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June 15, 1988 
13076 .16 

Mr. Kevin Adler, RPM 
Region V U.S. EPA 
5-HR-11 
230 South Dearborn 
Chicago, IL 60604 

Re: Revised QAPP Addendum 
Wausau Water Supply NPL Site 

Dear Mr. Adler: 

Warzyn is pleased to forward four copies of the Final Quality Assurance 
Project Plan for the Wausau NPL Site. Revisions were made based on review 
conwnents received from the EPA Quality Assurance Section and the Project 
Management Section, on June 13, 1988. Additional clarification of the Quality 
Assurance Project Plan Addendum Revision are provided as follows: 

Section I Project Description 

Paragraph A, items d, e, f have been incorporated into Table 7 as 
requested since they represent field measurements which are 
supplementing sample collection. 

Paragraph A, 
because they 
collection. 
Table 10. 

items a, b, c have not been incorporated into Table 7 
are field measurements which are independent of sample 
These field measurements are briefly described in 

Paragraph C, fast turnaround RAS/SAS analysis of groundwater and 
soil/residue samples have been requested so the data can be 
incorporated into the Remedial Investigation Report. Contract 
68-01-7401 stipulates that this report must be submitted within 240 
days of the contract authorization date. The fast turnaround data is 
also necessary for source characterization which directly influences 
the assessment of remedial alternatives in the feasibility study. 
Contract 68-01-7401 stipulates that the Feasibility Study must be 
completed within 18 months of contract initiation. 
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Mr. Kevin Adler, RPM 
Chicago, Illinois 

-2- June 15, 1988 
13076.16 

As previously discussed, Warzyn will begin conducting stream flow measurements 
and drawdown measurements at selection site monitoring wells on Monday, June 
20, 1988. This monitoring is necessary to establish background hydraulic 
conditions prior to Production Well CW6 being placed into service. The other 
Phase II investigation activities are scheduled to begin on Monday, June 27, 
1988 with the test pit investigation to be conducted during the Marathon 
Electric holiday period (Week of July 5, 1988). Rapid review and approval of 
the QAPP is imperative to maintain the project schedule. 

Please contact us if you have any questions or comments regarding the QAPP. 

Sincerely, 

WARZYN ENGINEERING INC. 

)(/J/i /~. fl~~ 
Craigl5. Rawlinson 
Project Hydrogeologist 

Vli'- c1..,,}.,, ;1) )r~-r:Jt---rL--
Denn is L. Iverson 
Project Manager 

CSR/jpl/DLI 
(jp 1-106-90] 

cc: Elissa Speizman 
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This document describes supplements to the Quality Assurance Project Plan 
(QAPP) for the Wausau Water Supply Remedial Investigation/Feasibility Study 
(RI/FS) in Wausau, Wisconsin. The changes in the QAPP are presented as an 
addendum to the approved QAPP, dated September, 1987. The need for 
modification of the Phase II fnvestfgatfon, as presented in the original QAPP, 
results from data gaps identified during the Phase I Investigation. 

Reference will be made to the previous QAPP document through citation of 
subtask, as applicable. Unless changes are noted in this document, the 
description of activities fn the original QAPP remain applicable. 

QAPP elements including 3.0 - Project Description, 3.1 - Background and 3.5 
Pro1ect Objectives remain unchanged. Additional information obtained during 
the Phase I investigation has indicated probable volatile halogenated 
hydrocarbon (VHHs) source areas, plume migration routes, etc. (see Phase I 
Technical Memorandum for details). The Phase II investigation will emphasize 
characterization of suspected source areas and provide further definition of 
groundwater flow hydraulics between suspected source areas and municipal 
production wells CW3 and CW6. 

WARZYN 
~ 
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Based on data gaps identified during the Phase I investigation, the following 
Phase II activities are planned: 

2.1.0 TASK 1 - CONTINUED GROUNDWATER FLOW AND TRANSPORT MODELING 
Groundwater flow and contaminant transport modeling will be continued during 
the Phase II investigation. The objectives of the continued groundwater flow 
and contaminant transport modeling include: 

• Evaluation of contaminant transport from suspected VHH source areas 
through time; 

· Evaluation of factors affecting groundwater flow and contaminant 
transport (i.e. influence of Bos Creek recharge on contaminant 
transport from the former City landfill); 

· Calibrate groundwater flow and transport models for use in evaluating 
the remedial action alternatives during the feasibility study; 

• Assessment of existing remedial actions (i.e. Wausau Chemical 
extraction system): and 

• Provide enforcement support. 

To achieve the modeling objectives, the following subtasks are anticipated: 

Subtask 2.1.1 Groundwater Flow Model Ad,1ustments 
Based on preliminary model results, additional flow model calibration is 
required. At least three areas requiring modifications have been identified. 
The observed groundwater levels at Monitoring Wells GM4D, GM4S and the Plum 
Drive Test Well are generally higher than model simulated levels at these 
wells. A possible explanation for this discordance may be increased 
groundwater recharge due to sand and gravel excavations north of Campus Drive. 
In order to improve model calibration, groundwater recharge rates will be 
increased in the vicinity of the excavations. 

WARZYN 
~ 
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Further flow model calibration is also required in the vicinity of Monitoring 
Well R2D. Bos Creek flow measurements {see Task 2.2.6) will be used to 
estimate the induced recharge from the creek into the aquifer. This 
information may indicate model adjustments which will improve the model 
calibration in the vicinity of Monitoring Well R2D. 

Finally, the groundwater flow model south of Production Well CW4 requires that 
stream bed leakance (River Bed Hydraulic Conductivity) be adjusted. 
Comparison of observed and simulated water levels at monitoring wells WGS9 and 
WGSlO indicate simulated water levels are generally greater than the observed 
levels. Adjustment of parameters used in the Phase I Technical Memorandum 
simulation will be conducted within measured ranges to improve the calibration 
in this area. 

Subtask 2.1.2 Contaminant Transport Model Calibration 
The contaminant transport model will be calibrated, in general, to observed 
conditions. The contaminant mass per unit area will be computed from VHH 
concent~ations observed in groundwater samples collected during Round 2 
sampling (December, 1987). The source particle release rate and particle mass 
will be adjusted over one memory period (the residence time of a tracked 
particle from source to sink) until the distribution of particles in the 
system approximately matches the mass per unit area distribution detennfned 
from the Round 2 groundwater sampling. The groundwater flow field will be 
defined from the transient groundwater flow model run for the memory period 
prior to the Round 2 sampling. Values for contaminant dispersion and release 
rates will be detennined through calibration of the model to existing 
conditions utilizing general infonnation where available. Given the 
state-of-the-art in contaminant transport modeling, and unknown release rates, 
calibration of the contaminant transport model may be very general 1n nature. 

WARZYN 
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Before the contaminant transport model can be calibrated, the groundwater flow 
model will have to be extended to include time steps through December, 1987. 

If preliminary modeling indicates that the system memory period exceeds the 
current model start date (January 1976) the model will be extended back to 
include pumping records prior to January 1976. 

Subtask 2.1.3 Contaminant Transport Modeling 
Once the contaminant transport model is calibrated, probable source areas, 
including Wausau Chemical and the fonner City landfill, will be evaluated to 
detennine the fate of VHH contaminat1on through time. This will be used in 
the endangennent assessment to evaluate future potential exposure risks. The 
contaminant transport model will also be used to evaluate potential remedial 
alternatives in the Feas1bil1ty Study. 

Remedial alternative evaluat1on may require substantial redesign of the finite 
difference model grid in order to obtain sufficient resolution in the vicinity 
of source areas. The redesigned grfd would pennit greater model accuracy for 
simulation of remedial actions limited to suspected source areas. 

2.2.0 TASK 2 FIELD INVESTIGATIONS 
Further characterization of probable source areas identified during the Phase 
I Investigation fs needed to detennine the distribution of contaminants within 
the source areas. The field fnvestigation and tests will be used to assess 
potential remedial alternatfves. The following field investigation activities 
are planned for Phase II. 

Subtask 2.2.1 Soil Gas Survey/Soil Boring Investigation 
The Phase I soil gas survey, soil sampling and water quality sampling were 
used to identify potential source areas. The Phase II soil gas survey and 
soil boring investigation is designed to further characterize these potential 
source areas. The soil gas data will be used qualitatively as a field 
screening tool to detenaine which soil samples should be submitted for 
contract laboratory analysis and to identify locations where test pit 
excavations are required during Subtask 2.2.3. 

WARZYN 
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The soil gas survey/soil borings will be conducted at the following thirty 
(30) locations: 

• Wausau Chemical northwest loading dock - (3) 

• Wausau Energy - (3) 

· Wausau Chemical south side - (4) 

• C. M. St. P. & P. Railroad right of way - (2) 

• Former City of Wausau landfill - (12) 

• Marathon Electric - (4) 

An additional 2 soil boring locations will be determined based on results of 
the soil gas survey and analyses of soil samples. Refer to Figures 13 and 14 
for proposed soil boring locations. Proposed soil boring depths, number of 
soil gas samples and boring rationale are presented in Table 6. 

Soil gas samples will be collected through 4 1/4 inch hollow stem augers at 
selected depth increments. Drill rod fitted with lateral sampling ports will 
be driven two to three feet past the end of the augers. After the sampling 
probe has been driven to the desired depth, the drive head will be removed and 
a sampling adaptor will be threaded on to the drill rod. The soil gas sample 
will be collected in a 250 ml boom, after purging a minimum of two sample 
device volumes using a portable air sampling pump. The sample bomb will be 
wrapped in aluminum foil, to minimize photoalteration and will be transported 
to the on-site GC. A saq,le blank and duplicate will be analyzed every 10 
samples. Sample analysis will be conducted according to methods described in 
Appendix F of the approved QAPP (Dated September, 1987). 

Decontamination wfll consist of purging more than 10 volumes of ambient air 
through the sampling device and brushing soil off the sampling probe and the 
lead auger. The splft spoon w111 be cleaned between samples by washing with a 
laboratory wash solution (liqu1nox) and rinsing with clean water. The soil 
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P. Ra':-oad ri;nt-of-way (Refer to Figure 13) wii1 be approxi~ate1y 15 fee: 
dee~. Soil samples wiil be coilected ac::rding to ~S7M D-::35 (sta~ca,j 
pe~e:ration test). The samples will be obtained at 5 foot intervals using a 3 

inc~ d~a~e:er split s~ccn. Samples undergoing voe analyses will be transfer,ed 
immediate:y to an 8 oz. voe vial without compositing. Additional soil sa:r:r;;~es 
will be collected from locations where HNu screening of auger cuttings and/or 
visual obse~vations indicate residual soil contaminat1on. Soil samples will 
be s:reeied for the presence of volati1e organic compounds (VOCs) using a 

photoionization detector (PIO). Selected sarp1es will be sub~itted to the CLP 
laboratory for TCL Routine Analytical Service analysis, (CLP-RAS). 

Approximate1y 4 groundwater samples (3 samples+ 1 duplicate) w111 be 
co1iected from soil borings perfonned in the vicinity of Wausau Chemical 
nort~west loading dock. The groundwater samp1es wfll be used to assess 
pote~t~al 1moact from the February 1983 ?CE release. The groundwater samples 
wi~l ~e co11ected at the water table through a screened lead auger. The 
sampies wi~1 be obta1ned using either a stainless steel bailer or a Brainard 
K1lman hand pump. A mfnimum of three auger volumes will be purged prior to 
sample co11ect1on. Groundwater samples will be ana1yzed using an on-site GC 
ac:~rding to the methods utf11zed during the Phase I invest1gation. As in the 
Phase I investigation, the GC analyses will provide fast turnaround field 
sc~eening for tar;et compounds. The analysis methods are described in 
Appendix F. The groundwater samples will also be submitted to the CLP for voe 
analyses usi:ig 

WARZ':N 
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Soil gas samples will be collected from borings performed at Wausau Chemical, 
'Nausau Energy, and the C.M. St. P.&P. railroad right-of-way. The soil gas 
samples collected during drilling will be used to assess the vertical soil gas 
concentration gradients within the soils. The soil gas sampling will also be 
used as a screening tool to aid 1n determining which soil samples should be 
submitted to the CLP for analyses. The soil gas results in combination with 
the soil analyses will be used to differentiate source areas from areas 
containing soils that have been impacted by the migration of contaminated 
groundwater. The soil gas samples will be collected at 5 foot intervals above 
the water table. Three (3) permanent gas monitoring probes will be installed 
at the former bulk solvent storage area (south side of Wausau Chemical). The 
probes will be screened from the water table (±12 feet) to approximately three 
feet below ground surface. The gas extraction well will be screened directly 
above the water table and will have a screen length of approximately 3 feet. 
The gas probes and extraction well will be used du.ring the soil gas extraction 
test (Subtask 2.2.2). 

West Study Area 
The soil gas survey/soil boring investigation will also be performed at the 
former City landfill and at selected locations surrounding the Marathon 
Electric assembly building. The results of the bor1ng/so11 gas investigation 
at the former City landfill will be used to determine test pit locations 
(Subtask 2.2.3) and design a soil vapor extraction test (Subtask 2.2.2). A 
total of twelve soil gas survey/soil sampling borings are antfc1pated within 
the limits of fill of the fonner landfill. Four soil borings will be 
performed along the perimeter of the Marathon Electric assembly building. The 
boring locations at Marathon Electric were selected based on the soil gas 
survey results and on additional data obtained from the Marathon Electric 
Company. The soil borings at Marathon Electric will be used to characterize 
potential VHH contamination in the unsaturated zone. Additional borings 
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Sc;i sarno1es wii1 be c,llec~ed at 5 foot intervals from ground surface :o :~e 
completion depth. Soil samples will be collected according to proce~~~es 
specified for the East Study Area. If soil samples cannot be collected due to 
s~i~t s~con obstruction, samp1es may be obtained from the auger cuttin~s. The 
soil samples will be screened for voes us1ng a PIO. Approximately twenty (2s; 
soil samples collected from both east and west study area so11 bor1ngs will be 

subr::i::ed to the C:.. 0 for RAS-VOC, RAS-B;J/~, RAS-PEST/PCS's, RAS-~!eta1s,'cyanide 

using Routine Analytica1 Services. Approximately two (2) groundwater 
sa~ples will be collected through screened hollow stem augers at borin~s 
performed in the former City Landfill. An additional four (4) groundwater 
samples will be collected from borings performed along the perimeter of the 
Marathon Electric assembly building. The groundwater samples will be analyzed 
for target voes using the field GC. The groundwater samples will also be 
s~~mitted to the CLP for verification of VOC results using fast-turnaround, 
low detection G~/MS SAS methods. Refer to Table 7 for a summary of proposed 
sampie numbers and analysis parameters. 

The soil gas samples will be collected at five foot intervals from ~he grour.d 
surface to a de~:h of 10 foot, anc at 10 foot intervals from 10 foot to boring 
completion (i.e., 5 ft, 10 ft, 20 ft, 30 ft}. _.Soil gas samples will be 
col1ec~ed according to the methods described in Subtask 2.2.1. Soil gas 
results will be used far field screening. Results will be presented in the 
remedial investigation report as estimated values and tentatively identified 
compounds. The results will not be used to formulate final conclusions 
c,ncern~~; ~oss~ble sour:e areas. Approximately twelve (12) permanent gas 
mon~::r'ng pr~bes wi11 be installed at six locaticns (R~~er to Subtask 2.2.2 
for gas probe installation descript~ons). Approx~mate ;~~ pr:t~ ~~stal~a:"c~ 
lo:a:~:::ns at the for.ner landfill ar! prese~:~:: in Figure 14. 
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Soil gas extraction tests will be conducted at the south side of Wausau 
Chemical and at the former City landfill located south of the Marathon 
Electric Assembly building. The gas extraction tests will be used to evaluate 
the effectiveness of in-situ enhanced volatilization (soil venting) as a 
potential remedial alternative. The technique is based on the principal that 
volatile organic compounds (VOCs} will vaporize to a state approaching 
equilibrium in the air space between soil particles. If the soil gas is 
static (not influenced by pumping), the vapors will diffuse slowly outward to 
lower concentration areas. Soil venting actively draws relatively clean air 
through the soil. voes in the soil moisture or adsorbed onto solids can then 
volatilize and be removed by the soil venting system. 

Based on the presence of relatively high voe concentrations in soil gas 
samples (Refer to Phase I Technical Memorandum), enhanced volatilization 
appears to be a potential remedial alternative for the treatment of 
unsaturated zone contamination at Wausau Chemical and the former City 
landfill. The gas extraction tests at these locations will be used to 
determine the radius of influence of the extraction system and to estimate the 
potential rate of removal of volatile halogenated hydrocarbon (VHH) compounds 
from contaminated soils. The data acquired from the extraction test will be 
used to support development and evaluation of remedial alternatives. 

The gas extraction tests will require the installation of several gas 
monitoring probes at the former C1ty landfill and at the former Wausau 
Chemical bulk solvent storage area. Based on Phase I soil gas results, 
tentative gas probe locations have been identified (Refer to Figures 13 and 
14). The exact probe locations and depths will be detennined from Phase II 
soil gas results. The soil gas probes will be installed in the borings 
performed during the soil bor1ng/so11 gas sampling investigation (Subtask 
2.2.1). 

WARZYN 
~ 



Revi son No. l 
Date 6/14/88 
Page 12 of 25 

- The installation of approximately sixteen (16) gas probes is anticipated (12 
at the former City landfill and 4 at Wausau Chemical). Due to greater 
unsaturated zone thickness at the former Cfty 1andfil1 (approximately 30 ft), 
the twelve (12) gas monitoring wells will be nested at approximately six (6) 
locations. The gas monitoring probes will be installed through a 4-1/4 inch 
hollow stem auger. If necessary, the shallow so11 borings(~ 20 ft) will be 

left open until field GC data is available to select the screen position. 
Soil gas monitoring probe installation diagrams for single probe and multiple 
probe nests are shown 1n Figures 3 and 4, respectively. The probes will 
consist of 3/4-inch Schedule 40 PVC with threaded couplings. The screened 
interval will be determined in the field and pipes will be either perforated 
using a power drill or slotted using a hack saw. The screened interval will 
be backfilled with 3/8-inch washed stone and a granular bentonite seal will be 
placed over the gravel pack. A protective flush mount surface casing will be 
placed over the completed gas probes which are located in hfgh traffic areas 
(i.e. Marathon Electric parking lot). 

Gas extraction wells will be installed at the former City landfill and Wausau 
Chemical (Refer to Figures 13 and 14 for approximate locations). The exact 
extraction well locations, depths and screen length will be detennined based 
on soil gas and soil analyses results. The extraction wells will be installed 
using a 4-1/4 inch hollow stem auger. The extraction wells will be 
constructed of 2-inch ID Schedule 40 PVC with threaded couplings. The screen 
will be backfilled with 3/8-inch washed stone and a granular bentonite seal 
will be placed above the gravel pack. The remainder of the annular space will 
be backfilled w1th granular bentonite. The conceptual extraction well design 
is presented 1n Figure 17. 

The gas extraction tests will require approximately four (4) days to complete 
(2 days at each location). Prior to each test the gas probes and extraction 
wells will be monitored for static pressure, voe levels, methane levels and 
oxygen levels. The samples w111 be collected from a saq,11ng port located on 
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the PVC riser. The voe samples will be collected in a 250 ml bomb according 
to methods described in the sofl gas investigation (Refer to Section 2.1.5 
Final Work Plan). The voe samples will be analyzed using the on-site GC. The 
oxygen and methane levels will be measured at the gas probe using a Gastech 
Model 1939 OX gas analyzer. The operations manual for the Gastech is 
presented in Appendix K. The pressure measurements will be conducted using 
Dwyer Magnehelic pressure gages. A description of and specifications for the 
pressure gages are presented in Appendix K. The static (non-pumping) pressure 
measurements will be assumed to be indicative of background conditions and 
will be used to determine relative pressure deviations at the extraction well 
and gas probes during the extraction tests. Barometric pressure, ambient air 
temperature and gas temperature will be recorded before and during the 
extraction test so that appropriate corrections can be made ff necessary. 

The gas extraction tests will be conducted by inducing a negative pressure at 
the test well using a 600 Watt, 2.6 Amp EG&G Rotron regenerative blower (Model 
#DR353BT72). The extraction tests will be used to determine the minimum gas 
flow rate and well head pressure required at the gas extraction well to 
influence the desired area or to influence the maximum area possible without 
1nduc1ng excessfve afr fntrus1on fnto the soils. The extraction tests will be 
initiated at predetermined test well valve settings and extraction gas flow 
velocities. The oxygen, methane, voe levels and wellhead pressure will be 
recorded periodically until an apparent equilibrium is established at the test 
well (fe., constant wellhead pressure). Once equilibrium is established at 
the test well, pressure measurements will be conducted at adjacent gas probes 
to determine ff the negative pressure induced at the test well fs also 
influencing the adjacent monitoring points. Thfs is shown by an observed 
decrease fn static pressure relative to background pressures. If the desired 
area of influence is not obtained by the initial extraction well settings, the 
valve apertures and velocities will be adjusted. Wellhead pressure, oxygen, 
methane, and voe levels will be monitored to detennfne ff excessive induced 
air intrusion into the soils ts occurring. The extraction tests w111 be 
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c:r:e~:~a:!c~s wi~l be use~ :o es:~ma:e the mass of cJntaminan:3 
:~e u~sa:~r3:e~ zcne ~uring :he test. 

Subtask 2.2.3 Fonner Citv Landfill Test P1t !nvest;cation 

.,..o-- ,gr- ---­.......... ' ..... 

Sackhoe test pit excavations will be conducted at a maximum of ei;~t (8) 

locations within the former City landfill. Five of the test pit excavation 
locations are shown 1n Figure 14. The proposed test pit locations are 
a~prox~~a:e, based on data obtained during Phase I including: sc~1 gas survey 
results, presence of VHHs in unsaturated zone soils obtained fro~ :~e lancf~;l 
and inte~views conducted with former landfill employees. The exact test pit 
locations will be determined based on review of the Phase II soil gas survey 
resu1ts and PIO screening of soil samples obtained during the Phase II boring 
program. If needed, an additional three test p1t locations will be selected 
based on the Phase II soil borings, soil gas sampling (Subtask 2.2.2) and 
based en materials encountered in the first five test pits. 

The test pit excavations will be used to characterize the source of VHH 
cor.tar.:ination within the fonner City landfill. Sour:e charac~e!";:ation wi11 
inc1ude fie1d classification of the landfill cover materials, waste ~ate!"ia1s 
and fill materials. Approximately, fifty (50) sail samples will be coilected 
from the test pit excavations. The soil samples w111 be screened using a 
photoioni:at1on detector(?:~). iwenty (20) duplicate soi1 sam~~es wi11 be 
submitted to the CLP for Routine Analytical Services analysis 07 ~~e us~~~ ~arget 
Com;:,cund Ust {TCL) paramete~s. (CL?-RAS). Refer to Table 7 fer a su=.a,.y of 
the sam;:::ng and analysis program. The CLP voe analyses of sc~~ sar.:;:~es wi:1 
be use: :J ::iL.antHy field P:D sc!"eenf:ig res;..~ts. The r.::. ;:,a-a~e:e~ ar:a.,~-·ses 

wi~l ~e useo :o ~~en:ify ac:i:ic~~? compo~:i:s ~h1:~ ~ay :e ;-~se~: a: :~e 
source ar!.L 
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The test pit excavations will be performed with a backhoe to an approximate 
depth of 15 feet. Test pit excavations are anticipated to be approximately 15 
feet long and 5 feet wide. However, the excavation may be enlarged to 
characterize residual materials encountered. Fill and waste materials removed 
during the excavation will be stockpiled and used to refill the excavation 
following sampling. If dru111ned wastes are encountered during the excavations, 
the wastes will be sampled and arrangements will be made to submit the samples 
for CLP analysis of TCL organics and inorganics. Dru11111ed residual materials 
will be considered high hazard samples and will be transported and analyzed 
according to High Hazard Protocols (Refer to Table 9). If possible the 
containerized wastes will be sampled in place without removal from the 
excavation. However, ff the containerized waste cannot be sampled in-situ, 
without endangering field personnel, the waste will be excavated and sampled. 
Containerized (drummed) wastes will be placed back in the test pits unless the 
integrity of the container has been compromised. Containers which become 
breached during the excavation will be overpacked and stored in a secured 
location. Each test pit excavation will be documented using photographs and 
video/audio recording. 

Samples of excavated fill materials will be collected out of the backhoe 
bucket using stainless steel spatulas or trowels. Samples submitted for voe 
analyses w111 be placed directly 1nto the sampling bottle without compos1t1ng. 
Base neutral and acid extractable samples will be composited in a stainless 
steel mixing bowl before being placed 1n sample jars. If containerized wastes 
are encountered in the excavations, the contents will be sampled using a glass 
pipe (liquid) or a sediment sampler (sludge). The residue samples will be 
shipped according to high hazard protocols (Refer to Table 9). 

The test pit 1nvestfgation area will be returned to its approximate previous 
state (bituminous pavement or vegetated) following completion of the test pit 
excavation program. 

WARZYN 
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:J :::a;~ a se:~nd sample and analysis from we11s insta,;ed during ?hase : :: 
:;rr~:r";TI :.~e ::~2:--•.·a:~c~s ~f contaminant distr~but~on from Phase I sampling. 

ihe samples will also provide additionai tnfonnation pertaining to source area 
c~a;ac:er~zation, extent of contamination, temporal groundwater quality 
var~a:•~ns and mass of contaminants present. Samples of Wausau Chemical and 
Ci:y of wausau air stripper influent and effluent will be collected 1n orde; 
:o prov~de perfonnance data of documentable quality. This infonnation will 
aid in the evaluation of remedial alternatives. The samples will be colle::ed 
fr~m :he fc11owing Jocations: 

• Five (5) City production wells; 

• Thirty (30) monitoring wells installed during Subtask (2.1.5); 

• Five (5) Wausau Chem1cal Extraction wells (preferably pumping}; 

• '..'ausau Chemic! T treatment system influent and effluent (2 samp 1 es of 
each, 4 to~a 1) : 

C~~y of Wausau air stripper influent and effluent (2 samp1es of each 
from both strippers, 8 total); 

Thirty-five (35) previously existing monitoring wells; and 

· 7hree (3) recently installed Marathon Electric monitoring wells which 
were not sampled during the Phase I investigation. 

The ;roundwater samp:~ng methods, equip~e~t and decontamfnation procedures are 
:,e same as those summarized in Sect1on 2.1.8 of the approved work plan (dated 
Se~:e~~er :987). The ninety (90) groundwater samples will be analyzed for 
VC-Cs ~::-:: .. ::·:ig to ~,:..3 me~hods specified 1n Appendix D, (Low Detection Limits). 

;n ad~~:~ona1 twenty-three (23) groundwater samples collected 
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from potential source areas and impacted production wells (CW3, CW4, CW6) will 
be submitted to the CLP for TCL analyses by RAS. Refer to Table 7 for a 
summary of the sampling and analysis program. Sample locations are presented 
in Figure 18. 

Subtask 2.2.5 Surface Water and Sediment Sampling 
Based on voe analyses of surface water and sediment samples obtained during 
Subtask 2.1.6, Bos Creek was 1dent1f1ed as a probable source of VHHs to the 
shallow aquifer. This impact may vary seasonally, depending on the rate of 
volatilization from the creek. Therefore, an additional round of surface 
water and sediment sampling is proposed. The samples will be collected from 
four locations on Bos Creek (Refer to Figure 18 for sample locations). The 
surface water and sediment samples will be collected according to procedures 
described in Subtask 2.1.7 of the approved Work Plan dated September, 1987. 
The surface water samples will be analyzed for voes by low detection, GC/MS 
through SAS. Sediment samples will be analyzed for voes according to RAS 
methods. Refer to Table 7 for a su111nary of the surface water and sediment 
sampling and analysis program. 

Subtask 2.2.6 Bos Creek Discharge Measurements 
In order to refine the groundwater flow model calibration and detennine the 
relationship of Bos Creek to the existing and previous groundwater flow 
regimes, surface water discharge and elevation measurements at Bos Creek will 
be required. These data w111 also be used to assess risks due to contact with 
VHH contaminated surface water. 

This task will require continuous monitoring of creek elevation and 
intennittent measurement of stream discharge. An electronic data logger with 
attached pressure transducer will be located on Bos Creek in the pool above 
Randolph Street. The creek elevations will be monitored continuously for 
approximately 3 months (through the end of August). Stream discharge 
measurements will be made by Warzyn personnel at both Burns Street and 
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Randolph Street. The discharge measurements will be conducted approximately 
every two weeks throughout the three month monitoring period. The flow 
measurements will be made using both a pygmy flow meter and a price current 
meter (Refer to Appendix L for stream gaging procedures). Stream discharge 
measuring frequency will be increased during the week that Production Well CW6 
is put back on line and is no longer pumped to waste into Bos Creek. 

The stream elevation and flow velocity monitorfng will be used to create flow 
versus elevation curves which w111 be used to assess variations in stream 
dfscharge rates. The difference between the average upstream and downstream 
discharge rates will be used to estimate the induced recharge into the 
aquifer. 

Subtask 2.2.7 Groundwater Level Monitoring 
Due to the critical need to define the affects of induced surface water 
recharge on groundwater flow 1n the vicinity of Bos Creek, four additional 
rounds of water level data should be obtained from site monitoring wells. The 
data will be used to assess changes fn groundwater flow resulting from 
variations in production well pumping rates, river stages and groundwater 
recharge. The water levels will be measured using a fiberglass tape and 
sounding device or an electronic water level indicator. The water level 
measuring devices will be calibrated prior to use so that readings from the 
various devices are consfstent to wfthfn ! 0.01 feet (accuracy of the 
elevation survey). 

Subtask 2.2.8 Orawdown Testing 
Continuous water level measurements wfll be conducted during the period when 
production well CW6 is put back into service (discontinue pumping to Bos 
Creek). The drawdown test will be conducted in cooperation with the City of 
Wausau. The water levels will be recorded at ten monitoring well locations 
(W55, WSSA, R3S, R30, W52, R40, C2S, W53, E21, E21A) using a network of 
pressure transducer and data loggers. A transducer and data logger will also 
be installed at Bos Creek, to record surface water fluctuations (Refer to 
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Subtask 2.2.6). The data loggers will be programmed to record water level 
measurements at 10 minute intervals. The water level measurements will 
commence several days prior to production well CW6 being put in service. If 
possible, production well CW6 will remain unpumped for approximately one week 
while water levels are recorded. The non-pumping water level measurements 
will be used to assess antecedent conditions (aquifer recovery) and to 
evaluate the aquifer response in the vic1nity of Bos Creek. Water level 
measurements will be collected at each of the above mentioned monitoring 
points for approximately two weeks following production well CW6 being placed 
back in service. Production well CW3 will be pumped at a constant rate 
throughout the initial portion of the test so that drawdown due to pumpage of 
this well does not interfere with detennination of the capture zone of 
production well CW6. After the zone of influence from production well CW6 has 
reached the maximum extent and water level measurements in the monitoring 
wells have stabilized production well CW3 will be turned off. Water level 
measurements will be continued until the recovery from production Well CW3 is 
no longer observable and water levels appear to have stabilized. 

During the course of the test no effort will be made to regulate the pumpage 
of Production Wells CW7, CW9, CW4. However, the pumping schedule and 
approximate drawdown at these wells will be recorded several times a day 
during the test. Continuous record of river levels during the course of the 
test will be obtained from Wisconsin Valley Improvement Company (WVIC). 
Record of precipitation and barometric pressure will be obtained from the 
weather station 1n Wausau. 

The drawdown data will be used to assess the extent of the capture zones from 
Production Wells CW6 and CW3. The test data will be evaluated 1n order to 
determine if hydraulic connection exists between apparent source areas and the 
municipal production wells. 
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Table 7 provides a summary of the anticipated sampling that will occur in 
conjunction with the Phase II investigation at the Wausau NPL site. The table 
is compiled by subtask and matrix type. The table lists parameters, numbers 
of samples anticipated, the analyzing lab and the estimated number of QC 
samples. Fast data turnaround is requested for soil (Subtask 2.2.1 and 2.2.3) 
and groundwater (Subtask 2.2.1} analyses, in order to fulfill contractual 
obligations with the U.S. EPA (Refer to Attachment C, Contract 68-01-7401). 

3.8 SCHEDULE 
The Phase II investigation can be separated into two major tasks; continued 
groundwater flow and contaminant transport modeling and field investigation. 
Several of the groundwater flow model alterations are presently being 
instituted. Additional modifications will be made when preliminary Bos Creek 
flow measurements have been completed. The contaminant transport calibration 
process will begin as soon as validated Round II voe analysts results are 
received, QA completed, and the data evaluated. The flow and contaminant 
transport modeling actfvities will continue throughout the Feasfbflity Study 
(FS) and will be used to develop and evaluate remedial alternatives. 

With the exception of the Bos Creek flow measurements and the additional 
rounds of groundwater level monitoring, the Phase II field investigation tasks 
will require approximately one month to complete. The soil gas survey and 
soil boring investigation will require approximately 8 days. Gas extraction 
test well and monitoring probes will also be installed during this time. The 
soil gas extraction test and test pit excavations will be conducted the 
following week. The soil gas extraction test at the fonner City Landfill will 
require approximately 2 days and w111 be completed prior to test pit 
excavations (Subtask 2.2.3). Test pft excavations at the fonner landfill will 
be perfonned while the soil gas extraction test is conducted at Wausau 
Chemical. Groundwater and surface water sampling will require approximately 
two weeks to complete and wfll be conducted before the other Phase II tasks 
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have been completed. The drawdown test will require approximately 1 month to 
complete and will be conducted concurrently with the soil boring, test pit and 
sampling programs. The Bos Creek flow measurements will be conducted over a 
three month period and will begin as soon as practical. The stream elevation 
monitoring interval will be increased during the drawdown test (Subtask 
2.2.8). The Phase II investigation schedu1e is summarized in Figurel9. 

Fast data turnaround of soil and groundwater analyses have been requested so 
that results of the Phase II investigation can be incorporated into the RI 
report. 

4.0 PROJECT ORGANIZATION 
With the exception of the following, Section 4.0 of the QAPP (Project 
Organization) remains unchanged. 

4.1 Overall Responsibility 
Mark Giesfeldt will represent the WONR as State Project Manager. Kevin Adler 
will temporarily replace Margaret Guerriero as U.S. EPA Project Officer. 

4.3 Laboratory Analysis and QC 
Alkalinity, chloride, sulfate, n1trate+nitrite-nitrogen, TKN, TOC, calcium, 
magnesium, sodium, potassium, and iron will not be sampled or analyzed during 
the Phase II investigat1on. 

OAPP ELEMENT 5.0 - QUALITY ASSURANCE OBJECTIVES 
Quality assurance objectives for Sections 5.0 through 5.3 generally remain 
unchanged. The level of quality control effort for field sampling, analysis 
and field measurements will be maintained according to guidelines in the 
approved QAPP (dated September, 1987). The majority of groundwater surface 
water, sediment and sofl samples collected during Subtasks 2.2.1, 2.2.3, 2.2.4 
and 2.2.5 w111 be submitted for analysis by the Contract Laboratory Program 
(CLP). The QA goals of routine analyses (RAS) are established under 
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guidelines stated in IFS WA-87-K236/K237/K238 for organics and 
WA-87-K025/K026/K027 for inorganics (Refer to Appendix B for contract required 
detection limits). Goals for CLP Special Analytical Services (SAS) requests 
are listed with methods descriptions fn Appendix D. The QA goals of the 
analytical measurements conducted by Warzyn in the field are summarized in 
Section 5.1.C of the original QAPP. Procedures for the operation and 
maintenance of the field GC have been modified and are presented in Appendix 
F. 

5.4 Field Measurements (for which samples are not collected) 
Several tasks which were not included in the original QAPP have been added to 
the Phase II investigation. These tasks will result fn the acqufsftfon of 
data through field measurements. The field data w111 be utfl1zed for a 
variety of purposes (sunmarized in Table 10). The general QC objectives for 
such measurements 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. The additional tasks and specific 
level of QC include, but are not limited to, the following: 

Soil Gas Extraction Testing 
The level of QA effort for gas extraction testing will consist of calibration 
as needed for the gas tech combustible gas/oxygen meter. The Alnor velometer 
and Dwyer magnetic pressure gages are internally calibrated by the 
manufacturer. These equipment will be operated according to manufacturers 
specifications (Appendix K). The level of QA effort in determining soil gas 
voe concentrations will consist of collecting 1 soil gas blank and 1 duplicate 
for every 10 fnvestigative samples. 

Test Pit Excavations 
The level of QA effort for test pit excavations will consist of daily HNu 
calibration. The test pit excavations will also be video taped so that field 
logs may be cross checked at a later date to assure completeness. 
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Current meters (Price, pygmy) used to determine surface water flow velocity 
are individually calibrated in the rating flume at the National Bureau of 
Standards. Stream elevation data obtained from the transducer and data logger 
will be cross checked against a staff gage located adjacent to the transducer. 
Data collected during a perfod fn which the transducer values vary by more 
than 2 percent from observed levels wfll be considered unusable. 

Drawdown Testing 
The QA of data obtained from pressure transducers and data loggers installed 
at site monitoring wells will be maintained by cross checking observed water 
level data against the pressure transducer record values. If observed values 
differ by more than 11 of the data logger recorded value, the system will be 
recalibrated and the data collected during that interval will be considered 
unusable. 

QAPP Element 6.0 - Sampling Procedure fs changed to the following: Procedures 
to sample soil, sediment, surface water, groundwater are described in the 
original Sampling Plan and as subsequently revised for the Phase II Ffeld 
Investigation (Appendix A). Containers, preservatives, holding times, 
transport and storage methods are su11111arized in Table 3 (Phase I) and in Table 
9 (Phase II). Addftional sample volumes (3x} wfll be taken for matrfx 
spike/matrix duplicate analysis at a frequency of 1 per 20 samples. Trip 
blanks will be collected at (2x) the sample volume for each shipment container 
of lfquid samples targeted for voe analyses. 

WARZYN 
~ 



--· 

Revison No. 1 
Date 6/14/88 
Page 24 of 25 

QAPP Element 7.0 - Sample and Document Custody Procedures remains unchanged. 

QAPP Element 8.0 - Calibration Procedures, Frequency and Preventative 
maintenance for Field Instruments text remains unchanged. Appendix F Field 
Analysis of volatile organics has been modified according to methods used in 
the Phase I investigation. 

QAPP Element 9.0 - Analytical Services, Subelement 9.2 - CLP SAS, A. 
Analytical and Calibration Procedures 
Soil samples collected during Phase II subtasks 2.2.1 and 2.2.3 will be 
analyzed for the complete CLP HSL target compound list (Tables A-1 and A-2) 
using Routine Analytical Services methods with fast turnaround. Groundwater 
and surface water samples collected during Subtasks 2.2.1, 2.2.4 and 2.2.5 
will be submitted to the CLP for voe analyses using low detection GC/MS with 
fast turnaround. An additional twenty-three (23) groundwater samples 
collected from potential source areas and impacted production wells will be 
submitted to the CLP for TCL analyses using RAS methods with fast turnaround. 

Analytical procedures for samples analyzed by SAS are specified in SAS­
Regional Request Forms found 1n Appendix O. Calibration of instruments will 
follow procedures specified 1n analysis methods on the SAS requests. The 
remainder of QAPP Element 9.0 remains unchanged. 

QAPP Element 10.0 - Quality Assurance Reports remains unchanged. 
The following tables are added to the QAPP specifically for performance of the 
Phase II 1nvest1gat1on. 

Table 6 - Proposed sofl boring and soil gas survey location rationale. 

Table 7 - Sunnary of Sampling and Analysis Program Wausau NPL Sfte, 
Phase II Investigation. 

Table 8 - Proposed Round 3 Sample Locations Wausau Water Supply NPL site 
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Table 9 - Sample Quantities, Bottles, Preservatives and Packaging for 
Soil and Water Samples collected during Phase II, Wausau Water 
Supply NPL Site 

Table 10- Phase II Sfte Investigation Activity Summary 

Appendices Band C remain unchanged. Appendix A - Sampling Plan has been 
revised to address Phase II field activities. 

Appendix D - SAS requests for Phase II have been modified to reflect changes 
in sample numbers and in the requested analytical methods. 

Appendix F has been revised to reflect modifications of field GC methods. 

Appendix I - Health and Safety Addendum has been added 1n order to address 
potential health concerns associated with the test pit investigation. The 
original health and safety plan remains unchanged for site drilling and 
sampling activities. 

CSR/jpl 
[jpl-602-88] 
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Baring 
Number 

TABLE 6 
PROPOSED SOIL BORING DEPTH AND RATIONALE 

WAUSAU NPL SITE 
PHASE II INVESTIGATION 

Anticipated 
Number of Estimated 
Soil Gas Depth 

Page 1 of 2 

Samples (feet) Rationale 

West Stud~ Area 

Bl 2 15 

B2 2 15 

BJ 4 30 

B4 2 10 

BS 4 25 

B6 4 30 

B7 3 20 

B8 3 20 

B9 2 10 

B10 4 25 

Investigate potential sources 
of VHHs within the former landfill. 

Investigate potential sources 
of VHHs within the former landfill 

Investigate potential sources 
of VHHs within the former landfill 

Investigate potential sources 
of VHHs within the former landfill 

Investigate potential sources 
of VHHs within the former landfill 

Investigate potential sources of 
VHHs within the landfill and 
install gas monitoring probes 

Investigate potential sources of 
VHHs within the landfill and 
install gas monitoring probes 

Investigate potential sources of 
VHHs within the landfill and 
fnstall gas monitoring probes 

Investigate potential sources 
of VHHs within the fonner landfill 

Investigate potential sources of 
VHHs within the fonner landfill 
and install gas extraction test well. 
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TABLE 6 
PROPOSED SOIL BORING DEPTH ANO RATIONALE 

WAUSAU NPL SITE 

Anticipated 
Number of 

Boring Soil Gas 
Number Samples 

Bll 2 

B12 2 

B13-816 4(EA) 

East Stud~ Area 

B17 
B18 
B19 

820 
B21 

B22 
823 
B24 

825 

B26 
B27 

828 
829 
B30 

2 
2 
2 

2 
2 

2 
2 
2 

2 

2 
2 

2 
2 
2 

PHASE II INVESTIGATION 

Estimated 
Depth 

(feet} 

15 

15 

30 (EA) 

15 
15 
15 

15 
15 

15 
15 
15 

15 

15 
15 

15 
15 
15 

Rationale 

Investigate potential sources of 
VHHs within the landfill and 
install gas monitoring probes 

Investigate potential sources of 
VHHs within the landfill and 
install gas monitoring probes 

Investigate potential sources of VHHs 
at the Marathon Electric facility. 

Detennine extent of elevated 
soil gas concentrations at Wausau 
Chemical, in the vicinity of the 
February 1983 PCE release. 

Delineate PCE soil contamination 
discovered at Boring E34 
during the Phase I investigation 

Characterize residual PCE in 
unsaturated zone at the 
fonner Wausau Chemical bulk 
tank fann and install 
soil gas monitoring probe. 

Install gas extraction well. 

Discretionary soil borings 
location to be detennined on-site. 

Investigate VHHs and petroleum 
related voes present in the 
unsaturated zone at the Wausau 
Energy f aci 1f ty. 

78 560 feet 

CSR/jpl/DFK 
[jpl-402-24] 
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(lP(llAS) 
Cl l'(RAS) 
lL I'( HA',) 

LLl'}HA':,l 
(IP RAS 

I /\Iii I I 
<,/IMl'L I NI, ANll ANAL Y':, I'> J•HOGUAl1 (WAU'...AIJ, I'll/I'll 11) 

I-lo. of No. of No. of No. of Matrix Test 
Sdmpl_t•_s 0~1•_I i C_d trs llldnks M'>/_M_S_O Tot.di l'drdlllell'rS 

90 9 9 '> JOH voe 
?] J ] 2 ?9 voe 
23 ] ] l Z9 BNA 
l3 3 I ,' ?9 Pl':,I/PCB's 
23 J ] 2 29 metdls 
?3 3 3 l 29 cy,inide 

4 -- -T - f - . -- - f -- ----- 6 voe 

·-m 9'' a• -----· - . --- ---
94 

voe _____ 

. -------- -----
;.,4 ) j • 2B voe 

9 I • 1 • --- ·-·- --------11·--------voc ___ 

<j I I 11 voe 

?C, ) ;;- . r -- ----- 3(1 -- V11(-
i", ) '/ 2 30 BNA 
,", 3 7 ;,, JO metdls/CN 

·1/J 7 'l ----- .---------22 -- voe---

111 'l 2 I 22 BNA 
Ill 7 'l l 22 PEST/PCB's 
111 ,' 2 I 22 111etals/CN 

--- -----------------~ 

BNA 

lo be determined ill the f i,- Id 
PEST/PCB's 
metals 

4 f 0 
--- -T-- _____ s ____ cianide 

V C 

.. - --------- -------
•11uplicalt>~, bldnks dnd ',p,~t>s will be ,111dly1,.,11111 a per c1dy h.i•,i, for 011-\ile U dndlyses dS outli111•,J in Appendix F. 
•urhe mdtrix told I LOlu11111 does not i11Lludt• 111c1t,·ix ~p,kl'/111dtr 1x •,p1~1- 1tupl iLdlt'\. 

) ) ) 
) 
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2) F'.e'.J ~arame~ers run by War:yn sampling personnel. 

3) C~ntract Laboratory Program, RAS, SAS 

~) Tr~~1e the sample volume will be collected for matrix spike!matr~x 
s;iH:e c::.:;: 1 icate ana1ysis sa:·.ples. (Lict.;:d organic sar::,'.es'. 

5) The matrix spike/matrix spike duplicate samoles are at a frequency of one 
per twenty or fewer investigative samcles. 

6) Fie~c: blank: numbers are estimated. Actual numbers may vary based on fie 1 d 
conditions. 

7) Groundwater samples targeted for Target Compound list (TCL) metals 
analysis will be field filtered 1lffllediately after collection, prior to 
pres er,.· at ion. 

8) Two trip blanks (one analyzed) will be submitted with each shipment of 
samples targeted for Hquid \IOC analyses. 

SGw ~pi,'C:5~ 
~ · ·c~ z~J 
I ,. - -- 4 - ~ ow,. 



City 
C'..J3 
C~4 
CW6 
CW7 
CW9 

TABLE 8 
PROPOSED ROUND 3 SAMPLE LOCATIONS 

WAUSAU WATER SUPPLV NPL SITE 
WAUSAU, WISCONSIN 

Production Wells (5) 

U.S. EPA RI/FS Installed Monitoring Wells (30) 

E20 
E21, E21A 
E22, E22A 
E23A 
E24, E24A 
E25, E25A 
E26, E26A 
E27 
E28A 
E29A 
E30 
E31 
E37A 
wso 
WSl 
W52, W52A 
W53, W53A 

W54 
WSS, WSSA 
W56, W56A 
W57 

Previously Existing Mon1tor1ng Wells (38) 

East 

WCl (to be repaired) 
WC2 
WCJ, WCJA, WCJB, WCJC 
WCS, WCSA 
MWlOA, MWlOB 
MWll 
MW13 
FVO2 
FVD7 
GM9S 

l of 2 



Mw'l4 
GM60 
GMSO 
GM80 
WERGIN 
MW7A 
WW2 
TCT40 

C6S 
C4S, C40 
C3S 
C2S 
C7S 
R40 
R3S 
R30 
R2S, R2D 

TABLE 8, Continued 
PROPOSED ROUND 3 SAMPLE LOCATIONS 

WAUSAU WATER SUPPLY NPL SITE 
WAUSAU, WISCONSIN 

R5S (Marathon Electric Wells 
R6S installed January, 1987) 
R7S 
MW7 

Wausau Chemical Extraction Wells 

2 of 2 

Five (5) pumping extraction wells located on south side of Wausau Chemical. 

CSR/jpl/DFK 
[j p 1-402-22] 
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Analysis 

WATER AND LIQUIDS 

Routine Analytical Services (RAS) 
cow or "ea Concentration (Organics) 
Acid Extractables\ base/neutral 
extractables, pes ticides/PCBs 

L0111 or tied Concentration (Inorganics) 

Neta ls 

Cyanide 

High Hazard Saaples 

Liquid Suples 
Organic and Inorganic 

( ( 

TABLE 9 

SAHPLE QUANTITIES, BOTTLES, PRESERVATIVES ANO PACKAGING 
FOR SOIL, SEDIHENT AND WATER SANLES FRON WAUSAU NPL SITE 

Bottles and Jars Preservation Holding time 

Two 1/2-ga llon 
aaber bottles 
(teflon-lined caps) 

One I- liter high 
density polyeth­
ylene bottle 

One I- liter high 
density polyeth­
ylene bottle 

One 8 oz 
Ihde Nouth Jar 

Iced to 4°C 5 days until 
extraction 

Filter through 6 110nths 
0.45 u■ filter (Hg 26 days) 
1 : I HN03 to pH<2 
Iced to 4°C 

6N NaOH to pH>l2 14 days 
Iced to 4°C 

None 

Volume of Samples 

fill bottle to 
neck 

Fill to shoulder 
of bottle 

fill to shoulder 
of bottle 

3/4 Full 

Shipping 

Federal Express 
Priority I (Hed 
w/attached 
shipper's 
certlficate for 
restricted articles) 

federal Express 
Priority I (Hed 
w/ attached 
shipper's 
cert Hicate for 
restricted articles) 

Federal Express 
Priority I (Hed 
w/attached 
shipper's 
certificate for 
restricted articles) 

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

( 

Normal Packaging 

No. I foam liner 
or vermiculite 
(Hed in Cans/ 
vermiculite 

No. 2 foaa liner 
or ver■iculite 
(Hed in Cans/ 
vermiculite 

No. 2 foam liner 
or vermiculate 
(Hed in Cans/ 
vermiculite) 

No. 2 foam liner 
or vermiculate 
(in Cans/ 
vermiculite) 



( 

Analysis 

seecial Analltical Services (SAS) 
ilater 

tlliii concentrat1on (orga111cs) 
Volatiles 

Low Concentration (lno~anics) 

TKN, roe, Nitrate+ Nitrite-N 
NH3 

Sulfate, Chlorides, Alkalinity 

Netah 

SOILS AND SOLIDS 

Routine Anal,tical Services (RAS) 
tow or "Ea rncentrat,on (Organits) 

Volatiles 

High Hazard Saaples 

Solid or Sludge S•ples 
Organic and lnorgan1c 

(jpl-402-21) 

( ( 

TABLE 9 (cont.) 

SAltPLE QUANTITIES, BOTTLES, PRESERVATIVES ANO PACKAGING 
FOR SOIL, SEDINENT ANO WATER SAHPLES FRON WAUSAU NPL SIT£ 

Bott Jes and Jars Preservation 

Two 40-■ l volatile Iced to 4°C 
org:nic analysis 
(V vials) 

One I-liter hiRh 1 ■1/1 1:1 
density polyet ylene HlS04 Iced to 
bottle 4 C 

One 1-liter hiRh Iced to 4°C 
density polyet ylene 

One I-liter hi~h Filtered through 
density ployet ylene 0.45 u■ fi Iler, 

I : l HN03 to pH<2 
Iced to 4°C 

Two 120-■ I VOA vials Iced to 4°C 

One 8 oz None 
Wide ttouth Jar 

Holding time 

7 days 

28 days 

28 days (14 
dar for 
al alinity) 

16 aonths 
Hg 30 days 

7 days 

Volume of Samples 

Fill completely 
no headspace 

Fill to shoulder 
of bolt le 

Fi 11 to shoulder 
of bottle 

Fill to shoulder 
of bottle 

Fi 11 co111pletely 
no headspace 

3/4 Ful 1 

Shipping 

Delivered daily 
to performing 
laboratory 

federal Express 
Priority I 

Federal Express 
Priority I 

De liver daily 
to perforaing 
Laboratory 

Federal Express 
Priority I (Ned 
w/attached ship­
per's certificate 
for restricted 
articles) 

Federal Express 
Priority I 
(w/attached 
shipper's 
certific,He for 
restricted drticles) 

Normal Packaging 

No. I foam liner 
or vermi cu I ite 

Vermicu 1 ite 

No. 2 foam liner 
or vermiculite 

Vermiculite 

Vermiculite 
(Ned in cans/ 
vermiculite) 

No. 2 foam I iner 
or vermiculate 
( in Cans/ 
vermiculite) 



Subtask 
Activity No. Type• 

Soi 1 Gas Survey 2.2.1 FA 

Soi 1 Borin9 2.2.l FA, LA, IH 
lnves t igat 10n 

Soil Gas Extraction 2.2.2 FA, IH 
Treatability Study 

Test Pit Investigation 2.2.3 FA, IH, LA 

Round 3 Groundwater 
Sampling 

2.2.4 JP!, LA, FA 

) 

TABLE 10 
PHASE II SITE INVESTIGATION ACTIVITY SUHNARY 

WAUSAU WATER SUPPLY, NPL SITE 
WAUSAU, WISCONSIN 

Anticipated 
No. of 

Investigative 
Samples 

94 soil gas 

28 soil samples 
11 Groundwater 

:t28 soil sa■ples 

20 soil samples 

Possible Hit 
Hazard Resi ue 
Samples 

108 vroundwater 
samp es (GC/HS) 

29 TCL ground-
water samples 

) 

Description 

Soil gas snples will be collecttd 
through soil borings perforaed at 
suspected source areas. The soil 
gas survey will be conducted siail­
taneously with the soil boring 
progra•. 

Approxi•ately 30 soil borings will be 
conducted at suspected source areas. 
Soil sa111ples and soil gas sa111ples will 
collected during bori';l advanceaent. 
Groundwater sa■ples wt 1 be collecttd 
fro■ aperoxiaately 9 of the bori~s. 
Gas aon1toring probes and extract on 
wells will be installed in 
approxi■ately 12 borings. 

Soil gas extraction tests will be 
conducted at the for■er City landfill 
and at Wausau Che.teal to evaluate 
the effectiveness of enhanced 
volatilization as a potential re111edfal 
alternative. 

The test pit investigation will be 
conducted at the former City landfill 
to characterize waste ■aterials and to 
identify the source of VHH 
contamination found in soil gas and 
soil samples collected during the 
Phase l investigation. 

Groundwater samples will be collected 
from approximately 90 locations. 
Samples will be submitted to the CLP 
for analysis of voes by GC/P!S (SAS), 
23 samples will be submitted to the 
CLP for analysis of Target Compound 
List parameters. 

) 

Results 

Vertical profile of 
soil gas voe concen­
tration variations 
with depth. 
lsoconcenttration 
contour ups of soil 
gas distribution in 
source areas. 

Utflintion 
Of Data 

1. Selection of soil 
SIii() 1 es for CLP 
analysts. 

2. Deteraine test pft 
locations. 

3. Deteraine locations 
and depth intervals 
for gas IIOflitortng 
probes and 

extraction wells. 

Soil bortny l~s, voe 1. Estfute vertical 
analris o so 1 extent of unsaturated 
sa•p es, VOC analysts zone conta■fnatfon. 
of groundwater 2. Deterafne test pit 
sa11ples, installation locations. 
of g:s .:,nftoring 3, Assess shallow ground-
pro sand extraction water taeact beneath 
wells. suspected source areas. 

Ve llhead gas 1. Detentint •xi-
velocities, wellhead possible extraction rate 
and probe pressures and radius of Influence. 
soil gas conta■inant 2. Deter■fne conta■fnant 
concentrations. reaoval rate. 

Visual descrf,tion of 1. Characterize potential 
waste ■ateria s, voe source area fn order to 
analysts of soi/ deteraine health risks 
residue saaples. and to assess potential 
Deter■tnatfon of the re111edial alternatives. 
J i•its of ff 11. 

Groundwater concen- 1. Verify analytical results 
trations of voes and obtained during Phase I 
and TCL parameters sa11p 11 n3 s . 
at selected 2. Supply ata for the 
.onitoring wells. Endanger■ent Assess■ent (EA) 

) 



Surface Water and 
Sediment s~mpling 

Subtask 
No. 

2.2.5 LA 

Bos Creek 2.2.6 IH 
flow Measurements 

Water Level 
Measurements 

Drawdown Testing 

2.2.7 

2.2.8 

Type FA• Field Analysis 
LA• Lab Analysis 

13076.00 
CSR/sss 

IH • In Situ Measurement 

(jp 1-402-15] 

IH 

'" 

Type 

TABLE 10 
PIIASf IJ SITE INVESTIGATION ACTIVITY SUHHARY 

(Continued) 

Anticipated No. 
No. of Investi­
gative samples 

6 sedi•ent & (RAS) 
surface water 
{SAS) samples 
analyzed for VOCs 

) 

Description 

Surface water and sedf•ent salllf)les will 
be collected froa 4 locations on Bos 
Creek in order to detenine the effect 
of CW6 discharge on surface water 
qua 1 ity. 

Results 

Surface water VOC 
concentrations, 
s~iaent voe 
concentrations. 

Utilization 
of Data 

1. Deterafne effect of 
Product ton We 11 CW6 
discharge on Bos Creek 
water quality. 

2. Deteraine te■poral 
variation of voe 
concentrations fn 
surface water. 

Strea• elevation and flow velocity 
■easurements will be conducted at 
two locations on Bos Creek in order 
to estimate induced surface water 
recharge of the aquifer. 

Continuous record of 1. 
creek elevation, 

Estt■ate induced surface 
water recharge fro■ 

fnter■i ttent 
■easureaent of flow 2. 
velocity, estfute of 

Bos Cree~ into the aquifer. 
Quantify the effect of CW6 
discharge on surface water 
voe concentrations. surface water 

discharge at two 
locations. 

Four rounds of groundwater and surface Groundwater 
water levels will be ■easured at site elevations, 
110nitoring wells, production wells and potenti011etrtc ups 
staff gages. and cross-sections. 

Continuous water level aeasureaents 
will be conducted at ten (10) 
110nitorfng wells in order to assess 
drawdown resulting fro■ the pu■page 
of product\on wells tW6 and t~3. 

Tlae vs. drawdown 
plots of site 
aonftortng and 
production wells. 

3. "°nitor surface water 
levels during drawdown 
tests (Subtask 2.2.8). 

1. Evaluate the effect of 
of 11Untctpal well puapage 
and river stage fluctuation~ 
on groundwater flow. 

2. The data will also be used 
to assess the influence of 
induced surface water 
rechal"ge on groundwater 
flu. in the ,itinity of 
Box Creek. 
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PROPOSED SOIL BORING LOCATION AND NUfllER 

PROOOCTJOtl WELL LOCAT IOfl ANO HIMBER 

B17-$­

CW3♦ 

B14♦ PROPOSED SOIL BORING WITH PERMANENT GAS MONITORING 
PROBE LOCATION AND HIJf'IIER 

B21._ PROPOSED GAS EXTRACTION WELL LOCATION AHO.NllllER 

NOJES 
1, REFER TO TABLE 6 FOR A SIJl4ARY Of ANTICIPATED 

SOIL BORING DEPTHS AND RATIONALE FOR CONDUCTING 
THE BORINGS. 

2, TW ADDITIONAL BORING LOCATIONS Will BE DETERMINED 
IN THE FIELD BASED ON THE SOIL GAS SURVEY RESULTS 
AND FIELD GAS CHROMATOGRAPH ANALYSIS OF SOIL SAMPLES. 

3, SOIL GAS SAMPLES WILL BE COLLECTED AT DEPTHS OF 5 
· AND 10 FEET. 
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9/28/48) 
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!'All Mll1 I.Al 
THE SAND AJ 

· WATER TABLI 
9/26/48 

I ' NOTES 
l. SOIL BORING IIEP11IS 

, ... ·• WEDON'J!IE LMDF 

.. 

. 
Z. TESl Pll EXCAVATIO 

15 TO 20 FEET. 

3, NI ADDITIONAL 3 TE 
WED ON RESULTS 0 

4. TWO ADDITIOHAL BOR 
AREAS) OETEIIHlNED 
Stll\'EY RES UL TS ANt 
SOIL SAHPLES, 

5. SOIL GAS SAMPLES~ 
DURJNG DRILLING. 
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MONITORING WELL LOCATJON'AHD HlJIIER 

PROPOSED SOIL BORING LOCATION AND NIJfiiER 

PROPOSED SOIL BORING WITH PERHANEHT.GAS IIJNITORJNG PROBE 
PROBE LOCATION ANO NUK3ER 

. · . B11 • PROPOSED &AS EXTRACTION WELL LOCATION AND NlJIIER 

.TP1-$- PROPOSED TEST PIT LOCATION AND lllllt1ER 

LIMITS OF FILL (BASED ON AERIAL PHOTO&AAPHY DATED 
9/28/48) 

FORHER SAHD AND GRAVEL PIT EXCAVATION ESCARPMENT 
BASED ON AERIAL PHOTOGRAPHY DATED 9/28/48 

P -' MXIMIJ4 LANDFILL THICICNESS BASED ON LOCATIONS WHERE 
THE SAND AND GRAVEL OPERATIONS HAD EXCAVATED INTO 
WATER TABLE (BASED ON AERIAL PHOTOGRAPHY DATED 
9/28/48 

I ' NOTES 
l, SOIL BORING DEPTHS WILL BE OETERMJNED IN THE FJELD 

BASED OH 'f!IE lANOFILL THICKNESS. . . 
2, TEST PIT EXCAVATION DEPTHS ARE PLANNED TO BE BETWEEN 

JS TO 20 FEET. 

3, All ADOJTIONAL 3 TEST PIT LOCATIONS Will BE SELECTED 
BASED ON RESULTS OF THE SOIL BORING/SOIL GAS SURVEY, 

4, TWO ADDITIONAL BORING LOCATIONS (EAST AND/OR WEST STUDY 
AREAS) DETERMINED IN THE FIELD BASED ON THE SOil GAS 
SlltVEY RESULTS ANO FIELD GAS CHROl"'ATOGRAPH ANALYSIS Of 
SOIL SAMPLES. 

5, SOIL GAS SAMPLES Will BE COLLECTED ON 10 FOOT INCREMENTS 
DURING DRILLING. 
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GROUND SURFACE 

DEPTH 

DEPTH 

-::11,=111 
\I\== 

I II 

: 3 .O' 

: 5 .o· 

DEPTH : 10.0' 

DEPTH :t: 11' "v 

~- GRANULAR BENTONITE SURFACE SEAL 

. 3/4" SCHEDULE 40 PVC RISER . 
3/6" PEA GRAVEL . . . . 

. . 

. . 

. . 
3/4" SLOTTED PVC UELL SCREEN 

... 

... 
L e" L 
'( 1 
HOLE DIAMETER 

FIGURE 15 
Q WARZYN 

! NOT TO SCALE ~f 
p..._,r .• ,,.., • ., GAS MONIT RING PAOBE 

INSTALLATION DIAGAAM-E. STUDY AAE.t 
QUALITY ASSURANCE PROJECT PLAN ADOENDUI 

WAUSAU WATER SUPPLY NPL SITE 
WAUSAU, WISCONSIN OWN AL½4 APP~~ DATEb I'~ 68' 13076 A 17 
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PAVEMENT SURFACE 

NOTE: 
INSTALLATION DEPTHS 
AND LENGTHS UJLL BE 
DETERMINED IN THE 
FIELD BASED ON SOIL 
GAS SURVEY RESULTS. 

. . . . 

. . . . 

. . . . . . . . . 

. . . . . 

. . . . . . . 

. . 

. . 

. . . . . 

. . 

. . 

. . . - . . . . - . . . . . . . . . . . . . . . . . . . . . . . . 
l B" l 

1 '1 
HOLE DIAMETER 

FLUSH MOUNT 

GRANULAR BENTONITE SEAL 

3/4" DIA. SCH. 40 PVC PIPE CTYPJ 

3/6" PEA GRAVEL CTYPJ 

SLOTTED PVC UELL SCREEN 
(LENGTH TO BE DETERMINED IN 
FIELD BASED ON SOIL GAS AND 
SOIL SAMPLING RESULTS) 

GRANULAR BENTONITE SEAL 

SLOTTED PVC UELL SCREEN 
(LENGTH TO BE DETERMINED lN 
FIELD BASED ON SOIL GAS AND 
SOIL SAMPLING RESULTS) 

FIGURE 16 
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PRESSURE MONITORING ·E= ;~~El5~Dut[~G 
PORT~ 

PAVEMENT SURFACE • 1/4" SAMPLE PORT 

MALE THREAD UP--++...i 

NOTE: 
EXACT DEPTHS AND 
SCREEN LENGTHS UlLL 
BE DETERMINED IN THE 
FIELD BASED ON 
OBSERVED FILL 
THICKNESS AND SOIL 
GAS RESULTS. 
SCREEN INTERVAL UILL 
BE APPROXIMATELY 1/2 
THE TOTAL UELL DEPTH. 

-- CONCRETE SURFACE SEAL 

--- GRANULAR BENTONITE SEAL 

--- CLEAN SAND FILL 

,.,._ __ 3/8" PEA GRAVEL ... . . . . 
~ 
HOLE DlAMETER 

~ DWN Altl 4pp·o 
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FIGURE 19 
PROPOSED SCHEDULE PHASE II WORK PLAN 

WAUSAU WATER SUPPLY NPL SITE 
WAUSAU, WISCONSIN 

TIME IN WEEKS 

TASK 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 

Groundwater Flow/Transport Modeling 2. 1.0 

Field Investigation 2.2.0 

Soil Gas 2.2.1 -
Soil and Groundwater Borings 2.2.1 -
Gas Probe Installation 2.2.2 -
Soil Gas Extraction Tests 2.2.2 -
Test Pit Excavations 2.2.3 -
Round Ill Groundwater Sampling 2.2.4 

Surface Water Sampling 2.2.5 -
Bos Creek Flow Measurements 2.2.6 

Groundwater Level Monitoring 2.2.7 - -■ -
Drawdown Testing 2.2.7 

APR MAY JUN JUL 
13076. 16/DLI 

1 2 3 4 1 2 3 4 

AUG SEP 
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Th~s doc~~ent desc~~bes the procedures and prac:~ces tc ~e used in c~:a'~'.ft; 
grour.c~a~er, soil and soil gas samples for the Phase II investiga:~on ~~ t~e 

Wausau Water Supply, NPL Site, RI/FS. This document 1s an addendum to the 
or~ginal Sampiing Plan document dated September, 1987. 

II. SAMPLING LOCATIONS ANO NUMBER OF SAMPLES 
A. S~MP~:NG LOCAT!ONS 
Groundwater, soil and soil gas samples will be collected at various locatior.s 
1n the vicinity of the Wausau Well Field. Specific locations and numbers of 
samples to be obtained are 11sted 1n the Phase II Work Plan. A summary of 
sample numbers and required numbers of quality control samples are presented 
1n Table 7 of the supplemental QAPP. 

8. SOIL SA~PLING (SUBTASKS 2~2.1 ANO 2.2.4) 
A total of approximately 48 soil/residue samples will be collected and 
submit:ed to the CLP for analysis of Target Compound L1st (TCL) paramet~~s 

-~ inc1ud~ng: VCCs, metals, cyanides and base neutral and acid extracta=ies. 
The ana 1 yses wi 11 be conducted by RAS methods . 
Approximately 28 =,f the samples will be collected from soil borings :ondu:::<;ed 
dur1ng sut:ask 2.2.1. The rema1n1ng 20 soil samples wi11 be collected during 
the test pit investigation at the fonner City of Wausau Landfill. Duplicate 
samples w111 be submitted once every 10 samples. The quality control samples 
(duplicates) are 1nc1uded in the !~tal sar.~le ~~a~tity estimate. 
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C. SOIL GAS SAMPLING (SUBTASK 2.2.1 ANO 2.2.2) 
Approximately 100 soil gas samples will be collected and analyzed by field GC 
during the Phase II investigation. Up to seventy-eight (78) of the samples 
will be collected during the soil boring investigation (Subtask 2.2.1) from 
the following facilities: 

Wausau Chemi ca 1 (14) 
C.M St. P. & P. Rail road (4) 
Wausau Energy (6) 
Marathon Electric (16) 
Former City of Wausau Landfill (34) 
Additional Contingency Soil Borings (4) 

The soil gas samples will be collected according to methods outlined in the 
Phase II Work Plan. The samples will be obtained at discrete depth intervals 
from the soil borings. Duplicate and field blanks will be collected once 
every ten samples. The soil gas survey will be used qualitatively as a field 
screening tool to determine which soil samples should be submitted to the CLP. 
The soil gas results will also be used to determine the gas extraction well 
screen intervals and test pit locations. 

Additional soil gas samples (Approximately 28) will be obtained during the gas 
extraction treatab111ty study (Former City Landfill and Wausau Chemical). The 
samples will be obtained from both monitoring probes and from the extraction 
test well. The soil gas samples obtained from the monitoring probes will be 
used to determine the area of influence of the test well. Concentrations 
recorded at the extraction test well will be used to detennine the mass of 
contaminates removed during the test. 

D. GROUNDWATER SAMPLES (SUBTASK 2.2.1 AND 2.2.4) 
Groundwater sampling will be conducted both during drilling (Subtask 2.2.1) 
and from completed monitoring wells (Subtask 2.2.4) installed prior to the 
Phase II Investigation. Approximately 11 groundwater samples (9 samples, 1 
duplicate and/blank) will be collected from borings conducted at the former 
C1ty of Wausau Landfill, Marathon Electric and from the northwest loading dock 
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38 ?reviously Existing Monitoring Weils 
• 5 ~ausau Chemical Extraction Wells 

4 ~ausau Chemical Treatment System Influent and Effluent 
S :i:y of Wausau Treat~ent System Influent and Effluent. 

The sam~1es will be submitted to the CLP for low detection GC/MS voe analyses 
using S~S methods described in Appendix 0. 
Approximately twenty-three (23) samples collected from potential source areas 
and impacted product1on wells (C•3, CW4, C•6) will be submitted to the CL? for 
TCL, voe, metals, cyanide, Base neutral and acid extractable analyses using 
Routine .l.na1ytical Services (RAS). 

I!!. S~MPLE DES:GNA7:0N 
A. ~~c~~:r !OE~TIF!ER CODE 
A 2-~e::er designation wi~l be implemented to identify the ~a~o1ing s1:e. 7~e 
pro!ect i~ent1fier will include •w• for Wausau Water Supply NPL Site followed 
by "E· for U.S. EPA lead project. 

S. s;~P~E TYPE ANO LOCATIONS CODE 
Eac~ sample collected will be 1dentif1ed by a 2-dig1t sample code 
corresponding to the sample type. The locations code or sample description 
wil: fo'.~ow the sample type code. The 1ocaticn code cons1sts of a 2 to 5 
ci,;i: r·~'.':':=~ .. or a~pha-numer~c cede that ir.~~:ates the sample location. Fielj 

·- --- ' 

.... - - :.- : .., 



, __ 

June 15, 1988 -4- 13076.00 

industrial water supply well sample descriptions are listed in Table 8 of the 
QAPP. For groundwater samples collected during drilling and soil boring 
samples, the location code assigned in the Phase II Work Plan (Figures 1 and 
2) will be followed by the sample depth. The sample type codes are: 

GD - groundwater sample collected during monitoring well installation 
GW - groundwater sample fonn a completed monitoring well 
PW - groundwater sample from a private residential well 
M~ - groundwater sample from a municipal or fndustrial water supply well 
SS - soil sample 
SG - soil gas sample 
FB - field blank (water quality sampling) 
TB - trip blank 
FD - field blank (during drilling) 

C. SAMPLING ROUND CODE/DUPLICATE CODE 
Groundwater samples obtained from completed monitoring wells, groundwater 
extraction wells, municipal production wells, from the City and Wausau 
Chemical treatment systems, field blanks and trip blanks will have a numeric 
identifier (03) to signify the third sampling episode. Groundwater and soil 
samples collected during drilling, surface water and soil gas samples will not 
have episode codes because they represent a one-time sampling at a unique 
location. Duplicate samples will be designated by the episode codes preceded 
by a 9. AD is not to be used because ft is too easily confused with the 
location code. 

D. EXAMPLES OF SAMPLE IDENTIFICATION CODES 
Examples of sample fdentfffcatfon codes are as follows: 

• WE-GD813-30 Wausau, U.S. EPA lead project, groundwater sample collected 
during drilling of boring 813 at a depth of 30 ft. 

· WE-GWFVDS-03 Wausau, U.S. EPA lead project, groundwater sample collected 
from Monitoring Well FVDS, Episode 3. 

· WE-GWFVDS-93 Duplicate of groundwater sample collected from Monitoring 
Well FVDS, Episode 3. 

• WE-FB04-03 Wausau, U.S. EPA lead, field blank number 4, episode 3. 

• WE-SGB12-10 Wausau, U.S. EPA lead, soil gas sample collected from boring 
12 at a depth of 10 feet. 



June 15, 1988 -s- 13076.00 

WE-TP08-04 Wausau, U.S. EPA lead, soil/residual sample obtained from 
Test Pit 08 at a depth of 4 foot. 

WE-TP08-04-DVP Wausau, U.S. EPA lead, soil/residual sample obtained from 
Test Pit 08 at a depth of 4 foot, duplicate. 

IV. GENERAL SAMPLING EQUIPMENT AND PROCEDURES 
A. SOIL GAS SURVEY/SOIL AND GROUNDWATER BORING INVESTIGATION (SUBTASK 2.2.1) 
1. Objective 
The combined soil gas survey/soil and groundwater boring investigation will be 
conducted as an initial source characterization screening. The soil gas data 
will be used qualitatively to select soil samples for CLP analyses and to 
determine test pit and gas extraction well locations and screen intervals. 
The soil sampling will provide depth integrated characterization of 
unsaturated zone soils in potential source areas. The groundwtaer sampling 
during drilling will be used to assess shallow aquifer impact at suspected 
source areas. 

2. Personnel and Responsibilities 
Drilling and Sampling Supervision - Drilling and sampling (soil gas, 
groundwater and soil) activities at each drilling rig will be supervised by a 
geologist or hydrogeologist. The rig supervisor will oversee the collection of 
soil, groundwater and soil gas samples, field classify and log samples, 
prepare sample documentation, and act as rig safety officer. 

Site Safety Officer - The site safety officer (SSO) will be responsible for 
overseeing safety aspects of the drilling and sampling program. The site 
safety officer in conjunction with the drilling rig supervisor will determine 
appropriate levels of personnel protection. The SSO will also function as a 
sample transfer technician and will transfer samples from the drilling rigs to 
the on-site GC. 

Laboratory Technician - The laboratory technician will be responsible for 
analysis of soil gas, groundwtaer and soil samples collected during Subtask 
2.2.1. The laboratory technician will also be responsible for maintaining all 
sample analysis documentation. 
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3. Methods 
a. Soil Gas Sample Collection 

A drill rig will auger a bore hole to the desired sample depth. 

The steel sampling probe will be driven into the ground an additional 
depth 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, not exceeding 20 centibars of vacuum. 

• 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 sample will not be cooled so as not to 
cause condensation of moisture within the sample bottle. The soil gas 
samples will be transferred to the on-site GC as soon as practical after 
sampling. 

Decontamination 

• The sample probe and sampling tubes 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. 

• Sample bottles will be decontaminated by flushing a minimum of 10 
volumes of helium through the sample bottles. 

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

b. Soil Sample Collection Methods 
The soil boring will be advanced using 4 1/4-inch I.D. hollow-stem augers with 
a screened lead auger. Soil sampling will be conducted 1n general accordance 
with ASTM D1586 using a 3-1nch split-spoon sampler. Soil samples will be 
collected on five foot intervals from ground surface to the boring completion 
depth. The soil samples will be screened for the presence of voes using an 
HNu photoionization detector. Samples indicating the presence of voes (above 
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background of HNu readings, visually greasy appearance or odor) will be 
transferred to 8 oz VOA vials without compositing. Twenty-eight (28) selected 
soil samples will be composited and submitted to the CLP for analysis of 
Target Compound list (TCL) parameters. The soil samples will be selected 
based on results of soil gas analyses and HNu screening. 

Decontamination 

· The split spoon sampler and soil spatulas will be cleaned between 
samples by washing with a laboratory wash solution (liquinox) and 
rinsing with clean water. 

• The hollow stem auger will be steam cleaned prior to entering the site 
and between boring locations where residual materials are encountered. 

· The hollow stem auger will also be steam cleaned after the collection of 
groundwater samples. 

c. Groundwater Quality Sampling While Drilling Methods 
Groundwater samples will be collected at approximately nine (9) locations. 
The groundwater sample locations are presented in Table 6 and are shown on 
Drawings 13076-B28 and B29. The groundwater quality samples will be used to 
assess potential impact at suspected contaminant source areas. 

The groundwater samples will be collected through a screened hollow stem auger 
which has been advanced approximately 3 feet into the water table. Prior to 
sample collection, a minimum of three casing (auger volumes} will be purged 
using a Brainard Kilman 1.7 pump or a stainless steel bailer. Four 40 ml VOA 
vials will be collected, two for on-site GC analysis and two for CLP GC/MS 
analysis. All samples will be collected with no head space. Samples for 
on-site analysis will be analyzed according to methods in Appendix G of the 
QAPP. 

Decontamination 

• The sampling pun,;, and/or stainless steel bailer will be steam cleaned 
after each use. 

• The hollow stem auger will be steam cleaned after each boring extended 
into the water table. 
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d. Waste Disposal 
Cuttings from the soil borings will be contained if they are found to be 
contaminated by screening with a PIO (HNu readings above background). If on­
site disposal of cuttings creates an aesthetic problem, the cuttings will be 
removed and disposed of at an off-sfte location predetermined by the City of 
Wausau. 

8. SOIL GAS EXTRACTION TREATABILITY STUDY (SUBTASK 2.2.2) 
1. Objective 
The soil gas extraction tests will be used to evaluate the effectiveness of 
in-situ enhanced volatilization (soil venting) as a potential remedial 
alternative for the treatment of unsaturated zone contamination at the Wausau 
Chemical Company and the Fonner City of Wausau Landfill. 

2. Personnel and Responsibilities 
Field Geologist - the field geologist will supervise the installation of gas 
monitoring probes and extraction wells. The gas monitoring probes and 
extraction wells will be installed in borings performed during Subtask 2.2.1 
The field geologist will document monitoring probe and extraction well 
installation. 

Test Supervisor - The gas extraction test will be conducted under the 
supervision of a geologist or engineer. The test supervisor will coordinate 
test activities including: pressure measurements, gas sample collection and 
flow velocity measurements. The test supervisor will detennine initial flow 
velocity and valve apertures prfor to fnftfatfon of the test. If necessary, 
the field supervisor will determine appropriate modification of test 
parameters. The field supervisor will also maintain appropriate documentation 
of sample collection and test procedures. 

Ffeld Technician - The field technician will assist the field supervisor in 
setting up the test and in collection of samples. The field technician may 
also transfer samples to the on-site laboratory as necessary. 
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3. Gas Extraction Test Methods 

1) Install gas monitoring probes and extraction wells according to 
Figures 3, 4 and 5; 

2) Obtain static (non-pumping) measurements of oxygen, methane and voe 
concentrations; 

3) Obtain static pressure measurements using the Dwyer Magnehelic 
pressure gage; 

4) Initiate gas extraction test by setting test well valve apertures and 
commencing pumping; 

5) Measure gas flow rate at test well using velometer; 

6) Obtain well head and monitoring probe pressure readings; 

7) Obtain gas discharge samples from blower at set intervals; 

8) Obtain methane, oxygen and VOC concentration measurements at gas 
monitoring probes located within radius of influence of the pumping 
well {Determine radius of influence from step 6). 

9) Adjust extraction well valve settings and blower rates, repeat steps 5 
through 8; and 

10) Conclude test when desired area of influence has been obtained or the 
apparent maximum area has been influenced. 

C. TEST PIT INVESTIGATION (SUBTASK 2.2.3} 
1. Objective 
The test pit investigation will be conducted in order to characterize possible 
VHH source areas within the former city landfill. The source characterization 
will be used to assess potential health risks and will be used to determine 
potential remedial actions during the feasibility study. 

2. Personnel 
Geologist/Team Leader - The team leader/geologist will coordinate test pit 
activities with the subcontractor, U.S. EPA and Marathon Electric. The team 
leader and U.S. EPA project officer w1ll determine test pit locations based on 
the soil boring/soil gas survey results and the location of underground and 
above ground utilities. The team leader will assist the U.S. EPA Project 
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Officer in obtaining access to test pit locations. During excavation 
activities the team leader will be responsible for soil screening and 
segregation, s017 sampling, waste sampling, test ptt documentation, 

subcontractor direction and site restoration. 

Site Safety Officer (SSO) - The s1te safety officer will monitor air quality 
during the excavation and will determine appropriate personnel protection 
levels. The site safety officer will conduct field decontamination of 
sampling utensils and will supervise personnel and equipment decontamination 
activities. The SSO will also document each test pit using a video recorder. 

Backhoe Subcontractor - The backhoe subcontractor will perform the test pit 
excavations under the direction of the team leader. The backhoe operator will 
be responsible for removal and segregation of soils and materials as 
designated by the team leader. The backhoe operator will be responsible for 
transport of any containers breached during excavation activities. The 
containers will be transported to an on-site secured location designated by 
Warzyn in cooperation with the U.S. EPA and the City of Wausau. The backhoe 
operator will also be responsible for the backfilling of the pit and the 
restoration of the excavation surface area. The backhoe subcontractor will be 
responsible for verifying that all on-site subcontractor personnel have 
completed 40 hours of health and safety training for hazardous waste site work 
and that all subcontractor personnel are on a medical monitoring program. The 
backhoe subcontractor will be responsible for providing personnel protective 
equipment for a1l on-sfte subcontractor employees. 

Methods 
Excavations by trenching will be performed with a backhoe to approximate 
depths of 15 feet. Uncontaminated excavation materials (HNu a background 
readings) will be stockpiled and used to recover the excavation at the end of 
sampling. Waste material removed from the test pits will be placed back 1n 
the pit at the end of sampling. 
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Approximately 50 soil/residue samples will be collected from a maximum of 8 

test pit excavations. A minimum of 18 of the soil samples will be submitted 
to the CLP for analysis of (TCL) parameters. Refer to Table 7 for a summary 
of the sampling and analysis program. The samples will be collected out of 
the backhoe bucket with stainless steel spatulas or trowels, and composited in 
stainless steel buckets or stainless steel beakers to obtain a representative 
sample. Compositing will occur with a minimum stirring of the sample. The 
portion used for volatiles analysis will not be composited and will be 
collected first to minimize time for volatilization. 

If containerized wastes are encountered during the excavation, an attempt will 
be made to sample the contents fn-sftu, without removal of the container from 
the test pit. The contents will be sampled using a glass tube (liquid) or 
sediment sampler (sludge). Containerized waste which cannot be sample from 
the surface of the trench will be excavated and sampled. Containerized wastes 
will be backfilled into the excavation, unless the container integrity has 
been breeched. 

0. GROUNDWATER QUALITY SAMPLING (SUBTASK 2.2.4) 
1. Ob,1ective 
The objective of this activity is to collect groundwater quality samples from 
all recently installed monitoring wells and from selected previously installed 
monitoring wells which have indicated groundwater impact during previous 
sampling rounds. The sample locations are su111T1arized in Table 8 and are shown 
fn Drawing B30. 

2. Personnel and Responsib111ties 
Sampling Teams - Two teams of two people each will be responsible for purging 
wells, collecting water quality samples, conducting the pH and conductivity 
measurements, providing site safety during sampling, decontamination of 
equipment and proper disposal of all purged water. 
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Chain-of-Custody Technician - This person will be responsible for all 
chain-of-custody records, preparing all sample bottles for the sampling teams, 
packaging and shipping samples with assistance from the sampling team members. 
This person will also assist in filtration and preservation of TCL metals 
samples. 

3. Methods - Monitoring Wells 
Monitoring well purging and sampling techniques to be utilized during Phase 2, 

groundwater sampling are summarized below. 

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 the present, based on 
drilling or previous sampling observations, an oil water interface probe will 
be used to measure both the depth to fluid and depth to water. 

Purging 

1. If floating product is observed, a stainless steel bailer will be used 
to collect a sample of the floating product without purging. The 
stainless steel bailer will then be used to purge the well of three 
volumes and to collect required samples (See Table 9 of the QAPP for 
required sample containers, preservatives and handling). 

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

3. 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. 

4. The pump will be used to purge a minimum of three well volumes from 
the isolated zone of the well. Volume to be removed is 0.16 
gallons/ft of the 2-1nch well times the length of the isolated zone. 

5. Water levels above the isolated zone will be monitored regularly to 
detennine whether any leakage past the packer 1s occurring. If more 
than 10% of the purged volume comes from leakage past the packer 
(0.1 ft of head drop above the isolated zone per foot of isolated 
zone), the packer w111 be deflated and reset. If a second attempt is 
unsuccessful, the entfre volume of the well will be purged. 
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6. Purge water discharge will be collected in a tank. 

7. 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. 

Sample Collection 

1. Samples will be collected directly from the sampling pump discharge 
using the bottles listed in Table 9 of the QAPP. 

2. 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. 

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

QC Samples 

QC samples will be collected at the following rate: 

• 1 duplicate/10 samples or 1/day, whichever is less 

• 1 sample blank/10 samples; sample blanks will be collected by using the 
sampling device (the pump or bailer) and collecting a sample of 
deionized water i1J111ediately after decontamination 

• 1 Trip blank submitted per sample shipment of voes 

· 1 MS/MSO 20 investigative samples 

Refer to Table 7 (QAPP) for a summary of Quality Control samples to be 
collected. 

Sample Handling Preparation and Sample Analysis 

· All samples will be iced innedfately after collection 

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

• Preservation will be conducted as specified in Table 9 of the QAPP 

• pH and conductivity will be measured as specified in Appendices Cl 
through C4 of the original QAPP. 
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Decontamination 

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

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

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

E. SURFACE WATER AND SEDIMENT SAMPLING (2.2.5} 
1. Objective 
Surface water and sediment samples from four (4) different locations will be 
collected and submitted to the CLP for voe parameter analyses. The results of 
these analyses will be used to determine temporal variations in the surface 
water impacts identified during the Phase I Investigation. GC/MS analyses of 
sediment samples will be used to evaluate residual voe impact on surface water 
in Bos Creek. 

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

Chain-of-Custody Technician - This person will prepare sample labels and 
provide chain-of-custody records and package and ship samples. 

3. Methods 
Surface Water Sampling - Samples will be collected in quiet water areas near 
the bank of the stream or river. Surface water samples will be collected 
prior to sediment samples at 4 locations shown on Figure 6. Surface water 
samples will be collected using stainless steel sampling equipment. Sampling 
equipment will be decontaminated using TSP wash followed by two, clean-water 
rinses. Sample handling, preservation, containers and packaging are 
su111J1arized fn Table 9 of the QAPP. 
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F. BOS CREEK DISCHARGE MEASUREMENTS (SUBTASK 2.2.6) 
1. Objective 

13076.00 

The surface water discharge measurement will be conducted in order to 
determine the hydraulic connection of Bos Creek with the groundwater flow 
regime in the vicinity of the municipal production wells. The flow 
measurement will be used to assess the potential recharge boundary effect that 
production Well CW6 pumpage to waste may have created. 

2. Personnel and Responsibilfties 
Hydrologist - A hydrologist will be responsible for the initial test setup 
including: installation of pressure transducer and data logger. The 
hydrologist will conduct initial stream flow velocity measurements. After the 
initial site visit, the hydrologist will coordinate additional flow velocity 
measurements and data logger downloading. The hydrologist will interpret the 
flow versus elevation data in order to estimate surface water seepage into the 
aquifer. 

Field Technician - The field technician will accompany the hydrologists and 
will assist in the initial test set up. The field technician will be 
responsible for subsequent site visits to record stream velocity and to 
download the data logger. 

3. Methods 
• Install pressure transducer and data logger on Bos Creek at the pool 

above Randolph Street. 

Measure flow velocity at Burns Street and at Randolph Street using both 
Pygmy and Price flow meters. 

• Conduct 5 subsequent vfsfts to download data logger, check pressure 
transducer calibration and conduct additional flow velocity 
measurements. 

• Determine stream discharge at each location from the flow vs. elevation 
data. 
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Surface water samples will be analyzed for pH and conductivity using the 
methods in Appendices Cl through C4 of the original QAPP. 

Sediment Samplfng - Sediment samples wfll be collected following surface water 
samples using a hand-corer. The hand-corer will be driven to a depth of 6 
inches and sediment samples will be collected in the sample bottles listed in 
Table 9 of the QAPP. The sample for voes analysis 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. 

QC Samples 

· 1 duplicate of each media 

1 sample blank for surface water by using the sampling device 
immediately after decontamination. 

• 1 MS/MSD for surface water 

SAMPLE DOCUMENTATION (Refers to Subtasks 2.2.1, 2.2.3, 2.2.4 and 2.2.5) 
Samples shipped to perfonning laboratories will be handled under 
chain-of-custody procedures. Standard fonns including sample tags, traffic 
reports, chain-of-custody fonns, and custody seals used for sample tracking 
will be recorded in the site log book maintained by the team leader and in 
logs maintained by each sampling crew. The infonnation will include sampling 
time, location, tag numbers, designation and samplers. Pertinent PIO 
readings, weather conditions, and field modifications of sampling strategy 
will be recorded. The log book will be maintained in indelible ink and w111 
be in a bound volume unless weather conditions dictate otherwise. Sample 
documentation for analyses by field GC will be limited to labels and logbook 
entries by sampling crew and field analyst. 
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G. GROUNDWATER LEVEL MONITORING (SUBTASK 2.2.7) 
Objective 

13076.00 

Due to the critical need to define the affects of induced surface water 
recharge on groundwater flow in the vicinity of Bos Creek, four additional 
rounds of water level data will be obtained from site monitoring wells. The 
data will be used to assess changes in groundwater flow resulting from 
variations in production well pumping rates, river stages and groundwater 
recharge. 

2. Personnel and Responsibilities 
Water level monitoring will be conducted by a two-person team. The team will 
be responsible for measuring levels at all monitoring wells, production wells 
and extraction wells. The water level monitoring team is also responsible for 
inspecting and documenting the condition and/or need for repair of site 
monitoring wells. 

3. Methods 
The water levels will be measured using a fiberglass tape and sounding device 
or an electronic water level indicator. Water levels will be measured with 
respect to the top of the inner well riser. The water level measuring devices 
will be calibrated prior to use so that readings from the various devices are 
consistent to within 0.01 feet (accuracy of the elevation survey). 

H. DRAWDOWN TESTING (SUBTASK 2.2.8) 
1. ObJect1ve 
The drawdown testing w1ll be conducted in order to evaluate hydraulic 
connection between potential source areas and municipal production wells. 

2. Personnel and Responsibilities 
The drawdown test will be conducted 1n cooperation with the City of Wausau. A 
hydrogeologfst and technical assistant wfll install and secure data loggers 
and transducers at site monitoring wells. The team will also be responsible 
for downloading the data to an on-site computer and periodically verifying the 
integrity of the test set up. The team leader/hydrogeologist will be 
responsible for coordinating production well operational schedules with the 
City of Wausau, Department of Water and Sewers. 
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3. Drawdown Test Methods 

The drawdown test will be conducted as follows: 

• Obtain water levels at designated monitoring wells (Refer to Work Plan 
Subtask 2.2.8) and install pressure transducers and data loggers. 

• Set data logger to record in the linear mode at 10 minute intervals. 
Set data logger to start recording at a predetermine time during which 
existing conditions are recorded (CW6 pumping to waste into Bos Creek, 
CW3 pumping at a constant rate}. 

• After approximately 1 day, turn off production Well CW6 and record 
recovery (Production Well CW3 remains pumping at a constant rate). 

• After recovery appears complete, initiate CW6 pumpage with water 
discharge to the treatment plant, (Production Well CW3 remains pumping 
at constant rate). 

• Download data loggers and observe drawdown due to CW6 pumpage. 

• Once drawdown has stabilized at all monitoring points, productfon well 
CW3 is turned off and recovery observed at the monitoring points. 

• Test is completed when recovery appears to have stabilized and data 
loggers are downloaded to the computer. 

• Record pumpage rate and schedule at municipal wells CW4, CW7 and CW9 
during the test period. 

· Obtain record of r1vel levels and precipitation during the course of the 
test. 

V. SCHEDULE 
The Phase II 1nvest1gation can be separated into two major tasks. Continued 
groundwater flow and contaminant transport modeling: and field investigations. 
Several of the groundwater flow model alterations are presently being 
instituted. Additional modifications will be made when preliminary Bos Creek 
flow measurements have been completed. The contaminant transport calibration 
process will begin as soon as validated Round II voe analysis results are 
received, QA completed, and the data evaluated. The flow and contaminant 
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transport modeling activities will continue throughout the Feasibility Study 
(FS) and will be used to develop and evaluate remedial alternatives. Refer to 
the Phase II Work Plan, Section 2.2.1 for the specific approach to the 
continued groundwater flow and contaminant transport modeling. 

With the exception of the Bos Creek flow measurements and the additional 
rounds of groundwater level monitoring, the Phase II field investigation tasks 
will require approximately one month to complete. The soil gas survey and 
soil boring investigation will require approximately 8 days. Gas extraction 
test well and monitoring probes wfll also be installed during this time. The 
soil gas extraction test and test pit excavations will be conducted the 
following week. The soil gas extraction test at the former City Landfill will 
require approximately 2 days and will be completed prior to test pit 
excavations (Subtask 2.2.3). Test pit excavations at the former landfill will 
be performed while the soil gas extraction test is conducted at Wausau 
Chemical. Groundwater and surface water sampling will require approximately 
two weeks to complete and will be conducted after the other Phase II tasks 
have been completed. The drawdown test will require approximately 1 month to 
complete and will be conducted concurrently with the soil boring, test pit and 
sampling programs. The Bos Creek flow measurements will be conducted over a 
three month period and will begin as soon as practical. The stream elevation 
monitoring interval will be increased during the drawdown test (Subtask 
2.2.8). The Phase II investigatfon schedule is su11111arfzed in Figure 7. 
Results of the Phase II investigation will be incorporated directly into the 
RI report. 

CSR/ jp 1 /RHW 

[jpl-602-88a] 



APPENDIX B 

EPA CLP TARGET COMPOUND LIST - RAS 
ORGANIC AND INORGANICS 



TABLE 8-1 

CLP TARGET COMPOUND LIST ANO 
CONTRACT REQUIRED DETECTION LIMITS (CROL)* 

Detection Limits(l) 

Low Water(2) 
Low Soi{ 

Sediment 3) 
Volatiles CAS Number ug/1 ug/kg 

1. Chloromethane 74-87-3 10 10 
2. Bromomethane 74-83-9 10 10 
3. Vinyl Chloride 75-01-4 10 10 
4. Chloroethane 75-00-3 10 10 
5. Methylene Chloride 75-09-2 5 5 

6. Acetone 67-64-1 10 10 
7. Carbon Disulfide 75-15-0 5 5 
8. l,l-D1chloroethene 75-35-4 5 5 
9. 1,1-Dichloroethane 75-35-3 5 5 

10. 1,2-Dichloroethene (Total) 156-60-5 5 5 

11. Chl orofonn 67-66-3 5 5 
12. 1,2-Dichloroethane 107-06-2 5 5 
13. 2-Butanone 78-93-3 10 10 
14. 1,1,1-Trichloroethane 71-55-6 5 5 
15. Carbon Tetrachloride 56-23-5 5 5 

16. Vinyl Acetate 108-05-4 10 10 
17. Bromodichloromethane 75-27-4 5 5 
18. 1,1,2,2-Tetrachloroethane 79-34-5 5 5 
19. 1,2-0ichloropropane 78-87-5 5 5 
20. trans-1,3-Dichloropropene 10061-02-6 5 5 

21. Trichloroethene 79-01-6 5 5 
22. Oibromocloromethane 124-48-1 5 5 
23. 1,1,2-Trichloroethane 79-00-5 5 5 
24. Benzene 71-43-2 5 5 
25. cis-1,3-Dfchloropropene 10061-01-5 5 5 

26. Bromofonn 75-25-2 5 5 
27. 2-Hexanone 591-78-6 10 10 
28. 4-Methyl-2-pentanone 108-10-1 10 10 
29. Tetrachloroethene 127-18-4 5 5 
30. Toluene 108-88-3 5 5 

31. Chlorobenzene 108-90-7 5 5 
32. Ethyl Benzene 100-41-4 5 5 
33. Styrene 100-41-4 5 5 
34. Total Xylenes 100-42-5 5 5 
35. Phenol 108-95-2 10 330 



TABLE 8-1, continued) 

Detection Limits(l) 

-------· 
Low Water(2) 

Low Soi ( 
Sediment 3) 

Volatfles CAS Number ug/l ug/k:g 

36. bis(2-Chloroethyl)ether 111-44-4 10 330 
37. 2-Chlorophenol 95-57-8 10 330 
38. l,3-01chlorobenzene 541-73-1 10 330 
39. 1,4-0fchlorobenzene 106-46-7 10 330 
40. Benzyl Alcohol 100-51-6 10 330 

41. 1,2-Dfchlorobenzene 95-50-1 10 330 
42. 2-Methylphenol 95-48-7 10 330 
43. bis(2-Chloroisopropyl)ether 39638-32-9 10 330 
44. 4-Methylphenol 106-44-5 10 330 
45. N-Nftroso-Dfpropylamine 621-64-7 10 330 

46. Hexachloroethane 67-72-1 10 330 
47. Nftrobenzene 98-95-3 10 330 
48. Isophorone 78-59-1 10 330 
49. 2-Nftrophenol 88-75-5 10 330 
50. 2,4-Dfmethylphenol 105-67-9 10 330 

51. Benzofc Acid 65-85-0 50 1600 
52. bis(2-Chloroethoxy)methane 111-91-1 10 330 
53. 2,4-Dfchlorophenol 120-83-2 10 330 
54. 1,2,4-Trfchlorobenzene 120-82-1 10 330 
55. Naphthalene 91-20-3 10 330 

56. 4-Chloroanflfne 106-47-8 10 330 
57. Hexachlorobutad1ene 87-68-3 10 330 
58. 4-Chloro-3-methylphenol 59-50-7 10 330 

(para-chloro-meta-cresol) 
59. 2-Methylnaphthalene 91-57-6 10 330 
60. Hexachlorocyclopentad1ene 77-47-4 10 330 

61. 2,4,6-Trfchlorophenol 88-06-2 10 330 
62. 2,4,5-Tr1chlorophenol 95-95-4 50 1600 
63. 2-Chloronaphthalene 91-58-7 10 330 
64. 2-N1troan1lfne 88-74-4 50 1600 
65. Dimethyl Phthalate 131-11-3 10 330 

66. Acenaphthylene 208-96-8 10 330 
67. 3-N1troan111ne 99-09-2 50 1600 
68. Acenaphthene 83-32-9 10 330 
69. 2,4-D1n1tropheno1 51-28-5 so 1600 
70. 4-N1tropheno1 100-02-7 50 1600 

71. Dfbenzofuran 132-64-9 10 330 
72. 2,4-D1n1troto1uene 121-14-2 10 330 
73. 2,6-D1n1troto1uene 606-20-2 10 330 
74. 01ethylphthalate 84-66-2· 10 330 
75. 4-Chlorophenyl Phenyl ether 7005-72-3 10 330 



TABLE B-1, continued) 

Detection Limits(l) 

---- Low w'ater(2) 
Low Soi{ 

Sediment 3) 
Volatiles CAS Number ug/1 ug/kg 

76. F1uorene 86-73-7 10 330 
77. 4-Ni troanil i ne 100-01-6 50 1600 
78. 4,6-Dinitro-2-methylphenol 534-52-1 50 1600 
79. N-nitrosodiphenylamine 86-30-6 10 330 
80. 4-Bromophenyl Phenyl ether 101-55-3 10 330 

81. Hexachlorobenzene 118-74-1 10 330 
82. Pentachlorophenol 87-86-5 50 1600 
83. Phenanthrene 85-01-8 10 330 
84. ANTHRACENE 120-12-7 10 330 
85. Oi-n-butylphthalate 84-74-2 10 330 

86. Fluoranthene 206-44-0 10 330 
87. Pyrene 129-00-0 10 330 
88. Butyl Benzyl Phthalate 85-68-7 10 330 
89. 3,3'-Dichlorobenzidine 91-94-1 20 660 
90. Benzo(a)anthracene 56-55-3 10 330 

91. bis(2-ethylhexyl)phthalate 117-81-7 10 330 
92. Chrysene 218-01-9 10 330 
93. 01-n-octyl Phthalate 117-84-0 10 330 
94. Benzo(b)fluoranthene 205-99-2 10 330 
95. Benzo(k)fluoranthene 207-08-9 10 330 

96. Benzo(a)pyrene 50-32-8 10 330 
97. Indeno(l,2,3-cd)pyrene 193-39-5 10 330 
98. Dibenz(a,h)anthracene 53-70-3 19 330 
99. Benzo(g,h,1)perylene 191-24-2 10 330 



TABLE 8-1, continued) 

Detection LimitsO) 

Low Water(2) 
Low Soi} 

Sediment 3) 
Volatiles CAS Number ugLl ugLkg 

100. alpha-BHC 319-84-6 0.05 8.0 
101. beta-BHC 319-85-7 0.05 8.0 
102. delta-BHC 319-86-8 0.05 8.0 
103. garnma-BHC (Lindane) 58-89-9 0.05 8.0 
104. Heptachlor 76-44-8 0.05 8.0 

105. Aldrin 309-00-2 0.05 8.0 
106. Heptachlor Epoxide 1024-57-3 0.05 8.0 
107. Endosulfan I 959-98-8 0.05 8.0 
108. Dieldrin 60-57-1 0 .10 16.0 
109. 4,4'-DDE 75-55-9 0.10 16.0 

110. Endri n 72-20-8 0 .10 16.0 
111. Endosulfan II 33213-65-9 0.10 16.0 
112. 4,4-000 72-54-8 0.10 16.0 
113. Endosulfan Sulfate 1031-07-8 0.10 16.0 
114. 4,4'-DDT 50-29-3 0.10 16.0 

115. Endri n Ketone 53494-70-5 0.10 16.0 
116. Methoxychlor 72-43-5 0.5 80.0 
117. alpha-chlrodane 5103-71-9 0.5 80.0 
118. gamma-Clordane 5103-74-2 0.5 80.0 
119. Toxaphene 8001-35-2 1.0 160.0 
120. AROCLOR-1016 12674-11-2 0.5 80.D 

121. AROCLOR-1221 11104-28-2 0.5 80.0 
122. AROCLOR-1232 11141-16-5 0. 5 80.0 
123. AROCLOR-1242 53469-21-9 0.5 80.0 
124. AROCLOR-1248 12672-29-6 0.5 80.0 
125. AROCLOR-1254 11097-69-1 1.0 160.0 
126. AROCLOR-1260 11096-82-5 1.0 160.0 

~ 



(1) 

(2) 

(3) 

(4) 

(5) 

(6) 

(7) 

* 

Table B-1, continued 

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

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

Medium Soil/Sedfment CRDL for Volatile HSL Compunds are 100 times the 
individual Low Water CR0L. 

Medium Water CRDL for Semi-Volatile HSL Compounds are 100 times the 
individual Low Water CR0L. 

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

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

Medium Soil/Sediment CR0L for Pesticide HSL Compunds are 15 tfmes the 
indfvidual Low Sofl/Sediment CR0L. 

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

TABLE B-2 

ELEMENTS DETERMINED BY 
INDUCTIVELY COUPLED PLASMA EMISSION 

OR ATOMIC ABSORPTION SPECTROSCOPY 

Metal 

Aluminum 
Antimony 
Arsenic 
Barium 
Beryllium 
Cadmium 
Ca lei um 
Chromium 
Cobalt 
Copper 
Iron 
Lead 
Magnesium 
Manganese 
Mercury 
Nickel 
Potassium 
Selenium 
Silver 
Sodium 
Thallium 
Vanadium 
Zinc 

Other 

Cyanide 

Required 
Detection Leve1(l) 

ug/1 

200 
60 
10 

200 
5 
5 

5000 
10 
50 
25 

100 
5 

5000 
15 

0.2 
40 

5000 
5 

10 
5000 

10 
so 
20 

10 

(1) Any analytical method specified in Exhibit D of IFB WA 87-K025/K026/K027 
may be utilized as long as the documented instrument or method detection 
limits meet the CRDL requirements. Higher detection levels may only be 
used 1n the following cfrcumstances. 

If the sample concentration exceeds two times the detection limit of 
the instrument or method 1n use, the value may be reported even 
though the instrument or method detection 11m1t may not equal the 
CRDL. 

[jpl-403-83] 
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Phone: (703) 557-2490 - FTS/557-2490 

SPECIAL ANALYTICAL SERVICES 

Client Request 

_x_ Reg1ona1 Trans■fttal _ Telephone Request 

A. EPA Reg1on/C11ent: Rea1on V, Wausau NPL Site 

B. Reg1ona1 Representat1ve: _Oe_n_n_1_s_W_e_s_o_l_o_w~sk_1 ____________ _ 

C. Telephone Nulllber: (312) 886-1971 

D. Date of Request: 

E. Site Name: Wausau Water Supply NPL S1te 
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Se~v1ces under the Contract Laboratory Progru. In order to 110st eff1c1ent1y 
obtain laboratory capab111ty for your request, please address the fo11ow1ng 
cons1derat1ons, 1f applicable. Incomplete or erroneous 1nfonut1on aay result 
1n a delay fn the process1~ of your request. Please contfnue response on 
adc1t1onal sheets, or attach suppleaentary 1nfonut1on as needed. 

1. General descr1pt1on of analytical service requested: Analysis for 
volatn es by GC/MS 1n 119 r.royndwater and 5 Surf~ce water samol es 
usinq low detection limits. 
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(A'.~ un ~ ts are Micrograms,' Li :e~) 

p;.;;:;,~E-~:.'. 
Senzene 
Bromodichlorome:~ane 
Bromofonn 
Bromomethane 
Carbon Tetrachloride 
Chlorobenzene 
Chloroethane 
2-Chloroethyl Vinyl Ether 
Ch 1 orofonn 
Chloromethane 
Dibromochloromethane 
1,1-Dichloroethane 
1,2-Dichloroethane 
1,1-Dichloroethene 
trans,1,2-Dichloroethene 
1,2-0fchloropropane 
cis-1,3-0ichloropropropene 
trans-1,3-0ichloropropene 
Ethyl Benzene 
Methylene Chloride (*) 
1,1,2,2-Tetrachloroethane 
Tetrachloroethene 
Toluene (*) 
1,1,1-Trichloroethane 
1,1,2-Trichloroethane 
Trichloroethene 
Vinyl Chloride 
Acrylein 
Acetone (*) 
Acrylonitrile 
Carbon Disulfide 
2-Butanone 
Vinyl Acetate 
4-Methyl-2-Pentancne 
2-Hexanone 
Styrene 
m-Xylene 
a-Xylene•• 
p-Xylene ... 

c,;,s • 
71-43-2 
75-27-4 
75-25-2 
74-83-9 
56-23-5 
108-30-7 
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 OETEC~ICN L:Y:~ 
IN RE~~E~T ~A~~: 

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 
l 
1.5 
1.5 
1.5 
1.5 
1.5 
1.5 

10 
100 

10 
so 

3 
10 
10 

(3) 
10 
1 
2 

2.5 

•corrnnon Laboratory Solvent - Blank Limit 1s Sx Method Detection Limit 
**The a-Xylene and p-Xylene are reported as a total of the two 

(jpi-403-81] 
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F[ELO ANALYS[S OF VOLATILE ORGANICS 

Scope and Application: This method covers the detennination of the following 
15 organic compounds in water and soil gas. 

Compounds: 

Benzene 
8romomdich1oromethane 
Bromoform 
Chloroform 
Chlorodibromomethane 

• Target Compounds 

1,1-Dichloroethane 
1,2-Dichloroethane 

•l,1-Dichloroethene 
•l,2-Dichloroethene 
Ethyl benzene 

Methylene chloride 
.Tetrachloroethene 
.Toluene 

1,1,1-Trichloroethane 
•Trichloroethene 

Method: Headspace - Gas Chromatographic/Photoionization and Hall Electrolytic 
Conductivity Detection. 

Reference: "EPA Test Methods for Evaluating Solid Waste," SW-846 Methods 
3810, 8010 and 8020 with modifications. 

Detection Limits: Headspace 1.0 - 50 ug/L, soil gas 5 - 10 ng (injected). 

Qua 1 ity Cont ro 1 : 

1. Each analytical run should begin with a target headspace standard 
curve consisting of 50, 10, 5, 1 and a blank. Every eleventh 
analysis thereafter and the last sample analyzed should also be 
standards. Continuing calibration standards should be within 3oi 
of the original standards or a new standard curve should be prepared 
and samples analyzed since the last check standard reanalyzed. 

2. After the initial 3-point calibration with target headspace standards 
is done, the following 1-point calibrations will be perfonned: 

2.1 Run a 1-point, 50 ug/L headspace standard of the other non­
targeted compounds. 

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 5 ul of a 5 ug/mL other voe non-targeted standards 
(25 ng) for a l-po1nt soil gas curve. 

3. A minimum of 10% duplicate samples should be analyzed. If less 
than 10 samples are analyzed, a duplicate sample should still be 
analyzed. Duplicates should be within 15%. 

FGCl-1 



4. ~ew 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 
,Jf approximately <l°C (iced). 

Samole Collection of Handling: 

~ater samples are to be collected in 40 ml vials witn 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 
tne complete purging of the bulb. All samples should be protected from 
sunlight and transported to the field lab as soon as possible. 

Reagents and Apparatus: 

1. Open screw cap 40 ml vial (Pierce #13075 or equivalent). Detergent 
washed, distilled water rinsed and dried at 105°C before use. 

2. Septum - Teflon-faced silicone (Pierce 412722) or equivalent). 
Detergent washed, distilled water rinsed and dried at 105°C before 
use. 

3. 250 mL gas sampling bulbs. 

4. Gas chromatograph - Varian 3400 equipped with PIO and Hall detectors 
in series. 

5. Column 1 - 8 ft x 1/8 in. stainless steel, packed with 11, SP 1000 
on Carbopack B (60/80 mesh). 

6. Dual-channel Integrator/Recorder. 

7. Syringes - 1 and 5 ml gas tight, fitted with shut-off valves 
and 22 gauge needle. 10, 100, and 1,000 ml gas tight. 

8. Balance - .: 0.0001 g - (Cahn TA4200). 

9. Balance - .!. 0.01 g - (Sartorius, 1202 MP). 

10. Reagent water - organic free water or cold tap water which has 
been shown to be organic-free at the method detection limit. 

11. 25 ml TC graduated cylinders. 

12. Constant temperature water bath - 55°C. 

13. Volumetric flasks - assorted. 

14. Pipettes - assorted. 
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Stanaard ?reparation: 

1. Stock standard solutions: Prepare a target voe standard at 5000 ug/ml 
in methanol containing trichloroethene, tetrachloroethene, trans-1,2-
dichloroethene, toluene, 1,1-dichloroethene. Prepare a second stock 
standard containing the other 10 compounds of interest in methanol 
also at 5000 ug/ml. 

1.1 Add about 20 ml of methanol to a 25 ml volumetric flask. Allow 
the flask to stand unstoppered until the methanol on the 
neck of the flask has dried. 

1.2 Tare the flask on the analytical balance. 

1.3 Using a 100 ul syringe, add 0.125 g (correct for i purity) of the 
reference material to the flask. Make sure the drops fall directly 
into the methanol without contacting the neck of the flask. 

1.4 Determine the amount of reference material added. Rinse the syringe 
with methanol, tare the flask, and add the next standard. 

1.5 After all the reference materials are added, fill to volume with 
methanol, cap and invert to mix. 

2. Secondary Standard Solutions 

2.1 Target Standards: Prepare secondary target standards according 
to the following scheme: 

Standard 

5000 ug/ml 
500 ug/ml 
50 ug/ml 
10 ug/ml 

mls 

1 ml 
1 ml 
2 ml 
5 ml 

Final Volume 

10 ml 
10 ml 
10 ml 
10 ml 

Dilute to volume with methanol. 

FGCl-3 

Concentration 

500 ug/ml 
50 ug/ml 
10 ug/ml 
5 ug/ml 
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2.2 Other VOC Standards: Prepare secondary standards according to 
the following scheme: 

Stanaard 

5000 1Jg/ml 
500 ug/ml 

50 ug/ml 

mls 

1 ml 
1 ml 
1 ml 

Final Volume 

10 ml 
10 ml 
10 ml 

Dilute to volume with methanol. 

Concentration 

500 ug/ml 
50 ug/ml 

5 ug/ml 

3.0 Working Target Headspace Calibration Standards: Prepare working 
target and non-target calibration standards according to the 
following scheme: 

Secondari Standard Amount Final Volume Concentration 

500 ug/ml 20 ul 200 ml 50 ug/l 
50 ug/ml 40 ul 200 ml 10 ug/l 
50 ug/ml 20 ul 200 ml 5 ug/l 
10 ug/ml 20 ul 200 ml 1 ug/l 

Fill a 200 ml volumetric flask with reagent water to the mark. 
Directly inject the secondary standard into the water with an 
appropriate microliter syring. 

Invert each standard 3 times, dicard the first 10 ml in the neck of 
the volumetric and transfer aliquots of the freshly prepared working 
standards to 40 ml voe vials, (No headspace) and cap. 

CALI BRA TI ON 

1.0 Target Headspace Standards 

1.1 Remove and discard 10 ml from a freshly prepared standard 
and place the vial now having 10 ml of headspace in a 55°C 
water bath insuring the water level in the bath is sufficient 
to equal the water level fn the vial. 

1.2 Allow time for equilibratoin of temperature (10 minutes), 

1.3 Remove 5 ml of headspace for injection onto the gas chromatograph. 

1.4 Construct on external standard curve of peak area response versus 
concentration for each of the compounds of interest. 
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1.5 A continuing calibration check is performed after each set of 10 
samples and as the last sample of the day. rf the response for 
any of the target compounds varies from the expected response by 
more then ~30%, a new calibration curve should be prepared. 

2.0 Non-Target Heactspace Standards 

2.1 Remove and discard 10 ml from a freshly prepared standard and 
place the vial now having 10 ml of headspace in a 55°C water 
bath insuring the water level in the bath is sufficient to equal 
the water level in the vial. 

2.2 Allow time for equilibration of temperature (10 minutes). 

2.3 Remove 5 ml of headspace and inject into the gas chromatograph. 

2.4 Construct a 1-point standard curve of peak area response versus 
concentration for each of the compounds of interest. 

3.0 Soil Gas (Total Nanograms): 

3.1 Inject 5.0 ul of the 5 ug/ml target standard and 5.0 ul of the 
5 ug/ml other voe standard into the gas chromatograph. 

3.2 Use a 1-point standard curve of peak area response versus 
total nanograms injected for each of the compounds of interest. 

3.3 A continuing calibration check is perfonned 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 _:30i, the average response should be used. 

Sample Analysis 

1.0 Water Samples: 

1.1 Water samples are received in 40 ml voe vials. Uncap and decant 
10 ml of the sample from the vial. Recap the vial containing 
30 ml of sample. 

1.2 The vials are placed 1n a 55°C water bath and allowed to 
equilibrate for 10 minutes. 

1.3 Remove 5 ml of headspace and inject into the gas chromatograph. 

1.4 If any target compound of interest is outside the calibration curve 
and an accurate concentration is required, a dilution of the sample 
is made using organic free water and the headspace analysis repeated. 
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2.0 Soil Gas Samples: 

2.1 Soil gas samples will be received in 250 ml glass bulbs. When 
received, they are allowed to equilibrate to the ambient air 
temperature. 

2.2 Remove 5 ml of sample through the sampling septum and inject 
into the gas chromatograph. 

2.3 If any target compound of interest is outside the calibration 
curve and an accurate concentration is required, a smaller 
aliquot is taken from the same sample bulb. 

Chromatographic Conditions: 

Column 

8 ft x 1/8 inch stainless steel, packed with 1% SP-1000 on Carbopack 
B (60/80 mesh). 

• Carrier Gas 

Helium - Ultra High Purity Grade (Linde) 
35 ml/min 

Detectors (in series) 

1. Photoionization 10.2eV 

Sensitivity - Range 11 x Attenuation 8 
Temperature - 240°C 

2. Hall 700A 

Mode - Halogen 
Reactor Temperature - 1000°C 
Solvent Flow - 0.8 ml/min Methanol 
Hydrogen Flow - 60 ml/min 

Injector 

Temperature - 200°C 

Oven* 

Initial - 60° - 0 min 
Rate 20°C/min 
Final - 220°c - 7 min 

*Conditions listed can be varied as needed for changing applications. 
Retention times are found on Table 4 using these conditions. 
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Target Headspace Calculations: 

1. Review the chromatograms and data reports for each analysis. Check 
for gross errors such as incomplete data reports because of faulty 
integration. 

2. Prepare external standard calibration curves for each compound using 
at least three data points and linear regression analysis. 

3. Calculate the concentration found in the samples from the calibration 
curves using the following equations: 

ug/l =Ax OF 

where: A= Amount of compound found in the analysis in ug/L (from 
linear regression). OF= Dilution factor. 

Other voe Headspace Calculations: 

1. Review the chromatograms and data reports for each analysis. 
Check for gross errors such as 1n complete data reports because 
of faulty integration. 

2. Calculate the concentration of each parameter found in the samples 
using the following equation. 

where: 

ug/L = R~L x C(std) x OF 
~ 

Response of parameter in sample R(Samp) = 
R(Std) 
C(Std) 

= Response of paramter in standard 
= Concentration of standard in ug/l 
= Dilution factor DF 

Soil Gas Bulb Calculations: 

1. Review the chromatograms and data reports for each analysis. 
Check for gross errors such as incomplete data reports because 
of faulty integration. 

2. Calculate the mass per liter of each parameter found in the 
samples using the following equation. 

where: 

ug/L • R~samsJ x ~(std) 
{st X 

R(samp) 
R(std) 
ug(std) 
VL 

s Response of parameter in sample 
• Response of parameter in standard 
• ug of standard injected 
• Volume of aliquot taken from bulb (in L) 
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Data Reporting: 

1. All results, standards conditions, and notes will be recorded in 
a Jound field notebook. 

2. All data genented by field G.C. will oe considered as tentatively 
identified, with concentration being estimated. 

3. All raw field data will be forwarded to Warzyn Engineering [nc., 
Analytical laboratory for final review and archiving. 

[KAW-7-16] 
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TABLE 1 

Volatile Retention Order 

Photo Ionization Detector 

Parameter 

1,1-Dichloroethene 
Trans-1,2-0ichloroethene 
Trichloroethene 
Benzene 
Tetrachloroethene 
Toluene 
Ethyl Benzene 

Parameter 

Hall Detector 

Methylene Chloride 
1,1-Dichloroethene 
1,1-Dichlorothane 
Trans-1,2-Dichloroethene 
Chl orofonn 
1,2-Dichloroethane 
1,1,1-Trichloroethane 
Bromodichloromethane 
Trichloroethene 
Chlorodibromomethane 
Bromoform 
Tetrachloroethene 

FGCl-9 

Retention Time 

4.24 
4.98 
7.23 
7. 39 
9.86 

10.81 
13.84 

Retention Ti me 

3.26 
4.29 
4.77 
5.04 
5.21 
5.49 
6.12 
6.40 
7 .29 
7.58 
8.76 
9.91 



TABLE 2 

Target voe Detection Limits 
for Water Headspace 

Standard Method 
Compound Replicates Mean ( q Deviation Detection Limit(Z) 

Toluene 7 2.49 0.208 
1,1-Dichloroethene 7 2.32 0.364 
Trans-1,2-Dichloroethene 7 2.08 0.332 
Trichloroethene 7 1.84 0.294 
Tetrachloroethene 7 2.38 0.310 

(1) Mean value for spike at 3 ug/L. 

(2) Calculated D.L. according to Appendix A of EPA Test Methods for 
Organic Chemical Analysis of Municipal and Industrial Wastewater. 

FGCl-10 

0.65 ug/l 
1.14 ug/L 
1.04 ug/L 
0.92 ug/L 
0.97 ug/L 



Compound 

Benzene 
Ethyl Benzene 
1,1,1-Trichloroethene 
1,1-Dichloroethane 
Chloroform 
Methylene Chloride 
1,2-Dichloroethane 
Bromodichloromethane 
Chlorodibromomethane 
Bromoform 

TABLE 3 

Other VOC's Detection Limits 
for Water Headspace 

Replicates 

3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
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Detection Limit 

2.0 uy/L 
2.0 ug/L 
1.0 ug/L 
2.0 ug/L 
2. 0 ug/ L 
5.0 ug/L 
5.0 ug/L 
5.0 ug/L 

25 ug/L 
50 ug/L 



TABLE 4 

Soil Gas Detection Limits 

Standard 
Compound Replicates Mean {n9} Deviation Detection Limit ( n9) : 1) 

Toluene 3 4.16 0.044 5.0 
1,1-Dichloroethene 3 5.06 0.086 5.0 
Trans-1,2-0ichloroethene 3 4.95 0.021 5.0 
Trichloroethene 3 4.91 0.032 5.0 
Tetrachloroethene 3 4.21 0.219 5.0 
1,1,l-Trichloroethane 3 3.90 0.147 5.0 
Benzene 3 7.57 0.085 5.0 
Ethyl Benzene 3 6.08 0.301 5.0 
1,1-Dichloroethane 3 3.99 o. 216 5.0 
Chloroform 3 4.02 0.132 5.0 
Methylene Chloride 3 3.65 0.788 5.0 
1,2-Dichloroethane 3 2.92 0.099 5.0 
Bromodichloromethane 3 4.92 0.093 5.0 
Chlorodibromomethane 3 8. 77 0.180 10.0 
Bromoform 3 8.95 0.118 10.0 

{l) Detection limit is total nanograms injected into G.C. column. 
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APPENDIX I 

HEALTH ANO SAFETY ADDENDUM 

TEST PITS 
1.1 General Infonnation 
Five (5) test pit locations have been identified for Phase II remedial 
investigation of the fonner City landfill. An additional three (3) test pit 
locations will be detennined based on the soil gas survey and on site analysis 
of soil samples. Prior to excavation, the area will be surveyed for soil gas 
at the depth of the anticipated test pits. The initial level of protection 
will be based on the soil gas results. 

1.2 Test Pit Safety Concerns 
The backhoe operator will exercises caution and maintain continual observation 
to avoid minimize damaging buried drums or tanks. Because of the importance 
of the operator's vision, work will be conducted during daylight hours and 
conditions of no precipitation. In the case of rain, the test pit excavation 
will be ceased by the On-Site Warzyn Safety Officer until such time the work 
can resume in a safe manner. No one will be permitted to enter a test pit. 
If necessary, materials will be removed from the excavation and inspected at 
the surface. 

Air monitoring will be conducted during the test pit excavation using an HNu 
photofonization detector, and a methane combustible gas/02 meter. The 
excavation will be 1n level D personnel protection unless depth integrated 
soil gas sampling indicates need for higher levels of personnel protection. 
The following safety action limits will be observed during the test pit 
excavations: 

Note: 

Level D - Background 
Level C - Above background below 5 ppm 
Level B - Greater than 5 ppm 

Action lfmfts will be detena1ned based on HNu concentrations w1thfn the 
breathing zone. 



1.3 Excavated So11 Placement 
The so11 w111 be removed in shallow (six-inch to one-foot) passes. Each 
backhoe bucket of waste will be placed on visqueen (plastic sheeting). 
Excavated materials will be screened with an HNu photoionization detector and 
non contaminated materials (HNu•background) segregated from contaminated 
materials (HNu < Background). The plastic will be benned such that liquids 
brought to the surface will be contained. When the sheet has been f1lled, 
another sheet should belayed atop the previous layer and continue the 
process. Soil/waste samples will be obtained directly from the backhoe 
buckets. The supervising professional may also inspect the pit for buried 
drums, etc. after each backhoe bucket has been removed. If drums or tanks are 
observed, the location will be noted and container markings and/or features 
will be noted. If possible the container will be removed from the excavation 
and its contents sampled. 

1.3 Ruptured Drums 
In the event a buried drum is accidentally ruptured, the drum will be removed 
from the test pit and overpacked (sludge). If the breached drum contains 
liquids, the contents will be removed using a bailer or and stored in a 
Federal Department of Transportation approved drum. In the case of leakage, 
sorbent material will be available to control 55 gallons of liquid waste. 

1.4 Equipment Decontamination 
Backhoe equipment will be decontaminated by steam cleaning before initial 
excavation activities and after the final test pit. Oecon water will be 
collected and discharged to the city sanitary sewer system. Decontamination 
will be conducted 1n the level of protection that 1s designated for the test 
pit excavation. 

1.5 Health and Safety Documentation Requirements 
All personnel participating in the test pit excavation investigation w111 be 
required to present written ver1f1cat1on of Health and Safety training and 
show that they were are presently enrolled in a medical monitoring program. 



1.6 Ut111ty Clearance 
Pr1or to excavation activity, local sewer, electric and water utilities will 
be cleared by the on-site supervisor. City fire and police departments will 
also be notified of the scheduled excavation activities. Excavation work will 
not be authorized to proceed until these tasks have been completed. 

KAS/jpl/CSR 
[jpl-601-29] 
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NARNlNl. 

Exploaive gaa ■ lxturea can ■al■ , dlafl9ure •nd kill, toxic 
vapor• can cau•• l■pali-■ent of he•lth, •nd oxygen 
deficient at.oaph•r•• can cau•• lnatant death. It la 
••••nt ial that uaera of th la lneti-u■ent read, undei-•t•nd 
and follow the lnatructlona for oper•tlon and ■alntenance, 
and the precaut Ion• contained In thla •anual to enaui-e 
that the lnatruaent will warn of exploalv• or oxygen 
deflctent at.,apher••• 

00 NOT USE POii DETECTION OP TOXIC CASES 
OTHER THAN ORGANIC Y"PORS IN THE TOXIC 
RANGE, 

WARNING 

J 

I 
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I 9J9-060~86-S 

SP£CJAL lHSTRIJCTJOHS 

Hod•l 1939 Ox Tr lpl• Range CasTotchtor 
For 0-1001 LEL/0-1001 by Volu•• of Muth•no: • 0-2!11 oxyoun 

Thia ln•tru-nt la • speclAl vel'aion of the Mod•l lll4 tdple-r•111Ju 
Hydroc•rbon Surveyor as deacr I bed in the acco■p.lny ln9 ••nu•l pa,1., 8 • 
Howevel', ln pl11ce of the PP• renoe, • aecond ranqe of 0-1001 Met ha 11., 

by volu•e Ja provided. Refer to the •cco■panrluq ■,rnuaJ tor ,1unur<1l 
intor■.atlon on the C•sTechtol' Model 1114, .and rutur tu thuso aupplu­
■ent.ary r••Jo»a for spotclt le lntor■at Ion rel at 11111 to tin, Hodul 19)~ ox 
ve,·slon. 

A. LEL •nd o~yoen ••no•• 

The LEL and Oxygen rangee ill'e unch•nged fro■ the atandard Model 
lll4, so the •cco•p•nying inatl'uctlons •pply. 

•· 1001 C•• aano• 

Thi• range i• obteined fro. e eel of ther■.al conductivity flla­
■enta, ..tllch l'eapond to the cooling effect of -thano relative 
to •fl', and hence can be uaed over the full 1'11nge of concontr•­
tlone fl'o■ 0 to 1001. The ther■•l conductivity ••ct Ion Is .acti­
vated b)' pro•• lnQ the l'ilnge ewltch In, to the GAS pos It Ion. 
Thie al■ultaneoualy turns off tho I LEL ••ctlon. 

The ther■ill conduct lvity Whoatatono bl'ldge circuit la tndep•nd­
ent of the LEL circuit, with it• own uro 11djuat 11nd •i>an con­
trols. The zero adjust potentlo■eter h acceaalbJe only whlla 
the inatruaent ia opened1 the control, ■arked GAS ZEIIO, i:; a 
slotted-shaft ■ lnlature potentlo■eter found at the front uf 
circuit board, close to ur■ inal atrlp. It ahould requ-lra .. d­
just ■ent only rarely, and should be set only after circuit h<1a 
war■e.;1 up for 10 • i nut ea or ■ore. (Zero on I GAS sea le is huw­
ever •fleeted by turning th• extel'nal I\ LELJ ZERO potent lo­
aeur, so th ia knob poa It Ion should not be changed wh Ile In th11 
I GAS unge.) 

Calibration •nd •l•r• setting• are adjustable, uain9 the poten­
t loa:etera ■arked PPH SP1'N and PPM A~llH respect lvely. Span c<1n 
be Ht to give • reading of 1001 "hile ur,dlluted propane is ad­
altte.:I to lnatru■ent. Aliil'■ can be aet aa described on Paye ll. 

Ther•al conductivity Uh-nte are ■ounted In a ■etal t.lock 
lnllal led et the outlet of pu■p, ao th•t total flow paasos 
through It, A change In flow due to re ■u let Ion of Inlet tub11 
will cause • Hro shift wtlJch ■uat be corrocted fol' beat accu­
racy. Therefol'e alwaya •djuat 1el'o wlth the hose probe, and any 
other ••~piing co■ponenta connected. 

D. 

• •rl,-

( ( 
'fho,t11.:il couductlvlty t1ldm.,11te, cunr,ect to" ~ct ot tr.<1un•ls found 
at the end of the sensor Llock. To replace thermal sensors: 

21 kca.uvc ret.il11inq "'"'"""' at e<1<:h cotnec of the sensor plate. 

J) l•ull uut ~ensue 1Jlialt: with bt;-05urs. 

41 ln>il<1ll new scn,;oc a&,;o:ml;ly In &ame p.>blt1on, lie sure q<1sket 
ia in place. 

~I 1'1qht"n screws snu•Jly. 

6) ltccunnccl wi1c~ lu tccro11,41ls ctS nutcd ln I) t1;l.tove. 
and adjust Lero and span. 

Turn on, 

fllJmc11lH will r.irely If ever re4ulre rtpl<1ceme11t, as they uper.ate 
at luw lc111p•!C 11ture. 

11 l'rul•e, <:u11,.l,,l~ ut .:a 10" luuq 1/4" OU 1'ld·1tlc tuLe with a dun 
tilter ..:h .. unt;cr <1t ll,t: upper t:nd, l•.>rrn1n·J " h<1n11le. TI\U 
filter ch.,mla,c is of tran11pacent <1cryl1c pl4stlc, so the 
filter condition can re<1dily Le inspecttd. To repl<1ce filter, 
un,;crew fllto,r chamt>t:r where it cunne<.:ts to the nic~el-plated 
thcc,uled l,a,;e. Cutlon may Le u,;ed for tilter ffldteri•I; paci• 
cotton In t LCmly t;ut 11ol tiqht -,no,,·it, to ceatr let tlow. 
Replace cotton when it b-,coae& wet uc d&rt:t. 

21 1101,e, is .:alt<0ched b)' aean& uf a knurled and thce.sded flttlnq 
on each end. 

The onl)' sl•lnillcant additions to the pacts list In the accompan)'­
lnq lnst,uc ion Hanual are: 

~to<.:k No. ------
11-0491 
)0-0'>00 
62-010()11 
80-0001 
80-01'>0 

(Jest·r q~t lun 

/\ddpter, inlet 
fittiny, inlet 
Fil<1ment~, thermdl cunductiv1ty 
ltose, tdlon-lined 
Probe, 10" pl.,stic 

When onl-,cl11<1 <111)' sp.,ces or ro,pldcement parts, alway• specify 
Model l'.119 <111d sec lal numt;er. 
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J. GENERAL DESCRIPTION ( 

Th• Hodel ll14 Ga&Techtor Hydroc,u-bon SUCYt!yor is a 1.1.stt .. cy­
povered portable 1nstruaent that can detect .snd indicate 
concentration• of colllbuat Ible gaa or vapor in air, In the 
exploaibil ity and part a per ■ ill ion ranytts, al ■ultaneou11ly 

with Maaureaent ot oxygen and Jet,.ction ot o•ygen J.,ta­
ciency. It can detect and indicate gas concentration& up to 
the lover eKploaive ll ■ it and actuate a characterl&t le aud­
ible ■ lgnal lf concentration exceed& a preset level. It 
al ■o analy&e■ for oxygen over a range of O to 251, and 
actuo1tea • different •udlble ■ lgnal if oxygen concentcat Ion 
dcopa below • pce ■et level. In 1.ster oaodela, a third 
ch•r•cteri ■ tlc audible algnal I ■ ,1ctuated if tor any reaaun 
the oxygen concentr•tlon exceed■ 251. saaplea of the 
ataoaphel"e under teat •r• dro1vn continuously by -•n• of a 
built-in pu■p •nd analy11ed foe coabuatible ga ■ on a heatotd 
c,1t,1lytlc platinu■ eleaent. A ■olld- ■ to1te aapllfler I ■ used 
t<l aaplUy lnJl,atl<>n■ of the c,1t,alytlc eloaent to •Jive 
adequate .. ter <Mtlectlon even on trace gaa concentretlone. 
At the ■a- ti .. , the ■a■ple pa■ ••• over an oxygen detector 
which give■ an output In ter■a of percent oxygen. 

Power for the lnatru■ent la provided by a built-In rech•rue­
abl• battery. An eateneton hoae per■ lta wlthdro1w,1l of 
•••Pl•• fro■ apeclfic point• or encloaed apacea. An •udlbl• 
•l•r•, act iv• In both c:o■buet iblea range■ •nd In the oxygen 
ro1nge, ■ounda whenever gaa concentl" ■t Ion re•chea a pl"e ■et 

level, and an audible algn•l la •l•o 9lven In ca■e of ■al -
function or• de•d battel"y, lnetr-nt I• de■ l9ned to wlth­
■ tand aevere aervlce Including eapoaut"e to watel", duat, 
bu■pa and rough ho1ndllng. 

Th■ Model 1211 I• an equivelent ln■ tl"u■ent tor -•■ul"•••nt 

or coat>u■ tlble 11•• in two i:•ngea, but without lnclualon or 
the oxygen aection. rt u■ ino the Nadel 1238, dl ■ ngacd all 
r ■ ferenc•• to oaro•n -■■ure■ent ln th1a ••nual. 

Pri■ary ,1pplic,1tlon I• In deter■ ining concentr,1tlon■ of 
v,1r iou ■ organic v•pora •round lndu■ tr hl ope rat ion■• The 
Surveyor I• o1dapt,1ble tor ,1ny -•■ureaenta where •••11 con­
centration• of co■bu■ t ible 11•• •r• to be detected. Oth"r 
u••• are in deter■ lning explo■ lon h•zart.l in t,1nk• and other 
confined ■p•c••, checking fol" pre ■ence of fl•-•ble vapor a, 
,1nd inveatigatlng ca••• of ■uapected arson. With the Hodel 
l llt, every teat for co■buat ibl•• or toa le 11•• I ■ auto•at 1-
cal l y ,1cco■panied by• teat for oxygen deflcl ■ ncy. 

II. OCTAILEO 0£SCRIPTJON 

A. Hou1lng 

Th• Nodel 1314 ii hou1ed in a UberghH c••· which I ■ 
durable, ahock-reaiat1nt, and protected •o•in■ t entry of 
water. The lower hllf, containing the batter!••• ■-n­
aor ■ 1nd aa■ple-dr•wino ■yet••• h•• no opening• neo1r the 
botto■ ,1nd henc• can ••fely be pl,1ced In ■ud or w•ter up 
to t c■ depth without. hazard to the lnt ■ rn•l coapo­
nent1, 

The upper h•lf contain• all of the electronic circuitry, 
,1nd 11 provided with a aubat1ntlal c•rrylng handle, Th• 
lip of the upper c••• overlap• the lower, to •h•d water. 
Upper h•lf ia clo1■ped to lower by -an■ of • he,111y-duty 
knurled t.hullbacrev. 
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FIGURE 1. MODEL 1314 HYDROCARBON SUPER SURVEYOR 

UPPER HALF 

LOWER HALF 

FIGURE 2. MODEL 1314 HOUSING 
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8, Co•buatlble Gas Sensor ' 
( 

The coabuatlble o•• senaltlve detector is a replaceablt1 
••••ably which la lnat•ll•d within <1n "nodlzed alu,.inua 
encloaure or re•ct Ion ch•llber at front ot lm1t ruaent. 
Detector la retained In ch•llber by -"n• of a threadeJ 
rln,;i, •nd •••led by •n 0-rlng gaakut. S••ple enters 
challber froa the front, flowa over th• detector, thorn to 
the oxygen detector and f lnal ly Is t1xheuated to the 
pu•P• 

The active detector ele-nt la of th• pl•tlnu• cet•lyst 
type, and an electrically !dent lcel but non-catalyt le 
reference eleaent aounted In th•••- .. nvlron•ent aervea 
to atabil lz• the •••ureMnt and co•pt1nsate for effect a 
of non-collbuat Ible oases, te■perature var lat Iona, etc. 
El•••nts are protected by a slntere<l atalnl••• ste11l 
fl•- arreator, which per•lta accea• of aurroundlng at­
■oaphere but prevent• outward propaqatlon of fl••• 
,hould an ,upl<>•ive ataoaphere be aaapled, t·I••• .u­
reetor •lao acts •• a diffuser to Isolate ele■enta fro• 
flow fluctuetlone. 

Detector eaee■bly connecta electrically to circuit boerd 
by -ena of three ecrew teralMla, ecceaelble when uppttr 
half of housing ia reaoved. 

c. Oxygen Sensor 

The OJ1ygen-aenalng detector la •n electroche■ical cell 
in vtllch QOld and leed electrodes are 1-•raad in an 
alkaline electrolyte, and covered by a per .. abl• 
fluorocerbon M■brene. OxyQen froa the surrounding 
at110•ph•r• dlffu••• through the M■bran• and entera Into 
an •lectroche■lcal reaction whose rate la directly 
proportional to th• partial preaaun of oxygen, th• end 
product of thla reaction bein,;i lead oxide. Th• 
current generated by th h nact Ion la a■pli tied and 
ueed to drive the Mter and the alara circuit. 

The detector ta cla■ped lnto a cavity In an 11nodlzed 
alu■ lnu• block, through which th• aa■ple Uowe afto,r It 
leavea th• co■buatlbles detector. 

D. Nater 

Indications of the lnatruMnt are dlsplayed on a -tel:', 
vialbl• through a window on top r11ce of lnatru■ent c•••· 
On LEL, th• lnaenaltive CO■l>uatlbl•• ac11le, -t•I:' reed• 
ga• concentr11tion ln unit• of exploalblllty, 0-1001 
LEL, whel:'e 1001 LEL repreaenta th• •lniau■ concentration 
of ga• ln all:', below which propagation of fl•- does not 
occur wh•n placed In contact wlth an Ignition •ource. 

A ••rk on acale, "Mn Cl", l:'epreaenta th• ■ lni■u■ 

peralulble battery voltage, aa an lndlclltlon of stat• 
of cherge of the bettery. 

A HCond scale, 0-SOO pp■ , la provided for 
l natruMnt la In the PPM range. I 0-1000 
opt tonal range. I 

use when 
ppa la an 

A third •c•le, for oxygen, re•d• o-2s1 oxy,;ien. A •ark 
on scale, •02 CAL", correaponda to the nor■al 011ygen 
content or ataoapheric •Ir, 211, 

-•-
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t. Control•, lnJ&.:4tor• 

\. Control• 

The •l• .::ontrola that .are u,;e<l In norm.al operat Ion 
of the inslruaent .are .al"ran,Jo11J on the lett 11lJe of 
inatruaent •• viewed froa the ct1ar. Thest1 controls 
.are recesaotJ to alnlaize posslbll 1ty of accl<.lo,ntal 
operation. 

al POWER awtt.::h, .an .alternate-4ctlon pushbutton 
■wttch which energize• circuit when presa11d. 
An oranoe tndlc.ator dot is e1poaed when th• 
■ witch la in the ON poaltlon, ■el"vlno c1s .i 

aechanlcai pilot light. 

bl BATTERY CHECK, a -entary pushbutton switch, 
when pre ■aed connect ■ .. tel" ali di volta•ter for 
battel"y condition ct\eck. 

cl PPN/LEL ZERO, a potentloaeter which ta u■ea tu 
adjuat collbuatiblea cll"cult to read zero In the 
ab■ence of COllbuatlble oaa. The potentloaetec 
ahaft aay be Utted with a control knob foe 
convenience ln adju■tMnt, or: optionelly with• 
■crewdrlver-adjuat ■lot to atni■he accidentel 
change. 

di LEL-PPN av itch, an altel"nate-act lon puehbutton 
■witch uaed to ■elect collbuatlblea operatlnQ 
r•nge. 111\en out, the lnatr:u .. nt la In I.EL 
r■119e, Mtlen ln, •• lncJlcat.ed by the coloreJ 
Indicator dot, clrcult l ■ ln the aenaltlve pp,a 
range. 

el OXY-PPN/LEL avltch, an Alternate-action pu■h­

button ■witch which ■elect ■ the operating 
r•noe, etcher collbuetlble■ IPPN/LELI ln the 
•out• poaltlon or O1ygen (OXYJ In the •tn• po­
■ ltton. A colored indicator dot ■howe when the 
awltch la "in". (Not found on Model 1238) 

fl oxr CAL, a potentioaeter which l• uaed to 
adjuat ctrcutt to read 211 when detector I ■ 

aurrounded by known noraal air. It alao aay bol 
fitted wtth • knob or an optional ■ lotted 
■haft, ( Not found on ttodel l HI I 

gl Other control a, uaed ln adjuat .. nt but not tn 
routine operation, are de■crlbed in Circuit 
Board Section below. 

2. lndlcatora 

Alana lic;iht ■, red and -■bee, Ul-lnate when th• 
correapondinc;i aection of lnatruMnt la In alar■ con­
dition, lted ll9ht bUnll1 in an on-oU patt.ern ot 
equal length pull••, to allow that lnat.ruMnt la In 
collbu■tible 9a1 (LIL or PPN) alar■ condition, Allber 
light blink• 1 ln • 1hort.-long pat.tern t.o ahow that 
inatru■ent la In abnor■al oaygen condlt.lon. (Not. 
found on Model 1231) 

r. auner 
A 10Ud-1tat1 electronic buaaer la ■ounted it the rear 
of lnatru-nt., behind perforation, which per■ it tun■• 
■ i11lon of aound, The buaaer give■ a pulaed tone on de­
tection of ga1 or oaygen deflclenc:y, and a c:ontlnuou■ 

tone ln c:••• of ••c••• o•ygen or a -uunc:t. Ion, either 
low battery voltaoe or downacale drift of Mt.er, Th• 
audible tone puhaa correspond to tlle vhual pulaea of 
the c:orre ■pondlnc;i alar■ light, eacept In tlle caae of 
••e••• oayqan which glve1 a ■ teedy tone, 

( 

OXYGEN CALIBRATION 
CONTROL KNOB 

LEL-PPM RANGE SWITCH ' 
(PUSII-BUTJON) 

OXY-PPM/LEL HANGE SWITCl1 

OIT lll. 

,rMI\U 

(J 
MO0U 1114 \HIAl .. a 

ALARM LIGHTS 
(LEOS) 

PPM/LEL ZERO 
CONTROL KNOB 

POWER SWITCH '------ BATTERY CHECK SWITCH 
(PUSH-BUTTON) (PUSH-BUT l ON.MOMENT ARY) 

FIGURE 5. CONTROLS ANO INOICA TORS 

EXTERNAL CHARGER 
CONNECTOR 

UPPER HALF 
(INVERTED) 

POWER LEADS 

LOWER HALF 
(SAMPLING SYSTEM NOT SHOWN) 

BATTERY PACK 

FIGURE 6. INTERIOR OF UPPER ANO LOWER HALF 
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Th• b.attery pack, conalstlnQ of ••v"n ).!, "•pere-hour 
nlckel-cadalu• cttlla In setl••• ia s1tcured within low1tr 
half of c•••· The cell• .are •••led ,.. a unit, either 
with threaded buahinoa in botto,a tor claaplno to lnatru­
aent caaa, or with hole• all th• way throuqh to .acco•­
aodate 1•-1ono acrewa .and a hold--<Jown bar. Pow1tr output 
Ired and black) lead• e11tend fro• front end of ~ck, .and 
teralnat• In • pl.aattc pluo connector whlch .. tea with a 
connector on the .. tn circuit bo.ard. A siall.ar connector 
at rear connect• to the charger socket, ■o th.at battery 
••Y be unpluoo•d at both enda tor convenient reaoval. 
Current llalt lno realetora H.aled Into the p.acll llalt 
•••l•u• current th.at c.an be de.awn on short circuit. 
Battery pack will power the lnetru-nt tor .approxla.ately 
10 hour■• A protective fu•• ltype )AG 1 ••pl la 
lnetalled In • r•c••••d fuaeholder ••t Into top aurf•c• 
of pack, and ••rvea a• .an .add•~ protection .ag.alnat 
ahort circuit or overload. 

G.aaTechtor lnatru-nta .. y be aupplled with the t9-8D!>l 
Batterr P•cllt with repl.ace.abh celh. Thie dealon waa 
developed for the convenience of replaclno .any cell that 
aar fail, In ll•u of having to replace an entire bettery 
pack. Thl• battery pack la per .. nentlr Hcured by two 
acrewe through tti• bottoa of the c•••• Inatr-nta 
bearing the UL claaalflc.atlon label alway• uae thl• p.ack. 

B, Circuit loard 

All circuit coaponenta ar• arr.anged on two epo11y-oh•• 
printed circuit boarda, Th• .. tn bo.ard Include• th• 
power aupply, th• coabuatlbl•• -pllller and al•r• cir­
cuit• and •••oclated controh, A ••cond bo.ard I• In~ 
atallad above th• uln board, and 1a relatad prl••rlly 
to the 011yoan detect Ion cl rcult. l t I• In.ace••• lbl• 
while lnatruaent la aaaeabled, except for the two poten­
t loaetera wh lch are reached through .ace••• hole• on •• In 
board. (Second board not tound In Nadel 1238). 

l, ,1_. alnlature adju•t-nt potentlo,aetera •re pro­
vided on underalde of .. in circuit 'board, available 
for uaer •dlu•t-nt ..,en ca•• I• opened, by u•• of • 
a■all acrewdrlver1 

al Coar•• 1£10, uaed to balance th• Wheatstone 
brldo• to aero lnltlallr, when a new detector le 
inatalled. 

bl tzL ALA•N Threahold, to ••t the .audible alara to 
b• actuated at a apeclt1c -t•r reading on the 
LEL range. A typical ••ttlno ,. 20, LEL. 

cl PPN ALA•N Threahold, to aet the audible Alar• to 
ba .actuated at a apeclUc •t•r readlnc;i on the 
ppa unoe, 100 ppa would be a lypic.al Htllnc;i. 

d) U:L SPAN, la uaed to ••t ••n•ttlvity or •pan In 
lEL r•no•• 

el PPM SPAN, la uaed to eel aenaltlvlty ln PP• 
ranc;ie. 
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INSTRUMENT CONNECTOR 

CHARGER 
CONNECTOR 

FIGURE 7. STANDARD BATTERY PACK 

OXYGEN CIRCUIT BOARD (HIDDEN) 

MAIN CIRCUIT BOARD 
(COM■UHl■lEU 

I 

(INVERTED) 

OXYGEN ALARM (LOW) 

COARSE ZERO (LEL) 

OXYGEN ZERO 

OXYGEN 
ALARM 
(HIQH) 
(HI00f.1O 

LEL ALARM 

PPM ALARM 

FIGURE 8. CIRCUIT BOARDS WITH ADJUSTMENTS 
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2. Two ••niature ad}uatm11nt put11ntiom11l11rs ac11 1...-ovll.l11J 
on the unJ,,r-aide of upper oxy11an .:lrcult board, <1c­
ceaaible when case 1s open11d and adjustable by ub11 
ot • s••ll screwdriver throu9h thtt two holes In 01al11 
board. 

• I ZERO, to ba la nee the OXY\I'"' c I rcu It for zo, ro 
output whtl• th• d11totctor l" s••Pl ln\l 011y',1<1n­
free g•• such•• ritrog•n. Thia la the control 
closer to the rear. 

bl ALARM Threshold, to Ht the oxyg•n conc.,ntrat lun 
at which the oxygen del'lc1otncy dar1a ia ,1ctu­
ated. 

cl The high oxygen •l•r• 12SI), provided on th11 
lat11r iaoJela, la factory &dt, and can be rea,1-
)1uted only wt\en the ••In bua1d la c11aoved. 

Sample ayate• consists of the flow path, froa prob., to 
hose to •••pl• inlet to react lon chaaber tu puap, to 
oxygen challber and exhaust. Th••• coaponenta ace fur­
ther described below. 

1. Probe conalate of • 10• long 1/4• OD plastic tube 
with• dust filter challber at the upper end, for•lng 
• handle. Thia filter challber is of tranepacent 
acr.yllc plastic, so the filter condition can readily 
be inspected. To rephce Ultar, unscrew filter 
challber where it connects to the nlckel-pla,.,,J 
threaded base. 

2. Hose, a S' flex Ible pol yucethane tube equipped w Ith 
• aale quick-connect coupl Im;, with an O-rln9 1111al, 
to en9age inlet f1ttln9 of instru■ent on one end. 
The opposite end has • thn1aded fitting onto which 
the probe la fitted. 

). Inlet fitting, a qulck-celeaae f•••le couplln9 on 
front of lnatruaent, la screwed directly lnto c .. ac­
tion chaaber. A sintered atalnleaa steel dlsk la 
peraanently lnatalled within Utt lng, end aecve11 ,.,. 
• filter to remove dust fro• lncoalnQ •••ple. 

C. React ion challbec, hOua Ing coabust lb lea detector, la 
an anodiaed •1-inw• block with threaded neck and 
lock nut to retain det.ec:tor in flow path of Haplot. 
An out let nipple and Ue1dbl• twbe connect chaaber 
to puap. 

r.. Puap ia of th• aotor dr hen diaphcaQ• type, with • 
bruahl••• DC aotor haviRQ no co-uutor or aperklng 
conucta. 1t 05Mrat•• directly froa the battery 
output whenever power switch la on. 

6. O•ygen challber, holding o•ygen detector, ia an •nud­
lHd alu•inu■ block wlth • cavity into which 0•)'9.,n 
call la cla■5Md, An 0-ring •••i ia provtded to pr•­
vent leakage fro■ challber, and • ■prlng cl••P bar 
■aintaina preaaur• against the •••1, but can be 
swung Hide and re■ov•d whan changing eel 1. 
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OXYGEN CHAMBER 
~ LOWER HALF 

S' HOSE 

REACTION CHAMBER 

10" PROBE 

FIGURE 8. SAMPLE DRAWING SYSTEM 
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J. Charger 

A •eparate battery charger Is provid~d, which pluga into 
•ocket in rear of case. Charger provide• current <1t • 
rate sufficient to rech•rge bett11rie• overnight. Cur­
rent taper• down to the point that lt can be left con­
nected for •everal day• without da■•glng bettuy, how­
ever, avoid charge~ period• longer then 24 hours If 
poaaible. 

Charger is wired for USV or for 2l0AC S0/60 Ka power 
source (see na■•plate for voltage rating of charger 
supplied with this inatru•nt,1 

K. continuoua Operation 

Inat ru•nt can be operated cont lnuoua I y tr-o■ • 12 volt 
DC aource, auch aa a 12 volt vehicle battery, by uae of 
a Coat inuoua Operation Mapter. Thh l• a power cord 
with voltage-dropping diode• built in, and with a ■atJng 
plug to fit cher9er aocket. When connected to lnetru­
Nnt and to a 12 volt aource, it will carry the load •nd 
tend to rech•rge the battery. lt ■ay alao be uaed •• • 
DC cher9er. 

llhen co1111ectlng the Adapter, be eure that polarity le 
ob1erwed, vtth the lead •riled + connected to the + 12 
,rolt1 DC aource. 

-12-
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FIGURE \0. BATTERY CHARGER 

FIGURE 11. CONTINOUS OPERATION ADAPTER 
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ll I. OPERATION 

A. NoriHl Oper.ation 

To u•• inatruaent, c•rry out th• follaw111y steps, 

1. AttAch hoae to inatru•ent by ••an» of the quid•, 
nl•••• Utt ing. 

2. Put LEL-PPH aw1tch ln LEL (out) position, with black 
indic•tor ahowino, •nd OXY-Pl'N/LLL ewitch alao In 
LEL (out) poaition. 

Pr••• POWER &witch to turn lnatrua,;nt on, with 
or•nQ• ind ic,1tor dot ehoving. Nel1tr wll 1 nor••ll y 
ri•e upacale •nd puleing or ate•dr ,1lara -lgn•l ••Y 
eound. Au<lible hua of puap vill l>11 noticed. Cauee 
of Al•r• condition (coabuatlblea, 01ty9en, or bath) 
c•n be Identified by the blinkln9 light ■• 

4. Pr••• MTTERY CHECK butt.on •nd note -ter ce■diny. 
If re•dlnQ la clo•• to or belov BATT CHECK ••rk on 
-t•r• recharo• b4tteri••· 

5, Allov to war■ up until •t•r •t•bill&ea (about • 
■ inutel, lf pulaed oxygen •l•r• continue• to aound, 
uun OXY CAL potent io■eter clockviae to etop It. 
lf the eound ie ete•dy, turn the potentl-ter 
counterclockvi••• Then, with ho•• inlet in • oa•­
fl'•e loc•t ion, turn PPIVLEL ZERO potent loaetec to 
being •ter to •o• indlc,1tion. I It i■poaeible to 
reach zero within apan of potentioaeter, •djuat 
COARSE ZERO, See V,A,2, •nd ).) 

6. Nellt put OXY-PPN/LEL awltch In the OU C lnl posi­
t I.on, ■o th•t or.ange Ind lcator show&. Turn OXY CAL 
potentio■eter to bring -t•r to th1t o 2 CAL ■ark 
(211). 

Ae • quick check, gently br■ athe Into ho•• Inlet and 
allow in■ tru-nt to ■a■ple expire'1 alt". R••dln11 
ehould co■e down to about 16, and alar■ ahould sound 
at lt,51. Allov lt to return to 21, then put awltch 
back 1n LEL po■ ltlon. 

,. An at■ioaphere cont• inl119 aor• th.an the nor■al 2 II 
oxygen content vlll produce en lncr••••d oxygen 
reeding. lf ln■tru-nt !a provided with • hloh 
oxygen al•r•, then lt vUl aoun<J ln • at••dll' ton■ 
and the a■beE" Aler• light■ will blink when reading 
t"eechea or exceed• J~I. 

I. ln•tru-nt will auto■atlcelly te ■ t tor oxygen when­
ever it la uaed, end will Qlv■ puhed audlbl ■ anll 
aiab•r light •lar■ If oxy9■ n content drop■ to 19.51. 
lt i& not nec••••rv to ua• inatr-•nt vith awltch In 
t11e OXY poaitlon unl■■ a oxyQen -a■ur•-nta ere at 
pri■ary lntereat. It both Abnor■Al o•• cond lttona 
exist ai ■ult ■neoualy, both llQht• will blink In 
their nor■al pattern, but buzzer will aound con­
tinuoualy. 
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"I( .'H 1cddJn1,3 JU lhtt 0-1uu, Lt:I. L<>11•,u, h,.,....,! 
Jut dl polnt lo bta td~ted. W.ttch fflt!lt,C 410<.J obaerve 
1ndx i,■ una cu,e1,lin,, dti taktHI from the uppi11c set of c1r•d­

Udl luns, 0-1001 sc.sl,:. It re,><.lln<J tls,n ,>l>ove alacr11 
o;,itt Ing I lnlt lal ly 20\ LELI, puls"d r,:d I 1ghl 1and 
audlbl" alara will comnu,nce, '""'J .. 111 continue aa 
looy .ss ro,adlny r,.,.,.1ns .sbove .sl,.rm point. "fter 
tdldny r1tddlng, puryt1 lnstrumunl with fr••h •Ir be­
fore turning off, 

JO. It ,.,.,dlny on 0-1001 renye Is l111pt1rc.,ptlble or very 
~mAII, us" the sttoslllve renyt1, 0-500 ppm. first 
,1J )1.-w tu wann ulJ In th• r.tl. ran4n, an<1 then puah 
u:1.-l'l'H ''""IJ" swlld, ta put circuit In PPH r•n~• 
I colucttd Indicator ,;hownl. Re~1,r<, c•r•full'f ·~Ith 
thtt PPH/LEL lEkO pot1tntlumeter. 

l1e<.;4u11e of th" ""'Y high a,on~lt lvlty ot this r•nqe, 
,.etttr wll l tend to Jr 1ft unt II lnatru11t1nt la thor­
auyhly wariaed up. Always ldt It run tor 5 •lnutea 
or.....,,., when01v1tr poe•lbl•, b•tor11 oper,.tlng an the 
PPN range. Take r•adl119 1-•dl.ately after i•rolng, 
and ob&Brve maximum detlect Ion •• taken tra■ the 
ialddle set of gradu.atlon■, 0-500 PPH ■cale. "q•ln, 
.alar ■ will aound wh•n11ver re.adlng rlsea •bove pce ■ et 

•hr• l11vel I lnlt I.ally 100 pp,al. 

Jn■tr-nt -y be equipped wlth the optional 0-1000 
ppa ■en■ ltl9e range, or wlth ■o•• epeclal range. 
S•• Title pag■ for lntor:wation on actual unqe ot 
in■tr-•nt •• ■uppll•d by factory. 
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Thia ran9• 9ives readings in terms ut n""cnttlis to th., 
lower explo■ ive limit (LELI, with 1001 conespo11Jiny to 
the LEL of the ga• for which th" lnlitrunu,nt Is cal 1-
brated. 

Detection in thl• range Is by catalytic oxidation on a 
platinua •l•••nt, with the heat of oxiJ<1tlon proJuclnoJ a 
teaperatur• els• and hence a re ■ istanctt rise of the ttle­
••nt. Thi• change la approxl■ately lln.,ar up to the L~L 
provided th•H" is sufficient oxygen 111 the saaple tu 
support coabustlon. 

8.. PPK Range 

Thh is a very sensitive ru19e, obtaln•d by ••plltlca­
tlon of the ■ lonal fro• the catalytic •l••ent. Sensiti­
vity la ••t for a direct reeding in p,- of the o•• for 
which the lnatruaent is calibrated. 

Even though the ■ene lno el ■-nt le coap,,nsated to al ni -
■i1e the effect or non-co.t>uetible geaea, a residual •f­
fect i• still obHirvable et the high sensitivity level. 
Thus the lMtru-nt -Y need to be rezeroed U expo••d 
to a che119e ln hu■ ldlty, or- to • change In background 
level of co2 or- other inert o••• 

Other celllbuet ible geee• wU 1 give • response pn the PPN 
r-ange, but will not be dlr-ect-r-eedlng and vlll r-equlre • 
cal lbrat ion curve or- cor-r-ect Ion factor. A few typical 
conversion factor• al'e included ln this -nuel I ref,.r 
to Table I, pe9e )2. 

c. oxygen Range (Nodel lllf only) 

Morael reading ■ will be around 211, with alar• set about 
11,SI for decreasing oxygen. U lnatcu••nt I• provided 
with a h!Qh 011y11en elar·•• it wll l sound U 2SI on ln­
creeaing 011y11en • However, reeding• are linear all tht1 
way froa 0-251. If readings are to be taken clo■e to 
1ero, •• in checking inert gee, flr•t check and •dlust 
1er-o ■ettinQ, •• described In Sect. v. 

D, Abnorael Indications 

l, It battet·y voltage drop■ below the de ■ lgned value 
(about 1,2 volta) the low battery alara will ■ounJ, 

Thia la • continuous audible tone. To verify the 
ceuae of the alar■, pceea BATTERY CHECll awllch end 
note that -t•r read• below check -rk. lnten■ lty 
of alar■ ■ound will Iner-•••• gradually over a period 
of• half hour, 9ivi1111 -Pl• warning prlor to actual 
failure. 

2. If coabuatlblea r•n11• (LEL or PPK) drifts or IIIOVtlll 

below O by 101 or 110re, the low ll■ lt alar• will 
sound. Th l• la al so a continuous tone, end the 
cause can be recognized by• gl•nc• at the -ter, In 
the LEL or PPN range, Downscale -t•r 1110v ■-nt can 
be cauaeJ by Incorrect aero •d)u•t•ent, or by e 
break in ~etector or detector wlrlnq, 
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J. lf oxy,JtHl t..:~ll outp11t. Jer.llne!S ur t1eteri.. dle•, •• 

I~ likely low,sc<.I tho, end ot cell life, this -,!II 
pcuJuco, • re<.luc<:d c.,,sdlnq, and dldcm. 

I 
4. lf oxyqt1n d.,t.,ctor IS unµlugq.,J, or If one of the 

wi,.,,. conn.,ctlnq It lnt.,rnally ls brokt,n, read1nq 
wl 11 qu to zero, or l,.,Jow, and <ll•c• vi 11 COIII"-! on. 

5. On some later DOdels, the •teady audlbJ., tone sounds 
wh"n the oxygen c"adlng exce.,Js 251. This chardc­
teclstlc I• provided to wacn aqalnat th• Increased 
fie" hazard due to exce•• 011yq11n. It also serves•• 
"warning In ca•" of oxyq"n ct,ll tallure In the 
hiqh-output mod.,, which c<1n e<:cuc occaalonally. It 
further p•eclud11s acctJental or Intentional Incor­
rect ad juatment of the oxyq"n ca I !brat ion control to 
an abnor■ally hlqh Jo,vel above 25. 

- I ·1. 



v. CALIBRATION AND ADJUSTHENT 

A. Ccabu•tible• Calibration 

To check and adjuat calibration on• known ga ■ saaple. 

l. TUrn in•tru-nt on and al low lt to war• up and ■ta -
biliae, preferably foe 5 ■inutea. Be sure battecle ■ 
are charged aufflclently to read above the check 
-rk. 

2. Open in•tru-nt ce•• by loo•enln9 captive ■crew at 
front. Lift upper half of case all9htly, aove 1/4" 
to rear to diaenga9e rear claap, then aepacate thd 
two halve■• Locate COARSB JBIIO potentl011eter on un­
der•lde of circuit boacd ,_eked "1£110"1. 

l. TUcn eaternal PPM/UL IUO control to center of it• 
•pan. Then turn COAllSI IUO potentio■eter to bcin9 
-tee to aero readln9. 

,. To calibrate the UL range, 1n■ect ■aaple inlet tube 
into a ve■■el oc othec 80UCce of known calibrating 
9aa. Watch Nter and note highest ceadJn9. If it 
la incorrect, turn UL SPAN potentloaeter to give 
dealced ceadl.119. 

5. roe PPM callbcatioa, follow ■-- procedure with 
caage avltch In PPN po■ itlon, and u■e PPM SPAN po­
teatloaeter. a.fore uki119 thl■ ad )uat-nt, allow 
ay•t- to var• 11p aad atablllae thoroughly, and aero 
carefully ln the PN ra119e. 

ml 
1■ tbe ae■■itl" ppa ra-.• it la iaportaat tbat the 
buldftr ot tlte U11Pl• be the•-•• tbat of the 
air ••eel toc •ero adjaetaeat. If thf are dit­
fereat, a al9alflca■t offaet l• aero reaclt119 _, be 
ob■eryed. To oYerccae thh, a b1111idlfler _, be 
oaed toe botb •ero aDd callbratloa te■ta, prowldt119 
tbe callbratlat 9a1 la Olle that will aot be ab■ocbed 
1■ water. Tb• OHTecb l!&UbratloD lit la ■uppllecl 
CCllllll■ta •Ith bualdlUer aDd acce■■ociea for thb 
effect. See AppeDdla l. 

,. If aero cannot be adjusted, or if reading cannot be 
■et high enough, replace detactor. 

•· Ccabuatlble ■ Alar■ Thca■hold 

The reading et which the alar• la actuated in each range 
can be ■et by uae of the cori-eapondln9 ALAJIN Threshold 
potellt loaater . 

To Seta 

1. Ill.th Jnatru-nt in range to be aet, turn PPN/U:L 
1110 adjuat to bring •tar to da•ired alar■ setting. 
It M)' be nec••••r)' to \118 the COA8SI IIRO to reach 
thi1 point, ln UL ra119a. 

3, Tlll'n corra•pondln9 (LIL or PPM) ALARM Threshold po­
tentl011etar to the point whee■ al•r• juat op•ratea. 
Clockwl•• rotation vtll lower alara ■etting. Verlfy 
1■ ttl1M1 by t11rnl119 PPM/UL :&IRO control to brlnq 
•tar indication into and Ollt of •l•r■ 1ona. 

J. lfllen th• COllbultibl•• Alar■ Thra1hold h•• bean 
••tlafactorlly Mt, raadjuat the 1aro potentloaeter• 
to e■tabliah a 1aro Mt■r raadin9 aa in A.J above. 
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C. ' <JII t:c,u A&JJuSllnt"U[ 

Th11 tul low1nq stl!ps should 1,., c,ur 1.,d out \flth 
OXY-Pl'H/Lt.:L switch on OXY I In) po,. It ion. To check and 
adjust ~"co on a known oxyg11n-fr"" sampl11: 

I. 

2. 

). 

4. 

5. 

6, 

Whil,t lnstcu,..,nt c.ta" Is opo,n, ido,ntlfy ZERO poten­
tlom"t"c, which la locat11d on o~ygo,n (upp11r) circuit 
buacd and which can b" reach11d thruuyh th• reac11oet 
of the two cl.,arance holes In the 11aln circuit 
board. 

Allow lnstru,a11nt to ■ dapl• .t 

94m'1lli, 9uch 4tl nit1uyvn, .tc<..1,,n, 
known oxygen-fre ■ 

or h1tllu111. 

W.ttch m<1ter carefully. If reading do•• not go ex­
actly to zt1ro, .tdjust It by turnin11 ZERO potent io-
1111t.,r. Count•rclockwls" rotation will decrease 
reeding. 

If z41ro adjust■ent cannot ba 111.tde, have oxygen cell 
rua&.::t lv,at'9d. 

Aft,,r z.,,o 4djust111ent h•• been coapleted, return 
hoao, Inlet to normal .ttmospher le .. 1r. ReadJuat ox{' 
CAL control as nec••••ry to brln') Niter reading to 
21. 

If reeding cannot be so,t high enough, have oxygen 
c .. 11 reactivated. 

D. Oxygen Alar11 Thr•ahold 

The reeding et which the oxygen alar11 I ■ ectuated cen be 
••l by use of th• AL.>.RM Thr•shold potent lo11etec. 

To set: 

I. Tu,n oxr CAL to l>rlny mo,tec t<.J Jeslr ■ d alac11 set­
t lnq. 

2. Locate oxygen .,J.,r11 thresholJ pott1nt iornet,H, on 
oxyqen circuit board, which 1s ,s.;cess1ble throu-Jh 
the hole adjacent to the LEL A}4r11 •dJust•ent. 

3. Turn ALARM ThreaholJ potentlo•eter to the point 
where elar• ju■ t operete ■• Clockwise rotation will 
raise •Jar• ■11ttln9. Verity setting by turning OX'/ 
CAL control to brin,;,i -tee Into •nd out of •lana 
~one. • 

4. Wh•n the oxygen Alar• Thre&hold has been sat1sf4cto­
rily set, readju■ t the OXl' L"AL potent lo11eter to 
brin,;,i the -ter r• ■ din,;,i to 211 102 CALI. 

E. Oxygen High Alar■ (2SII 

Thia alar11 point ia factory Ht and y11neral ly n41e<i not 
bo chanc,1•d. It can b• c••d)u,ned to so11e uther l ■ vel, 

by trial, but thi• can unly be don■ when the 11 ■ ln bOard 
i ■ loo11t1ned eno.! pullad aaide I••• Section VI.D. steps 
1-61. The high alar• potent iu•eter la the on ■ closest 
to the rear, wilhuut an •c.:e1 ■ hole. 
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VI. 

( 

MAINTENANCE 

A. Batteri•• 

1. Check battery 
BAT1'ERr CHECK 
reach•• ainiawa. 

voluge 
.Witch. 

periodical Jy by 
Rech•rqe before 

pressing 
voltage 

When connecting checgiar, alway• tullow theae etepe, 

el Conflr■ that the plug le ln■erted in the correct 
way, with the 'ttllS SlDI UP label upwacde. The 
■octet t• polerJaed, with the ptne offset below 
the centerline, but can eoaetl-• be forced on 
the wrong wey, particularly if it has becoae 
worn wlth uae. · 

bl Verify that a charge la actually entering bat­
tery. To do thie, turn inatru-nt on and check 
Nter reedi119 vtiUe BATTBar CHECK button le 
pre■aed. Obeerve reading while charger l• plug­
ged end unplugged at we 11 eocket. lf read l ng 
incceeee• when charger 1• connected, end de­
er••••• when 1111pl ui,ged, battery l ■ recelvlnq • 
charge. If no che119e i ■ ab■erved, then probably 
ch■rqer or power circuit ie et teult. U char-
9er ie defect hr■, return tt toe repefr or ce­
plac-nt. 

After verUyta9 that lnetru .. nt le acceptln9 • 
charge, turn tn■truNnt ■witch off. Oo not 
etteapt to cherqe while inatru .. nt i ■ turned on. 

2. It auttlctent W>ltege cannot be obtained att11c 
charging, open lnatruNnt and, 

el Check voltaq• output with • volt■eter, between 
red and black wir•• (unplug connector to gain 
ace••• to pina I. Voltage ahould be about 8. 5 
volt■. 

If 110ltege l• •ccepteble, but volt check reading 
la too low, •ter or ■witch could be at fault. 
If voltage l• too low, battery l ■ at f•ult. 

bl lf !!2 output V'Oltage cea be obtained, check fuae 
by unacrewllMil rece■aed cep, Nrked ••u11•, and 
r-oving fuae. It can be chacted vtauelly or 
with en ~ter. If burned out, replace with• 
new one, but be aure to atteapt to ldentlfy th• 
cau■a of the over load or ■hort clrcult., Pu•• 
aut be type UiG-lA, 

c I If battery voltage .la too low, and cannot be 
brought up by overnight charqlng, it probably 
need ■ replac-.nt. To r-ove, take 011t th• two 
■crew■ holding lt to bottoe of caae, end unplug 
black and orange wlr• connector et charglng end. 
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j . It llu, ,.,pl,.n,al.le Cl!l I l>atl<!ry pack ha- bc<!n ln­

!<tal led dnd is found J.,f.,ctive, open the P"ck and 
Cht,ck th" volldg., of t!ach Individual cell with a 
volt■etur. R1,111ove two screws on the top of the pack 
with 4 1/8" Allen wrench. The lid is spring 16•ded 
.tnd ina y ht! he Id down by hanJ tu ea sot the sc cew re -
a,oval. Careful l:t reawv" the I iJ anJ the Individual 
ce I I a. 

al The celle suµplled ar11 thot Stock No. 4j-l50l re­
chargeable D-11l zo, nlckel-cad■ lua type, J. 5-4 .O 
AH, end when ch,U<Jed, n..a~ur., about l.J5 volts. 
Discard dnd c"pl4ce faulty c"lla. 

bl Examine the battery cavity end C4refully cleJn 
out dll for.,lgn sub9t4ncu9. Re-insect the cells 
Into the pack in accordance with the dleqr4m on 
the lid. (Neuetlve end to aprlngs, button end 
to r I vet ■. l Leave the proper ■µace open for th■ 

fullt! cartrld<joL 

cl Place the lid onto the cells, pre•• down tlcal, 
and ln ■ert acrewa. The convoluted caae wt 11 
ae ■ure cell eltqna,ent. Tighten the ■crews snuq• 
ly, do not ov.,rtorque. It -y be neceaaary to 
aprln9 aide• of lnatru-nt ceae apart allghtly 
to clear battery lid. 

di Join all loo•• connector•, re••••eabla lnatru­
-nt and checge bettecy •• required. 

al If nor■al operation froa dlapoeable bettecie■ la 
de ■ ired, uae the Stock No. 45-8052 battery peck 
inetead at the O-8051 pack. Thh aueably h•• 
a quick change teetuce, • retainer atrap which 
can be pushed aside with thumb preaaure to re­
leaae the lid and give accea ■ to the cells. 
Duracell" type disµoaable batteries are 
r11co-ended for a propec flt. 

Thl• battery pack ha ■ no 
there I ■ no danger of 
dhpo■able eel la. 
rechargeable cells, 

ch•cqer connection, so 
Inadvertent charging ot 

It can be uaed with 
but they must be charged 

separately. 

•i;>uracel l le a trade naae for Oucacel I Inc., 
Bethel, er 06801. 
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B, Coabustlble& Detector 

I, Sensor .s,u1ua1bly iaay require r .. pld..:.Ha<!nt 1t: 

e) Meter cannot be set to zero w1th1n ranye of Z~kO 
potentio•eter. (Including COARSE ZERO) 

b) Meter cannot be ■et tu desired level witl1in 
rang• of SPAN Adjust, either canye. 

2. To replace detector, 

e) 

bl 

cl 

Open (nstru•ent case. 

Un1crew the red, 
•lnels on ■ein 
coding. 

green and whltOI wires et t,or­
ctrcult board, notln~ color 

Unacrew knurled retelni09 cap at reect ion cha•­
ber. 

d) Pull out original detector and ln■ tall new on11, 
being sure that 0-ring is In place, under flange 
ot detector. 

e) Connect wlr•• to ter■ tnal •, turn power on, and 
edju■ t COARSE ZERO ea In Sect, V.A.l. 

C. Oxygen Detector 

l, Oxygen ■ensor ••••ably ••Y require repair lf1 

· a) Meter cannot be ■et to de ■ lred level within 
range of oxr CAL Adjuet. 

bl Meter cannot be Mt to ~•ro within range ot ZERO 
potent l<aeter. 

2. If oxygen ••naor ••••ably require■ repair, it should 
be aent to factory for reactivation. Alternatively, 
• eo11plete nev detector can be ordered, on en ex­
change baai ■ , 

O11ygen cell I ■ en electrocheaical device al•llar to 
• bettery, which gradually deplet11a ltaelf, re1iard­
lea1 of u••'il• of the cell. It requlr•• periodic re­
ectfvet ion, conahting of replac•••nt ot the elec­
trolyte and th• -■brene, plu■ cla•nlng and Inspec­
tion ot th• electrod••• Thi ■ is 1110at econo■ lcally 
done et th• factory. 

Nev end reactivated O11yljlen c1tlls carry a factory 
Querent•• baaed on length ot ti•• fro• date ot 
original shipaent, end ere data-coded, Calla re­
turned for reactivation er• lnepected •nd ln­
verrenty calla er• teated tor opt,rebllity. Any that 
tail pre■eturely receive• veccanty allowance. 

To replace oxygen ••n•or, 

al Open inatr-nt c•••• Locate oxygen cell. 

bl Swing retainer cla■p clockvl•• and r•■ov• It to 
rel•••• call. 

cl Tilt call upvard and pull It out of cue. un­
plug cell wire at aockat. 

di Rainat•ll new or newly r••ct ivated coill 1n ■ ea11 
posit ion. ..for• J.n•t•ll inQ, re■ov• protect Iv• 
1e.i fro■ tac• of call, end 1hake out any dropa 
ot w•t•r that ■ay be found under •••I. 
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REACTION CHAMBER 

OUTLET SEAL RETAINING CAP 

FIGURE 12. COMBUSTIBLES DETECTOR 

SENSOR CELL 

0-RING SEAL 

OUTLET 

INLET 

CONtlECTOR 

-() OXYGEN CHAMBER 

FIGURE 13. OXYGEN DETECTOR 
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D. Heter 

If •ter i• dA•Aqed, it can be ne•ovt1i.l for ,epairs or 
replAc-ent, ,.. follow•: 

l. 1111th upper helf of lnatru-nt ,eaoved tcoa lower 
hAlf and lnverted, looaen lnternal lock nuta hoa 
POWSR and BATTERY CHECK •wlt..:h buahlnga and PPN/LEL 
IUO potentloeeter buehinq. 

2. •-ove external lock nut re- PPN/LEL ;ERO potent lo-
•ter. IPiret r-ove knob, lf one h u.ed. I 

l. •-ove external face nuta fr- aw itch buahinga. 

4. ■-ova three .crew• holdlnq circuit board into 
ca••· 

5. ••ova two nute fr- •ter •tud•. 

,. Pull circuit board out of c••• a• far aa connecting 
wire• per■tt. 

l. Lift out •tar. 

I. luuer 

U buaaer fail•, it can be reaoved by firat taking out 
circuit board IStepa D.1-D.6) and unaolderl119 red and 
black wlr•• at board. Then raaove retainlnt ecr•v• end 
nute. 

Noter .. ,ore ,_oval, flrat verify that buner h ac­
tually defective. Connect to a , volt batter-y IRed +, 
llac:k -1. A good bua1er will qive • ateady tone. 

P. Circuit Board 

Nein circuit board can be re■oved by atepa D.1-D.6, plu• 
!, plue diaconnection of pu111> and detector wire• At ter­
■inela. Thh allow• the board to be pulled out of th11 
caae and put aald• for ace••• to the oxr9an circuit 
boerd. However, lt will r ... tn connected to the oxr9en 
board until th• lnterconnectlng wire• era unaoldeced. 

Preferably, both boecda vlll be ,_oved ea a unit, and 
returned to factory for repair•. To c:o■phte r-oval, 
looaen lntacnal loc::k nuta, r-ove eatarnel lock nuta 
frca r-•lllln9 controi., and hlle off the hall plaatic 
epacara wlllch hold oan•n board in place. 

G. rUter 

The filter •l•-nt in inlet fittlnq la preued in but 
can be puahed out and replaced. When neceeaary, the 
co■plete flttinq caa be replaced. 

-24-

( ( 

FIGURE 1-4. METER. BUZZER ANO CIRCUIT BOARD 
REMOVAL / REPLACEMENT 
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H. Pu•p 

pu- uaed is a diachraga type, driven l>y a brushlo,as OC 

1110tcr. It should have long life, sev.,ral years In noc­
••l operation, but lt uy lose o,ff iclency lf .Jlct ls 
dr11wn In 11n4 collects under the valve,.. Verify pruµer 
puap 01>er st Ion per lodlca 11 y by tali I 11\1 a aamµl., and ol>­
serV lR<J tl•• for lnltlal gs• '"•ponse to occur. Thl11 
should be vlthln S ■econd ■ for a 10' hoae. It .,.y also 
be checked vlth the tlov■eter provided a■ a callbratlon 
acc•••ory. Flow ahould be 2.0 cfh oc ~ceatec. 

If pUlilJ nead ■ ■ervlclng, lt can t.e removed by taking out 
the ClallP reta inln9 1Crav vhicli extend■ through c,ue 
bott011. P\11111> can be raturnad for npair on an exchange 
ba■ i ■ or lt can be dl ■a■■-blad and cleaned. Replace­
■ent pu~ hea4 aa ■a■bll•• and dlaphrag■■ are available. 
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BATTEHY 7 

LOWER HALF 

PUMP BODY 

UIAPHAAGM 

FIGURE I 5. PUMP ASSEMBLY FOR MODEL 1J 14 
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VII. CIRCUIT DESCRIPTION 

Referring to block dlagr••• 

A. 

B. 

C. 

D. 

I, 

'. 

Batt•ry peck, rechergeeble, nickel -c•dalua, giving 
hour• of operetion. 

On-oU ewltch, pueh on/pu■h off. 

VolteQ• reQuletor, Input 1,0 - 10 
volt• .! • OS. 

Coabu■ t ibl•• detector, wit.h •ct Iv• 
reference lnon-cetelytlcJ ele-nte, 
Ntleeutone bridge -••11rl119 circuit, 
1lator1 coaplete bridge, 

volt ■, output 

(cetelytlcl 
for•lng hell 

Two fhed 

8 

li.O 

end 
of 

re-

Zero Adju■ t, • potantloaeter In the flHd ■ lcSe of the 
bridge uaad to brl119 the brldQ• to belenc• In th• 
abe•nce of g••• Two pot•ntlo•t•r• •re uaed, • co•r•e 
and fin• edJu•t•ent, 

A■pU Uer, Signal diff•nnt lel, to lncnH• output of 
bridge to• 1ult•ble level for lndlc•tlon •nd •l•r• •c­
tuatlon. 

Fl, lange 1wltch, alt ■ rnate-ectlon pu•hbutton, to ••l•ct LIL 
or PPN r•119•1 by c:hang• of upllfl•r gain, 
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l.o. sp .... A<lju11t, to ~ul '""lttr r .... J111,, lo ,l,:slr10d v .. 1u .. tor .. 

knowfl sc1mple. Twu d1J)u~tccs, <;J 11nJ l~2, s1trve PPM •nd 
LEL tdnytts ro,sp.,ctivttly. 

II. Al•r• swltchln<J clrc1dt, to turn on curnbuatlhles .. l~r ■ 
slynal who,n .tmpllfl11r output c11'"d'"" 4 pcecJeten11 1ned 
point. 

I• 

J. 

Alarn, thce11hold '"dJustnient, to 
coabust Ible• aJ,.,,. I" <1ctuated. 
PPl'I r-angue) 

set th11 point at which 
/Onu tldCh toe L£L •nd 

He tee, C"tt4ds out put 1Jt 
expl<ulblllty, In l'PH, 
upon range, 

,..,pJlfJ.,c, In 
or In 11,orcttnt 

unit ■ of percent 
,,~ ygen depend I n11 

K. flelfunctlon dana switching clr<:ult, turns on d•rm due 
to ••pllflur output below zuru. 

L. llatt, Tei.t switch, to conno,ct -tee ,.,. ,. voltmeter rrro­
•entarlly, to check b<1ttery vultag11 . 

H. lluz211r, a solid-state ttl11ctronlc •munder which delivers 
41 co11t I nuoua ton• wh11 n tto• cy l z.11d. 

N. Hultl-Vll,rator, an oscillating circuit to give .. pul­
sating sign•! to buzzer, •• an ld.,ntlllc,otion ot .. 1u·111 
condlt Ion. 

O. Volt•o•-•en•lno clrcult, lo detect low battery volt .. 9 e 
end •ctuat• alac• ■ lonel. 

P. Logic circuit, to acc11pt ■ lynals of varlou■ type ■ •ntl 
dlc11<:t th•• to buzzer clccult. 

Q. Pump, vibretory dlaphr•g• type, to dr•" s••Pl• contln­
uou ■ l~ through aaaple syate,a •ncJ over detector. 

R. Oxyyen Sensor, "hlch suppl le ■ 4 slynal voltage propor­
t lonal to uxyy•n cuncentr•tlon. 

S. Aaplltler, oxyyen, to Iner•••• output ot s"nsor to .. 
■ ultabl• level for Indication •nJ alarm •ctuatlon. 

T. Zero, oxygen, • potent lo•et er u■ ed to ba I •nee out put of 
aapllfl11r to zero In th• •b••nc11 ot oxygen. 

u • 

v. 

w. 

11. 

y. 

Span, oxygen, e potentlo•eter uaed to aet gain ot ,..pll­
tler to ylve M■ ired ■ensltlvlty on • kno"n Cdllbcatln~ 
•••Ple. 

t,lar• ■witch Ing clrcutt to tui:-n on oxygen al.H ■ sign.al 
wh•n .. pllfl ■ r output drop• or rl••• to• pr ■■ et point. 

Aler• Thre ■ hold adju■ t11ent, to ■et the point •t which 
oxygen •l•r• comes on. (On• ••ch tor f•lllng •nd rising 
ahr•.I 

llan<-1• 11wlt~h, lo aulect r•nc.,• f,,r r••11<Jut ,,f mer.•r, 
either oxyyen or co,abu■ tlbl••• 

Al•r• llyht, oxygen, which blinks on •nd oft wh11never 
■ y ■ tem Is In oxygen •l•c• condition, 

z. Al•r• llyht, L£L, which blink• on anJ ,,f! wh11n.,ver 11 ,­
te• Is In co■bu■ tlbles •l•r• condition, 

·J 'j-
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PRECAUTIONS AND NOTES ON OPERATION 

A. Heated Sa■plea 

When ••■pl ing space• auch •• hot tanks that are war■,tr 

than the ln•t ru■ent, re■e■ber that comJ.,naat Ion can oc­
cur •• the ■a■ple pa•••• through the coo lee sa•ple 11 ne. 
Water vapor c<>ndenaed In thl• way can block th" tlamu 
arre■tor and interfere with pu•p operation. 

If heated hydrocarbon vapor• of the heavier hydrocarbon• 
lflaah point 90°f or above) are preavnt, they ■ay alao 
condenae In the •••Pl• lln• and fAil tu reach the fil•­
■ent. Thua an •rroneoue low readlnQ ••Y be obtained. 

a. Pila■ent Poiaoninc;a 

Cert a Jn aubat,11ncea h•v• th• property of deaena it i ~ ln11 
the catalyti.: aurface of the platlnu• tlla■ent. Th••e 
aubatanc•• are ter■ed •cataly ■t pol ■une" and can reeull 
in reduced ••nalttvtty or In fallur• to give a readlnc;i 
on •••plea cont•lning co■buatlble gaa. Th• aoat co■aon­

ly ancountered catalyet polaona are the elllcon• vapor•, 
and •••pl•• cont• tnlng ■uch vapor• even in aaal 1 propor -
tlone ehould be avoided. 

Occaelonal cal lbrat ton check• on known 11•• •••Pl•• ace 
deelrable, eepeclally It the poeelblllty exiete of expu­
eure to elllconee. Where pereletent polaonlng action 
occure, ■pee lal •ll lcone-reeletent •l•••nta are avail a­
ble. 

C. Other Ga••• and Vapor• 

Th• ln■ tru■ent I• deaton•d and calibrated apeclflcally 
for the 11•• apec it led Jn the or lg l nal order. It can be 
recal lbrated and uaed on other gaaea and vapoca, l>y 
proper u■e of th• calibration control while aa■pllng a 
known 11••-•lr •l•ture. 

D. Rich Nhturea 

When •••Pl lng rich ■ htur••, on th• 1001 LEL ran9•, th,o 
following lnatru■ent action uy be exfi)dCted1 

1. ■ lxtur•• up to 1001 L.E.L, - Reading on •c•l• 

2, ■lxtur•• between L.E.L. and Upper Exploelv• Ll ■ lt 

IU,E.LI - lleadlnQa at top of -ter 

l, ■ htur•• above U,E,L, - A• .. ■pl Ing continue■, the 
■-ter fleet QO•• to top of 
acale, then co••• back down 
on ,cal•. Very rich ■h­

tur•• will give cloa, to • 
aero reading. 

£, Oaygen Deficient Nixlur•• 

Sa■Pl•• wh lch do not have the nor■al proport Ion of uay­
gan ■av tend to read low, a• there I ■ not enough oay11en 
to react with all cOMu•tlbl• gaa pr•••nt In th• •••plv. 
A•• general rule, •••Pl•• contalnlnc;i 101 oxygen or 1110re 
have en->ugh oaygen to give • tull reading on any co■-
bu1t ibl• 11•• •••Pl• up to the L,E,L, 

-lo-

I 

( 
t·. A. JII l11vco,tly,Hlon 
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fldmadblu liquids (yai;ol '""• k<1cos.,m, or paint solvent 1 
,H., oftdn uet1d In starting 1ntentlon,1,J flees. 1nve,stl-
9,11t Ion of such fire" .:an lJe yr01atly aided If the pee­
""""" an,I locat Ion of such I lqulds c:<1n be determined at 
lhtt Hlltt, aa !Soon as i"'>•YJtde .att•c thtt lJre ia extln­
yuiatuuJ. Thtti llydcocachun SucveyCJr cc1n t..,e ot 'JCttat ••­
s lstdnct1 In making thl• deturmlnatlon. 

In testing foe residual fl•,-able 
placea wht1c01 tht1 I !Quid could h•ve 
where It ,aight re••ln •ven •ft.,r th• 
If the entice structurd hau buo,n 
llttl" llkellhuod ut any liquid or 

liquids, look foe 
been trapped •nd 
tire. Ndturally, 

conaumt1d there Is 
vapors r•••ln1n9. 

Conv11rs.,ly, th11 earll.,e the tic .. has 1>,,.,n e•tlngulahed, 
th• ge.,ater the ch•nce ot tlnd1119 "JIJnltlc•nt ....ounta nt 
l1,1ul,I r<•••lnlnq. 

In ch.,<:klnlJ toe residual vol•tlle llqul,1 ■• SOit the In­
st cunuu1l up ln •cc<..icd•nc" with tht1 pct2cedln<J lnst.ruc­
t Jon!I, •llowlnlJ It tu run toe at t,oaat S mlnut••• In the 
LEL ranlJ.,. Then turn tu ppia r•nye and b•lance zero 
c•refully 1-.,dlately before taking the test. 

Hold e11d of ho•• or prol>e •t point where v•pora ••Y be 
prea.,nt, and watch ••t•r car•fully toe •ny sign ot • 
det lect Ion. Check at lolnt• or cr•cka between bo•rda, 
for ••••ple undar baet1boacde oc pl•t•• In contact with 
floorlm.1. Pry board• up to toe ■ • •••11 crack where 
hu•• uc probe ••Y be ln■ ect•rt. Check alan under 
unburned poet Ion■ of rug or upholstery. or •ny point 
where liquid •l11ht loc;ilcally h•v· SOAked In and 
re•a>ned. 

It• po•ltlve Indication la obtAlne<.1, tc•c• It to tile 
point ot mallliauia rotadlng. Thia Is the point "h•r• 
samples should be takotn toe further l•b analysts. 
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JX. PARTS LIST 

Stock No. 

06-5012 

07-6010 

07-6011 

07-6014 

07-UU 

07-6216 

17-004 

ll-1016 

30-0016 

30-0340 

30-i1342 

o-u,o 

4S•IOSl 

4S•IOS2 

0-1201 

49-1501 

0-1S71 

49-2033 

0-20]4 

49-1051 

S0-1229 

52-1005 

u-0120 

65-0601 

65-06011 

'11-011S 

10-ouo 

10-0204 

( 

Descr lpt ion 

Ho••• Polyurethane, lnl11t, 5' 

0-Rlng Seal, ho■ ot lprub., otn,l) 

o-Rlng Seal, ho•• ( lnstru••nt 

o-RinQ Seal, inlet titting 

11ndl 

o-UOQ Seal, coabu■ tlbl•• detector 

o-UOQ seal, oxygen cell cavity 

Inlet tittinQ w/filter 

Filter dlek only, Inlet titting 

Puap, rotary DC 

Puap head, replece■ent 

Pu■p valve•, replac•-nt, ••to( 2 

Fuee, battery, lAG lA 

Battery Peck, replaceable, recherge­
eble cell, l••• bettarl•• 

Battery Peck, repleceeble, dlepo■ebl• 
cell, l••• batterl•• 

Battery, elkaline alze D dl ■poeebl• 
(for ua• ln 45-10521 

Battery, Ni-Cad, rechergeebl• 
(for u•• In 45-10511 

Battery Pack, encapaulated with 
NI-Ced betteclee 

Battery Cherger, 115 volta, tor Nl-<:ad 
better le• 

Battery Cherger, 210 volta, for NI-Ced 
batter I•• 

Bettery Pack, replaceable, recharo•­
eble cell, with batterl•• 

B1111er 

Detector A••'r, wired for surveyor 

OayQ•n cell, n•w 

oaygen cell, reactlvatad (eachano•I 

lnetructlon Nenuel, Nod•l 1114/1231 

10• Probe 

Nolat11r• Trap 
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TABLE l 

Relative Re ■ pon•• of New Ga•T•chtor 

{ 
\ 

to Veriou• Gaa•• (Referenced to B•••n• or Toluenel 

- -------i-i:i ----
Scale PPN Sr.ale --~-- ----- -- --- . - --

GAS LEL Conver ■ lon Factor TLV Conver ■ lon Factor 
In ,. Hexan11 Toluene In onm•• Hexane Toi uen• 

Acetone 2. 1 S 0.65 0.63 1000 1. 55 I. JO 

Acrvlonltril• l.O - - l 1. }I I.I 

Benzene 1. l 0.87 0.84 10 1.11 0.9} 

Butadlene 2.0 0.88 0.85 1000 2.0 1.7 

Chlorofora - - - 50 8.0 6.7 -
Cai-bon Honoxld• 12. 5 0.60 0. 58 50 4.4 l. 7 

Ethvl Acetate 2.0 0.81 0.79 400 1.61 I.B 

Ethvl Alcohol ) . ) 0.60 0.58 1000 2.0 I. 6 7 

f'or■aldehvd•••• 7.0 1.96 1.9 l 7. 4 6.1 

lleot•n• 1.0 I.Ol 1.00 500 0. 98 0.81 -
Hexane 1.1 1.00 0.97 500 I .00 0.84 

Hvdi-oaen Sult Ide 4.0 1.96 l. ') 10 5.0 t.2. 

Hethvl Chlorotoi-■ - - - )50 ). 7 l. I -
Hethvl ethvl leton■ 1. 7 0.84 0.81 200 I.) 1.09 

ftethvl•n• Chlol"lde ].) 2.78 2. 7 500 4.4 ). 7 

Nethane 5.0 0.42 0.41 - 2.4 2.0 

Pentane 1.5 o. 71 0.69 1000 l.81 l.~2 

Pei-chlol"oethvl•n• - - - 100 4.5 l.l 

n-Proovl Acetate I 1. 7 0.77 0.75 200 1. )6 I. 14 

n-Pi-oovl Alcohol 2. 1 0.80 0. 78 200 l. 51 1.28 

Stvr•n• I.I 1.24 I. 2 100 l.ll I.I 

Toluene 1. 2 1.0) I .00 100 I. I 9 1.00 

Trlchloro■ thvlene 12. 5 0.59 0.57 15 4.4 1. 7 

Pl•••• not.•, that i-eapon•• war l•• froa one •enaor to another and th• 
relatlwe re•pon•• ot • ••n•oi- can change wlth .-;ie, •o th••• data ahould be 
uaed tor eatl■atlon purpo••• only. 

Aaau■ lng an lnati-u■ent calibrated dlc■ctly for hexane oc tolu■ n•, but 
uaed to obeei-v• a different o••• th• •uulv•l•nt r ■■ pon■■ In ILfL (oc pp■ I 

foi- that ga• la secui-ed by ■ultlplylng the obaacv•d ILEL (or pp■ I reading 
by the LEL (or pp,al acale conv■ r ■ lon factor. 

• Val11•• fro■ National Flu Protection Aaaoclatlon, NFPA )HM, 1977, 
except tor -thylene chloride •nd n-pl"opyl alcohol fol" which 1969 NPPA 
l25N valu•• were ua ■J, 

•• Yalu•• fro• Fed■ i-al Reqi ■ tei- 40,2)072, Hay 28, 1975 and current H of 
Nove■ber l 979, exce11t for ti:-lch loi-o■ thy Lene whac ■ • CAL/<,9HA Plr,v ■■b■ c 

1910 valu• la llated. 

••• Neth■ nol tr••· 

- Jj-
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Al'l't:NDIX( ( 
liAS'l't:CII CAI.UIHA'rlON KIT 

A convent .. nt calJbcatlon Jett 111 av,111,.ble !or acc11rate 
on-site adjustment, without th., use ot ~pecial tools or 
flxture11, The 81-0222 Calibration II.it ls designed ex­
l'""'Rly tor uae with the ,nodt,l ■ 1114 ,1nd 11)8, and r.on­
slst:t of the fol lowln": 

20-0110 
81-1124 
ll -0006 
ll-)02S 
81-1001 
81 -0007 
81 -0091 
06-1002 

!'added carryln" case 
C,1llbr,.tlon tlctJnQ 
Plowmeter 
Humid It ier 
Calibration gas dlsµensing valva 
Calibration gas cylinder 40\ LEL hexane 
Calibration gas cylinder 400 ppa toluene 
Vinyl plastic tubln<J 

Tu check and ad)uat 
a•aemble the varlou11 
with GaaTech Drawln<J 
callbr,1tlon ayatem to 
tll the correapondlng 

calll,ratlun on a known gaa ■dapla, 

calibration kit Item■ In accordance 
2l27-Al4, but do not att4Ch the 
the ln ■ tru .... nt or gaa cylinder un­
stepa are completed: 

1. Turn Instrument on and al low It to war■ up and sta­
bl llze, preferably for S minute~. Be sure batteries 
an, charged 9ufflclently to read above the check 
mark. 

2. Add water to humidifier, thoroughly -.olatenlnQ the 
ql••• wool, and •hake out any exceaa liquid. 

). Open lnatru-nt caae by loo■enlng captive screw at 
front. Lift upper half of caae slightly, .ave 1/4" 
to roar to dlaenga9a rear clamp; then seoarate the 

'two halve ■. Locate COARSE ZERO potentiometer on 
underalde of circuit board lmarked "JERO"l. 

4. Turn external ,ero control to center of Its span. 
Then turn COARSE ZERO potent lometer to bring Deter 
to zero reading. 

~- To cellbrate In Pl'M range, pre•• the LEL-PPH switch 
to the ppm range. Attach the flow11>eter and the humi­
difier to the lnstcu-nt. Readjust zero as necessary 
with the external zero adjuatment. Note tlov reading 
on flo..-ter. 

6. :::onnect PPM- range cy 1 inder to humid It ler 1n let and 
•lowly open the calibration valve until the same flow 
l ■ indicated on the flowaeter as obeerved previou1ly. 
Watch •tee and note hlghelt reading. If lt 11 not 
the aame a• Indicated on the callbrallon cylinder, 
turn PPM SPAN potentlo-ter to give de ■ ired reading. 

7. t'or Ll!L calibration, follow ■tepa 1 through ~ witt\ 
ranqe awltch In I.EL poaltlon, and uae L!L SPAN poten­
U0111eter. However, hualdifler la not nece ■ sary and 
111ay be calttad. 

8. If zero cannot be ad juated, or If read Ing cannot be 
■ et high enough, replace detector, 

9. Dl ■ as•e•ble and •tore the calibration kit. 

-38- -l~-



( 
( ( 

Standard Warranty 

Ga ■ o■tection In■ tcu-nt• 

W8 w,occdnt <4118 di.um e<juipmt!nt 11\dnutactur~d 4n<I solJ by us to be tcee 
frua <ltt(t!cte In 1n.tt.-, lal11. work,nannhlp ancl ,.,., fcum•nct: foe 4 i-'~cic..J of 
one yt!ar fro.n d,tl•~ of flhivmf&nt to 1Jlt tmn.t~ 1,!!i~r. An'/ ~~rt• found 
,,.,,,,~tJv,, wllhlo lhat ,,,,,t.01J w!Ji t,,, ,,.,, .. J,-,,1 '" ,~vl•r:•t1., 4t f'';IJ( 

oµtlun., fruc c,( c:h11r 11e, t.u.L. ltH:t,1ty. 'ftd11 .--,rrant/ tl,J.i, ■ r1rJ,_ •r-'-'l"/ 
to thostt tt~nH:1 wtdc..:h by their natlU~ 4r., -s1Jb1ect LI> c1~ter1or4tlan or 
conauq,tlon ln ru.lnnal 9ervh.:~, and whit.::h 11111.u1t tc <.:lt!aned, repalrf!:~ at 
replacl!d on d routine basis. Such llo,ms =y ,nclude, 

•> Calalyttc or oxyci~n 9~nsor ~lem~1,t~ {the,e ~r~ cover~d ty 4 
separate warr .. nty bdsed on the ~peclfic dppllcationl 

bl Fu■e ■ 

Warraaty ls void.,d by abu~u lncluJinq c~uqh handling, 11echanlc■ l 
damaq.,, allt!ration or repair procedures not In accocdance with In­
struct Ion Mnual. Thi ■ warranty lndlc■ t ■ s the full ext<!nt of QI.IC 

liability, and WI! ■ re not u,sponalble foe removal or repl•ce•ent 
coats, local rep.tic coat ■, transportation costs or contingent expenses 
Incurred wlthdut our prior approval. 

Gu1Tech lnc. 's obliqatlon undt!C this .,ac, .. nty sh,sl I bt! lt111teJ to 
rep■ lclnq oc replacing, and ceturnlnq any product .,htch sh•l I be 
returned to G,ssTech Inc. at Its 1Mnufo1cturing f.scllltles, ..,Ith uans­
portatlon charqes prepaid, and which CasTe,:h Inc. Mat.,r1al Rev1e" 
Board examination ■hdll dlsclo ■ u to Its s4tlst .. ctlon to h4ve ~en 
defect lv11. 

This .,arcanty Is o,xpcessly In lieu of any dn,J .. 11 other ..... rr.snt les ar.d 
repce11entatlons, exprt!SS or Implied, and .sll other obl11atlons oc 
liabilities on the part of Ga!tTech Inc. 1nclud1n•J but not t1111t<!d to, 
the warranty of tltness for a pactlcul.H puq,use. In no ev.,nt sh•ll 
GaaTech toe. be llabl., fot dlc.,ct, lncldent4l oc conaequent141 loss oc 
daaaqe or ,soy kind connectl!d .,(th the u■ e of 1ts products or f•l luce 
of It ■ product to function or opecate propt!cly. 
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SAFETY NOTICE 

All necessary prccaulions musl be obscr-1ed when operating 1hc Vclome11:r in 
the \'icinity of movina equipmenl such as 11101ors and blowers. The user muu 
exercise care to ensure tha1 1he probe or 1he insuu111en1 docs 1101 interfere with 
any mo,·in1 equipment. 

CAUTION 

The ma"imum tempcra1ure al which the Velomc1cr i:an be used is 25ou I' 
{120J C), and must 1101 be c1,.cccdcd. The Vclome1er is NO'I" designed for gas 
mixtures 01her than air. Use beyond lhe operational 1empcra1ure range and/ur 
on aasscs which are combus1iblc or which may deteriorate materials in 1he 
Velometer is not recommended and is a, the user's risk. 

WARRANTY 

\'our warranty information and reply card 1m: endu:.cJ elsewhere in this 
packaae. After locatin& this material, please rclurn 1hc n:ply card and main­
tain the Ccr1ifica1e of Calibration. 

TRADEMARKS 

The followina are Trademarks of 1he ALNOR li1s1rumen1 Company; 

ALNOR 
AL-TEMP 
BALOMETER 
COM PU FLOW 
DEW POINTER 
DIGICON 

DIGITHERM 
P\'ROCON 
PYRO LANCE 
PY ROMA TIC 
PYRO POINT 

PYROTAC 
l'YROTROLLER 
THtRMOCON 
VELOMETER 
VELOMETER JR. 

Emirc Con1cnts-Copyriah1 191U by 
ALNOH INSTRUMENT COMl'ANY 

Niles, Illinois 606411 

A L No k (~ ( 
\b:::Lof'I\ E;. 1c..Q.. Sc.l2.1E: '::. L. o oo 
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GENERAL DESCRIPTION 

a 7 

Tiu: Al11or Vclo11u:1cr is a direct rcadiug imtrumrnt for measuring air 
vclodties. II is dc)i1111c:d 10 mc:.c.urc: vclu1;i1ic:) im1dc: hca1i11g and ~cniila1111g 
duels, or in opera areas sud1 as al fu111c: hood), grille:~. ll1Hu~c:rs, slo1s on \Cn­
tili,tcd pla1i111 tanks, and so forth. h may aho be: u)cd for me;uuring duct 

static pressures. 

The Vc)ometer set consists of the meter, velo1:i1y and s1a1ic pressure ran11e 
sclcc1ors, mcasuri1111 probes and co11nee1in11 hoses. 

The Vclometer is basically an air llow mcu:r rc:aJi111 111 feel per minute (or 

meten per second). 

The Vclomctcr i) built with a laul band meter movement; it iJ ca,cfully 
balanced so 1h11\ you may hold the meter in any normal position and uill get an 
accurate reading. All Vclomctcn arc uniformly calibrated 10 fa,1ory s1an­
da11Js; hence, all accessories ;uc i111erd11t1111eablc from ins1rumen1 10 instru­

ment. 

Before using the Vclomctcr, study lhe opera1ional ins1ruc1ions and prcx:edurcs 
lo insure proper U)C of the i11suumc111 for ,u:curale resulls. 
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METER 

(A) 
RANGE 
SCALES 

ZERO ADJusf~ENT SCREW 

(B) 
SENSING PORTS 

( 

The Meler is che nerve ccnccr of Che Vc:lomc:cc:r sea. II receives tile: scnsina signal 
from 1hc: various probes and uanslales il 10 a velocity or scatic pressure 
readina. 

On &he face: of the meter there: is a sc:ric:s of range scak) (A) whid1 c:nabh:s you 
10 read accura1cly &he: measured value. Since: Chere arc a number of ranges, ii i) 
imponanl thal 1hc: Kale read on &he: mc&cr face corresponds 10 the: vc:locily or 
ilati.- pressure ranac: ch:u is sc:c on 1hc: Ranae: Scleclor. 

On 1hc back side: of &he meter 1hc:rc: arc: two sensing pons (hose connec1iom) 
(8) •·hich arc: for incc:rconnc:ctina co one of the two Ranae Selectors will1 
ho5Cs. One porl is marked postivc: (+)and &he other neaa&ivc (-). 

Scnsina pon caps arc provided and you should place chem over che sensing 
pons •·hc:n 1hc: mc:ler is 001 in use. 

Chc.:k to sec char chc: poinlcr is al zero each cime the meter is pul inlo service. 
The zero adjusimc:nc screw (C) enables you to make an adjustment. Wi1h 1he 
caps still on &he por15, use a screwdriver 10 bring &he: poi111cr to zero. h )hould 

con1inuc: 10 read zero whc:1hcr 1he merer is lyini na1, s1anding upright or is at 

any posicion in bclwccn. includina the position where one end of &he scale is 
lower than the other. 

2 

RANGE SELECTOR 

(Ai 

(o~

',, •··_ .. :/E SELECTOR 

/',' ,_.~. (El 
~ aQ :-a POAT 

PLUG-IN l'ORT · • ,,,. ,_ -,. /NECTIONS 

(C) 
SWITCH 
BUTTON "~ 

(F) (B) 
SWITCH 
PLATE 

TAKE-UP 
ADJUSTMENT SCREW 

The: rau1e .M:lcc1or (A) allow:, you lo swilch 10 one of lwo ~dod1y ranges or a 
slalic pre:.:.ure range by mean:. ol' a swih:h plalc (B). 

A swi1d1 bu11011 ((:) i~ provided fur d1angin11 1he Vclomc1cr from use wi1h a 
Pi101 Probe lo u~c wilh ci1her a l>illu!>er Pwbc or a S1a1i, Pre~~urc Probe. 

CAUTION: 
WIIEN USIN(i I tll: PITOT PIH>liE, TUk.N I IIIS liUrION ANO 
Al.I.OW ITH) Sl'l<INu OUT; Wlll:N lJSIN(, l:11111:k I IIE DIHUSl::R 
l•KOUE 01< A S IAI IC l'Kl:SSUl<E J•t<OlJl:, l'lJ'>II I 111: lilJ II ON IN 
AND TUkN TO LOCK IT IN l'OSITION. IN I UIS POSITION THE 
swncu IWTTON SI.OT MUST UE Vl:fHICAI. (Al luNED \VI ru Ak­
kOWS ON LAUEI.) l·Ok l•kOl'Ek INSTKUMl:N I (H'EKATION. 

Du nut block i;wilch buUun ~uri1111: uprr111iun. 

The 11.anie Sdcdor b provided with a plug-in poll (I)) which aLCcp1s 1hc 
variou!> probes aml dllow!> you 10 rotdle 1hc111 360". ( t) dlld (-) poll\ It:) arc 
provided IOI ho~e co1111c1:1iom 10 the Meter. 

Oc:pcndiug 011 your model, your ~cl will indudc one or lwo 1{4ngc Sckllur\ 
lhal arc indcntilied by red or blJd. lc11c11111. This ,olor i:oding rdalc!> 10 1hc 
same colou:d scale!> on 1he mclcr. 

J 
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The Range Selector with the black lellerlng ha1 the lollowlng rangH: 

Velocity: 

Static PreSiure; 

0 lo 1250 rec1 pc:r minute 
0 10 2~00 reel pc:r minute 

0 10 I inches of waler (6000AP sci) 
0 10 J inches of water (60001W sci) 

The Range Selector with red lellerlng ha1 the lollowlng rangea: 

Velocity: 0 lo 5000 reel pc:r minulc: 
0 lo 10,000 feet per minute 

S1a1iL' Preuure; 0 10 JO inches of water 

A ral.e-up adjustment Krcw (f) is provided for 1iah1c:ni111 rhe switch pl111e 01) 
which may 111·ork loose throuah normal wear. A noaicc:able effort 10 chan1c the: 
scuina or 1hc ,witch plate will indicate proper tiahlncu. 

PITOT PROBE 

' 

(A) 
VELOCITY 
SENSING.......__ 

PORT ......_ 

ICI 
AIR FLOW 
DIRECTION 
INDICATOR 

(E) 
-~--CONNECTING 

LEG 

( ( 

I 
The l'ilol Probe b Jc.:~ig11cJ IO mca~urc the: vducily of au III Ju..:1~ and aho in 
unrc~trkrc:J area~ )Ud1 a~ air i111.ii..c:~ al gr111J111glbufli11g i.hcds or 11c:r11ila11011 
~luh al plating 1,111k~. l'or the procc:Jure IO mc:a~u,e J11c1 vcluc11ics ~c:c pagc:s 18 
am.I 19; for other applkaliom ~cc p.ige~ 14 anJ IS. 

The air intake (auJ Ji~d1ar11c) lur lhc prollc •~ al (Al. I he probe: ~huuld be: 
hclJ al righl angle~ 111 lhc air llow; au a11uw al 1hc ba,c ul lhc probe (L) 

)hould poi111 iu lhc Ju c..:11011 ul the au llow. 

The: probe is markcJ 1111111.:-im:h inncmc:nh (U) tor cun, c:111cncc: in pu~i11u11111g 
lhc: prubc: in~idc Jud~. 

The: probe cullar II>) ,Kb ,o a ~lop when imc11i11g lhc probe i1110 the Range: 
Sclcch11; illl O-riug acl\ ii~ ii ~cal when the co1111c<.:llllt: let: h 1mc11cJ i1110 1hc 
ka1111c Sclcclllr. 

LO-FLOW PROBE 

The Lo-How l'wbc is dc:~111111:d fur mc:a~uring \'cloc111c) bdow 300 feel per 
minute: in open )pa..:cs; ii allai:hcs duc..:tly 10 the Mc:lcr without hose:~. 

All arrow IA) on 1hc probe serves as a rcmini..tcr of the direc1ion you mu,1 
oricnc the probe anJ lhc Mclc:r when 1a~i1111 mcil.!ourc:mc:nl~. 

kdcr 10 pa11c 14 (ur the prupcr vchxi1y measuring prixcdurc. 

5 
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DIFFUSER PROBE 

(A> ._. .. __ VELOCITY 
SENSING 

PORT 

(B) 
SNAP Off 

FINS 

tC) 
PROBE 

------ COLLAR 

(0) 
- ~ONNECTING 

LEG 

The Diffuser Probe is desianed to measure the velod1y at diffusers, rc1is1crs 
and arillcs. The volum~ of air beina supplied or cxhaus1cd can be determined 
by muhiplyina the measured velocity times an air now factor•. Refer 10 Pille 
16 for proper diffuser, rc1is1er, and arille measurin11 procedures. 

The \'elocity sensina port (Al senses chc velocity al 1111: diffuser. rc1istcr. or 
1-rilk. 

• Air lluv. faciurs, i;ometimcs l..nown as "K" fa.:tors, arc generally avail .. blc 
from lhc manufacturer of the arillc or diffuser. 

6 

( 

The snap-oll hus (U) allow you 10 a..:rnr .. 1dy po~uion the: probe verrica~ly. 
horiwntally or , aJially. 

The probe collilr (('.) ad, a~ a ~lop when co1111cc1111g 1hc piobc: to the kangc 
Sc:lee1or, auJ the 0-ring ads as a seal. 

"l'hc co1111ccli11g leg (I)) is insc, lcJ inlo lhc kangc Sdcdur. 

STATIC PRESSURE PROBE 

The Static 1'1essure l'robc is Jesigued for mcasurmg Juel slatic pressu,c. 

The rubber cap (A) provides a seal around the \/, • hole (in the duct) where 
mcai;urements arc 10 be taken. 

The probe collar tU) aels as a stop when co1111cc1111g 1he probe IO the Range 
Scle..:lor; lhe 0-ring acls as a seal. 

l(c(er to page IO lur the proper slatic pressure mc:o1,ur111g proccJurc:. 

7 
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PREPARATION FOR USE 

DIFFUSER PROBE 

Slc:p J: Remove: sc:nsina p011 caps 

Step l: ConnCl:l lwo ho5c:5 (C) 10 scnsin1 por&s (B) 

Slep J: Sc:lecl proper Ranae Sc:lcc&or (D) 

NOTE: For vcloci1ics below 2SOO rcc:t per 111i11u1c:, use &he: 
Ranae Sc:lcc1or wilh black lct&c:rs; for vc:lodtic:s above: 
2,00 reel per minute:, use the Ranae Sclector with red 
lcuc:rs. 

Slep 4: Conncca Ranae Sc:lcctor (D) 10 loose: ends of hoses (C) llull 
arc already connected to &he Meter (A) as follows: 

FOR SUPPLY MEASUREMENTS 

Connect &he plus ( + ) scnsina port of the Meier to the plus ( + ) 
sclllina port of &he Ranae Sdcctor, and &he minus(-) scnsina 
port of the Mc:tc:r 10 the minus (-) sc:nsin& port of &be Ranae 
Selector. 

FOR RETURN AND EXHAUST 
MEASUREMENTS 

Connc:cl the plus ( +) sel\$ina port of the Meter to the minus(-) 
scnsina port of the Ranae Selector, and the: minus (-) scnsina 
pon of the Meter to the plus ( + ) scnsina porl of &he: Ranae 
Sclec1or. 

Step 5: lnscri Diffuser Probe (E) into &he Ranae Selector (D). Push 
the Diffuser Probe firmly down until the collar of the probe 
rests qainst the top of the Ranae Selector. 

St~ 6: 

SCep 7: 

Sarp I: 

I 

Check po,i1ion or ,witch button (D,) on Ranae Selector 
(D). II muse be pushed in and turned to latch it in. 

Ched. position or ,witch plate (0.) 011 Ranae Sc:lcctor (I)). 
II must be positioned for 1he proper velocity range. 

Proceed to make necessary velocity mcasuremcnls; see pa1c 
16 for procedures. 

( 

(DaJ 

(f:J 
DlfFUSER 

PROBE 

..-- SELECTOR ,· 1 -- R~~~E 
SWITCH 

BUTTONt·::l !r- (Db) . SWITCH 
PLATE 

lr (C) 
HOSE 

(li) 
SENSING 

/ PORTS 

(A) METER 

( 

9 
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STATIC PRESSURE PROBE 

Strp I: 

Step 1: 

Strp J: 

Step_.: 

Step 5: 

Remove sensing port caps 

Connccc cwo hoses (C) co sensing ports (D) 

Select proper Range Selector (D) 

NOTE: For 0-1 • static pre55urcs, usc Range Sclcccor with 
blad. leners; for 1-10" static pressu,es, use Range 
Selector with red lcuers. 

Connect the hoses to the Range Selector (D) as follows: 

For Poudn Preuure Me ... rcme1111 

Connect the plus ( + ) 1Cnslng port of the Meter to the plus 
( + ) scnsina port or the Ranae Selector. Connect the minus 
(-) scnsina port or the Mccer to the 111i11u.s (-) sc11sil11 port 
or the Ranae Selector. 

For Nepdvt p__,. Mealllreae■II 

Connect the plus ( +) ICDlina port or the Meter to the(-) 
scnsina port or the Ranae Selector. Connect the minus (-) 
scnsina port of the Meter to the plui; ( + ) 1Cnsina port of the 
Range Selector. 

Select the proper Static Pressure Probe (E) 

NOTE: For 0-1 • ,tatic pressures, usc the S1a1ic Pressure Probe 
with blacl,; leuers. For 1-IO" static pressures, use the 
Static Pressure Probe with red letters. 

Step 6: Insert the Static Pressure Probe (E) into the Ranae Selector 
(D). Push the probe firmly down until the collar of the 
probe resis aaainst the top of the Ranae Selector_ 

Strp '1: Chccl,; position of switch plate (D.) on lhe Ranae Selector 
(D). It must be pushed in and curned co lock it in position. 

Strp I: 

Strp t: 

H 

Chccl,; position o( switch plate (0-.) on Range Selector (D). 

It must be to the extreme left. 

Proceed to make duct static presi;ure measuremcncs. Sec: 
paae 18 ror proper procedure. 

( 

(Da) 
SWITCH 
BUTTON 

(El 
STA TIC PRESSURE 

PROSE 

.1 (DI 
,£... ___ RANGE 

SELECTOR 

(Db) 
SWITCH 
PLATE 

II- (C) 
HOSES 

(8) 
SENSING PORTS 

CA) METER 

II 
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PITOT PROBE 

Slcp I: Remove sensina port caps 

Slep 1: Connect awo hoses (C) lo scnsi111 pora:. (B) 

Seep l: SclC\:1 pr..,111:r Ranae Sclcc&or (l)) 

NOTE: For vcloci&ies below 2500 feel per minuac, use 1he Ranae Sclcc1or 
wilh black lcuers; for veloci&lcs above 2500 reel per minule, use the 
Ranae Sclcc&or wilh red lellcu. 

Slcp 4: Conneca Mac hoses 10 &he Ranae Sclc.;tor (D) as follows: The: 
plus ( +- ) scnsina por1 of ahe Meter 10 ahc plus ( + ) scmina 
port of 1hc Ranae Selcc&or and &he minus(-) scnsina porl 
of &he Meler 10 the minus(-) scnsin& porl of lbc Range 
Selccaor. 

Slep 5: 

S,cp 6: 

Sltp '1: 

Sacp I: 

Insert lhe PilOI Probe (t:t i1110 abc Kanae Sclcl:lor (P). Pui;h 
the Piao, Probe firmly down uncil &he collar of chc probe: 
rcsas aaainsl &he top of chc Ruac Sela:aor. · 

CMck pos.ilion of swi1ch buuon (0.) on Ranae Selccaor 
(D). It mus& be released and lcr1 in &he: oul posilion. 

Check posi1ion or switch plate tD•> on Ranae Scleclor (D). 

II must be positioned for &he proper velocity ranae. 

Proceed 10 mal.c necessary duel vc:lucily mc:asurc:mc:nls. Sc:c: 
pqc If for prop« proc:cdura. 

LO-FLOW PROBE 

Skp I: 

Seep 1: 

Remove scnsina pora caps 

Connect the Lo-Row Probe (C) dircclly 10 U1e Meler (A) 
by placina it onto the scnsina ports (B); no hoses arc re­
quired. II fils only one way 0010 lhe Meier, with lhe ar­
row poi111ina to lhc Ida when vicwina the Meler from the 
front. 

I 
I 

'\ 

(Da) 
SWITCH 
BUTTON 

( 

(E) 
PITOT 
PROBE 

(0) 
RANGE . rSELECTOR 

::r-~ sJ~¥bH 
· PLATE 

' 
(Bl SENSING 

PORTS 

(C) 
LO FLOW 
PHOBE 

( 
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OPERATION 

After asscmblin& the correct probe to the Velometer as shown on pages 6 tu ll 
you arc ready to take the necessary measurements. Uclow arc some typical ap­
plications and cautions when usina the various probes. When using the 
Vclometer ror mea,urin& air velocity al conditions uthc:r 1han JO in. Hg anJ 
72° f rckr h> 1hc .:orrc..:tion d,an on pqc 24 for 111a.11im11111 a.:i.:ura.:y. 

PROCEDURE FOR MEASURING VELOCITY WITH LO-FLOW 
PROBE 

I. Place the meter where you wish to measure the air now. If you arc 
holdina it, keep it at arm's lenath and lland so you do not obstruct the 
rrcc now or air put the Meter. 

2. Hold the Meter so that the arrow on the probe points in the direction of 
air now; if the direction is not known, turn the Meter until you ob$Crvc 
the muimum pointer dcncction. 

l. Read the air velocity 011 the Oto 300 FPM scale. 

4. Record the rcadina on an appropriate air balanci111 work.sheet. 

VELOCITIES AT SUCTION OPENINGS-EXCEPT Dlf FU SERS 
OR GRILLES 

Al Grinding or Buffing Wheels: 
When mea.surina velocities al arindina or burfina wheels, use the l'i1u1 
Probc or the Lo-Aow Probe. The head of the probe shoulll be held in a plane: 
defined by the ouu.idc cJaie of the hood . 

.. 

( ( 

Al Spray Boolhs: 

When measuring 1l1c vel~ily al sp,.iy boulhs, use: the I u-Huw Pwbc:. The: 
head ul" the probe should be: pl.i.:cJ 111 a pl.inc JdiucJ by 1hc uulsiJc: edge of 
the: spray booth. 

Velocllles al'Plallng Tanks: 

To measure: lhc: vc:lodly ill pla1i11g lanks, use: lhc 1'1101 Probe:. The: probe: 
should be: hdJ do.~c to the: c:xhausl pull ol the Ian._, wllh 1hc: arrow on 1hc pro­
be pointing lowarJ 1hc c:d1aus1 purl. 

15 
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PROCEDURE FOR MEASURING DIFFUSER, REGISTER AND 
GRILLE VELOCITIES WITH Dlf FU SER PROBE 
To calculate the air volume passina throuah a diffuser, regis1er or grille ou1le1, 
measure the velocity at the outlet, applying 1he air now faclor 1ha1 is provideJ 
by the outlel manufacturer, and use lhe followinJ equa1ion; 

Wlllcre 

Q • Qua11ti1y of Air 
K • Manufacturers' Oow faclor 
V • Averqe measured velocity 

Q•KllV 

£aalbla Ual11 

rt'/min 

fl/min 

Mctrk Ualll 

m•/~ 

mis 

IMtructions for posilionina the Diffuser Probe at the outlet for measurin1 the 
velocity, as well as an appropriale Dow factor, arc available from the outlet 
manufacturer. Shown below ii a 1ypical example: 

TYPICAL DIFFUSER AIR FLOW MEASURING PROCEDURE 

To determine the volume of air discharacd, a Velometer wilh a Diffuser Probe 
may be llltd as sho-·n below. 

Nole thll the bouom of the positionin1 fins on the probe are level with (and 
1ouchin1) the bottom of the intermediate spinnin1 of the diffuser. The probe 
is held vertically. The Oow factors shown in the accompanyin1 table arc c1p­
plied to an avera1e of six vcloci1y readinas taken a1 equally spaced posilions 
around the periphery of the dirruscr. 

DIFFUSER 
SIZE 

10 
12 
14 
17 
20 
24 
32 
40 

AIRFLOW 
FACTOR 

.42 
.66 

0.11 
1.3 
1.8 
2.8 
4.11 
1.1 _____ __J. _____ _ 

For muimum accuracy obKrve the followina prccau1ions: 

I. Use onl)' the appropriale diffuser, reaisler or 1rille manufocturcr~• 
measurin1 procedures. 

l. Mab a complete and accurate velocity readin1 . 

.. 

( I 
\ 

l. Record the vdocily mcasurc:111c:n1~ on a diffu~c:r air bala11i:111g worh1hc:c:t 
as ~huwn. 

r----------------------

CAIR BALANCING-DIFFUSER_ REA~~NGS ____ __, 

IOII UAIIIIII I tlLll~L 1111 f•II l, lU. ~, \ ll .. b• \JI, '\ ,. 
- . -J . . -. - r ·,·-1 . 

10-lf ..... _.:..... l _, __ : ·-..... , ......... .. , ..... 1&1 lllOII ,....... ~:.·~i.:-..... , .......... ,,...,, ·~::,: .. "'•,·~·;, ~, .. , ... ,, , .. ·" .... "" .. . ..... I•--:,~-· ........... ,... . ,_ .. ,. 
L ,lh. 

[ I\ II ll°l IJ•~ ,111, .. ,u \(IL.' l l HJ lus 

II . '" 4 11.fl .'d1,·, \\00 1loll 1) :.,(J t l t;," 
I\ to lv 11•~ .'\l!t' 1,10 10'-I 1,110 LIi .. 

I\ a 11 11·1'.> ,").t-1 l..lO IU"-I \10£, ~·t 1 

I'\ • l l 14 ., ii~~ 1,ou 1 16 I 1HO I I 4'-o 

f\ . I l 11·1'.> • \Ill ,:w 10~ I 1·100 ..-.1 
u , l 4 n,10 . )'tll 'lll<l I io, \ 4 -,{) ,1 .. , 
II • I'• "'' . , .. ,,r, /t,l ,·,1,,4 I ~ -~ (., t',(>/ 

II • ll> 11-~ .<,e,, .. 10 hl'-1 I I ti lJ Lt>v 

f\ • I I ,,,1 >\',\ ,,o n11,1 1100 '\ I l I II . l I:> 1• I', . >Ill 1,.-1 I .)L. J \"\U(-' 1·.~ 

I\ a ,(~I ll•ti- .-,~, I.I~ \..:>LI ,·1 "'LI ,.\ I 
{\ • ~o ,.11 .,h'> 11ou 11~ 11 l!,110 \lcQ; 

I\ 
' 
. ·~· II• . \111 '-I I ''-''· 11 l\L,.0 l.. I~ i 

I 
Ii . JI \J •I .~,.,o "/tlO I ~u, I \I~,>._) b II ! 
I~ . ~ ~ ,·l•l -">~tl l,fo \ \u4 l A ':.U e.,,~ I 

-~ , ~. ..,l ... t 

["" 
r--
:~) 'lo~d 

--· I 
... , ... ~ ... ,,, ~,.j,l,;'. V~•~Ml,, K. .. I 11 

4. When the procedures instrui:t you ro apply an .ivcr.i1c vtlod1y readin&, 
divide lhe ope11i118 inio a numbc:r of c:4ual a,eas and Jc:1c:rmi11c an .i,cragc 
of single rcadin8S lakc:n at the center of the equal areas. 

S. When 111aki1111 a rc1:ou.l uf the mc: .. iurcmc,11~. induJc room loca11on, 
outlcl model, llow fa,1or, Jcsisn air volume if known, mcburcJ ou1lc1 
veloci1y ani.1 i:alculatei.l air volume. 

17 
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PROCEDURE FOR MEASURING STATIC PRESSURE 
I. Select the location for the static pre.sure reading, and drill a ¼ • hok. 

You may wish to painl a circle around lhe hole and number il, for fulu1e 

convenience. 

2. Assemble the Vclomcler for posilive (or ncgalivc:) readings as described 

above. 
3. Place the rubber cup of the probe firmly over the hole, and real! the ~1a1ic 

pre.sure on the blac~ or red "Inches or Water Gauge" scale. 

4. Record the rcadin& on an appropriate air baJancing worksheel. 

• 

FAN 
DISCHARGE 

PROCEDURE FOR AIR FLOW MEASUREMENT IN DUCTS 

To calculate the air volume pasuna throuah a duel, measure the average 
\'clocity inude the duct, determine the cross-5CCtional area of the duct, and ap­

ply the foUowin& equation: 

WMn 
Q • Quantity or Air 
A '"'Crou-iCICtion uca 
V =- Averqe duct velocity 

0111rmln1 CroH•Stctlon Are•• 

rt 1/min 
r, I 

fl/min 

Metric Umll 

m• 
mis 

Tbc cross-section of the duct is based on ahe actual inside duel area 1hrou1h 
which au nows. If the duct is internally lined with insulation, the thickness of 
that insulation muil be taken into consideration when cakulatina the duel 

area. 
Eumplc: 

II 

24 • wide x 12 • hi&h duct with no internal insulation h,u a 

cross-section area or 2 square feet. 

38 • wide by 14 • hi&h duct with I • internal insulation ha~ a 
cross-~aion area of 3 square feel. 

( ( 

Measuring Duct Velocity 

nae: 'icl~ily of an air ~111:am in a Juc1 i~ 1101 unifom 1hruu11hou1 the cross­
sc:c1ion; air nc:ar 1hc: walls move:~ more: ~lowly due 10 l11~1io11. Ubows, lransi­
liom and ob~lruc1101b abo cau~c: varialiom III lhc: vc:lu.:11y al ,rny one cross­
~c:c1io11. 

Tu ublain 1hc average vchM.:lly i11 Ju<:t.\ of 4 • Jia111c1er or l,u11cr. dull a 1/1 • 

J1a111clcr ur la111c1 hole Ill lhc Juel auJ lake a series of Jud vc:locily rc:adllljl\ 
(commonly rcfcueJ lu as a lravc:rsc:), wilh lhe Picu1 Probe, al poin1s of equal 
area across lhc: llud. A formal patlern ut sc:nsi1111 puinls is rc:commendcd and 
thc:sc: poinl~ arc: adc:rrc:d lu as lravc:rsc: poi111 1caJi1111s. Shown arc: rc:com­
mc:nded vc:luci1y rc:aJing puilll luca1iom for uavc:rsi1111 round anlJ s4uarc (or 
rc:c1an11ular) ducls. 

ROUND l.)UCT l AAVERSE POIN rs 

0 0 

C, 0 

0 0 

0 

0 0 

0 0 

0 0 

0 

CENTERS OF 
EQUAL AREAS 

NOTE: PITOT PROBE STATIONS 
INDICATED BYc. 

SQUARE AND RECTANGULAR DUCT 
TRAVERSE POINTS 

In round duels, lake: vdoci1y ic:admgs al 1he (enlcr of i:quJI c,m.·c:nlf1•· arc:as; 
take: al lc:asl 20 readings along lwo diame1crs. In s4uaic: or rc..:1angular du.:1s, 
take: a minimum of 16 and a maKimum of tH rcadin11s at .:c111i:rs of clju.il area,. 
Calculate the: avc:1agc: of all readings. 

Foi maKimum accuracy, olisc:rvc: 1hc: following prc..:autium: 

I. l'eifuun the 11 averse: in a sci.:liun of Ilic ducl where 1hc air suc:am is as 
u11ifor111 as pr actkal. ·1 tus is 11cnc1 ally a luca11011 of ci11h1 ur murc: du..:1 
cJiamc:lcu of s1raigl11 IJ1KI upslrcam liom the lla\'c:nc: location. 

2. l)o nut lake lhe Ir averse: near a dui.:1 dbow, 1ram11io11 or obsuu.:11011. 

l. Make a cumplc1c, i.:ardul and ai.:curalc: uavcrsc .ind record 1hc re,uhs on 
a worksheet. 
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LIST OF MODELS AND ACCESSORIES 
Series 6000 Vclomctcr Sets 

MODEL DESCIUPTION 

6000AP 
60008P 
6000AP-M/S 
6000BP-M/S 

All Purpose: Set 
Air Conditioning Set 
Metric All Purpose Set 
Metric Air Conditionina Sci 

Series 6000 Accc5~rics 

r.lODl-:1. Dt:SCKll'TION 
6006AP Velonu:tcr ror Set A (I) 
60068P Vclo111c1cr for Set U (2) 
6006AP-M/S Vclomclcr for Set A-MIS 
6006BP-M/S Velometcr for Set B-M/S 

6030BP 

6030CP 

60lODP 

60lOBP-M/S 

6030CP-t.t/S 

60lODP-M/S 

60SOP-1 
6060P-12 
6060AP-24 
6060BP-36 
6070P 
6070P36 
6070P-36S 
6080AP 
60808P 
6080CP 
6080AP-mmW 
6080BP-mmW 
6080CP-mmW 

Ranae Selector 
(0-llSO/lSOO + 0-3 • Hp) (2) 
Ranae Selector 
(0-12SO/l.SOO + 0-1 • Hp) (I) 
Ranae Selector 
(0-5000/10000 + 0-10" H 10) (l) 
~Sckc.-aor 
(0-6.25/ll.5 MPS + 0-75 mm H 10) 
Ranae Selector 
(0-6.25/11.5 MPS + 0-25 mm tl10) 
Ranae Sclcctor 
(0-25/SO MPS + 0-2SO mm H10) 

Lo-Aow Probe (I) (2) 
12 • Pitot Probe: (30S mm) (I) (2) 
24 • Pilot Probe (610 mm) 
36 • Pilot Probe: (9U mm)• 
Diffuser Probe, 7 • LonJ-90& (I) (2) 
DiUuscr Probe, 36 • Lon&-9'4 
TroUer Probe, 36 • Lo111-strai&hl 
Static probe (0-10" H 10) (I) 
Static probe (0-l" H 10) (2) 
S1a1ic probe (0-1" H10) (I) 
Static probe (0-2SO mm HP) 
Static probe (0-7S mm H10) 
S1alic probe (0-25 mm H10) 

Sinale Ho5C (I) (2), 24 in. Iona 
Case • Set A or B (I) (2) 

(I) Included in 6000AP Sci, wilh two ho5CS 
(2) Included in 60008P Sci, wi1h two hoKs 

l'AKT NUMBt:H 
634-000-010 
634-090-028 
6)4-091-016 
634-091-023 

1•AK"l' NUMUt-:K 
634-010-014 
634-010-021 
634-011-010 
634-011-027 

634-020-026 

634-020-0ll 

634-020-040 

634-021-021 

634--021-039 

634-021-046 

634-030-020 
634-031-019 
634-031-026 
634-031-033 
634-032-014 
634-032-021 
634-032-039 
634-033-010 
634-033-027 
634-033-034 
634--033-041 
634-033-059 
634-033-066 

634-040-0111 
634-040-0lS 

•TM Mo' l'ihll Probe. dllC h> 1hc hi.:&i<>a of &he ail ill &hC k>111cr habc. •di,., .... &he Vck>o1..:1c1 lu 
,ca.I lll.l lttt re• min111t ""' a.:,,,u the cn&irc w:alc. 

( 

MAINTENANCE 
GENERAL 

( 

Alnor Vdomt:ler) require very lilllc servu.:c cx1:ep1 fur rcpla,.;cmclll of 0-ring 
gaskets, and deanin& or replacing the filler clcme111s in 1he Range Sclc,1ors. If 
any dilficuhies in lhe operation of 1he Vdomclcr )huukl develop, please con­
la1:1 lhe 111:aresl Alnor Sales keprt:se111a1ive or 1he Alnur lmuumenl Company. 
Oo 1101 rclurn any imlru111e111s wi1hou1 wri11e11 au1huri1a1ion from Alnor ln-

slruancnl Cuanpany. 

CLEANING OF THE VELOMETER 
In i:ast: it is nei:essary to dean the exterior of 1he 111c1cr. u,e a damp cloth or a 
do1h mublencd with alcohol and wipe lhe exh:riur carefully. L>o no1 rub cx­
i:e))ivcly. DO NOT USE CAkliON 11: U<ACltLOklLJE. 

REPLACEMENT PARTS AND ACCESSORIES 
In i:asc additional pans arc required lO convcr1 011e Vclomc:1cr sci 10 anorhc:r, 
or in i:ase broken or damased parls musl be replai:cd, order 1hc: parts from the 
fai:tory. All parls arc iulc:rdumsc:ablc 11111J 110 spcc.:ifo: c.:alibralion or probe, i, 
n.-quircd will1 any 1>arli1.:ular instrument; )imply )pccify the Alnor number of 
Ilic replacement parl or accessory. 

Replacement of Range Selector FIiier 
To replace 1he filler or lhc Range Sc:lc1.:1or, proceed a) follows; 

' 
ke111ove lhe lwu l'hillips !lead si:rews 011 1hc i.:oll.u ahuvc 1he Kangc Sdc1:wr 
swili.:h. l::xc:11 )1ii:h1 pressure 10 hold 1hc upper a11d lnwcr h.ilf of 1hc Kanl!c 
Sdedur as.!>embly IUgclhcr IU pcrmil t:o1)y v.i1hdr.iwal oi 1hc 1"'0 1uc-..1. 

Carefully pull I he upper and luwer half of 1hc ka11ge Sc:lcdo1 o111c111bly apan. 

Rl:PLACEABLE 
PARTS 

IA) fll TER 321012 00!:i 
18) "O" RING J42 00b O!:i!:i 

HANDLE RECEPTACLE 

PROBE SOCKE: T 

fll TER ELEMENT IAI 

RANGE SWITCH KNOB 
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Withdraw lhe filler Parl Number 321-012-00S. Cardully dean the filter dc:­
mcnc by means of a brush or vacuum cleaner, or wa~h it iu hauJ-warm water 
and wich ari1-frce soap. In ..:asc Che filler elcmeuc is damageJ, repl1Kc: it. 
Before reasscmblina the Ranae Seleccor, carefully dean all parts. 

To install the cleaned or replacement filcer, slip che bore of chc filter over the 
prouudina nipple portion of 1hc lower Ranae Scleccor pan. Place the filter 
clement onto the lower Ranae Selector part with the open c:nd down. Then 
slip lhc probe sock.cl over the protrudina nipple portion. Carefully alian all 
three outside diamelen of the lower Ranae Sclcccor parl, the filter and the 
prnbe w.:L.cl. Slip all three: parl.l into the upper RllllllC Sekc1or housi1111 so 
thal 1he air vent swih:h button procrudina from chc lower Ranae Sc:let.:tor 
assembly alians with che channel in the upper Ran,e Sclcclor assembly. EAert 
sli&hl prcuurc when inscrci111 che Phillips Head screw and lightly 1i1h1e11 both 
Phillips Head screws. 

Replacement of 0-Rlnga In Probe• 

To replace the 0-riq iD the probcl remove the old 0-ring by means of a hook­
shaped tool, or by sqllCClina. Clean tbc O-rina aroove before in~allina the 
new 0-rina. Slip lbc new 0-rina in place and apply a thin film of Silkone 
arcasc or lubricant on the outside or it. The 0-rina Part Number .J.42-006-048 
fits all Vclomcter probes. 

Replacement ol 0-Rlnga on the Meler 

Replace the 0-rinp or the Meter connection pons first by removing lhc old 
0-rinas usina a hook. or by squcczina; clean the aroovcs and then slip new 
0-rinas Pan Number 342-006-030 in place. 

RECALIBRATION 

\'our \'clometer r;hould be returned to the ractory for chcckina auJ/or 
rccalibra1ion six months after first use, and thereafter at least on..:e a year, 
dcpcndina on how it is used. 

It should be carefully packed accordina to the instructions in this manual and 
shipped to 

11 

ALNOM INSTKUMt:NT COMPANY 
7300 N. Natchez Avenue, Niles, IL 60648 

Aucntion: SERVICE DEPARTMENT 

( 1l _ iLE. _. 101_ .. NG _ JI[.'__ f 

PHOBU.M 
Vdomctc:r 1101 ill Lero 

(before: u~c:.) 

Readings nut the ~.imc hom 
r<111gc lo r.in,Kc:. 

Rcadi111s arc low. 

No readings. 

Negative re.iJiugs. 

<.:OKKU.:noN 

Vdu111etcr 1101 aJ1ustcd. Sec: uro adjus1mcn1 
111c1hoJ, page: 2. 

A\\emblcJ piobc and meter accidentally 
rcad111g pressure: 01 air Uuw. Chcd. adju\l­
mc:111 with caps 011 sem1ng puns. 

If Vdomclcr Jocs 1101 remain at ,c:ro in all 
po~itiom it shoulJ be: rc:turncJ to 1hc fac­
tory for ..:ahbra1iu11. 

Uiffcrent probes being used. The same probe 
should be med on hoth ranges. 

Wrong piol.11: bc111g used. Sec pages 8-11 ror 
~ur1ec1 apph~a11011. 

Mcasurcmc111 le~hni~uc is diffcrc111. I lolJ 
probe in the same way, anJ .ii the same 
place i11 I he .iir flow, 011 <111 ranges_ 

Oil lc:rc:111 l<an,Ke Sdc..:tor in use. Uc sure 1ha1 
both Range: Selc:ctors arc in operating con­
di1iun: O-rin11~ 1101 worn, fillers clean. 

lt,mge Selector swi1ch 1101 in operating posi­
tion. Switch pla1c mus1 be al ci1hcr ell­
tremc of its travel. 

Verify Chai lhe proper probe is being used. 
Check for leah in 1hc 0-rings in 1he meter, 

ra111e selector anJ probe. l<cplo1cc if 
nct.:c:ssary. 

1-ihcr in 1hc: range sdn:101 nc:c:Js 10 be 
ch:ancJ. 

Wrnng scale 1s being 1c.iJ, or probe S"ll,h 
nul set propc:ily. 

lluses are 1101 24 111. 101111. l>u 1101 use hme\ 
1ha1 arc diHcrcni (11m11cr or shurrcr J rhan 
tho~e uri11111ally pruvu.kJ wuh 1hc 
Vdo111c1c1. 

Air llow h bc:11111 blod,cd by opcra1or\ 
hanJs. 

llanJ on 1hc switch butwn uf Range 

'.?clcclor. (Sec page )). 

llos.:s or probe 1101 ..:onnc:c1cJ. 

l'robc 1101 being uscJ properly. (Sec scc1ion 
ul manu.il Jcsc1ibi1111 use of spcufic 
p1ubn). 

I lose cunnec11uns must be: revcrscJ, ellhe1 al 

the l<a1111,c Sclc~lor 01 a1 1hc ~lc:1er. 

2.) 
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TEMPERATURE AND PRESSURE 
CORRECTIONS 

The maximum temperature of the air or gas 1ha1 ,an be 1cs1ed by 1hc 
Vclome1er i, 25()° F (120° C). When the 1empcra1urc of the: gas in)idc a du" b 
appreciabl)' different from the temperature at which the Velomc1cr wa) 
calibra1cd, a corrcc1ion factor may be needed 10 obtain the mosl accurate 
mcasurcmcm. The actual velocity i, obtained by mul1iplyin1 1hc measured 

,·elocity b)' a correction factor as 5hown in the fiaurc below. 

... • 

22 M a 

Alll PN:SSURE: 
Ila. Hel 

NOT£: Hill. tyn x u,uo-21 • 1111 tte 

VELOMETER CORRECTION FACTORS 

I. 

( ( 

SPECIFICATIONS 

Accuracy 

Velo1.:ily 

keaJ-out time 

llimcnsions (Meier) 

k111111cs (Sulc 111arki1111s) 

6006-AP Vclodly 

S1a1i1.: Press. 

6006-BP Velodly 

S1111i1.: Press. 

± 21/1 of full scale, all ranacs 

± .S~, of Cull s1.:ale, all ranacs 

4 to 8 ~1.:011Js 

6 1/2 • 6 • 2 1/2 i11d1cs 
Wci11ht I. 75 lh 

0 lo JOO, 1250, 2500, .SOOO, 10000 FPM 
(0 lo I..S, 6.2.S, 12 . .S, 2.S, .SO meters/sec) 
0 to 1.0, 10.0 in. water 
(0 lo 2.S,2.SO mm.) 

0 lo JOO, 1250, 2.SOO FPM 
(0 lo I..S, 6.25, 12 . .S melcrs/scc) 
0 10 3.0 inches waler 
(010 75 mm.) 
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WARRANTY/REPAIR INFORMATION FORM 

Con1ac1 Alnor lns1rumen1 Company before relurning your Al_nor l11s1r~1111:1_11 
101he faclory. Send your instrument 10 &he factory tran~porlallonprt:pa1J._lo 
assure fasl ,urn-around lime, fill out 1his form with a) much derail as po:.i.rbk 
alld ana~h il to the instrumcn1. 

ln,uument Model 

Serial Number __________________ _ 

Describe malfunction __________________ _ 

Describe environment 

Re1urn insuumenl 10: 

Name 
(Your DUIC or ~ocnpaay) 

Address 

Telephone 

Addrcu corrapondence to: 

Name 

Addra1 

Telephone 

( 

INSTRUCTIONS FOR RETURN 

Damaged In Transit 

All )hipmcnb ;ire c;ircfully cxamiucJ by A/uor ()u,J/11 y A Hur a1kc <11111 <'J.r,:­

lully 1>ad.cd 1111 \hip111c11l. They arc 111,u,c<.l III the ... u,rumcr 's 11,11111: w11h the 
,:a11icr. 

On rc..:cipl, if the ,hipp111g cu111a111cr appear, lo ha,·c bc:c:11 Jam;i11cJ during 

i,hip111c111, the 1m1rumc111 l,houlJ be 1hoiuu11l1ly rmpcc·rcJ. l'he deli~·e1rn11 .:ar­
ricr') paper) )huulJ lie )igucd 1101i11g the appa1cn1 J,1111agc:. 

If the i11\lru111c11I il\cll ha, hee11 ,l.uuageJ, a d.-1111 ,hould lie promprl~· f1kJ 
ag.ii11,1 lhc L.1111c1 hy Ilic <.11,1011u:1, i\h1111 v,1ll .a\\1,r rho.: cu,101110.:r hy ,11pply11111 
.ill pc1ti1u:111 \h1pp111g 1111111111 .. 111111, lu,wn1:1, d.i1111 mu,r he l1lt:u by rtic 
iu,meJ. 

H the i11,1111111<:111 1, ,t..magcu hcyuru.l u,c, .- new oukr ,lwulJ bc pl;,u:d wuh 

Alnor while awaiting reimbur)cmcnt ht,111 lhc 1:a11iu lur the Jama11cd inl,tru• 
mcut. 

Malfunction 

If any lault Jyvclop,, the following Mep~ ~hould be ral.rn; 

I. Nullfy the lo1dory, ,1a1i11g model anJ Jc1a1h ol the d111irnhy. 

2. Upon receipt ul ,l11pp111g i11,lructiom, )Clld the pruJud tu lite lddllfY ""JIii 

your p111d1a,e order, 11 arhpor talion prcpaiJ. H the proJud h nor u11Ja 11.if­

r;iuty, a d1a1i;e will be made. II rc:4uc,1eJ, .-11 n111na1c .. an be i;IHII bc:lurc: 
WUI Ii. i) ,tar lcJ' 

Shipping 

All Aluor proJuct, ,houlJ !Jc p.ad.cd i11 l,lloug ..:u111a111cn a11J \urruunJcJ by 
al lca~I lwo i11d1e, ul ,uitablc ,hod, ,ab,orb111K 111a1c.:11al 

Sbi11 lu: 
Al11ur IH~lrumtnl Cump1111y 
7JOO Nurlh N111d1t:1. Avr11ur 
Nill:~, llllnoi~ 60648 
Allt11liu11: Srr"kr 1Jrp11rlmr111 
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The low pressure people 

llffERENllll 
PRESSURE 616ES 

Magnehelic.1il 
Capsuhelic.l') 
Minihelic81 

rRESSURE 
SWRCH/616ES 

Photohelic,., 
Capsu-PhotoheliC:) 



MA6Nf Hf LIC~ PRINCIPLE ... The owver feature 
that has created new standards in the measurement 
and control or low dlUerential air pressures 

·.' 'I I, .. ' :, .. '., . :,, I ,: . 
('"'I.' ill )l.1i.:~l('~lt<:, I .. /> .. 1i11• :,· \! I •:,/ ) 'h1, r' l11 /i I:.: \._"'r -.. /'\ff' 1·r-.. : ' 

:., .l r,·n,;1rK;1bl_,. 1'. ~:1 ~f .. ,:t\ .. 1 ,1 "' ., , 

:nt•dt• ... t ; 1 r:,.:c.· 

WHAT IT IS 
T!~t· \Li~:~'-'ih·li,· i'!·i:1l":p11· , .... ;h\_'.-1·r .. -~ll ''.1,•11 .. i- :r.1n:--11111~.?:,.; ··:1.. -:J",-, • ,t 

\ iLll\i!1..':-- ::-. ;\11" pl'\':--,.:-,'jft• '. 0 1't 1 1ll .I .li;q•'.:r. . ...::~': . '.::1 '1111:1·:.~ !!\~ ;,,-.!'.f~ ,. - •\' '1\1·:tr1, 

,,f 111;u!'?h'~:1.· '!nh;;q.."t..' .ind,,· •J.,,,., tht· .. , · ..."'l·:;1· .. -•r ,irh,- 1· dir•·•·· :n,·. ··.:1i1,·;,1 :1·-..­

.1_\.!'t''· Th::-- :-,i,_\° .... (t'tll .,\1Hd:-- '.\,•;11' ;1111i ;,i·._·. '.I .. : \! 1IIL~l't '.\ :111. :1 :':':,L:"'.'." :, .... ! (1•'. . l~l' 

.:l· .. .-~1ral·~· .lnd ·"''-'ll:--it:,·tt>· ,,f tht· 1n.,tr:.~,~1,,·:!~ 

HO~ THE MAGNETIC LINKAGE WORKS 
... ,. - -

- (1) With. pointer at zero, pressures on both sides ot dJa- . 
phJ'a,m are equal. Diaphragm is linked to the !eat sprinr, 
which is. anchored· at one end. A mapet attached to the 

. free end of tlie sprinir is in cloae proximity to - but do• 
not toucll - the beliL 

\ 

.· . _-... ,;,.,, _.,;,,!_,....,, 
-~ -Th•heli:ti&ofhip_mapetic permeability. Italipa itaelf · 

~-c~;_iiri~-~S~inetic.:_ ftel~ thus: maintaininr th~:!IPJU.m~, ·; '­
::., ~p.~pet and the outer ec:fp ol~ helf:i:;.·.,.·:·~=.:7:;,;.. 
•'·:~ ~-:--... _-_, - - ... ,-?~~~-_:.i~-('."_::~.·· . 

....:; mt Wbmf airpreuure chances move the diaphrapi. spnne · .. 
: . ·audrnap~-the helix turns to maintain the m:immuin pp,. : ~-

anclthe pointerturna with it. -·. '·-
- . ...:,... · ... ~ .. ,. ~: ..... :...- - ·: .. · •. · -~ - .. ~ ~ 

_,.Tb~_ff'at)prjns; (.which determines the ranp of~ lutru- ·., . 
· ·;~ent).;,'rtaiaf&the.dfaphrasm'a movemeR Predacallbr►. .. ' 
: ·:uo?oitlfe'rriitrtiment is accompliahed by vurlnitia.ltft-

___ feni[tJio.lspnns, throush adjU1tment of aprini~~ .·. ~-
.._ . -;~ .:."=~~-:-_--:.~1 __ ~·_,:;_ ... _· .. _:,._!, •·. . . ,-·~----"'-. -· ,, . .. _- .. ..:.~:_ .. -;-· ':.:-_.... 

--~:··-:r,:-;;~ ---~ : 
---~ __ :..r ________ • -·- ~__._____------

-

ADVANTAGES 
Each gage based on the '.'-1:agnehelic Principle offers these 
operating and installation advantages: 

• It is exceptionally responsive. Accuracy is guaranteed 
within 2'.,; of full scale. ,3'H on C:apsuhelic,5rH on Minihelic,. 

• Inertia-free, drift-frE:e pointer m,,vement. 
• Virtually nu hysllm:sis. 
• Hil,(h resistance lo ~h11ck and v1brat111n. 
• L.:nharmed hy pre,,•ure -ur;.:,,, up l11 l;i 11,-il,( ,;',1141 ,,,,11,11111 

CJp,,uhclic .. iO ps11,( ,,n ~l1n1hcl1c,. 
• Amhicnt t1•mpcrat1.1rc ranl,(•:. 't.lJ tu 1411·,-·.1.\1al,(nc.-hc.-lic 

lowl•r l1m1t Lo -t;:YF. 11n ... r,cc1;,J ,,rdl•r.1 
• OJ"M"rati1,n III any pos1ti11n. 111,w nar11,(l:!I rl~fuin: Sf.K.-Cial cali• 

hral111n l'or olhcr th:1n vertical r,,,,,1lio11.1 
• <:huicc 111' 11111re than lilJ ~la11d:.r•l Vl:i;.:n1•h1•lic, Ca1,,,ulwlil0 

and l'h1,L11h1·ill' ran;.:,-~. fr,,111 .,·~" 'N.l', 1.11:Wop,,,r.,:, 111 •I -,111r.,:l1• 
casi, ,,11,e: li11· 1·:1d1 "t:r11•,-. 

• .\t,r.,:111·l1td 1l', Cap,,ulu-11c. :11,d .\111,1111•1 .1· < ;;ir.,:1•" l':lll l.11• ,-11r­
f'ac1• ,,r llui-h 111uu11L•·d. Vlai,:1,d,..111· ha,-111,tli ,-uh· a111I li;u·k 
CIUllll:Cllllll!I. 

• l'ncc,- an• 111111lt:!il r,, .. lh1:,-1! ,., .... ,,,,11,,iv1• 111·1:c,,,11,11 ;.(111,(l•i,I, 

2 ' t":c.,py,"'"' 1~7. o • .,., 1rn~tr1Jirno,1u. 1n1: 

CONSIDER THIS VERSATILITY 
The Magneh1:!lic Principle addll to the unusual \'ersatility of 
Owyer's Dilfer1:ntial Pr<:ssurc (.;a~es. They art .,u1tahlt> for a 
wide range uffixe:d and portahll• :1pplicatic,ns whe:rc dilforcn­
tial prt>ssure is 11:ss than :m µsiJ.( and total prt.,~urc 1s less 
than :>00 psig in compatihli! lluiclll. Sec 1>a1:e 6 r,,r numerous 
M:1~nch!!lic: upti11ns and accl·ssoril'" and pa~c :i fi,r spl•ciul 
O~M nwc.ll•ls. 

,\ few l:,;p1cal ;.;a;.:1• ;q1pi1c::it11111,- .in• li,-L1·d l,clr,·,•. 

USES INCLUDE: 
As an Air Filter Gage t11 11wa,-11r,· pr,--. ... 11n• dn,1, .,,,..,.,.,. a11 air 
rHl,·r l11 i11olk:d.•· ·.d11-11 lill,•r,- 11,·1·.I ,.,,n i1·i111t. 

Sensing static pressure i II a II air , t n•a m. 

To measure 3ir velocity i11 ol..t,·r1111111111t \o,111111•· ,,f 11 .. w. 

Liquid level measurement l,1· 111,,;,,.,1n11~• !,.,,·~ pr, .. ,.,,r,, ,,f 
punt•· air 111 ;, dq, I 11111• 

As an Orifice Meter 1,v 111,-a,-uri111,t l,,,,.k pn•~:-11n· 111' 1111rv•· 
air or 1·011111:ilil,I,: l111iols·. 

I 
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Select the Dwyer Marneheiic• irare for hirh accuracy - iruaranteed 
within 2,.,., of full scale - and for the wide choice of SI ranres avail­
able to suit your needs precisely. Using- Dwrer's simple, frictionless 
Magneheli~ movement, it quickly indicates low air or non-corro­
sive gas pressures - either positive, nerative 1 \·acuum) or differen­
tial. The design resists shock. vibration and o\·er-pressures. :-l'o 
manometer fluid to evaporate. freeze or cause toxic or leveling" prob­
lems. It's inexpensive, too. 

Widely used to measure fan and blower pressures. filter resistance, 
air velocity, furnace draft. pressure drop across orifice plates, liquid 
levels with bubbler systems and pressures in fluid amplifier or fl.uidic 
systems. It also checks gas-air ratio controls and automatic valves. 
and monitors blood and respiratory pressures in medical care 

:::::n:: A ,ioglo OOH G) ;_,?0~-·. IJ 
s,ze is used for most ranges - · .. 
of •.1agnehel1c gages. They 
can be flush or surface 
mounted w1 th standard Flush ... Sutface ... or Pipe Mounted 
hardware supplied. With the 
optional A-610 Pipe Mountint Kit they may be conveniently installed on hori­
zontal or vertical 1v,·-2· pipe. AJtt1ou111 calibrated for -.tical position, many ranges 
abCNe l inch may be used at any angle by simply re-zeroin&, However, for maximum 
accuracy. they must be calitn1ed in tile same pc,sition in which they a111 used. These 
characteristics make Magnenelic paes ideal for bOth stationary and portable applications. 
A 417" hole is required for flush panel mountint- Complete mountin1 and connection 
fittings plus instructions a111 fumisned with each instrument. 

.lf!!J\ 
~ 

Vent valves 
In aoolfcat,ons 11here oressure 1s com1r.:1?us and tne Magnenelfc 
gage ,s conne,:te<:1 by metal a, plast,,: '.'Jbing 11n1ch cannot tle 
easily remove<:I. ,,e suggest using D11r,• A-310A 11!nl valve-; to 
connect gage. Pressure can then be rt:~-:.,P.d to check or re-zero 
tile gage. 

HIGH AND MEDIUM PRESSURE MODELS 
Installation 1s ~1m1lar to standard 1131!'-'~ 1:1-:r,pf that a 4 Y.,· he.le 1s 
needed fOt flush mounting. The med1urr r,rr,<;.!;urc con$truct1c,n 1s 
rated for internal pressures up to 35 ~'l! ano the h1~h r,ressure 11p 
to 80 ps1g. Available ,n all ranges. Bf:':a,;•>. r,1 lar~e:r i:a!.e. will nul 
1111n porlatJle ,;ase. Werghl I Ill., IO r.z. 'ln~1 .. 11.:i11on ,,, lhP. A-321 
safety rel1et w11,e on standard Magrn:r,':llt; 1s:.:i1:e~ oflen provides 
adeQuate prol-.ct1on against infrequent ,,,.,,p,essure; SP.c Bulletin 
S-IOll. 

PHYSICAL DATA 
Ambient temperature ranae: 20° to l~0'F.• 
Rated total pressure: -20" Hg. to 15 ps, 5. · 

Conntctions: 1/1# NPT high and low pressure taps, 
duplicated - one pair side and one pair on back. 

Housin1: Die cast aluminum. Case and aluminum 
parts lridite-dipped to withstand 168 hour salt spray 
test. Exterior finish is baked dark &ray hammerloid. 

Standard ran1ts: See facing page. 

Accuracy: Plus or minus 2~o of full scale (3o/o on -0 
and 4% on -00 ranges), throughout range at 70°F. 

Standard 1ccI11ari11: Two Vs" NPT pluiis tor duplicate pres­
sure taos. two iii" pipe thread to rullbef' tuo,ng adapters, and 
three flush mounting adapters with sc~. (Mounting nng 
and snap ring retainer subsl1tute<1 tor 3 adapters 1n MP & HP 
gage accessories.) 

W1i111t: l lb. 2 oz. 

'Low 1omoe••turo mOOOlj 1v•,1a010 H \oo<:,al O111,on. 
·For a001icat,ons -N1tl'I n1at, cycle ,a,e w1rrun a11t• total Cl'H· 
sur• ,ar,na. neat n,1ne, rat1n1 ,s recommene1eo. See 
MO<l,um anel H,1111 11,ossuro O111,on, •• 1owo, 1011. 

OPTIONS AND ACCESSORIES 

@ . . . 
Transparento,tr1ays 
Fumi1rie., in red Incl llrNfl to llilfl• 
lilllt and efflDIIHin critical llretSU,... 

Adjustable 1i1nal fla1 
lnt01ral w,tll 111a1tic .... co,,e,; 11111 
external -' ,c, __ 1.va,1a111e for an 
r1n1ft (not 1'11111 11ronuro1. Can 1M or­
Clerecl w,111 Pl• or -rately. 
Portable units 
Combin• c:ar,y,n1 case witll any M11-
nehelic .... Of ,tan<Sard ran.. (not 
i'lilfl p,euure). lnclU'.lft , 11. ot J<o• 1.0. ,ua,_ tUOinL stanc:1-11an1 0...«:ket, and 
terminal tUOe w,tPI /'l')lder. 
Air filte, 111e acc11so,y PICUII 
AdaPll ■ni, ,unc1a"' Ma1nehehC IOI 
uM •• an air 1,1te, p1e. 1nc1uc1e1 alu­
m,num ,urtace-moun1,n1 bracket w,111 
sc,_a. ,_ ~ fl IOftlll•s of ...,. alumi­
num tw,n& •- stat,c preuure ,.,.. 
and ,_ molded IIIHt,c vent valllft, 
,nteara1 comp,•~°" hltln• on 0o111 
11111 encl v•'--
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ouali~ design and construction teatures 
B~zel or') ,,,J,-s I l.11~;..:': f,,, fl11·.,ti mo1111t­
~ ~ , r. ;::..-Jn'• 1 

::ear plastic face ,, .~:;,;rily rr-s1st;int t,i 

~,r:-,jtF,)¥:'.' ;:_,, ... , ,1'"J~S ·_;r 1~1":,rfJff0,J /1~-Nlrlk! 

·.' :,r,1r,·~!r ➔ rr~ :,.:JI~. 

Pr~c1s1on l1tno-pr1nted scale ,5 accurate 
1"'':: ~as/ :0 r~ad. 

Red tipped pointer of ~eat treated alum,. 
1:..:n :uo1n,s s ~as, '.~ see. ,t 1s rigidly 
"'"10t.,nted on neiix shaft. 

Pointer stops Jf :noided rubber prevent 
:;o,nter '.lver-tra.,el mtnout damage. 

Sapphire bearings are ,nock-res,stant 
--:unted: cro·,1de 111:ually friction-free 
-ot1on for ~eli)(. Vl-:;t1'.ln oamved 'N1th 
o 5n nscos,t1 s,I,core 'lu1d. 

Zero adjustment screw is conveniently 
:cated ,n o,astic c:J,er. accessible with­
Jut remo~1n 5 cover. ·')" r,ng seal pro­
.. ces ;:>ressure tightness. 

, I 

Die cast aluminum case ,-, :.rc,-:,-,,.,11 'TIJde. 
lrid,t'!-d1ooed to 111t"-,:~r'.l '.'ii! hr,ur ,alt soray 
test. EJ(ter,or !1n,-,."':'l .n baMed dJrk ..;rav 
hammcrlo1d. One -:a;<: ;,le u,ed for all ;ta, 0d­
w:l pressure ran,ses. ~n•! ''Jr both surface 3nd 
tlusn mounting. 

Silicone rubber diaphragm mth :ntegra1ly 
moIded "')"' r,ng ,-; ; .• :ported 'Jy front and 
rear elates. It ,s loi:,":".I and sealed ,n pos1t•on 

___.:;.....--mth a sealmg plat~ ana reta,n,ng r,ng. :J,a­
phragm motion ,s "":s:•,c:ed :o c:revent dam­
age due to o~erpress~res. 

Calibrated ranre spring ,s a flat ieaf of Swed­
ish spring steel ,n :e~.perature compensated 
design. Small amcI,t\.de of motion assL;res 
consistency and le,-,;; :,fe. It reacts to pres­
sure on diaphragm. L ,e ,ength ad1ustabie for 
calibration. 

''Wishbone" assembly ::iro·11des :nount,ng for 
helix. hel,x oearin8s ana pornter shaft. 

Samarium cobalt ma1n1t mounted at end :if 
range spring rotat~s nelix 1<1thout mecnan,­
caf linkages. 

Helix .s precision milled from an alloy of high mag­
netic permeability. deburred and annealed in a 
hydrogen atmosphere for best magnetic qualities. 

Mounted in jewe1ed bearings. it turns 'reely to 
align N1th magnetic field of magnet ::i transmit 
pressure indication to p0inter. 

...... ......... ., .. ... .. ....... ., Dlw. 

2000-001 0..-.25 .OOS 
.01 

SERIES 2000 MAGNEHELIC' - MODELS ANO RANGES 
The models below will fulfill mo,;r rt'QL,iremenr;. Page 5 also ;1hows exampi!!~ 
•Jf ;pecial model:1 built for OE?>[ C'.,;t,,mt'I":,. F,.,r ,pecial scales furnished :n 
ounces per squa1·e inch. inche:1 ,,t me1",''.11·y. metr:,· units. t'tc .. contact the factory 

Dal Sall Air Ylltcity U■ib ....... ...... ...... II ... .., , ... Air Yll■citr ...... '"· 11 ... lfWlt■r F.P.11. 

2301).0t .01 20QO.OOAYt 0- 25 300- 2000 
. 2301" 20QO.OAYt 0- .so 500- 2800 

2001AY 0.1.0 500- 4000 
.2002AY 02-0 .· 1000- s&on 
-2010AY. 0-10 2000-12500 -:-:~: : '°" UN wltll Ditot tube. 

·:· ..... '_:: ... ·-.-· 
~ .. -., ..... , ·--·-' ..... . ..... 
.. N :,·:.a-
. :-:0.10 . ··.20 

;•;.:..o.n --;: .-·:so, 
..; : .• 0-50 -. .l.D 
--1),IQ .... .2.D· 
·':Jo.100 ~ z.o 

..... :, ..... ... 
2000-lSCM 0-15 
2000-20CM 0-20 
2000.25CM 0-25 
200Q.50CII 0-50 
2000-aJCII 0-80 
2000-lOOCM 0-100 
200Q. 1 SOCII 0-150 
200l).20QCM 0-200 
-2000-250CII 0-250 
~ 0-300 .. 

, .. ,zan·c.cw ~ 
23CIMCM-~- :242~, 
UOO.lOCM.; -5,0,5-. 
2m.30CII,: JJ.0:IS_ 

IIINr 
Dlw • 

.SO 

.so 

.so 
1.0 
z.o 
2.0 
5.0 
5.0 
5.0 · 

10.0 

..·:.,· 

:~;10 
'.20 
l.D. 

Mt1111 ~- lllw "·· '"· 2000-60 Pat •· 0-60 2.0 
2000-125 Pl . 0-125' ":' 5.0 
200Q.250 Pa. . ... 0-250 . 5.0 
2000-500 Pa ... c:::0,500 _;;, 10.0 
2000-750 h ::.~0,750 ..,~ 2S.0 ' 

ZlnC.. .... _:. .. 
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6 TECH)l1Qt'ES OF W.\TER·RESO'(j'RCES L'IT',"ESTIGATIO~S 

,i101ce ot' ,y,tems :hus -lepends ,,n rhe ch:trac­
rer:sttcs ')t :.Le s!Ce. 

Water-stage recorders 

Both ,,rr1p-,:hart ,rnd ..tii;itnl-(ape water-]e\·el 
:·t>,:order:,; .ire in :.;-cneml ;i~e. E:rher rcc·order 
:11;1y i,e ,1cet1ated :Jy the rioat ,,1· lmbble-g-nge 
~_\ -rem. F:!!'ll'e .-, ~i\0\\'5 .l ~uoble-g:l!;'e cii!!itnl­
;i1111ch .1rr:111::?"eme:H. 

digital recorder is rnmpatible with the use of 
, electronic computers in ,:ompucing disc:1nrg-e 
i records. This :1.utomated system ns deve10ped by 

the Geologic:tl :3un·ev orfers ;re:1.ter economy 
.,nd fle:tibility in the ,:omputacion-publicacion 
process than do manual methods :1.ssoci:1.ted with 
gr::i.phical recording. However. the !\Se ,)f 
~taphical l'ecorr!ers will be 1:ont:nued :lt those 
sites where :t :::-raphic:tl recol'd is necessarv to 
detect ice effects. backwater. or frequent ;,:i.1-
functions of the recording system. 

Reference gages 

Because of the possibility of plugged intakes 
or otlier malfunctions. ;~ nonrecortling znge is 
installed so that the water level in the 5t;eam 
can be directly men.sured. Comparative rtsadin!!'S 
on the inside .md outside gnges are t::iken Ju~­
ing each visit to the station by engineering- per­
sonnel. Datum ,if :dl gnges is checked ,it peri­
<><lic intervn]s--11sually e\"ery 2 or :) years. In 
fi~re 2, the 011tside gage is on the bridge. Out-
5ide stn.tf ;:iges :ire \·isible in figures 3 :ind -l: 

Figure 5.-8ubble-gage dig,tal-recorder arrangement. Gas I in the pools near the gage structures. 
tank on right: di9,tal-punch recorder on left. 

.\. ,tr1 !)••::1art recorciel' rroduces ,t ,;raphic , 
.. , ... ,lrri ,)[' ·!1e n,e .ind fall <lt rlw ·.\'ater -;uriace · 
., ,r'1 re"pc,·: :o rime .. \ :!;:1g-e-:1e1g-:tr sc:-ile of 
r : ,; ,ind :1 t 1me sc:1le. ,>f one day i>eing equal to 
~.-!- ·11c!1e,, :ire •~<>mmonly llsed. Co11ri1111011;; re­
·rJrders -11ch :1s the :3tHens .\.-:ti ""ill opemte 
,111:trtL'lHied for periods of 1,0-!)fl days ancl pro-
., ;rll' :t 1·ery -arisfal'tory record of stage. 

. \ diqitnl stage recorder punches coded values 
, , t' ~tnge on paper tape at preselected time inter­
·::tl~ .. \. rime !llten·al 0f 15 minutes is normally 
used. The Fischer-Porter recorder is battery 
"pen1ted ;llHl will rnn unattended for periods 
,,f 1,i1-'.ll1 day~. The code consists of fou1· ,(!roups 
0f four punches each; the four punches repre­
,;ent 1. 2. -l, and S in e,Lch group. The punching 
nf ,\ stn_!!e requires only :i 0.1-inch advance of 
[),qwr tape. The 1"eco1·<le1· is actuated by ,\ ram 
nn a battery-driven mechnnical clock. 

Digit::i.l l'ecorclers ,Lre g:rndually replncing 
~11·ip-charr l'ecorders at gaging stiltions in the 
T-11itecl States. The two l"ecorclers are about 
L'f\llal in accnrncy, reliability, :md cost, but the 

Discharge Measurements 

Dischargo measurements :ire made :-it each 
gonging st::ition to detine the discharge rating for 
the aite. The discharge rating may consist of ., 
simple relation between stage and discharge or 
:i more complex relation in which discharge is 
,\ function of stage, slope, rate of change of 
:;tage. or other factors . 

Dischal"ge mensurements are normally made 
by the current-mete1· method, which consists of 
determinations of velocity and area in the parts 
of n. stream cross section. However, indirect 
methods are frequently used in determining­
flood peak discharges. These methods utilize 
hydrm1lic equations in conjunction ,vith the in­
formation on channel characteristics nncl flood­
mn,rks obtnined in ,i field survey nfter the flood 
event. 

Dischn,rge measurements mn.y also be made by 
the dilution method. This method depends on 
determination of the cfogrec of dilution of an 
added trnce1· ~olution by tho flowing water. 

e 

-
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Current-meter measurements 

In the makinq 0f :t discharge mea5urcmcm 
the ,:ros5 :3ectio11 i,; i.li,·iclecl into :20-:30 part::,! 
~ections. :11:d the :1rc:t :1ml mean \·elo.:ity •)t 1':1c!1 
:s rletcnnincd iCpar:1tcly .. \. partial section is :1 
rccr:111!:!'k "·i1,1:'L' -i,·prh is equal to rhc soun,:kd 
,leptl1 .1t :l 1neter :,,cation, :1 Hrtic:i!) :rnd \1·:1ose 
·.,·:dth ::- cqu:d t,) the ~um ,)f half rhf' dist:111,:c~ 
·,1 :,1e 1rli:1cent ,·et·ticals .. \.t each \·crtic:d r:1c 
follf)wJ11;; ,1bsen·:1tions ne made: I 1) The dis­
!:lllCC' to :1 reference point ,m the b:lllk. 1 :;) ri1e 
,lcptli ,if rln11·. t11d , :) l rhc :·eln,·ity as ind:c:1tcd 
:1y •'11l"t'e11t :netcr ,it ,me ,1r rwo points in r!ie 
,·crtic:i.l. These pnint:- arc ,1t either the 11.:2 ,uHl 
,).::3 rlepths 1 tll"o-point method) or the 1).G deprh 
, one-point met hod) from the water surface. 
T:1c :n·cr:i.~e of the tll"O ,·elocities. or the single 
,·elocir:-- :H ,)_,, ,-\cptl1. is taken to ho the mean 
n•locicy in the ,·ertic:tl. The discharge in e.'.lci1 
p:i.rtial section is computed as the product of 
mean ,·elocity times (\epth :1t the ,·erticnl time" 
the s11m of half the discnnces to adjacent ,·ctti- , 
en.ls. The sum r)f the clischat·ges in all the par­
ti:ll sections is the total discharge of the stream. 

The me:i.surement can be nrnde by wadin~ the 
:an-cam "'ith :\ current meter which slides 011 :1. 

zraclnarecl depth rod as shown in figures 2 and , 
1~. or it can be mnde from :\ supporting strncture 
s11ch as :1. bridge (see fig. 7). cablewny. ot· boat. 
:lie merer being- s11spenfk-d h_,. :1 c"alile. 

The Price cm-rent merer is nscd to obsetTe 
\·clocity. rxcept in :,lrnllow depths where the 
py~my current meter is nsed. The rotor on both 
these meters hns a vertical :1xis and six cone- , 
;,Imped cups. Each meter is individunlly cnli­
brntecl in the rating ftunw at the Xntional Bu­
reau of Standards. Figure 8 shows a \"Clocity­
azimuth-dcpth assembly, which 1111s been in use 
since 1!)58, primarily on lnl'gc ri,·ers and in 
estuarine studies. 

These methods and th<' assoc·iated l'<Jlll!J· 

mcnr han! been cle,·eloped hy the Geolol!ir:1I 
~111Te_\" oYer n periocl of GO ~-cars. Satisfactory 
results li:l\'c been obt11ined in me:1s111-inl,! di.s­
char~es mni;:dng ft-0111 the t1·ickle of a small 
stl'cnm to the 7,500,000-cfs flow of the .\mnzon 
Rh·t'r. Methods nnd equipment nsecl in makin~ 
ii ischa 1·ize mensnremeonts hy the c11t'l'ent-mete1· 

:,1,-r 111Jd .\\'(' described in ,.ler:i.:l ':, ,i,:,..-.·,, :L <n,1,. 
·,,r .\. .;:, 01' r:1is 5er:e5, by B11,:iLrn:rn ·i:1d :301:,er,.· 

Indirect discharge measurements 

Drtrill!! :1,)nr\s. :t 15 :'rerp1e:1t'.y ::np<)~~iiJ1•! ,,r 

111!>r:1L·,:,·:ll ,,> me:1;;ure ri1e pe:i.1, -iisc:1:1r;::<>:-
11 :,,,11 ri:ey ,ic,.·nr. liec:1.11~<' ,if ,·,)11diri011,; !;.>yn:,,: 
. n11rrnl. Ro:ub :11:1y lie :mpa:::::::1uie: acn1c:t::r>-'" 
r'i-"111 ,.,·hie:: ,:·11Tellt• nwtrr :ne:1;;ure1nents :11:!!i:r 
:1:11 ,, Lt>en 111:1de 111,1y '.w nunex:;;re11t. :1,H su:t,1iiiy 
:q,·:1r1•d. •rl' de~rr'lyed: k::o"·iedge ,)t rhP :\n0,: 
:·:,,, 111:iy :1,,t i,,! :11·.1d:1i·,1e •11rlic:emly :n :11i•.- rn,•,. 

ro t11.~i-ni:r :·e;i,:!1i1l:..?.' riit\ ~HI!' :1e:1r the rina:1 ,)[ r-: 1• 

:w:1k: ,he :>e:1k 111:1_1· be-., ,i1:1rp rli:\C ,1 ~.1t::'i,1,'­
r, ,,.\. , .. , 1Te11t -111eter 11\l':t:'ll re1nent -·01 dd : 11Jt b,· 
111:1d,• ,.,1 en \1·:rl1 ,u1 e11!!'inee1· present :1t tl1e rm1e: 
r!1e rlo11· nf ,]el,r:, <Jl" ire :nay be ;;11d1 ::' rn \>r<·-
1·,,11r 11;;e of :1 ,·ttrrent :11eter: or limit:1ti011~ •):' 
[lt'r-,nn11ei :nig-!1r 1nake ir impossible tn •Jot:1:1. 
dire,·r 111e:1sure111ents 1)f !ti!?h-st:1ge di,,charg-C' ,,r 
n11111erons locations during :i. short Rood period. 
l<>nseqnemly. many pe:1k dischnr~es 11111st be 
,ierer111i11cd :1ftel' the p:1ssai;e oi the Aoocl li~· 
;11dii-e<.:t methods such ,1s slope-area, co11tr:1crl•d­
'>J>e11i11~. ti,i\\"-o\·e1·-da111. or tioll"-throuzh-,·1il-
1·err, l'athet· rl1:1.11 Ii~- direct current-meter me:1:--
111-ement. 

Tn e\·:d11ate the accuracy of illdirect method;:. 
L"omparisons l1a1·e been made :1t e1·ery opporrn-
11iry. When it hns been possible to compare pc:,k 
dis,·l1:1rze <.:0111p11ted hy indirect means with 
pl•:tk dischar!!e measured by current meter ,ir 
,,rl1er direcr means. the :t!!reement. ill :,!ener:d. 
has ,:npporte<I conti.clence in the a11xili:11·~-
111ethods. 

Indirect mensurements mnke use of the 
cncrµ:y C<IU:ttion fot· computinµ: discharge. Tlic 
spcritic equations differ for different types of 
flow. s11ch as open-channel flow, flow o\"er claim;. 
ancl f1ow through culYet·ts. These equntions re­
late the discharge to the wntet·-sm·face protiilt• 
and tile /.!Co111ctry of the chnnnel. _\ tield sm·,·c_,. 
is made after the flood to determine the loc:1tio11 
and elevation of high-wnte1· mnt·ks a11cl th<> 
i:eometry of the chnnnel. 

r uu .. hnnnu. T. J .. nncl Somel'll. W. r .. Dlaehnrr~ n1HMure· 
1111•111• n1 ,:n;tni: •tatlon•: U.S. Geol. Snr\"I'~- TN'hnlqucs 
Wnll'r•llr,1n11rctw h1,· .. hoolc ::. rhn11 .. \!I. unr111h. 1ln1~. 
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c;,ec~:on downstream from the injection point 
fH!rmits the compucntion of strenm clischnrge. 
T:\e :\CCllt':\cy of the method critically depends 
qpon complete mi::,cing oi ti1e injected solution 
through the 5tre:i.m ~ross section before the 
-:unpling srn.tion is reached and upon no ndsot·p­
'!Oll ,)f rhe rrncer on ;;cream-bottom materinls. 
r1e mcrhocl is rci:-ommcndecl only fo1· those sites 
·.d1ere ,:01n·ention:1l methods cn.nnor be em­
rloyecl owin!? to ;;hallow depths. e:ottremely high 
,·elncities. 01· e:s:cessi,·e turbulence. A detailed 
1le5•'.1'iptio11 of the procedures and equipment 
1sed in 1ue:1suring dischari;e by :1 clye-clilution 
:11~tho<i :s :.!il"en !,y (',)bl, ,111cl Bailey.' Fi!?ure 
l 3hows the pressurized rnnstnnt-rnte tanks 
,1sed to inject rtuorescent dye solutions into the 

'-- 0 trearns. and ngure 10 sho,,s i:ollectecl .. ample 
;lf)ttles ready for field testiu.g ~,·ith :L rtuorometer 
on rhe tailgate of :1. vehicle. 

Discharge Ratings 

'--

The compntntion of continuous records of 
•:lischa.rge :\t ga.ging ,;tat ions depends on t!efini­
tion of the discharge rating for the channel. 
Dischn.rge rn.tings may be simple or complex. 
T!1e raring may consist ,)t a simple relnrion be­
: ·xeen stnge :mcl disc:1ar~e or of se\'el"ll.l rcla.­
•ion ~urves which derine discharge a.s a function 
,11' stage, siope, rnte of change of stage, 01· other 
\":\ riables. The expression ·"disch11.rge r:i.tin1( is 
m :\ll-inclusive term to describe the one or 
more relations used to determine the clischnrge 
from measured rarnmeters of ffo1v. 

-

Stage-discharge relations 

Discha.rge rntings at a large majority of 
~aging sta.tions consist of relations between 
stage and discharge. These stage-discharge re­
lations are 1·nrely permanent, particularly at 
low flow, because of changes in the stream chan­
nel such as scour nncl fill, aquatic growth, ice, 
ot· debris or because of chnnges in bed rough­
ness. Frequent dischnrge measurements nre 
necessary to define the stnge-clischnrge relntion 
:i.t any time. 

1 Cobb, E. D .. IIDd Bllllf!I', .T. F .. 31enour,m,nt ot dl11eb11rn 
hy dre·•lllntlon method■ : U.S. Geol. S11r.-,y Technlq11n \V11ter• 
lle•1onre..,. Inv .• unpub. da.ta. 

Fi9ure 9.-Pressuriud constant-rate injection tonics For injec• 
tion of dye into streams. 

The relntion of stage to discha.rge is gen­
er:illv controlled bv :\ section ot· reach of chan­
nel below the gag;, known as the station con­
trol. Section controls may be eithe1· natural 
or constructed, and mny consist of i\ ledge of 
rock across the channel, a. boulder-covered 
rilfle, an overflow clam or any other physicnl 
feature ca.pnule of mnintaining :i. fairly sta.ble 
relation bet,t'een stage and discharge. Section 
controls :are commonly effective only nt low clis­
chnrges, and are completely submerged by 
chnnnel control nt medium ancl high clischnrges. 
Channel control consists of nil the pbysical 
features of the channel '"'hich determine the 
stage of the river nt a given point for a certain 
rate of flow. These featui-es include the size, 
slope, roughness, alinement, constrictions and 
expansions, and shape of the channel. The 
rench of chnnnel which nets i\S the control may 
lengthen as the disch:irge incre:ises; such 
chn.nges introduce new features which :i.tfect 
the stage-discharge reln.tion. 

Knowledge of the channel features which 

- -
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