylene chloride
1.1.2.2- Te tra ch 1 or oe tha ne 
Tetrachloroethene
Tetra hydrofuran (THF) 
Toluene

• 1,1,1-Trichloroethane
1.1.2- Trichioroethane 
Tri chloroethene
Tri chlorofluoromethane 
Vinyl chloride 
Xylenes

Average 
2

Recovery

72.4- 109
78.1- 104
44.4- 101
60.5- 131
64.9-115
64.1- 111
75.7- 117
55.4- 153
86.5- 105
79.4- 121
62.4- 99.0
53.4- 99.8
53.5- 108
56.7- 105

*(16.3)
6.05
4.38
9.50
11.8
8.29
7.87
6.82
16.2
3.04
6.99
6.10
7.74
9.17
8.03 *
4.38
5.50
5.91
5.46
4.66
★

9.36
10.3
9.42 ★
6.66
7.66*
7.45 ★
7.17
9.37

*(94.4)
90.6
91.2
72.9
95.9
89.8
87.7
96.2
104

95.6
100.4
80.7
76.6
81.0
80.8*
98.7
85.3
94.6
93.9
93.7*
★

86.2
94.1★
85.7*
88.0
91.8★
85.3
* ’

■ 95.3
88.4 :

* (8)
25
25
25
25
25
25
21
20
25
20
15
25
25
25*
25
25
25
23
25*
★

25
25★
25*
25
25*
25*
20
23



I

TABLE 4
Analyses of Seven Control Waters Spiked at 5x LOD

I

I

*

* THF spiked at 2.5 times the LOD.

I

PURHARl-12

Acetone 
Benzene 
Bromodi chloromethane 
Bromoform 
Bromomethane
Carbon tetrachloride 
Chlorobenzene 
Chloroethane 
2-Chloroethylvinyl ether 
Chloroform 
Chloromethane 
Dibromochloromethane
1.2- 0 ichiorobenzene
1.3- Dichlorobenzene
1.4- Di chlorobenzene
1.1- Dichloroethane
1.2- Dichloroethane
1.1- Dichloroethene
1.2- Dichloroethene
1.2- Dichloropropane 
Ethyl benzene 
Methylene chloride 
Tetra chloroethene 
Tetrahydrofuran (THF) 
Toluene 
1,1,1-Trichloroethane Tri chloroethene 
Vinyl chloride 
Xylenes

77.0
95.6
99.7
93.6
95.1
98.1
87.9
92.9
105
110 

90.0 
99.7 
85.1
82.9 
55.0
106
114

99.6
104
103 

85.0
112

89.1 
79.0 
92.4
102 

96.0 
87.1 
83.6

Standard 
Deviation

10.7
5.04
5.72
7.48
4.39
2.95
6.45
5.33
7.81
5.60
6.56
8.31
5.54
8.95
6.84
7.20

19.5
6.02
8.14
7.00

10.1
12.8
8.23

16.1
7.01
3.57
4.41
7.26
8.86

Calculated
Method Detection 

Limit (ug/L)

33.6 
0.79 
0.90 
2.35 
1.38 
0.46 
1.01
0.84
24.5
0.88 
1.03 
1.30 
4.35 
7.03 
5.37 
1.13 
3.06
0.94 
1.28 
1.10 
1.59 
2.00 
1.29 

25.3
1.01 
0.56 
0.69 
1.14 
1.39

Reportable 
Detection

L i mi t 
(ug/L)

Average 
Recovery 

(?)

20.0
1.0
1.0
2.0
2.0
1.0
1.0
1.0

20.0
1.0
1.0
1.0
5.0
5.0
5.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0

20.0
1.0
1.0
1.0 
1.0 
1.0



TABLE 5I SURROGATE RECOVERY CONTROL LIMITS

Matrix Type

I

I
Matrix Type

I

PURHARl-13

Water
Low Soils
Medium/High Soils

Water
Low Soils
Medium/High Soils

32
19
32

34
19
33

87.9X
80.2X
91.42

Relative
Standard 
Deviation

Relative 
Standard 
Deviation

6.912
12.62
11.12

13.72
11.02
16.12

Acceptable
Recoveries

60.0-1202
45.0-1212
40.7-1072

50.0-1202
47.2-1132
43.1-1402

Acceptable
Recoveries

Average 
2

Recovery

Average 
2

Recovery

80.02 . ■
82.82 • ■
74.02

2-Bromo-l-chloropropaneNumber 
of

Analyses

Trif luorotol uene
Number
of

Analyses



TABLE 6

I Compound

I

PURHARl-14

DETECTION LIMITS AND RESULTS FOR SPIKES 
OF FIELD SOIL SAMPLES (Medium/High)

Number 
of 

Analysis
7
8
7
7
8
8
8
8
8
7
8
8
7
8
8
8
6
8
6
7
8
7

50
50
100
50
50
50
50

250
250
250
50
50
50
50
50
50
50
50
50
50
50
50

87.6
89.1
79.6
96.9
83.2
91.2
87.8
81.7
83.4
90.9
88.8
86.8
86.2
92.6
91.2
89.7
75.4
91.5
83.8
94.7
91.8
87.7

Relative 
Standard 
Deviation

11.8
19.8
14.7
12.7
13.9
18.6
12.5
13.0
16.3
21.4
13.2
15.1
15.2
17.7
16.1
11.7
14.0
13.4
12.8
12.6
13.0
14.4

64.0-111
49.5- 129 
50.2-109
71.5- 122
55.4- 111 
54.0-128 
62.8-113
55.7- 108
50.8- 116
48.1- 134
62.4- 115
56.6- 117
55.8- 117
57.2- 128 
59.0-123
66.3- 113
47.4- 103
64.7- 118 
58.2-109
69.5- 120
65.8- 118
48.9- 116

2 Standard 
Deviations 
Acceptable 
Recoveries

Benzene
Bromodi chioromethane 
Bromoform 
Carbontetra chloride Chlorobenzene 

, Chloroform
D i bromochio rome tha ne
1.2- Di chlorobenzene
1.3- 0ichlorobenzene
1.4- Di chlorobenzene
1.1- Dichlorotne thane
1.2- Dichloroethane
1.1- Di chloroethene
1.2- Di chioroethene
1,2-Di chloropropane 
Ethyl benzene 
Methylene Chloride 
Tetra chloroethene 
Toluene
1>1,1-Tri chioroe tha ne 
Trichloroethene 
Xylenes

Detection Average
Limit % 
ug/kg_____Recovery
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I APPENDIX H

FIELD MEASUREMENT OF HYDRAULIC CONDUCTIVITYI
I
I
I
I
I
I

I WARZYN



I
I

I

I

I
I
I
I

I

I

1 Hermit Environmental Data Logger, Model SEIOOOB, 
In-Situ, Inc., Laramie, Wyoming 82070.

FIELD MEASUREMENT OF PERMEABILITY 
BAIL-DOWN 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 logger^), 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.

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.

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.
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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). 
All methods assume an infinite, homogenous, isotropic aquifer and an 
instantaneous change in head in the well.

The Cooper, et al. (1967) formulation calculates the transmissivity of an 
aquifer by matching a plot of relative head (linear scale) versus time 
(logarithmic 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.

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 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.
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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, Tq, and equal to the time when 
H-h/H-Ho = 0.37) is used to calculate the hydraulic conductivity. The value 
of To is measured graphically, and the ratio of the piezometer length to 
radius is assumed to be greater than eight (L/R>8).
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