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APPENDIX F 

BAGHOUSE FILTER MATERIAL INFORMATION 
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Summit 
FILTtn CORPORATION 
873 RAHWAY AVENUE • UNICN. NJ 07053 

WAILING ADDRESS 
PO 3ax <27 • Union, N.J. 07033 

(308) 887-3500 
FAX: (903) S37-A2C2 

.J5-.84 HIGH TEMPERATURE POLYIMIDE 

Fiber Content 

Construction 

Surface Finish 

Overall Weight: 

Thickness 

breaking Strength 

Mullen Burst 

Fsrmeabilitv 

100% P-84 

Needle Punched Felt 

Sinced 

14 oz./sc. yard 

O.ioo" Nominal 

1/3  -Lbs/2" Warn Direction 
200 Lbs/2" Fil Direction 

- — 0 »os/sg. cnch Minimum 

25-45 CFM/sq. foct 

W/ren Second Best Won't Do 



I l l "  
FROM SUMMIT FILTER 

Wrier. Nomex® was introduced is. 1969, it opened up a new area to filtration, 
• Nomex® made it possible to filter high-temperature gas and liquid streams economi
cally and efficiently. Now a brand new fiber is available that offers performance capa
bilities previously unattainable with other high temperature fibers. 

F-34 is a new non-flammable fiber developed by the Lenzing Company in Aus
tria. It can withstand 500°F continuously and resists exposure to acids and oxidizin°" 
agents, two frequent causes of filter bag failure. It also has a unique fiber cross section 
tna: makes P-34 exceptionally efficient at filtering out fine particles at high flow rates. 

Compared to other high temperature fabrics: 
* P-34 outperforms Hyxon® on operating temperature (500°F vs. Z7o'?), 

filtration of fine particles-and resistance to oxidation. 
. • _?-34 outperforms Nbxnex® on operating temperature (500"F vs. 400"F) 

and resistance to acid attack.""' 3 •• 
• P-54 offers equal or better performance than felted giass, at roughly 

half the cost. 

niter bags made of ?-o4 have been in service for several years and have shown 
remarkable performance and durability filtering out exhaust gases from incinerators, 
coal fired boilers, rotary kilns, etc. ?-34 filter bags are available from Summit Filter in 
a variety of styles for new ana retrofit applications. We also oner specially designed 
cages and accessories to enhance the efficiency of your filtration equipment. 

wo would like to tell you more about the benefits of using P-34 or our other ad
vanced filter media in your operation. Please call us at (201) 537-3500 and let us help 
you get the maximum performance out of your filtration equipment. 

?2itwC p —8^ 
14 ounces per 
square yard 
25-40 CFM 

Sample in 
singed finish 

Composites of 
P-34 'with 

Nomex®, P.yton® 
and polyester 
are available 

for special 
abdications. 

CUR NEW ano 
AREA COOff IS yUO 

owtge yotjr rveerea. 

OMCttcor** Trn«« b^nn iVmm *1 

Summit 
FILTER CORPORATION 
379 PAHWAY AVENUE • UNION. NJ 07083 

(201) S37-3500 

** 7C7.PL PPGE . 303 ** 



OVERALL EFFICIENCY 

Collecbcn efficiencies and equivalent amission levels of the filter fabrics are ahcwn below. Collection efficiencies 
cf bcth i-iuygiaa fabrlc3 and Gcretex/Giasa were in excess of 85.95% after two hours of testing. Efficiencies 
afHuygias 1701, Huyglas 16C7-S, and Gcratex/Glass were in excsascf 98J9% after ".00 hours of testing. Long-
term equivalent emissions stabilized at 0.00020 gr/dacf or less for the Huyglas and Goretex filter fabrics. 

EFFICIENCY TEST RESULTS 

FABRIC 

PARTiC-I CAFTURc 
ErRCIENCV (Ad) 
2-Hour 1 CO-Haur 

EQUIVALENT 
EMISSION LEVEL 
(sr/eic! arrar :co.val 

Gcratex/Gla33 93.389 98.337 Q.CC010 
Huyglas 1907-3 99.953 93.995 O.OOC20 
Huyglas 1701 98.951 99.995 0.00020 
P-84 33.183 -39.930 C.0CC32 
Nome* 98.421 99.371 0.00065 
Ryton/Rastex 99.278 -99.980 Q.00123 
22-oz. woven fiberglass 92.921" -99.398 O.OC311 
16-cz. woven fiberglass 92.321 99.SS2 0.00359 

PRESSURE DROP 

The tacie below shews the pressure-crop characteristics cf 9ach cf the filter fabrics after 100 hours cf tasting, 
nuyglas 170"., Huyglas 16G7-3, and Gcretax/Glass stabilized at under 3.0 inches W.G. Tne ether felts (P-S4, 
Ncmex. and Ryton) stabilized at under 4.0 inenss W.G., whil9 the wcven flbergiass faeries were operating at 
about 5 inches W.G. 

' PRESSURE-CROP TEST RESULTS 

j CFERATiNG PRE5SUr.E-0F.CP j 
FABRIC (lncnes WG) J 
Gorsfax/Glass 2.38 j 
riuygias 16C7-S 2.20 | 
Huyglas 170". 2.76 j 
P-34 2.09 j 
Nomax 2.37 | 
Rytan/Rasxsx 2.25 
22-cz. wcv9n flbergiass 5.04 j 
16-oz. wcven fiberglass 4.9S 1 
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CEM SYSTEM SPECIFICATIONS 

The Columbia Scientific Industries (CSI) series CM6000 Continuous Emissions 
Monitoring (CEM) system is designed to the following specific requirements The 
general description of the CM6000 system follows: 

(1) Sample Probe 
The material and length of each probe is determined by the application. A 
mounting hub with locking feature is provided for easy installation to the 
desired depth. 

(-) Heat Traced Umbilical 
Provides the pneumatic interface between the sample probe and sample 
conditioner. This umbilical is heated to insure no condensation occurs in 
the sample stream prior to conditioning. 

0) Sample Conditioner 
Performs the following functions at the stack or duct: (a) creates the 
vacuum level necessary for sample extraction through the probe and heat 
traced, umbilical; (b) provides secondary sample filtration to 0.5 micron; (c) 
provides blowback of clean air through the heat traced umbilical and probe 
for instack filter clean out; (d) maintains the sample temperature at 135 to 
2153F, well above dewpoint, until dried: (e) achieved permeation drying of 
the sample to be analyzed by a process utilizing a special ion exchange 
membrane, thus lowering the sample dewpoint well below ambient to allow 
unheated transport to the analyzers; and (f) allows for the introduction of 
calibration gas through the conditioning and transport interface per EPA 
guidelines. 

(4) Umbilical 
Provides the pneumatic interconnect between the sample conditioner and 
sample control module contained in the instrument enclosure. The 
umbilical contains at least four tubes providing the following: (a) eductor 
clean air, (b) permeation dryer, clean, dry purge air, (c) sample gas 
transport; (d) calibration gas delivery. The length, material and size of each 
tube is determined by the application. 



Clean Air Suuulv 
Provides the clean, dry air necessary for continuous system operation. Air 
from the user's supply is delivered to the instrument enclosure. This air 
then passes through the Clean Air Supply package which includes the 
HD10 regulation and control panel. Clean, dry air is sent to the eductor and 
permeation dryer in the Sample Conditioner. Zero air is also supplied to 
the Sample Control Module to provide analyzer "zero" samoles. 

Samnle Control Mnrinte 
Provides controls necessary for remote operation of the sample conditioner. 
This unit maintains blowfaack through the probe whenever the sample 
conditioner is not within its specified operating temperature ranae. 
Calibration, or sample distribution to the analyzers is controlled by valves 
contained in the control module. 

Analysis Svstem 
Provides analysis for the component gases of the emission source specified 
by the customer. Typical gases analyzed include sulfur dioxide, nitroaen 
oxides, ammonia, total sulfur, reduced sulfur compounds, oxygen, carbon 
dioxide, carbon monoxide, methane, total hydrocarbons, and non-methane, 
organic compounds. Various types of detectors are used, includina 
ultraviolet, flame photometric (FPD), chemiluminescent, non-dispersive 
infrared (NDIR), paramagnetic resonance and flame ionization (FED). One 
advantage of this system concept allows use of EPA designated ambient air 
monitors that have been established as stable and reliable. 

Data Acquisition and Control 
To be provided by the customer. 

Accessories 
A complete package is provided, specific to the customer's needs. Items 
included are: (a) electrical: constant voltage systems, circuit breakers, 
interlacing cables, digital display, etc.; (b) pneumatic: air purification and 
arying systems, pressure regulation, pumps, exhaust manifolds, interface 
lines etc.; (c) enclosures; NEMA 12, NEMA 4, rack-mount enclosures, 
shelters and temperature controlled environments. 

The major components used in the CMoOOO system are given in the next 
section. System description, operation, maintenance, warranty and snare 
parts are given in the following sections. Specific information about the 
analvzer(s), controller, conditioner and major accessories is given in their 
respective manuals included herein. 



SPECIFICATIONS AND DESCRIPTION 

This section, contains specifications and detailed descriptions of the CM600-37 
Continuous Emissions Monitoring (CEM). 

Specifications 

(I) Site Requirements 

Electrical Requirements: 

Air Supply Requirement^-

Environmental Requirements: 

Special Requirements: 

115+10 Vac, 30 amps (suggested 
breaker size) 60 Hz, single phases. 

90 + 10 psig, 3 SCFM Maximum; Free 
from particulates, oil and water 
(dewpoint) -40°F). 

Temperature 20-303C (68-86°F) 
Minimal dust; Relative humiditv 5 to 
955. 

(a) Exhaust line of 1.25 in. diameter and 
24 ft (max) length, to exhaust all gases 
from enclosure to provide sufficient air 
flow for ventilation intake and exhaust. 
(b) Headess dryer is inside enclosure. 

Svstem Specifications (enclosure onlvi: 

(a) RTTTAL Model EL; (PS4608-2700) 

Stvie: 

Size: 

ivoe: 
* * 

Weizht: 

Upright cabinet with rear door and 
Plexiglass front door. 
Height - 84.75" (215 cm.) 
Depth-31.89" (81 cm.) 
Width - 23.88" (61 cm.) 

NEMA 12 

3/ 5  lbs. (1 /OKg) (enclosure without 
analyzer) 
-25 lbs. (23 3Kg) (with analyzers and 
controller) 



System Response Time: 

Electrical Power: 

Air Requirement: 

System Protection: 

Sample Conditioner: 

Manufacturer: 

Model: 

Options/Features 

Total Hydrocarbon Analyzer: 

Manufacturer: 

Model: 

Options/F eatures: 

Oxygen Gas Anaivzer: 

Manufacturer: 

Approximately 2 to 4 minutes maximum 
(depends on umbilical lengths). 

Maximum 1000 VA (see site 
requirements) 

3 SCFM regulated to 60 psig. oil and din 
free; dewpoint -40°C (-40 °F). 

30 amp circuit breaker to miscellaneous 
outlet power strip and 20 amp circuit 
breaker to instrument power strips via the 
1000 VA supply. (Note: Both sides of 
each service line are breakered). 
Additional circuit protection is provided 
by an AC arrester installed at the breaker 
box. This device limits surze voltazes 
caused by lightning or other unwanted 
transients. 

CSI 

SC-10D 

Single probe. All excess sample zas 
collected for safe exhaust. 

CSI 

HC500-2D 

Utilizes flame ionization (FID) 

Servomex 



Model: 
Options/Features: 

I420B 
Output range 0-25%. Utilizes 
paramagnetic susceptibility technique. 
Has internal 4-20mA output sicnal. 

Carbon Monoxide Gas Analyzer 

Manufacturer: Milton Roy (formerly ACS) 

3300 (COj) Model: 

Op tions/F eatures: 

Heatiess Dryer and COT Extractor 

Manufacturer 

Model: 

Methane Reactor: 

Utilizes nondispersive infrared (NDER) 
technique. Ranges 10 and 20%. 

Manufacturer 

Model: 

Options/F eatures: 

iVCisceUanpnrK:-

Enciosure Fan: 

Manufacturer: 

Model: 

Options/Features: 

Specifications: 

Dimensions (filter): 

General Cable 

P-100-303-1 

Aadco 

737-41 

CO to CO-> conversion 

RITTAL 

SK3168 

260 CFM, particulate filter at inlet, low 
noise 

0.2 Amps, 18 W 

Length 12.72" (32.3 cm) 
Width 12.72" (32.3 cm) 



Replacement Filter Mat: 

Replacement Gasket: 

Outlet Filer (Enclosure) 

Manufacturer: 

Model: 

Dimensions: 

SK3173 (inlet and outlet filters) 

SK3193 

RITTAL 

SK3163 

Length 12.72" (32.3 cm) 
Width 12.72" (32.3 cm) 

Instrument Power strip (six outlet with on/off switch and 15 amu circuit 
breaker 

Power Strip (six outlet) - miscellaneous suuoiv 

Exhaust port( 91.25 in. OD x 24 ft.) long to vent all system gases 

Lock on each door of enclosure 

System Probe Assembly: 

Manufacturer: 

Model: 

Specifications: 

Material: 

Umbilical: 

Manufacturer: 

Length: 

Diameter: 

CSI 

D-T? (high temperature) 

Length 36" 

RA446 

Technical Hearers 

To be determined 

1.125 in. 



The CM6000-32 CEM System provides total hydrocarbons (HC), carbon 
monoxide (CO), carbon dioxide (CO2) and oxygen (On) emission concentration 
levels. This system consists of one high temperature D-TP Sample Probe, one SC-
10D Sample Conditioner, CM10-ID Sample Control Module, Model HC500-7D 

Modfii 3300 C° AliaIy2er' Modei 3300 co2 Analyzer, and Model 
laiUb Analyzer. 

Control and analysis hardware is assembled in a NEMA 12, 19 inch rack mount 
enclosure, while the probe and conditioner are installed at the sample extraction 
site. The system may be operated manually at the enclosure front panels or 
remotely via the customer supplied equipment Zero to full scales readings of the 
selected analyzer output range are available as isolated 4-20 mA DC signal^ at the 
auxiliary panel. 

The following is a brief description of the above mentioned equipment 

(1) D-TP High Temperature Sample Probe and Heat Traced Umbilical. 

One Alloy D-TP Sample Probe is provided. A 2.5 inch NPT mounting 
J - 1  ~  s c r e w ,  a s s u r e s  a c c u r a t e  a n d  r e p e a t a b l e  p r o b e  i n s t a l l a t i o n .  A  

j/8 diameter heat traced, single line umbilical connects the probe outlet to samole 
commoner inlet This prevents condensation of the samole sas flow orior'to 
conditioning. 

(2) SC-10DS amp le C onaitioner 

Sample gas extraction is achieved by a vacuum created in the SC-10D Samule 
Conditioner. ^ Airflows through a venturi air eductor creating sraScient vacuum 
(approximately 15 in Hg) to ailow sample gas flow into the" heated conditioner 

. Temperature within this enclosure is maintained between 185 and 
F. ims assures no condensation prior to drying. The sample to be analvzed 

is drawn through a 0.5 micron bypass filter, while unused sample is blended with 
the enuctor air and exhausted from the enclosure. A pump, located in the CM10-
1D Sampie Control Module, draws the sample to be analyzed through the filter, 
into a permeation dryer for conditioning prior to transport. In the" permeation 
aryer, c.ean, dry air counter-flows over the outside of hygroscopic ion exchange 
membranes. Water vapor is removed from the sampie gas flowing inside the 
membrane. Sampie gas exiting the dryer is, therefore, conditioned and is suitable 
tor transport to the insmunent enclosure for anaivsis. 



(3) Umbilical 

The umbilical provides a pneumatic interconnect between the sample conditioner 
and control module. 

(4) Instrument Enclosure 

Contained in tile Instrument Enclosure are the following major oomnonents 
7T p°SSI''le' eael1 0011 a slide mounted allowing easy access for maintenance 

and trouble shooting. 

(a.) CM 10-ID Control Module 

TJe,'^J?"1?. Coutro1 Module provides control necessary for remoted operation 
oi the 5C-10D Sample Conditioner. This unit controls the sample pumu and 
provides associated valving for sample gas. An air operated venturi pumo draws 
sample gas through a 100 ml/min critical orifice. Zero air is also drawn into the 
mixing chamber at a controlled flow rate. Zero air is also drawn into the mixin* 
chamber at a controlled flow rate. The resultant moisture is diluted in a precise 
ana staole fashion by approximately 50:1. Both diluted and undiluted samoie 
outputs are available. 

i ne CM 10-ID also controls the introduction and distribution of calibration <*ases 
to the system, either directly to the analyzer (INSIDE) or through the umbilical 
and SC0-10 per EPA guidelines (OD i SIDE). Operations of the control module 
may be accomplished using front panel selector switches. Alternatively, a remote 
control source may be employed for automatic operation. A further detailed 
description of operation and maintenance procedures is riven in the unit manual 
appended. 

(b) ED 10-1 Clean Air Sunoiv 

Emcient and reliable system operation is dependent on the air supply quality. The 
ED 10-1 Clean Air Supply provides clean, dry and contaminant free air for each 
system requirement. Supply air enters the system through a shut off valve and is 
regulated to approximately 60 psig at the auxiliary panel. This air then flows 
through a gas reactor thai errecriveiy converts any carbon monoxide (CO) to 
caroon dioxide (CO2), which in turn is then removed by passing throurii 
alternating columns of the heatiess dryer. Final drying in a silica ~2el filled 
canister, and filtration in an activated charcoal filled canister, provides air suitable 
tor analyzer zero or span checks. A pressure regulator set to 40 psig and flow 
meter adjusted tor approximately 20 liters per minute provide clean air for the 



eductor supply. Similarly, a regulator set to 40 psig and flow meter adjusted for 
-0 to 20 liters per minute (depending on site requirements) provides clean, dry air 
for permeation dryer purge. 

(c) HC500-2D Total Hydrocarbon Analyzer 

The CSI Model HC500-2D Total Hydrocarbon .Analyzer performs continuous dry 
analysis for total hydrocarbon content in gas mixtures. FID, the well established 
technique of flame ionization, is used as the detection method. Hydrocarbons 
contained m the sample gas, pass through a hydrogen rich flame and are convened 
to ions. An electrostatic field in the burner causes these ions to mizrate and collect 
on an electrode. ^ This results in an electric current which is proportional to the 
concentration of ions collected. ^ An electrometer amplifier converts the current to 
voltage which is fed to the amplifier output jacks. Standard outputs are 0-100m V 
and 0 1V. A further detailed description of operation and maintenance procedures 
is given in the unit manual appended. 

(d) Model 3300 CO7 Analyzer 

The Milton Roy (formerly ACS) Model 3300 Carbon Dioxide Analyzer performs 
specmc, realtime and continuous dry analysis for carbon dioxide in gas mixtures. 
The Model 3300 is a highly selective, nondispersive infrared (NDIR) zas analyzer. 
It utilizes a beam of infrared energy which passes first throuah a Samule Cell and 
then through both cells of a Dual Cell Detector system. 

Two output signals are available from the Model 3300. Output I is a standard 0-
IV signal. Output II is internally selectable from 4-20mA. (standard), 0-10mV, 0-
100mV or 0-1V. A further detailed description of operation ana maintenance 
procedures is given in the unit manual anoended. 

(e) Model 3300 CO Analyzer 

The_ Milton Roy (formerly ACS) Model 3300 Carbon Monoxide .Analyzer 
p err onus specific, real time and continuous dry analysis for carbon monoxide in 
gas mixtures. The Model 3300 is a highly selective, nondispersive infrared 
(NDIR) gas analyzer. It utilizes a beam of infrared energy which passes first 
through a Sample Ceil and then through both ceils of a Dual"ceil Detector system. 
The Detector ceils are filled with pure carbon monoxide. An externally mounted 
vacuum pump is used to draw sample gas through the detection system. 



Two output signals are available from Model 3300. Ourout I is a standard 0-1V 
signal. Output U is internally selectable from 4-20mA '(standard), 0-10mV, 0-
lOOmV, or 0-1V. A further detailed description of operation and maintenance 
procedures is given in the unit manual appended. 

(f) Model 1420B Oxygen Analyzer 

To momtor the oxygen (O2) content of the sample gas, CSI has selected a 
Servomex Model 1420B Oxygen analyzer. The model 1420B uses the 
paramagnetic response of oxygen for detection. A magneto dynamic samnle ceil 
measures the paramagnetic susceptibility of the sample gas. The oxygen 
concentration is detected by means of a "dumb-bell"' mounted on a torque 
suspension in a strong, nonlinear magnetic field. The higher the concentration of 
oxygen, the greater the "dumb-bell" is deflected from its rest position. This 
deflection is monitored by an optical system connected to an amplifier circuit A 
tirther detailed description of operation and maintenance procedures is riven in 

the appended manna 1 w 

(g) Auxiliary Panel 

The Auxiliary Panel is located in the back of the instrument enclosure and mav be 
accessed through the rear door. As previously described, the air supply control 
and regulator valves are located on this panel and are labelled for easv 
identification and operation. 

Signal distribution and output terminal strips are attached to the panel. TBI 
furnished connection points for the analyzer analog output signals. TB2 and T33 
provide connection points for the external computer or data Ioaaer to CM10-1D 
inter-ace. ims provides easy access for electrical testina of the svstern control 
response. 

(h) Span Source Isolator 

Located between the calioration gas bottles and the sampie controller (CM1Q-1D), 
die Span Source Isolator contains soienoid valves which are manually controlled 
by a toggle switch on the front panel. 

This switcaing function allows the user to connect more than one calibration aas 
bottle to the sample controller. 
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1-0 INTRODUCTION' 

(catS) 

mo ^ ̂ be t0 mca ^ „^^°0'° ̂ vc=luJV,"i A <=*-
system has beea designed as a zcaeml-^TrrvC ^ k ' • customer. The Model CM-60m 
requirements for Continuous Emission Moni ^g S^S'aoutl^^1 ̂  * *  P ^ " 0 1 2 ^  
3 Tne system is designed to monitor Carbc™MoSS P H » «> CFR Pan 60, Apoeadxx 

CirbQa Di°Xidc ^CQ^' °^/S« CO-J and optionally Oxides of ^ Di°Xidc 

^eimemenrrmse - -
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2.0 LIST OF EQUIPMENT 

PRfVf4 R Y SYSTEM 

nr-^NnTT-v MOOPT g nrerRnrmw 
1 D-TR High Temperature, chemical resistant probe, 3-foot, without pre-filter, with 

2Vi* NPT male hub and positioning lock unit. For temperatures to 2450T 
(1350'C). 

SC-IQD Sample Conditioner 

KD-10 Air Gcan-Up System for SC-10 dry purge air and educior air. -4Q*c. 
dewpaint, 75 liters/minute up la 40 psig 

CM10— ID Dilution Control Unit 

.SA700 ~ "Sulfur Dioxide Analycr 

KC5CO-2D Total Hydrocarbon Analyzer 

3300 Milton Roy 

33CO Milton Roy CO- Anaiyzer 

14C0A Scr/ome.x Oxygen Anaiyzer 

16C0 Cmdcs of Nitrogen Analyzer (Optional) 

HD1Q-1 Dry .Mr System with COt Extractor 

SD-33 SD-33 N'ema 12 enclosure including the following: 

Heatless Dryer with CO-
Soia Line Regulator. 
Lightning Arrsstor. 
Exhaust Manifold. 
Power Circuit Breakem. 
Cutlet Strips 
Wtikerson Drier 
wuksrsan Charcoal Scuobcr 
- each Eye-bolt Lifting Rings. 
Cooiing Pan ana Filter 
Hydrocarbon and CO convener. 

A.mriiiarv Panel 



3.0 DESCRIPTION OF SYSTEM 

3.1 Model CM600Q Emission Monitoring System 

Toe configuration of the CM60C0 monitoring system is shown in Figures 1 through 5. These Ggurcs show the 
pneumatic diagram, blade diagram and enclosure assembly. 

The gas cxuactcd through the sampling probe is delivered to the SC-IOD sample conditioner via the 10 ft. heat 
traced line. This line prohibits condensation in the sample stream, prior to passing through the permeation 
dryers. After filtration, to J microns absolute, the sampic gas flows directly into a permeation dryer. The 
permeation dryer removes most of the water contained in the sample. The dewpoini is effectively reduced to 
-2G"C or less. This dried sample is transported via the unhealed tube umoilicais to the instrument enclosure 
for analysis. The output of each analyzer is connected to the Auxiliary Panel where the data is convened to 
4—20 mA output to be recorded on the recorder. 

Calibration of gas analyzers is controlled via a Oirnnunl programmable timer. The system performs the 
- power switching" necessary for automatic operation-of the CMlO's. La addition, since two or more span gases 

are used in the calibrations, the system controls injection of the correct span gases. — _ .. . 

3.2 Sample .Analyzers 

The following is a brief description of the operation of each analyzer. 

3.2.1 Sulfur Dioxide Analyzer CSI Model SA700 

C3I will provide a CSI Model SA700 Continuous Fluorescence Suirur Dioxide .Analyzer with the system. 
The Model S.A700 is specific for sulfur dioxide utilizing an ultraviolet source of intermediate intensity and 
high stability, [t is designated by the EP.A as an Equivalent Method for sulfur dioxide in the atmosphere for 
ambient monitoring applications (typically, concentration levels up to 10 ppm). However, when coupled with 
the CSE Model SD—31 Sample Dilution Probe, the Model SA700 can monitor sulfur dioxide concentrations 
up to 5,COO ppm or higher. 

The recommended maintenance scheduie for the SA700 Sulfur 
3-Month 
Maintenance 

)ioxide Analyzer is as follows: 
Annuai 
Maintenance 

Pneumatic Lines 
Rotcmcter 
Flow Control Vaive 
Pump 
Optics 
Fan. Air Filter. 
Chassis 
Reactor 

dean** 

dean" 

dean/Replace" 
dean* 
dean* 
Rebuiid/Reuiac: 

dean* 

These items may reouire maintenance more or less often depending on cleanliness of thetr environment and 
the exnosure rate. 

""Should oniy be replaced if not functioning properly. 



Additional specifications and information on the CSI Model SA700 Sulfur Dioxide Analyze; arc included in 
the Appendix of this proposal. 

3.2.2 Carbon Monoxide Analyzer Milton Roy Model 3300 

CSr will provide an ACS Model 3300 non-dispersive infrared analyzer for the determination of carbon dioxide. 
The Model 3300 uses a simple single beam optics design, which is made possfoie by the Microflow Detector, 
and results in a highly stable and reliable analyzer requiring no optical adjustments and only the simplest 
maintenance. 

A single beam of infrared energy is modulated and passed through a sample cell con mining the gas to be 
measured. The beam emerges attenuated by the amount of energy absorbed by the gas in the sample. Changes 
Q£ tije concentration of the result in changes of the intensity of the beam. The remaining energy in the 
beam is serially through two cavities of an infrared detector, a mass-flaw sensor filled with gas of the 
type to be measured. Changes in the intensity of the beam change the pressure differential between the cavities 
and consequently the balance of the electrical bridge in the detector circuit, electronic processing and 
linearization of the signal "are used to generate-an electrical nutput signal linearly proportional to the 
concentration of the gas measured. * — 

t *! t Tocal Hydrocarbon Analyzer CSI Model HC300-2D 

The Model HCSCG-2D, Total Hydrocarbon Analyzer, is a self contained system for monitoring ambient 
concentrations of hydrocarbons. 

The HC500-2D utilizes an established flame ionization detector (FID). Hydrocarbons are drawn into the FID 
via a vacuum pump where they are burned in a flame and converted to ions. An electrostatic iietd in the 
burner causes these ions to migrate and collect on an electrode. An electric current is oroducec which is 
proportional to the concentration of ions collected. 

The FID does not recuire hydrocarbon free combustion air nor a compressor for sample air. which are 
necessary requirements for most other commercial FID's. 

Totai Hydrocarbon outputs are obtained as follows: 

Sampie air is introduced diremly into the FID detector to yield a total hydrocarbon reading which is 
ampiined and presented to the meter and rear panel output for a record. 

7h= HC5C0-2D desiss focuses on stable and reliable yc.~zonnance, and ease ot sec/ice anc maintenance. 
Precise pneumatic and thermal control of critical elements and the utilization of proven soiia state circuitry 
contribute to the performance characteristics of the instrument. 

3.2.4 Carbon Dioxide Anaiyzer Milton Roy Model 3300 

CSI will ore vice a Mil ton Roy Moce: 33CO non-dispersive infrared analyzer for the determination of carbon 
dioxide. The Model 23CO uses a simpie sizzle beam optics design, which is made possfoie by the Microflow 
Detector, ana results is a highly staoic and reliable analyzer rcquirmg no optical adjustments and only the 
simplest maintenance. 

A sinzie beam of infrared energy is modulated and passed through a sampie ceil containing the gas to be 
measured. The beam emerges attenuated by the amount of energy absorbea by the gas in the sample. Changes 



bc^C"nrr°n|f T °f thC of Ulc ^ raining energy in the 
t._c .Q serially through two caviues of an infrared detector, a mass-Cow sensor filled with gas of the 
ypc to be measured. Changes in the uneasily of the beam change the pressure differential between the cavities 
lineaSSTf the^Il ' °f ^ bridgC " ̂  dCtCCl°r drcuit- Sectronic processing and 
==nc=n JU„„ of ^ " 353erau: *° WXtao* to the 

2.2>5 Oxygen Analyzer "Senromex Model 1400A 

concSSdor 1-1C°A aTy3C:i Ailli>^ thC ?amna?nCtiC of °a "Scales to measure the O, 

magneto-dynamic oxygen analyzers measure the relative magnetic susceptibility of the samole 
gas by a method based on that used by Michael Faniday to determine the moiar magnetic sSLi^?£ 

SdHS11T devdopcd 0,1 a tcst b0d̂  » 4 
field. Most common gases are diamagnetic (Ls, they are repelled by a magnetic field) but oxvzen is^aSziv 

13 anractcd b7 1 magnetic field). When oxygen is attracted into a magnetic field, the field 
a «banc=d. This ennancement increases the force acting on a diamagnetic body suspended in Out field • 

L^Td^be^r1^ baSCd °-n ^ ?tifldplC ^ tCSt b0dy 13 a 51355 dUffibbcI1 **«* ** 
uut band d|!t r! a,C P°lc P,cc=s oc 4 P«aancnt magnet assembly, [t is hcid in position bv a rug*cd 
uut-oand platinum nooon suspension. ' ' 

^teTt to^u.elS7 'SsT •*"***• <* •'«= on the tebb.il teges 
raatcte TTn **** lm"rMte dumi5iK!1 10 ^ list" onib o oair of 
circuit ta* dr T 01 Il§nl 0C4111 S««tes a diricrence signal which is used in a fc-oack 
dSJn - oxygen content of the sample gas. The signal is fed to a feedback coil sccured'to £ 
bv the Q— I H 3 S n c U . C  J 6 i d  " o a a d  t h e  c o i l  b y  t h i s  c u r r e n t  o p p o s e s  t h e  d i s p l a c e m e n t  f o r c e  g e n e r a t e d  

u present m the sampic gas. The dumbbell remains in esscntialh* one' fir-'' oasirirm - li 
or the acrual oxygen content. Tne feedback current rcnuired to hold 
proponwnm to tio otcygea oonKnt of be sttee to hotter then X?e iterity Utrougioot ie whole 0-100S 

wSe^I^ !Uf=:f0n °f 0 *te=t ««* * ontrenteiy tetent to m^-,1 .--r 
rtcal design results in outstanding resolution and linearity. 

3.2.5 Oxides of NTcrog-n Analyzer (Optional) CSI Model 1500 

S -16C° Cusailvainesss^ of Nitrogen analyzer for the monitorial svste-
;« t? e™ b>' Uailcd States 3?A as a Reference Method (SAMFH^Jrn^K 

i'Z::™1'0* 01 aX:dCS (N0> N0-- ^ N'°J * concentrations (tvpicailv up to G ; 

moniior^^^tSo^^ ^*» -

?^tl, N0= 1 o.-cmiiummcscer.t reamion of ozone --ith nitric oxide. Nitrog— d'o-o-
3I J CaUl''tIC S3avcr'cr Csavcn3 Ncc 10 -N'G. Tne new 16C0 veracai convener Vde 

msusti; sunaara 'with its long life, molybdenum cataiysx, and easily changed canridge. 

me recommenced maintenance schedule for the Model 16C0 NO; ajai^er a as follows: 



Monthly 3-Month 6—Month Annual 

Inlet Air niter Change 
5 Micron Teflon 

Filter Housing Gcan 

Orifice Protection 
Filters _ 
7 Micron Sintered SS 

Air Dryer Check/Replace 
Ozone Generator 

Charcoal Cartridge 
--"A^Vk.bi7 (°zanc Scrubber) . Replace 

?ansP) Gean/'Oil 

NO- to NO Convener Check' 
Replace 

_ _ , Catalyst 
Convener Outlet _ , . Check/ 
~ iltcr _ ., 

Rcpiacc 

Additional specifications and information on the CSI Mode! 16CO Oxides of Nitrogen Analvzer are induced 
in the Literature of this proposal. 

3.3 Sampling System 

rigure I shows the system block diagram for the Model CM6GG0 monitoring system. Sample gas is extracted 
fiom the stack by means of air ecumion. Tne sampie is withdrawn through a probe assembly and 
through a short (less than 10 feet) heat-traced umbilical sampie line to a CSI Model SC-10D sampie 
conditioner -here it is filtered and dried by a permeation dryer. The sampie is then transported from "the 
sampie conditioner to the anaiyzsr cabinet through Teflon sampie line(s) housed in a multi-tube instrument 
tubing bundle (the umbilical). 

me Columbia Scientific Mode! CM10 central maauie permits operation of the Mode: SC-10D sampie 
conditioners isn the Anaiyzer Console, me CM10 also provides for either manual or automatic intmcucdon 
a: calibration gases to the analyzers and manual or automatic biowback of the sampie probe. The CMIO-ID 
aiso provides dilution of any gas that requires dilution. 

c 



3-3.1 Probe Assembly 

A Columbia Scientific sample probe assembly is provided at the sampling point. The probe body is fabricated 
from 3/4- Schedule 80 pipe and is RA 446. A mounting hub (traverse-type) is provided with the probe. A 
locking screw on the mounting hub permits the operator to slide the probe body into the suck to any desired 
depth of penetration. Caution should be exercised to orient the flash divener into the flow stream. This 
provides optimum protection for the porous metal filter. 

3-3.2 Sample Conditioners 

An SC-10D sample conditioner (shown in Ggure 2) is mounted on a platform railing or stand at the samoiinz 
point (appropriately placed per sampling requirements). The SC-10D is connected to the probe via a' heat 
traced umbilical of about 10 feet in length, me SC-10D is designed to extract a continuous sample from a 
process stream which, in most cases, is an extremely harsh environment, the SC-10D utilizes a unique, dual 
bypass filtering arrangement which reliably removes particulates greater that J microns. All -"'IT"—-s that came 
m conuct with the sample are made of 316 stainless steel or Teflon, and are heated above the sample 
dewpaint, eliminating possible -corrosion of the SC—10D by condensed gases. 

Sampie is drawn from the suck by an air operated eductor. The cductor works on the venturi principle and 
allows forhigh sampie flowrates without the use of a pump. Gcan, ail-free air should be used to opexate the 
eductor. x ypicaily, 30 LPM atjtO psi of instrument air is sufficient. Lower pressure or flow will decrease the 
amount of extracted sample. The main portion of the extracted sampie joins the cductor air and is vented to 
the outside of the SC-10D via the 3/8" stainless steel tube fitting. 

vac first suge filter is made of sintered 316 suinicss steel and has effective filtering down to 100 microns, 
cms filter a provided with a flyash divener to protect the sintered element from direct impaction of fiyash. 
A manual biowback soicnoid is provided to allow for periodic cleaning of the first filter. 

The second^suge bypass filter is also made of sintered 316 stainless steel. This element has a pore sine of 5 
microns, me main flow of enacted sample passes through the inside of the second filter's element, through 
the eductor and biowback vaive and out the vent, me suck sampie, used for measurements, is drawn off the 
main flow at a 90 degree angle through the sintered element. Due to the high velocity of the samoie ns, 
particulates- have difficult}- making the 90 degree angle. Thus, the effective filtering of the bypass "filter is 
oeuer than the 5 micron pore sine and has typically been shown to be ten times finer (J micron) than the 
actual pore size, me bypass filter is also "self cleaning-, since particulates do not impact the filter element 
ana arc earned to the vent by the high velocity flow. 

.After nitration, the sample gas passes through a permeation dryer where water is removed, without 
condensation, to yield a dew-point of -2Q"C or less. * ~ 

3.2-3 Umbtiicnis 

me sampie transport jine is comprised of instrument tubing bundles (umbiiicais) fabricated with an outer ?VC 
jacket (approx. 1-n* GD) and Mylar sheath, me electrical power and control wires for the SC-10 are 
included in each tube bundle, in this system the umbilical cacie w-QI be freeze protected. 

me individual tubes in the instrument tubing bundles are utilized as follows: 



: udc 
n 

r'tnr-inn 
Calibration Gas 

Sample 

Purge Air 

Eductor Air 

Calibration gas to SC-10D sample conditioner 
V*~ OJD. Teflon tubing. 

Sample gas from the SC-10D samoie 
conditioner, V4" QJD. Teflon tubing. 

Dry purge air to the SC-10D samoie conditioner 
permcauon dryer; %" OJD. polyethylene tube. 

Eductor air to die SC-10D sample conditioner 
Y*' O.D. polyethylene tube. 

^ b r o ° s i " " ?  I ° i y = r  c a c l o s ° r e  t o " , ! h  1  a = , p k  'mBaes i="d °° <"* «»p rf 
tto _e_rnuc radc-uoum adosuta. Ta= intetfacs pane! wijl indnde Ibe following eomoooenta foe eaci ooinf 
(A) Sample gas from SC-10D; Yf OJD. 316 stainless Swagciok * 

bulkhead connector. 
P) Canoration gas to SC—10D; Vi" O.D. 316 stainless Swageiok 

bulkhead connector. 
(3) Purge air to the SC-10D; Yt' 013. 316 s-aainiess Swagciok 

bulkhead connector. 
(4) Sductor air to the SC-10D; YT 0_D. 316 suiniess Swagciok 

bulkhead connector. 
(J) — -.ricai interlace to the SC—10D; 10 pin MS ryoe Amphenoi 

connector. 

3-3.4 CM10-1D Control Module 

C3Ctr0i ,Modui.c thc °P^tor 10 ^ operations ox die samoiing system. Tne control 
panel mciuces proton xor leak checking the system, flowmeter for monitoring the flows, and or^ 
the acrnry to mtroouce the caiForation gases either directly to the analyze or tough the s^ 

2aS thc 3Cacs oi controlling wo probes and sample conditioners. While the units with 
.° Cn tt= "G -3rovids 1 suulion or *= ampi= before being oresented to thc anaivzers In this r/stem a 

ouutec sampie will be -used for the NO, and SO, analyzers. " ~ 1 

iae CM1G-1D controi moduie includes the loilo'wing components: 

SV1 

SV2 

aero 

Cal 

-•i "f mn 

Introduces zero air tocaiioration manifoid with an 
eicctncaily actuated 2—way soienoid valve. 

Introduces caiFcraiion gas to the caiForation 
mamioid 'with an electrically actuated 3—way 
soienoid vaive. 



C-l Compound Gauge 

NV1 Calibration Flow 
Adjust 

FU CAL BYPASS Flowmeter 

SV 3. Leak Test 

Pressure/vacuum gauge that shows vacuum held 
on systcaduring leak test function and pressure 
on system during prcssurization af system to Sri 
a leak. . 

Needle vaivc controls amount 
of ZERO or CAL gas bcingdeJivcred to 
calibration vent. the' 

Rotameter to indicate that excess CAL or ZERO 
air is provided to the calibration vent so that 
system is not starved or over pressurized. 

2-way _ solenoid vaivc which ' closes the 
calibration source mjtn the vent line in order to 
allow a vacuum to be drawn on the system far 
leak testing. 

SV4 issidc/Gutside 

SV5 

SV o 

NV2 

n-r 

NV3 

Ran/Calibrate 

-oak Tran 

hampie ,-:aw Actus: 

Off Line Samo. te 

u-way solenoid valve thataircms CAI/ZERO <ms 
to the sample conditioners for complete system 
calioration or to the analyzer for instrument 
catiorauon oniy 

u-way solenoid valve thatdirems either samnic 
orcattoration gas to the analyzers. 

2-way solenoid valve that traps the vacuum on 
^ saa?ie iises during leak test while 

providing room air to the analyzer. 

Gn iu=e Sampie Needle valve that adjusts the 
amount of sampie/saiibraiicn gas that is delivered 
to the analyzers. 

rump that provides sampie'eaiforation zzs to 
thcanaiyzers; ail ziateriais are Teflon or s^iniess 
steei. 

Neesle vaive uses to adjustvented offline samsie 
flow- rate. 

Rotameter vaivc to indicate flow * a t * 
anaiy zz^s). ? o 

T *? 



Rotameter valve to indicate flaw rate to 
analyzers). FI-5 Rotameter with needle valve to 
indicate sample by-pass Qowraie. 

pj_4 .. Rotameter with needle valve to indicate sample 
by-pass Qowraie. 

323_5 Clean Air System 

The "Clean Air" System consists of several components designed to deliver air at various levels of cleanliness 
in terms of ail, water, and particulate content. Air Oram the compressor room is delivered to the system at 10Q 
to 120 psi. The air then passes to the equipment console for further pressure regulation and "clean—up". 

(I) ~^u r—nr Air 

The first air usage in the system is for the educar in the SC—10. The air required for this function need not 
be dry or hydrocarbon—free. It must however be oil—free. This air is supplied to the KD1Q panel where it is 
flow regulated and sent, via the umbilical, to the SC-10. 

(ti) p'trgr A l'f 

The second air usage in the system reouires oil—free and dry (—1tQ"C dewpoint) air suitable for delivery to the 
permipuru dryer attached to the SC-10. It is the Permapure device which dries the sampie extracted via the 
probe prior to transport of the sampie (via the umbilical) to the console CM10 sampie distribution system. The 
air from the system pressure regulator is dried by a switching desiccant coiumn device. The Permapure purge 
air is flow and pressure reguiated at the KD1Q panel and is then sent via the umbilical to the SC-10 system. 

(ill) T«r^" AiV 

The thirc air usage requires clean, dry and contaminant free atr. This air is used as "Zero" calibration air in 
the periodic ZERO/SPAN checks of the analyzers. Air passes through the Heatlcss Dryer. The air is further 
dried, by a simpic desiccant drier, and cleaned, by passage through an activated charcoal canister, then sent 
to the CM2Q controller for use as "Zero" calibration air. 

The desiccant drier, and activated charccai air cleaner will require periodic maintenance. The desiccant shouid 
be checked for change from blue to pink coloration as moisture cailems and should be changed out when 
material is almost entirety pink. (Spent desiccant can be restored by baking at 3GG"7 until the blue ccior is 
restored). Charccai shouid be changed an a quarterly basis, unless a drift in "zero" test indicates a ceed for 
replacement. 

3-it.o Insorumeac Enclosure 

The analyzer ana system components 'will be installed in a dual NEMA 12 enclosure. The analyzer enclosure 
is approximately -tS inches wide by 78 inches high by 32 inches deep and provides both front anc rear access. 
The weight 'without analyzers is approximately 600 !b., and with analyzers 1CCG lbs. 



The analyze., and the system central panels ore rack-mounted on slides for front 0the- svste-, 
fl"* f tac.-=».c=img wiring cubing. «.) « cd ^ ̂ 

mosur- with ac^s through the rear. A sample interface panel is provided on the side or the ton of rh 
enclosure for makmg oil pneumatic and elemricai connections. Tne instrument enclosme is dSuS to f 
operated in a reasonably well-controlled environment (70 = 10"F* 50 - atn --p. , 
o u t p u t s  w i l l  b e  a v a i l a b l e  o n  t h e  a u x i l i a r y  p a n e l .  F i g u r e  4 a n d  5  s h £  f p r " *  
m the instrument enclosure including optional items that may not have been components 
Final arrangement and design features will be coordinated with customs ? " ***** 
inc paint standard for the Enclosure is as follows: 

Primer L5 mil Electrophoresis Dip Bath 
Finish 1_5 mil 2-?an Epoxy, Elemrosuticaily Sprayed 

me paint standards.for the individual rack instruments is as follows: . _ 

Panels: i_ 
7 

0. 

Remove all surface dcfecm. 
Clean Prior to inditing and painting. 
Gold iriditc all over. 

'*'h Wm™3 ?3,lnc T Mr**™ Huamei (Put 
i70. ~99ATliid), Darx Grey, very light texture. 
S/S with white epoxy ink (Mil 1-42553). 
Cure 24 hrs. prior to packaging and shiomcnL 

Covers: 

cassis: 

Clean prior to inditing and painting. 
— C-oid indite ail over. 
a. Paint all over with Shetwin WUIiams'Poiane T Poiyureihans Enamel* (Pan V0 ^oor 

alue, meamm texture. " ' 
Cars 24 his. prior to packaging and shipment. 

1. Clean prior to inditing and painting. 
2. Go id iridite all over. 

l*"" t5*®3*1) sid= =c*S= °ni;- wilh Sfcer.-ji W-Hia-s ?oiau5 T 'ulvur— 
• rT-. N°- I99A~:S") Sr=r. rote tccccurs. ^ 

— h r s .  p n o r  t o  p a c k a g m g  a n d  s h i p m e n t .  

-- Clean prior to inciting and painting. 
— Coia incite ail aver. 

" - 55 **- *?3ia=c " ?dyw«!«c Enamel" (Pan *  G — a z n t  z r ^ y ,  s c c i u r :  t c x i u r r .  
~ f^irz prior to packaging and shipment. 





APPENDIX H 

I.D. FAN CURVES 



HUTCHCO* INC, „ ^ 404 73 1 914^ 
" S V-^i-U. HU. TCM.BNC. IVJ'VJZ""""* 

- - - • - - - - _ ? 3T_7 9 4 I $ 
Oa'12/94 18 : 14 HP20-4 222 7801 CJIL NORTHERN tVPG -44 HUTCHCO 

P . 92 

P. as 

C2l 005/007 

=NORTHERN 
J BLOWER 

FAN SERIAL No.: 

DRAWN; a/H/i934 HAH 

CUSTOMER: ESSTEF 

PROJECT; 

ENGINEER; 

TAG: 

SALES OFFICE; HUTCHCO. IHC. 

P . O .  N O . :  

FAN- DESCRIPTION: QSAlanHe. BQiP SJ20 36SO SO JT 3T3H C»n+r*4f,m» 1 
S E L E C T I O N :  1 7 S O O .  ( C F M .  i 4 . 5 0 0  t ' W . Q . )  A P  f f J . M  / H H P f  

ca 
3: 

« 
t, 3 U) 09 <U (. 
Q. 

U <a •p 
Ol 

CONDITIONS: OPSfUrTHS- . Q42P HhmScu. f-ti. 4SQ. tdso.P). P1PO /Mu) 

2 4 . 0  

2 0 . 0  

1 6 . 0  

1 2 . 0  

a . o  

4 . 0  

20000. 30000, 40000. 

volume Flow Rata - (CFM) 



06/12'94 18:13. ®204 222 7802 CML NORTHERN WPG HUTCHCO 
l» . OS 

(2l OO'l -007 

7p= NORTHERN VyBLOWER 
FAN SERIAL. No,; 
DRAWN: B/i 1/1994 HAW 

SALES QFFIGS: HUTCHCO. INC. 

CUSTOMER: ESSTEE 

PROJECT: _ 

ENGINEER: 
TAG: 

P . O .  N o . :  

FAN- DESCRIPTION: 0*3 ian No. 98J P 3BSO SO K SIS* Cantr Ifuaal 
SELECTION: 3SOOO. fCFH). 17.AQ6 t*W. S.) SP. UG.B (BHP) 

CONDITIONS: OPERA TINS-' .0*22 hbmScu. ft) .  A S O .  f d e a . F ) .  3 7 3 0  ( B E M L  

30.0 

25.0 

(3 « 
X 

<u 
c_ 
3 ffl U3 <U 
C. a. 

jj 
to 
cn 

2 0 . 0  

10000.  20000.  30000.  40000.  50000.  

Volume Flow Rats - (CFM) 
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PROGRAMMABLE LOGIC CONTROLLER 
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1 < *+o- | / 
- w -  J W U  m u u n A i v i i v i A a L S  C O N T R O L L E R - ^ ^ m  

• -mm*-*, '*•">" 

MODULAR HARDWARE STYLE • RACKS 
J?. g:risy.;,.!m "> <=**««.™«, 

•'•Sto/ fiacx 
win Power Suaaiy. CPU mo Mooum 

• .-VxT-^ •""••• Sut̂ y- CPO rno MXU).: 

_ _ n '• 
• • :. a . Cjj£<C 

rf ̂  ?L 7he aac!< houses !f1e 
Central Proc3S5or Unit (C?U) and ;he , Q 

modu es. The power supply mounts on 
the left side of the rack. 

All components easily slide into the racks 
atong guu-as formed in the racks. No 
tools are required to insert or remove the 
I/O modules or SLC 5/01 processor. 

IZFSZ *"*" "=**» «• iirsi itot m the first rack. 

_....*>. r\ 
OeacriptionH Catalog.-. 

Number.- Price 
*-3at Rack ..I746-A4^ ft 45 
7-3oi flack I746-A77." 240 

TO-Stoi flack . I74S-A1Q- | 3S0 
ID-Slot flack | I740-AI3 | 315 

Maximum Number of flalav Cania« n..m.„. 
flack 

Configuration 
Cataiag 
Number 
1746-P1 

Catalog 
Number 
174S-A2 

Catalog 
Number 
1746^3 

CAj flacx wun 
flS~35 Isolated 
CcuaerS 24 33 30 
L.-*J flack wuftcui 
flS-405 Isdaieo 
Couder 32 ~5 3A 
|4ocuiar System 
-mansion flacks 

n.'i—.. 
40 34 "3 

.vw: iiercannea cables. 3 an uiier-
requred. refer 10Page 239 lor order-

f?' ®?anaon *<* (Catalog No. 174S-A2) an only Be used in r.»ed Hardware ccniiquraiions. 

3. 3ased on the requirements of Path 1 
3hd 2, select the 3pcropriate power 
supply. 

Note: Puture system expansion is a con-
sidaraticn to be taken into account when 
power supply selection is made. 
POWER SUPPLY LOADING EXAMPLE 
Select a Power Supply for a system con
taining the following: 

Giy Qesciotion yalua 

To provide power to the CPU and each 
I/O slot, select a power supply from" the 
vacie 1 or your application. 

Per AC power succlies the 120/21(3 Vclt 
selection is mace pv 3 umcar. Simpiv 
siace the jumper to ma ten the inout 
voltage. 

All power supplies are protected against 
overtcacs. 

cacn rack of a macular system requires a 
power suociv. 

Irnporianc The power supciv dees net 
•ecuire a slot in the rack. It simciv mounts 
:n rne ;art sice of the rack w.m two 
screws. 

POWER SUPPLY GUIDELINES — 

important: f/C modules containing relav 
rcntac: outputs require both 2iv anc 5V 
cower from the power succy. The tottaw-
•c acje :s used to determine the maxi-

cer of relay contact outputs 
•r succiy will succort. 

sr Accessories — See Page 223. 

336 

« cowefeo irom a sesaraie >4V 
cower soocs. Jie maximum manoer al fletav Comae: 

sa™ 381 CPU wunout die flS-a35 coated Csuoter. 
POWER SUPPLY SELECTION — 
l- Select the CPU and Modular I/O, 

then acd the current requirements 
•or eacn device from I/O Modules Ta
ble on Page 237. 

2. determine from the accve tacle the 
numcer of relays required for the 
system and wnether or not the svs-
idfTI U/iif ttsa>e •-e 

i0-3at flack 174S-A10 
1747-L5I1 0.250 liOV IS (N (746-IA1S 3 240 

fleay I6 0ut.... 174S-OW1S 0510 
mac IS Cut 174S-OA1S 0 370 

570 Amos. 
the Example, the iS-Peiav Contact 

Requirement drives the selection to a 
Catalog Numcer 1746-P2 Power Sucoly 
.-uture considerations for piactng this 
system onjhe PS-ias link will not be a 
proclem. me capacty of the P2 power SUOCIV S afwn^rt, 7 H er 

ALLEN-5RADLEY CO'.:$m 
Scneduie: HT a 



t 

% 

MOOULAR HARDWARE STYLE • SLC 5/01 CENTRAL PROCESSING UNIT (CPU) 
^ DESCRIPTION — 

-R- • - ——V'-*^ 

v**-^ r* — ' , j .c ; ...,, 

' 

* crx^v j;fj^r 

c **.-
"g fr"TTT "., 

-^;\^2*s2£»' i.V.i •——^».Tcr^^cT"."* ^y* 

The SLC 5/01 processors are available with a memory ranee of 1K or 4« of use 
ins t ruc t ions .  These  CPUs opera te  in  an  indus t r ia l  envi ronment  up  to  J -60°C. 

^*2* C^u;"U-Cpli€d W"h capac,tor pack-uo as standard and optional battery bac'< 
up. The 4K CPU is supplied with batten/ back-up as standard. 

Optional Memory Modules are also available. Refer to Page 328. 

Description Power Supply Loading 
At 5 Volts 0C 

Catalog 
Numaer Price 

user inauucian cscaotv 
0.3S Ampere 

1747-LJI t «2o 
0.3S Ampere 

user msinjcacn ooaoty 
0.3S Ampere 

I747-L5I4 • 570 

I/O MODULES 

—______ ^ AC .vtcauuss 

Oeecnpdon Number at 
I/O 

Power Supply 
Loading 

Umaereal 
Catalog 
Number Price 

3 Volts OC 

Catalog 
Number 

I00/120V 
A a.oas 17-IS-UM Stop 

AC i 0.050 I746-4AS US 
Inout 16 0.085 1746-iA 18 :*s 

2C0/24OV 
AC 

4 0.035 1746-444 | 90 2C0/24OV 
AC 3 o.aso I746-M8 | 145 

IS | 0.085 1746-4418 | 245 
Putcui (True! 

AC 
o.ias 
0.370 

I746-CA8 
;7A6-OAia 

0C MOOULsS 

2*a 
:AQ 

Input (Stfikl •>'» nr- I 3 | 0.050 I 1748-98 | 110 1 IS 1 Hint 1 .Tie 1 —1 
input iSourcai 24V CC 

' •' -q-oigi 4UU 
3 1 0.050 | l*4SiV8 | 110 

Cutout 
(T/anxutor) (Saw) I0/50V CC 1 1 0.125 I I746-CV8 I 14S 

Cutout (Tmnsaiert (Sourest I0/SCV CC 3 0.135 1746-caa 
1 4»U 

us 
nput 

(TTU (Sourest 5VCC t€ 0.070 1746-GI3 
Cuiout (TTU (Sin*l 3VCC ia 0.250 1748-03:5 

Q 

PSLAY MOOUL5S | 

Peiav Cutout IQ-25QV AC/10-I25V CC 4 I 0.045 I I746-CW4 I lis 1 Peiav Cutout IQ-25QV AC/10-I25V CC 1 1 0 085 | I746-OW8 " | 150 | 

Ca.VIAINATION MOOULsS 1 
:zi moui- ICO/1 20V AC <Z| Cuicut-Petay 4 0.030 1745-104 125 | 
(4) incui-ica/l<0V 

AC t ' CUIPUI—etav 3 0.050 1745-03 ' =0 
151 inout-:C0/lSTV „ AC '.®l Cuicut-Aetav 12 3 OSO 1748-OIZ 230 

11 v^ntac nearest Aaen-craoey Saiea Glfice :cr sncs ino avauacmy - See Pace 553 

OEaCSIPilCN — mere are four types 
of I/O modules availaole: 
• AC Incut and Output 
• CO incut anc Cutout 
• Relay Cutout 
• Combination Mccules 

i arminals on '.he mccules have saif-ifting 
pressure plates that acaecr two 
AWG wires. LEO indicators on the front of 
aacr. mccule display tne status of eacn 
I/O point. 

The LEO indicators illuminate when vait-
acs to an incut terminal is present or 
wnen the crccessor oammar.es an output 
to 5e energized. Seiec: any mix of tne 
mccules based on your application re
quirements. UP to 255 I/O maximum. 

ror Acaassories — See Page 328. 

& Discount Schedule HI.. '. '.;-:'ALLEN-5RACLEY-'c0.y^:^^<" 

a—u i "win i in ,i ii • aiiiiwm^TTLvL^ 
OCI 
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HAZARD NOTICE 

The equipment described in this manual requires 
a  s u p p l y  v o l t a g e  o f  1 1 5  V o l t s  A C ,  w h i c h  
represents a degree of hazard to the operating 
personnel. Additional wiring for optional remote 
equipment may also be connected to other sources 
of hazardous voltage, which then appears on the 
terminals of the weight processor. 

If wired correctly, the remote components (speed 
sensor and carriage assembly) have safe, low 
voltage on their terminals. The WP20 Weight 
Processor may have hazardous voltage on several 
terminals. 

It is the user's responsibility to obtain a qualified 
eIec"ician who should be aware of proper wiring 
p r o c e d u r e s .  U n d e r  n o  c i r c u m s t a n c e s  s h o u l d  
voltages higher than 115 VAC be wired into the 
Weight Processor. 
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INTRODUCTION 

I?nenI!,CW|EIGH Convey°r ScaIe was developed in response co an industry need for a simole 
economical macnine to accurately weigh material being carried by conveyo'r systems. '  

TECWEIGH's design objectives include: 

a> S^aTY '!J 411 aspects; manufacturing, installation, cabling, calibration, 
maintenance and repair. 

b) °f bearin*s' :ubber trunnions, knife-edges, or wear-points, while 
maintaining weather-tight, "all welded" construction. 

™ati°" °f "I *1* 1°ad^®IIs' freedom from "break-awav" counter-balances or special 
attention to avoid overload damage. 

d> Simniio°/Ji?ital signal levels to permit long cable runs without loss of accuracy and 
uncomplicated wiring with minimal hook-up points. curacy ana 

di!S|tfic,Rnl1 Pr°Ce3Sing With°ut "tnms"°r adjustments. Direct-reading, all-electronic 
displays without motors, mechanical counters, or adjustments. 

e) n£fi?Erer^UPply stabiI!2ation f°r accuracy even with regulated generator power 

and n!n! ! ' l"teRI! 'echnol°Sy » display and retain Total Tons indication 
, . c ir Pr°nram variables without batteries. 

n CaIibration height with manually or automatically-operated lifting arm. 
) -peed compensation to eliminate errors from variations in belt speed. 

SC4leS I '? availab,e in "singie-idler"or "multi-idler"units. Two, four, or six 

afbJlt 0r PfO^S'veiy more accurate systems bv reducing the adverse effects 
of belt tension, training and alignment. Therefore, multi-idler TECWEIGH scales are often 

P®""* °r ?V?re„c"dcal aPPHcations. All operating information given here pertains to 
either single-idler* or "multi-idler" TECWEIGH systems. 

°,f'.any convey°r 3cale requires proper alignment and idler modification, as well 

insta 11 atinn thYm"3° pr.0,?adlires- Although these instructions are adequate for a correct 
£' themore critical user may contact the factory to request the assistance of our 

trained neid engineers during installation and start-up. 

SCaleS ar® f-ISO '"cluded as an integral part of the TECWEIGH line of Weighing 

SSut •nilSlS-® Ze ,demical electronic parts and technology. Because the mechanical 
r»i ^in some resPecrs. some installation instructions will not appiv, nor will the 
calioration procedures necessarily be identical. 
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INSTALLATION 
PRELIMINARY 

2.1 The TECWEICH Conveyor scale consists or three main elements: 

b) The SpSd Sensor"161^ fndudinR the Storing Calibration Weight. 

c) The Weight Processor (electronics) 

tne shipment should be immediately inspected for damage and/or completeness. 

Installation consists of: 

b) Vlountm^o^h' r6  US6r 5 AWe,Sh IdIer and attachmem the Carriage Assembly. J Mounting or the Carnage Assemoiv onto the convevor structure 

theSS?™ ( strins"lin,nS '> or" the Wler along with the other idlers in the area of 

d) Installation of the Speed Sensor. 

S) 2Tle.n"nR °r the We'Sht Processor alon* any additional equipment used with th{ 

0 Running necessary wiring for power and signal distribution. 

Cant^ran^n^riB^hr^r5 pif'UStm5-"t /or Zfr0 (beIt inning empty) and Span (via Static 
cai brat on ECal!b"r.lon Cnam' or Weighed-Load tests). Additional check-out and/or 

ubration may be required tor remote equipment used in conjunction with the scale. 

°r* trained "eJd technidans wh° ready to assist with installation, 
as^stance.' cahora»on- Contact the factory for further information regarding start-up 

or'molVElnii THCWEIG"n' ,jsuaiiy Involves 4-6 hours under normal conditions. One 
mechanic's too'is"8 reqm '  pius the availability of a burning torch, welder, and necessary 

sev®ra' conditions which make it difficult or impossible to achieve a 
1 • havms S°od accuracy. One or more of the following items mav degrade the 
5 perrormance: '  

K! y®rtical curvature or "upturn" in the Conveyor. 
^ Mismatched, damaged or misaligned idlers. 

n GonveT°rs or any iack of rigidity in the conveyor's structure. 

a y  worn belt soiicas which join belt sections of different thickness or poor beit 
training. 

Lbs/Ft)^1"5 3xcessive veioci'ty, therefore causing very light loading (less than 10 

^ f:XC8ss've belt loading (exceeding 100 Lbs/Ft), 

g) -icirting or any restraint which interferes with beit flexibility. 

conveyor^abU i"tremes: (temperature, wind, water, mud build-up, vibrarion or lack of 

:<jf?ob Jwisters or Button Pushers" - unqualified personnel who make changes in 
v-aiioration or program variables. 

14 

d )  

e) 

i) 
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APPLICATION NOTES 

All TECWEICH Conveyor scales are manufactured to the highest standards to orovidt 
SrilZSd?n trHiiabilith 10 °fd!r t0 aChi6Ve performance,^arefut 
attention is required in the installation and application of the devices A few 
.«» are Ululated below: Consul, the Factory Kny or*.* condSn" are enloumeS 

AVOID 

a 
FIG. 3 CONCAVE OR 'UPTURNED' CONVEYOR 

^ ILVeUP^rcnedV°7.Ve^0r iS 0f the m°St dit*ficult conditions encountered in belt scale 
usage. It is virtually impossiole to achieve reasonable accuracv unless the scale can be 
mounted at least 8 idlers away from belt curvature. CONSULT FACTORY. 

avoio 

2.3.2 
FiG. 4 MISMATCHED OR POORLY ALIGNED IDLERS 

nnfrli16" mustJ5* iden»cal and in good condition. Often overlooked by users who are 
FACTOR^ W Convey°r scales, poor alignment guarantees poor results. CONSULT 

AVOIO 

JQL yy w rn yy yy yy 

11 
yv yy 

~~MT 
yy yy 

N 

FIG. 5 LACK OF RIGID STABLE CONVEYOR 

2.o.3 Good scale performance requires a strong, rigid conveyor. It must not flex or shift under load. 
\t!,irr-e"riilOUm conveyors snould be "cribbed" or blocked on timbers to avoid "soft" suoport. 
•NO caote-supportea conveyors. 
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AVOlO 

INSTALLATION 

TOO UGHT OR TOO HEAVY 

^ yv w 

F/G. 5 IMPROPER BELT LOADING 

chalfeed^nd^oarffno' impf0Ved by maintaining fairly constant loading Beit soeed mav be 
of 25-75 Lb/Ft Fnr? tneI'h°as u*ed which result in consistent loading in the optimum range or - /o Lb/Ft. For very light or heavy loading, CONSULT FACTORY. Se 

AVOID 

A 

F /G . 7 CONVEYOR TOO SHORT 

Eton" notdrte 'dl8rS Si,°Uld b« P™*** f<" S°°<I sc.le performance. 
ie into a snort conveyor as poor perrormance will result. 

HELPFUL HINTS 

a) 
b)  
c )  
a) 

s) 

f) 

S) 
h) 

i) 

Avofd s°te-ontrouS,hn;USe ? 'iRhter fa6lt' SP.3Ce the idiers wider' and run the belt 
Avom steep trougning angles ror oest perrormance. 

Avoid limoer-rollers", "offset roll" idlers, or "rabbit-ear- (2-roll) idlers. 

?roolems-  "Gtavi,y »•—*•««•»<* p"*«*» 

l evL"  of  IS id^5  " !he  id ler  th rou*h 8 ,1  

e0BVt-"*d ~MtW "« 

free ̂ ow^^tnateria^1"^ ^ °f the SCale' or anythinS which interferes with the 

cVc^eSin°LVSy0rS Presant additional problems. It is quite likelv that an AUTO ZERO 

inclination ./If '° f whenever the stacker is moved. If its angle of 
inclination is changed, a <tUTO SPAN cycle will then be required. 

above llThll„!!?" be ?rovided f'or «*««! applications. Screening should extendi 
and beiow the weighing area to snield from sun and preciDitation as well. 
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INSTALLATION 

MECHANICAL INSTALLATION 

used in"» *"•«««b. 
(including Weigh Idler) TECWEICH irS • . ? !r) repmres seven identical idlers 
ten idlers and a six-idler TECWEICH CJUde -matched idIers' ^CWEICH IV 
will yield poor results. TECWEIGH should '"dude a total of 12 matched idlers. Poor idlers 

Jtructur'^hIds  feconimended°thanecProvide clearance from the convevor 
tolerances'and i that this modulation be done at the factory, where tight 
- MS? ISS'S.SSSfieW modifi"don is redU"ad-—J°" 
sime idl'lS h!!v! t"i"'°W .ra..'"d'"'e difecti°n «' belt travel; be certain it faces correctlv 

square and 1̂?̂ ?̂  w'il, ĉ 'e'̂ rTcT/e, ££%£ 

FiG. 3 IDLSF MODIFICATION 

Installation of Weigh Idler (Refer to Figures 3 and 9) 

?oc«W " mUS' ^ SUDP°"ed on 3 '""""b f'-t surface during the following alignment 

a)  
b) 
c )  
d) 

e> 

0 

X) 

Cu"rd,?^ahg?dS?fSdf"':i' r°" ind mak8 1 punch ml"' 

The id'S if"°" IH'"8" re2'a"ment fes!: "W<:.h '*'*">? bolted onto the carriage. 
A convenient "h 1 ,e..9arria?e/ e*actly 26 inches on centers from the toraue tube. 
fa^-min. nn±mf rkI 'S "W iMide oi th« "" f°<» 'be carriage, which is 
shown. eciseiy the same center as the torque tube. Use carpenter's squares as 

£SJ5?]^eid idler t0 the new "feet' holdin* ±e *Hf*nnient to within 1/32 inch. 
A/tS >h?2i <'° id.ler exactly square with the Carriage Assembly. 
re-position thV viV di!fensions' ^ necessary, loosen the four bolts ana 

Z S a««mbly- Once this alignment is complete, the "feet" should be 
Muit^dW rrri/lcamaSs p,ates f? avoid chance of movement. 
same ifli T-CWEIG« scales are normally supplied with factory-modified idlers. The 
TECVEICH ri"S "I 7' Sh?uld be ne«ssary to install or replace idlers on a 
spacing a« u/aii r ° f1- unit. It is essential to maintain uniform idler spacing as well, on multi-idler scales. 
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ueAsune ro 
center op ~"~"j 

WEIGH lOLEfl 

E E H C H - f  \  
MARK 

2.9 
FiG. 3 LOCATING WEIGH IDLER ON CARRIAGE 

Determine the Weigh-Span. or spacing between idlers. It is desirable to set uo a scalp m 
^d7oreWe>ha""aJ Io£din* on the Wei*h Idier (Without overloading). Bv varying belt speed 

W lo^n*"n d««n »L the desired ranga 
rangi bel°W; " 15 aiwa^s better t0 work near th« center of The 

'TECWEIGH 
STYLE AND 

WIDTH 

TECWEIGH I 
(18- - 30") 

TECWEIGH I 
(36- - 48") 

TECWEIGH 
II. IV, VI 

(18" - 30") 

TECWEIGH 
II. IV, VI 

(36". 48") 

TECWEIGH 
n, rv, vi 

(60- - 72") 

MAXIMUM 
LOAD PER 

IDLER 

MINIMUM 
LOAD PER 

IDLER 

PREFERRED 
LOAD PER 

IDLER 

200 Lb. 
(peak) 

30 Lb. 
(average) 

73-100 Lb. 
(average) 

300 Lb. 
(peak) 

40 Lb. 
(average) 

100-2S0 Lb. 
(average) 

300 Lb. 
(peak) 

30 Lb. 
(average) 

100-200 Lb. 
(average) 

400 Lb. 
(peak) 

40 Lb. 
(average) 

1S0-2S0 Lb. 
(average) 

600 Lb. 
(peak) 

SO Lb. 
(average) 

200-400 Lb. 
(average) 

Sp€fddand carr^n* aPacity. Idler spacing must be uniform for aU^lers'in 
v. e wei„n section, including tnree approach ana three retreat. 

Calculate idler loading as follows: 

L(Pounds) a 2.78 (RMni Where: 2.78 rRUDl 
(V) 

L = Idler Load (pounds) 
R = Feed Rate (TPH) 
D = Weigh-Span (inches) 
V = Beit Velocity (FPM) 
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the head-puiiev It isTeferabTe- u rT.,d,^R *e loadin* area' and che «« ̂ ar 
 ̂̂  J: eis e 

THCWBGH 

FiG. JO REMOVE BELT FROM INSTALLATION AREA 

Installing the Carriage Assemolv onto the convevor. 
is W raiS-a the bait dear 0f" ^ "idIe« in the weigh section. A "cher-v picker* 
foo^wo fboTe the i3l«s neCSSSar7 '° 'OOSen ** beit tensioners and b,ockihe **t  a 

to°redu<-t»r^'dlerS Side 0f*the Scale- (For very short convevors. it mav be necsssarv 
SaCh «• »h«W improved by 

Sir;EUn? thS C8nt6r °f Sach r°ilec as shown for :he WeiSh Idler. Figure 8. 
under th^i^tntwruCed-Ure by temP°r"ily placing two 1/8" shims (total 1/4") 
under the feet or both the ^ ana -3 idlers, (one of the 1/8" shims will be removed 

b) 

c )  
d) 

FiG. 1J SHIM +3 AND -3 IDLERS J/4 • HIGH 



INSTALLATION 
•J 

e) 

0 

X) 

h) 

r£EF!r̂  
""""'"* •"*»»«"' "i,h ,he ̂ 'ibra.ion Weigh. down. 

wTrT trjrSS-a!ribly M ™q,uirBd to brin* its idler UP W  1/"" c l e a r a n c e  b e l o w  t h e  

f o u r e a r r i U J r C l r  J  ™  a S .  3  "  S 3 U R e "  t 0  V e " f y  t h e  c l e a r a n c e -  B e  c e r t a i n  t h a t  a l l  

w r i h  t h i  r n l l  r *  n n T  y  s ? p p o r t e d  ( w ' t h o u t  " r o c k i n g " )  a n d  t h e  c a r r i a g e  i s  s q u a r e  
d o w n  e y ° n .  . r  a  f o u r  f e e t  a r e  n o t  a t  t h e  s a m e  h e i g h t  w h e n  t h e  c a r r i a g e  i s  b o l t e d  

o r o « « a «  l n t 5  ° f  l t  -  m e t a l  f r a , m e  W M 1  0 C C u r '  i n t r o d u c i n g  e r r o r  i n t o  t h e  w e i g h i n g  
idlers. CafnaSe secureiy'  aliSning it at the exact mid-point between the "5 

fbSSeth5oli th^Vnwn6, SaHm,e V1-6' ciearance- usin* the 'feeler gauge' idea described 
sSS and thl ? • S y' * certain that the WeiSh-Span (D) is correct on both 
Welih Efi« f1 pu"ch'ma™s a« aii<?ned on the wire. It should be evident that the 
£itWn:?i'%2rV*- f1 idl8r3' fequire the *reatest care in their Positioning 
alio-nm-n/^m i"'VI '-" a"fn«on to alignment will yield goc 
alignment will guarantee poor scale performance. ; o o d  a c c u r a c y ;  p o o r  

0 » WEIGH-
SPAN 

BELT TRAVEL 

FIG. I2 ALIGNMENT PARTIALLY COMPLETE 

0 " specified above* aliRning all punch-marks and bolting 
everything lightly. Cneck again arter tightening the bolts. 
'fr^Vif6 Car-j,aR9 ana aI1 iciLers ar® secured in position, remove one of the 1/8" shims 
r.om the « !dlers. and re-secure the =3 idlers in their correct position. This leaves the 
When flat 0,?t^,e9n the =2 idlers- and i/1-®" n^ner than the =3 idlers. 

!  " • ^  a"a ldlers are correctly secured, a small tack-weld (1/4") should be 
e o eacn ialer toot, to avoid any possibility of their shifting out of position. On 

portao e conveyors, tack down all idlers to provide extra stabilitv and minimize 
conveyor twisnng. 
beh"runt'flnr!n6fht"-d repiac.e'ne.jfelt- Run the conveyor and adjust tension untii the 
oeit runs true in the center or the idlers. Be certain that all idlers in the scale area turn 
uaeiv rrom the pressure of the moving empty belt. 

IMPORTANT!!! 

PROPER InrvuBrST?nE3!Srn!-E STRONGLY ENOUGH THE IMPORTANCE OF AsSuI- J° ̂CEIVt THE ACCURACY YOU PAID FOR. AS WELL AS 
PROPER ALIGNMENT WARRANTY, PUT EXTRA EFFORT INTO ACHIEVING 

i )  

'<) 

i) 
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INSTALLATION 

Alignment or" multi-idler units (TW II. TW IV TW VTi fnllnu/ m,,,-h • J 

hSSSdV™1 ™ 
IS required, thererore the alignment procedure should be done even more carefully. 

mlnUn^yar«^Uliti"i,dl1er sca'es..wil! be proved bX suoporting the carriage in a symmetrical 
iTse??eauwTw'* I TW I  C i °r ® c°nvlv°r structure, as well as the scale structure 
ttselr causes the Weigh Idlers to deriect equally. The illustration also shows that additional 
misalignment error results from an asymmetrical support system. 

PREFERREO AI/QIO 

SYMMETRICAL SUPPORT UNSYMMETRICAL SUPPORT 

FIG. 13 PLACEMENT OF MULTI-IDLER TECWEIGH 

Stretch wires over the ± 4 idlers as shown, (or ±3 if inadeauate length is available. Longer 
alignment lengths improve the accuracy!). Use 0.040" music wire, so that verv high wire 
tension (J0 Lb) can be used for best alignment. 

HANOLS UP 

VIA" FEELER 
SAGE 

ft ft 

8EU 
73/JVEL 

m 2. 
-3 -i W -z 

FIG. 14 ALIGNMENT OF DUAL IDLER CARRIAGE 

Refer to the procedure described in Section 2.10, and bring ail idlers into exact alignment 
witnin si, j*. inch. Be certain that the Calibration Weights are being supported on the scale 
during tnis procedure, or otherwise load the scaie to its normai operating level. When 
evervtrung is exactly correct, tack-weld (1/4") the idler and carriage feet to avoid shifting. 

Note that the multi-idler TnCWEIGH's have center-punched "bench-marks" on the top 
f.^"a5e.0' t"e:r side-tubes, to facilitate accurate measurements to their toraue tubes and/or 
W eign-Ioiers. 



return belt 
TRAVEL 

2.13 
FIG. 15 STANDARD SPEED SENSOR 

Installation or" Speed Sensor Standard "tire" tvpe). 

t h e V l e T n a "  * •  " h i c h  i s  f r t a i o n  d r i v e n  b y  the Clean aiHo nf , L . iC *•»*«: o aiameter tire wtuch is rriction driven bv 
» thS. to lS- o«wLn r\J ' Un" 'S i«' behind .he scijw 

b) TS® c-floj c "a *rea cable can oe easily run into the carriage assembly 
should be olT/ed °" the  ̂aVOidin* ri«id COUple"' ***£ and Tickets. P 
minimum bounce Sr shock! °Ver; 3 retUm r°lier t0 run smoothly with 

C) fi"«r3 w'thSlLled the PiVOt tUbe"u^SeCUre the rod between *e convevor 
reswSithe W«r IS supp°rtea as shown- Attach end-checks on the rod to restrain the Sensor near the center or the belt. 
Shn!,i5ie int° the carria*e assembly using the water-tight fitting suoplied. The 

snould oe securea to avoid contact with the beit or flying debris. 

2.14 (Optional) Heavy-Duty Speed Sensor. 
3) 4e-dfUWnf t trT' aI^"S Whil stron*er sha» an<* bearings, allow the Heavv-Dutv 

dix^ b^ror annHri0306 m°re ThiS is beneficial for verv wet or 
hi ? or applications requiring ultimate accuracv. 

Drum'mi.'ir h ^ Drun\as shown below, ootaining'approximatelv 30" of "wrap". The 
Increase tension a n d / n  °" the Side °r" the belt t0 avoid =a*in* and build-uo. 
the stopped beit. Wr3P """ U 'S impossibJe t0 rotate the idler by hand against 

GREASE 
pitting RETURN 3fiLT 

TRAVEL 

FIG. 16 OPTIONAL HEAVY-DUTY SPEED SENSOR 
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FIG. 17 At tACH SENSOR ONTO DRUM ASSEMBLY 

c) After securing the idler drum as described above, the rotating Speed Sensor is installed 
-v * "^ten the damp screws securely, allowing 1/32" end-clearance. The Sensor 
body floats freely on the shaft: DO NOT restrict the Sensor rigidlv, or bearing damage 

may occur. " fi~ 
^ The Speed Sensor is provided with a coil-spring to restrain it nrmlv against its stop. DO 

U - °verio°k the for the restraint or operational problems could result. Use of 
' * , allows slight misalignment of the Speed Sensor so it is free to 
wobble", but its restraint must prevent rotation. DO NOT clamp the Speed Sensor 

rigidly, it must be free to yield to slight misalignment. 
e; Run the prewired cable into the carriage assemblv using the water-tight fittings 

supplied. Secure the cable to avoid contact with the belt or flying debris. 
f) Earlier TECWEIGH s were equipped with a shaft-mounted Speed Sensor, usuailv 

attached to a stub on the Tail-Pulley shaft. As with the Heavv-Dutv installation 
described above, the housing "floats" on its own shaft; the spring-loaded restraint 
prevents rotation, but permits slight misalignment or "wobble". 

Si The Belt Speed indication on the TECWEIGH 20 will compensate for different speed 
inputs or wheel diameters. See Section 5.11 for further information. 

FIG. 1a SHAFT-MOUNTED SPEED SENSOR 
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WEIGHT 

PROCESSOR 
FUNCTIONAL DESCRIPTION 

3.1 

J.Z 

3.3 

3.4 

j.o 

j.o 

j./ 

is a 4 
display. 

£rarIn«WEI5H, 20 WeiSht Processor (WP20) is a microprocessor based integrator that 
per%?med"ternifiv!ntif "•elechnolo*y- A" ?er°' Span anci Speed computations are 
associated with /„£« mic-°Pr°««or. which eliminates any linearity or drift problems 

Scwk7cHi%^rJ,ssjsECWE,CK sinsie-duji and <°<" »•» « •» 

n"c"e"on'*r?hbpo5llMie,d °n 'W° "*?* prin,ed circuit bo"ds- connected together via 
pr°or to solderine HiJh C°n"ec:ors- 5°mn°n*nts «e individually formed and crimA 
prior to soldering. High standards or workmanship along with reseated "burn in" IlV 
testing assure the best possible performance and long life. * repeated burn in aW 

dlSr^/?- "tilizes low P°^er' high intensity AlCaAs LED Displays. The Rate disolav 
nS Mode SavtfTir ?ISp a* display is an 8 digit, 1/2" seven segment di 

ne Mode Display is a 16 character, o x , dot matrix alphanumeric display. 

ori^afwnrth^V.Lb^^i"^CirCUi-imprOVementS lnd innp'ional changas from tha 
original WPIQ, the new WP20 easily retrofits into any existing Tecnetics scale system. 

A few differences and features are significant: 

^ Zrro*AnI!?'r ^ariier models, the WP20 has all automatic calibration, including Auto 
Mode Disniav"P-an* t9ther nevv reatures include an alohanumeric 

Dt.,sp.iy; FuI1.tim® ^ Diagnostics, High/Low Programmable Alarms, Dual Port 
tO-422 -erial Interlace, oelt speed calibration and ail Front Panel Controls. 

0) thle^L2rirCOrp°r^,e-S 4•Di^it?1 S'snal Conditioner circuit board, model ET20, inside 
ne scale Uarnage. This circuit ooard conditions the Soeed Sensor and Load Call signals 

s"andarHSR"u'7rmat a"d th®n transmits t0 the WP20. The WP20 uses the industry 
r-nt j , u senai mterrac3 to communicate with the Scale Carriage. This allows 
for distances between units of up to 4000 feet. 

C) The Totalizer value and Program Modes of the WP20 are stored internally and will be 
S w w n  r r ' j n ° U t  t h e  , U S e  0 t *  ̂ tte 'y oacic-up for 10^ years with no power applied to 

-u. Under normal use, this storage life should approach 20 vears. 

JnH rvnr'i S'Snai Conditioner. located inside the Scale Carriage converts the Speed Sensoi 
info ma* in ensor inP.uts m«o a digital format. This data, aiong with "status" ana "checksum! 
information are continuously sampled ana stored. 

periodically request data from the Signal Conditioner. The WP20 comoares the 
-POMOc-  VK calcuiai®Q cnecxsum data. If they are not equal, the WP20 will immediately 
iequesi the data again, i his procedure provides 100% error free transmission of signals. 
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3,8 ^WanH°nerr0rmS diKitTuCaicuiati<?ns based uP°n this data-  and ^en aoplies the Zero. 
Span and Damp settings. These calculated values reed the Rate Display, Total Disoiav, Soe»d 
Display and output terminals. ' ' 

FULLTIME SELF DIAGNOSTICS 

During power up the WP20 will automatically perform diagnostic tests of the electronic 
circuits and load cell(s). During this test the mode display will read self test and. if all 
systems are functional, immediately advance to the Run Mode, indicated by the Mode display 
reading tons per hour. If a malfunction is found while the WP20 is in operation, the Mode 
display will identify the error as one of following problems: 

3.9 

• zero belt speed 

• low power 

• interlock open 

• auto zero error 

• auto span error 

• scale data error 

• LVDT error 

- No belt speed signal available. 
Indicates a stopped belt or a speed sensor problem. 

- Low input power available to WP20. 
Indicates less than 95 VAC at power input terminals. 

- Connection between terminal 3 and 10 is open. 
The WP20's rate ana total displays will not function with the interlock 
jumper removed. 

- WP20 cannot achieve zero tons per hour. 
A load ceil(s) is out of alignment and must be adjusted. 

- Auto span cannot reach target rate. (Target is to high or to low) 
user set-up parameters are out of range. Consult factory for assistance. 

- Communication problems between scale and WP20. 
Indicates a problem with the wiring between the scale carriage and the 
WP20, an extremely low AC input voltage, a problem with the signal 
conditioner board in the scale carriage, or a problem with the WP2Q. 

- Improper load cell data. 
Indicates a load cell is drastically out of adjustment or a defective load 
ceil. 

TECWEIGH 20 FRONT PANEL CONTROLS 

3.10 l115.£rForat,.es. a Mode display to indicate the selected unit of measurement 
ootn KAit ana TOTAL. Units of measurement can be displayed in Tons, Tonnes, Pounds 

or Kilograms. This reduces the possibility of operator confusion.' 

J.U RATc DISPLAY - A large 1/2' four digit LED displays the rate of material passing on the 
conveyor belt. Rate is displayed as a unit of measurement such as Tons per Hour, Pounds per 
Hour, etc. 

3.1- TOTAL DISPLAY - A large 1/2' eight digit LED displays the total weight of material processed 
since the WP2Q was initially installed or reset. When calibrating a scale, the totalized value is 
^ ac^r '"t0 memory until the calibration cycle is completed. Therefore, unlike other units, 
i-!li T9^"9.d*sp'ay indicates only the material processed and excludes anv artificial 
totals causea by cahoration procedures. 

J.13 AUTO ZcRO - Used when it is necessary to fine tune the calibration of the scale while it is 
•-°f examP^e* when product build up on the belt causes a shift in zero). When the 

AUTO ZsRO button is held for 5 seconds, the WP20 assumes that the belt is empty ana then 
automatically zeros the RATE display. During the Auto Zero cycle, while the selected period 
or time passes (belt revolutions or minutes), the Mode display will read auto zero (wait), 

nee the Auto Zero cycle is complete the display will return to the preset mode of Tons per 
our. Pounds per Hour. etc. To cancel an auto Zero cvcie, just oress the RESET button to 

return to normai control. 
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3.15 

3.16 

3.17 

3.18 

3.19 

3.20 

J 

cal ibrat ion waigh,  has  been lowered .he  WP20 wil l  iuwmi™" »ca b^aT,f .  ,  ° ,7-  'hC 

seie^ed period of time (beit revolutions or minutes;. After following the directions in ph^ 

cancel V "nai{y ra,sinR the calibration weight, the Auto Span cvcle is complete To 
cancel an auto Ppan cycle. |ust press the RESET button to return to normai control. 

Wh°n 52 bS£,n ;,rerp?/nd^0ld the stoP„count bu»°" ̂  stop the totalizer from counting. 
tne bu"on »s released, counting will continue on the totalizer. 

TOTAL dis^av°theSRV^T*i?"^k display value. To prevent the accidental resetting of the 
occuVs. P •' 6 RESET button must oe depressed and held for 5 seconds before reset 

2^TtT^theApJ? SELE5T; Ho'di"K the FUNCTION button in for five seconds will allow 
between thm * Pr°Rra? M°de-, Push,nS the FUNCTION button momentarily will to—ie 
between the tons per hour display and the speed: xxx fpm display. 

NOTt. Upon entering the Program Mode the totalizer value is saved and the rate. totaW 

voS runnlni hou ̂  t-nrm,n!!ls are temporally disabled. If material is present A 
your running belt, it will not be recorded. 

?V0*T*m Mode- Press th« FUNCTION button to move forward through the ' 

bhci2?rXough ;SeBtod^REASE bU,t°n PreSSinS the »««•" 

be Ch"J?ed aPPears in th* Mode display, press the SELECT button to 

SSneScvSTuS?^ Thtnh"Ki-^?^nanRea- (MP°e vafjabies are indicated bv capitol letters or 
:"np*r* ^'5 moae vanaole will flash on and off. Use the INCREASE 
or DECRcASe outtons to change the highlighted mode variable. Once the new value is 
^N^ioN DertrPreSS Che FUNCTI°N butIon t0 locate a mode To changVoThold !he 
Not^hl?^l,n m r°-r "V® seconds t0 leave the Program Mode and enter the Run Mode. 

knat eacn moae maicates is current setting and any changes will be stored automatically. 

^nor^tnlrb6 Run Mode, the WP20 will automatically recall the TOTAL value and return 
to normal operation. Tne Moae display will return to tons per hour. 

«de-Cw»oonnirf l .Lhewr^Sru" 'V*00*12 '  ' he  Mode display wil l  read ei ther  s imulat ion:  OF? or  

SmiedbJS ' rJ8  bdlSpUy ffeads  code:  °00000 '  the  6  d i** lock code number  must  be  

a l low acbi  .0  Pro^L MobV "r°Sram m0dM' ,he  prPper  code wi"  ,hen 

ava^Ia^'e w.thtn^^WPZQ?16 dMcrip,io" °f 8ach of ,he functional program menu options 

simulation - P.oduces a simulated rate, speed ana total as if material were being run 
ru conveyor scale. Signal wires to carriage need not be attached. Used during 

r»™,aa?-n ° i opttonal equipment such as Cahart recorders, PLC's, feed rate controllers 
remote displays, etc. When simulation: ON, the rate zero and rate soan settings are^P 

* St°red mt? "lemory and wiI1 be automatically recalled when simulation: 
OFF is set or ov exiting the Program Mode. 

Variables: ON = Simulated rate, speed, total 
OFF = Normal Run Mode. 

I). 
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2). unit - Selects the units or measurement: tons, tonnes, pounds or kilograms. When 
changing t'rom an English unit (tons or pounds) to a Metric unit (tonnes or kilograms; 
the calibration weight, calibration chain, weigh span, belt length and the speed displav 
will automatically be converted to metric, and will be automatically converted back to 
English if an English unit is later selected. After selecting a new unit, an Auto Span 
cycle must be completed to calibrate the scale to the selected unit of measurement. 

Variables: TONS/HR = tons per hour (English) 
TONS/MIN = tons per minute (English) 
PPH x 1000 = lbs per hour x 1000 (English) 
L3S/HR =» lbs per hour (English) 
LBS/MIN a lbs per minute (English) 
TONNES/HR = tonnes per hour (Metric) 
TONNE5/MIN = tonnes per minute (Metric) 
KG/HR =» kilograms per hour (Metric) 
KG/MIN = kilograms per minute (Metric) 

3). cal factor - Sets the Auto Span calibration factor for various models. If a calibration 
chain is being used the cal factor should be set to .03 regardless of the scale model. 

Variables: .01 for WF11 weigh feeders 
.02 for WF10 weigh feeders 
.03 for anv scale model when a calibration chain is being used. 
.27 for WY10, WY20 or WY40 
.36 for WF4 or WF18 weigh feeders 
-54 for WY10 heavy duty or WY11 

4). cal wt - Used to enter the exact weight of the calibration weight. Entered in pounds 
when ENGLISH units are selected, 000.00 to 999.99 pounds, or entered in kilograms 
when METRIC units are selected, 000.00 to 453.59 kilograms, (see mode 2). This setting 
is critical to the accuracy of the Auto Span function. 

5). cal chain - Used to enter the weight of the calibration chain. Entered in pounds per foot 
when ENGLISH units are selected, 000.00 to 999.99 pounds per foot, or entered in 
kilograms per meter when METRIC units are selected. 000.00 to 148.79 kilograms per 
meter, (see mode 2). This setting is critical to the accuracy of the Auto Span function. 

6).* weigh spn - The exact on-center distance between first advance to first retreat idler 
from the scaie carriage, divided by two (weigh span). Entered in inches when ENGLISH 
units are selected, 00.00 to 99.99 inches or entered in meters when METRIC units are 
selected, 0.000 to 2.539 meters, (see mode 2). This measurement is critical to the 
accuracy of the Auto Span function. 

7).* belt len - Used to enter the exact length of the conveyor belt. Entered in feet when 
ENGLISH units are selected, 0000.00 to 9999.99 feet, or entered in meters when a 
METRIC unit is selected. 0000.00 to 3047.99 meters, (see mode 2). This setting may 
directly reflect the timing source of the Auto Zero or Auto Span functions. 

8). asc fact - For entry of the auto span control factor, 0.5000 to 1.5000. Used to adjust the 
Auto Span function so the scale system can be calibrated to agree with a platform scaie 
or any other type of scaie. To determine the Auto Span Control Factor, complete the 
following formula: Other Scale weight -r TECWEIGH weight x Auto Span Control 
Factor =» new Auto Span Control Factor. 

* Parameters that are not preset at the factory . They must be accurately entered by the 
customer before the initial calibration of the scale system. 
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revotutionTt^r'm r°CeSSOr WiJ' bu*gin tQ track for the P^selected time inierval (beh 
successful zero t ra ckil g cvcle the AUTO ZERO m ^W''' n ®hd 1"° trackinS- After a 

iSXXZSr KS 2££"ST. 
Zero Tr i l l -  ck l "X  the RATE display exceeds the AZT set point value, the Auto 
rate zero c W- A £Lnceled a.nd 7° adjustments would have been made to the 

setting. Setting AZT to 00 will disable Auto Zero Tracking. 

NOTE: Do not set the AZT level above your lowest normal material flow rate This 
«!«aor°W the.VVP;° to Z8r° the belt material still on it. If verv low feed 
rate_s or occasional material trickle are present in your process, do not use 

TO k on ^E^S/MINS • selects the zero tracking timing source When se* fo REV1? fh» 

Vanabies: REVS - Zero Tracking is timed on belt revolutions 
M1N5 " Zero Tracking is timed on actual minutes 

2'" *x "J{Sed to ?nt8r the nur"ber of belt revolutions (01 to 99} to be used 
val^o chn ?^VraciUn8,CyuCle- If the operator chooses to track on belt revolutions a 
va ue snouid be entered that will allow for a 5 to 6 minute zero tra^ing cvcie wh.'ch 
^e AuirZeiocVcle 1^™°' ̂  t0 ComPleteiy 8nW «d relax into place before 

z »o t x ^î nrVr̂ Sei t0 f?ter th.e number of minutes (01 to 99) to be used during a 
comnlnroiw a j ] se*tin£ or s or 6 minutes will allow the convevor beit to 
completely empty and relax into place before the Auto Zero cycle begins. 

lj)~ A^t'o'zef.f^?^1^?! " Se!ect* the A"to Zero timing source. When set to REVS the 
settin^and'tSnT fae timed on oeit revolutions, (see mode 14). The beit length 
cyclT" Whln ip' VZee&£!!! thf,nbe critical t0 the duration of the Auto Zero 
snp^ri »K A* WINS the WP-iO will Ignore the belt length setting and indicated 
speed, and the Auto Zero cycle will be timed on actual minutes, (see mode 13). 

variables: REVS - Auto Zero is timed on belt revolutions 
WINS - Auto Zero is timed on actual minutes 

U)" d»Hntn "V3v" Used,t0 enter the "umber of beit revolutions (01 to 99) to be used 
Sni rS Cy A Settins 0r" 2 0r 3 belt "volutions is recommended which 
will allow the WP.Q to store enough data for an accurate zero adjustment. 

l"}' T*?3 'r^5ud t0 ®nter tbe number of minutes (01 to 99) to be used during f 
that wifuifow for-tofi°Se^at°r cf100ses t0 zero on minutes, a value should be entered 
lllow hi WP^n ? b61t revoluttons to pass during the Auto Zero cycle. This will 
allow the WP^O to store enougn aata tor an accurate zero adjustment. 

12). 
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16). span on REVS/MINS - Selects the Auto Span timing source. When set to REVS the 
Auto Span cycle will be timed on oeit revolutions, (see mode 17). The belt length 
rlr l"dl"t®dcsPee,l^'il then.be critical to the duration or the Auto Span 
e " . en..^eJ . ^INS the WP..0 will ignore the belt length setting, and the Auto 
span cycle will be timed on actual minutes, (see mode 18) 

Variables. REVS - Auto Span is timed on belt revolutions 
MINS - Auto Span is timed on actual minutes 

span on xx revs - Used to enter the number or belt revolutions (01 to 99) to be used 
unng a Auto Span cycle. If the operator chooses to span on belt revolutions, a value 

emere^ 'hat allow for a 5 or 6 minute Auto Span cvcle. This will allow 
the WP2Q to store enough data for an accurate span adjustment. 

18). span on xx mins - Used to enter the number of minutes (01 to 99) to be used during a 
Auto Span cycle. A setting of 6 minutes is recommended which will allow the 
microprocessor to store enough data for an accurate span adjustment. 

19). rate dp - Sets the RATE display decimal point. Set to ONES when the maximum 
operating rate is greater than 100, set to TENS when the maximum operating rate is less 
than 100 ana set to HUNDS when the maximum operating rate is less than 10. An 
Auto Span cycle must be completed after selecting a new rate decimal ooint. 

Variables: ONES = xxxx 
TENS = xxx.x 
HUNDS = xx.xx 

20). rate damp - Enters the RATE damping factor in seconds of Averaging (01 to 99). A 
higher setting allows for a more stable RATE dispiav reading. Rate damoing does not 
ertect the TOTAL Press the STOP COUNT button to view actual rate. 

21). rate zero - This is the manual adjustment (-4999 to +4999) that is used to zero the RATE 
display. The Auto Zero function will automatically adjust the rate zero setting. This 
mode is most useful during LVDT alignment. Press the STOP COUNT button to view 
actual rate. 

Any manual adjustment made to the rate zero function will be over
written by the AUTO ZERO cycle, as required. This mode shouid oniv be 
used while balancing the LVDT sensors. 

22). rate span - This is the manual adjustment (00000 to 99999) that is used to manually 
caiiorate the scale system. This mode is most useful during the simulation: ON mode 
while calibrating optional equipment. Press the STOP COUNT button to view actual 
rate. 

NOTE: Any manual adjustment made to the rate span function will be over
written by the AUTO SPAN cycle, as required." This mode should only be 
used whiie calibrating WP20 outputs for remote equipment. 

). 'P881* ^P - Selects the SPEED display decimal point. After selecting a new SPEED 
display decimal point, the speed display must then be recalibrated to agree to actual 
conveyor belt speed, then an auto Soan cycle is required to calibrate the scaie to the new 
maicated belt speed. Press the STOP COUNT button to view the speed dispiav 

Variables: ONES 
TENS =» xxx.x 
HUNDS a xx.xx 



28). 

29). 

30). 

] setn'ng^ltows riiore stabTeVp^E?^a"l Pi"S ra"°r 'c seconds (01 t0 ")• A higher 
the TOTAL but°d^ Sp«* d^ping does not effect 
will resoond to rhJnUJ-J?» J £ display, m/amp output and HFR output 
display changes in belt speed. Press the STOP COUNT button to view the speed 

^ spid4 The inScatd « " • SPEE°, d£Spiay t0 a^ree wirh actual convevor belt 
value will thin rt!f - Speed/alueL1S cm,cal to Auto Span, any changes to the .peed 9pn 
belt «jeed PrLIhe STO? oKSJr h" C/de t0.':aIibJate the scale to the new indicated ucxi speea. tress the STOP COUNT button to view rhe speed display. 

' hio^rco^^ " E",!erS tbe mi"'amP damping factor in seconds (01 to 99) of averaging A 
higner setting w.ll provide for a more stable milliamp output signal. averaSm&" A 

27)' MrT2t«n£ lOOOQ ad,USt th® 4 mfIJiamp output at terminal 39. The m/amp 
setting wil? increase thif r "0t represe.n! actua» current. Increasing the m/amp zero 
the current. current at terminat J9 ana decreasing the setting will decrease 

m/amp .pn - Used to calibrate the 0 - 16 milliamp output signal terminal 32. ThJ 
P 3P« setting (00000 to 99999) does not represent actual current Inc-easine the 

will dfCTLy^r^rTenh"""56 ^ 3t terminai 32 and decreasing the setting 

averts ~J?'1** Ff,epuen^ Rate damping factor (01 to 99) in seconds of 
a eragmg. A higher setting will provide ror a more stable rate output at terminai 4. 

RATE dSr,"la^aI th® High Frepuenc^ Rate output at terminal 4 to agree with the 
A^ht? si7' Spn (0000° t0 99999) does not represent actual frequency. 
A higher hfr span setting will yield more pulses per second. 

31). total dp - Selects the TOTAL disolay decimal point. 
Variables: ONES = xxxxxxxx 

TENS = xxxxxxx.x 
HUNDS = X XXX XX-XX 
THOUS = xxxxx.xxx 

NOTE: mjNDl!ma' P°"" THOUS' th« :"e d«im»' Point must 

Whin ",ade ™j" e"ible Of disable down counting of the TOTAL disolay. 
RAT? d?«„SJiowiVfount: NO the totalizer will not count down (backwards) when the 
K.A1 c display is indicating negative. 

Variables: YES - enables down counting. 
NO = disables down counting. 

2 4 a n d V i )  " SeieCtS th® runcdon that Rela/ 1 wil1 perform when ENABLED, (see mode 

Variables: T?R - Total Pulse Repeater. (see modes 36 and 37) 
LXA - Low Rate Alarm. (see modes 38 and 40) 

A - High Rate Alarm. (see modes 39 and 40) 
HLRA - High/Low Rate Alarm. (see modes 38,39 ana 40) 
DsA - Low Speed Alarm. (see modes 38 and 40) 
ST c\ * 5?^ SP*®^.Alarm. (see modes 39 ana 40) 
flH3 - Hign/Low aoeea Alarm. (see modes 38.39 and 40) 
"AN - AUTO SPAN lower ana raise calibration weight output. 

33). 
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341 ^K-«Em ABL^rDISA3^E * ?5?fa'if or disable the outputs at terminals 16 and 17. 
If this mode is set to riy 1:ENABLED then terminals 16 and 17 mav be used for the 
selectea function. When set to rly 1: DISABLED terminals 16 and 17 will remain in 
their selected logic state, opened or closed. 

Variables: ENABLED = relay 1 enabled. 
DISABLED = relay I disabled. 

35)" J? \i°u8ic: N-°/N-C • This mode wiI1 seiect the logic of the outputs at terminals 16 and 
17. When set to rly 1 logic: N.O the contact at terminals 16 and 17 will remain open 
until the selected function is true. The exact opposite will be true when set to riv 1 
logic: N.C 

Variables: N.O =* normally open contacts. 
N.C = normally closed contacts. 

36). rly 1 puiae: xx - Selects the totalizer pulse durations at terminals 16 and 17. The pulse 
duration in seconds (.01 to .99) will determine the maximum pulses per second. For 
example when set to rly 1 puiae: .10 each totalizer pulse will last one tenth second, 
which will allow tor 9 pulses per second before the pulses run together. To prevent this 
condition from happening either reduce the pulse durations or select the next most 
signiricant totalizer digit to pulse on. 

37^ '  mnnnm ?Xaa !£ aaVJ i enuS inF  the TPR function' this mode will select the scaling factor 
(000001 to 999999) for the relay output at terminals 16 and 17. For example: when set to 
IfZiAs: 000010 a Pulse will occur at terminals 16 and 17 for everv ten counts on the 
TOTAL display. 

38). riy l low: xxxx - Low alarm setpoint (0000 to 9999) for Rate or Speed alarms. If Rate or 
Speed decimal piace has been set, it may be reflected in this setpoint as well. Low Rate 
and Speed alarms are activated by choosing the correct function of mode 33 an a bv 
setting mode 34 to ENABLE. 

39). riy l hgn: xxxx - High alarm setpoint (0000 to 9999) for Rate or Speed alarms. If Rate or 
Speed decimal place has been set. it may be reflected in this setpoint as well. High Rate 
ana Speea alarms are activated by choosing the correct function of mode 33 ana bv 
setting mode 34 to ENABLE 

40). riy l delay: xx - Deiay in seconds (00 to 99) before the relay contact will actuate after the 
selected alarm function is true. For example, if a low rate alarm (LRA) of 0050 TPH is 
set, but the alarm shouldn't go off until it has been under 50 TPH for 10 seconds, set riv 
1 delay: 10. 

41). rly 2 func - Selects the function that Reiav 2 will perform when ENABLED, (see mode 
42 and 43). 

Variables: TPR - Total Pulse Repeater. (see modes 44 and 45) 
LRA - Low Rate Alarm. (see modes 46 ana 48) 
HRA - High Rate Alarm. (see modes 47 and 48) 
HLRA - High/Low Rate Alarm. (see modes 46,47 and 48) 
LSA - Low Speed Alarm. (see modes 46 and 48) 
HSA - High Speed Alarm. (see modes 47 and 48) 
HLSA - High/Low Speed Alarm. (see modes 46, 47 and 48) 
SPAN - AUTO SPAN lower ana raise calibration weight output. 
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42). 

43). 

If "this moae^set^o BrivE 2; ̂ EN A 8°LED°t he°n d'sab,e theoutouts at terminals 18 and 19. 
selected output. When s^t to ,i v 2: n iL B?in • ''S, ̂ 0and 19 be used r'°r 
selected logic state, opened or closed erminais 18 and 19 will remain in their 

Variables: ENABLED = relay 2 enabled 
DISABLED a reiay 2 disabled 

£ 2Wh'en i"S!l 'he l0Bic of 'I* 3U"""S " 18 «-d 
until the selected function is true TK at term,nals ,18 and 19 will remain open 
logic: N.C ' exact opposite will be true when set to riy 2 

Vanaoies: N.O « normally open contacts. 
N.C = normally closed contacts. 

duratmnVn seconds?0l^o"99)'wtt1 de'« durati?ns at terminaIs 18 a"d 19. The pulse 
example, when set to riv 2 •i« « n T'"6 ?e maximum P"l«s per second For 
which will allow for 9 pulses per second before'th/n1" |PUiSe W,U laSu one tenth second. 
condition from happening eitherTedu«VhlI ? P? t0gether To Prevent this 
signiricant totalizer digit to pulse on. * duratlons or select the next mos^ 

(00000*1 Ihe scaling factor 

t'ŝ PT * P U IM  WM OC C UR  *• 18 •«-» & ̂ ~o:nTsV::s 

46'' SpJd'^S p^ac^^^"S?"'™a0v00biOr.9^, ?r **? " 5=«d ""™- t z™ 
and Speed alarms are acrivatprf hu -wZ ^ refl®cted in this setpoint as weil. Low Rate 
setting mode 42 to ENABLE. * osinf» the correct function of mode 41 ana by 

4/ '• z«9.991 Spesd autm5-,f ^" 

«"dngpmodd*,':™o SSSS*^'chiosin* 

^ selected'alarm re!a* «""•« «<» — •*« d» 
J3.bur d» alarm sh„uldn, gp^i^rT 

up*mod«^VVhen'set to VO Ae Mri '?-a110" '"e" t0 <ht interne. sot 
in the mode displav. When se> to' °.w ,SS . 'Jfff ^ uP m a d V .wiH .not appear 
modes will be accessible to the user. senai- YES ail or the senai interrace set up 

Variables: NO - Serial modes are not accessible 
YES = Serial modes are accessible 

The WP20 wtl l^Jdv^esoond m^co !m° ̂ 1°° identi"er r'or both Por? A and Port B. 
character Tf the received ciimminn ™ '^at "ave the corres?°nding Station I.D. 
Station ID charac-Pr will ai na rePuests aata to be transmitted, then the seiected -cation ID character will also oe transmitted along with the requested data. 
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transmitter' a^d re«*er°'EVEN ' Th,'S m°de WiH SeleCt the parit^ <0r se"aI P°» A 
Variables: NONE = No Parity. 

ODD a Parity type is odd. 
EVEN a Parity type is even. 

txa baud: - This function will select the baud rate for which the Port A tranwiirtP* will 
operate on. 1s Si'-

Variables: 300 a 300 baud 
600 • 600 baud 

1200 = 1200 baud 
2400 a 2400 baud 
4800 a 4800 baud 
9600 = 9600 baud 

19.2k a 19.2K baud 

A" wt"U: °° l° 19 " This mode wiH se,ect the data t0 automatically transmit out of Port 
' ' e" set t0 1x4 00» data will only be transmitted upon request from the host. 
When the txa menu is set to other than zero (01 - 19), the selected menu option below 
wm determine the data to be automatically transmitted everv tenth second, and all 
external data requests will be ignored. 

Variables: 00 a no command, data requests active. 
01 a transmit rate. 
02 a transmit total. 
03 a transmit speed. 
04 a transmit rate and total. 
05 = transmit rate and speed. 
06 » transmit average rate. 
07 a transmit average speed. 
08 a transmit average rate and total. 
09 a transmit average rate and average speed. 
10 = transmit status byte. 
11 = transmit rate and status bvte. 
12 a transmit total and status byte. 
13 = transmit speed and status byte. 
14 a transmit rate, status byte and total. 
15 a transmit rate, status bvte and speed. 
16 a transmit average rate and status bvte. 
17 a transmit average speed and status bvte. 
18 a transmit average rate, status byte and total. 
19 a transmit average rate, status byte and average speed. 

rxa baud: • This function will select the baud rate for which the Port A <-OCo,Ve- will 
operate on. 

Variables: 300 a 300 baud 
600 a 600 baud 

1200 = 1200 baud 
2400 a 2400 baud 
4800 » 4800 baud 
9600 = 9600 baud 

19.2k a 19.2X baud 
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transmitter and'r^e?vM?/EVEN " TniS tn°de VVlH s*lec: the Parity type tor serial Port 8 
Variables: NONE = No Parity. 

ODD = Parity type is odd. 
EVEN a Parity type is even. 

TpeMte o:n"Th,S mnCti°n WUI Seiect the baud rate tor which the Port B transmit wiU 
Variables: 300 = 300 baud 

600 = 600 baud 
1200 = 1200 baud 
2400 » 2400 baud 
4800 = 4800 baud 
9600 = 9600 baud 

19.2k = 19.2K baud 

B*bWhen'set to txb menuMffl1® W,!I se!ect the data to automaticallv transmit out or' Port 
When the ! h J ' W,U oniy be transmitted upon request from the host 
wiU Setern^^neThrd^raTn^0^" 'V (01 * l9'' the elected menu option bA 

' ,ranSmi"ed Ttenth "»"«• ««• 

Vanaoies: 00 = no command, data requests active 
01 a transmit rate. 
02 a transmit total. 
03 a transmit speed. 
04 = transmit rate and total. 
05 a transmit rate and soeea. 
06 a transmit average rate 
07 = transmit average speed. 
08 = transmit average rate and total. 
09 a transmit average rate and average speed. 
10 = transmit status bvte. 
11 = transmit rate and status byte. 
12 a  transmit total and status bvte. 
12 = transmit speed and status bvte. 
14 = transmit rate, status byte ana total. 
15 = transmit rate, status byte and speed. 
16 a transmit average rate ana status byte. 
17 a transmit average speed ana status bvte. 
1 8  a  transmit average rate, status byte and total. 
1^ ~ transmit average rate, status byte and average speed. 

operate on" 1 h'S func:ion wiI1 select the baud rate which the Port 3 rp^lvpr w,n 

Variables: 300 = 300 baud 
600 = 600 baud 

1200 = 1200 baud 
2400 = 2400 baud 
4800 = 4800 baud 
9600 = 9600 baud 

19.2k = 19.2X baud 
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59). 

60). 

lock auto zero: YES/NO - This mode is used to lock out the AUTO ZERO button 
)"V° "'0: TES--,t,1*n «" AUT0 ZER0 but,°" b° Stad.mS 

no. di Au.o zLrowS* " Mi"ed' UCk'ng AUT° ZEH0 bu,mn d°es 

Variables: YES = AUTO ZERO burton locked. 
NO = AUTO ZERO button unlocked. 

Whon tt0» !Paif"" YES/NO " This mode is used to lock out the AUTO SPAN button. 
entlliriV s: c auto .part: YES, then the AUTO SPAN button will be locked, 
entrance to Auto Span cycle will be disabled. 

Variables: YES = AUTO SPAN button locked. 
NO = AUTO SPAN button unlocked. 

61). Ick stp cnt: YES/NO - This mode is used to lock out the STOP COUNT button When 
set to: ick stp cnt: YES, then the STOP COUNT button will be locked. 

Vanaoies: YES = STOP COUNT button locked. 
NO = STOP COUNT button unlocked. 

62)' lock 'rlltl- vlslh? " m<lde iS v° IOCk °Ut the RESET button- When set 
Variables^' Jpj® W b« lo5ked and totalizer reset will be disabled, vartaoles. YES = RESET button locked. 

NO = RESET button unlocked. 

To reset the TOTAL display when the RESET button is locked: 

1. Hold the FUNCTION button 5 seconds to enter the Program Mode. 
i- Locate the lock reset mode and set it to lock reset: NO. 
t  S?eb-tton 5 seconds to return to normal Run Mode. 

Hold the RESET button o seconds to reset the TOTAL display. 
5. Hold the FUNCTION button 5 seconds to return to the Program Mode, 
o. Locate the lock reset mode and set it to lock reset: YES. 
'• Hold the FUNCTION button 5 seconds to return to normal Run Mode. 

6o). Ick code - This mode is used to enter the Program Mode lock code. (000000 to 999999), 
wrucn will disable access to ail of the Program Mode set up parameters. If a lock code is 
ente.e other than zero, then that same number will have to be entered upon entrance 
into the Program Mode. The Mode display will read code: OOOOOO. If the correct lock 
code is not entered within 25 seconds the WP20 will then automatically return to 

(ur^3SJnS the INC^P^SE or DECREASE buttons will reset the 25 
second timer). A Lock Code setting ot 000000 will disable the Program Mode lock out. 
allowing complete use of the WP20 without any code entry. 

If a Lock is entered ana cannot be remembered, no program changes will be 
jnjr butt?"s have been locked out. thev will remain unusable. Write the 

LOCX c_ode down ana keep it m a safe place. Verify the Lock Code number BEFORE 
leaving the Program Mode. 



ECWE1GH 20 Section i 
£ 

4 

4.1 

4.-

4.6 

4.7 

4.3 

4.9 

WIRING 
INSTALLING THE TECWEICH 20 WEIGHT PROCESSOR 

" h"' a"d Avoid arcs of bright 

NOTE; Where outdoorNation is necessary, the WP20 should be mounted under a 
the sun wZZ n . ST,de fam °r Snow P'°««ion as well as shade against 
sld. m ' °"'p 11,10 th* Sodom of the enclosure to avoid leaka»» from too or 

moun,ed caWe entrances. Allow room for the enclosure door » Jwmg™ 

"2 ^dbta'rioiTr^q^icds accM^to^biKh'unfts^ ^ in mi"d <ha' lho 

displav a, pea. distances, even though the *">£ 

'3 toct'onauTtrs'lgnaY?^ "P"?" t0 """P1-' »<••> '««' codP 
cabling. If conduct ?s fo be.nstaiiS 'C°,the WP2° are c°™adb'e with open 
enclosures to avoid damage durine'the irwafw-07^11 b<?^rclS shouid be removed from their 
dgh. fittings be used rro"„iaLn,̂ r„r„S;\̂ Ŝ Sa: 

aVaiftv^ni^^y^^^rnnnec^V^^ CabHn*™ ^ick-disconnects. In those cases, use high 
wired^hroueh the connrc4V« wen^hpfc-5370?"0"* ^is essentiai that che snieids are 
connectors fo*r your 5t0<*S a" "—"7 

need.not be ™nJn. conduit except where adjacent to high-voltage lines. 
Scale Carriage ^ prewirea w 10 te8t or cabie, usually enough to wire directly into the 

tested wS^?r'3-mMll0n^f from the SPeed SenjW' soiice using an 18 gauge or larg-
^cale CaTriaVe T-no6 ®1 ca°le'0dd°n 8760. The Speed Sensor is wired oniv to the 
Suit board* at6d Shl6la W'7e Sh°uld be c°""*«8d to terminal S of the carriage 

l£li^ w^lri? iSCiUdeS ^ Spe9d SenSOr input Cafaie and sisnai wires t0 :he WP20. 
e signal wires are a 18 gauge. 4 conouctor shielded cable, typically Beldon 9413. 

Jnirinrocc^^^0^ 'n ^Ca'e Carriage are intended to be used with weather-tight 
comamiiSSnn n S' Severe damaSs can result if these holes are left open to contamination or moisture entrance. y 

ooSo^r??.™^ inClUd6S conductor shieId8d signal cabie. AC power incut. and ar# 
Srabiei, T. i «0UIP«nent Wires snouid be pulled oniv into the bottom to avoid moistû P 
"pile ups'"' and insriat'e^ilshieias.0"" t0 Jermmais or to the Printed drcuit boards< avdd wire 

i s ^ t a i e a c h  C o n v e y o r  S c a l e .  E x t r a  c a b i e  
Carriage andX°hTwP20' Maximum rated distance is 4000 feet between the Scale 
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TERMINAL STRIP WIRING CODES 

4.10 Terminals H, N: 1 IS VAC 
VAOo*'140thVAC5 VAC input P°Wer termina,s- The WP20'S inPut p°wer ma7 range from 95 

4.11 Terminals 16-17, 18-19: RLV 1. RLY 2: 
fhe7eiCa°v ?Ve,a7 °UtfUtS fequire any 2 ""ductor 16 gauge cable. Do not wire 

* P°Wer dev,ces as the? are «te<i a* SOVA max. pilot duty oniv. 
controUeri and PLC'? c°ntact. 3uPPressi°n- Used with remote totalizers, ticket printers, load 
outputs. Y u high/low rate, speed and positive flow alarm 

4.12 Terminal 23: 28V 

Beldon'iiTvIn*" maximunV Requires 18 gauge 2 conductor shielded cable, tvpicailv 

S L S u ^ ' ° p , i o n a l  T E C W E I C H  r e m o , e  e q u i p m e t , t - ! u c h " l o a d  

4.13 Terminals 32-39: M/AMP output: 
•0U'Prt sisni: Ket""ces 18 *auKe 1 conductor shielded cable, tvpicailv 

Beldon S760. Provtaes , l,„e,r DC current source to teed chart recorders, process controllers'. 
e . outPut at terminal J2 tollows the indicated RATE displav. Either a 0-20ma o r  

damoinir'^u ^ &en®rated- Terminal 39 supplies a constant 4ma* output. Adjustable 
damping, (averaging), can be applied to smooth out rapid changes in current. 

4.14 Terminal 4: HFR output: 
Sffonr«-snn<7-Rate ?1utP.uf.si»nal- Recuires 18 gauge 2 conductor shielded cable, tvpicailv 
nanoseconds i^LT/t ^ a? lV®" disPla^d x 10 P^ses per second. Svdc pulses. 11 microseconds in duration. Used witn remote rate meters and PLC's. 

4.15 Terminal 1: RST input: 

terTinal- ,Raquires 13 ^uge 2 conductor shielded cable, 
tnminal 10 rSSet total^ef when momentarily connected to common. 

4.16 Terminal 2: POL output: 
87^0 Pp«iwtw°,i,tPUt siRna'' Re<?uires 18 gauge 2 conductor shielded cable, tvpicailv Beldon 
£&*£ PLC'S W de'Kt n8Sa,iVe «« <»»?"• 

4.17 Terminal 3: INT input: 
termi"aL Factory jumper to terminal 10. Otherwise use 18 gauge 2 conductor 

snieided caoie. typically Beldon 8760. Used to disable both the rate and total displays. 

4.18 Terminals 90-93, 94-97: PORT A, PORT B: 
inPu"/outputs. Half Duplex communications use 18 gauge 2 conductor 

shipiriori m6' ^^cally Beldon 8760. Full Duplex communications use 18 gauge 4 conductor 
fmS -he wp8ntyP y °n l4i8' Used W k h  PCs and PLCs t0 Sather rate and total data 

• using standard RS-422 communications. Remote calibration of the WP20 
may aiso oe accomplished via these ports. 
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WIRING 

4.19 Terminals 10, 20, 22. 29, «=• SCALE INPUT 

" V  W P M  , s  
1=2, 
to 4000- away tram Wpio " common,cat,ons. Scale carnage may be located up 

WARNING: 
WP:!0 a"d !h® S'*nal Conditioner should under no 

circumstances be wired to Earth Ground. It is the signal reference to the 
if ?h«e r the Print!d Circcuit boards" Permanent damage will result 

these terminals are wired to Earth Ground. Use the lower left h a n d  
mounting screw mside the WP20 enclosure for wiring to Earth Ground. 



field wiring diagram 

NQTESi 
1. CONNECT SHIELDS ONLY AS SHJVN. INSULATE 

SHIELD WIRES TO PREVENT ACCIDENTAL 
'SHORTS*. 

2. WATER-TIGHT COMPRESSION TITTINGS SHOULD 
BE USED TO AVOID MOISTURE ENTRANCE INTO 
ENCLOSURES. 

3. MAKE NO CONNECTIONS TO UNUSED TERMINALS. 
THEY ARE WIRED INTERNALLY. AND MUST BE 
LETT OPEN FOR PROPER OPERATICK 

4. ENCLOSURES SHOULD BE EARTH GROUNDED. 

"WARNING 

TERMINAL 10 AT THE VP20 AND SCALE CARRIAGE 
SHOULD UNDER NO CIRCUMSTANCES BE WIRED TO 
EARTH GROUND. IT IS THE SIGNAL COM<X TO THE 
INTERNAL CIRCUITRY ON THE PRINTED CIRCUIT 
HOARDS. PERMANENT DAMAGE WILL RESULT IF THESE 
TERMINALS ARE WIRES TO EARTH WOUND. USE THE 
LOVER LEFT HAND MOUNTING SCREW INSIDE THE 
VP20 FOR WIRING TO EARTH GROUND. 
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CALIBRATION 
GENERAL INFORMATION 

SSST1 MCMOn 3 21 With " ",eriSfc n- --'""oTrecUh;em^57oT p7o~U 

INITIAL CALIBRATION AND OPERATING INSTRUCTIONS 

£?ral« the WP20 ere cempieted end 
scele. Scefe calibration procedures, es Usted'^sec-ilfn5-''eS"e "-'V',""5 ,0 calihrete the 

or^ondi^r'ceiibrethrn.5 h*"* *" "» 4» V!'US? 

tL s ;  s  gtssrn e s d  ° n l y  c ° n < e ™ h i m s a , f  - i t h  i h e .  

• Auto Zero 
• Auto Span 
• Stop Count 
• Reset 

Zer^and AVuto Spfn?in a^Ii°daTto^ °™y USe th* firSt tW0 buttons (Auto 

AUTO ZERO (AUTOMATIC ZERO) 

SsB&a^^S^Mmtxsuxsst 
belt is empty he should: conveyor beit. Once the operator determines that the 

^ read'hold^to ZER° but-t0n iorJ seconds- (note: the Mode aisoiav will change to 
is not nlllow aunng the o seconds the button is pressed. If the AUTO ZERO button 
Mode) r°r ^ seconas, the WP20 will automatically return to normal Run 

When the Mode display changes to read auto zero (wait) the operator must then wait 
Once fhePA cvHlnterval (beit "volutions or minutes) has elaosed. 
normal Run V the WP2° Wil1 automaticallv return to the 
000 If if' > I Ptay W'U fead tans P« and the RATE will read 
.loSSS ai"2 Zer° er"r' then the !oad celIs have be9n determined, 
alignment) J " t0 "all*ned (see Sections 8.13 or 8.14 on LVDTI 

besn mace- p;MS ,DE RE3ET *•»»» 

5.4 

b) 



j CALIBRATION 

f 

5-5 AUTO SPAN (SCALE CALIBRATION) 

3) w"d ?PAN button f'or 5 seconds and follow the directions in the 
Mode display. (NOTE: the Mode display will change to read hold to span during the 5 
seconds df.WPM ALTo° S?AN butt0n is not depressed for the full 5 seconds, the WP20 will return to normal Run Mode;. 

b) !Iieuthe Mude reads Iower caI wei«ht proceed to the TECWEICH scale carriage 
and ower the calibration weight. After the calibration weight is lowered, the RAIT 
display must be indicating greater than 50 units (0050, 005.0 or 00.50) before the 
thLCn 50rnn?^S°r recognize the calibration weight. If the RATE display is not greater 
tnan oO units, increase conveyor belt speed. 

C) 5^ce the "libration weight is in place, the Mode display will change to read auto span 
ravVi "»• 6 °P®rator rnust now wait until the preselected time interval (belt 
revolutions or minutes) has elapsed. 

« ShJj ?Ut° >ipan cyde hM®nd®d-the M°de display will change to raise cai weight. 
WP^S wui then ae.0perat°ii d d° °nCS the calibra«°n is raised the 

wUI then automatically return to the normal Run Mode. 

e) No further actions are required by the operator as the calibration cycle is now complete. 
STOP COUNT 

Jtoo biusefuI during manual calibration. Pressing the STOP COUNT button will 
totalizer from counting, thereby freezing the TOTAL disolav. The Mode disoiav will 

normal " St°P count- When the button is released, totalizer operation will resume as 

d) 

5.6 

RESET 

5.7 
and thSviod. t0 re?,?t Lhe current value in the TOTAL display. Press the RESET button 
h-M ^ display will change to read hold to reset. The TOTAL will stoo counting. If 
22 Trrfa r5?00" • totahzer Wlil be cleared to zero. Releasing the RESET button allows Ule 1UIAL m MntYnna the TOTAL to continue counting 

CURRENT OUTPUT CALIBRATION 

5.3 

-.9 

(rT/.amP> signal consists of two output terminals. 32 and 39. Terminal 39 is a 
£22? milliamp output signal and terminal 32 is the 0-16 milliamp output signal. 

a lumper wire across these terminals will provide a 4 to 20 milliamp output signal. 
t mprr° mo 1S used to adjust the 4' milliamp signal and the m/amp spn mode is 

usee for calibrating the 0-16 milliamp signal. 

Ternunai 10.is common (negative) reference to terminals'32 and 39. 

cXAMPLE #1; A 4-20 milliamp signal can be calibrated to follow a Q-600 RATE by: 

a) Install a jumper wire across terminals 32 and 39. 
*?> ™|liamp,test meter red lead to terminal 32, black lead to terminal 10. 
d) AH FUNCTION button for 5 seconds to enter the Program Mode. 

iV~Vance *° m/amp zero mode and adjust its setting for a 4 milliamp output signai 
at terminals 32 and 39. 

e) Locate the simulation: OFF mode and change it to simulation: ON. 



5.10 

CALIBRATION 
* 
-r 

0 

%) 

h) 
will 

Mode P 3lue W]U retUrn a"^m«ical!y after returning to the Run 

tZ™nlu;<^7L?3%?n°2Td adiUSt M"'nB *» 1 20 -««-P •«*« <«™ * 

^^hh;j™s°^r,o^:,L;rrnd5 to re,urn ,o normai Run M°da- ™* 

You are now ready to run. 

EXAMPLE *2: A 0-20 milliamp signal can be calibrated to follow a 0-400 RATE bv: 

a) Remove the jumper wire from terminals 32 and 39 

Hold'to FUNCTION'bum! led'"d '° -ern,inai 22' Wadt laad 10 ,e""inal I0-rioia tne fUiNC.TION button ror s seconas to enter the Program Mode 
Change simulation: OFF to simulation: ON 

Anv change mLlVn Z'L™** itS Metin* t0 «et 400 Rate disolai 
The nri»in3 . ,e pan wh,le the Simulation mode is ON will be temoorar-' 
Mode. " ,pa" va,ua Wl" return •""""tically af.e, re.utni„s toThe Ro|, 

" tSSSSJijl m/a°'P 'P" m0de and adiust i,s ' 20 milliamp output signal 

S .-Ld.Le^SSS^u,^rdLu"ndS '° re!Utn t0 n°rmal RU" Moda' Thia 

You are now readv to run. 

c) 
d) 
e) 

SPEED DISPLAY CALIBRATION 

5-U 

5.12 

WP2Q h« bPe^fconf.wiiahhe °peration and accuracy of the TECWEICK Scale Svsrem. The 
indicatedbeit'snSE ^ upon the aata received for your application. Should the 
data, soeed wheel wear chang?of^nrrH*!il speed tor anY reason, (misenterea soeed calibration 
VerifvinTthe e^beli J P type' etc'' ̂ °ss in accuracy could result, 
the VVP20. correcting any errors can be done quickly and easily with 

fo^Vd^Ltx ft^NrTrhN butt0" t0 change (he Mode display to read convevor belt soe»d-
completed as foiioSt: SP*ed diSpUy to aSrea to actual conveyo'r belt speed is 

3) wftM lie ̂ e tti n^^*t he^ e^1^= EXACT beit le"**• If this len*th diffe" 
ahebelt len mode, enter the new value. Time 5 exact revolutions of 
:" nn®,. a s*°P.wa£cn. Diviae the total number of seconds bv 5 to <"t the exac* 
achieve feet oe- s^ nnri'' M T I  len,?th in feet by the secon,is Per revolution to acmeve reet per second. Multiply by oO to get rest per minute. 

^'-AMPLE: Actual belt length = 553 feet 
Time for 5 revs - +25 seconds (7 min, 5 sec) 
Time for 1 rev = 85 seconds (425/5) 
feet per second = 558 feet/85 seconds 

= 6.5647 feet/second 
feet per minute = 6.5647 feet/second X 60 seconds 

= 393.9 feet/minute 
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CALIBRATION 

b) 
O 

d) 

Hold the FUNCTION button tor 5 seconds to enter the Program Mode 
with th?* V'T 9P" m°df and ad'USt its 5ettinS unt1' ^e speed displav exactly agrees 
display) Speed" (Pre» che ^TOP COUNT button m v^w ^peed 

Hold the FUNCTION button for 5 seconds to return to normal Run Mode. 

You are now readv to run. 

HFR OUTPUT CALIBRATION 

3'13 ,r,in*i*p""idM»°cp«i« 
completed asiollows: Caltbrattng the HFR output to agree with RATH display is 

a) Hold the FUNCTION button for 5 seconds to enter the Program Mode 
Change stmuiation: OFF to simulation: ON. 

C maximum'on^t"1* SP*n £.°de a"d ad,ust its setting until the RATE displays equals 
reining toThe RuS Mode V*lu€ ^ r6tUrn somatically after 

a,' sssr1 ,he Remote Ri,e Indica,oc (wired FUNCTION button for o seconds to return to normal Run Mode. 

You are now readv to run. 



6.1 

6.: 

C) 

d) 

KJU / ru I 
RELAY FUNCTIONS 

compSyTdê  con,ac,s' Th"e '•'?!' »• 

^rovjdedTy^WpT'R^""',0"5' i^St'feoS 
i7-whue Reuy 2 usm 18 -d 

PROGRAMMING RELAY OUTPUT TO BE A TOTALIZER PULSE REPEATER 

a) Hold the FUNCTION button tor 5 seconds to enter the Program Mode. 

b) Advance to the riy 1 func mode and set it to riy 1 func: TPR 

Press the FUNCTION button to advance to next mode; Set riy l: ENABLED 

Press the FUNCTION button to advance to the riy l logic mode. 

iTrSn^ °UtpUtS- When Set t0 1 lo*ic: N-° "ntact at 
rnnTJil -II U . remain open until the totalizer scale setting is true The 
eiTonnoi^nl036 for the pr0^rammed d««tion. and then open again. Tne exact opposite will be true when set to riy I logic N.C »*<""• ne 

e) Press the FUNCTION button to advance to riy l pulse mode. 

de-e-mi^e th™,^ P"iM durations at finals 16 and 17. The pulse duration mav 
each ",®rftax,muni P«"s« Per second. For example, when set to riv 1 pulse: .10 
pulses^rMtoL«S0n? te SeCOna;- ThiS WiH allow r'or 9 ?ubes *cond before the 
deration*Vr JLEiTl T° Prevent thls condition from occurring, reduce the pulse 
durations or select the next most significant totalizer digit to pulse on. 

0 Press the FUNCTION button to advance to the next mode, riy 1 ts: xxxxxx 

examnl1° ^ t0taiizer scaie r*actor r*or whic* terminals 16 and 17 will pulse on. For 
TOTAL. ' en set t0 ^ * t8: °°0020 the pulses will only occur on every 20 counts of 

%) Hold the FUNCTION button for 5 seconds to return to normal Run Mode. 

You are now ready to run. 

PROGRAMMING RELAY OUTPUT TO BE A LOW RATE ALARM 

a) Hold the FUNCTION button for 5 seconds to enter the Program Mode. 

b) .advance to the riy 1 func mode and set it to riy l func LRA 

c) P.ess the FUNCTION button to advance to next mode; Set riy I: ENABLED 



d) 

0 

Press the FUNCTION button to advance to the riy l logic mode. 

Selects the logic of the alarm output. When set to rlv 1 logic: N.C the contact a 
WherTset o ^lv i I wd°Sed the RATE falls beiow the riv 1 Iow *tpoim 
the HAT? e ii' 11 uC: ^ \ contact at terminals 16 and 17 will remain open until the RATE falls below the riy 1 low setpoint. 

e) Press the FUNCTION button to advance to the riy 1 low mode. 

SreSmnll5 XMt*° ̂  * l°W f°r Which the aJarm outPut wil1 
sho.fw 2?%, . U™re^ireS.tn a-amT outPut when the RATE falls below 75 TPH he 
is later selected °the aoerawrwn ?ecima' Point or a new unit ot' measurement 
wfiJ i t °Pera1tor wouid then have to re-enter a new riy 1 low setpoint to 
reflect the cnange that has been made. appoint to 

Press the FUNCTION button to advance to the riy l delay mode. 

.u USed t0 Pro&r.am in a "delay on operate" for the alarm outout For 
belw the llvVlow3^!" r8qUir!S a del^ oi 45 seconds after the RATE falls and remains 
? tne "y 1 Iow setpoint, he should set riy 1 deiav: 45 If the oneratnr 
instant response he should set riy 1 delay; 00. T operator wantea an 

g) Hold the FUNCTION button tor 5 seconds to return to normal Run Mode. 

You are now ready to run. 

PROGRAMMING RELAY OUTPUT TO BE A HIGH RATE ALARM 

a) Hold the FUNCTION button for 5 seconds to enter the Program Mode. 

Advance to the riy 1 func mode ana set it to riy 1 func: HRA 

Press the FUNCTION button to advance to next mode; Set riy 1: ENABLED 

Press the FUNCTION button to advance to the riy l logic mode. 

f«^i«h?al0R!fi°T thM i U t m  outPut* When set to riy 1 logic: N.C the contact at 
Whent* >„ a. , , ^ C1°Sed Until the exceeds the rl7 1 ̂  setooint. 

R ATT u8*? contact at terminals 16 and 17 will remain open'until 
the RATE exceeds the riy 1 hgh setpoint. 

e) Press the FUNCTION button to advance to the riy 1 hgh mode. 

This mode is used to enter the high setpoint for which the alarm outout will activate, 
por example, it the user requires an alarm output when the RATE exceeds 873 TPH he 
measurement1^8*11 ^873'^ ^ote- a RATE decimal point or a new unit of 
measurement is later selected, tne operator wouid then have to re-enter a new riv 1 
ngn setpoint to reflect the change that has been made. 

Press the FUNCTION button to advance to the riy 1 delay mode. 

JxamlTia**8#lSwUSed t0 Pro£ram in a "delay on operate" for the alarm output. For 
example, if the operator requires a delay of 15 seconds after the RATE exceeds and 
remains above the riy 1 hgh setpoint. he should set rlv 1 deiav: 15. If the operator 
wanted a 10 second delay he shouia set riy 1 delay; 10. 

b) 

d )  

f) 
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b) 

cj 

S) 

*) Hold the FUNCTION button for 5 seconds to return to normal Run Mode. 

You are now ready to run. 

PROGRAMMING RELAY OUTPUT TO BE A HIGH / LOW RATE ALARM 

a) Hold the FUNCTION button for 5 seconds to enter the Program Mode. 

Advance to the rly 1 func mode and set it to riy 1 func: HLRA 

Press the FUNCTION button to advance to next mode; Set riy l: ENABLED 

d) P. ess the FUNCTION button to advance to the rly l logic mode. 

alafm °,UtP^- ^hen SSt to tl? 1 Io»ic: N-C the contact at 
or untfl the rats # r,emfin c.Josed u"tjI the RATE falls below the rlv l low setpoint 
contact at terminals'16S? frlf 1 8- »«tpoint. When set to rly 1 logic: N.O th-
setpoint or untii Z *££?£££ Ih^yT/h ?££ &"S "" ̂ 1 V 

e) Press the FUNCTION button to advance to the riy 1 low mode. 

F^amo6!* if'tht us !?" l0W SfP°int f°r Which the alai™ °^put will activate, 
should St rlv 1 lo JcSLs qwrfS D™ jUtFut when the RATE falls below 35 TPH he 
is later selected •he" "M deamaI pomt or a new unit of measurement 
totS:'se„t'trhi"b«nw°ride.then n'v*»*»>» » 

0 Press the FUNCTION button to advance to the rly 1 hgh mode. 

Fo^eSamoie 1?!?.'° ^ h'*h S?tpo<nt at which the aIa™ output will activate. 
should St ifv l hil.U«SeSre^,reS- -n tlarm,0UtpUt When the ^ e«esds 450 TPH he 
is fate* Swi it \ate dedmal poin£ or a unit of measurement 
rofloc" ôl'hen '° 3 1 h»h -

Press the FUNCTION button to advance to the rly 1 delay mode. 

ISmSflel?! USSd t0 proSrain in a "delav on operate" for the alarm output For 
bSoS?the rlvVloSaSme?UireS 4 ?6iay- °r"o° ̂ onds after the RATE falls and remains 
hah setnoinr* ho e- 3®5point or when tne RATc exceeds and remains above the rlv 1 

frit"' rly 1 M- If *he •"">«< - "»•«« response 

h) 

he should set riy I delay: 00. 

Hold the FUNCTION button for 5 seconds to return to normal Run Mode. 

You are now ready to run. 

PROGRAMMING RELAY OUTPUT TO BE A LOW SPEED ALARM 

a) Hold the FUNCTION button for 5 seconds to enter the Program Mode. 

b) Advance to the riy 1 func mode and set it to riy 1 func: LSA 



3 OUTPUT 
if 

c) Press the FUNCTION button to advance to next mode; 5et riy l: ENABLED 

d) Press the FUNCTION button to advance to the riy l logic mode. 

|he1i°Ri!40,Vh®niarm output- When set t0 rIy 1 losic: N.c the contact at 
terminals 16i and 17 will remain closed until the SPEED falls below the riv 1 low 
ooSi0unt'il JhJwHn'? nyk f°sic:Nl° thie contact at terminals 16 and 17 will'remain open until the 5PEcD falls below the riy 1 low setpoint. 

e) Press the FUNCTION button to advance to the riy 1 low mode. 

ESS««^ilS vSid t0 emef l 0W s *t p a i n t  for which the alarm °u»™t will activate. 
5 example, if the user requires an alarm output when the SPEED falls below 1- F?M 
he should set riy 1 low: 0015. Note, if a SPEED decimai point or a metric u'nit of 

easurement is later selected, the operator would then have to re-enter a new riv 1 low 
setpoint to rerlect the change that has been made. 

f) Press the FUNCTION button to advance to the riy 1 deiay mode. 

This mode is used to program in a "delay on operate" for the alarm output. For 
hSZ!2\u t,e°,perat0r repuirf a delay of 45 seconds after the SPEED falls and remains 
below the riy 1 low setpoint. he should set riy 1 delay: 45. If the operator wanted an 
instant response he should set riy 1 delay: 00. 

g) Hold the FUNCTION button tor 5 seconds to return to normal Run Mode. 

You are now readv to run. 

PROGRAMMING RELAY OUTPUT TO BE A HIGH SPEED ALARM 

a) Hold the FUNCTION button for 5 seconds to enter the Program Mode. 

b) Advance to the riy 1 func mode and set it to riy 1 func: HSA 

c) Press the FUNCTION button to advance to next mode; Set riy I: ENABLED 

d ) Press the FUNCTION button to advance to the riy 1 logic mode. 

Selects the logic of the alarm output. When set to riy 1 logic: N.C the contact at 
terminals 16 and 17 will remain closed until the SPEED exceeds the riy 1 hgix setpoint. 
. * * loSic N.O the contact at terminals 16 and 17 will remain open until 

the 5PEED exceeds the riy 1 hgh setpoint. 

e) Press the FUNCTION button to advance to the riy 1 hgh mode. 

This mode is used to enter the high setpoint for which the alarm outout will activate. 
For example, if the user requires an alarm output when the SPEED exceeds 100 FPM he 
snould set riy 1 hgh: 0100. Note, if a SPEED decimal point or a metric unit of 
measurement is later selected, the operator wouid then have to re-enter a new riy 1 
hgh setpoint to reflect the change that has been made. 

0 Press the FUNCTION button to advance to the riy 1 deiay mode. 



a) 

b) 

c) 

d) 

/ OUTPUT 
•m 

examplefiF th^op^raro'/r^qui'res'a^Jeilv'oV ?5 second'^a "t°r ChS cr>Vvrt°uti'ut' F°< 
remains above .he rlv ! h^h smVoimhVshouiTw" ,lv1 
wanted an instant response he should set rly 1 delay: 00. ' operator 

JO Hold the FUNCTION button for 5 seconds to return to normal Run Mode. 

You are now ready to run. 

PROGRAMMING RELAY OUTPUT TO BE A HIGH / LOW SPEED ALARM 

Hold the FUNCTION button for 5 seconds to enter the Program Mode. 

Advance to the rly 1 func mode and set it to rly 1 func: HLSA 

Press the FUNCTION button to advance to next mode: Set rly 1: ENABLED 

Press the FUNCTION button to advance to rly 1 logic mode. 

Selects the logic of the alarm output. When set to rlv i v r A 

e) Press the FUNCTION button to advance to the rly 1 low mode. 

F^'eSimoli5 Iff!'0 amer 'he l°W **><"•" which >he alarm output will activate, 
he a th« SPEED fails below 33 F?M 

,  iNOte .  i f  a  SPEcD aecimai point or  a  metric unit of  
S'Do^^erli 3the StieCted' the °0erator wouid th«n Have to re-enter a new rly l low 
se .point so seriect the c.nange tnat nas oeen made. 

Press the FUNCTION button to advance to the rly 1 hgh mode. 

F?rSeSmoilS t0 8nter W*h S€t?oint at whi<* the alarm outout will activate, 
ror example, ir the user requires an alarm output when the SPEED exceeds 450 FPM he 
shouia set rly 1 hgh: 0450. Note, if a SPEED decimal oolm or a metric uniJ of 
h * h 1 5  V 6 r  s ® l e c i : e d '  t h e  o p e r a t o r  w o u i d  t h e n  h a v e  t o  r e - e n t e r  a  n e w  r l v  1  
hgh serpoint to reflect the change that has been made. 

S) Press the FUNCTION button to advance to the rly 1 delay mode. 

L^m^lelf th*UnSed t0 pr0J?ram in a, "del*y on operate" for the alarm output. For 
befowth'J rlv i ,P ator requires a delay of 59 seconds after the SPEED fails and remains 
v L . y * or wnen the SPEED exceeds and remains above the rly 1 
s^uld^etdy 1hedeTa°rUi10.Set * 1 ̂  39' If ~a™d a «> — 

h) Hold the FUNCTION button for 5 seconds to return to normal Run Mode. 

You are now readv to run. 

0 
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OUTPUT 

PROGRAMMING RELAY OUTPUT TO LOWER AND RAISE THE CAL WEIGHT 

(Note: the scale carriage must be equipped with an automatic lifter assembly) 

a) Hold the FUNCTION button for 5 seconds to enter the Program Mode. 

b) Advance to the rly 1 func mode and set it to riy 1 func: SPAN 

c) Press the FUNCTION button to advance to next mode; Set rly 1; ENABLED 

d) Press the FUNCTION button to advance to rly 1 logic mode. 

Selects the logic of the contact output. When set to rly 1 logic: N.O the contact at. 
terminals 16 and 1/ will remain open during normal operation. The contacts will close 
during a Auto Span cycle when the Mode display is indicating lower cal weight anc: 
auto span (wait). They will then automatically open when the Mode display reads 
raise cal weight and remain open until a Auto Span cycle is repeated. The exact: 
opposite will be true if rly 1 logic: N.C 

e) Hold the FUNCTION button for 5 seconds to return to normal Run Mode. 

You are now ready to run 

PROGRAMMING THE M/AMP O UTPUT USING A CHART RECO RD ER 

The current (m/amp) signal that drives the Chart Recorder consists of three output 
terminals: 10, 32 and 39. Terminal 39 is a constant 4 miliiamp output signal and terminal 32 
is a 0-16 miliiamp output signal. The m/amp zero mode is used to adjust the recorder pen for 
a zero reading on the chart. The m/amp spn mode is used to adjust the recorder pen for a 
100% (full scale) reading on the chart. 

Terminals 32 and 39 are the positive (-»-) references to the Chart Recorder. 
Terminal 10 is negative (-) reference to the Chart Recorder. 

EXAMPLE: Calibrating the Chart Recorder for 0-600 TPH range charts: 

a) Install a jumper wire across terminals 32 and 39, wire Chart Recorder to WP20. 

b) Hold the FUNCTION button for 5 seconds to enter the Program Mode. 

c) Advance to the st/amp zero mode and adjust its setting for a zero pen reading on the 
Chart Recorder. 

e) Locate the simulation: OFF mode and change it to simulation: ON. 

f) Advance to the rate span mode and adjust its setting to get 600 on the RATE display. 
(Any change made to the rate span while the simulation mode is ON will be 
automatically recalled after returning to the Run Mode.) 

S) Advance to the m/amp spn mode and adjust its setting until the recorder pen is 
indicating 600 (full scale) on the chart. 

h) Hold the FUNCTION button for 5 seconds to return to normal Run Mode. This will 
turn the simulation: OFF automatically. 

You are now ready to run. 
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INTRODUCTION 

functions Note IhSeTrh °Pn "U* taennca11^ or t0 Provide separate input and or output 
functions. Note that each port will share tne same Station Identifier selected in mode 50. 

REQUESTING DATA 

7.2 

7.3 

7A 

that port must hive a dlfton. sStonuS^.™1"* °nly h°St p0rt- each WP20 °n 

baud rates'have 'beenselected* "1,1 St°P bit" PnCe the ProPer Station Identifier, paritv and 
when vor^nt to r^^r! f- w^n^naD wish to receive from the WP20 and 
and Statrus Bvt?T J"* W-P2° * Rate' TotaI' SP«d' Average Rate. Average Speed 

e requested, as described in Section 3, V\feight Processor, modes 49-58. 

«f/lcTsewnd ime^i? T? ~ Von* t0 nu?ber from 01-19' the data will be sent 
da» aopSi?st S™" !e* W 1 tePUM' tr°m <" h°» " » «-« daia. The data appears in fixed formats. 

SERIAL COMMANDS 

7.5 
n.Lt?^™£Xh. c, °/ '"t ™P21 •nuit <he fallowing format. Commands 
and belJSri^t-H H JI  Identifier. then receive a valid two character command 
will simol^nrp h J a" carnaSe return. If this format is not followed exactly the WP20 

^ wra COmmand' L,SKd below is a ™ character command sequence 

[ station id ] ASCII A-P 
[two ciiaracter command] hex 530 S31 - S31 S39 
[ carriage return j hex SOD 

^uffe'smc^recaived comma^01"1"*"^ tnput bu(fe" Be careful not to overload the incut 
is -eoncommands are only processed one at a time on 1/10 second intervals: 
s .ecommenoed that not more than one command is received per second. 
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SERIAL INTERFACE 

The following chart illustrates the data request commands available t'rom the WP20: 
station id 

ASCII A-P 
ASCII A-P 
ASCII A-P 
ASCII A-P 
ASCII A-P 
ASCII A-P 
ASCII A-P 
ASCII A-P 
ASCII A-P 
ASCII A-P 
ASCII A-P 
ASCII A-P 
ASCII A-P 
ASCII A-P 
ASCII A-P 
ASCII A-P 
ASCII A-P 
ASCII A-P 
ASCII A-P 
ASCII A-P 

qgmmfind carriage return ASCII data returned 

hex S30 S30 
hex S30 Sol 
hex S30 S32 
hex S30 S33 
hex S30 S34 
hex 530 S3S 
hex S30 S36 
hex S30 S37 
hex S30 S38 
hex S30 S39 
hex S31 S30 
hex S31 S31 
hex Sol S32 
hex S31 S33 
hex S31 S34 
hex S31 S3S 
hex S31 S36 
hex Sol S37 
hex Sol S38 
hex S31 S39 

hex SOD 
hex SOD 
hex SOD 
hex SOD 
hex SOD 
hex SOD 
hex SOD 
hex SOD 
hex SOD 
hex SOD 
hex SOD 
hex SOD 
hex SOD 
hex SOD 
hex SOD 
hex SOD 
hex SOD 
hex SOD 
hex SOD 
hex SOD 

no command, WP2Q will not respond 
[idI Rate [CR] 
[idl Total [CRJ 
[id] Speed [CR! 
[id] Rate and Total [CR! 
[id! Rate and Speed [CRJ 
(id! Avg. Rate [CRJ 
[id] Avg. Speed (CRJ 
[id] Avg. Rate and Total [CR] 
[id! Avg. Rate and Avg. Speed [CR! 
[idj Status [CRJ 
[id] Rate and Status (CRJ 
[id] Total and Status [CRJ 
[idj Speed and Status [CRJ 
[id] Rate, Status and Total [CRJ 
[id] Rate, Status and Speed [CR1 
[id] Avg. Rate and Status [CRJ 
[id] Avg. Speed and Status [CR] 
[id] Avg. Rate. Status and Total [CR] 
[id] Avg. Rate. Status and Avg. Speed [CR] 

will begin with the selected Station id character, 
terminated by a carriage return. 

Note that all data transmitted from the WP20 
followed by the corresponding data and then 

^m<SicUvSndfc«.d°l'S?n^ '"ati°n 'JF0 5361 tCR| W" rKe'v'd the WP20 when the 
SpUy mdlcated 4S0-the requested data would be returned in the following format: 
[station id] 
[Rate data] 
[carriage return] 

ASCII A-P 
hex S30 S34 S35 S30 
hex SOD 

(one character) 
(four characters) 
(one character) 

S^d 'dUtvindM.L'!30 S3S| tCS| WM received hy <he WP20 when the 
d«piay indicated o7o, the requested data would be returned in the following format: 

[station id] 
[Rate data] 
[carriage return] 

ASCII A-P 
hex S30 S33 S37 S35 
hex SOD 

(one character) 
(four characters) 
(one character) 

iTt^LV!3'' Iflhe command '"dl [S31 S38] [CR] was received bv the WP20 when the 
woJ po?'tlve 10f3 and with a current Total of 399.75, the reauested data 
wouia be returnea in the following rormat: 

[station id] 
[Rate data] 
(Status Bvtej 
[Total data] 
[carriage return] 

ASCII A-P 
hex S31 S30 S33 S38 
ASCII P 
hex S30 S30 S30 S33 S39 S39 S37 S35 
hex SOD 

(one character) 
(four characters) 
(one character) 
(eight characters) 
(one character) 

recafvJ^ uili^ 'S Sat t0 ot^e£J^an 00 any data request commands received by the Port A 
. 1, J1-— processea. This also applies to mode 57 for the Port B receiver. However, 

^ ooes OJ and o/ do not effect any incoming calibration commands received by Port A or Port 
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command station id 

ASCII A-P 
ASCII A-P 
ASCII A-P 
ASCII A-P 

STATUS BYTE 

hex S33 S30 
hex S33 S31 
hex S33 S32 
hex S33 S33 

c a r r i a g e  r p m r n  

hex SOD 
hex SOD 
hex SOD 
hex SOD 

Action taken 

Resets the Total display 
Starts an Auto Zero Cycle 
Starts an Auto Span Cvcle 
Cancels an Auto Zero or Auto Span Cycle. 

7.6 
reports anv operatfn^cTr error ccnditionsTlut651811 data' M'S * °"e byte ASCn character that 
for positive Rate polaritv. Conditions that eh^t\hCCUr" N.ormaI,y'the Status byte will be 'P' H««eriry. v-oncutions that change the status ovte are listed beiow. 

Positive Rate Polaritv 
Negative Rate Polarity 
Auto Zero Mode in progress 
Auto Zero tracking in progress 
Auto Span Mode in progress 
Customer configured high/low alarm 
Weight Processor Erroc as described in Sections 8.4 

[ hex 

p S50 80 
N S4E 78 
Z S5A 90 
T S54 84 
S S53 83 
A S41 65 
E S4S 69 

COMMUNICATION ERRORS 

7.7 
m.'&.T'" "P"r ,he Moi'- W*? l°< > 5 "«nd period upon a 

Da^^error^ A Incorrect host stop bit or baud rate settings at Port A 
* Incorrect host parity setting at Port A 

paritv error°3 correct host stop bit or baud rate settings at Port B 
parity error a Incorrect parity setting at Port B 

"communiatian"e^rn/c^rf S commands ***" have been received with anv of the above 
communication with the^iost^vs^em!0 °r ̂  ^'d iy 
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SHOOTING 

8.1 

8.2 

llhu-h Jt;l l  broadly classified as either "Start-up Problems" or "Performance Problems" 
anse s°me t,me atter ^e unit has operated correctly. While Tecnetics has one of the 

most comprehensive warranties in the industry, there are a number of problems which are 
beyona our control. Wiring errors, faulty alignment, inferior convevors, incorrect calibration 
procedures; these are problems beyond the scope of our Warranty, the user should consider 

benetijs a ( hav'nR Tecnetics Field Engineers mkke the initial installation, 
calibrate the unit, and tram the operating personnel. 

TECNETICS will do everything possible to help you get your conveyor scale in operation. We 
can orten explain over the telephone how to solve your problem. However, it is extremeiv 
important that we obtain some basic information so we can promptly assist you. 

8.3 We urge you to double check your wiring. Mistakes in wiring account for the greatest 
majority of start-up problems. When you're sure that the TECWEIGH system is wired 
properly, then use the following check list to quickly pin-point the source of trouble. Please 
be prepared to answer the questions which follow if you call for assistance. 

WARNING!?? 

Remove power from the WP2Q and any optional equipment before replacing or wiring to 
circuit boards as permanent damage may result. 

FULL TIME SELF DIAGNOSTICS 

8.4 During power up the WP20 will automatically perform diagnostic tests of the electronic 
circuits and load call(s). During this test the mode display will read self test and. if all 
systems are functional, immediately advance to the Run Mode, indicated bv the Mode display 
dKiTS t0n".fer •ILour:-If ? malfunction is found while the WP20 is in operation, the Mode 
display will then identiry the errot 

The following chart gives some possible causes and repair procedures tor each of the 
diagnostic error messages. 

EfT°T message Possible cause and repair procedures 

8.3 zero belt speed Indicates a zero belt speed signal. 

• The conveyor belt is stopped. Scart conveyor 

• The speed sensor tire is not turning. The speed sensor motor 
(SloSyn S5-50) may be jammed. 

• Check for broken or shorted cabling from the speed sensor to Signai 
Conditioner terminals 40 and 49. 
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8.6 low power 

8." interlock open 

8.8 auto zero error 

8.9 auto loan error 

• "t"rv%Tt™^?iVoVPre^nrte2;81avc^hV?en<iinB,on beit speed-
(SloSvn S5-50) present, replace the Speea Sensor motor 

• The Signal Conditioner is defective. 

WP20 is unable to power the Signal Conditioner. 

• Low input power to available to WP20, less than 95 Vac 

• Signal wires to scale carriage are exceeding 4000 feet. 

• Optional equipment connected to terminal 28 is drawing to much 
current. Disconnect wiring from terminal 28. 

• Defective Signai Conditioner in scale carriage. 

The connection on terminals 3 and 10 are open. The Rate. Total 
and output terminals are disabled during this condition. 

• termina!s 3 and 10 for normal operation. Note, in some 
cases the interiocx terminal is controlled automatically by Tecnetics 
optional equipment. Check your field wiring diagram. 

Zer0 Cyd,e cou'd not zero the Rate display. Press the 
RhSti button to clear this error message. 

• Rocked jammed under weigh idler. 

• Calibration Weight is in the lowered position 

• Conveyor belt was not empty during an Auto Zero cycie. 

• LVDT(s) jammed or damaged. 

• LVDT(L)ignmem°nd :oIerancs- See sections 8.13 or 8.14 on 

An Auto Span cycie could not achieve target Rate. Target is to 
ign or to low. Press the REoct button to clear this error message. 

• Belt Skirting or jammed weigh idles 

• Conveyor belt speed to slow. Increase belt speed. 

Improper factor/user set-up. Check Program Mode for prooer entrv 
or data, or consult cactory far assistance. 
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•7 TROUBLE SHOOTING 

8.10 scale data error Scale^arriage-1 m un'ca C1 ° n Pr°°'em between the WP20 and the 

• Possible miswired terminals, broken or shorted signal cabling or 
loose terminal screws. 

• Terminal 10 at the WP20 or the Signal Conditioner is wired to Earth 
Ground. 
Remove wire to Earth Ground 

• An extremely low AC input voltage to the WP20. 

• Defective Signal Conditioner inside the Scale Carriage. 

• Defective WP20. Check for +24 VUC at terminals 20 and 29. 

8.11 Ivdt error Indicates an improper LVDT load ceil signal. 

• Defective load ceil(s). Most field problems are caused bv broken or 
miswired terminals. The'first step should always be careful 
inspection of wiring. Check carefully for loose terminal screws and 
over stressed wires. An over stressed LVDT wire will eventually 
cause an intermittent problem. Each LVDT should also be inspected 
for missing bearings or springs. 

• The LVDT(s) may be extremely out of alignment and are ooerating 
beyond their performance range. See section 8.13 or 8.14 on LVDT 
alignment. 

LVDT teat 

1. Disconnect power from the WP20. convevor stopped. 
2. Remove the side-cover at the carriage assembly to expose the 

Signal Conditioner. Use the following chart to test LVDT(s). 

For single idle scale (WV10), Signal Conditioner Model ET2Q-Q1: 

terminals 
1 and 3 
4 and 6 
5 and 8 

• Ivdt A 
resistance 

70 a 
ioo a 
ioo a 

terminals 
2 and 3 
4 and 7 
5 and 6 

Ivdt B 
resistance 

70 a 
ioo a 
ioo a 

If a resistance reading does not measure within 20 % of the listed 
vaiue. replace that LVDT. See section 8.12 on IVDT replacement. 

For dual idle scale (WY20), Signal Conditioner Model ET20-02: 

terminals 
1 and 5 

11 and 13 
3 and 15 

— Ivdt A 
resistance 

70 £2 
100 a 
100 Q 

terminals 
4 ana 5 

H and 12 
8 and 9 

• Ivdt B 
resistance 

70 Q 
100 Q 
ioo a 



te rminals  
3 and 4 
6 and 12 
7 and y 

ivdt C 
resistance 

70 Q. 
100 a 
100 Q 

t e rmina ls  
2 and 3 

6 and 14 
7 and 13 

• Ivdt D 
r e s i s t ance  

70 a 
100 a 
ioo a. 

If a resistance reading does not measure to within 20% of the listed 
value, replace that LVDT. See section 3.12 on LVDT replacement. 

8.1— LVDT REPLACEMENT (see figure 

a) Back off the two outer set screws on the LVDT clamD 
0 )  Rflmn\ ra t U A  c . . .  _  K *  

d )  
e) 

0 

_  -  *  ^ u i e  L V  u i ciamp. 
fr°m terminals on ,he SiS"al Conditioner. Color codes must 

'he LVDT <ha LVDT assembly ,o 

,Lna°"" * e clamP *c™w' and sJide the LVDT out of the clamp. 
oJder\irh*?eW h m aPProximat*l7 the same position, and assemble in rever-
befng ca?eSl !o ke« ^ ̂ "Wira t0 the Si*nal Conditioner terminal stA 
PoSni Sr? i P hS *Tnn* iWiy trom the deflection arm. W 
Position LVDT(s) per steo 8.13 or 8. la hoi™*-

8.1J LVDT ALIGNMENT for Single Idler scale, (see figure 20) 

b) Advanco ̂ NCTION button for 5 seconds to enter the Program Mode. 
^v„^th.^„„de^„d ̂ ,t.o a* w- oo. Be sure to record its current setting: 

c) -" '«°'d -— 

Advance to the rate zero mode and set it to rate zero: (MOO. d)  
e) 
t) 
S) 

h )  

av T»  | . , ; . ANU CU KU RATE zero: ULUU . 
0 skrc coiveyorfruS^ngUemptt0r 5 !*C°ndS '° renirn :0 norn,ai ;un m°de-

Iabe'edTP?b°"d ilWide 'he ,Cale H"d "" =»° «"< points 
hand en™, n .J?. an,a lum.Par ">«•> together. They are in the extreme uoper left 
nand corner on the Signal Conaitioner board. 
do»Vo^LoA wi>J-LVD/T-nP °r d0Wn as until the Rate display is indicating 
Remove*hei'umper fromJTPtranrt''l-£fod en°ugn. Clamp the LVDT in that position? 
H(,|j k. —J??!,?, *. f and ^d then repeat talis step using LVDT 'B' 
HoWI the rvJNCTION button for 5 seconds to enter the Program Mode 
5^ Previously recorded in steps 'b' and 'c'. 

0 
i) 
k )  
1)  ComnlS? r°r 5 seconds to return to normal run mode 

Comp ete an AUTO ZERO cycle to zero the Rate disolav. m\ ' » *TTX-^ co zeru une xcate disulav. 
m) Complete an AUTO SPAN cycie to calibrate the scaie system 

You are now readv to run. 
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/ TROUBLE SHOOTING 

f 
LVDT ALIGNMENT for Dual Idler scale, (see figure 21) 

<0 Hold the FUNCTION button for 5 seconds to enter the Program Mode 
azt w"C8 10 th® "tJ!!|0de S6t " 10 +/" °°- 86 SUre t0 record its current 
iZt +* / you will need to re-enter it later. 
£SCrat°e diS" 'fL? " ,aU damp: 01" Be sure t0 record current 
A j p* y°u w,i' need t0 re-enter it later. 

. Advance to the rate zero mode and set it to rate zero: 0000. 
e) Hold the FUNCTION button for 5 seconds to return to normal run mode, 
t; btart conveyor, running empty. 

labeled TP/'TP-'1 inS1'de theusca,e carria^- Find the four test points 
aoeled TP1 TP- , TP3 and TP4 . They are in the extreme upper left hand corner on the 
bignal Conditioner board. 
Jumper TPl and TP4 together and adjust the 'A' side LVDT up or down as required 
until the Rate display is indicating close to zero, within +/ - 30 units is good enough. 
Clamp the LVDT in that position. 
in step-l?1 3nd TF3 t0Rether and ad'ust the 'B' side LVDT UP or down as required, like 

inTtep^h^1 a0d TF2 t0Rether and ad'ust ^ 'C side LVDT UP down as required. like 

HkrinVsetep^h'UmPer TF1 and TF2 and ad,USt th® Side LVDT Up °f down as rePuired, 

d) 
e) 
f) 

h) 

0 

i) 

k) 

Hold the FUNCTION button for 5 seconds to enter the Program Mode. 
Rfi OTifOf i-n t.. t > . ... . *7 . m) ^-e7"t®r in the values previously recorded in steos 'b' and"'?*' 

n) Hold the FUNCTION button for 5 seconds to return to normal run mode, 
o) Complete an AUTO ZERO cycle to zero the Rate disDlav. 
p) Complete an AUTO SEAN cycle to calibrate the scale svstem. 

You are now readv to run. 
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IECWEIGH 20 

Job Number: '"A^AVO 

Customer: ^jQ^A V S^c.<~OsCj£, 

TECWEIGH 20: Model: AO " 0 V S/N: Q\ b>\ ~S o f t w a r e :  I v\Q5C) 

SignalCond: Model: AO- (M S/N: CUCA Software: ^LT^-Q-

Scale Carriage: Model: VJAV\\Q ̂  CA~ , Carriage number: . QLsVl3~*^V0^O 

Date Shipped: ^ 1 , Set-up by: 

PRELIMINARY DATA: (order information) 

Unit of measurement: ) C^S> V\(^LLC 

Feed Rate: min, avg, max. 

Belt Speed: min, 0-COTP(T\ aVg# max. 

Belt Width: \£" , Beit Length: f<sS} 

Scale Carriage: Size: , Style: V Cuu-r vO^,-L(a vVT 

Factory Idler Mod: , Offset Idler: K^r> 

Speed Sensor: Model: "t^XA-OV , Style: 

WP20 supply voltage: \ Yrs \1 

WF20 miiiiamp output set at: cx\(\ - Cl) ^ 

SPECIAL 'VV e£ ^Wr» c^v>\c 

•o<x \Cv V , 



WP20 PROGRAM MODE, FACTORY SET-UPS: 

1). 

2). 

3). 

4). 

5). 

6). 

7). 

S). 

9). 

simulation: 

unit: _ T"c-)N^ \ v\Q> 

. y t  cal factor: 

cal wt: Q oiJT > QO 

cal chn: Qj CbO. 

weigh spn: 

b't ten: QC) , Cfo 

asc fact: 

aze +/-

V.CMTf^O 

10). track on: ~V?£Ok. 

Q!o 

13). zero on: 

11). track on 

12). track on 

revs 

mins 

14). zero on: 

15), zero on: 

16). span on: _ 

.revs 

mins 

. revs 17). span on: O^Q 

18). span on: 

19). rate dp: \ 

. mins 

20). rate damp: 

(Used to "simulate" weight signal from carriage) 

(Unit of Measurement for Rate and Total displays) 

(Calibration Factor) 

(Calibration Weight; pounds or kilograms) 

(Calibration Chain; lbs per foot or kgs per meter) 

(Weigh Span; inches or meters) 

(Belt Length; feet or meters) 

(Auto Span Control factor) 

(Auto Zero Tracking set-point) 

(Auto Zero Tracking timing source) 

(Auto Zero Tracking timing variable) 

(Auto Zero Tracking timing variable) 

(Auto Zero timing source) 

(Auto Zero timing variable) 

(Auto Zero timing variable) 

(Auto Span timing source) 

(Auto Span timing variable) 

(Auto Span timing variable) 

(Rate display decimal point setting) 

(Rate display damping factor; seconds) 

The rate zero and rate span functions are updated automatically by the WP20 as needed. DO MOT re
enter the oelojv numbers to return your unit to "factory settings", they are for factory reference only. 
The AUTO ZERO and AUTO SPAN controls are to be used to reset these vaiues. 

21). rate zero: - C M I U  (Rate display zero setting; reference only) 

22). rate svan: (Rate display span setting; reference only) 

23). speed dp: (Speed display decimal point setting) 

24). speed damp: (Speed display damping factor; seconds) 

25). SDeea spn: VS.'Soo (Speed display span setting; reference only) 

26). m/amp damp: VS (M/AMP output damping factor; seconds) 

27). m/amp zero: xiVsVaH (M/AMP output zero setting; reference only) ^ 

28). m/amp son: (M/AMP output span setting; reference only) 

29). hfr damp: (HrR output damping factor; seconds) 



30). htr span: V 
31). total dp: \Jk.r\C))S^ 

33). 

32). down count: 

rly 1 func: 
a) 
b) 
c) 
d) 
e) 
0 
J?) 
h) 

TP'S. 

(HFR outout span setting;; reference only) 

(Total display decimal point setting;) 

(Enables or Disables totalizer down counting) 

(Selects Relay 1 function as follows:) 
TPR - Total Pulse Repeater. 
LRA - Low Rate Alarm. 
HRA - High Rate Alarm. 
HLRA - High/Low Rate Alarm. 
LSA - Low Speed Alarm. 
HSA - High Speed Alarm. 
HLSA - High/Low Speed Alarm. 
SPAN - AUTO SPAN lower and raise calibration weight output. 

34). rly 1: 

35). rly 1 logic Cb 

36). r iy  1  pulse :  «A Q) 

37)- rly its: Qonno I 

38). rly 1 low: 

39). rly 1 hgh: 

40). rly 1 delay:. 

(ENABLE/DISABLE Relay 1 output) 

(Relay 1 logic, normally open or closed) 

(Relay 1 pulse duration; seconds) 

(Relay I totalizer scale) 

(Relay I Low Alarm setpoint) 

(Relay 1 High Alarm setpoint) 

(Relay 1 delay before alarm output; seconds) 

41). rly 2 func: 
a) TPR 

-rC<g (Selects Relay 2 function as follows:) 
- Total Pulse Repeater. 

b) LRA - Low Rate Alarm. 
c) HRA - High Rate Alarm. 
d) HLRA - High/Low Rate Alarm. 
e) LSA - Low Speed Alarm. 
f) HSA - High Speed Alarm. 
g) HLSA - High/Low Speed Alarm. 
h) SPAN - AUTO SPAN lower and raise calibration weight output. 

42). riy 2: "CsTSft&UgQt 

43). rly 2 logic 

44). rly 2 pulse: « V.Q 

45). rly 2 ts: rOTT^ \ 

46). riy 2 low: 

47). rly 2 hgh:. . 

48). rly 2 delay: 

49). view serial: QC) 

30). station rD:. 

51). port A pan 

52). txa baud: 

53). txa menu: 

(Enables or Disables Relay 2 output) 

(Relay 2 logic, normally open or closed) 

(Reiay 2 pulse duration; seconds) 

(Relay 2 totalizer scale) 

(Relay 2 Low Alarm setpoint) 

(Relay 2 High Alarm setpoint) 

(Relay 2 delay before alarm output; seconds) •. 

(Enables/Disables access to the serial interrace modes) 

(WP2Q serial interface station ID character) 

(Port A parity type) 

(Port A transmitter baud rate) 

(Port A transmitter menu) 



54). rxa baud:. 

55). port 8 par: 

56). tab baud: _ 

57). tab menu: 

53). rxb baud: _ 

59). !ck auto zr. >oo 

60). Ick auto sp: too 

61). Ick stp cnt: too 

62). lack resec tOlO 

63). Ick code: SOOCCQ 

(Port A receiver baud rate) 

(Port B parity type) 

(Port B transmitter baud rate) 

(Port B transmitter menu) 

(Port B receiver baud rate) 

(Locks or unlocks the AUTO ZERO button) 

(Locks or unlocks the AUTO SPAN button) 

(Locks or unlocks the STOP COUNT button) 

(Locks or unlocks the RESET button) 

(Program Mode lock code setting) 

Manual Version 2.0 

pag» SO 



. eCWEGH* Conveyor ScaJes are designed simoly 
/et affectively to provide precise weighing of 
material earned by belt conveyors. We start with a 
solid steel, weather-tight all welded carriage that 
ncorporates a weigh idler and precision toraue 
ace. i ne weight oi .naterial on the weigh idler 
auses a slignt twisting oi the torque tube. LVOPs 
nen measure the degree cr twisting via the integral 
:a. lection arms. A sceed sensor cn the return belt 
measures belt speed, integrates it with the LVDl' 
,:nnai to produce an exact measurement oi the 
^Jci the material carried by the belt mis 

•' iiiminates tragiie load cells. 

4 conveyer scales are available as sinple 
:!». .its with = ft ft accuracy as well as two 
x ft'«i, rour (r ft ft) or six (rftft) Icr greater 
:curacy. .Multi-icier units also help reduce th° 
averse effects of belt tension; training and mis-
iignmenL 

TECWEIGH Weigning Systems 
TECWEIGH* Conveyer Scales easily imecrate into 
most systems and can interface with PLC's or 
computers. Remote displays of rata and total Ions 
are possible because of the high frequency rate 
signal. Our Conveyer Scales can be set to deliver a 
soec.iic sized load or a desired TFH feed rate to 
blend ingredients in a selected ratio. Other options 
include circular chart recorders, ticket printers. • 
explosion proof models and aven 12 volt DC battery 
systems for portable applications. 

Easy and Precise Galidraiion 
Saves Time and Money 

- Simple and convenient! To operate the calibration - - -
weight(s), use the built-in lever (or optional air 
operated cylinder) to raise and lower the weights 
onto the scaie for an effortless calibration. Alter 
calioration, the weight is easiiy raised and stored 
right an the scale carriage! No chains cr hang-cn 
weights. Calibration is acccmpiisned in minutes. 
Your operator stays safe, there's less down time, 
and Ihe aasier the calibration, 
the mora likely the calibration j 
will be performed. 

Electrical Connector 

•YE-YEAH Warranty 

TECWEIGH Weignt Processor 
ITie WP-io Weignt Procasscr is standard on all 
Conveyor Scales, and include Rate and Total 
displays using ft'ISO's. Utilizing solid-state 
e.ec jomcs and avoiding mechanical counters 
motors, il features a non-volatile memory that 
maintains information up lo ten years without 
oattery back-up. 

';yj 

WP-lfl 

i ne optional WP--Q Weight Frccassor is also 
available for those applications that require a Mi< 
Processor Based Unit '.vith advanced features-sui 
as Auto zero, Auto Span, Auto Zero Tracking, self 
diagnostics, adjustable damceninc, Access 
Protection, HS422 interface. 
Weight measurements in tons, tonnes, pounds cr 
kiicgrams per hour; Can be retrofit cn all 
. -wvVEGH* Scales and feeders. Speciai needs c 
be mot by our complete in-house enoinesring star 

WF-2U 

ECWEfGH 
CONVEYOR SCALES 
Tecnetlcs Ir.custries 
21SO Old Hiqnway 3. SL =aul. .VtN 55112 
3' 2/730-7380 =AX; 312/730-53C9 

$1990 7ecnetics inausiriaa. inc. 
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M~ciu.nvt 

The Carcorundum Company 
racers Division 
SC. 3ox 303 
Niagara rails. New Yarx 142C2-G3Q8 
lelepnone: 716 273-5221 Telex: 53-54225 
Telefax: 716 273-4362 
Caoie (Foreign): CFBCINUW 

Anchor-Loc9 
Ceramic Fiber Modules 

Product Specifications 

Introduction 
. i ne rncncr-Lcc"? mccuie system is a (amiiy ot ceramic fiber 
macu e procucts designed :o meet a wice range of acciicaticn 
requirements :n a variety of heat processing vessels. 

Ceramic tiber modules used in the Ancnor-Loc systems 
are constructed with Ouracianket* S. Ouraolanket HP-5 

" r™'3n£et 2500 °r ~cermax* mat- Sacrt type of Anchor-Loc 
^ramic fiber mppule can Pe easily fastened to intenor steel 
sneils of all types of heat processing equipment with several 
e f f e r e n t  a t t a c h m e n t  s y s t e m s .  -  . . .  

The ceramic fiber blanket or mat is secured bv two allov 
,.raugn-voos to a metallic module anchor. Flanges on the end of 
the .hrougn-roos effectively lock the position of the rocs relative 
iO cne ancrcr at [fie time cf installation. 

Ancncr-I.cc ceramic fiber modules are manufactured in sev
eral configurations. A cncice of attachment systems is provided 
.0 meet a wide range of acolication needs: 

tVeld-v.oc^ Caramic Fiber Modules 
Ajscectal weic assemoiy is installed in aacn Weic-Lcc ceramic 
.loer moauie. . ms stud assemoiy permits fusion cf the stud base 
£ I™! C3Sin? ana aJ,ows a ^'«ced fastener to =e torcued 
c.. ...a srud_.-aw.ng the module to the place. Acvantaces which 
are orferao by the Weic-Lcc mccuie inciuce: 
• :-i:gn installation soeso 
• case anc simciicrr/ cr installation 
• ;"9frT,i,s -"ancom placement cf mocuies an the casing 
• .Multiple weics per mccuie are possible 
• System provides a positive torque test of me wefds 

PowerMac7" Ceramic Fiber Modules 
A narceneo steei cm mechanically secures each Fewer-! cc 
mccuie to the steel casing state. Tine ancncr cm is instate with 
- 5' . .iti ..wear actuated fastening tcci ano scwcer 
-ccstec Acvantaces wnicn are offered pv me Fewer-! --
caramic .nber mccuie mctuce: 
• Hicn installation soeeo 

—Asing preparation is eliminated 
.-ermits rancsm Placement of mccuies en tne casinc 

• case arc stmciiccy cf insaiiancn ~ " " 
• -psaive mecnancai/anacnment of mocuies :o tne casinc ma« 
• oetup time is racucac *~ 

MiltH ij s iracsmarx 31 Hilij 7coi Corporation. 

1 hread-Locl9 Caramic Fiber Modules 
Frovtdec with an ail-thread weid sruo anc flanged nut the 
, nraad-Lpc ceramic fiber mccuie is designee for installation on 
a yrspcs.ticnec stud pattern. 1 ne Thread-Loc attachment 
system has several advantages: 
• Compatibility with mastic coatings, backuc insulation arc '0,1 

vapcr barriers ' 
• Module design compensates for variations in sruo placement 
• Access :c the welcec fastener for full testinc ee'-r= -"I m'nn 

uie is installed " 

scraw-Loc9 Ceramic Fiber Module 
A self-taooing screw supciied with each Screw-Lcc ceramic 
pear mccuie eastiv penetrates mild steel uo tc VV in thickness 
i ne acrew-Lsc attachment system crevices me fcilcwine 

•'nstailation advantages: 
• Muiticie. ranccm anchor placement 
• case cf removal and replacement 

.-umace casing preoaraticn is eliminated 
Low cost mstailaacn ecuicment is reecfiv availacle 

Anc-.or-!.pc ceramic fiber mccuies offer the same amrantac-s 
as layered Fibefwair furnace linings when ccmoarac tc rerrac-
.0ry construction. 1 hey are: 
• Faster temperature oyainc 
• Lower heat storage 
• Lower fuei ccsui 
• increased productivity 
• Lower installed cost 
• easier repairs 

-"vss ziitc.m zna 
s  C « : : 2 / 5 T  *990 Th# Ctfooruiteum Ojmoanv .1 FLIONIJ *"wiea in it g ^ 
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. ULTRA-GREEN 57A 
ULTRA-GREEN 57A is a 57% alumma, andaTusite base, ultralowcement ostabie with oSSihgtfa«mai shock 
| ̂sistance ui applications having extreme cyclic temperature conditions. The andaiusite base of ULTRA-GREEN 

A provides this superior ability to resist shattering, cracking, and loss of structural stability when subjected to 
vjxtreme temperature changes. When compared to other ultralow cement castables,. ULTRA-GREEN 57A has the 
best thermal shocx resistance! hi addition, it has the regular advantages of ULCC's.._Jiigh hot stren^jj „QOd 
aensity, and low porosity. • , . Oaoa 

^ ^ 9y2V^2V^r soaps were preheated to selected temperatures such as 1500* F., 2000* 
I'* ? " f1. cooled: Eacn soap- was then placed in a hot furnace at 2600* F. for30 minutes. It was 
then, taken g°m. the raaace and the bottom- half was immediately immersed in 70" F. water. NO SIGNIFICANT 

n SKATIERING. Fantastic thermaTshock resistance: ULTRA-GREEN 57A also has the same 
exceJenc properties as other ULTRA-GREEN products....;. • Superior Hot Strength • High Density • Low 

(See reverse side for successful applications) 



ULTRA-GREEN 57A 
Applications 

ULTRA-GREEN 57A has given excellent service in numerous 
applications surpassing the service life of previously used com-
petitive materials. 

Q Coke Oven Door Plugs 

U Pre-cast Piers For Heat Treating Furnaces 

• Treatment Lances In Steel Mills 

Cj Iron Ladle Linings 

U Rotary Kilns Processing Roofing Granules 

• Car Tops 

Q Aluminum Reverb Door Lintels 

U Soaking Pit Coping Tile 

• Crematory Furnace Hearths 

Other Suggested Applications Are: 

S Forge Furnace Hearths And Slots 

S Pre-cast Shapes For AH .Areas Having Extreme Tnermal 
Shock Conditions 

S Carbon Bake Furnaces-Headwall Blocks And Flue Port 
Blocks 

>/ -Aluminum Reverb Door Jambs 
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WESI*TPU4 

INSTRUCTION MANUAL 

ATLANTA, GEORGIA 

THERMAL DESORPTION SYSTEM TPU #4 

PROPRIETARY INFORMATION 
Issued to: Jack Lane, Chief Engineer, WESI 

This manual and ail related tables and drawings are considered to be proprietary to Williams 
Environmental Services, Inc. and are issued to the above person for use in relation to the Job shown. 

None is to be copied in any way. Copyright 1994. 

Williams Environmental Services. Inc. Copyright, 1994 Instruction Manual for TPU#4 
Revised 12/03/94 WESI\4TPU\TPU4MNL.DOC Page 1 
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SECTION 1 INTRODUCTION 
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2.2 General Precautions 
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WESI*TPU4 INSTRUCTION MANUAL 

These instructions have been prepared for the use of Williams Environmental 

Services' design and operating personnel. They describe the contaminated soil 

treating process as performed by the WESI*TPU4 Thermal Processing Unit and 

include a discussion of the equipment and control. 

The following discussion encompasses general principles of the process and 

equipment operation. The information presented in this manual constitutes 

statements of expected relationships based on design parameters, calculations, 

engineering judgment and previous experience with similar installations and it 

explains the flow of materials and the manner in which they are processed by the 

plant equipment. This information is not to be construed as constituting a 

warranty, express or implied, but is intended to be used solely for describing 

WESI*TPU4 equipment and its operation while processing contaminated soil. 
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SECTION 2: SAFETY GUIDELINES FOR WESI*TPU4 

2.1 Introduction 
Safety should be uppermost in the minds of all personnel participating in the operation of WESPTPU4. It is 

imperative that all personnel understand and undertake all necessary precautions to protect themselves and the 
equipment when operating this unit. This section should not be viewed as a complete safety manual. Personnel 
should read and understand not only this section but also the operating manuals of specific equipment with which 
they may work, as well as other standard safety guidelines. In addition, processing operations of this type require 
training programs providing further directions to be followed for personal protection. All personnel should be 
familiar with the contents of each site specific health and safety plan which is prepared for each project this unit is 
employed on. 

IT IS THE RESPONSIBILITY OF INDIVIDUAL OPERATORS AND ATTENDANTS 
OF WESTTPU4 TO BECOME INFORMED OF THE HAZARDS INVOLVED AND 
TO OBSERVE ALL SAFETY PRECAUTIONS. 

2.2 General Precautions 
Extreme care should be taken by all personnel when adjusting or performing maintenance on all 

equipment. Such work should not be performed when the equipment is in operation unless it is absolutely 
necessary to do so and then it must be done under supervision. 

The following safety precautions must be exercised throughout the plant regardless of the type, location 
and function of the equipment being attended to. 

Prior to any personnel inspecting or working on any 
equipment, the control room operator must be 
notified. 

Safe access to all equipment must be provided. 

Where exposure to potentially contaminated or hot 
material, hot dust, or gases is a possibility, adequate 
and approved head, face, hand and body protection 
must be employed. 

Approved ear protection must be worn in areas of 
intense and/or prolonged noise. 

All walking and access areas must be maintained 
open at all times. 

All access areas and equipment must be maintained 
free of oil, water, debris, etc. 

Inspection ports, doors or hatches on any equipment 
which may contain hot or toxic gas or material should 
not be opened while the equipment is in operation 
unless it is absolutely necessary and then only by 
authorized personnel. 

Extreme care must be exercised whenever 
inspection ports, doors, or hatches are opened, 
particularly on any equipment which may contain hot 
gases or material. 

When opening doors or hatches, personnel should 
stand to the hinged side of the cover using the door 
itself as protection from the escape of hot or toxic 
gas or spillage of hot material. 

All personnel who are not actively involved in the 
actual work should stand well clear of the area until it 
is safe to approach. 

The areas around all equipment must be obstruction 
free and adequately ventilated. 

Only authorized and qualified personnel should be 
permitted to operate or service equipment. 

Caution, danger or warning signs should be posted 
where appropriate to alert personnel to possible 
hazards. 

Personnel must be instructed in the operation of 
equipment and any emergency procedures that may 
be required. 

In addition to the specific operating and maintenance 
instructions, all plant safety regulations and normal 
safety precautions must be observed when servicing 
and/or operating equipment. 

DO NOT, under any circumstances, tamper with or 
bypass interlocks whether they be electrical or 
mechanical. Bypassing an interlock defeats its 
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purpose, thereby exposing personnel to serious 
injury and equipment to serious damage. 

Piping and/or equipment which is subjected to 
extreme high temperatures must be allowed to cool 
to a safe temperature before servicing the 
equipment. 

All personnel who climb and/or work at extreme 
heights must wear an approved safety belt harness. 

Adequate protection as required must be provided to 
prevent injuries from pipes, cables, ropes, levers, 
chains, or other equipment which may be a potential 
hazard due to its proximity to normal walkways. 

Compressed air should never be used to clean dust 
or dirt from personnel. The force of the compressed 
air may cause dust or dirt to penetrate the skin and 
cause injury. 

Before removing covers, doors, or hatches, and 
before anyone enters any equipment, the control 
room operator must ensure that the equipment 
cannot be started or jogged either locally or remotely. 

The operators in the control room must be informed 
of impending work and, in addition, the equipment 

starter must be de-energized by tripping the 
appropriate breaker on the starter in the motor 
control center. 

The supervisor or operator must then install his 
locking device. The locking device must not be 
removed until all work is completed, all personnel in 
the area are accounted for, and all covers, guards, 
etc., reinstalled and secured. After these steps are 
completed, the operators should be informed of the 
status of the equipment. 

Circuit breakers and/or related electrical equipment 
being sen/iced should be tagged "out of service". 

Isolate the equipment being serviced by closing off all 
valves or gates associated with the equipment. Tag 
such valves or gates "out of service" and padlock 
shut if possible. 

When performing maintenance or adjustments which 
require that the equipment be operating, observe the 
precautions listed in the specific equipment 
instructions as well as all normal safety precautions 
which must be observed when servicing operating 
equipment. 

2.3 Material Hazards 
Because hazardous materials may be processed, the responsibility remains with WILLIAMS 

ENVIRONMENTAL SERVICES, INC. and its personnel, or any other user or operator of WESrTPU4, to determine 
the hazards involved with respect to the specific materials being processed and to properly train all persons that 
may become exposed to such hazards. This training should include the establishment and enforcement of all 
necessary precautions and procedures, including the provision of protective clothing and equipment, the posting of 
necessary warning signs and the erection of barricades to protect individuals against the potential for explosion 
and exposure to materials hazardous to their health. Specific details for each project will be contained in the 
project health and safety plan. 

2.4 Fire 
Fires is one of the most serious hazards present in a plant environment. Rapid reaction to any problem in 

this area is imperative in order to protect plant personnel and minimize equipment losses. 

The most critical activity in a fire is the detection of 
the fire itself. Heat detection or light detection are 
two methods that can be used to spot fires before the 
situation becomes unwieldy. Most of the time, 
however, detection must be done visually by plant 
personnel. All personnel must be thoroughly trained 
to ascertain any potential fire and immediately report 
such conditions to the control room operator. The 
operator in turn should notify the appropriate 
personnel, implement actions to contain the fire and, 
if necessary, shut down the system and evacuate. 

Once a fire has been detected, containment and 
extinction are necessary to minimize damage. Fuel, 
oxygen and sufficient temperature are required to 
sustain combustion. The removal of any one of 
these elements will extinguish a fire. The simplest 
method is to isolate the fire and let it burn itself out. 

In a baghouse, this can be accomplished by closing 
all inlet and outlet dampers, shutting down the 
baghouse I.D. fan and shutting off any dust discharge 
valves. However, due to air leaks that may be 
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present in the baghouse, the fire may continue to 
burn until all bags are consumed. 

properly operating inhalation equipment should also 
be worn by personnel in the area of the fire. 

In other areas within the system, similar procedures 
should be followed to isolate the fire from the fuel 
source and air supply. AS A FIRE GENERATES A GREAT DEAL OF HEAT, 

PERSONNEL MUST BE WARNED AGAINST 
TOUCHING ANY SURFACES WHICH MAY BE 
CONDUCTING THE HEAT OF THE FIRE. 
SERIOUS BURNS CAN RESULT FROM SUCH 
ACTIONS. 

Any personnel that come in contact with the fire must 
be provided with acceptable fire retardant gear. As 
smoke inhalation is a major hazard with any fire, 

2.5 Explosion 
The best and surest method to deal with an explosion is prevention. The vast majority of explosions that 

occur do so because of operator error. As long as the operator is attentive to the temperatures present in the 
circuit and maintains a sufficient excess of oxygen in the gas stream, excess combustibles should not form. 
Hence, the risk of explosion is greatly reduce. 

Explosions occur when two of the three elements for combustion (fuel and oxygen) are present and well 
dispersed, and the third element (ignition source or temperature) is added, after an explosive mixture exists. 
Avoiding explosions, therefore, can be accomplished by avoiding the above situation. Fuel and air should, 
therefore, never be introduced to equipment unless a positive ignition source is already present, so that 
combustion will result instead of an explosive mixture. 

Explosions in WESPTPU4 could occur due to the presence of excess combustibles in the gas stream. 
Such combustibles are formed by an insufficient amount of oxygen in the area of flame propagation. When a 
source of combustibles is ignited by a spark, flame or heat source, an explosion occurs. 

Should an explosion occur, the procedures outlined previously for fire control should be followed since one 
of the main dangers associated with an explosion, after the debris has settled, is the ensuing fire that may occur. 

2.6 Rotating and Moving Equipment 
Rotating equipment is present throughout the plant. By the nature of the power necessary to drive a large 

rotating apparatus, care must be exercised when dealing with such equipment. The following precautions should 
be exercised. 

Loose fitting clothing should not be worn as it can easily be entangled in moving machinery. 

Jewelry such as rings, bracelets, neck chains, etc., should not be worn. 

Personnel should not reach or extend themselves over rotating equipment while the equipment is in 

Personnel should avoid touching the outer surface of any rotating equipment. Burns or severe contusions 

As with all other equipment, procedures laid out in the introduction section should be followed implicitly. 

2.7 Auxiliary Equipment 
Auxiliary equipment, such as chain and belt conveyors, air locks, and material hoppers, are present in 

many areas throughout the plant. By observing proper operating procedures when dealing with such equipment, 
the risk of injury can be minimized. Outlined below is a brief series of instructions which operating personnel 
should be thoroughly familiar with: 

motion. 

can result. 
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When dealing with pneumatic equipment, be certain 
to relieve any residual pressure prior to servicing. 

Do not attempt to cross or "jump over" any moving 
conveyors. 

Avoid contact with a moving conveyor or any of the 
rollers, support or drive mechanisms. 

Do not open an access entry on a collecting or 
storage unit when the unit is filled. 

Do not open an access door to any collecting or 
storage unit which is under pressure unless 
provisions for access, under operating conditions, 
have specifically been provided. 

Do not enter equipment unless it is empty, completely 
ventilated, cooled to a safe temperature with the 
entry door to the unit secured in the "OPEN" position, 
and a supervisor or the control room operator is 
aware of the entry. 

Do not enter equipment without adequate and 
approved breathing equipment. 

Do not enter equipment alone. Always have 
someone outside the unit ready to render assistance 
if required. 

Do not enter any equipment without first being certain 
that there is no material or equipment overhead 
which could fall. 

Extreme caution must be exercised when inspecting 
or working on gates on transfer collectors, receiving 
and/or separating equipment, air lock valves, etc. At 
the start of the dump cycle, the dusty material being 
discharged can be hot. At the end of the dump cycle, 
the gates will close with sufficient force to cause 
serious injuries if hands are between the gate and 
seat. 

2.8 Process Gases 
Process gases throughout the system may present a hazardous situation if encountered without proper 

protection. In addition, uncontrolled release of gases may indicate operational difficulties. 

In general, process gasses pose a hazard due to 
their high temperature and entrained particulates. 
Personnel should avoid direct contact to prevent 
burns and, even if the gas is cool, should wear 
appropriate respiratory protection against 
particulates. 

Since the system is designed to treat potentially 
hazardous materials through volatilization and 
burning of these constituents, process gases may 
contain varying concentrations of contaminants 
depending on location and operational mode. 

In locations and situations in which personnel may 
come in contact with potentially contaminated gases, 
appropriate respiratory protection should be 
employed. This particular hazard should be more 
well-defined in the required training programs. 

Additional possible process gas contaminants 
include carbon monoxide (CO) and acid gases. 

The presence of carbon monoxide and hydrocarbons 
in the combustion gases not only represents a 
considerable heat loss to the system, but also can 
result in poisoning or explosion. The main source for 
the creation of CO is incomplete combustion. The 
simplest security measure to avoid generation of CO 

is to provide a sufficient excess of combustion air 
during the ignition and operation of any burner. 

As carbon monoxide is odorless, colorless, and 
tasteless, caution must be exercised in areas in 
which CO may be present. 

Workmen employed in areas subject to possible 
concentrations of CO must work in pairs, preferably 
with one man outside of the area subjected to the 
presence of CO. Symptoms of carbon monoxide 
exposure are dizziness, headaches, or nausea. At 
the first sign of such exposure, the workmen should 
vacate the area and be administered oxygen. 

Another potential danger are acid gases. The 
presence of acid gases can be noted by choking 
sensation, watery eyes, and difficulty in breathing. 
Since they are toxic and very harmful, extreme 
caution must be exercised when dealing with them. 

The following procedures should be followed when 
plant personnel are about to work in an area in which 
they may be subjected to any potentially dangerous 
gases. 

Personnel are to inform the Control Room Operator 
prior to beginning any work on the system. The 
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operator should adjust the system as required to 
allow a sufficiently negative draft so that potentially 
harmful gases are contained within the system. 

Personnel are to wear properly fitted and equipped 
respirators if there is a change of contact with any 
dangerous gases. 

As stated previously, workmen must never work 
alone in an area where potentially dangerous gases 
may be present. 
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SECTION 3: PROCESS DESCRIPTION FOR WESI*TPU4 

3.1 GENERAL 

The process described in this section employs the WESI*TPU4 Thermal Processing Unit. This process 
treats soils at temperatures of up to 1000°F in order to volatize the hazardous organic constituents in the soil and 
achieve required cleanup levels. A description of the major items of equipment which comprise this unit is 
presented in Section 6. 

The dryer is used to volatize moisture and organics contained in the excavated soil. The off-gases from 
the dryer are then treated in a baghouse filter to remove particulate matter. Destruction of organics contained in 
the gas stream is accomplished by a thermal oxidizer. Following the oxidizer, a scrubber will remove 99% of the 
HCI present in the off-gases. A process flow diagram complete with a heat and material balance is included at the 
end of this section. 

3.2 FEED PROCESSING 

The feed material for WESPTPU4 consists of soil which has been excavated and stockpiled on site. The 
soil is removed from the stockpile with a front-end loader and delivered to the feed metering unit (SF-FU) where it 
is screened to remove large rocks and debris and then drops into the feed hopper. An apron feeder moves the soil 
from the hopper to a belt conveyor which will elevate the soil to the feed belt (SF-BC-1) at the dryer. The speed of 
the apron feeder is regulated from the control room and is used to set the soil feed rate to the dryer at up to 50 tons 
per hour. The lifting belt contains a load cell for the continuous weighing of the feed soils. The instantaneous and 
cumulative weights are displayed in the control room. Testing procedures and sampling are as outlined in the 
Performance Test Plan. Additional screening and rock crushing can be added as required. 

3.3 SOIL TREATMENT 

A countercurrent thermal desorbing dryer (PC-RD) is used to volatilize (evaporate) the moisture and 
organic constituents from the soil. The dryer has internal flights to ensure intimate contact between the soils and 
desorbed gases. The soils enter at the same end where the exhaust gases leave. The exit gas temperature 
should not exceed 500°F. The actual gas exit temperature is determined by the performance test. While the soil 
passes through the dryer, the soil temperature initially rises to 212°F as water is removed. After the moisture has 
been removed, the soils move toward the discharge end of the dryer where the soil temperature increases to as 
much as 1000°F. Since countercurrent flow is utilized, high exit soil temperatures can be readily obtained. 

This rear area, or "superheated" section of the dryer is where the soil is heated sufficiently to volatize the 
contaminants. Heat is transferred by direct radiation and by conduction from contact with special flights in the hot 
end of the drum. The soil is converted to ash dust as it rolls around the drum. Dust from the Baghouse is re
introduced into the dryer at the beginning of the hot zone. Any contaminants that may be in the BH dust are 
volatized completely. 

3.4 ASH TREATMENT 

The heat- treated soils exit from the dryer into the ash conditioning pugmill (AS-PM) where they are 
quenched to cool the soil and minimize fugitive dust emissions. A negative pressure is maintained on the soil 
conditioner to capture any steam from the soil re-moisturization operation. The conditioned soil discharges onto a 
belt conveyor (AS-BC-3) for stacking. The treated soils are removed from the stacking area by a front-end loader 
to the interim storage area for subsequent analysis. 

Any material not passing analysis after treatment is "recycled" to the waste feed area and placed into piles 
for further treatment. These piles are resampled in order to verify contaminant concentrations prior to treating them 
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a second time. This "recycled" soil will not necessarily be stored separately from the "virgin" soil, but 
documentation is kept of the amounts of "virgin" soil processed versus "recycled" soil processed. 

3l GAS CLEANING 

The gas stream leaving the dryer contains particulates, dust, moisture, and volatilized organics. This 
stream must be treated to remove the particulate and organic matter in order to achieve air emission standards 
before the gas is discharged to the atmosphere. A baghouse dust collector (BH-DC) and a thermal oxidizer (SC-
TO) and an acid absorber (AB-SCR) are used to achieve these removals. 

The air from the dryer enters the baghouse below 450°F. It passes through the filter cloth where dust and 
other particulate matter is "strained" out of the gas stream. Particulate-free gas exits the baghouse at about 400°F. 
The dust cake is removed from the filter bags by air pressure pulses. It falls into the hopper. 

The dust is removed from the baghouse hoppers by three screw conveyors (BH-SC) which discharge into 
other totally enclosed screw conveyors (BH-SC-6/7), for transfer to the hot end of the dryer for additional heat 
treatment. 

After removal of particulates, the gas stream enters the thermal oxidizer (SC-TO) where oxidation of the 
volatile organic compounds occurs. The oxidation efficiency depends on the temperature inside the thermal 
oxidizer, the turbulence of the gases, and the retention time of the gases inside the thermal oxidizer chamber. The 
chamber is sized to provide sufficient retention time (> 2 seconds) at up to 2000 °F to oxidize the organics. After 
the organics have been oxidized, the clean gases are quenched to reduce their temperature, then are passed 
through the scrubber to remove any further particulates and acid gases, and finally through the stack to the 
atmosphere. The clean stack gases are monitored using a continuous emissions monitoring (CEM) system. 

3.6 PROCESS RESIDUAL STREAMS 

The WESI*TPU4 operation will generate the following residual streams: (1) oversize debris too large for 
treatment (> 3 inches cube), (2) treated soil prior to laboratory confirmation 

3.6.1 Oversized Material and Debris 

Thermal desorption requires a significant amount of 
material handling. A cutoff size is established 
through experience in handling on-site soils to 
determine which material will be screened out. 
Through experience at other sites, Williams believes 
the cutoff size will be 3 inches or less. This 
oversized material will not be treated by the thermal 
desorption process because it cannot be handled via 
the material handling equipment involved with the 
thermal desorption process. 

3.6.2 Treated Soil Prior to Laboratory 
Confirmation 

Treated soils exit the rotary dryer and pass through 
the Ash Handling system. The treated soils are 
removed from the stacking area by a front-end loader 
to an interim storage area for subsequent sampling 
and analysis. While awaiting laboratory confirmation, 
soil piles remain within the confines of the 
containment area and are covered by plastic 
sheeting. The covering helps prevent dusting due to 
wind and runoff due to rain. Any runoff that may 
occur from the treated soil piles is collected in a 
sump and further treated by the unit's aqueous phase 
carbon adsorption system. 
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3.7 PROCESS HEAT & MASS BALANCE 

The process heat and mass balance will depend on throughput rate and moisture content of the feed, 
among others. Heat requirements of the feed are mainly utilized for the vaporization of moisture from the 
contaminated soil. Hence, process gas flow and feed rate of soil will depend on the moisture content of the feed. 
Table 3.7.1 shows a typical heat and mass balance for the case of 20% feed moisture content at 30 tons per hour. 
Figure 3.7.2 shows a typical Process Flow Diagram for WESI*TPU4. 

TABLE NO. 3.7.1 TYPICAL HEAT AND MASS FLOW DATA FOR WESI*TPU4 
CD CD CD CD <35 CD CD <35 CD CD CD CD dD 

WASTE 
FEED 

TREATED 
SOIL 

OESOR8ER 
BURNER 

DESORBER 
OFFGAS 

OXIDIZER 
BURNER 

OXiOIZER 
OFFGAS 

QUENCHER 
OFFGAS 

STACK 
GAS 

DUST 
CONTROL 

MAKE UP 
WATER 

8 LOW 
OOWN 

RECYCLE 
WATER 

QUENCHED 
SOIL 

ORY GAS Lfl/HR 67.616 53.749 95.121 141,374 141,374 141.374 
DRY SOUDS L0/HR 56.000 50,400 50,400 
THERMAL CAPACITY MM 0TU/HR 38 99 

N2 Lfl/HR 42.237 42.237 69,718 111,953 111.953 111.953 
02 Lfl/HR 25.579 6.308 20.824 10.473 10,473 10.473 
C02 Lfl/HR 5,204 18.948 18.948 16,948 

H20 Lfl/HR 14.000 21.011 28,508 108,184 116,603 15.000 103,095 94.676 79.676 10.200 
HCL LB/HR 0.036 .00038 

FUEL USAGE Lfl/HR 1.735 4.581 
TEMPERATURE •F 60 600 60 450 1,850 250 185 180 
TOTAL MASS SOUO LB/HR 70.000 
TOTAL GAS MASS Lfl/HR 69.551 74.760 95.121 169.881 249,557 257,976 
TOTAL GAS VOLUME ACFM 33.102 178,106 92.963 88.121 
Contaminant!: 
(based on average 
of BCEE in the so 

LB/HR/1000 
concentration 
) 

70 0.05 69.95 0.007 0.007 0.007 

47l-TABL.dOC 

FIGURE NO. 3.7.2 TYPICAL HEAT AND MASS FLOW DIAGRAM FOR 
WESPTPU4 
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Events Triggering Emergency Control System 

ITEM 

High quench tower outlet temperature 
Alarm at >200°F, VO>250°F 

CONTROL ACTION 

VO 

High acid gas scrubber temperature or loss of water flow, 
alarm at >200°F, VO at 250°F VO 

Loss of water to quench tower VO 

Draft less than -0.01" w.c. in dryer for >15 seconds AWFSO 

Low scrubber pH, determined during Performance Test AWFSO 
2-minute rolling average 

CO >100 ppm, 1 hour rolling average (7% 02) AWFSO 

High dryer off-gas temperature >510°F VO 

Low dryer off-gas temperature <250°F AWFSO 

Dryer and thermal oxidizer burner system failure AWFSO 

Low thermal oxidizer temperature (determined by stack testing) AWFSO 

Low oxygen in the combustion gases (<3%) AWFSO 

NOTES: 

1. VO = vent opening. 
2. AWFSO = automatic waste feed shutoff. 
3. In addition to automatic operation, both the AWFSO and VO can be activated 

manually at the operators' discretion in the event of an emergency. 
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SECTION 5: CONTROL & MONITORING FOR WESI*TPU3 

S.1 CONTROL CONCEPTS 

Control of WESrTPU4 is from the Control Trailer 
(4CON). All motor starters and Start/Stop stations 
are in this trailer. Equipment is started and stopped 
with PUSH/PULL START/STOP buttons (push to 
start - pull to stop), located on the control panels. 

Some electro-mechanical interlocks are utilized, but 
the majority of interlocks are accomplished 
electronically in the PLC (Programmable Logic 
Controller). 

Electrical signals (4-20 mA) are fed into the PLC, 
where they are analyzed and compared to time 
status and other signals. Output signals are then 
sent to equipment switches and panel devices to 
start/stop the equipment and to display status 
messages and alarms. 

Groups of motors are started in preset sequences. 

CRITICAL CONTROL CONDITIONS 

The control strategy for the WESrTPU4 
system is straight forward. The dryer exit gas 
temperature is controlled manually by the dryer fuel 
control valve to maintain the temperature less than 
500°F. The thermal oxidizer exit temperature is 
automatically controlled by the burner fuel control 
valve to maintain temperature at the set point. The 
inlet gas temperature to the acid gas scrubber 
controls the quencher water control valve to maintain 
the scrubber inlet gas temperature. 

AWFSO: Automatic Waste Feed Shut-off. This term 
describes a critical status that automatically stops the 
flow of soil materials into the system, by turning OFF 
the soil feed metering unit (SF-FU). The AWFSO 
can be triggered by several conditions; when any of 
the AWFSO conditions exist the soil feed metering 
unit is automatically shut down. 

The PLC uses programmed logic and decisions to 
accomplish equipment interlocks and to announce 
alarms. 

WESPTPU4 control details are presented 
diagrammatically in Process Instrumentation and 
Control Diagrams in this section. They are described 
in Section 5.7.4. 

PLC alarms and interlocks and their logic are 
described in Section 5.7. 

Process flow rates, process temperature and 
pressure points and process gas monitoring points 
with estimated alarm point settings, normal operating 
ranges and instrument ranges are tabulated in 
Tables 5.6.1 through 5.6.5. 

See Section 3.7 for description of processes for 
WESPTPU4. 

VSO: Vent Stack Opening. This term describes 
another critical status that automatically opens the air 
vent valves (BH-EV) to allow cool air to mix with the 
hot process gas, to reduce its temperature to a safe 
level. See Section 6.1.4 for Equipment Description. 
A high temperature (>500°F) of dryer off-gas will 
trigger an automatic vent stack opening (VSO). 
When VSO occurs, fuel and waste feed are stopped. 
The emergency vent stack will open with the 
following events:) 

(1) Dryer Off-gas High Temperature -
>500°F. 

(2) Loss of compressed air. 
(3) Loss of system electrical power. 
(4) Manual override. 

5.2 PLC PROGRAMMABLE LOGIC CONTROLLER 

WESI*TPU4 uses an Allen Bradley programmable logic controller (PLC) to control all of the major start/stop 
sequencing, alarm annunciation, and interlocking functions. The PLC was chosen over a traditional relay system 
for its versatility and reliability. Since permit conditions change with each job, the PLC provides a means of 
incorporating these changes by software modifications, rather than changes in hardwiring. Major functions of the 
PLC include the following: 
1. Ensures that the operator starts and stops the soil feed and discharge systems in the proper order, so as to 

prevent clogging. 
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SECTION 5: CONTROL CONCEPTS FOR WESI*TPU4 

2. Properly annunciates alarm status, and AWFSO or VSO if conditions are met, to the operator 
3. Monitors all system motors and displays overload conditions when they exist. 
4. Provides system interlocking functions to assure that all major systems on the unit are started and stopped 

in the proper order. 

5.3 INTERLOCKS 

The following conditions are used by the PLC to perform the interlock functions: 

3S. 

1. ID Fan Damper: Close damper before ID 
Fan is allowed to start 

2. Emergency spray: Pressure switch must be 
closed before ID Fan is allowed to start 

3P. PCC Burner: interlocks 
a.) ID Fan running 

burner turbo fan running 
burner combustion air flow switch closed 
burner tertiary fan running 
burner tertiary air pressure switch close 
baghouse not at high temp 
ID Fan air flow switch closed 
PCC burner not greater than high temp 
setpoint 
Ip pressure switch closed 

SCC Burner: interlocks 
a.) ID Fan running 

burner turbo fan running 
burner combustion air flow switch closed 
burner tertiary fan running 
burner tertiary air pressure switch close 
baghouse not at high temp 
ID Fan air flow switch closed 
SCC burner not greater than high temp 
setpoint 
Ip pressure switch closed 

4. Soil Feed System: - Automatic 
a.) Discharge Ash 

1.) Stacking Conveyor 
2.) Left Pugmill - stacking conveyor 

must be running 
3.) Right Pugmill - left pugmill must be 

running 
*if right pugmill trips under overload 

condition it will also stop the left pugmill 
4.) Lifting Slat Conveyor - right pugmill 

must be running 
b.) Dryer Drive - lifting slat conveyor 

must be running 
c.) Feed Drive 

1.) Soil Feed Belt - dryer drive must be 
running 

2.) Soil Lifting Belt - soil feed belt must 
be running 

d.) Feed Metering Unit - soil lifting belt must 
be running. 

b.) 
c.) 
d.) 
e.) 
f.) 
g-) 
h.) 

I . )  

b.) 
c.) 
d.) 
e.) 
f-) 
g-) 
h.) 

i.) 

5. Soil Feed System: - manual 
a.) Discharge Ash System, Dryer Drive, Feed 

Drive System, or Feed Metering Unit can 
be started or stopped in any sequence 
without affecting other motors. Baghouse 
auger interlocks will also be bypassed 
when in this mode. Therefore, any auger 
can be started or stopped without 
affecting other motors. 

6. Baahouse Screws: 
a.) Outer Transfer Auger - stacking conveyor, 

left pugmill, right pugmill, and lifting slat 
conveyor must be running 

b.) Inner transfer Auger - outer transfer 
auger must be running 

c.) Lifting Auger - inner transfer auger must 
be running 

d.) Cross Auger - lifting auger must be 
running 

e.) Left Auger - cross auger must be running 
f.) Center Auger - cross auger must be 

running 
g.) Right Auger - cross auger must be 

running 
*if left, right, or center auger trips - alarm only 

Reversing: 
If any auger is switched to reverse - there will 
be a 15 sec. delay before any forward 
interlocks become active and initiate their 
controlled shutdown. 

7. Quench/Scrubber Water: 
a.) Front Sump Water Pumps can not start if 

front sump is at low-low level. 
b.) Rear Sump Water Pumps can not start if 

rear sump is at low-low level. 
c.) Emergency Sprays operate with loss of 

power <n.o. solenoid> or scrubber inlet 
temperature reaches high level setpoint 

d.) Emergency Spray Pressure Switch must 
be closed before ID Fans can start 

e.) Level Switches and Water Makeup 
Solenoids 
1.) Continuous Water Makeup 
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2.) Intermittent Water Makeup 
Solenoid energizes when water level 
goes below the low level switch and 
will remain on until the level reaches 
the high level switch, 

f.) Booster Pumps Operation 
1.) Pumps can not start unless 

manifold water pressure switch (PS 
7332) is closed, indicating water 
pressure at the inlet of the pump. 

2.) Operator will rotate the pumps in 
and out of service as needed to 
maintain consistent water flow to the 
quencher. 

5.4 ALARMS 

The following typical alarm conditions are established 
from site to site depending on permit conditions. 

CONTROL ELEMENT CONDITION 

1. PCC Exit Gas High High Temp 
>500° F. 
(from burner controller) 

2. PCC Exit Gas High Temp: 
>450° F. 
(datalogger - 20 minute rolling average) 

3. PCC Exit Gas Low Temp 
<250° F. for longer than 1 minute, 
(from burner controller) 

4. SCC Exit Gas Low Temp 
<1800° F. 
(datalogger - 20 minute rolling average) 

5. PCC Burner Flame Failure 
(from burner system) 

failure - valve 

h Temp opens one 

-1 High Temp opens the 

When the fan pushbutton is pulled to start 
the fans, the ID Fan Damper must first be 
closed and the emergency sprays water 
pressure switch must be closed. The PLC 
controls a relay that is wired into the damper 
circuitry for closing the damper. Once the 
PLC receives a "Damper Closed" input the 
fans can start. When both fan motors are 
running, the relay will be deenergized 
allowing normal damper control. Until the 
damper closes and both fan motors are 
running, the ID Fan pushbutton indicating 
light will flash at a slow rate. 

their results. These alarm conditions may be modified 

RESULTS 

AWFSO and Annunciator display of alarm message 
(VSO - done through baghouse controls) 

AWFSO and Annunciator display of alarm message 

Annunciator display of alarm message 

AWFSO and Annunciator display of alarm message 

AWFSO and displays alarm message on 
Annunciator. 

SECTION 5: CONTROL CONCEPTS FOR WESI*TPU4 

Master power on - valve 
energizes. Valve will remain 
energized until the water 
level reaches the high level switch 
plus time. At the end of the time 
period the solenoid will be 
deenergized. Any time the water I 
evel goes below the high level 
switch, the solenoid will be 
energized. 

VSO - Baahouse Cont 
a.) closes with power 

arrangement 
b.) PCC Exit Gas Higl 

vent 
c.) PCC Exit Gas High 

second vent 

ID Fans: 

with 

6. SCC Burner Flame Failure AWFSO and displays alarm message on 
(from burner system) Annunciator. 

7. Quench Outlet High Temp For >200° F (from T1819) 
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SECTION 5: CONTROL CONCEPTS FOR WESPTPU4 

Annunciator display of alarm message. 

8. Quench Outlet High Hioh Temp. 
For >250° F (from T1819) 

9. Dryer Vacuum -
For < 0.01" w.g. vacuum, 5 minutes after 
starting ID Fans and vacuum goes positive 
for 15 sec. 

10. Baahouse Delta P 
Less than 1" w.c. 

11. Front Sump pH -
Less than 4.0 for longer than 5 minutes. 

12. Rear Sump pH -
Less than 4.0 for longer than 5 minutes. 

13. Loss of water to Duct Quench -
From (FI707) 

14. Loss of water to Main Quench -
From (FI706) 

15. Acid Gas Scrubber Front High Temp 
For >200° F. (from TI8110) 

16. Acid Gas Scrubber Front High Hioh Temp 
For >250° F. (from TI8110) 

17. Carbon Monoxide fCOl: 
Greater than 100 ppm, corrected to 7% 02 
(Datalogger -1 hour rolling average) 

18. Loss of water flow to front scrubber 
(FI700) 

19. Loss of water flow to rear scrubber 
(FI701) 

20. Stacking Conveyor Speed Switch -
check 3 sec after stacking conveyor is 
running 

21. Discharge Soil Temperature Low: 
<500° F. from (TI112), 
20 minute rolling average 

AWFSO and Annunciator display of alarm message 

AWFSO and Annunciator display of alarm message 

AWFSO and Annunciator display of alarm message 

AWFSO and Annunciator display of alarm message 

AWFSO and Annunciator display of alarm message 

AWFSO and Annunciator display of alarm message 

AWFSO and Annunciator display of alarm message 

Annunciator display of alarm message 

AWFSO and Annunciator display of alarm message 

AWFSO and Annunciator display of alarm message 

AWFSO and Annunciator display of alarm message 

AWFSO and Annunciator display of alarm message 

Annunciator display of alarm message. 

AWFSO and Annunciator display of alarm message 
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22. Discharge Soil High Temp 
>600° F. from (TI112), 
20 minute rolling average 

23. BH Hopper Left Compartment High Level 

24. BH Hopper Middle Compartment High Level 

25. BH Hopper Right Compartment High Level 

26. Compressed Air Pressure Low 

27. Baqhouse Inlet High temp 
(TE 313 Baghouse controls) 

28. Manifold water pressure switch 
(PS 7332) opens 

29. Thermal Oxidizer Qxvaen Concentration 
Low: <4% 

30. Thermal Oxidizer Qxvaen Concentration 
Low: <3% 

31. Soil Feed Rate High: 
>40 TPH, 60 minute rolling average 

32. ID Fan Failure: 
Loss of power to motor. 

33. Electric Power Failure: 
Loss of electrical power to unit. 

34. a.) alarm silence 
b.) alarm tweeter 
c.) soil feed system - auto/man 
d.) discharge chute water - off/on 
e.) id fan damper close limit switch 
f.) id fan damper open limit switch 
g.) front sump low-low level, low level, and 

high level 
h.) rear sump low-low level, low level, and 

high level 
i.) quench water spray water pressure switch 

(pe739) 
35. AWFSO alarms 

a.) Alarm tweeter continuous and displays 
alarm message on Annunciator7annunciator 

AWFSO and Annunciator display of alarm message 

Indicator light flash until acknowledged and then burn 
continuous 

Indicator light flash until acknowledged and then burn 
continuous 

Indicator light flash until acknowledged and then burn 
continuous 

Annunciator display of alarm message 

Turns burners off and Annunciator display of alarm 
message 

Turns Booster Pumps off and displays alarm 
message on Annunciator. 

Annunciator display of alarm message 

AWFSO and Annunciator display of alarm message 

AWFSO and Annunciator display of alarm message 

AWFSO and Annunciator display of alarm message 

AWFSO and Annunciator display of alarm message 

b.) Depress silence pushbutton - alarm is 
silenced 
c.) If alarm message is on display, start a 15 
sec. timer 
d.) At the end of the 15 sec., clear the 
display 

36. Motor alarms and Misc. alarms 
a.) Alarm tweeter on for 3-5 sec. and 
displays alarm message on Annunciator. 
b.) Depress silence pushbutton 
c.) Start 15 sec. timer 
d.) At the end of the 15 sec., clear the 
display 

5.5 CEM CONTINUOUS EMISSIONS MONITOR 
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SECTION 5: CONTROL CONCEPTS FOR WESI*TPU4 

5.6 OPERATING CONDITIONS 

This section defines control and monitoring loops and states their Operating Ranges, Alarm Limit Settings and 
Device Ranges. The locations of these loop sensing points are shown in the Process Instrumentation and Controls 
Diagrams (P&ID) in Section 5.7. Soil conditions before and after processing are described in Section 5.6.1. 
Process flow rates are described in Section 5.6.2, equipment speeds are shown in Section 5.6.3, temperatures and 
pressures are shown in Section 5.6.4, and stack monitoring is shown in Section 5.6.5. 

5.6.1 SOIL CONDITIONS 

Typical parameters related to soils processed by WESrTPU4 are described herein, including moisture 
content before and after processing, and flow rates thru the equipment. 

Moisture Content, before 15-25% Soil Btu value Negligible 
Soil Material Size <2" Soil Rewetting percent 12% 

5.6.2 PROCESS FLOW RATES 

The following flow parameters are monitored and controlled. 

TABLE 5.6.2 

INDICATOR 
NO. 

FLOW ITEM 
DESCRIPTION 

OPERATING 
FLOW RANGE 

EQUIPMENT 
RANGE 

WI-170 Dryer Feed Rate 25-50 TPH 135 TPH 

PDI-232 Fuel rate to dryer burner 

PDI-435 Fuel rate to secondary burner 

FI-729 Ash Coolina Water 
Controlled by manual proportional flow valve. 

GPM 

AI-650 PCC Off-gas Oxygen 3-6% 

AI-851C SCO Off-gas Oxygen 3-6% 

CALC SCC Residence Time 
Based on Slope & RPM of Drum 

2 seconds 1 -3 seconds 

5.6.3 EQUIPMENT SPEEDS & SETTINGS 

Material through-put is regulated by the variable speed drive on the feeder. The feeder speed is controlled to 
maintain a reasonably constant contaminated soil feed rate for stable dryer operation. Rotational speed of the 
dryer is controllable by electric remote control of the variable belt gear reducer drive. 

Increasing the rotational speed will decrease the residence time in the dryer. It also affects soil and off-gas 
temperatures. The feed rate and dryer speed are determined by the temperatures and pressures in the system 
and the ability to maintain draft. The position of the ID fan damper determines the overall system draft and is 
controlled manually to maintain a constant negative dryer pressure. 

Williams Environmental Services, Inc. Copyright, 1994 Instruction Manual for TPU#4 
Revised 12/03/94 WESI\4TPU\TPU4MNL.DOC 
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TABLE 5.6.3 

EQUIP 
NO. 

PARAMETER 
DESCRIPTION 

OPERATING 
RANGE 

EQUIPMENT 
RANGE 

M-164 Belt Feeder Speed 25-50 TPH 0-100 TPH 

SI-181 Dryer RPM 1.5 - 2.5 RPM desired 
Controlled by variable speed drum drive, manually 

2.5-4.5 RPM 

HIC-642 ID Fan Damper 
Controlled by Dryer Pres 0-100% (manual) 0-100% Open 

Calc Dryer Drum Slope 
Controlled by manual Jacks 1.5°-2.5° 0-6.5° 

Calc Soil Residence Time >30 minutes 15-60 minutes 

5.6.4 TEMPERATURE & PRESSURE 

Temperatures and pressures are set to maintain overall process gas-heat flow conditions throughout WESI*TPU4. 
These loops, manual and automatic, set and monitor the temperatures and pressures, that ultimately determine the 
production rate and thermal efficiency of the system. 

Draft (dryer pressure) is controlled manually (via ID fan damper) to maintain a negative pressure at the burner end 
of the dryer. The dryer off-gas temperature (via fuel valve) is controlled manually to maintain a temperature less 
than 500°F. The secondary combustion chamber off-gas temperature is also controlled via fuel valve. The 
process pressure and temperature control loop characteristics are shown below. 

TABLE 5.6.4 

INDICATOR 
NO. 

PARAMETER ALARM 
DESCRIPTION SETTING 

OPERATING 
RANGE 

INSTRUMENT 
RANGE 

TI-112 Soil Ash Temp 450° F (LOW) 
1000° F (HIGH) 

500-900°F 32-2100°F 

TIC-310 Dryer Gas Exit Temp 250° F (LOW) 375-450° F 
Type K T/C 475° F (HIGH) 
Controlled by Proportioning Fuel Flow Control Valves, ( Manually) 

32-2100° F 

TI-313 Baghouse Inlet Temp 450° F. 350-425° F. 32-2100° F. 

PDIT-330 Dryer Pressure (-)0.01" w.g. 
at burner end with 15 second delay 
Controlled by Damper Actuator via Controller 

(-)0.1" to 0.15" w.g. 0" to (-)0.5" w.g. 

TIC-518 Secondary Combust 1400° F. (LOW) 1400-1800° F. 
Off-gas Temperature 2100° F. (HIGH) 
Controlled by Proportioning Fuel Flow Control Valves, ( Manually) 

32-2100°F 

PDI-634 Baghouse Pressure 
Differential 

3"-4" w.g. 0-10" w.g. 

Williams Environmental Services, Inc. Copyright, 1994 Instruction Manual for TPU#4 
Revised 12/03/94 WESI\4TPU\TPU4MNLDOC 



SECTION 5: CONTROL CONCEPTS FOR WESI*TPU4 

PDI-637 ID Fan Differential 18"-22" w.g. 

-

0-25" w.g. 

PI-638 Compressed Air 80 psi (LOW) 90-110 psi 0-125 psi 

Not Monitored Soil Pile Temperature 200° F. max desired 

Design ID Fan Static Pres. 
Controlled by drive speed 

25" w.g. @ 425° F. 0-30" w.g. 

5.6.5 STACK MONITORING 

TABLE 5.6.5 

INDICATOR 
NO. 

ALARM 
DESCRIPTION 

ALARM 
SETTING 

OPERATING 
RANGE 

INSTRUMENT 
RANGE 

AI-851A Carbon Monoxide 
60 min. rolling avg. 

100 ppm (HIGH) 0-100 ppm 0-100,0-500 ppm 

Ai-851C Stack Gas Oxygen <3% 3-6% 0-25% 

AI-851 B Carbon Dioxide None 8-15% 0-20% 

AI-851 D Total Hydrocarbons 
60 min. rolling avg. 

50 ppm (HIGH) <20 ppm 0-100 ppm 

5.7 PROCESS CONTROL and INSTRUMENTATION DIAGRAMS (P&ID) 

P&ID drawings are used to convey the relationships between control and monitoring elements of the entire 
system. They illustrate graphically how the control and monitoring philosophy is implemented. 

Four main drawings are used to depict the entire P&ID for WESPTPU4. Each major trailer system is 
shown separately: 4PCC, 4BH, 4SCC & 4ABS. The Quencher system is included with 4SCC, even though its 
components are physically divided between 4SCC and 4ABS. 

Sub-systems are also shown as separate views of the complete system. Descriptions are provided to 
explain the operation and purpose of each element of each sub-system. 

Descriptions of the P&ID items are tabulated in Section 5.7.8. 
1 6 5 

' ! 1 
J | 1 SEQUENTIAL NUMBER (MOTOR #5) 
1 1 EQUIPMENT ITEM (DRUM DRIVE MOTOR) 

1 SOLID MATERIAL (SOIL) 

/^M~\ MOTOR 
MOTOR I IVI \ ( IVI \ 
^  V ( i c e  1  c  c  S T A R T E R  
(M) \^65J (MY) 

DEVICE AT COMPONENT DEVICE IN CONTROL ROOM 
(PLAIN CIRCLE) (CIRCLE WITH UNE ) 

5.7.1 P&ID Identification System 

Each element in the system is given a unique 
number symbol, so it can be identified and tracked. The 
number is placed inside a circle or square and attached to 
the equipment component or other control/monitor 
element. 
Squares are used for PLC items and circles for everything 
else. A line across the middle means the item is located in 
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SECTION 5: CONTROL CONCEPTS FOR WESPTPU4 

the Control Room; no line indicates the item is field mounted at the equipment itself. 

The identifier is made up of an alpha character set on the top and a numerical number at the bottom. 

The numerical segment describes the item being controlled or monitored. It is made up of three parts: 
1st Type of Stream 
2nd Type of Element 
3rd Sequencial Number 

The alpha segment is a code for the device that does the controlling or monitoring, and it can represent the 
equipment component also. 

5.7.2 Alpha Segment of P&ID Identifier: 

The alpha segment is made up of standard code letters, standardized by ANSI/ISA, that stand for industrial 
devices. They are combined to form unique identification codes for specific pieces of equipment. The following list 
is used by WESI*TPU4: 

AAH Analytical Alarm, High PDA Pressure Differential Alarm 
AAL Analytical Alarm, Low PDI Pressure Differential Indicator 
AE Analytical Element PDR Pressure Differential Recorder 
Al Analytical Indicator PDT Pressure Differential Transmitter 
AIC Analytical Indicator & Controller PE Pressure Sensing Element 
AR Analytical Recorder PH PH 
AT Analytical Transmitter PI Pressure Indicator 
AWFSO Automatic Waste Feed Shut Off PR Pressure Recorder 
F Fan or Blower PS Pressure Switch 
FE Flow Sensor Element PT Pressure Transmitter 
FFA Flame Failure Alarm S Solenoid Actuated Valve 
Fl Flow Indicator SAL Speed Alarm, Low 
FT Flow Data Transmitter SI Speed Indicator 
HIC Hand Indicating Controller ST Speed Transmitter 
HS Hand Switch TAH Temperature Alarm, High 
HSF Hand Switch, Forward TAL Temp Alarm, Low 
HSR Hand Switch, Reversing TE Thermocouple 
I Interlock Tl Temperature Indicator 
II Current Indicator - Motor Amp Meter TIC Temperature Indicating Controller 
LAH Level Alarm, High TR Temperature Recorder pen 
LAL Level Alarm, Low TT Temperature Transmitter 
LE Level Sensing Element WE Weight Sensor 
M Motor WQI Weight Indicator (rate & total) 
MY Motor Starter WR Weight Recorder 
P Pump WT Weight Transmitter 
PAH Pressure Alarm, High zz Linked Actuator 
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5.7.3 Numerical Segment: 

The numerical segment of the P&ID Identifier is 
made up of three parts: 

1 st: Describes what the electrical component is 
controlling, or what the sensor is monitoring.. 

2nd: Describes the electrical component or 
sensor. 

3rd: Sequential number of like components. 

Three digits are combined into a single unique 
number that identifies the element. 

The last number can be more than one digit, such 
as 65. Number 301 is made up of "3","0" & "1", where "3" = Flue Gas in the PCC, "0" = Flow of 
gas, and "1" = first in the sequence. 

COMPONENT NUMBERING SUMMARY 

FIRST DIGIT SECOND DIGIT 

1 - SOLID MATERIAL FLOW 0 
2 - FUEL PRIMARY COMBUSTION CHAMBER TEMP 1 
0 - FLUE GAS PCC CURRENT 2 
4 - FUEL SECONDARY COMBUSTION CHAMBER PRESSURE 3 
5 - FLUE GAS SCC POSITION 4 
6 - FLUE GAS BAGHOUSE ANALYZER 5 
7 - LIQUID MATERIAL EQUIP 6 
8 - FLUE GAS SCRUBBER/QUENCH WEIGHT 7 

SPEED 8 

LAST DIGIT FLAME 9 

CHRONOLOGICAL NUMBERING 
OF LIKE COMPONENTS 3PID-N0S.dwg 
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5.7.4 P&ID Drawings 

P&ID drawings for WESI *TPU4 are included in the LTVS Work Plan. 
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SECTION 6: EQUIPMENT DESCRIPTIONS FOR WESI*TPU4 

6.1 EQUIPMENT DESCRIPTION 

This description is to be used with the WESI*TPU4 process flow diagram shown in section 3.7 and 
equipment drawings at the end of this section. The overall WESI*TPU4 system consists of soil processing units, 
dryer, ash handling equipment, emergency vent, baghouse, induced draft fan, thermal oxidizer, quencher, acid gas 
scrubber, stack, burner systems, and control room. The pollution control system is state-of-the-art, with a dust 
collector, thermal oxidizer and acid gas scrubber. The system is designed to treat 30-50 tons per hour of soil at 15-
20% moisture content and meets the performance requirement for reducing organic contaminant levels from 
contaminated soil at most sites. The major components of the system are described below. 

6.1.1 SOIL HANDLING EQUIPMENT 

The Soil Handling Equipment consists of the optional Rock Crusher (SF-RC), optional Soil Prescreen Unit 
(SF-PS), Soil Metering Unit (SF-FU), Soil Lifting Belt Conveyor (SF-BC-2), and Soil Feed Belt Conveyor (SF-BC-3). 

SOIL HANDLING 

Soil material handling can often be the largest 
operational challenge in the thermal treatment 
process. Soils with high clay and moisture content 
are difficult to handle compared with sandy soils. 
The soil processing unit for the WESI*TPU4 system 
is specially designed and built to handle difficult 
clays. Operational parameters cannot always be 
modified to accommodate variable soil conditions, 
therefore, mixing or blending of waste feed material 
is sometimes required. 

Handling of waste feed material is kept to a minimum 
to prevent entrainment of dust and vapors in the air. 
Therefore, Williams anticipates hauling untreated 
soils directly from the stockpiles to the treatment unit. 
Engineering controls are used to minimize fugitive 
dust emissions where applicable, such as on haul 
roads from stockpiles. Additionally, energy-intensive 
operations most likely to entrain dust and vapors, 
such as vibratory screening of oversize material, are 
performed only as needed because of their potential 
to create significant dust. It is not anticipated local 
exhaust ventilation will be required to meet the 
required levels of airborne concentrations of dust and 
vapors during the normal processing of soil material. 

PRE-SCREENING 

Contaminated soil can be pre-screened prior to 
thermal processing. Size screening enhances the 
efficiency of thermal treatment and protects the 
integrity of the feed and discharge systems of the 
unit. The material is initially screened to remove 
particles larger than three inches, as well as other 
large debris. The handling of oversized material is 
discussed in Section 3.6.1. 

ROCK CRUSHING 

Soil materials that are oversize can be crushed, so 
they can be processed through WESrTPU4., rather 
than decontaminating them separately. 

SOIL METERING 

Prescreened soil is delivered to the soil hopper by a 
front-end loader. The soil is re-screened through a 
bar grate, then passes into the hopper of the Soil 
Metering Unit (SF-FU) and onto its soil lifting belt 
conveyor, where it passes over the weigh scale. 
Williams' material handling units are equipped with 
several different screen sizes. The screen size to be 
used during production operations is selected on the 
optimum unit performance prior to the performance 
test. The speed of the apron feeder is adjustable to 
control the soil feed flow rate. 

LIFTING AND WEIGHING 

The Soil Lifting Belt Conveyor (SF-BC-2) receives 
metered soil and lifts it up onto the Soil Feed Belt 
Conveyor. The soil is weighed as it travels up the 
Lifting Belt. Measurements from the weigh belt scale 
provide the pay basis for projects. 

SOIL FEEDING TO DRYER 

Soil materials received from the lifting belt are fed 
into the rotary dryer drum through the gas exit 
breeching, via the Feed Belt Conveyor. 
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6.1.2 ROTARY DRYER (4PCC) 

4PCC is the primary combustion unit for TPU4. It is a 12' wide X 78' wide trailerized system consisting of a 
dryer drum and rotating mechanisms, burner and blowers, soil feed belt, power and control circuits, all mounted on 
an integral 3-axle trailer frame. 

The rotary dryer is a thermal dryer, in that it uses heat to desorb (or volatize) contaminant hydrocarbons 
out of the soil and into the gas stream. 

The dryer (PC-RD) consists of a rotary drum dryer with internal flights for lifting and showering the solids 
through the hot gas stream. The repeated spilling action veils the material through the hot gas stream, raising the soil 
temperature to approximately 600°F to 1000 F. The desired soil temperature depends on the physical characteristics 
of contamination and the cleanup levels required. Moisture is evaporated and hazardous waste constituents in the soil 
are volatized or desorbed. 

Operation of the dryer is countercurrent, with heat supplied by a direct-fired burner (PC-BR). Retention 
time in the dryer varies based on dryer speed and the slope of the unit, and is typically between 15 to 20 minutes. 
Countercurrent flow of gas and solids gives greater heat transfer efficiency with a given inlet-gas temperature. The 
discharge end of the rotary dryer is constructed of stainless steel to withstand temperatures up to 1200°F. The 
system is flexible enough to process high moisture (up to 40%) and organic content (up to 10%) in the soil. 

Heated air is provided to the dryer by a gas fired burner (PC-BR). This burner is located away from the 
dryer so that no direct oxidizing flame comes in contact with the soils. Combustion air for the burner is provided by 
separate blowers, but the overall draft is maintained by an I.D. fan (BH-ID) located after the baghouse. The 
pressure at the burner end of the dryer is monitored and the I.D. fan damper is regulated to maintain a negative 
pressure inside the dryer at all times. 

Heat-treated soils exit the dryer from the discharge end breeching into the discharge dragslat conveyor 
(AS-DC). 

Gases exit the rotary dryer through the transition ductwork above the feed input. The temperature of the 
off-gases is monitored to prevent any condensation of organic compounds in the duct and the baghouse. 

Dust from the Baghouse is returned to the dryer for final heat treatment. It enters the Dobson Collar on the 
hot end of the dryer. It is a chute opening in the drum, allowing gravity to drop the dust materials into the inner end 
of the superheating zone. The dust mixes with the existing hot ash material. As the relatively small flow of material 
mixes with the hot material that progresses through the entire drum, it is heated through convection from the gas. 
While this is taking place, it is being heated by the radiant energy given off by the flame gases. In this portion of 
the drum, the material rolls on the surface of the hot drum and insulating flights. It gains most of its heat from this 
conduction process. 

6.1.3 ASH HANDLING EQUIPMENT 

The Ash Handling System handles heat-treated soils and consists of the Ash Discharge Conveyor (AS-
DC), the Ash Conditioning Pugmill (AS-PM) and the Ash Stacking Belt Conveyor (AS-BC-4). 

Processed soils are conveyed into the ash conditioning pug mill (AS-PM) where they are spray-quenched 
to cool the material and suppress fugitive dust emissions. The stacking conveyor (AS-BC-4) is used to generate 
temporary treated soil stockpiles which are then sampled for verification analyses. 

Williams Environmental Services, Inc. 
Revised 12/03/94 

Copyright, 1994 Instruction Manual forTPU#4 
WESI\4TPUYTPU4MNLDOC 



SECTION 6: EQUIPMENT DESCRIPTIONS FOR WESPTPU4 

ASH DISCHARGE CONVEYOR (AS-DC) 

The Ash Discharge Conveyor is a drag slat conveyor 
that receives 600°-1000°F ash from the bottom of the 
Dryer Burner Breeching, and conveys it on an 
upward slope to its discharge point above the 
Pugmill. 

ASH CONDITIONING PUGMILL (AS-PM) 

The pugmill is a conventional 12' dual shaft counter-
rotating mill with hardened hammer faces, all facing 
in the flow direction. Its sole purpose is to mix water 
thoroughly into the ash to convert it back to usable 
soil. 
As the ash dust falls into the pugmill, it is sprayed 
with water for initial quenching. As it travels through 
the pugmill vessel, it is additionally cooled to below 
the boiling temperature with more water sprayed into 
the mixture created by the rotating arms. 

Additional water is introduced to moisturize the ash to 
usable soil, usually 8% to 15% because dry soil does 
not compact well. Water spray is also used to prevent 
fugitive dust emission, by wetting airborne dust 
particles so they coagulate back into the mixture. 
Steam is generated during the quench and cooling 
processes. It is pulled by negative pressure out of the 
top outlet, through a small duct, and into the 
baghouse, where any airborne dust is trapped on the 
filter cake. 

ASH STACKING BELT CONVEYOR (AS-BC-4) 

The stacking conveyor receives damp soil from the 
pugmill and lifts it on its sloping belt, up high enough, 
to develop piles of processed soil. It is pivoted 
manually on pneumatic rubber tires to create multiple 
piles about 30 feet in diameter containing about 100 
tons each. Removable covers are utilized to prevent 
wind from blowing the dust off the belt. The stacking 
conveyor is capable of producing treated soil piles in 
excess of 400 tons. 

6.1.4 BAGHOUSE (4BH) 

The Baghouse is the system dust collector and prime air mover, which consists of the Baghouse Dust 
Collector (BH-DC), Crossover Duct from 4PCC (PC/BH-D), Emergency Vent (BH-EV), Dust Discharge Screw 
Conveyors (BH-SC), Induced Draft Blower (BH-ID), Crossover Duct to 4SCC (BH/SC-D), and the Compressed Air 
System (BH-AC). 

Off-gases from the dryer are processed to remove particulates. Particulates in the gas stream are filtered 
in the baghouse (BH-DC). The baghouse is designed to give optimum air to cloth ratio of 3.5:1 (5:1 max) and 
provides above 99% efficiency for removal of particulates. The filter media can withstand temperatures in the 
range of 500°F and has excellent resistance to corrosive atmospheres. 

The baghouse cleans by pulse jets of compressed air that expand the flexible bags and dislodge the filter 
cakes. Baghouse dust is removed to the discharge auger system (BH-SC), where it is additionally heat-treated in 
the rotary dryer fines collar and mixed with dryer ash for ash treatment. This closes the solids loop in the treatment 
process. 

BAGHOUSE DUST COLLECTOR (BH-DC) 

The baghouse is a trailerized dust collector 
consisting of (1) a side entry (either side) drop-out 
chamber located near the front of the trailer, where 
the larger particles drop out of the air stream and fall 
into the bottom screw conveyors; and (2) the main 
filter box containing 9975 sq.ft. of special 18 oz. fine 
nap P-84, 6" diameter filter bags arranged in a 
unique pattern to allow free flow with minimum 
pressure loss. Dust laden air flows through the filter 
cake, depositing particles on the cake and allowing 

clean air into and upward through each bag and into 
the (3) outlet plenum chamber. Clean air flows up 
from the filter bags and then rearward through the 
outlet plenum, which becomes deeper as more bags 
contribute to the flow, and then downward toward the 
fan. 

CROSSOVER DUCT FROM 4SCC (PC/BH-D) 

Heat treated gas, containing water vapor and 
particulate matter and volatized hydrocarbons, flow 
from 4PCC to 4BH through a 36" diameter duct, 
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which is connected on both ends with hi-temp rubber 
boots. 

EMERGENCY VENT (BH- EV) 

When temperature of the gas entering the baghouse 
exceeds the safe operating limit of the bag material, 
air is introduced to cool the gas mixture. This 
equipment is located in the duct from 4PCC to 4BH. 
It is a dual butterfly valve emergency vent, held in the 
closed position by air cylinders and moves to the fail
safe open position by self-contained springs, in the 
event of loss of electric power (see section 5.6 for 
triggering conditions). One valve opens at one 
temperature and both open at a higher temperature. 

DUST DISCHARGE SCREW CONVEYORS (BH-SC) 

Dust that has been removed from the air stream falls 
through a grating and into a hopper. The grating 

prevents filter bags and other large items from getting 
into the dust removal system. Three 12" diameter RH 
screw conveyors transfer the fallen dust from the 
hopper toward the rear of the trailer. It falls into the 
lifting Auger, which conveys the dust up over the 
axles and drops it beyond the end of the trailer. This 
falling dust travels through two counterbalanced 
trapdoor valves, to prevent air in leakage. The dust 
then travels through the two Dust Transfer Screw 
Conveyors (BH-SC-6/7) to the Fines Return Collar on 
4PCC. See sections 3.3 and 3.5. 

COMPRESSED AIR SYSTEM (BH-AC) 

Two air compressors are mounted on the front trailer 
deck. They provide 120 psi air pressure for reverse 
pulse-jet cleaning of filter bags and for other air-
operated devices. 

6.1.5 INDUCED DRAFT FAN 

An induced draft fan (BH-ID) provides the driving force for the movement of gases in the system. It 
maintains negative pressure in the dryer to prevent fugitive emissions. 

The I.D. Fan is mounted on the rear end of 4BH trailer and pulls from 4PCC and 4BH and pushes it 
through 4SCC and 4ABS and out the stack. It uses 250 HP to move 35,000 acfm® 425°F with 25" w.g. inlet 
suction and 10" exit pressure. 

An inlet damper is located between the filter box and the fan to maintain proper pressures throughout the 
system and prevent overloading fan motors during cold startup conditions. 

6.1.6 THERMAL OXIDIZER (4SCC) 

The thermal oxidizer unit consist of a trailerized vessel with internal refractory, burner and combustion air 
fans. 

The gases from the baghouse enter the oxidizer (SC-TO) where they are heated to the required 
temperature (permit condition) for about 2 seconds in a 4-6% oxygen rich atmosphere to assure complete oxidation 
of the organic contaminants. The destruction of the organics in the flue gas depends on the residence time, 
turbulence and temperature. The oxidizer is sized to provide sufficient residence time and is installed with a high 
intensity burner to provide the turbulence necessary to oxidize chlorinated compounds. Oxidization of organic 
compounds yields carbon dioxide, water vapor, and hydrochloric acid (chlorinated compounds). 

CxHy + O2 + N2 => CO2 + H2O + O2 + N2 
CxHyClz + O2 + N2 => CO2 + H2O + HCI + O2 + N2 

The thermal oxidizer unit is fabricated of 7/16 inch carbon steel and is 12 feet in diameter and 87 feet long. 
The combustion chamber is insulated with a blanket of 6-inch thick center-mounted ceramic fiber Z block modules. 
Castable refractory is used at transitions and high wear locations. The burner (SC-BR), is center-mounted in the 
inlet end and has a rating of 97 million Btu/hr. Process gas from the baghouse enters the chamber from the end 
plenum, through ports located around the burner, traveling parallel to the flame. 
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The temperature of the gas can be raised as high as 2100°F in the thermal oxidizer to ensure complete 
oxidation and destruction of chlorinated hydrocarbons. The operating temperature for many typical wastes is 
maintained at about 1800°F. Gas residence time is greater than two seconds. Destruction and removal efficiency 
for principal organic hazardous constituents (POHCs) in the thermal oxidizer will meet or exceed 99.99%. Gases 
exit from the oxidizer directly into the quench unit (SC-QU). 

6.1.7 QUENCHER (4SCQ) 

The quench system consist of an alloy steel vessel in which dual spray nozzles provide initial quenching 
and side outlet duct nozzles provide final quenching to adiabatic saturation. Quench water is provided by two 
booster pumps and one in-line spare, mounted on front deck of 4ABS trailer, which increase water pressure to 150 
psig, to obtain sufficient atomization in the nozzles to yield efficient cooling. 

The quencher (QU-V) is designed to reduce the flue gas temperature prior to its introduction into the 
scrubber. The quencher is capable of removing more than 40 million Btu/hr from the flue gas stream by mixing 
with large quantities of water. It is designed to handle more than 200,000 ACFM at 1850°F and to reduce the flue 
gas temperature to approximately 185°F (the adiabatic saturation temperature). The spray nozzles spray 
approximately 650 gpm of recirculated water, of which about 180 gpm of fresh water is required for evaporation. 
The quencher is a horizontal modified venturi system with dual Venturis, having single nozzles. Venturis are 
located in the end of the oxidizer vessel. The exit gas is approximately 48,000 acfm @ 185°F. 

6.1.8 ACID GAS ABSORBER (SCRUBBER) (4ABS) 

The scrubber consists of a vertical packed-bed scrubber, capable of removing 99% HCL acid, with 99.9% 
efficient mesh type demisters. Flows from the scrubber travel up the 70 foot high X 5 foot diameter FRP stack. 

The acid gas scrubber (AB-SCR) is designed to neutralize any acids formed during the oxidation process. 
Particulates and acidic gases are effectively removed by the packed bed scrubber. The absorber has a design 
capacity of approximately 190,000 ACFM of saturated air. Caustic is used as the neutralizing solution and the 
efficiency of the scrubber is greater than 99% for gaseous HCI. The materials of construction are FRP for the 
vessel, with PPE, CPVC and 316 SS for packing, piping and fittings. Gases from the two scrubber chambers are 
discharged at adiabatic saturation temperature into a single FRP stack. The mist eliminator mounted in the 
scrubber discharge end removes the liquid carryover by the gas stream. Effluent from the WESPTPU4 scrubber 
can be routed to aqueous phase carbon units. Water is purged from the system at about 12 gallons per minute. 
Blowdown is treated by the unifs wastewater treatment equipment prior to being reused in the process. Blowdown 
water from the scrubber can be used to quench the ash coming from the dryer. Any solid material collected in the 
liquid bag filters can be introduced into the wastefeed stockpile for further treatment. 
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6.2 EQUIPMENT SPECIFICATIONS 

The following specifications are for WESI*TPU4. They describe each major component. Tag Numbers 
agree with identifiers on drawings. The first part of the Tag Number identifies the main system that item is used in, 
such as "SF" for Soil Feed, "PC" for Primary Combustion System, "AS" for Ash Handling Equipment, "BH" for 
Baghouse equipment, and "AB for Absorber equipment. 

ITEM SOIL FEED EQUIPMENT (4SOIL) 
TAG NO. ITEM NAME DESCRIPTION 

SF-FU 

SF-BC-2 

SF-BC-4 

ITEM 
TAG NO. 

Soil Metering Unit 
Feed Hopper: 
Apron Feeder: 

Lifting Belt Conveyor: 
Drive: 
Belt Weigh Scale: ton/h 

Soil Feed Belt 
Type: 
Belt Width: 
Drive: 

8 cubic yard 
36" belt, 100 tons/hr capacity 

30" wide x 60' long 
Variable speed 10 hp Electric 
Instantaneous and cumulative, 

Located on 4PCC trailer 
Belt conveyor with receiving hopper 
30" wide 
8.9 hp electric, variable speed 

PRIMARY COMBUSTION EQUIPMENT (4PCC) 
ITEM NAME DESCRIPTION 

PC-RD 

PC-BR 

Dryer 
Type: 
Hot-end Material: 
Nominal Feed Rate: 
Drum Dimensions: 
Fines Collar: 
Drum Speed: 
Gear Drive: 

Drum Drive 
Gas Flow, Exit: 
Drum Seals 

Rotary Dryer Burner 
Manufacturer: 
Capacity: 
Fuel: 
Blowers: 

Fuel Pump: 

Countercurrent rotary dryer 
Stainless steel 
30-50 tons/hr 
8'-6" Diam. x 40'-0" Long 
10' Diam. mixes dust with ash 
1.5 to 2.5 rpm, remote variable 
100 hp electric, variable speed mechanical gear 
motor 
wrap-around chain drive 
34,000 acfm @ 450° F. 
Leaf type both ends 

Hauck Powerstar model #SJP260 
49 mm BTU/Hr 
Propane (or natural gas) 
Hauck Turbo 50 hp @ 3500 scfm 
Hauck Tertiary 15 hp @ 8500 scfm 
Blackmer #LGL1, 20 gpm, 3 hp, 1750 rpm 
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ITEM PRIMARY COMBUSTION EQUIPMENT (4ASH) 
TAG NO. ITEM NAME DESCRIPTION 

ASH HANDLING EQUIPMENT 
AS-DC 

AS-PM 

AS-BC-4 

ITEM 
TAG NO. 

PC/BH-D 

BH-EV 

BH-DC 

BH-SC-1/5 

Ash Discharge Conveyor 
Type: 
Drive: 

Ash Conditioning Pug Mill 
Type: 
Capacity: 
Drive: 
Dust Suppression: 

Stacking Conveyor 
Type: 
Stacking Radius: 
Belt Size: 
Drive: 
Dust Control: 

Transfers ash from dryer to pugmill. 
DR AGSLAT-conveyor 
10 hp 

Cools ash and raises moisture content. 
Continuous Flow, Double Shaft 
50-100 TPH, 12' Length 
Dual 30 Hp motors/reducers 
Water injection 

Distributes processed soil to piles. 
Enclosed belt conveyor 
50' 
30" wide x 60' long 
10 hp electric 
Covers 

BAGHOUSE EQUIPMENT (4BH) 
ITEM NAME DESCRIPTION 

Crossover Duct From PCC to BH 
Size: 
Connections: 

Emergency Vent 
Type: 
Actuation: 

Baghouse Dust Collector 
Type: 
Design Flowrate: 
Filter Area: 
Filter Material: 
Maximum Temperature: 
Air to Cloth Ratio: 
Pressure Differential: 

36" Diam. 
Hi-Temp rubber flexible boots 

double butterfly valves 
opened by springs upon loss of electric power 

Removes particle matter 
Mobile pulse jet dust collector 
35,000 acfm 
9,975 square feet 
P-84 
510°F 
3.5:1 (design) 5:1 max. 
3" - 4" w.g. 

Baghouse Dust Discharge Conveyor System 
Type: 12" screw conveyors (5) 
Drive: 5 hp electric each 

BH-SC-6/7 Dust T ransfer Conveyor 
Type: 
Drive: 

BH-ID Induced Draft Blower 
Type: 
Size: 
Horsepower: 

12" screw conveyors (2) 
7.5 hp electric each 

Industrial radial blade centrifugal 
29 inch inlet 
250 (dual 125's) 
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Nominal Flowrate: 
Design Conditions: 
Construction: 
Manufacturer and Model: 
Damper: 

35,000 acfm 
25" pres. @ 425° F 
Carbon Steel 
Northern Blower Exhaust Fan 
Multi-louvered, on Inlet 

BH-AC 

BH/SC-D 

ITEM 
TAG NO. 

SC-TO 

SC-BR 

ITEM 
TAG NO. 

QU-V 

QU/AB-D 

Air Compressors (2) 
Size: 
Type: 

25 HP 
rotary screw 

Crossover Duct From BH to SCC 
Shape & Velocity: Rectangular, 3500 FPM 

SECONDARY COMBUSTION EQUIPMENT (4SCC) 
ITEM NAME 

Thermal Oxidizer 
Size: 
Volume: 
Gas Flow, Inlet: 
Gas Flow, Exit: 
Velocity: (cross sectional) 
Residence Time: 
Refractory: 

Thermal Oxidizer Burner 
Manufacturer: 
Capacity: 
Fuel: 
Blowers: 

Fuel Pump: 

DESCRIPTION 

12' Diam. x 87' long 
5,900 cubic feet 
35,000 acfm @ 400° F 
190,000 acfm @ 1850° F 
35 feet per second 
1.9 seconds 
Carborundum 12"x12"x6" internal anchor C.F. 
modules 

Hauck Powerstar model # SJP520 
97 MM BTU/hr 
Propane (or Natural Gas) 
Hauck Turbo, 100 hp, 7,300 scfm 
Hauck Tertiary, 60 hp, 12,100 scfm 
Blackmer #LGL1, 20 gpm, 3 hp, 1750 rpm 

QUENCHING EQUIPMENT (4SCQ) 
ITEM NAME DESCRIPTION 

Quencher Vessel 
Type: 
Inlet Temp: 
Outlet Temp: 
Coolant: 
Gas Flow, Inlet: 
Gas Flow, Exit: 

Horizontal venturi wetted elbow 
1800°F 
185°F 
400 gpm 
20,000 acfm 
90,720 acfm 

Duct From Quencher to Absorber 
Size: 
Material: 

72" Diam into 48" Diam. 
FRP 

ITEM 
TAG NO. 

AB-SCR 

ACID ABSORBER EQUIPMENT (4ABS) 
ITEM NAME DESCRIPTION 

Acid Absorber (Scrubber) 
Type: 
Efficiency: 
Capacity: 

Vertical packed-bed 
99% removal efficiency of HCL 
190,000 ACFM 
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Mist Elimination: 
Materials: 
Pumps: 

AB-ST Stack 
Material: 
Inside Diameter 
Exit Height (from grade) 
Test Ports: 
Access: 

Mesh-type 99% removal efficiency 
FRP/PPE/SS 
20 hp (2+2 backup) 1000 gpm total flow 

FRP 
60" 
70 ft 
Two sets, 10' apart 
Cage ladder to full circular platforms (2) 

ITEM CONTROL HOUSE EQUIPMENT (4CON) 
TAG NO. ITEM NAME DESCRIPTION 

CH Control House 
Type: Enclosed, trailer mounted, climate controlled 
Size: 8' wide x 48' long 
Motor Control Center: On-board for all motors 
Work shop area Located in rear 

CEM Continuous Emissions Monitoring System 
Model: HC500-2D 
Company: Columbia Scientific Industries Corp. 
Parameters: Carbon monoxide, oxygen, carbon 

dioxide & total hydrocarbons 
Analyzers: FID, NDIR, Paramagnetic 

PLC Programmable Logic Controller 
Model: SLC 500 
Company: Allen-Bradley Co. 
Type: Modular Rack System 
Software: Allen-Bradley Advanced 

Programming Software (APS) 
Application: Provides start-up sequencing and 

system interlock control. 
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6.3 CONTROL & ELECTRIC EQUIPMENT DESCRIPTION 
The control room for WESFTPU4 is inside a mobile trailer. Control panels inside the trailer house all operating 
controls and monitoring instruments. Equipment is started and operated from these panels. All motor starters are 
located in the Motor Control Center. Continuous pen plotting of permanent data is done in the Recording Center. 

6.3.1 CONTROL ROOM 

Three sides of the control room are glass paneled so 
the chief operator can simultaneously monitor the 
process variables and view the operations outside 
the control room. The control room is insulated and 
can be heated or cooled as required. The pressure 
in the control room is kept positive to prevent dusting 
from outside. 

6.3.2 CONTROL CONSOLES 

Three floor consoles and two upper panels house all 
of the control and monitoring instruments, except for 
a few wall mounted instruments. Start/Stop stations 
and control indicators are mounted in sloping panels 
on the floor consoles. Other indicators and 
annunciators are located in overhead panels. 
Terminal strips, wiring, relays, and other equipment is 
located in side the cabinets. Swing out panels 
facilitate access to inside items. 

AMMETERS 
All 480 volt motors, except Propane Pumps, are 
monitored for current draw, with ammeters mounted 
in upper side panel. Current Transformers (CT) are 
used for remote sensing. No high voltage flows thru 
the panels. Most ammeters display the normal 
operating current near the middle of the scale. 
Ammeters provide feedback to the Operator that the 
motors are running. They indicate starting current, 
running current and, if out of range, indicate possible 
problems. No alarms are provided. 

PANEL INDICATORS 
The group of indicators in the upper right panel, 
display process temperatures, flow rates and 
pressures. 

BAGHOUSE INSTRUMENTS 
Instruments for monitoring and controlling the 
Baghouse are located in two places: one set in the 
lower left console panel, and one in the main panel 
on the Baghouse, itself. The console panel includes 
Power OFF/ON and the controller/indicator for BH 
Inlet Temperature (TE 313). Pulse Cleaning 
instruments are in the Baghouse panel. 

6.3.3 ELECTRIC SERVICE ENTRANCE 
AND DISTRIBUTION 

WESPTPU4 requires 480 volt, 3 phase, 60 hertz, 
electrical power. Approximately 700 amps are used 
for normal feed rates, out of 1254 total connected 
amps. Total HP = 943, which relates to 1096 KVA 
and 772 KW. 

POWER CONNECTION TERMINALS 

Connection terminal blocks are provided on the 
Control Trailer for connecting electric service. 

MAIN DISCONNECT BREAKER 

The entire WESPTPU4 system can be electrically 
isolated from the power source, with its Main Circuit 
Breaker. It normally carries a 1200 Amp Rating Plug 
for short-circuit protection. 

120 VOLT DISTRIBUTION 

480 volt 3-phase power is reduced to single phase 
power, for controls, lighting and other low voltage 
loads in the Office and Decontamination trailers. A 
30 kva transformer, located in the MCC next to the 
Main Breaker, provides 120 volt power for Control 
Trailer. 

CONTROL BREAKER PANEL 
20 AMP Breakers 

Circuit #143 1 2 Circuit# 10 
Lights & Recep 3 4 Circuit #151 

Circuit #140 5 6 Circuit # 142 
Circuit #145 7 8 Circuit # 148 

spare 9 10 spare 
Circuit #141 11 12 spare 

Circuit #149 13 14 Main Breaker 
spare 15 16 Main Breaker 
spare 17 18 Main Breaker 

An additional 25 kva transformer, located in rear of 
the trailer, provides 120/240 volt power for lighting, 
receptacles, etc. for other trailers. 

\ REAR LIGHTING BREAKER PANEL 
AMP 

Main 20 MP1 PCC recep 
Main 20 MP2 SCC recep 
MP3 BH recep 20 MP4 ABS recep 
MP5 PCC lights 20 MP6 PCC lights 
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MP7 BH lights 20 MP9 BH lights 
MP8 SCC lights 20 MP10 SCC lights 
MP11 ABS lights 20 Maint Area Lights 

Control recep 20 Control Lights 
spare 20 spare 
spare 20 spare 
spare 20 spare 

spare 20 Compr Unit 
spare 20 Compr Unit 
spare 20 Air Handler 
spare 20 Air Handler 

6.3.4 MOTOR CONTROL CENTER 

All motor starters, overload protection and breakers 
are contained in the Square D Motor Control Center. 
Power cables carry power from the MCC to individual 
motors. Control wires stay inside the control trailer. 
All motors are monitored for current usage with 
ammeters located in an overhead panel. 

6.3.5 RECORDING CENTER 

The following data for process variables is 
continuously recorded: waste soil feed rate; 
temperature at the exit of the dryer, thermal oxidizer 
and quencher; differential pressure across the 
baghouse; dryer draft; dryer soil discharge end hood 
pressure; and stack gas carbon monoxide 
concentration. This data is recorded by two 12-pen 
recorders. In addition, stack gas flow rate is 
monitored and recorded through correlations to the 
ID fan amperage. 

WESI*TPU4 uses a datalogger to provide alarm 
inputs to the PLC and two strip chart recorders to 
record various process data. In addition to recording 
information, the datalogger is also capable of math 
functions which allows the rolling average alarms, 
which are generally required on variables such as 
exit gas CO, CO2, and THC. 

6.3.6 PROGRAMMABLE LOGIC CONTROLLER 
(PLC) 

6.4 CONTINUOUS EMISSIONS MONITOR 

The Continuous Emission Monitoring (CEM) system is installed and certified prior to operation of the WESI*TPU4 
system, to provide real time stack gas monitoring. The system monitors oxygen, carbon monoxide, carbon dioxide, 
and total hydrocarbons. The continuous monitoring instruments are integrated with the data management system. 
Monitoring data is interfaced with the waste feed cut-off system so that the WESPTPU4 system is shutdown if 
emissions exceed the operational range established during the performance test. 

6.5 ELECTRIC POWER REQUIREMENTS 

MOTOR EQUIPMENT VOLTAGE HP FLA REMARKS 
NUMBER NAME amps 
M-1 Prescreen Drive 480 50* 65* ASH 
M-2 Soil Metering Belt 480 5 7.6 ASH 
M-3 Soil Lifting Belt 480 10 14 ASH 
M-4 Soil Feed Belt 480 5 7.6 ASH 
M-5 PCC Drum Drive for 2 RPM 480 60 77 PCC 1200 

rpm motor not used(optional for 4-6 RPM) 480 100* 124' 
rpm motor 

M-5b PCC Drum Speed 120 PCC 
M-6 PCC Turbo Fan 480 50 65 PCC 
M-7 PCC Tertiary Fan 480 15 21 PCC 
M-8 PCC Propane Pump 480 3 4.8 PCC 
M-9 Ash Lifting Slat 480 10 14 ASH 
M-10 Ash Pugmill, Left 480 30 40 ASH 
M-11 Ash Pugmill, Right 480 30 40 ASH 
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M-12 Ash Stacking Belt 480 10 14 ASH 
M-13 not used 
M-14 BH Dust Auger, Left 480 5 7.6 BH 
M-15 BH Dust Auger, Center 480 5 7.6 BH 
M-16 BH Dust Auger, Right 480 5 7.6 BH 
M-17 BH Dust Auger, Cross 480 5 7.6 BH 
M-18 BH Dust Auger, Lifting 480 5 7.6 BH 
M-19 BH Dust Auger, Xfer In 480 7.5 11 BH 
M-20 BH Dust Auger, Xfer Out 480 7.5 11 BH 
M-21 Air Compressor, Right 480 25 34 BH 
M-22 ID Fan, Left 480 125 156 SCC 
M-23 ID Fan, Right 480 125 156 SCC 
M-24 SCC Turbo Fan 480 100 124 PCC 
M-25 SCC Tertiary Fan 480 60 77 PCC 
M-26 SCC Propane Pump 480 3 4.8 SCC 
M-27 Water Pump, Left Front 480 20 27 ABS 
M-28 Water Pump, Right Front 480 20 27 ABS 
M-29 Water Pump, Left Rear 480 20 27 ABS 
M-30 Water Pump, Right Rea 480 20 27 ABS 
M-31 Air Compressor, Left 480 25 34 BH 
M-32 Water Booster Pump,#1 480 50 65 ABS 
M-33 Water Booster Pump,#2 480 50 65 ABS 
M-34 Water Booster Pump,#3 480 50 65 ABS 
M-35 NaOH 120 ABS 
M-36 NaOH 120 ABS 
120 Volt Transformer 25 kva Lighting 
120 Volt Transformer 30 kva Controls 

TOTALS FOR 
Total Connected Horsepower....(for 2 rpm drum) 943 hp 
Total Connected Amps 1254 amps 
System Ampere Rating, (total + 25% of largest) 1293 amps 
Estimated Current Consumption 700 amps approximately 

KVA = 480 volts X 1254 amps X 1.73/1000 = 1041 + 25 + 30 = 1096 KVA 
KW = 480 volts X 1254 amps X 0.65PF X 1.73/1000 = 677 

+ 120 volts X 458 amps X 1.73/1000 = 95 = 772KW 
Motors over 50 HP use SMC soft starters. 
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6.6 EQUIPMENT DRAWINGS 

WESI drawings are normally provided in 11 x 17 format. Larger copies can be provided when requested. WESI 
drawings are numbered uniquely with a number that identifies the trailer unit (4ABS, etc.) and each system or sub
component. WESI Part Numbers match the corresponding WESI Drawing Number, ie: Part Number 4ABS-1XX 
would be shown on drawing 4ABS-1XX or related number. 

A complete list of drawings is located at WESI's home office. It describes all available drawings, although some 
drawings are not provided for jobsite use, such as individual part drawings that were only needed for original 
manufacture. If additional drawings are needed in the field, request them from the Equipment Department. 
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7.1 SITE SELECTION 

Site selection is not usually something with many 
choices. However, if possible, the following items 
should be considered: 
1. Size: 200 ft. X 200 ft. is the minimum open area 
for WESI*TPU4 equipment. Additional space is 
needed for contaminated soil and processed soil 
storage and moving. 

2. Level: A completely level space is desired, 
however, minor slopes can be easily accommodated 
with special support procedures. 

7.2 PLANNING: 

A considerable amount of advance planning is 
required for a WESPTPU4 site. A comprehensive 
site plan is required to communicate all of the site 
preparation work to the various agencies and 
contractors that are involved. All of the items 
addressed in Section 6 should be shown, as well as 
the location of WESPTPU4 equipment, soil handling 
equipment and soil storage locations. 

7.3 GRADING: 

Earthwork is one of the first site preparation steps to 
be performed. Smoothing and leveling the surface 
should be completed before equipment is moved 
onto the setup site. Most sites will need paved 
surfaces for water control and as support for 
equipment. 

7.4 WATER SUPPLY: 

Adequate water supply is extremely important for 
WESPTPU4, for emergency quenching of hot gases 
and to replace water lost from the system by 
evaporation and purging. 

Evaporation, Blowdown and Soil Quenching require 
about 250 gpm on a continuous basis while the unit 
is operating. Water supply and pipe sizes must be 
adequate to supply 30 psi at the unit. 

Emergency cooling requires at least 500 gpm 
delivered to the unit for at least fifteen(15) minutes, at 
50 psig. pressure. 

Pipe lines must be of adequate size to prevent loss 
of pressure due to internal friction. They should be 
buried below the frost line in areas subject to 
freezing. 

7.5 ELECTRICAL SERVICE: 

3 phase, 480 volt, 60 cycle electrical service is 
required for WESI*TPU4. Power must be available at 
#4CON Control Trailer at it's power service entrance. 
A suitable disconnect should be included, unless 
wiring is connected directly to the trailer. All electrical 
work must comply with the National Electric Code or 
applicable regulatory codes. See Section 6.5 for 
complete electrical power requirements. 

7.6 FUEL SUPPLY: 
Liquid propane is the primary fuel used by 
WESPTPU4. Two tanks should be located at least 
fifty (50) feet away from either burner. 

7.7 UNDERGROUND PIPING: 
Run piping underground before pouring concrete. 
Water lines should be buried to prevent freezing. 

7.8 CONCRETE PADS & FOUNDATIONS: 

Pads and foundations are specifically designed for 
each jobsite. 

7.9 EQUIPMENT LAYOUT ON PAD: 

Lines should be drawn on the finished surface, to 
indicate centerlines and ends of major pieces of 
equipment. Show location of stack and guy wire 
anchors and center lines for each trailer. Include 
locations for jack legs and axles to aid in initial 
placing of units. Use spray paint and 2x4 straight 
edge. Also show location of Power Pole and other 
significant items, if not already installed. 

7.10 EQUIPMENT RENTAL: 

Rental equipment should be planned for and ordered 
in advance. A 75 ton hydraulic crane is needed: 
Position ends of 4PCC, 4BH, 4SCC, 4ABS for final 
alignment; Install Quencher Vessel, Duct from 
4PCC, Duct to 4SCC, Duct to 4ABS and the Stack 
(70' tall). 

7.11 EQUIPMENT LAYDOWN AREA: 

Space must be available for the process equipment 
during other site preparation activities. Space is 
needed for flatbed trailers waiting to be unloaded and 
for off-loading equipment from trailers. Off-loading 
should be planned so that the crane can reach 
equipment that it will be setting up. 
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Pads are specifically designed for each jobsite, to 
7.12 DRAINAGE and STORM WATER CONTROL include required slopes, curbs, sumps, etc. 
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SECTION 8 

NOT APPLICABLE 
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SECTION 9: EQUIPMENT SETUP FOR WESITPU4 

9.1 EQUIPMENT SETUP 
This section describes equipment setup. The following steps should be completed in the order shown. 

9.1.1 SITE PREPARATION: 
Preparation of the jobsite must be completed before Equipment Setup can begin. See Section 7. This 

includes initial planning, grading, concrete work and securing of utility services. Layout of lines on the pavement 
must be done (per 7.9) before placing any equipment in place. 

INSPECTION: Verify that the pavement work is correct and properly cured. Check the layout lines' 
locations. Measure the locations of the Stack and its guy wire anchors, and curb locations, etc. Make sure the 
planned locations agree with drawing numbers. 

9.1.2 TRANSPORT EQUIPMENT TO JOBSITE HOLDING AREA: 
When the site is ready, WESrTPU4 equipment should be shipped to the site and placed in the planned 

holding area. 

9.1.3 PLACE EQUIPMENT IN APPROXIMATE POSITION: 
After lines are drawn on the pavement to show the centerlines and end locations, each piece of equipment 

should be placed in its approximate position; and then adjusted to its final exact position. 

9.1.4 CRANE REQUIREMENTS: 
A hydraulic crane will be needed to lift and install equipment, probably 75 ton. The following lifts will need 

to be made: 
Shift trailer ends sideways for final alignment, if needed: Dryer, Baghouse, Oxidizer, Scrubber 
Remove from trailer to holding location, lift into erected position: Lifting Conveyor, Slat Conveyor, Pugmill, 

Ducting, Dust Augers, Quencher. 

9.1.5 EQUIPMENT PLACEMENT PROCEDURES: 
See Setup Drawing(s) for equipment location and spacing dimensions. The order of installation should be 

as shown. (=>) symbol indicates sub-assemblies to be installed after the major items are set in final position. 

1st 4PCC: Location should be based on the 
Stack location. Place 4PCC using 
measurements from the Stack. Be sure 
arrangement is parallel to final layout. The 
Stack position is the initial reference point 
because of the guy wire anchor footings. 
Adjust the slope of the drum before attaching 
4BH or 4SOIL or 4ASH. 

=> 4SOIL: Soil Metering Bin (SF-FU) and Soil 
Lifting Conveyor may be installed now, but 
should wait until the overall alignment 
scheme is finalized. Connect electrical 
cables to 4PCC. 

=» 4ASH: Ash Discharge Slat Conveyor, Pug 
Mill and Stacking Conveyor may be installed 
now, but should wait until the overall 
alignment scheme is finalized. Connect 
electrical cables to 4PCC. 

2nd 4BH: Place 4BH next to 4PCC. Adjust the 
distance between, and fore/aft positioning, as 
shown on the Setup Drawing. Use the "T-
Square" alignment guide, mounted on the 
front right side of 4BH, Both ends must be 
spaced correctly, because they are attached 

at both ends: Cross-over duct at one end 
and dust augers at other end. 
Adjust the level of 4BH to match 4PCC. 

=> PC/BH-D: Install duct from 4PCC to 4BH. 
=> BH-SC-6/7: Install dust augers from 4BH to 

4PCC. 
=> STEAM DUCT: Install quench steam duct 

from pugmill to 4BH. 
3rd 4SCC: Place 4SCC next to 4BH. Adjust the 

distance between and fore/aft positioning. 
Use the "T-Square" alignment guide, 
mounted on the side of 4BH. Both ends 
must be spaced correctly, because of the 
duct on one end and the relationship to 
4ABS on the other end. 
Adjust the level of 4SCC to match 4BH. 

=> CABLE HANGER: Remove the cover plate 
from the flanged end. Uncoil cables first. 

=> BH/SC-D: Install duct from 4BH to 4SCC. 
4th 4ABS: Place the Scrubber trailer in its 

proper relationship. Adjust the distance 
between and fore/aft positioning. Use the "T-
Square" alignment guide mounted on 4SCC. 
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The two trailers should be parallel for duct 
connections to fit. 
Adjust the level of 4ABS to match 4SCC. 

=> WATER: Connect water source to 4ABS. 
5th Mobilize crane equipment at this time. Set 

up in space where 4CON will be located. 
6th 4SCQ: Place the trailer carrying the 

Quencher near the front end of 4BH. Lift off 
the Quench Unit and attach it to 4SCC. 
Install Stainless Piping on side of Scrubber. 
QU/AB-D: Install ducting from 4SCQ to 
4ABS. 

7th STACK: Place the stack base first. Connect 
duct to 4ABS. Assemble the upper Stack 

9.1.6 FINAL ALIGNMENT: 
After all major items are in general alignment, measure locations, and make final adjustments. Use fork lift 

or crane to move items. Lift one end at a time of major units. 

9.1.7 SUPPORTING TRAILERS: 
Be sure trailer wheels are chocked and that supports are solid and safe. Raise and lower trailers with 

hydraulic jacks, one on each side, to reach desired heights. Then adjust landing legs to hold trailer in final position. 
Landing leg cranks are not for lifting, just for holding. 

All landing legs should be supporting the load. Use wood dunnage under them if their travel is insufficient, 
or if more surface area is needed to prevent sinking. Most jacks have large landing pads that extend all across the 
unit. These should always be used to spread the load. 

9.1.8 LEVELING TRAILERS: 
Most trailers are designed to operate in a level attitude. This should be checked with a 48" level on a 

portion of the trailer that is straight and flat. 
They also have to be level with each other, so ducts will fit properly. Wheels may not touch the pavement 

when the trailers are properly leveled. This is okay; they can hang free. 

9.1.9 DRUM SLOPE FOR 4PCC: 
The Dryer drum must slope to cause the soil to flow thru it. It slopes downward in the direction of soil flow. 

The drum is built parallel to the frame. Therefore, to adjust the slope, the entire frame must be tilted. 
4PCC should be sloped about 1.5° to 2.5°. Use the following conversion data to measure slope with a 

level: For 12" Length For 36" Level For 48" Level 
Slope in Degrees 1.5 2.5 3.5 4.5 1.5 2.5 3.5 4.5 1.5 2.5 3.5 4.5 
Slope in Inches 5/16" 1/2" 3/4" 1" 1" 1.5" 2.25° 3.75" 1.25" 2" 3" 3.75 

9.1.10 ELECTR!CAL:CONNECTIONS: 
Install ground cable trays from 4CON to each trailer. 
Connect cablesfor 480 volt circuits, 120 volt circuits, controls, and thermocouples, from 4CON to each 

trailer: 4PCC, 4BH, 4SCC and 4ABS; and to 4SOIL and 4ASH equipment. 
Setup lights and test. 
The main power must be connected from the power pole to the Service Entrance box on the Control 

Trailer. Do not turn power ON until all cables are connected to trailers. 

9.1.11 FUEL SERVICE: 
Install pipe line from Propane tank(s) to burners on 4PCC and 4SCC. Use schedule 80 pipe and fittings 

suitable for 350 psi service. Verify that spare bottle(s) of propane are on hand, to start the burner pilots. 

9.1.12 AIR SUPPLY: 
Connect air lines from 4BH to Emergency Vent air cylinders. 

andplatforms and place on top of base. Hold 
it securely while the guy wires are connected. 

8th 4CON: After crane has been moved, place 
Control trailer in correct position. Place 
Cable Trays on ground between trailers. 
Place cables in trays and connect 
terminals/plugs. 
Level 4CON and install stairs. 

9TH TOOL TRAILER 

10TH DECON TRAILER: 
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9.1.13 WATER SUPPLY: 
Install water pipe from source to 4ABS and to Pugmill areas. Bury it for freeze protection. 

9.1.14 PRESSURE HOSE CONNECTIONS: 
Connect pressure tubing from 4BH and 4PCC to 4CON. 

9.1.15 ASH QUENCH STEAM LINE 
Install hose from Pugmill to 4BH. 

9.1.16 LADDERS AND STAIRS: 
Install stairs to all doors and ladders to other trailer decks: 3BH side and ends, 3ABS ends and top. 

9.2 EQUIPMENT TESTING 

This section describes tests to be performed after the equipment has been mechanically connected and 
power is available. The purpose is to verify that everything works as intended. A Test Report is included for 
documentation purposes. A completed copy should be sent to the Equipment Department. 

9.2.1 MOTORS 

Each motor should be tested separately, in Manual mode, without burners operating and without any soil 
feed, with normal equipment connected. The inspector should verify the following: 

1. Motors operate when the appropriate switch is energized. 
2. Motor rotation directions are correct. 
3. Motors are running free, without dragging, and should sound normal. 
4. Amp draw for unloaded condition should be normal, and should be recorded. 

9.2.2 EQUIPMENT 

Each piece of equipment should be operated separately, if possible, The following should be verified: 

1. Components operate properly when energized, without binding. 
2. Movement is in the correct direction. 
3. Augers should reverse direction okay. 

9.2.3 CONTROLS 

Each control device should be tested, if possible, to verify correct operation and proper control. 

9.2.4 120 VOLT CIRCUITS 

Each receptacle should be tested with a polarity meter to verify that power exists at the receptacle, and to verify 
correct polarity and grounding. Problems should be corrected immediately. Lights should be plugged in and 
tested. 
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Jcbsite: oate: 

ITEM 
No. 

SOIL METE-RING UNIT 
M-2 Motor: Correct rotation? 

Belt Runs True? 

Tests Performed by: 

Guiet? 
Free Running? Amps? 

Speed Adjustment? 

SOIL LIFTING BELT 
M-3 Motor: Correct rotation? 

Belt Runs True? Quiet? 
Free Running? 

SOIL FEED BELT 
M-4 Motor: Correct rotation? 

Belt Runs True? Guiet? 
Free Running? 

DRUM DRIVE 
M-5 Motor: Correct rotation? 

•rum: Runs True? Quiet? 
Speed: Min. rpm Max. 

Free Running? 

_rpm, Control? 

PCC TURBO FAN 
M-5 Motor: Correct rotation? 

Pan Sounds OK? 

PCC TERTIARY FAN 
M-7 Motor Correct rotation? 

Fan Sounds GK? 

PCC PROPANE PUMP 
M-5 Motor Correct rotation? 

Pump: Max. shutoff pres 

ASH LIFTING SLAT 
M-9 Motor Correct rotation? 

Conveyor Sounds OK? ^ 

Free Running? 
Damper Operates OK? 

Free Running? 
Damper Operates OK? 

Free Running? 
psi ambient temp 

Free Running? 

ASH PUGMILL 
M-10 Left Motor Correct rotation? 
M-11 Right Motor Correct rotation? 

Pugmiil: Free Running? 

ASH STACKING BELT 
M-12 Motor Correct rotation? 

Belt Runs True? 

Sounds OK? 

Free Running? 
Free Running? 

Quiet? 
Free Running? 

BH DUST AUGERS 
M-14 Left Motor Correct rotation? 
M-15 Center Motor Correct rotation? 
M-16 Right Motor Correct rotation? 
M-1/ Cross Motor Correct rotation? 

M-18 Lifting Motor Correct rotation? 
M-19 X'er In Motor Correct rotation? 

Free Running? 
Free Running? 
Free Running? 
Free Running? 

Free Running? 
Free Running? 

Amps? 

Amps? 

Amps? 

Amps? 

Amos? 

Amos? 
Leaks? 

Amps? 

Amps? 
Amos? 

Amos? 

Amps? 
Amps? 
Amps? 
Amps? 

Amps? 
Amos? 

OKAY 
BY: 



SETUP TESTING REPORT FOR WESI*TPU4 

M-2Q Xfer Out Motor Correct rotation? 

AJR COMPRESSORS 
M-21 Right Motor Correct rotation? 

Compressor Sounds OK? 
M-31 Left Motor Correct rotation? 

Compressor Sounds OK? 

Free Running? 

ID FAN 
M-22 Left Motor: Correct rotation? 
M-23 Right Motor Correct rotation? 

Fan: Sounds CK? 

Free Running? 
Pres. Cutoff OK? 
Free Running? 

Pres. Cutoff OK? 

Free Running? 
Free Running? 

SCC TURBO FAN 
M-24 Motor Correct rotation? 

Fan Sounds OK? 

SCC TERTIARY FAN 
M-25 Motor Correct rotation? 

Fan Sounds OK? 

Free Running? 
Oamper Operates OK? 

Free Running? 

SCC PROPANE PUMP (IF USED) 
M-2S Motor Correct rotation? 

Pumo: Shutoff pres 

Oamper Operates OK? 

Free Running? 
ambient temp _osi 

WATER PUMPS 
M-27 Motor Correct rotation? 

Puma: Shutoff pres? 
M-29 Motcr: Correct rotation? 

Pumo: Shutoff pres? 
M-29 Motor Correct rotation? 

Pumo: Shutoff pres? 
M-30 Motor Correct rotation? 

Pump: Shutoff pres? 

BOOSTER PUMPS 

_ Free Running? 
_psi. Saunas OK? 
_ Free Running? 
_oci. Sounds OK? 
_ Free Running? 
_psi. Sounds OK? 
_ Free Running? 
j3si. Sounds OK? 

Amps? 

Amps? 

Amps? 

Amps? 
Amps? 

Amps? 

Amps? 

Amps? 
Leaks? 

Amps? 
Leaks? 
Amps? 

Leaks? . 
Amps? 

Leaks? 
Amps? 

Leaks? 

M-32 Motor Correct rotation? Free Runninq? Amos? 

M-33 
Pump: Shutoff ores? osi. Sounds CK? Leaks? 

M-33 Motor: Correct rotation? Free Runninq? Amos? 

M-34 
Pump: Shutoff ores? osi. Sounds OK? Leaks? 

M-34 Meter: Correct rotation? Free Runninq? Amos? 
Pump: Shutoff pres? osi. Sounds CK? Leaks? 
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IQ 1 Name 
|r 24 
I .VII 7 

I Mav a i I May 1 
W I T I P ; | S i S i . M I 7 j W | T i F | S I S I M I 7 I W I  

Mav TS Mav 22 
P I S I S 1 M I T I W I T | F I S I S [ M l T | W  1 | CECISICN: '/VCCOS 

2 |ccncrete pao 
3 | Review Site P!an 
4 | Contract 
5 | Sur/ey Locations 
0 | Gracing 4 Forms 
7 | Pour Concrete 
3 | Cure Concrete 
9 | Insoect 4 Layout Line 
to | ELECTRIC SERVICE 
11 | Crcer Power 
12 | Install Power 
13 | Connect Control Trail 
1 4  | WATER SERVICE 
15 I Unoergrauna Trench 
16 | Install Piping 
17 | Pressure Test 
t a  | Connect 3ASS | 
19 | Connect Pugmill 

| 20 j PRCPANE 
2 1  j Ceiiver Tanics 
2 2  J Fill Tanks | 
23 | L'ncerground Trencn | 
24. | Install Flcing 
25 | Pressure Tast | 
25 | Connect Burners 
27 | RENTAL ECUIPMENT | 
23 | Crcer Crane | 
29 Crane on site | 
2 0  ECLIP RCLCING AR£A | 
31 Idennfy Area 
2 2  Move Hcuioment into i 
33 PSRSCNNEL | 
34 Getermine Nee as 1 
35 Identify Crew I 
36 ' | Commit Personnel | 
37 | Travel :o Job 1 
23 | .Motel I 

1 39 ! CFFiCS FACILITY | 
JO | Trailer 1 

* ! Teiecnone | 
42 j  Connect E-ecncrty | 

I 

I 

I 

?rajasp: 
3aca :  4 /25 /94  Mc==ri:i=al 

?ra<yras3 

Hilaacana 
Susaary 
Goliad 7s 



SECTION 9.3: TYPICAL SETUP SCHEDULE FOR WESrTPU4 
r 24 Mav 1 Mav 3 Mav 1S May 22 

10 Name M I T I W I T 1 r i S I S I M I T I W I T I P i S  S I M I T | W I T | P l s i S l M I T i W I T | P I S I S I M l T | W  

43 TRANSPORT =QUlPMEi\ w 
44. | Permit Reauirement3 MM 
4 5  Rauta Qarined 1 
4 6  Camar Contract a 
47 Permits 1  mm 
4 6  Load Trailers | 
4 9  Shio Trailers 4 9  Shio Trailers 
SO ScTUP EQUIPMENT SO ScTUP EQUIPMENT 
St Place equioment W//////////sv///#/\ 

52 Rnal Location WA,"/////////ss/y///// 

S3 Connect Oucs » 

5 4  Connect Cables 
i  

3 a e a :  - l / l 5 / 9 4  :ioa=ri=i=al 

?rc<jraas 

HiLascoea 
Sit—in—/ 
ballad Tg • 



COMBUSTION PROCESS 

C -I- (02 + N2) = C02 -I- N2 -I- 02 + HEAT 
CARBON I Ain ~ CARBON DIOXIDE, NITROGEN, OXYGEN, HEAT 

ri2 -i- (o2 T N2)  =  H2O -I -  N 2 T O2 T HEAT 
HYDROGEN I AIR = WATER, NITROGEN, OXYGEN, HEAT 

CH4 T (02  T N2)  =  C02  -I -  I I20  -I -  N2  - I -  02  -I -  HEAT 
METHANE I AIR = CARRON DIOXIDE, WATER, NITROGEN, OXYGEN, HEAT 



3> 
V I I I .  GAS COMBUSTION FEASZS 

P.ef erring back to tie natural gas coccus ties reaction, tha-

is, the aechanical and cbecical reaction or aethane and Q-ETO-O" w 3 •** / 

further investigation shows that the reaction passes through 

sarerii aatercedaate stages before the reaction is cocoleted. 

The initial and final reactants and products are: 

0 
1 

E-©-!E 
I  

0 
w-rr < 

<D <°> 

<o> <2> 
CXTGZN 

© 
• 1 

0 0 

© 4- <£> © 4- HEAT 
1 1 

<2> 
1 1 

0 0 
CAP-SO JT 
DIOXIDZ 

SATE! 

Cr cethane plus oxygen equals an alcohol. The collision 

—w—•—® ac«—aaay craves tne oxygen atoc an to ceihare colecule. 

Tne opening of the cheaical linkages holding the atoas releases 

the energy of these linkages raising the teaperature of the 

aclecule. The second chase is: 



E—©—§H] -

ALCOHOL OXYGZJF SSCONDAHY ALCOHOL 

T-e alcohol unit as w-> p1* annrs  
-  a n o t h e r  o x y a n  - 0  

alcohol. This :T^ 7 . ^ a seGOr*< 
- oao. is very unstah^ a->d h-ra • 

iaae^a-ei7 - - "" " br-a;<s aown aiaic 
e-a.eljr „a zoraaldehyde and water vapor. 

SECONDARY ALCOHOL 

~T <0 

WATZ?. 

ihe loraxaldehyde h 

another oxyff95 is added 

2LS 3. h •» A •»" «» w -• n-a.. a city tor cxy 

an  a c id  i s  f c r s i ed .  
s-n and when 

I'ORILALLv^-r^ OXYGZH* JORiflC ACID 



* 
H) 

The see? by step reaction is proceeding with increasing 

releases o: energy «d a constantly rising temperature level. 

In this high energy scare, domic acid is unstable and breaks 

down w.wh uhe oxygen to iora carbon monoxide and the second 

water molecule is released. 

©=A2> -r 

"GEiflC ACID CAP-30N MONOXIDE WATER 

---- carocn monoxnee then com""1" "•£»•=; 'ir" — •__ — —es -ne aast ox?"" m a " *• 
--cm avaalaole to torn carbon dioxide and 

reaction. 

©tt=@ -j- <§> 

CARSON OXYGEN CARSON 
MONOXIDE DIOXIDE 

SSe --ac--c"s ana tax a place at extremely high energy 

ueveus, progress almcsc instantaneously and at very high 

temperatures, approaching'5000°?. internal molecular temperature 

-be ocmnustacn phases indicated occur with a characteristic 

---e - tame when oxygen is intimately mixed with the gas and 

readily available to add to the methane molecule. 

' 9 



All carbon burned —-s, 
at edge of flame * A 

Luminous 
"Cracking" by heat — frame cf 
releases carbon incandescent 

carocn 
Air mixes hers -
no/ yet heated 

Fish-taii burner tio 
No air enters 

ahead cf burner 

Illuminating gas 
THERMAL DECOMPOSITION of gas to a 
fishtail burner yields yellow flame " 

' 'Nor, luminous' 
oiue flame 

Secondary air 
enters hers 

Hottest pari of 
dame 

i uce 

Illuminating gas 

GAS AND AIR mix before reaching flame 
in Bunsen burner, producing a biue coior 



X. J-Ai{Z CUZNCHI^C-

If during multiphase rsaczioa fde temperature c: tie 

molecules dropped drastically from some external causes, tie 

reaction would cease and tie reactants would be isolated - n 

tieir various stages of formation. When tiis occurs tie flame 

is quenched. A burning gas flame contains all of tie cardial 

reacted compounds at tie same time in tieir various states of 

s_o2T^X*L - — oc . Sheii-LC <L ITSzz* umsiiuin, be bTOu^ic fn 

ccn-act any parr of rbe flare arc reduce tbe reroerarure 

C- tnat part below 12 0 G°3"., tie flame will be arrested or 

quenched and combustion will be halted in any stage of ccmoletion 

Tf'hen tiis occurs, tiere are present alcohols, aldehydes, formic 

acta, nigner order acids , and carbon monoxide as well as carbon 

cionide and water vapor. 

actual practice, flame quenching is a ccssibilitv on 

lower temperature industrial processes, especially air heaters, 

un a case where recirculated air is ce m g heated c v n ** x ̂ w** ~ 

hot flue gases, the air itself might become the refrigerating 

medium if in impinged into the flame, long, unprotected flames 

,ni ^ turner tiring ante a nign velocity air stream mav oemit 

air uo quencn tne ecge of ens flams and produce the aldehydes 

^ tne otnsr undesirable flue products. Arrestee or cuenchec 

combustion conditions can be detected, even in small cuantities, 

=7 "ts acrid ocor of the products. 

A I R  
bs C ~ A 2» 

c. 

r J Aldehy 

A I S .  

. 1 f Si 

> S c V Acids 

• A  \  < 

) . . 2= 
s "? Carbon 
/ , r ilcncx 



Ilo Substance 1,ii inula 

MuleCu-
let 

Weight 
1 b pet 
Cu Fl 

Cu Fl 
pet 1 It 

S|, (it 
Ait 

1 0000 

1 Cat bun* C 12 01 
2 Hydrogen II. 2 016 0 0053 187.723 fl 0696 
3 (laygetl ». 32 00 0 0846 II 819 1.1053 
4 Hilrugen (aim) II. 28 01 00744 13 443 09718 
6 Car bun inunoside CO 28 01 0 0740 13 506 0 9672 
6 Carbon rlioslda CO. 44 01 0.1170 8 548 1.5282 

f'arallln series 
7 Mdlliaile 
11 tlllBUtt 
'J I'tOpdUd 

111 II liillane 
11 Isubuldiid 
12 nl'cnlena 
13 Isupenlatie 
14 lleupenlane 
lb n llesane 

Olclln scries 
16 flhylene 

I'topyleuu 
nOulena 
Isobulena 
ll I'euleue 

Aiunulic series 
21 lleiwend 
22 liiludiid 
23 Xylcnu 

MlsCelldtteuttl gasvs 
24 Acclylsna 
26 lld|>lulidluiia 
26 Mcllryl iilculiiil 
27 Flltyl elcuhol 
2U Aiiiinuiild 

29 
30 
31 
32 
33 

Siilliit • 
Hydrogen sulfide 
Sulllll tllUlldu 
V7dlcf VdpOt 
Alt 

l u l i lo  1  Comlms l lon  Cons tan t s  

CI I. 
C.ll. 
C,ll. 
c.ll,. 
c.ll.. 
c.ll.. 
I. ,Ill ,  
C.ll., 

c.ll. 
c.ll. 
C.ll. 
c.ll. 
c.ll,. 

16 04 
30 07 
44 09 
68 12 
611.12 
72.16 
72.16 
72.16 
U6.17 

00426 
0.0803 
0.1196 
0 1682 
0 1682 
0.1904 
0.1904 
0 1904 
02274 

23 662 
12 456 

U 365 
6 321 
6 321 
6.252 
5 252 
5.252 
4.390 

0 5543 
1 0488 
1 5617 
2 0665 
2 0666 
2.4872 
2.4872 
2.48/2 
2.9704 

20.05 0 0742 13 4 75 0 9740 
42 08 0.1110 9 007 1.4504 
66.10 0 1480 6 756 1 9336 
56.10 0.1480 6.756 19336 
70.13 0.IUS2 5.400 2.4190 

C.ll. 78.11 0 2060 4 852 2 6920 3752 3601 
C.ll. 92.13 0 2431 4 113 3 1760 4486 4285 
C.ll,. 106.16 02803 3 567 3 6618 5230 4980 

C,ll, 26 04 0 0697 14.344 09107 1477 1426 
C..II, 128 16 0.3384 2.955 4.4208 5854 5654 
CI 1,011 32.01 00846 11.820 1.1052 868 767 
C.II,(ill 4607 0.1216 8.221 1.5890 1600 1449 
mi, 17.03 0.0456 21 914 0 5961 441 364 

s 32.06 _ 
II, s 34 08 0 0911 10979 1.1898 646 595 so, 64 06 0 1733 5.770 2.2640 
11,0 18.02 0 0476 21 017 06215 _ 

— 00766 13 063 1.0000 - -

llddl al Cumli,ii||,H I  

Ulu |,di Ci, f | lllii per 11, 
Cross 11cI Gross llcl 
(lliglt) (low) (High) (luw) 

- 14.093 14.093 
325 275 61.095 51.623 

321 321 4.317 4.347 

1012 
1773 
2624 
3271 
3261 
4020 
4011 
3994 
4766 

911 
1622 
2322 
3018 
3009 
3717 
3708 
3692 
4415 

23.875 
22.323 
21.669 
21.321 
21.271 
21.095 
21.047 
20.978 
20.966 

21.495 
20.418 
19.937 
19.678 
19.628 
19.607 
19.459 
19.390 
19.415 

1604 1503 
2340 2IU6 
3084 2885 
3069 2868 
3837 3585 

21.636 20.275 
21.046 I9.6U7 
20.854 19.493 
20,737 19,376 
20.720 19.369 

16.164 
18.501 
16.660 

21.502 
17.303 
10.258 
13.161 
9.667 

17.451 
17.672 
17,760 

20.769 
I6.70U 
9.066 

11,917 
7,986 

3.9110 3.980 
7.097 6.537 

For 100% loldl Air 
Mules |ii;i mule at Cuutboslible oi 
t.u fl pel C,i 11 uI Cuittbuslihle 
lletpilred 
(-onthuslluu f|„a I'toducls 

"• Hi Air CO, 11,0 II, 

fur 100% Tolel Air 
lb per I b ul Cutitbuslrhle 

llccptiietl 
lur Combustion flue i'ruducis 

0, II. Air CO, 11,0 II, 

I 0 
0 5 

0 5 

2 0  
3.5 
50 
6 5 
65 
UO 
6 0 
8 0 
95 

3 0 
15 
6 0 
6 0 
7.5 

3 76 
I 88 

4.76 
2.38 

10 -
- 10 

3 76 
I 86 

2.66 8 86 11 53 3 66 - 8 86 
7.94 26 41 34 34 - 8 94 26 41 

188 2 38 10 _ | 88 0 57 1 90 2 47 1 57 

7 53 
13 18 
18 82 
24 47 
24 47 
30 11 
30 11 
30 || 
35.76 

11.29 
1694 
22 59 
22.59 
28 23 

9 53 
16 68 
23 82 
30.97 
30 97 
38 II 
38.11 
38 II 
45.26 

14 29 
21.44 
28 59 
28 59 
35.73 

1 0  
2 0 
30 
4 0 
4.0 
5 0 
5 0 
5 0 
6 0  

2 0  
3 0 
4 0 
4 0 
50 

2 0  
30 
40 
5 0 
50 
6 0  
6 0 
6 0  
70 

2 0 
3 0 
4 0 
4 0 
50 

7 53 
13 18 
18 82 
24 47 
24 47 
30 II 
30 || 
30.11 
35.76 

II 29 
1694 
22 59 
22.59 
28 23 

3 99 
3 73 
3 63 
3 58 
3 58 
3 55 
3 55 
3.55 
3.53 

3 42 
3.42 
3 42 
3 42 
3 42 

•Carbon anil sull,tr ate considered as galea lor molal calculations only. 
Hole; This lelilu Is Included by courtesy ol Ilia American (las Association ami lltu ln,l„sl,L,l it. I .  . . .  

.-Ken prmclpdlly „o,n-Fuel Flue Gases." .941 Ame.lear," .K'soiu.C 

7.5 28 23 35.73 60 30 28 23 3 07 
9 0 33.88 42 88 7 0 4 0 33 88 3.13 

10 6 39.62 50 02 8 0 5 0 39 52 3.17 

25 9 41 II 91 2.0 10 9 41 3 07 
12 1) 45 17 57.17 100 4 0 45.17 3.00 
1.5 5 65 7.15 10 2 0 5 65 1.60 
3 0 11.29 14 29 2 0 30 11.29 2.08 
0 75 2.82 3 57 - 15 3 32 1 4 1  

SO, 
10 3.76 4 76 10 — 3 76 1 00 
1.5 5 65 7.15 10 10 5 65 1.41 

"" — — — — 

— - - — - — 

*" 
— — -

13 28 
12 39 
12 07 
11.91 
1 1 9 1  
II 81 
1 1 8 1  
11.81 
11.74 

II 39 
II 39 
11.39 
11.39 
11.39 

10 22 
10 40 
1053 

10 22 
9 97 
4 98 
6 9 3  
4 69 

3 29 
4.69 

17 27 
1 6  1 2  
15 70 
15 49 
15 49 
15 35 
15.35 
15.35 
15 27 

14 81 
14 81 
14 81 
14 81 
14 81 

2 74 
2.93 
2 99 
3 03 
3 03 
3 05 
3 05 
3 05 
3 06 

3 14 
3 14 
3.14 
3.14 
3 14 

2.25 
I 80 
I 63 
I 55 
1.55 
I 50 
1.50 
1.50 
1.46 

I 29 
1.29 
I 29 
1.29 
1.29 

13 30 
13 53 
13 70 

3 38 
3.34 
3 32 

13 30 
12.96 
6 48 
9 02 
6.10 

4 29 
6 10 

3 38 
3 43 
1.37 
1.92 

SO, 
2 00 
I 88 

0 69 
0 78 
0 85 

0 69 
0 56 
1 1 3  
1 1 7  
1 59 

0 53 

I 90 

13 28 
12 39 
1207 
II 91 
II 91 
1 1 8 1  
II 81 
II 81 
11.74 

II 39 
II 39 
II 39 
II 39 
11.39 

1 0 2 2  
10 40 
10 53 

10 22 
9 97 
4 98 
6 9 3  
5 51 

3.29 
4 69 

All gas vuluines corrected la 60 F and 30 in. Ilg j,y. 



To illustrate this, 100% primary air would have a sharp^ 

pale blue flame since all of the air dor ccabustioa is aired 

with the gas, and ready to ignite as soon as it reaches the 

-c~le. A flame burning with 75% primary aeration would be 

characterised by a double blue cone and be a little longer 

since 25% of the gas molecules need tine to find some oxygen 

from the secondary air so they can burn. At 50% primary 

aeration, the flane becomes still longer and softer with some 

orange tips. At 25% only a slight amount of blue remains at 

the ncnnle and the flame becomes still longer and yellow is 

the predominating color. A C% primary aeration is a raw gas 

flame, long and yellow. All of the air to complete combustion 

has to be supplied as secondary air. The percent aeration affects 

~:ie -lame length because the gas molecules require mere time to 

-had free cxygen since there is less cxygen available in the 

lower percentages of primary air. 

7. JLAHZ GZGMZT?.? 

Tfith a 100% aerated air-gas mixture expelled from an open 

pipe, and a source of ignition applied on the edge of the pipe, a 

flame will be produced when the escape velocity of the air-gas 

mixture is the same as the flame steed. 

kzttup-E: 

7ZLCCITY 

STZZD 

P i l o t  



CHAPTER 2 -  FAN LAWS & BLOWER 
APPLICATION ENGINEERING 

For 'slower wheel with eight segments. Theoretical Flow = 3 x V x R 

Combustion air biowers ire normally rated in terms of stan
dard cubic fee: (scf) of air. that is. 7Q°F lir it Sea Lave: (29.91' 
Hg; barometric pressure. Density of mis air is 0.07* i'o/cu ft. and 
its specific gravity is 1.0. 

Aitr.augn fueifair ratios are usuaily stated in cubic fee: of air 
per cubic foot or gallon of fuei. it's me weight of air per weight 
of fuei mat's important. As long is lir temperature and pressure 
are ciose to standard conditions, blower and burner sizing charts 
can be used without correction. However, if air temperature, 
gauge pressure or aititude change me density of air by any 
significant amount, biower ratings have to be corrected from 
actuai cubic fee: (act") to standard cubic fee: to insure the proper 
weight flow or* air reaches the burner. 

Centrifugal fans are basicailv constant volume devices: a: a 
given rotational speed, they will deliver the same voiume of air 
regardless of its density. 

If. for er.amoie. a biower has a wheel mace up of eight set. 
mer.ts. each with a voiume V. ana the wheel is rotating at R rprr. 
the theoretical flow rating of the biower wiil be 3 .* V x R. becaus. 
each fan wheel segment fiilswitn air ana empties itseif once enc: 
revolution. 

The actuai voiume delivered is strictiy a function ot the earr
ing capacity of the wheel end its speed. Cfm. whether it is star 
dard (scfm) or actuai iccfrn) is the same. Consequently, if m 
density of air is reduced by temperature, pressure, or both, th 
biower wiil deliver a lower weight flow of air. even tnougn m 
measured voiume hasn't changed. 

Air density aiso affects the pressure developed by the 'olowe 
anc its power consumption. 3ecause air density :s related ; 
temperature, pressure, and aititude (barometric pressure) - se 
pages 2.5 and 2.- - it is possible to relate blower perrormanc 
to these factors with a set of relationships known as ran /aws. 
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3 
ic air quantity requirement of 10 ft. for each. 1000 5TU/hr., 

ones the air piping is sired, any fuel can be used to produce 

the same total heat release when the gas adjus tor or the adjust

able fuel orifice is set for the proper fuel flow. Jcr example, 

a 1,000,000 5TTJ/hr. system will require 10,000 cu. ft./nr. of 

air and 1000 cu. ft./hr. of natural gas or 400 cu. ft./nr. of 

propane or approximately S gallons of £2 fuel ail. All fuels 

ir this system will then give the same heat release. 

Many combustion systems mix or introduce the air to a 

burner before combustion. This air is primary air. If all of 

the air required is not supplied before combustion, then the 

air mixed after ignition is secondary air. The amount of pri-

=-ty air is normally expressed as a percent of the total theore

tical air required. Jcr example, a 70%' primary air mixture 

would have 7 cu. ft. of air mixed with 1 cu. ft. of natural gas. 

The balance of the air required to complete combustion or 3 

cu. ft. would then be secondary air. 

To a great extent the geometry of a flame- is controlled 

by the percentage of primary aeration. This is particularly ' 

true of premixed acnnle type systems. 

A CJ C-A3 i. t.'- u-AS JL ur H-A3 t-AS 1, C J  "C-AS 
10 CJ A3 7.o CJ A I?. 5 CJ A U 2.5 CJ < T"3 0 AI?. 
100 % MIIC 73 % MIX 50 % MIX 25 % MIX 0 % MIX 
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LIMI i S OF INDIVIDUAL GASES AND VAPORS 

BASELINE MEiriANL MIXTURE RL-. ATI ON SHIP 
FIGURE 1 



AUTO IGNITION TEMPERATURE 

FUEL MAXIMUM TEMPERATURE 

( r )  C O  

NATURAL GAS 1500 7G4 

PROPANE 340 504 

SUTANE 510 452 

NO. 2 FUEL GIL 500 250 

NO. 5 FUEL OIL 10QG 558 

BENZENE 1050 5cc 

TOLUENE 1000 555 



collision would no: be sufficient: to brack the bancs of -.be 

hydrogen and ccrban or oxygen molecules, end cllow nhe oxygen 

no be added to the ccrban or hydrogen. As the compere cure of 

the molecules is raised, the velocity ai' the molecules increases 

and more energy is liberated upon impact. 

H I — L -

Lb! 
MZTHAXZ 

<§> <§> 

<§> © 
CXYC-ZN 

© 
© -f- <o> <o> 4- H 

I I I 
<§> O El 

CARBON 
DICXIDZ 

'.YATZ?-

At about 1200°?. enough velocity and energy lias been im

parted to molecules so that the collision occurs with enough 

o oreah tr.e coucue oxygen tend anc the hydrogen linkin: 

to the carbon center of the methane molecule - " this time, 

the situation is very unstable. The carbon has a high affinity 

for oxygen and so coes hydrogen. Combustion begins. .As soon 

is this reaction takes place, heat is released in the immediate 

vicinity of the collision and the molecule is at a temperature 

apcroacacng a20Q<-y. This heat is radiated to the next adjoining 

molecules ar.c a chain reaction begins. In other words, the heat 

liberated from one molecular reaction heats up the adjoining 

molecules and transmits them to a higher energy level, and they 

react. In most applications there is an air ar.c gas mixture and 

the associated nitrogen molecules. The nitrogen impedes the pro

gression of the heat transfer from methane to oxygen and absorbs 

heat. The theoretical flame temperature is about 2d00cZ. with 

natural gas and air mixtures 



I. DIXZNSICNS 
?everScar cirensicr.ai cravings are locazsd ir. zhe Appendix. 

J. RZCuZ/ZNG .--NIP INSPECTION" 

ZgQBTAST 
If inszallacior. is delayed ar.d acui:aen: is 
szarac ouzside, provide acacuaza prczaczion 
q^ diczazac ov czmaza arc perzed Q* erposu—a. 
Saecial care should ba gzven za aaa so cars arc 
bearings, if applicable, za aracacz znen iron 
rain or axaassive aoiszura. 

£. MOUNTING 3U?-NZ?. 
1. Zze burner should be ncunzad on zha cru= car.z; 

zha dm. Irszall a szmczura zo supporz zhe 
suppcrz szmczura should provida a sirdsns of 
cms cenzarline. Surrar rapesizioning nay be 
adjuszranz. radar zo craving Cfilic far aurn 

.ine az zhe sane pizzh as 
imer's skid. Zza skid 
Lus or sires 4" along zha 
hcuirad far final oumar 
skid dinersions. 

2. The burner cones cosolaza vizh a conpanion flange, lz me drun ooenmg 
is rraazar zhar craving Ci*253 "A" dirension, iz vill be necessary zo 

_  i / i  S ^ a s l .  . . . f t  c^csa ".a cpen^r:^ m acapcar * -< w——- -—-



DIM I: MSI'" 

.-AA Ola 
I lolus 

on 
Visible Flame 
Length <0 High Flie. 
Open Flame. 
Caution; Enclosed 
Flame lengths May lie 
al Least SOU (iiaates 
Depending on 
Chambei Conditions. 

'  I  b i l e s  t i l  
i  O l a .  E q u a l l y  
p a c e d  o n  F F  
u > l l  C i / c l c  



P a g e  9  
G24o37C 

C-xs-̂ : 5" pressures ranging frca 10 psig nininuri co  ̂ psig =arinu= 
ruse be available ac me ir.lec of me Saucs gas ?:.oc aar.i-o — 

Coraplaca me initial adjusmenc or me air sou e- • a *3 -_ng 
namer: 
a looser., bur do noc renove, me lacking muses crew, 
a. Adjusc me air shucrar m approxisaraly 11* ooer-mg. 
e. Securelv cighcan me Locking munbscrew. 
d". Cpen che gas flow valve slowly and lighc me piloc oy neans or 

lac--L C  irnicion. aiac 

A1G 

:CX:.NG — 
IUMSSC?. 3VV ' ' 

INCH GAP S2947 

Powers bar AIG Piloc Syscas 

I I ! !  
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2 / 3  0 . 2 .  " U S I N G  

SCANNER 
j\ LS.A0 WIRES 
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n:i: OR Y FITTING -

PROVIDE HUSHING 
IP REQUIRED 

- EXISTING PILOT PIPE 

- CERAMIC INSULATING SPACER* 
WITH WASHERS. STAKE ELECTRODE 
OUTSIDE WASHERS TO FIX POSITION 

JlJL-U 
. L / / (. /r 

TYPE 309 SST 
FLAME HOLDER 

» W TYV UZ2H 

ELECTRODE -

SUITAHLE LENGTH TO ORING 
OUTSIDE FURNACE ENCLOSURE 

'I 

APPROX. 
TYPE 309 SST 
SCH '10 PIPE 

•PROVIDE I CERAMIC SPACER EOR 
EVERY 2-1" OE LENGTH 

FIGURE 0 - CARBURETING PILOT DESIGN 



PILOT FUEL 

NATURAL GAS 

PROFANE 

NO. 2 FUEL OIL 

KEROSENE 



FIGURE 7 - PILOT FLAME LOCATION 
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FLAME SENSOR TYPES 

FLAME ROD SENSOR 

INFRA—RED Dt.ic.CiOR 

ULTRA-VIOLET DETECTOR 

PRESSURE—DIf r LREN HAL D E i c .C i O R  



PT1 O i TYPE OPERA llNG 

CONTINUOUS 

IN l crcMI l l c_N' 

INTERRUPTED 



P U R G I N G  I N C I N E R A T O R S  

MINIMUM - 4 VOLUME CHANOES 

100% AIR FLOW. 

ALTERNATE - 5 VOLUME CHANGE 

25% AIR FLOW 

METHOD 

- FGRCED DRAFT 

- NATURAL DRAFT 

POST PURGE 



INTERLOCKS 

COMBUSTION AIR PRESSURE 

NATURAL GAS PRESSURE (LOW, HIGH) 

OXYGEN ANALYZER 

CARSON MONOXIDE ANALYZER 

PRESENCE OF FLAME 

PURGING (AIRFLOW) 

PURGE COMPLETE (TIME DELAY) 

PILOT IC-NITTON TRIAL 

MAIN FLAME IGNITION TRIAL 



FIGURE 15 - START UP SEQUENCE 
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SECTION 11 

TROUBLE SHOOTING GUIDE 
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SECTION 11: TROUBLE SHOOTING GUIDE 
NO. PROBLEM CAUSE REMEDY 

No. PROBLEM PROBABLE CAUSE POSSIBLE REMEDY 

1 Oryer Pressure 
at burner end 

low. (low draft) 
pressure tap 

ID fan damper control will not 
control. 

Burner firing rate high. 

Dryer off-gas temperature high. 

Dryer off-gas oxygen high. 

Gas flow obstruction. 

-Baghouse diff. pressure high. 

ID fan not delivering flow. 

Gage not functioning 
Excess air leakage 

Dn/er on'-gas oxygen low (<3%) 

Dryer draft low. 

3 Dryer off-gas oxygen high (>10%) 

Air leakage. 

Incorrect air/fuel ratio. 

High draft 

Dryer off-gas temperature low Oryer draft high, 
(less than 350°F) (-)o.r w.g. 

Air leakage. 

Check instrument LP #330 
Check separate line for plugged 

Check electrical power. 
Check mechanical performance. 

Check operating conditions. 

Reduce dryer burner fuel 
-and/or-
increase feed rate. 

Prevent air leakage or adjust 
the excess air in primary burner. 

Check baghouse performance. 
See T3G #10. 

Check operating conditions. 
Inspect fan and damper. 
Check diff. pressure across ID fan. 

Oxygen analyzer malfunction. 
Check oxygen probe. 

Raise dr/er DE pressure by 
controlling ID fan damper, 
-or-
By correcting air to fuel 
ratio in primary burner. 

Oxygen analyzer malfunction. 
Check oxygen probe. 

Reduce the air leakage into 
the dryer. 

Correct the setting for 
proper air/fuel ratio. 
Reduce DE pressure by 
controlling ID fan damper. 

Lower DE oressure to 

Prevent excessive air* 
leakages. 

Dryer burner fuel input low. Increase fuel How. 

Williams environmental Services. Inc. Cooyrigftt. 1994. instruction Manual for TPU#3 
Revised 05/03/94 WE3i\3T?U\ScCTl 012.DCC Rage 11 -2 



SECTION 11: TROUBLE SHOOTING GUIDE 
NO. PROBLEM CAUSE REMEDY 

Temperature erratic or no 
temperature reading. 

Dryer low. 

Retention time too low 

5 Dryer off-gas temperature high 

Low feed rate. 

Incorrect air/fuel ratio (low O2) 

Temperature erratic. 

6 Dryer drive motor amps high Dryer rotation too fast 

Dryer discharge chute plug. 

Mechanical problem. 

Electrical problem. 

Dryer loading too high. 
Retention time too high 

Dryer discharge end temperature 
high. 

Material agglomerating. 

Soil temperature high. 

Soil temperature low. 

Incorrect air distribution. 

Low feed rate/high residence 
time. 

High feed rate/low residence 
time. 

10 Eaghouse differential pressure 
high. 

Pulsing system failure. 

Check instrument LP #310. 
Check for defective thermocouple 
Increase dryer. 

Burner fuel input high. 

Increase feed rate. 

Increase DE pressure. 
—or-
Adjust air to fuel ratio in 
primary burner. 

Check instrument LP # 310. 
Check for defective 
thermocouple. 

Check dryer RPM. 
Reduce, as required. 

Inspect and verify. 

Check ail drive components. 

Check meter circuit 
Check drive motor circuit 

Check feed rate and dryer. 
Increase drum slope 

Burner overfiring. 

Check feed rate. 
Increase to normal. 

Check flights in the dryer. 

Increase feed rate or reduce 
dryer RPM. 

Reduce feed rate or reduce 
- dryer RPM. 

Excessive gas flows. 
Decrease gas flows. 

. Check operation of solenoid 
valves. 
Check air compressor. 
Check for open air line. 
Check lines for restriction. 
Check compressed air for 
moisture or oil. 
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Revised 05/03/94 WE3i\3TP'J\SECT1012.OCC Pige 11-3 



SECTION 11: TROUBLE SHOOTING GUIDE 
NO. PROBLEM CAUSE REMEDY 

Cleaning cycle sequence problem. 

Bags blinded. 

Instrument loop problem. 

11 Bagnouse differential pressure 
low. 

Check timing sequence 
(off-time/on-time). 
Check setpoint & differential 
pressure gauge. 

Check for proper operation. 

If dust is drv. 
(1) Air flow too high. If 
the dryer air flow is too 
high to allow dust to 
drop off of the filter 
bags, an excessive 

pressure drop across the 
dust collector will 
result and dust will 
build up in the system. 

(2) Particle size and dust 
load. If possible, 
compare the dust particle 
size and loading 
with the original design 
specifications. 

(3) Bags too tight. Bags that 
have shrunk on their 
cages may not flex 
sufficiently during the 
compressed air pulse to 
loosen caked dust. 

If dust is wet. 
(4) Condensation. If 
moisture has been 
condensing inside the 
collector, check the dew 
point temperature of the 
incoming air stream, and 
compressed air. 

Checked instrument L? # 631. 
Checked the differential 
pressure gauge., (above 
450° F) 

Ductwork, dampers, 
from the dust collector for 
air leaks or blockage. Make 
sure that any dampers in the 
system are correctly 
positioned to allow air to 
flow through the dust 
collector. 

Leaks in the housing. Check the tube sheets and the 
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SECTION 11: TROUBLE SHOOTING GUIDE 
NO. PROBLEM CAUSE REMEDY 

Sag failure. 

Due to over-heating. 

Holes in the filter bags 

or 

Bags incorrectly installed. 

12 ID Fan Motor Amps High. Gas flow excessive. 

dust collector housing for 
hales, cracks or loose 
gasketing that would permit 
air to bypass the dust 
collector of filter bags. 
Inspect and replace bad bags. 

Do not operate above 500°F. 

Inspect the filter bags 
assemblies for holes, rips, 
tears, or excessive wear. 
Check the tube sheets far 
holes, cracks, or loose bolts 
that would permit dusty air 
to by-pass the filter bags. 

Check instrument LP #631. 
Check differential pressure 
gauge. 

Check operating conditions. 
Reduce primary burner fuel 
and/or feed rate. 

•4 1o 

Low gas temperature. 

Air leak problem. 

Electrical problem. 

Mechanical problem. 

SCC Off-gas Oxygen Low. High concentration of hydro
carbons in the feed. 

14 

15 

Incorrect air/fuel ratio. 

Oxygen analyzer malfunction. 

SCC Off-gas Oxygen High. High air to fuel ratio in SCC 
burner. 

Air leakage. 

Oxygen analyzer malfunction. 

SCC Off-gas temperature Low. 
low. 

See TSG #4. 

Inspect the system & correct 

Check amp motor circuit. 
Check drive motor circuit 

Inspect fan and motor. 

Alter feed rate (short term 
solution). 
Check also CO reading. If it 
is persistently high (CO>100 
ppm) then adjust air to fuel 
ratio. 

Correct the setting far 
proper air/fuel ratio. 

Check instrument LP #552. 

Adjust burner air fan damper 
to correct the ratio. 

Check far air leak. 

Check instrument LP #552. 

SCC Burner firing rate setpoint 
Raise setpoint to 1600°F. 
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SECTION 11: TROUBLE SHOOTING GUIDE 
NO. PROBLEM CAUSE REMEDY 

Temperature erratic or no 
temperature reading. 

17 Stack Gas CO High SCC low temperature. 
(>100 pom, 1 hr. roiling avg.) 

SCC off-gas low O2. 

18 Stack Gas Hydrocarbon High SCC low temperature. 
(>50 ppm, 1 hr. rolling avg.) 

SCC off gas low O2 

Check instrument LP #516. 
Check for defective 
thermocouple. 

Increase the SCC temperature. 

Decrease the feed rate or 
Increase air to fuel ratio 
in SCC burner. 

Increase the SCC temperature. 

Decrease the feed rate gr 
Increase the air to fuel 
ratio in SCC burner 
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SECTION 12: MAINTENANCE RESOURCES FOR WESPTPU3 

SECTION 12 

MAINTENANCE RESOURCES 
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SECTION 12: MAINTENANCE RESOURCES FOR WESI*TPU3 

12.0 HOW TO LOCATE INFORMATION 

If you need information about a part or system, follow these instructions: 

YOU KNOW SUPPLIER'S NAME: 

If you know the name of the supplier that furnished 
the item, then look in Appendix 12.4.1 "POs by 
Supplier" and look thru the Index or thru the POs to 
find information about the order. Manufacturer's 
catalog sheets are included as attechments with 
most POs for reference. 

If you just want the Supplier's phone number or 
contact's name, look in Appendix 12.3 "Suppliers 
List". 

YOU KNOW MANUFACTURER'S NAME: 

If you know the name of the manufacturer that made 
the part originally, then look in Appendix 12.5 
"Catalog Sheets & Instructions" Book #1 (A thru H) or 
#2 (I thru Z). Search for specific manufacturer or 
supplier or item desired in different sorted lists. 
If the Manufacturer's name is the same as the 
Supplier's name, follow instructions above. 

YOU KNOW PURCHASE ORDER NUMBER ONLY: 

If you only know the number of the purchase order 
that the item was bought under, then look in 
Appendix 12.4.1, in the index of POs. 

YOU KNOW SYSTEM PART IS FROM 

If you know the WESI-assigned Part Number, then 
look in Appendix 12.1 "Parts List". Look in the 
section for the specific Trailer Unit Scan down the 
column "System" to find the desired item. Read the 
Supplier Name and PO#. 

Drawing numbers for parts have the same number as 
the Parts Number, or a similar number. See 
Appendix 12.2 for Drawing List. 

YOU KNOW DRAWING NUMBER OF PART: 

If you know the drawing number that shows the item, 
then the System number is very similar. Follow 
above instructions for "System". 

12.1 MANUFACTURING PARTS USTS 

This section includes lists of parts used on WESI^Pl#(aafi3*®Bnifc*»s.l). Thev are seoarated hv 
trailer systems |$PCC, yABS, etc.) and include tables of information arranged by WESI Pan Number This section 
is provided as an index rto WESI parts and drawings and includes detail information. 

12.2 DRAWINGS OF EQUIPMENT 

are nnrrSS nSr« T^Ld^i?QS pIeDared by WE3} are located in the Drawing Binder A©eeodix=6ro. WESI drawings 
list ri^rfhL L?i i "L M r0rrna^ Larger copies 030 be Provided wden requested. The following drawing 
Jl descnbes a" availab,e drawings. Some drawings are not provided for jobsite use, such as individual oart 
ttSm'Sn^hT -er8 °nty for originai manufacture. If additional drawings are needed in the field, request 
them rrom the equipment Department ^ 

a!8 MS!6!69 "niquely wrth a number ^at identifies the trailer unit (3ABS, etc.) and each system 
l^ w^dSr^wn n J me correspondin3 WE2I Drawing Number, ie: Part Number*&BS-
ixx would be shown on drawingGABS-1 XX or related number. ' 

12.3 SUPPLIERS UST: Names, Phones, PO #s. 

This list includes ail suppliers of systems, components, services, etc. for WESITPU^original manufacture 
^ names, phones, contacts, locations, and items'furnished, as well as 

It is arranged alphabetically by supplier 

(see 
names of original manufacturers of items purchased thru these sources, 
name. 
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SECTION 12: MAINTENANCE RESOURCES FOR WESITPU3 

12.4 PURCHASE ORDERS: Alphabetical & numerical. 
<» -f?S c_^ 

Copies of purchase orders for manufacture of WESITPt/^are pro/idcd in Appendix 12.4. Two copies an 
inc.uded in different sorted sets. One arranged alphabetically by supplier name, and one numerically bv PC 
numbers. An index is also included, sorted by Unit, then. Supplier, then PO#. 

12.4.1 PURCHASE ORDERS BY SUPPUER NAME 

n p0py 0f Purct1ase orders was made from the goldenrod copy maintained by the Eauiomen 
Department It should have complete prices and accurate quantities and descriptions, as well as any hand-writter 
about ttte order. This copy of the PO has attachments that relate to the order, such as sketches, catalog sheets 
etc. These attachments are placed loosely behind their related PO, rather than stapled to it They should be keo 
in order when handling. They are marked in upper right comer with Supplier Name and PO number 

.» • , 'ndex list is included in front of the POs. It is sorted by Trailer Unit, then Supplier Name, and then PO# 
it includes Quan and Descnption of items ordered, as well as the WE3I Part Number. The Item Number is a cross 
reterence to the row number in the Parts Listings of Section 12.1. 

12.4J PURCHASE ORDERS BY PO NUMBER 

This copy of purchase orders was made from the white copy of the original PO. It may not have complete 
or final pnces. If the information desired is not shown, the alphabetical PO copy should be referenced. 

12.4.3 ADDITIONAL ORDERS PLACED AFTER ORIGINAL MANUFACTURE 

Purchase orders for replacement or new items should be kept in these files. Job personnel or home office 
purchasers should send copies of ail new POs for the Job File and for Equipment Dept. files. 

12.5 MANUFACTURER'S CATALOG SHEETS & INSTRUCTIONS 

^ Two separate manuals are provided for the manufacturer's catalog sheets for purchased items They arc 
•provwaed-m Appondix One is for names beginning with A thru H; the other is for I thru Z. Thev are 
photocopies of supplier information relating to items used in original manufacture of WESITPUfeir Additional 
copies may be provided in Section 12.4.1 with the POs. They are arranged alphabetically by original riianufacturer 
They may mc.ude instructions, catalogs, drawings, parts lists, price lists or sketches. They may be hand labeled in 
upper ngnt comer, if manufacturer's name is not otherwise shown. The related PO number may also be added. 

pe catalog sheet information is cross-referenced in three ways: sorted by Manufacturer, SuoDlier and bv Item 

descnotion. 7 

12.S PHOTOGRAPHS OF EQUIPMENT 

Photographs are available of equipment made during construction. Cooies of selected photographs are 
inc.uded in Appendix #12.5. Request other copies, as needed, from the Equipment Department 
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SECTION 12: MAINTENANCE RESOURCES FOR WESl*TPU3 

12.4 PURCHASE ORDERS: Alphabetical & numerical. « 
cs+- \/0<r-> X > ofriu» 

Copies of purchase orders far manufacture of WESlTPLffiare^mvided in Appendlm lg.4. Two copies ar 
included in different sorted sets. One arranged alphaPeticaily by supplier name, and one numerically by PC 
numbers. An index is also included, sorted by Unit, then, Supplier, then PO#. 

12.4.1 PURCHASE ORDERS BY SUPPLIER NAME 

This copy of purchase orders was made from the goldenrcd copy maintained by the Equipmer 
Department. It should have complete prices and accurate quantities and descriptions, as well as any hand-writte: 
about the order. This copy of the PO has attachments that relate to the order, such as sketches, catalog sheet 
etc. These attachments are placed loosely behind their related PO, rather than stapled to it They should be kep 
in order when handling. They are marked in upper right comer with Supplier Name and PO number. 

An index list is included in front of the POs. It is sorted by Trailer Unit then Supplier Name, and then PO# 
It includes Quan and Description of items ordered, as well as the WESl Part Number. The Item Number is a eras 
reference to the row number in the Parts Listings of Section 12.1. 

12.4.2 PURCHASE ORDERS BY PO NUMBER 

This copy of purchase orders was made from the white copy of the original PO. It may not have complet. 
or final prices. If the information desired is not shown, the alphabetical PO copy should be referenced. 

12.4.3 ADOITICNAL ORDERS PLACED AFTER ORIGINAL MANUFACTURE 

Purchase orders for replacement or new items should be kept in these files. Job personnel or home orfic 
purchasers should send copies of all new POs for the Job File and for Equipment Dept. files. 

12.5 CATALOG SHEETS 4 INSTRUCTIONS 
r-fc.ii"> [TM'M.i -

Catalog sheets for purchased items are provided in tills section or as AupumJu 12*5. They ar: 
photocopies of supplier infermation relating to items used in original manufacture of WESiTPU^r Additions 
copies may ce provided in Section 12.4.1 with the POs. They are arranged alphabetically by original manufacturer 
i ney may include instructions, catalogs, drawings, parts lists, price lists or sketches. They should be hand labele 
in upper right comer, if manufacturer's name is not otherwise shown. The related PO number should also bf 
added. 

12.3 PHOTOGRAPHS OF EQUIPMENT 

Photographs are available of equipment, made during construction. of nolrrrfiri prvr^gnnhc ar-
Hncludod in Apoondix T12.8. Request ca&er copies, as needed, from the Equipment Department. 
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WES1TPU3 INSTRUCTION MANUAL 

This section has not been reviewed for TPU3. 
Reports shown are from original TPU2. 

They do NOT reflect what is being used now! 

u 
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SECTION 13 

MANAGEMENT REPORTS 

TABLE OF CONTENTS 
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WESTTPU3 INSTRUCTION MANUAL 

REPORTS 

Written reports sriall be made to management an a 
regularly scheduled basis as follows: 

HOURLY INSPECTION REPORT 

Rates, speeds, temperatures, pressures, settings, 
and other readings for each operating hour of each 
shift of each day, including downtime reasons and 
times. 

SHIFT INSPECTION REPORT 

Results of inspections of ail operating systems for 
each operating shift of each day! 

SHIFT INSPECTION SUMMARY REPORT 

Summary of SHIFT INSPECTION REPORT far each 
shift by operating system. 

OAILY PROOUCTION STATUS REPORT 

Companson of status of each shift with daily total anc 
daily requirements, including problems, personnel 
process rate and total, plant hours, labor hours 
downtime hours, fuel use, and evaluation calculation: 
of above far management review. 

DOWNTIME LOG 

Chronological list of downtime incidents, including 
duration and reason, for each operating shift 

MAINTENANCE REPORT 

Maintenance correction and prevention actions 
taken, plus schedule of planned activities. 

Certification of maintenance for each operating 
system on each unit including action taken, when, bv 
whom, and inspection report. 
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f INSTRUCTION MANUAL 
WESI*TPU3 
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APPENDIX M 

CSI OPERATIONS MANUAL 



CONTINUOUS EMISSIONS 

MONITORING SYSTEM 

COLUMBIA SCIENTIFIC 
INDUSTRIES COREORATION 

11950 Jollyville Road 
P.O. BOX 203190 

Austin, Texas 78720 
Phone: (512) 258-5191 



CHECK OUT SHEET 
EQUIPMENT SUPPLY COMPANY 

08/06/91 

ANALYZERS 

A* CSI HC500-2D Analyser Serial Number 14722 

1. Sample Flow Rate 2QQ cc/min ( MM) 
2. H2 Flow Rate 140 cc/min ( MM) 
3. Exhaust Line Temperature IDS °C 
4. Burner Block Temperature 115 °C 
5. Zero Pot Setting SL60 
6. Span Pot Setting «L20 

Milton Rov CACS^l Model 3300 CO Analyser Serial Number N/A5302T 

1. Sample Flow Rate _11/min 
2. Purge Air Flow Rate 11/min approximately 
3. Dual Range a) 5Q0 ppm 

b) 1000 ppm 
4. Electronic Span 22 % Full Scale Low Range 

£. Milton Rov (ACS,') Model 3300 CO? Analyzer Serial Number N/A5211T 

1. Sample Flow Rate 11/min 
2. Purge Air Flow Rate 11/min approximately 
3. Dual Range a) ID % 

12) 2Q % 
4. Electronic Span &S % Full Scale Low Range 

EL Servomex Model 1420B 02 Analyser Serial Number 01420/B/701/543 

1. Sample Flow Rate 11/min 
2. Range 4J 0~25 % 

0-25 % 
3. High Level Alarm disabled 

Low Level Alarm disabled 

-1-



CHECK OUT SHEET 
EQUIPMENT SUPPLY COMPANY 

08/06/91 

n. CM10-1D SYSTEM CONTROL MODULE - SERIAL NUMBER 14724 

A. Zero Air Pressure 30 psi 
B. Diluted Sample Flow Rate 2. 1/min 
C. Undiluted Sample Flow Rate 3.25 1/min 
D. Sample Vent Flow Rate 2 1/min 
E. Dilution Air Pressure Set At 31.5 psi 

to Achieve 50:1 Dilution Ratio 

m. HD10 AIR MODULE 14603 

A. Purge Air Flow Rate 10 1/min 
B. Dryer Air Pressure 90 psi 
C. Eductor Air Pressure 40 psi 



CALIBRATION PROCEDURE EOR cem SV^M 
EQUIPMENT SUPPT.Y rnMPA^ 

August 16, 1991 

Due to the low oxygen content in the stack gas the  HC500-^D w i l l  nerd j, ru 
nitrogen. The gases needed for calibration will be: cahbrated w,th 

1) Propane in N2 approximately 450 ppm; and 
Carbon Monoxide and carbon dioxide tvm'y in 
CO, 18% C02. nitrogen approximately 900 ppm 

S1£RJ!1 Switch span source isolator to C0/C02 position. Switch CM10-1D Run/Cal 
swttch to Cal position. Switch CMlO-m inside/outside switch ,0 tasWc 

rom'met'ir'd" r°t0mC,CrS are ™adinS correa|y (approximately mid scale on all 
rotometer, adjust as neccssarv). 

StepJS Adjust for correct zero reading on HC500-2D and oxygen analyzer plus correct 

span values on the CO and C02 analyzers. P 

Switch span source isolator to C3tfs position. 

M X™ theTo rdnCO n̂„!,;"em C HC50°"2D  ̂  ̂

nleJfo ta " "" C° ̂  C°2 anal>'2e[s' SttP » 

^ ^ m°dC » »> "» *a" adi—t on the 

SmM Switch CM10-1D from inside to outside cal repeat steps 2 through 5 no further 
^~T5%C ana,y-Sh0uld ba re"ai-dand calibration pointfshouW rep-

£KaJS Ru!D&|SsM,SrrMDiSOla'°r SWitCh t0 0FF P°si,ion- on thc CM10-1D switch 
Run/Cal swttch to Run. and Span/Zero switch to middle position. 



CONTINUOUS EMISSIONS MONITORING SYSTEM 

Operation, Maintenance and Parts Manual 
Model CM6000-32 

P/N 751-9032 

For: 

Equipment Supply Company 
TPU#2 

2076 West Park Place 
Stone Mountain, Georgia 30087 

COLUMBIA SCIENTIFIC INDUSTRIES CORPORATION 

By: 

11950 Jollyville Road 
P.O. Box 203190 

Austin, Texas 78720 
Phone: (512) 258-5191 

Copyri-Ut 1001 K" rnl,™w' Scientific Industries Corporation, Austin, Texas. Printed 

in the United States 01 A 
not be reproduced in any 

August 1991 
Rev — 
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^ 1. TNTRnnfirnrrnjsf 

The Columbia Scientific Industries (CSI) Corporation series CM6000 Continuous Emissions 
Monitoring (CEM) system utilizes the latest in technology to provide reliable, low maintenance, 
accurate emissions analysis. Each system is designed to the customer's specific requirements. 
The general description of a standard CM6000 system follows. 

(1) Sample Probe - The material and length of each probe is determined by the application. A 
mounting hub with locking feature is provided for easy installation to the desired depth. 

(-) Heat Traced Umbilical - Provides the pneumatic interface between the sample probe and 
sample conditioner. This umbilical is heated to insure no condensation occurs in the sample 
stream prior to conditioning. 

0) Sample Conditioner - Performs the following functions at the stack or duct: (a) creates the 
vacuum level necessary for sample extraction through the probe and heat traced umbilical; (b) 
provides secondary sample filtration to 0.5 micron; (c) provides blowback of clean air through 
the heat traced umbilical and probe for in-stack filter clean out; (d) maintains the sample 
temperature at 185 to 215 dcg. F, well above dewpoint, until dried; (c) achieves permeation 
drying of the sample to be analyzed by a process utilizing a special ion exchange membrane, thus 
lowering the sample dewpoint well below ambient to allow unheatcd transport to the analyzers; 
and (f) allows for the introduction of calibration gas through the conditioning and transport 
interface per EPA guidelines. 

(4) Umbilical - Provides the pneumatic interconnect between the sample conditioner and sample 
control module contained in the instrument enclosure. The umbilical contains at least four tubes 
providing the following: (a) cductor clean air; (b) permeation drver, clean, drv pur^e air- (c) 
sample gas transport; (d) calibration gas delivery. The length, material and size of cadi tube is 
determined by the application. 

-Clean Air Supply - Provides the clean, dry air necessary for continuous system operation. 
Air from the user's supply is delivered to the instrument enclosure. This air then passes through 
t h e  C l e a n  A i r  S u p p l y  p a c k a g e  w h i c h  i n c l u d e s  t h e  H D 1 0  r e g u l a t i o n  a n d  c o n t r o l  p a n e l .  C l e a n ,  d r y  
air is sent to the cductor and permeation dryer in the Sample Conditioner. ' Zero air is also 
supplied to the Sample Control Module to provide analyzer "zero" samples. 

^ Sample Control Module - Provides controls necessary for remote operation of the sample 
conditioner. This unit maintains blowback through the probe whenever the sample conditioner 
is not within its specified operating temperature range. Calibration, or sample distribution to the 
analyzers is controlled by valves contained in the control module. 
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by ^ of thc mission source specified 
sulfur, reduced sulfur comDounHr u ur dioxide, nitrogen oxides, ammonia, total 
h y d r o c a r b o n s , < ^ b o n  d i o x i d e ,  c a r b o n  m o n o x i d e ,  m e t h a n e  t o t a l  
induding ultmvLlerflam?phlSc%TOWh 7*"™ °f *"*" « ̂  
(NDIR), paramagnetic '"^ed 
concept allows use of EPA flc«:ianatP.H u • . advantagc of this svstem 
and reliable. 311 m0mt0re that have been established as stable 

(8) Data Acquisition and Control - To be provided by thc customer. 

MiSStSoO =l«Pcons,aPnfvoh " P '0"i6^ » the customer's needs. Items 
displays, etc.; (b) pneumatic: air purificS^a^d^ interfacing cables, digital 
exhaust manifolds, interface lines, etc, (c) enclosures NEMA 
enclosures, shelters and temperature controlled environments ' rack~mount 

The major components used in the CMfiOOf) Qvctr-m > 
description, operation, maintenance warranty and cm SIven • neXr sectiorL System 
Specific information about the anaiyzerfs) controller ennd't^ ^ ®,VCn.',n following sections, 
in their respective manuals included herein. ' ' maJ°r acccssorics is giyen 



2. SPECIFICATIONS AND DESCRIPTION 

This section contains specifications and detailed descriptions of the CM6000-32 Continuous 
Emissions Monitoring (CEM) system supplied to Equipment Supply Company, Stone Mountain, 
Georgia. 

2.1 Specifications 

(1) Site Requirements: 

Electrical Requirements: 

Air Supply Requirements: 

Environmental Requirements: 

Special Requirements: 

(2) System Specifications (enclosure only): 

(a) RITTAL Model EL: 

Style: 

115 ± 10 Vac, 30 amps (suggested breaker 
size) 60 Hz, single phase. 

90 * 10 psig, 3 SCFM Maximum; Free from 
particulates, oil and water (dewpoint -40°F). 

Temperature 20-30°C (68-86°F) Minimal 
dust; Relative humidity 5 to 95%. 

(a) Exhaust line of 1.25 in. diameter and 24 
ft (max) length, to exhaust all gases from 
enclosure site, is furnished. 
(b) Clearance of 1 ft. on each side of 
enclosure to provide sufficient air flow for 
ventilation intake and exhaust. 
(c) Heatless dryer is inside enclosure. 

(PS4608-2700) 

Upright cabinet with rear door and plexiglass 
front door. 

Size: Height - 84.75" (215 cm.) 
Depth - 31.89" (81 cm.) 
Width - 23.88" (61 cm.) 

Type: NEMA 12 

Weight: 375 lbs. (170Kg) (enclosure without 
analyzer) 
525 lbs. (238Kg)(with analyzers and 
controller). 
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System Response Time: 

Electrical Power: 

Air Requirement: 

System Protection: 

(b) Sample Conditioner: 

Manufacturer: 

Model: 

Options/Features: 

Specifications: 

(c) Sample Control Module: 

Manufacturer: 

Model: 

Options/Features: 

Specifications: 

(d) Total Hydrocarbon Analyzer: 

Approximately 2 to 4 minutes maximum 
(depends on umbilical lengths). 

Maximum 1000 VA (sec site requirements). 

3 SCFM regulated to 60 psig, oil and dirt 
free; dewpoint -40°C (-40°F). 

30 amp circuit breaker to miscellaneous 
outlet power strip and 20 amp circuit breaker 
to instrument power strips via the 1000VA 
supply. (Note: Both sides of each service 
line arc breakcred). Additional circuit 
protection is provided by an AC arrester 
installed at the breaker box. This device 
limits surge voltages caused by lightning or 
other unwanted transients. ' " ° 

csr 

SC-10D 

Single probe. Local or remote operation. 

See unit manual, appended. 

csr 

CM10-1D 

Single probe. All excess sample s< 
collected for safe exhaust. 

Sec unit manual, appended. 

Manufacturer: CSI 



Model: 

Options/Features: 

Specifications: 

(e) Oxygen Gas Analyzer: 

Manufacturer: 

Model: 

Options/Features: 

Specifications: 

(0 Carbon Monoxide Gas Analyzer: 

Manufacturer: 

Model: 

Options/Features: 

Specifications: 

(s) Carbon Dioxide Gas Analyzer: 

Manufacturer: 

Model: 

Options/Features: 

Specifications: 

HC500-2D 

Utilizes flame ionization (FID). 

See unit manual, appended. 

Servomcx 

1420B 

Output range 0-25%. Utilizes paramagnetic 
susceptibility technique. Has internal 4-
20mA output signal. 

Sec unit manual, appended. 

Milton Roy (formerly ACS). 

3300 (CO) 

Utilizes nondispcrsivc infrared (NDIR) 
technique. Ranges 500 amd 1000 ppm. 

See unit manual, appended. 

Milton Roy (formerly ACS). 

3300 (C02) 

Utilizes nondispcrsivc infrared (NDIR) 
technique. Ranges 10 and 20%. 

See unit manual, appended. 



(h) Heatless Dryer and C02 Extractor: • 
Manufacturer: General Cable 

• 
Model: P-100-303-1 

Specifications: See unit manual, appended. 

(i) Methane Reactor: 

Manufacturer: Aadco 

Model: 737-41 

Options/Features: CO to CO2 conversion. 

Specifications: Sec data sheets, appended. 

(3) Miscellaneous: 

(a) Enclosure Fan: 

Manufacturer: RITTAL • 
Model: SK3168 

• 
Options/Features: 260 CFM, paniculate filter at inlet, low 

noise. 

Specifications: 0.2 Amps, 18 W 

Dimensions (filter): Length 12.72" (32.3 cm) 
Width 12.72" (32.3 cm) 

Replacement Filter Mat: SK3173 (inlet and outlet filters). 

Replacement Gasket: 
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(b) Outlet Filter. (Enclosure) 

Manufacturer: : RITTAL 

Model: SK3163 

Dimensions: Length 12.72" (32.3 cm) 
Width 12.72" (32.3 cm) 

(c) Instrument Power strip (six outlet) with on/off switch and 15 amp circuit breaker. 

(d) Power Strip (six outlet) - miscellaneous supply. 

(c) Exhaust port (1.25 in. OD x 24 ft. long) to vent all system gases. 

(0 Lock on each door of enclosure. 

(g) System Probe Assembly: 

Manufacturer: 

Model: 

Specifications: 

Material: 

(h) Umbilical: 

CSI 

D-TP (High Temperature). 

Length 36" 

RA446 

~> ~> 

Manufacturer: Technical Heaters 

To be determined. 

Diameter: U25 in 

Options/Features: Scc Figure 3.7, 970-3106. 

CM600Q-32 Svstem Description 

The CM6000-32 CEM System will provide total hydrocarbons (HC), carbon monoxide fCC 
carbon dtoxide (C02) and oxygen (02) emission concentrate levels Tliis svstenTconsisfs 
rnnC r ^ wCnlP?ratUrC D"TP SamplC Pr0bc? °nc SC-]0D Sample Conditioner CM 10-1D Samp 

" "  " "  • — S S S  



Control and analysis hardware is assembled in a NEMA 12, 19 inch rack mount enclosure, while 
the probe and conditioner arc installed at the sample extraction site. The system may be 
operated manually at the enclosure front panels or remotely via the customer supplied equipment. 
Zero to full scale readings of the selected analyzer output range are available as isolated 4-20mA 
DC signals at the auxiliary panel. 

The following is a brief description of the above mentioned equipment. Please note that detailed 
descriptions and operation instructions, for some components discussed, arc contained in separate 
manuals included within this handbook. 

(!) D-TP High Temperature Sample prQbc and Heat Traced Hmhiliral 

One RA446 alloy D-TP Sample Probe is provided. A 2.5 inch NPT mounting hub, with locking 
screw, assures accurate and rcpcatablc probe installation. A Vs" diameter heat traced, single line 
umbilical connects the probe outlet to sample conditioner inlet. This prevents condensation of 
the sample gas flow prior to conditioning. 

(2) SC-10D Sample Conditioner. 

Sample gas extraction is achieved by a vacuum created in the SC-10D Sample Conditioner. Air 
flows through a venturi air eductor creating sufficient vacuum (approximately 15in Hg) to allow 
sample gas flow into the heated conditioner enclosure. Temperature within this enclosure is 
maintained between 185 and 215°F. This assures no condensation prior to drying. The sample 
to be analyzed is drawn through a 0.5 micron bypass filter, while unused sample is blended with 
the eductor air and exhausted from the enclosure. A pump, located in the CM10-1D Sample 
Control Module, draws the sample to be analyzed through the filter, into a permeation dryer for 
conditioning prior to transport. In the permeation dryer, clean, dry air counter-flows over the 
outside of hygroscopic ion exchange membranes. Water vapor is removed from the sample gas 
flowing inside the membrane. Sample gas exiting the dryer is, therefore, conditioned and is 
suitable for transport to the instrument enclosure for analysis. 

(3) Umbilical. 

The umbilical provides a pneumatic interconnect between the sample conditioner and control 
module. 

(4) Instrument Enclosure. 

Contained in the Instrument Enclosure arc the following major components. Where possible each 
unit is slide mounted allowing easy access for maintenance and trouble shootinc. 
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(a) CM10-1D Control Module 

The CM10-1D Control .Module provides control necessary for remote operation of the 
SC-10D Sample Conditioner. This unit controls the sample pump and provides 
associated valving for sample gas distribution. An additional feature provides for zero 
air dilution of the sample gas. An air operated venturi pump draws sample gas through 
a 100 ml/min critical orifice. Zero air is also drawn into the mixing chamber at a 
controlled flow rate. The resultant mixture is diluted in a precise and stable fashion by 
approximately 50:1. Both diluted and undiluted sample outputs arc available. 

The CM 10-ID also controls the introduction and distribution of calibration gases to the 
system, either directly to the analyzer (INSIDE) or through the umbilical and SC-10 per 
EPA guidelines (OUTSIDE). Operation of the control module may be accomplished 
using front panel selector switches. Alternatively, a remote control source may be 
employed for automatic operation. A further detailed description of operation and 
maintenance procedures is given in the unit manual appended. 

(b) HD10-1 Clean Air Supply 

Efficient and reliable system operation is dependent on the air supply quality. The 
HD10-1 Clean Air Supply provides clean, dry and contaminant free air for each system 
requirement. Supply air enters the system through a shut off valve and is regulated to 
approximately 60 psig at the auxiliary panel. This air then flows through a gas reactor 
that effectively converts any carbon monoxide (CO) to carbon dioxide (C02), which in 
tum is then removed by passing through alternating columns of the hcatlcss dryer. Final 
drying in a silica gel filled canister, and filtration in an activated charcoal filled canister, 
provides air suitable for analyzer zero or span checks. A pressure regulator set to 40 psig 
and flow meter adjusted for approximately 20 liters per minute provide clean air for the 
eductor supply. Similarly, a regulator set to 40 psig and flow meter adjusted for 20 to 
40 liters per minute (depending on site requirements) provides clean, dry air for 
permeation dryer purge. 

(c) HC500-2D Total Hydrocarbon Analyzer 

The CSI Model HC500-2D Total Hydrocarbon Analyzer performs continuous dry analysis 
for total hydrocarbon content in gas mixtures. FID, the well established technique of 
flame ionization, is used as the detection method. Hydrocarbons, contained in the sample 
gas, pass through a hydrogen rich flame and arc converted to ions. An electrostatic field 
in the burner causes these ions to migrate and collect on an electrode. This results in an 
electric current which is proportional to the concentration of ions collected. An 
electrometer amplifier converts the current to voltage which is fed to the amplifier output 
jacks. Standard outputs arc 0-l00mV and 0-1V. A further detailed description of 
operation and maintenance procedures is given in the unit manual appended. 
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(d) Model 3300 C02 Analyzer 

The Milton Roy (formerly ACS) Model 3300 Carbon Dioxide Analyzer performs specific, 
real time and continuous dry analysis for carbon dioxide in gas mixtures. The Model 
3300 is a highly selective, nondispersivc infrared (NDIR) gas analyzer. It utilizes a beam 
of infrared energy which passes first through a Sample Cell and then through both cells 
of a Dual Cell Detector system. The Detector cells arc filled with pure carbon dioxide. 
An externally mounted vacuum pump is used to draw sample gas through the detection 
system. 

Two output signals are available from the Model 3300. Output I is a standard 0-1V 
signal. Output II is internally selectable from 4-20mA (standard), 0-10mV, O-lOOmV 
or 0-1V. A further detailed description of operation and maintenance procedures is given 
in the unit manual appended. 

(e) Model 3300 CO Analyzer 

The Milton Roy (formerly ACS) Model 3300 Carbon Monoxide Analyzer performs 
specific, real time and continuous dry analysis for carbon monoxide in gas mixtures. The 
Model 3300 is a highly selective, nondispcrsive infrared (NDIR) gas analyzer. It utilizes 
a beam of infrared energy which passes first through a Sample Cell and then through both 
cells of a Dual Cell Detector system. The Detector cells are filled with pure carbon 
monoxide. An externally mounted vacuum pump is used to draw sample gas through the 
detection system. 

Two output signals are available from the Model 3300. Output I is a standard 0-1V 
signal. Output II is internally selectable from 4-20mA (standard), 0-10mV, 0-100mV 
or 0-1V. A further detailed description of operation and maintenance procedures is given 
in the unit manual appended. 

(f) Model 1420B Oxygen Analyzer 

To monitor the oxygen (02) content of the sample gas, CSI has selected a Servomex 
Model 1420B Oxygen analyzer. The model 1420B uses the paramagnetic response of 
oxygen for detection. A magnetodynamic sample cell measures ~the paramagnetic 
susceptibility of the sample gas. The oxygen concentration is detected by means of a 
"dumb-bell" mounted on a torque suspension in a strong, nonlinear magnetic field. The 
higher the concentration of oxygen, the greater the "dumb-bell" is deflected from its rest 
position. This deflection is monitored by an optical system connected to an amplifier 
circuit. A further detailed description of operation and maintenance procedures is given 
in the appended manual. 



(g) Auxiliary Panel 

The Auxiliary Panel is located in the back of the instrument enclosure and may be 
accessed through the rear door. As previously described the air supply control and 
regulator valves are located on this panel and arc labelled for easy identification and 
operation. 

Signal distribution and output terminal strips arc attached to the panel. TBI furnishes 
connection points for the analyzer analog output signals. TB2 and TB3 provide 
connection points for the an external computer or data logger to CM10-1D interface. 
This provides easy access for electrical testing of the system control response. 

(h) Span Source Isolator 

Located between the calibration gas bottles and the sample controller (CM10-1D), the 
Span Source Isolator contains solenoid valves which arc manually controlled by a toggle 
switch on the front panel. 

This switching function allows the user to connect more than one calibration gas bottle 
to the sample controller. 
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4. OPERATION 

4JL Unoackinp and Inspection 

(1) Consult each appended manual for specific unpacking and inspection instructions. 

(2) Remove all cushion type and bracing packing material and inspect for damage. All 
pneumatic tube openings are sealed with dust plugs, closed fittings or plastic bags taped in place. 

DO NOT REMOVE THESE PLUGS OR PLASTIC BAGS 
UNTIL THE INDIVIDUAL TUBES ARE READY FOR CONNECTION. 

(3) Unpack all the boxes and inspect the external surfaces of all pieces and the internal 
components of the enclosure and instruments for physical damage. If any damage is found 
notify both the carrier and CSI at once. 

(4) Check the inside of the enclosure and instruments for loose pneumatic or electrical 
connections. 

(5) Verify all options ordered have been supplied and all pans for system assembly are present. 

4,2 Set-Up PrnrpHnrp 

CAUTION: THE ELECTRICAL POWER AND AIR SUPPLY TO THE SYSTEM 
MUST BE TURNED OFF TO AVOID INJURIES TO PERSONNEL OR DAMAGE 
TO THE SYSTEM. ALSO ALL WORK MUST BE PERFORMED BY QUALIFIED 
SERVICE PERSONNEL. 

Generally, the system is supplied with rack mounted units. Before deliverv, the entire system 
is fully assembled and tested at the factory. After completion of the tests, the instruments are 
removed from the racks leaving all interconnecting tubing attached to bulkhead fittings, where 
feasible, for easy re-assembly at the final location. Each tube when completely disconnected is 
labeled on both sides of the connector for convenient re-assembly in the field. 

Some instruments and the control unit arc supplied with slide mounts for easy access to the 
inside of the units. Such items as fans, blowers, vent lines, rack temperature control circuits, 
special transformer, the final dilution air drying system and pressure controller are left mounted 
and interconnected in the enclosure when possible. 

(1) Enclosure Assembly 

NOTE: THE EMPTY ENCLOSURE SHOULD BE PLACED AT ITS FINAL 
LOCATION AND ANY MODIFICATIONS MADE BEFORE FINAL ASSEMBLY 
OF THE SYSTEM. 
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Using the system drawing given in Section 3 of this manual, and any specific assembly 
instructions supplied with the system, install the major components and instruments in the 
enclosure. 

WARNING: TAKE CARE THAT DURING THE INSTALLATION PROCEDURE 
NO DUST OR DEBRIS ENTERS THE LINES OF THE UMBILICAL. ANY 
MALFUNCTION OF THE PROBE OR OTHER PNEUMATIC DEVICE CAUSED 
BY PARTICULATE MATTER IS EXCLUDED FROM THE WARRANTY. 

(2) Pneumatic Connections 

Install pneumatic lines per the system pneumatic drawings shown in Section 3. It is preferred 
that all lines be made of a fluorocarbon plastic, cither PFA or PTFE, unless otherwise specified 
on the drawing. Dcgrcascd, cleaned and passivatcd stainless steel may be used, if desired, for 
air supply and exhaust lines. However, use of stainless steel lines for span gas cylinders is not 
recommended but may be satisfactory in certain applications. All pneumatic connections should 
be made with instrument quality swage-type fittings. These fittings should preferably be made 
of stainless steel although brass can be used in the air supply lines. Plastic polyethylene can be 
used in the air supply and exhaust lines. 

All lines and fittings supplied by customer should be prcclcancd in a high grade degreasing 
solvent. The solvent must be fresh or residues from the solvent could cause problems in the 
analysis. 

NOTE: DO NOT TURN ON THE AIR OR CYLINDER GAS SOURCES AT THIS TIME. 

The umbilical sheath is a thick, black polyurethane covering which is abrasion resistant. 
Installation in horizontal runs, trays or other types of continuous support is recommended. For 
vertical drops, braided support line hangers arc recommended approximately every 50 feet with 
conduit clamps or electrical cable tics every few feet attached to a solid structure, such as 
conduit, to restrict movement by winds or vibration. The smallest running radius is 17.9 inches. 
Maximum pulling tension is 140 lbs. 

When connecting the umbilical, all four tubes arc color coded like the probe lines and system 
external pneumatic fittings to simplify assembly. 

It is recommended that the customer connect a tube to the round system exhaust vent in order 
to exhaust all sample or calibration gas out of the working location and so prevent build-up of 
unwanted gases. (Note: A 1.25 in. diameter flexible tube, 24 ft. long, is provided). 

(3) Electrical Connections 

Using caution, connect all electrical lines per system electrical diagrams given in Section 3. All 
cable or wire supplied by the customer should be UL approved for the voltage and current 
requirements given. 
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4.3 Start-up Procedure . 

(1) Read start-up procedures in each of the instrument manuals and any special instructions 
provided with this system given in this section and Section 2. The customer needs to be familiar 
with each procedure to assure proper start-up and prevent damage to a unit. 

(2) Ensure all power switches for the system and instruments are in the OFF position. Ensure 
also that all system air is turned off. 

(3) Turn on the main power to the system and one by one turn on the power strips for each 
instrument. Check for any problems each time. 

(4) Turn on the system air supply and slowly bring up the pressure. Inspect for any leaks. 
Turning off noisy equipment (e.g. pumps) may assist in detection of audible leaks. 

(5) Follow the start-up and operating procedures for the probe Sample Conditioner, then each 
of the analyzers. 

4.4 Operations Procedure 

(1) Set the analyzers to the recommended ranges required for this installation. 

(2) After all units have warmed up and stabilized, perform a zero then short span check of the 
analyzers using the calibration gases provided. If not already tested, the pneumatic system from 
the span cvlinder(s) to the controller should be leak checked to prevent loss of toxic and 
expensive calibration gases. 

(3) If system response time is slow, leave the system in span mode for several hours to condition 
the pneumatic circuit. 

(4) After running overnight, the system can be initially calibrated. Set the analyzers to zero and 
span to obtain the exact analyzer output levels desired. 

(5) Re-check the analyzer settings and adjust if necessary. 

(6) After two days of stable operation, again check analyzer settings and adjust if necessary. The 
system can be recalibrated and the analyzers zero and span control settings recorded. Also, check 
and record eductor and purge flows and pressure setting. 

(7) The system is now ready for operation. No adjustment to the controller or analyzers should 
be made unless the system is to be recalibrated. 

4-3 



5. MAINTENANCE 

Consult the controller, conditioner and analyzer manuals for their specific maintenance 
requirements. This section will be directed to specific system related maintenance. Some general 
guidelines for other system components arc also included to assist in providing the best 
maintenance for this system. 

5.1 System Air Supply 

System air is supplied by the customer and is further dried and purified by the Air Purifier and 
Heatlcss Dryer. A "Clean Air Package" inside the Instrument Enclosure ensures further 
protection in the form of an Indicating Silica Gel cannistcr and an Activated Charcoal cannister. 

If the air to the system is kept clean, oil-free and dry, there is no scheduled maintenance of the 
air lines. However, periodically the lines should be checked for leaks, pressure line swelling, 
abrasion marks, kinking and loose connections. If a line needs replacing, prepare a new line using 
the same material for tubing and fittings. Cut the tubing to the length of the old tube. If 
abrasion is the problem, tie the line down or wrap with protective spiral material. 

If water presence is noticed or evidence of the system getting wet, as indicated by the Silica Gel, 
determine the problem and repair immediately. 

NOTE: SYSTEM PLUGGING DUE TO INADEQUATE AIR CLEANING, DRYING 
OR CAUSTIC CARRY-OVER IS NOT COVERED BY WARRANTY. 

5.2 Enclosure Filters 

The enclosure filters, both fan and outlet, should be cleaned periodically. It is recommended the 
filters be cleaned every six (6) months although the frequency is really site specific and should 
be determined by each customer. 

To remove filters, simply pop out the snap-in filter grills and remove the filters. Clean the filters 
in detergent solution and air dry. Re-install filter and grille. 

5.3 Flow Check 

The system pressure and flows should be checked periodically. Generally, unless there is a 
system upset or flow problem, once every six (6) months is sufficient. 

5.4 Probe Filter 

The porous metal filter at the probe tip should be checked occasionally. For dirty, wet stacks 
this filter may require changing. The requirement is site-specific and must be determined at each 
location. 



5.5 Umbilical 

No scheduled maintenance is required on the umbilical cable. Prudence would suggest that the 
cable be examined from time to time to look for physical abrasion or for unusual or crimped 
positions which might tend to crease the cable. The heavy outer jacket tends to eliminate 
deterioration from normal atmospheric exposure. Feel along the length of the heat traced 
umbilical for uniform heat distribution. 

5.6 Sample Conditinnp.r 

Cleaning or replacing of the tubing every 12 months is recommended. However, if the air supply 
and sample filters arc maintained properly then these lines may never need cleaning. However, 
they should be checked periodically for damage (see discussion under system air supply).' 
Sample switching solenoid valves should be replaced every 24 months. 

5.7 Samnlc Control Morinlr. 

Cleaning or replacing of sample and calibration tubing every 12 months is recommended. 
Periodic checks of the sample pump are recommended. Observe pump operation and verify that 
all connections remain leak tight. Sample and calibration gas switching solenoid valves should 
be replaced every 24 months. The fan filter should be cleaned or replaced periodically. It is 
recommended the filter be cleaned every six (6) months, although the frequency is really site 
specific and should be determined by system operators. 

5.8 Analv7er<: 

It is recommended to use the maintenance schedules given in each analyzer manual. However, 
if up time is critical, then each manual should be reviewed to determine items with high 
possibility of failure. Consult CSI for specific recommendations for each analyzer based on the 
desired up time. 

5.9 Cabinet Fan and Exhaust Blower 

Periodic lubrication of these components may be necessary. Refer to component manuals for 
specific lube schedules and lube points. 



6. WARRANTY 

1. Except as otherwise indicated, all instruments and stack systems manufactured and sold by 
Columbia Scientific Industries Corporation (CSI) are guaranteed for a period of one year from 
date of shipment from the factory against defects in materials and workmanship of those parts 
manufactured by CSI, and then, only when operated, serviced and maintained in accordance with 
the instruction manual. Those parts not manufactured by CSI arc guaranteed only to the extent 
that they arc covered by a warranty of original manufacturer. Permeation tubes are warranted 
for six (6) months. Sparc pans and accessories, except expendables, arc warranted for ninety 
(90) days. Expendables such as batteries, sample holders, fuses and indicating lamps are not 
covered by this warranty. 

2. The warranty is voided by the following: 

a) Injection into CSI stack systems or CSI ambient air monitoring or calibrating 
equipment, of gas mixtures containing reactive suspended matter or molecules yielding 
and depositing liquids, tars, solids and other non-gaseous residues. 

b) Injection of caustic solutions into the hydrogen lines of CSI hydrocarbon monitors by 
a malfunctioning hydrogen generator. 

c) Damage to CSI Accelerating Rate Calorimeters or Quantitative Reaction Calorimeters 
caused by samples that detonate, deflagrate or otherwise escape the confines of the sample 
holder. 

d) Damage to stack sampling probes caused by severe corrosion. 

e) Damage caused by incorrect installation, by misuse, or by mishandling. 

3. Warranty service requests must be received by CSI within the warranty period. Upon 
notification by the purchaser, CSI will correct defects coming within the scope of this warranty 
by repairing or replacing the defective unit either at the CSI factory or at the customer's site, at 
CSI's option. Return shipment of items to CSI must be authorized by a CSI representative and 
is at customer's expense. 

4. Instruments and systems which have been repaired or replaced during their warrantv period 
arc themselves guaranteed for only the remaining unexpired portion of their original warrantv 
period. Pans and accessories, including stack probes, umbilicals and permeation tubes, will 
receive their full warranty period from the date of replacement even if the instrument or svstem 
warranty period should expire. 

5. Repairs, replacements, adjustments and service performed out-of-warrantv shall be charged 
to the customer at the then current prices for parts, labor, transportation and subsistence. 
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6. This warranty attaches to the instrument itself and is not limited to the original purchaser. 

7. In no event will CSI have any obligation or liability for damages, including but not limited 
to, consequential damage arising out of, or in connection with, the use or performance of 
equipment or accessories. No other warranties, expressed or implied, including the implied 
warranties of merchantability and fitness for a particular purpose will apply to equipment or 
accessories. 

8. This warranty constitutes the full understanding of the manufacturer and buyer, and no terms, 
conditions, understanding or agreement professing to modify or vary the terms hereof shall be 
binding unless hereafter made in writing and signed by an authorized official of CSI. 

All price revisions and design modification privileges reserved. 
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7. RECOMMENDED SPARE PARTS 

The user should remember that provisioning of spares for an instrument or system should depend 
on: (1) number of such components to be maintained, (2) proximity to available parts, (3) 
criticality of "down-time" and (4) operational conditions, (i.e. are conditions contributing to 
accelerated deterioration of parts, etc.). 

Also a good routine maintenance schedule will allow a more predictive stocking of parts and 
should produce a good reserve for "emergency" repairs, if needed, on short notice. In this way, 
ordering and modes of delivery can be less expensive and more leisurely, (e.g. "fast" delivery 
by special handling for a single part is most expensive). 

PART NUMRF.R DESCRIPTION 

490-0338 
490-0337 
490-0339 
585-0039 
514-0053 
S901157 

CM10-1D CONTROL MODULE 
Solenoid Valve, 2-way 
Solenoid Valve, 3-way 
Pressure Regulator 0-100 psig 
Sample Pump 
Fuse, 15A 250V 
Relay, 2 PDT 

C4053-1009 Needle Valve 
490-0423 
490-0424 
491-2101 

Solenoid Valve Repair Kit 3-way 
Solenoid Valve Repair Kit 2-way 
100 ml/rnin glass dilution orifice 

240-0045 
970-8047 
530-0030 
530-0031 
490-0337 
490-0341 
490-0340 
490-0338 
514-0053 

SC-10D SAMPLE CONDITIONER 
Lamp, Heater 
Dryer, Permeation, Painted 
Switch, Thermal 
Heater, Strip 
Solenoid Valve 3-wav 
Bypass Filter 
Eductor 
Solenoid Valve 2-way 
Fuse, 15A, 250V 

970-8026 
D-TP PROBE 
10 ft. Heat Traced Line Asscmblv 
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PART NTIMRFR DFSCRTPTTON • 
260-0022 
514-0056 
260-0023 
260-0024 
490-0369 
S905022 
M02133 
M02132 
514-0058 

EOUTPMF.NT FNPT n«s! IRF 
Blower 
Breaker, 20 amp 
Fan Assembly, console 
Filter, Blower Exhaust 
"DX" Filter Element 
"BX" Filter Element 
Desiccant Filler 30 oz. 
Charcoal Filler 24 oz. 
Breaker, 30 Amp 

490-0363 
160-0040 
250-0114 
450-0079 
350-0037 
490-0426 

ATR DRYF.R ASSF.MRT Y 
Air Dryer Assembly 
Dcsiccant Chamber (2) 
O-rings for Dcsiccant Chamber 
Solenoid Valve 
Timer Motor 
Orifice Set (2) 

MODF.T. 3300 See appended manual. (Same manual as CO version). • MODEL 3300 See appended manual. (Same manual as C02 version). • 
MODEL 1400 See appended manual. 

MODF.T. Hrsoo-on Sec appended manual. 
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1. INTRODt 1CTTON 

Columbia Scientific Industries' CM10-1D Sample Control Module performs the control functions 
necessary for remote operation of one SC-10 Sample Conditioner and D-TP Sample Probe. 
Sample gas is extracted through the probe utilizing an air eductor within the SC-10 enclosure. 
A vacuum pump within the CM10-1D cabinet draws some of the extracted sample gas through 
a by filter m the SC-10, into the permeation dryer and through the umbilical. The Control 
Module then distributes this sample gas to the analyzers) and exhausts all excess gas through 
a captured vent for safe release. 

pic CM10-1D also controls the introduction of calibration gases cither directly to the analyzed 
ST, i ka 'u0 umbilicaI 3nd SC~10 Pcr EPA SuideIin<* (Outside). Operation of Vhc 
Control Module may be accomplished manually by actuating toggle switches on the front panel. 
Remote operation can be achieved by contact closures from a remote control source. 

^ additional feature of the CM10-1D is a dilution pump/orifice assembly. This allows dilution 
of the sample or calibration gas with clean, dry zero grade air, which means that two different 
concentrations of sample gas may be analyzed simultaneously. 

JTTnaiPr0V,id^ info™ation neccssary for the successful operation and maintenance of the 
CM10-1D Sample Control Module. 
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2. PRINCTPr .-R OF OPFR ATyr^|»^ 

2J. . Manual 

In the Manual mode of operation, all CM10—ID control functions may be activated by toggle 
switches located on the front panel. Indicator lamps, also located on the front panel, display the 
selected operating status. Leak Test and controlled dilution features arc available which can be 
selected manually. 

The two primary modes of operation for the CM10-1D control module are RUN and 
CALIBRATION. In the RUN mode, sample gas extracted from a process stream is drawn 
through the umbilical by the sample pump. The pump discharges this sample gas to a manifold 
(MANIFOLD 1, see Figure 8.1) for distribution to the analyzer(s). Excess sample is captured 
for venting to a safe area. 

In the Calibration mode, either ZERO grade air or SPAN gas is supplied to the analyzers). A 
separate switch is provided to select cither Zero or Span. An additional switch is provided to 
select either the Inside or Outside calibration gas route. With the switch in the INSIDE position, 
calibration gas is supplied directly to the sample pump for analyzer distribution. With the switch 
in the OUTSIDE position, calibration gas is first directed through the SC-10, the point of sample 
gas extraction, then to the sample pump per EPA established guidelines. 

The CM10-1D also provides a diluted sample. Extracted sample or calibration gas from 
MANIFOLD 1 passes through a critical orifice which allows a specified volume to continuously 
flow into the mixing chamber. Inside the chamber a controlled volume of zero grade air is 
thoroughly blended with the sample or calibration gas. This diluted gas is then distributed to the 
analyzers) via MANIFOLD 2 (Figure 8.1). 

When the Leak Test diagnostic mode is selected, internal plumbing and components mav be 
evacuated and checked for leaks. 

Automatic 

In the Automatic mode of operation RUN, CALIBRATION and DILUTION functions arc 
selected by contact closures controlled from a remote source. This remote interface allows 
preprogrammed introduction of calibration gases and subsequent return to the RUN mode. When 
the CM10-1D front panel toggle switches are placed in the "Auto" position AC power is directed 
to the remote controller. Appropriate contact closures select the Run, Calibration Zero 
Calibration Span and Dilution functions of the CM10-1D. Status indications for "Stack Ready"' 
Run and "Cal" arc available for remote identification of the current operating mode. Rear 

panel terminal strips arc provided for connection of these control and status sicnals. (See Figure 
8.2). 
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3. SPF.CTFTPAnrfOfjq 

Site Reqnirem^ 

Electrical Power: 

Zero Air Supply: 

120 Vac, 10 Amp, 60 Hz, Single Phase. 

100 psig Maximum; 60 psig Nominal. 

NOTE: If air supply contains any of the gases for analysis, 
consult factory. 

Span Gas Regulated Supply: 

Control Module Specifications 

Size: 

Weight: 

Regulated Zero Air Supply: 

Pneumatic Connections: 

Dilution Ratios 

30 psig Maximum; 20 psig psi Nominal. 

Length - "19 3/4 inches 
Width - "19 inches 
Height - " 8 7/8 inches 

28 pounds 

20 psig Maximum 

1/4" Swagelok compression type tubing 
connections. 

Dilutton ratios of 12 to 350 are available depending on the choice of orifice (sec Section 
9._) and dilution air flow rate. Generally speaking the dilution air flow rate is variable 
between 4000 and 6000 ml/min. 

^'ainple: If wc usc thc 50 ml/min orifice and use 5000 ml/min dilution air, the 
dilution ratio for thc sample would be 100:1. 
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4. DESCRIPTION 

The CM 10-ID is a self contained control module approximately 19 3/4" x 19" x 8 7/8" outside 
dimensions and weighing 30 pounds (sec Figure 8.3 and Section 3). The unit comes complete 
for installation in a 19" electronic rack enclosure, or can be configured for bench top use. Figure 
8.1 shows the pneumatic flow diagram, Figure 8.2 shows the electrical connections and Figure 
8.3 shows the actual component layout. The CM10-ID control module includes the following 
components: 

ITEM LEGEND 

SV1 Zero 

SV2 Cal 

Gl Compound Gauge 

Calibration By-pass Flow 

FI1 CAL BYPASS 

SV3 Leak Test 

FUNCTION 

Introduces zero air to the calibration 
manifold. An electrically actuated 2-way 
solenoid valve. 

Introduces calibration gas to the calibration 
manifold while blocking the zero air supply. 
An electrically actuated 3-way solenoid 
valve. 

Pressure/vacuum gauge that shows vacuum 
held on system during leak test function and 
pressure on system during pressurization of 
system to find a leak or adjust regulator set 
point. 

Needle valve controls amount of ZERO or 
CAL gas being delivered to the calibration 
circuit. 

Rotameter to indicate that flowmeter excess 
CAL or ZERO air is provided to the 
calibration vent so that system is not starved 
or over pressurized. 

2-way solenoid valve which closes the 
calibration source from the vent line in order 
to allow a vacuum to be drawn on the 
system for leak testing. 
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HEM LEGEND FUNCTION 

PR1 Zero Air Pressure Regulator 

SV4 Inside/Outside 

SV5 Sample/Calibrate 

SV6 Leak Trap 

On Line Sample Flow Adjust 

PI Sample Pump 

FI-2 

FI-3 

FI-4 

SV7 

Adjustable pressure regulator used to set the 
zero air supply pressure to the system; 

3-way solenoid valve that directs 
SPAN/ZERO gas to the sample conditioners 
for complete system calibration or to the 
analyzers) for instrument calibration only. 

3-way solenoid valve that directs either 
sample or calibration gas to the analyzer(s). 

3-way solenoid valve that traps the vacuum 
on the CAL and sample lines during leak 
test while providing ambient air to the 
analyze r(s). 

Needle valve that adjusts the amount of 
sample/calibration gas that is delivered to the 
analyzers). 

Pump that provides sample/calibration gas to 
the analyzer(s); all materials are Teflon or 
stainless steel. 

Rotameter with needle valve to indicate flow 
rate of sample 1. 

Rotameter with needle valve to indicate flow 
rate of sample 2. 

Rotameter with needle valve to indicate 
undiluted sample vent flow rate. 

Pressure/Vacuum Gauge Selection 3-way solenoid valve that controls diluted or 
undiluted sample or calibration gas to the 
analyzer distribution manifold. 
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HEM LEGEND 

PR2 Dilution Air Pressure Regulator 

DP-1 Dilution Pump 

GO-1 Glass Critical Orifice 

FUNCTION 

Adjustable pressure regulator used to set the 
dilution air supply pressure for critical 
vacuum eduction and gas dilution. 

Air operated venturi/orificc assembly for 
critical vacuum eduction and mixing 
chamber for sample or calibration gas 
dilution. 

Sealed quartz orifice used to meter a precise 
amount of sample or calibration gas into the 
dilution pump mixing chamber. 
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5. OPERATION 

5-1 Initial Inspection and Installation 

Upon receipt of a CM10-ID Control Module, the carton should be inspected for damage and 
carefully unpackagcd. Any damage from shipment or handling should be reported immediately. 

NOTE: Retain the original shipping carton until the unit is fully accepted. 

The unit comes assembled with slide mounts for attachment to a 19" electronic rack. Remove 
the outer slides and attach to the rack frame at the desired height, one on each side. Slide the 
inner slides and control module into the outer slides until the latches engage. If desired both 
slide assemblies can be removed from the CM10-1D chassis and the unit mav be operated on 

any suitable bench top. H 

Electrical and Pneumatic Connection*; 

rJ ,°n-in 1>'lfwco"n1ct:,or is Provid=d '° »nncct the SC-10 sample conditioner to the 
CM10 ID Control Module. These connections must be made according to Figure 8 ^ of this 
manual, and the SC-10 manual. This allows for remote SC-10 operation via the CM10-1D. 

All pneumatic connections are made at back panel bulkhead fittings. These fittings provide for 
connection of 1/4 O.D. tubing using Swagelok compressions seals. Each inlet or outlet is clearlv 
marked and should be connected per Figure 8.1 of this manual, and the SC-10 manual. 

Finally the CM10-1D must be connected to a 110 Vac supply. A grounded supplv cord is 
provided and should be connected to a similarly grounded AC supply of at least 10 Amps. 

5-2 Manual Operation 

With all connections completed per Section 5.2, the Control Module is ready for operation. As 
previously mentioned, in the manual mode all functions are controlled bv front panel to°gle 

the SPAN/ZFRO ^ hlS? • ^ ****** m " °FF °f MAN^AL Positi°n. pTace the SPAN/ZERO switch (S6) in the AUTO position. 

illuminals °" "v™0™® wi,ch ^ 10 ,hc °N "°.c the switch light should 
illuminate This act,on supplies AC power 10 the SC-10 healers. Also, the CM10 fan should be 
running and the WARM UP status light (L3) should be illuminated. 



Once the SC-10 reaches its operating temperature (185-220°F), the WARM UP status light (L3) 
will extinguish and the READY light (L2) will illuminate. Relay (Kl) is energized and switched 
AC.power is now supplied to. the SC-10. At any time, during:normal operation, when.the. 
SC-10 internal temperature drops below its established range, relay (Kl) is de-energized, the 
"READY" light (L2) will extinguish and the WARM UP (L3) light will illuminate. At this time 
the SC-10 is in blowback mode and no control is available through the CM10-1D. 

To place the CM10-1D into the RUN mode, ensure the Manual/Auto selector switch (S3A and 
3B) is in the "MANUAL" position. Place the RUN/CAL selector switch (S4) in the RUN 
position. Check that the RUN indicator light (L9) is illuminated. Switch the sample pump (PI) 
on by moving selector switch (S2) to the ON position. Ensure that the PUMP light (Ll) is 
illuminated and that the sample pump is running. In this mode of operation, sample gas from 
the SC-10 is drawn through the pump and discharged to manifold 1. Excess sample gas is 
exhausted to a safe area through the vent outlet also on the rear panel. Sample gas flow rate 
through the pump (PI), may be adjusted using the ON LINE SAMPLE valve (V2) located on the 
front panel. Sample gas flow rate to analyzer 1 may be set using FI-2 and to analyzer 2 using 
FI-3. Both FI-2 and 3 arc adjustable for 0 to 1 liter/min flow. 

Before selecting the CALIBRATION mode it is important to ensure that the selector switches 
(S6) and (S9) arc set properly. 

Calibration gas may be supplied to the analyzers) either directly from the CM10-1D (Inside) 
or via the umbilical and SC-10 (Outside). When selector switch (S9) is set to INSIDE, solenoid 
valve (SV4) is not energized and solenoid valve (S5) is energized. Calibration gas flows directly 
through the pump to the analyzers). Also, the INSIDE lamp (L10) is illuminated. When 
selector switch (S9) is set to OUTSIDE, solenoid valve (S4) is energized and solenoid valve (S5) 
is not. Now calibration gas is directed up the calibration tube in the umbilical, through the 
SC-10 and back through the sample pump. Also the OUTSIDE lamp (L14) is illuminated. 

Two calibration gases may be supplied to the analyzer(s). ZERO gas provides for an output level 
of zero for the analyzer(s) attached. SPAN gas provides for an output level of approximately 
80% of full scale for the range selected on the analyzers). When selector switch (S6) is set to 
the ZERO position, solenoid valve (SV1) is energized. This allows externally supplied "zero" 
grade air, regulated by (PR1) to 20 psig non-flowing pressure as indicated on gauge (Gl), to be 
supplied to the sample pump. Also, the ZERO lamp (L12) is illuminated. At this time, the 
calibration gas flow valve (VI) should be opened only enough to provide an adequate flow rate 
for the length of calibration circuit. (Observe the Cal Bypass flowmeter Fl). When selector 
switch (S6) is set to the SPAN position, solenoid valve SV2 is energized (SV1 is then dc-
cncrgizcd). This allows regulated span gas or Certified Reference Material (CRM) to be supplied 
to the sample pump, while blocking the zero air supply. Also, the SPAN light (L13) is 
illuminated. Before proceeding ensure switches (S6) and (S9) arc set as required. 



To place the CM10-1D into the CALIBRATION mode, ensure the Manual/Auto selector switch 
an<^ *s *n MANUAL position. Move selector switch (S4) to the CALIBRATION 

position; Check that the CALIBRATION light (L8) is illuminated. In this mode of operation 
calibration gas is supplied to the sample pump via the route selected by switch (S9). By moving 
the selector switch (S4) back to the RUN position, calibration mode is exited and sample gas is 
again supplied to the analyzers). 

To manually control the dilution of sample or span gas, set the vacuum/pressure switch (S5) so 
that the gauge, G2, reads vacuum and adjust PR2 (Dilution Air Adjust) until the vacuum reading 
is greater than 15"Hg. Then switch S5 so that the gauge reads pressure and check that the 
dilution air pressure is less than 40 psig. The dilution ratio for a given critical orifice can be 
varied by changing the dilution air pressure. 

2-4 Auto Operation 

In the Automatic mode of operation, RUN and CALIBRATION functions are selected by remote 
contact closures rather than manual operation of the front panel selector switches. When the 
MANUAL/AUTO selector switch (S3A and 3B) is set to the AUTO position, AC power is 
removed from control switches (S4, S6 and S7). At this time, operation of these control switches 
performs no activity within the CM10-1D. AC power required to operate the CM10-1D valves 
and relays must be delivered through contacts of the remote control device (sec Figure 8.2). 
However, to assure proper operation, all front panel switches should be placed in the AUTO 
position before proceeding. 

Place the MANUAL/AUTO selector switch (S3A and 3B) into the AUTO position. Check that 
the AUTO light (Lll) is illuminated. Relays (K6 and K7) should not be energized, allowing 
control signal access from the remote contacts. AC power should be available at"the back panel 
terminal strip TB4-1. With no remote contact closure, the CM10-1D is in the CALIBRATION 
mode which provides probe "Blowback" through the SC-10. Check that the CALIBRATION 
light (L8) is illuminated. 

To continue through the calibration functions a contact closure is necessary between TB4-1 and 
TB4-4. This closure selects the calibration ZERO sequence. Check that the ZERO light (LI2) 
is illuminated. Solenoid valve SV-1 should be energized which supplies "zero" grade air to the 
s\ stem. It is necessary to manually select the calibration gas route to be supplied. Selector 
switch (S9) must be set for Inside or Outside operation (sec Section 5.3). To exit the ZERO 
mode, open the remote contact closure. The ZERO light (L12) should extinguish. 

To operate the SPAN function, a contact closure between TB4-1 and TB4-5 is neccssarv. (Note: 
Ensure the zero function is not selected). Check that the SPAN light (LI3) is illuminated. The 
Span solenoid valve (SV2) should be energized allowing span gas to flow to the svstcm. To exit 
the SPAN mode, open the remote closure. The SPAN lisht (L13) should extinguish 
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Operation in the RUN mode requires a contact closure between TB4-1 and TB4-2. The 
CALIBRATION light (L8) should extinguish and RUN light (L9) should illuminate. Sample gas 
extracted through the SC—10 is. now supplied to the system. 

System status is available for transmission to the remote control device or any data acquisition 
system. An isolated , contact closure is. provided for. each status signal.. The following table 
describes the available status Outputs and their rear panel terminal locations. 

STATUS TERMINAL 

CAL/RUN TB5-1 
COMMON TB5-5 

STACK READY TB5-3 
COMMON TB5-6 

The RUN mode is indicated when TB5-1 to TB5-5 is closed. CALIBRATION mode is 
indicated when these terminals arc open. Similarly, a closure between TB5-3 and TB5-6 
indicates STACK READY, open suggests either WARM UP or system failure. 
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6. MATNTFNANQr 

When properly installed and operated, the CM10-ID Control Module requires little maintenance. 
However, the.control module should be included in regularly scheduled maintenance/inspection 
routines. In applications where the process stream has high levels of particulates or water vapor, 
daily inspections of the sampling system should become standard practice 

1. Observe the control module and verify that it is operating properly. Check that the proper 
indicator lights arc illuminated for the mode of operation selected. 

2. Listen to determine if all solenoid coils arc fully engaged and their valves arc properly seated 
Ensure that the sample pump is operating and no signs of wear or damage exist. 

3. Check for any sign of leaks or wear to pneumatic tubing. 

4. Check that all electrical connections arc propcrlv made. 

5. Check that the cooling fan filter is clean and free of obstructions. Use compressed air to 
remove foreign material and dust. 
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7. TROimr.F. SHOOTTNC. 

2JL Control Module Klectricallv Non-Operative 

a. Unit not tumcd on. 

Check that the main power switch (SI) is ON and indicator light is illuminated 

b. Blown Fuse (Fl). 

Ensure that the main power switch (SI) is OFF. Remove fuse (fl) and check for 
continuity, replace as needed. 

c. Main power supply is broken. 

Check supply voltage to control module, check breakers on main power supply. 

12 No Sample Gas Flow 

a. Sample pump (PI) not operating. 

Check supply voltage to the pump (PI), if voltage is present, repair or replace pump. 
Ensure that pump is not pressure locked by venting both fittings and retighten. 

b. Trap solenoid valve (SV6) energized. 

Check supply voltage to trap solenoid valve (SV6), the valve should not be energized 
except during Leak Test. Check for gas exhaust through muffler. 

c. Run/Cal solenoid valve (SV5) energized. 

Check supply voltage to Run/Cal solenoid valve (SV5), the valve should not energized 

except during calibration mode. c 

d. Flowmeter (F12 or FI3) plugged. 

Check for free flow through the flowmctcr(s). Ensure that the adjustment valve functions 
properly and flow can be set at desired. 
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23 No Calibration Oac Flow 

a. Span.gas bottle shut off or empty. 

Cheek that the supply regulator gauge indicates ample bottle pressure, the outlet gauge 
is set at approximately 20 psi and the shut off valve is open. Check that the supply line 
is not damaged or plugged. 

b. Sample pump (PI) not operating. 

Check supply voltage to the pump (PI), if voltage is present, repair or replace pump. 

c. Zero solenoid valve (SV1) not operating. 

When solenoid valve (SV1) is energized ZERO grade air is supplied to the pump. Cheek 
that the main air supply valve to the control module is open and the supply line is not 
damaged or plugged. Check supply voltage to (SV1), if present and ZERO air docs not 
flow, repair or replace as needed. 

d. Zero air pressure regulator (PR1) not operating. 

Cheek pressure regulator PR1 for outlet flow. If no flow is present, repair or replace 
regulator as needed. Ensure that the pressure regulator is operating properlv and verify 
that the outlet pressure is 20 psi. 

e. Span solenoid valve (SV2) not operating. 

When solenoid valve (SV2) is energized, span gas should be supplied. When SV2 is de-
energized, zero air should be supplied. Check supply voltage to SV2, if present and span 
gas docs not flow, repair or replace as needed. 
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9, PARTS LIST 

9A Recommended Spare Parts for 1 Year 

PART NUMBER DESCRIPTION QUANTITY 

514-0054 Fuse, 10A 1 
S900137 Light, Yellow 2 
S900243 Light, Red 1 
S904979 Muffler 1 

SL2 Other Essential Components 

PART NUMBER DESCRIPTION QUANTITY 

260—0013 Fan 1 
490-0337 Solenoid Valve, 3-way 1 
490-0338 Solenoid Valve, 2 -way i 
490-0339 Pressure Regulator 1 
490—0428 Gauge 
511-0012 Toggle Switch 1 
585—0039 Pump ]_ 
585-0045 Pump Repair Kit 1 
C4053-1009 Metering Valve 1 
490-0292 Dilution Pump 1 
491-2021 Glass Orifice, dilution pump 20 ml/min la) 
491-2051 Glass Orifice, dilution pump 50 ml/min la) 
491-2101 Glass Orifice, dilution pump 100 ml/min la) 
491-2151 Glass Orifice, dilution pump 150 ml/min la) 
491-2201 Glass Orifice, dilution pump 200 ml/min la) 
491-2251 Glass Orifice, dilution pump 250 ml/min la) 
491-2501 Glass Orifice, dilution pump 500 ml/min la) 
490—0271 Graphite Ferrule 2 
320—0093 Wool Quartz ]_ 

NOTE a): Select required flow rate. 
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10.  WARRANTY 

1. Except as otherwise indicated, all instruments and stack systems manufactured and sold by 

Columbia Scientific Industries Corporation (CSI) are guaranteed for a period of one year from 

date of shipment from the factory against defects in materials and workmanship of those parts 

manufactured by CSI, and then, only when operated, serviced and maintained in accordance with 

the instruction manual. Those parts not manufactured by CSI arc guaranteed only to the extent 

that they arc covered by a warranty of original manufacturer. Permeation tubes arc warranted 

5mSI? } m°nths- Sparc Pans and accessories, except expendables, arc warranted for ninety (90) days. Expendables such as batteries, sample holders, fuses and indicating lamps arc not 

covered by this warranty. " K 

2. The warranty is voided by the following: 

a) Injection into CSI stack systems or CSI ambient air monitoring or calibrating 
equipment, of gas mixtures containing reactive suspended matter or molecules yielding 
and depositing liquids, tars, solids and other non-gaseous residues. 

b) Injection of caustic solutions into the hydrogen lines of CSI hydrocarbon monitors bv 
a malfunctioning hydrogen generator. 

c) Damage to CSI Accelerating Rate Calorimeters or Quantitative Reaction Calorimeters 
caused by samples that detonate, deflagrate or otherwise escape the confines of the sample 

d) Damage to stack sampling probes caused by severe corrosion. 

e) Damage caused by incorrect installation, by misuse, or by mishandling. 

3. Warranty service requests must be received by CSI within the warranty period. Upon 
no lfication by the purchaser, CSI will correct defects coming within the scope of this warranty 
by repairing or replacing the defective unit either at the CSI factory or at the customer's site, at 
CSI s option. Return shipment of items to CSI must be authorized by a CSI representative and 
is at customers expense. 

4. Instruments and systems which have been repaired or replaced during their warranty period 
n e r Y ^ P g " a r a n t e c d  f o r  o n l i '  t h c  r e m a i n i n g  u n e x p i r e d  p o r t i o n  o f  t h e i r  o r i g i n a l  w a r r a n t y  

tK f ?• acccssoncs- '"eluding stack probes, umbilicals and permeation tubes, will 
receive their full warranty period from thc date of replacement even if thc instrument or svstem 
warranty period should expire. 
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5. Repairs, replacements, adjustments and service performed out-of-warranty shall be charged 
to the customer at the then current prices for parts, labor, transportation and subsistence. 

6. This warranty attaches to the instrument itself and is not limited to the original purchaser. 

7. In no event will CSI have any obligation or liability for damages, including but not limited 
to, consequential damage arising out of, or in connection with, the use or performance of 
equipment or accessories. No other warranties, expressed or implied, including the implied 
warranties of merchantability and fitness for a particular purpose will apply to equipment or 
accessories. 

8. This warranty constitutes the full understanding of the manufacturer and buvcr, and no terms, 
conditions, understanding or agreement professing to modify or vary the terms hereof shall be 
binding unless hereafter made in writing and signed by an authorized official of CSI. 

All price revisions and design modification privileges reserved. 
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li INTRODUCT T ON 

Columbia Scientific Industries Corporation manufactures the 
DRYSTAK*line of stack sampling probes and conditioners. This 
manual describes the operation, installation and maintenance 
of the DRYSTAK Model SC-10D Sample Conditioner. 

The Model SC-10D is an important component of the CSI CM6000 
stack sampling system. It is designed to extract a 
continuous sample from a process stream which, in most cases, 
is an extremely harsh environment. The SC-10D utilizes a 
unique, dual bypass filtering arrangement which reliably 
removes particulates greater than 0.5 microns in diameter. 
All surfaces that come in contact with the sample are made of 
316 stainless steel or Teflon,** and are heated above the 
sample dewpoint, eliminating possible corrosion of the SC-10D 
by condensed gases. 

After filtration, the sample gas passes through a Permeation 
Dryer where water is removed, without condensation, to yield 
a dewpoint of -30 deg C or less. The SC-10D is normally 
operated by a CM10 Control Module (see Manuals 970-9130, 1, 
2). 1.1 Specifications 

Sample Inlet Temperature: Up to 300 deg C (572 deg F) 
standard. High temperature probes to 1300 deg C (2372 
deg F) available. Corrosion resistant probes made from 
hastelloy-C also available. 

Sample Inlet Dewpoint: Up to 80 deg C (176 deg F). 

Conditioned Sample Flow: Up to 5 1pm (10 CFH). 

Instrument Air Requirement: Purge air; 10-40 1pm with a 
dewpoint of -40 deg C (-40 deg F) or lower and pressure, 
25 -40 psig. Eductor air, 30 1pm at 40 psig. 

Filters: 316 sintered stainless steel; probe filter 100 
microns, bypass filter 5 microns, effective porosity 0.5 
microns. 

Probe length: 3 feet standard. Other lengths 
available. 

Blowback: Local and remote blowback of probe is 
standard. 

Calibration: Local and remote calibration is standard. 

Housing Temperature: 82 to 93 deg C (180 to 200 deg F). 

Weight: 10 Kg (22 lbs) without probe and mounting 
hardware. 

*CSI Registered Trademark **Dupont Registered Trademark 
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Power: 115 VAC, 60 Hz, 1000 Watts. 

Dewpoint of conditioned sample: varies with ambient 
temperature, sample flow rate and inlet sample water 
vapor content, but is always below the ambient 
temperature for sample water vapor contents and flow 
rates less than the limiting ones. 

Limiting conditions: Inlet sample water vapor content 
50% by volume (80 deg C - 176 deg F - dewpoint); Sample 
flow rate 5 1pm; dewpoint of conditioned sample less 
than -30 deg C (-22 deg F). 
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2. PRINCIPLE OF OPERATION 

2.1 Filters 

The first stage filter is made of sintered 316 stainless 
steel and has effective filtering down to 100 microns. As 
shown in Figure 2.1 (Flow Diagram), this filter is provided 
with a flyash_ diverter to protect the sintered element from 
direct impaction of flyash. A manual blowback solenoid is 
provided to allow for periodic cleaning of the first filter. 

The second stage bypass filter is also made of sintered 316 
stainless steel. This element has a pore size of 5 microns. 
The main flow of extracted sample passes through the inside 
of the second filter's element, through the eductor and blow-
back valve and out the vent. The stack sample, used for 
measurements, is drawn off the main flow at a 90 degree angle 
"through the sintered element. Due to the high velocity of 
the sample gas, particulates have difficulty making the 90 
degree angle. Thus, the effective filtering of the bypass 
il"ter is better than the 5 micron pore size and has typi

cally been shown to be ten times finer (0.5 micron) than the 
actual pore size. The bypass filter is also "self cleaning", 
since particulates do not impact the filter element and are 
carried to the vent by the high velocity flow. 

Both filters can be supplied in hastelloy-C for extra 
corrosion resistance. 

2.2 Air Eductor 

Sample is drawn from the stack by an air operated eductor. 
The eductor works on the venturi principle and allows for 
high sample flowrates without the use of a pump. Clean, oil-
free air should be used to operate the eductor. Typically, 
30 1pm at <*0 psig of instrument air is sufficient. Lower 
pressure or flow will decrease the amount of extracted 
sample. The main portion of the extracted sample joins the 
eductor air and is vented to the outside of the SC-10D via 
the 3/8" stainless steel tube fitting. (Optional through-
probe return is available). 

The eductor can be supplied in nickel-200 for extra corrosion 
resistance. 

2.3 Permeation Drver 

The DRYSTAK Model SC-10D employs a permeation drying 
technique for removal of water vapor without condensation. 
The Dryer is fabricated as a tube bundle in a "heat 
exchanger config-uration with sample gas passing through 
special tubing where it is dried before introduction to the 

zer. The outside of the tube bundle is continuously 
purged with dry air (low dewpoint). Water vapor from the 
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sample selectively passes "through the tubing from the sample 
side to the purge air side of the membrane. The dewpoint of 
the sample gas leaving the DRYSTAK SC-10D is a function of 
the number of tubes in the bundle, length of the bundle, the 
sample flow rate, temperature of Dryer, and the flow rate and 
dewpoint of the purge air. The SC-10D employs a 200 -tube 
bundle, 24 inches long, for superior drying capacity. 

2 - 2  
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3̂ . INSTALLATION 

3 . 1 Mounting 

The Model SC-10D is housed in a rain-tight, fiberglass case 
and can easily handle a harsh outside environment. When 
selecting a sampling site, attention should be paid to the 
nearest instrument air supply and accessibility by the 
operator. The only assembly required before mounting is to 
connect the sample probe and heat traced line. 

If necessary, the hinged cover can be detached from the box 
by spreading each wire hinge loop. (The wire hinge loop is 
open at the end attached to the cover clip). 

3.2 Pneumatic Connections 

3.2.1 Eductor Air 

A supply of clean instrument or service air must be 
brought to the SC-10D for operation of the air eductor. 
Figure 3.1 shows the recommended hardware used for 
delivery of the eductor air. Use of the shutoff valve, 
oil/water coalescing filter, and pressure regulator 
provides protection from water or oil saturation and 
allows for easy maintenance of the system. 

3.2.2 Sample 

Sample enters the SC-10D through the probe and heat-
traced line. The end of the line with the amphenol 
connector connects to the 3/8" stainless steel SAMPLE IN 
fitting on the SC-10D. The probe connects to the other 
end of the heat-traced line. 

3.2.3 Puree Air 

Purge gas enters the Permeation Dryer via its lower 
fitting (Figure 3.2). A supply of clean, drv. oiless 
instrument air, is. essential for the operation of the SC-
10D. The sample dewpoint is a function of purge air 
dryness; the drier the purge gas, the drier the sample 
will be. It is recommended that a purge gas dewpoint of 
no higher than -4-0 deg C (-40 deg F) be used. It is 
advised that the purge gas dewpoint at the installation 
site be tested to assure the dryness of the purge air. 
If plant instrument air does not meet requirements, 
Columbia Scientific Industries can provide a service air 
dryer or pump module. 

3.2.4 Calibration Gas 

A calibration gas port is provided on the SC-10D which 
allows calibration gas to pass through the Permeation 
Dryer to the analy2er(s). This is to assure the absence 
of sample degradation in the Permeation Dryer and sample 
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lines. The calibration gas is sent to the analyzer by 
switching the bottom panel switch to the BLOWBACK 
position. 

3.2.5 Vent 

Diluted stack gas is vented from the SC-10D through the 
3/8" stainless steel fitting on the left side. 
Excessive vent line length (greater than 15 feet) will 
cause reduced efficiency of the air.eductor. 

3 . 3 Electrical 

Power is provided to the SC-10D and the heat-traced line via 
the amphenol connector. The pin assignment is: 

Ground In 
AC Low In 
AC High In 
AC Low Out (Heat-Traced Line) 
AC High Out (Heat-Traced Line) 
(not used) 
Remote Power In (Option) 
Warm Up Status (Option) 
(not used) 
Ready Status (Option) 

regulation is required. 

Figure 3.3 shows the electrical diagram for the SC-10D. 

Figure 3.4 shows the internal layout. 

A 
B 
C 
D 
E 
F 
G 
H 
J 
K 
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iu. OPERATION 

4.1 Initial Start UP 

Before sample can be extracted or the eductor air system 
turned on, the box and heat-traced line must be warmed up to 
operating temperature and the purge air should be flowing. 
To accomplish this connect the heat-traced line, turn the 
power switch to BLOWBACK/CAL and connect the purge gas. 
Adjust purge gas flow to at least 4 times the sample flow. 

The SC-10D contains a thermal safety switch which allows 
power to the blowback and calibration valves only if the SC-
10D temperature is at approximately 85 deg C (185 deg F) or 
greater. Since both the calibration and blowback valves are 
normally closed, the SC-10D remains in the BLOWBACK/CAL mode 
until operating temperature is reached. This prevents hot 
stack gas from entering a cold SC-10D due to lack of warm-up 
time or due to a power failure. Once the SC-10D is turned 
on, the eductor air and cal gas line can be connected. Once 
the SC-10D reaches operating temperature, 82 to 93 deg C (180 
to 200 deg F), the SC-10D may be placed in the RUN mode and 
the sample line can be connected so that the bypass sample 
can be drawn to the analyzer modules for measurement. When 
starting up the SC-10D after it has been off for a long 
period of time, it is advisable to allow at least one hour 
for the dry purge gas to condition the Permeation Dryer. 

4.2 Blowback 

Periodic blowback of the first stage filter will be required 
during normal operation. The frequency of blowback will be a 
function of the amount of flyash and particulates impacting 
on the first stage filter. It is recommended that a one to 
two minute blowback be initiated every 24 hours. Blowback is 
activated by switching the bottom panel switch to the 
BLOWBACK position. 

4.3 Puree Rate Adjustments 

Purge gas enters the Permeation Dryer via its lower fitting 
(Figures 3.2). The actual flow rate of purge gas is not 
critical» provided that the flow rate is high enough to 
remove the moisture permeating through the membrane. As a 
general rule, the flow rate of purge air should be about 4 
times the desired sample flow rate. Thus, if a sample flow 
of 2 liters/minute is to be drawn to the analyzer, a purge 
flow of about 10 liters/minute should be used. A purge 
flowmeter can be installed, if desired, on the PURGE VENT 
fitting (see Figures 3.2). Higher inlet sample moisture 
contents may require higher purge flow rates. 
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5. MAINTENANCE 

5 .1 Filter Maintenance 

The SC-10D, when properly installed and operated, requires 
little or no maintenance. In applications where the process 
stream has a high level of flyash or particulates, periodic 
maintenance of the first stage filter may be required. It is 
recommended that when the entire stack is down for 
maintenance, the SC-10D should be removed and visually 
inspected for excessive build up of particulates and flyash 
on the first stage filter. If the filter is heavily impacted 
with flyash, it is recommended that the entire probe and 
flyash diverter be soaked in a suitable solvent that will 
allow for loosening of the impacted particulates. After the 
filter element has soaked for approximately one half hour, 
place the SC-10D in the blowback mode so that the impacted 
Particulates will break away from the filter element. On 
extremely dirty filters, use of an ultrasonic cleaner is 
recommended to break away the impacted particulates. 

The second stage bypass filter is "self-cleaning" by design 
and requires no maintenance. However, should excessive 
sample flowrates be drawn from the bypass filter, it is 
possible that some build up of particulates may take place. 
To clean the bypass filter, remove it from the baseplate. 
Remove the two end cap pieces that hold the sintered 
element in place. The sintered element will slide out of the 
stainless steel housing by applying force to one end of the 
sintered element, lightly tapping"the top to break the 
sintered element from the internal Teflon seals. Visually 
inspect the bypass filter for build up on the internal walls. 
To clean this filter, follow the procedure used for the first 
stage stack filter. 

5.2 Permeation Drver 

5.2.1 Water Contamination 

Dicruid water should not be allowed to enter the 
Permeation Drver. If this does occur accidentally, the 
water should be blown out using dry air. The membrane 
will become saturated with moisture under these 
conditions. This does not harm the Dryer but it will 
require a period of time to drive the water from the 
membrane. After removing any liquid water, simply 
operate the Dryer under normal conditions for several 
hours to recondition the membrane. If desired, the 
dewpoint of the product sample gas can be observed by 
means of a dewpoint hygrometer or relative humidity 
meter. 

5-1 



5.2.2 Oil Cont.aininat.ion 

If any oil is allowed to accidentally enter the 
Permeation Dryer, it can reduce the drying efficiency by 
coating the permeable membrane. In this case it will be 
necessary to remove the Dryer from the module and clean 
the membrane. See Figure 5.1 for disassembly instruc
tions. 1.1.1 Trichlorethane is recommended to clean 
coated oil from the inside of the membrane. This should 
be followed by purging with dry air. After cleaning, 
the Dryer should be operated under normal conditions for 
a period of time to assure proper conditioning. Again, 
the performance of the Dryer can be checked by means of 
a dewpoint hygrometer or relative humidity meter. 

5.3 Eductor Assembly 

Periodic examination of the removable eductor nozzle should 
be performed, as well as inspection of the rest of the 
eductor assembly. 

Corrosion or abrading of the nozzle or clogging of the 
eductor body will reduce the efficiency of sample extraction, 
as well as the effectiveness of the inertial by-pass filter. 

Depending on the specific stack conditions (particulates, 
corrosive vapors, etc.) the eductor may require periodic 
replacement. 
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6. TROUBLESHOOTING GUIDE 

6.1 Box Will Not Heat 

A. No power to heaters: 

a. Unit not turned on. Place switch in RUN or 
BLOWBACK/CAL position. 

b. Blown fuse. Check fuse for continuity. 

c. Loose wire. Check for wire pulled from terminal. 

d. Wiring error. Check placement of AC power coming 
into SC-10D. 

e. Defective temperature controller. Check for 
continuity between terminals. 

B. Power to heaters: 

a. Defective heaters. Replace. 

6.. 2 Cannot Get Sample - Box is Above 180 deg F 

A. Box in RUN Mode and valves are energized: 

a. Eductor not working properly. Assure 40 psig air 
supply. Disconnect line between bypass filter and 
eductor. Test for vacuum. If no vacuum, remove 
eductor and clean. 

b. Probe filter plugged. Blowback for ten minutes. If 
eductor pressure builds up, remove probe and clean. 

c. Vent line blocked. Check for positive pressure at 
SAMPLE OUT port at end of Dryer. 

d. Sample pump not working or not pulling enough vacuum 
to overcome eductor vacuum. 

e. Bypass filter plugged. Remove and clean. 

B. Box not in RUN mode or valves not energized: 

a. Place in RUN mode. 

b. Power going to solenoid valves but are not 
energized. Defective coil. Replace. 

c. No power to solenoid valves. Check thermal safety 
switch. Replace if defective. 
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3. Water In. Sample Line. SC- 10D is at Operating 
Temperature: 

A. Sample rate too high. 

Should be 5 1pm or lower for standard SC-10D. 

B. Purge air too low. 

Should be at least 4 times the sample flow rate. 

C. Purge air not dry. 

Check dewpoint. Should be -40 deg C (-40 deg F) or 
lower. If not, consult factory. 

D. Permeation Dryer contaminated. 

See Maintenance section. Call factory for assistance. 
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TROUBLESHOOTING GUIDE (Continued) 

TROUBLESHOOTING CHARTS 

Chart 1: No Deflection of Indicator 
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TROUBLESHOOTING GUIDE (Continued) 

ELECTRONIC CIRCUIT ADJUSTMENTS (Continued) 

LINEARIZER 
INPUT 

LINEARIZER 
OUTPUT 

VN2 

VN1 

8 16 30 

Figure 16: 

VL4 =0.40 

VL3=0.30 

VL2 = 0.16 

VL1=0.08 

0V 

INPUT .OUT PUT  
OV OV 

VN1  =  VL1=0 .08  
VN2  =  VL2=0 .16  
VN3  =  VLJ= 0 .3 0  
VN4  =  VL4=0 .40  
VN5  =  VL5=0 .60  
VN 6  =  VL6  =  0 . 7  0  
VN7  =  VL7=0 .88  

1  1  

88 100%FS 

Calibration Curve for Low Range on 3300 Models, or 
first and second component gases on 34 00 Models. 

• INEARIZER 
INPUT 

VN15 
VN13 
VN11 

LINEARIZER 
OUTPUT 

RANGE 
RATIO 1:2 1:4 1:5 2:5 

INPUT OUTPUT 
VN8 = VL8=0.50V10.25V 0 . 20V 0 .40V 
VN9 = VL9=0.56V|0.31V 0 .27V 0 .47V 
VN 10 = VL10=0-6210.37V 0 .34V 0 . 54V 
VN 11 = VL11 = 0.69|0.4 6V 0.41V 0 .62V 
VN 12 = VL12=0.75 0.55V 0 .49V 0 .70V 
VN 13 = VL13=0.80 0.65V 0 .60V 0.76V 
VN 14 = VL14 = 0.85 I 0.74V 0.73V 0 .82V 
VN15 = VL15=0.92|0.85V 0 . 85V 0 .88V 

1 1 1 1 1 

LOW 
RANGE 

Figure 17 

(Range 
(Range 
(Range 
(Range 

Ratio 
Ratio 
Ratio 
Ra t io 

1 : 2 )  
1:4) 
1:5) 
2:5) 

Calibration Curve for High Range, 3300 Models Only 
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TROUBLESHOOTING GUIDE (Continued) 

ELECTRONIC CIRCUIT ADJUSTMENTS (Continued) 

g. Adjust VR12 until the voltage across A6 and M equals the 
negative equivalent (-VHF) of the noted voltage in the pre
vious step (f). 

h. Make input change until the voltage across A2 and M .equals 
VN10. At the same time adjust VR5 to make the voltage 
across A8 and M equals VL10. 

i. Make input change until the voltage across A2 and 
M equals VN12. At the same time adjust VR6 to 
make the voltage across A8 and M equal VL14. 

j. Make input change until the voltage across A2 and 
M equals VN14. At the same time adjust VR7 to 
make the voltage A8 and M equal VL14. 

k. Make input change until the voltage across A2 and 
M equals 1.000V. At the same time adjust VR8 to 
make the voltage across A8 and M equal 1.000V. 

1. Then apply input so as to obtain an intermediate 
point voltage for each segment, VN9, VN11, VN13, 
and VN15 across A2 and making sure that output 

. corresponding to each input stays within the range 
of VL9, VL11, VL13, and VL15 +/" 2%. 

In case that the outputs do not fall into the 
range of the specified values +/- 2%, repeat the 
procedures of paragraph "h" through "k" until out
puts VL10, VL12, VL14, and IV to repeat with in
termediate point outputs VL9, VL11, VL13, and VL15 
in the range of the specified values +/- 2%. 
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TROUBLESHOOTING GUIDE (Continued) 

ELECTRONIC CIRCUIT ADJUSTMENTS (Continued) 

i. Then apply input so as to obtain an intermediate 
point voltage for each segment; VN1, VN3, VN5, and 
VN7 across A1 and M; making sure that output cor
responding to each input stays within the range of 
VL1, VL3, . VL5 or VL7 +/- 2% 

In case that the outputs do not fall into the 
range of the specified values +/- 2% repeat the 
procedures of paragraphs "e" through "h" until 
outputs VL2, VL4, VL6, and IV together with inter
mediate point outputs VL1, VL3, VL5, and VL7 come 
in the range of the specified values +/- 2%. 

D. Adjustment of High Range; for 3300 Models Only 

a. Make adjustments in the high range after adjust
ments in the low range are made. 

b. Adjust VR14, when the voltage across A7 and M is 
set to IV, until the voltage across A8 and M cor
responds to the range ratio. 

For example, when the range ratio is 1 : 2, adjust 
the voltage across A8 and M to be 1 X 1/2 = 0.5 V 
with the voltage across A7 and M being IV. 

c. Read VN8 value corresponding to the low range FS 
from the high range calibration curve. 

d. Apply 1.000V input across A1 and M adjust with VR9 
until the voltage across A2 and M equals VN8. 

e. Adjust with VRll so that the voltage across A5 and 
M will be the value shown in the table below. 

Range Ratio Across A5 & M 
1 : 2  - 2 . 1 0 V  
1 : 4  - 2 . 2 0 V  
1 : 5  - 2 . 2 0 V  
2 : 5  - 2 . 1 5  V  

D. Adjustment of High Range; for 3 3 00 Models Only 
(Continued) 

f. Then increase the input until the voltage across 
A2 and M equals 1.000V. Read and note the voltage 
(VHF) across A3 and M. 
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TROUBLESHOOTING GUIDE (Continued) 

ELECTRONIC CIRCUIT ADJUSTMENTS (Continued) 

c. Connect a standard voltage generator between 
check terminals Fa and M2. The positive side 
of the voltage generator should be connected 
to Ml and the negative side to FA. 

C. Adjustments for: Low Range on 3300 Models; first 
and second gas components on 3400 Models. 

a. Turn controls VRl through VR8, VRii and VR12 
fully counterclockwise on the linearizer 
circuit board. 

b. After turning OFF the main switch on the 
infrared gas analyzer, connect the linearizer 
to connector CN4 on the main circuit board. 
Turn ON the main switch. 

c. Adjust VR10 to obtain a voltage of -2.000 V 
across check terminals A4 and M. 

d. Apply a voltage of 0 V from the standard 
voltage generator. Perform fine adjustment 
until a voltage of 0 +/" 0.005 V is obtained 
across check terminals A1 and M on the 
linearizer. At this stage, adjust VR13 so as 
to obtain a Voltage of 0 +/- 0.005 V across 
check terminals A7 and M on the linearizer. 

e. Then apply voltage VN2 from the standard voltage 
generator. Make sure that voltage VN2 is applied 
across check terminals A1 and M on the linearizer. 
Adjust VRl until voltage VL2 is applied across 
check terminals A7 and M on the linearizer. 

f. While applying voltage VN4, make sure that voltage 
VN4 is applied across A1 and M. 
Adjust VR2 so as to obtain voltage VL4 across A7 
and M. 

g. While applying voltage VN6, adjust VR3 so as to 
obtain VL6 across A7 and M. 

h. While applying a voltage of 1 V, adjust VR4 until 
1 V is applied across A7 and M. 
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TROUBLESHOOTING GUIDE 

ELECTRONIC CIRCUIT ADJUSTMENTS (Continued) 

D. For Model 3400 the Indicator may be switched to 
read the output from either gas. Be sure that the 
switch is correctly positioned for the channel 
being calibrated. After completing settings on 
one channel, follow the same steps for the .second-
channel. 

7. Adjusting the Span Check Value 

A. Check that the Zero and Span levels have been 
correctly set. 

B. Flow Zero Gas through the Instruments. Depress 
the Span Check Switch on the Front Panel. Adjust 
VR2 until the voltage across E4 on connector CN6, 
and Ml, reads about 0.9 V. (For Dual Range 
instruments, this adjustment should be done in 
Range "L"). 

C. For Model 3400 the Indicator may be switched to 
read the ̂ output from either gas. Be sure that the 
switch is correctly positioned for the channel 
being calibrated. After completing settings on one 
channel, follow the same steps for the second 
channel. 

8. Adjustment of Linearizer 

A. Determination of adjusting voltages 

Output voltages VL corresponding to inputs VN are 
listed in Figures 16 and 17. 

Input voltages VN can be determined by corresponding 
the calibration curve illustrated in the test report 
(°r by developing a gas curve using a high accuracy 
calibration - gas and a gas divider) to Figures 16 and 

Preparations for adjustment 

a. Adjust the zero control on the front panel so 
as to obtain a voltage of 0 v across check 
terminals A4 and Ml on the main circuit board. 

b. Connect Fa to F1 and Fb to F4 of connector 
CN5 on the main circuit board. 
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TROUBLESHOOTING GUIDE (Continued) 

ELECTRONIC CIRCUIT ADJUSTMENTS (Continued) 

D. If a Standard Voltage Source is not available, set 
a voltage of 1 V +0.001 V across E4 of connector 
CN6, to Ml, by adjusting VRl. in this case, the 
Linearizer should be left plugged in. After the 
Indicator span has been correctly adjusted, 
readjust VRl to reset the Zero Level of the 
Indicator output. 

E. For Model 3400 the Indicator may be switched to 
read the output from either gas. Be sure that the 
switch is correctly positioned for the channel 
being calibrated. After completing settings on 
one channel, follow the same steps for the second 
channel. 

5. Adjusting Coarse Zero 

A. Set the Zero Control on the Front Panel to the 
middle of its range. 

B. Flow Zero gas through the instrument. Adjust VRl 
until 0 v is read between E4 of connector CN6, and 
Ml. Fine adjustments may be made using the Front 
Panel Zero Control. 

C. For Model 3400 the Indicator may be switched to read 
the output from either gas. Be sure that the 
switch is correctly positioned for the channel 
being calibrated. After completing settings on 
one channel, follow the same steps for the second 
channel. 

Adjusting Coarse Span 

A. Adjust the Zero with Zero gas flowing through the 
Instrument. 

B. Set the Span Control on the Front Panel to the 
middle of its range. 

C. Flow Span Gas through the instrument. Adjust VR10 
until the voltage between E4 on connector CN6, and 
Ml, corresponds nearly to the concentration of the 
Span Gas. Fine adjustments may be made using the 
Front Panel Span Control. 
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TROUBLESHOOTING GUIDE (Continued) 

ELECTRONIC CIRCUIT ADJUSTMENTS (Continued) 

3. Adjustment of Detector Voltage 

The Detector Voltage will vary depending upon the particular 
Detector and gas specified for that instrument. 

A. The voltage supplied to the Detector can be 
checked using Test Point A8. Adjust VR9 to set 
the Voltage between A8 and Ml to match the 
specifications of the installed Detector (correct 
voltage marked on Detector). 

NOTE 

When adjusting VR9 for setting the Detector voltage, always turn 
the potentiometer to its lowest voltage position (fully 
counterclockwise) and then gradually rotate clockwise to bring up 
the reading to the specified voltage. Exceeding the specified 
voltage can burn out the Detector. 

B. For Model 3400, repeat procedure "A" for the 
second gas system. 

4. Adjustment of the Indicator Span 

This control must be' reset if the indicator or main 
circuit boards are replaced. 

A. Turn OFF the Power Switch. Check that the 
Indicator Pointer reads ZERO. Adjust if necessary 
using the Mechanical Zero Set Control. 

B. Disconnect the Linearizer Circuit Board. Connect 
a Standard Voltage Source between J16 on the Main 
Circuit Board (or pin B7 of Connector CN3) and 
Test Point Ml. 

NOTE 

Take care not to accidentally connect to the wrong pin or to 
short across two pins since this may damage the circuits. 

C. Turn ON the Instrument and the Standard Voltage 
Source. Adjust the Standard Voltage Source until 
the voltage between E4 of connector CN6, and Ml, 
reads 1 V +0.001 V. Adjust VR3 to deflect the 
indicator Pointer to FULL SCALE. Reconnect 
the Linearizer. 
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TROUBLESHOOTING GUIDE (Continued) 

ELECTRONIC CIRCUIT ADJUSTMENTS (Continued) 

^̂ BLE 1: Amplifier -Gain. Settings 3400. .'.(Continued), 

Standard Measuring Range Amplifier Gain Code 
Gas 
CO, & CO o to l % co2 & 0 to 3 % CO G1 (C02) & G5 (CO) 
co2 & Co o to l % co2 '& 0 to" 6 % CO G1 (C02) &-G5 (CO) 
co2 & CO 0 to 20% C02 & 0 to 0.05% CO G3 (C02) & G5 (CO) 
co2 & CO 0 to 20% C02 & 0 to 0.1 % CO G3 (C02) & G5 (CO) 

TABLE 2: 
(J numbers refer to markings on circuit board) 

Gain Code Connection AC Amplifier Gain 
G1 J1 to J2 4lx to 475x 

J4 to J5 
J7 to J8 

G2 J1 to J3 146x to 2160x 
J4 to J6 
J7 to J8 G3 J1 to J2 400X to 4750X J4 to J5 
J7 to J9 

G4 J1 to J3 1860x to 2160X J4 to J6 
J7 to J9 

G5 J1 to J3 5000X to 58000X J4 to J 6 
J7 to J10 

2. Voltage Adjustment of Power Supply Circuits 

The voltage of the positive line of the power. suDplv 
output may be measured at Test Point A 6. Test Points Ml and M2 are 0 V. 

Adjust VR8 so A6 to Ml (or M2) reads 4-14 V +0.01 V. 
Check Test Point A7 to Ml (or M2) for a reading of 
about 15V. The second gas Circuit  Board in Model 3400 
does not require adjustment since it receives drive 
voltages from the Main Circuit Board. Test Points A6 
Channel 1°" ^ extra board should read the same as for 
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TROUBLESHOOTING GUIDE fCnnHnneH) 

ELECTRONIC CIRCUIT ADJUSTMENTS (Continued) 

1 
TABLE L: AMPLIFIER GAIN SETTINGS FOR CO, CO,, AND CH, 4 (3300) 

• 
standard 
(ta c Measuring Amplifier 

) 
1 

W CI d Range Gain Code 

I 0 to 500 & 0 to- 1000 ppm G5 

1 
0 to 0.1 & 0 to 0.2 % G5 ! 0 to 0.2 & 0 to 0.5 % G5 
0 to 0.5 & 0 to 1.0 % G5 

i i CO 0 to 1 & 0 to 2 % G5 
0 to 2 & 0 to 5 % G5 

i 
0 to 5 & 0 to 10 % G5 

i 

0 to 10 & 0 to 20 % G3 

i 
) 0 to 500 & 0 to 1000 ppm G3 

i 
0 to 0.1 & 0 to 0.2 % G3 

1 0 to 0.2 & 0 to 0.5 % G3 
0 to 0.5 & 0 to 1.0 % G3 

co2 0 to 1 & 0 to 2 % G3 • 
0 to 2 & 0 to 5 % G3 i 

i 
i 

0 to 5 & 0 to 10 % G1 

} 
0 to 10 & 0 to 20 % G1 

i 
i 0 to 0.1 & 0 to 0.2 % G5 

i 
0 to 0.2 & 0 to 0.5 % G3 

I 0 to 0.5 & 0 to 1.0 % G3 

j 
c h 4  0 to 1 & 0 to 2 % G3 ( 0 to 2 & 0 to 5 % G3 

t 
0 to 5 & 0 to 10 % G3 

i 
0 to 10 & 0 to 20 % G3 

i 

! 
l • 
J 

! 
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TROUBLESHOOTING GUIDE (Continued) 

ELECTRONIC CIRCUIT ADJUSTMENTS 
The Main Circuit Board (and for the Model 34 00, the second gas 
Circuit Board) will require adjustment if either changes or re
placements are made to the circuit board or to the optical bench components. 
1. Selection of Amplifier Gain 

Detector signal output varies depending upon the type 
of Standard Gas and the desired measuring range. it is 
necessary to adjust correspondingly, the amplifier 
gam- To make the circuit board universal for a wide 
range of applications, the amplifier gain is changed by 
a set of circuit board jumpers. 
Table 1 provides a listing of amplifier gain settings 
required for various measuring ranges of CO and CO.,. 
The Linearizer Codes called out in the Table will be 
referred to later. Table 2 provides the jumper positions 
for various amplifier gain settings. 

NOTE 
For gases and ranges not listed in Table 1, please 
Contact our Applications Engineering Department. 
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TROUBLESHOOTING GUIDE (Continued) 

ELECTRONIC CIRCUITS .(Continued) 

The output of the DC amplifier, Q4, is then passed through a 
linearizing circuit (see detailed schematic Figure 25) on a 
separate plug in board attached to the Main Circuit Board. This 
output is directly^ proportional to the gas concentration. The 
linearized output is then, fed into a dual buffer amplifier 05 
One buffer provides an output with a fixed range of o to I'VDC" 
The other drives the Front Panel Meter, and also provides a 
selection of three output voltage ranges. A current amplifier 

' . connected to the output of this second buffer, provides the 
optional current output. Potentiometers are provided for ad-just
ing the Indicator Span (VR3), the ranges of the optical voltaqe 
outputs (VR4 and VR5) and the zero and range (VR6 and VR7) of the optional current output. 

Power supplies are also on the Main Circuit Board to power the 
^usVeSCribed <and s^ilar circuits for the second gas 

V 5 Board used in the dual gas Model 3400) . Voltaqe 
n o w ^ i a ^ ° r S | K  Q 7 r '  ,PQ8' anc^ 0 9  contro1 the Circuits that provide 

, he infrared Light Source and for the detector. Poten-
lometers VR8 and VR9 are set to provide the correct voltages for 

the Infrared Source and the installed Detector. 
Model 34 00 has an additional second gas Circuit Board with 

s^nal Processing circuits for the output for the second 
gas Defector system (for the circuit board layout, see Figure 22 

VhS detailed circuit schematic, see" Figure 24}?This 
Assembly Pr°VldeS the drive voltage for the second Detector 

WiSiU91 iS detailed in Figure 26 for Model 3300 and 
n t ?£  I  f ° r  ^odel 3400• The Model 3400 has a Front Panel In
dicator Selection Switch to allow the Front Panel Meter to be 
manually switched to display the output from either signal processing system. signal 
ELECTRONIC TEST EQUIPMENT 

procedures for calibration and field service of the Model 
equipment;4°° Analyzer =^uire the following electronic ?elt 

Oscilloscope 

Precision Calibration Standard Voltage Source -0 to 1 VDC 
Digital Voltmeter - AC and DC ranges 
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TROUBLESHOOTING GUIDE (Continued) 

ELECTRONIC CIRCUITS (Continued) 

The measured concentration of the gas of interest is converted 
into AC electrical signal at the output of the mass-flow sensor, 
part of the Dual-Detector System. The frequency is proportional 
to the rate of the rotation of the beam Chopper blade. The 
amplitude is related to the gas concentrations in the Sample 
Cell- The signal is amplified by the AC amplifier, Ql, on the 
Main Circuit Board (see Figures 15, 21, and circuit schematic 
Figure 23). The amplifier output appears at Test Point A1 Typi
cal oscilloscope waveforms and test voltages are shown in Figure 

The output from Ql is further amplified by a second AC amplifier, 
Q2. The amplitude of the output of Q2 may be measured by*observ
ing the signal at Test Point A2. The Course Zero Adjustment 
potentiometer, VRl, Controls the feedback across Q2 and is set 
with Zero Gas flowing through the Sample cell. VRl is adjusted 
until a reading of approximately 6 volts peak to peak is observed 
at Test Point A2. The Analyzer should provide a Zero readinq in this state. 

The gain of the AC amplifier (Ql & Q2) is selected at the factory 
by setting jumpers Jl, J2 , J3, J4 , J5, J6, J7, J8, J9, and J10. 
These jumper settings are provided to allow a wide range of ap
plications with the same circuit board, and are determined bv the 
expected • range of Detector output, depending upon the gas beinq measured. ^ 

The output from Q2 is demodulated by Q3. A constant DC bias of
fset voltage is added to the signal. The output from Q3 appears 
at Test Point A3. The Front Panel Span Check Switch is connected 
to the circuits of Q3. With Zero Gas flowing, upon depressing 
the Check Switch, the signal level observed at A3 drops to about 
50 to 60% of the earlier reading. The Front Panel Indicator 
should read about 90%. This reading is adjustable bv the Check Adjust potentiometer VR2. 
The demodulated output from Q3 is smoothed to remove AC ripple bv 
a low band-pass filter. The filtered output is then further-
amplified by the DC amplifier, Q4. The output of this amDlifier 
appears at Test Point A4. This voltage varies according*to the 
concentration of the measured gas flowing through the Sample 
Cell. A temperature-compensating resistor forms part of the 
feedback circuit of Q4. This, together with the Front Panel Span 
Set Control, compensates for variations in the Span signal caused 
by variations in the ambient temperature. 
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DISASSEMBLY PROCEDURES (Continued) 
SAMPLE CELL (Continued) 

1, 
3 
4 
5 
6 
7 
8 
9 

10 

SCREW 
BASE 
INFRARED SOURCE UNIT 
SCREW 
BLOCK SAMPLE CELL 
WINDOW 
O—RING 
DETECTOR 
SCREW 

11 CELL BRACKET 
12 SCREW 
13 CELL BRACKET 
14 SAMPLE CELL 
15 0—RING 
16 WINDOW 
17 SCREW 
18 DETECTOR 

Figure 14: Model 3400 
Optical Bench with both Pipe and Block Type Sample Cells. 

OPTICAL BENCH 
1. Optical Bench Removal 

A. J°llow steps "A" through "D" as described in 
Removal of Pipe Type Sample Cell" above. For 

Model 34 00, also disconnect the tubinq to the second Sample Cell. 

B. Uncouple the cable connecting the Detector 
system(s) to the Main Circuit Board(s). 

C. Disconnect the wires from the 2-pin terminal block 
of the Infrared Light Source Assembly. Also 
unplug the 2-pin connector (Item 8 of Figure 12) from the Chopper Motor. 

D. Remove the four retaining screws (Item 3, Fiaure 
12), and lift out the bench. 

SECTION VII 
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DISASSEMBLY PROCEDURES (Continued) 
SAMPLE CELL (Continued) 
5. Disassembly of Pipe and Block Type Cells only on some 

3400 Instruments. (Refer to Figure 14). 
A. Follow steps "A" through "C" as described in 

"Removal of Pipe Type Sample Cell" (Page 29). 
B. Disconnect the tubing connected to the Sample Cells. 

Loosen the Infrared Light Source retaining screws 
(Item 1 in Figure 14). Slide the Light Source 
towards the Front Panel to form a gap with the 
Pipe Type Sample Cell. 
Loosen and remove the four Sample Cell retaining 
screws and two brackets (Item 12 & 3) . Lift out 
the Sample Cell. 
Disconnect the cable connecting the Dual-
Detector Assembly from the Main Circuit Board. 
Loosen and remove the two retaining screws (Item 
2) which hold the Sample Cell and Detector 
Assembly to the Infrared Light Source Assembly. 
Both the Sample Cell and Detector are now 
removable from the Optical Bench as a single assembly. 

NOTE 
The Sample Cell Window between the Sample 
Cell and Detector is loose and only retained 
by the clamping action between the two units. 
Take care not to drop the Window. 

G. Carefully holding the Detector/Sample Cell 
Assembly with the Detector upwards, loosen and 
remove downwards the two remaining screws (Item 5) 
which clamp the Sample Cell to the Detector. 
Lower the Sample Cell slowly taking care not to 
drop the loose Window and O-Ring. 

Reassembly of the Pipe and Block Type Cells 
A. Follow the above instructions in reverse order. 
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DISASSEMBLY 
SAMPLE CELL 

PROCEDURES 

(Continued) 
(Continued) 

1 ,  2  
4 
5 
6 
7 

SCREW 
BASE 
INFRARED SOURCE UNIT 
SCREW 
BLOCK SAMPLE CELL 

8 WINDOW 
9 O-RING 

10 SCREW 
11 CONNECTOR 
12 DETECTOR 
13 FILTER 

(if necessa 
Figure 13: Model 3300 

Optical Bench with Block Type Sample Cell 
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DISASSEMBLY PROCEDURES (Continued) 

SAMPLE CELL 

H. Clean the window and cell walls with acetone or 
isopropyl alcohol and lens tissue as required. 

2. Reassembly of Pipe Type Sample Cell 
Follow above instructions in reverse. Be sure to leave 
approximately 0.02 inch (0.5 mm) gaps at both ends of the pipe type Sample Cell. 

3. Disassembly of Block Type Cell (Refer to Figure 13) 
Follow steps "A" through "D" in the above 
procedure for "Removal of Pipe Type Sample Cell". 
Disconnect the cable connecting the Dual-Detector 
Assembly from the Main Circuit Board. 
Loosen and remove the two retaining screws (Item 
10) which hold the Sample Cell and detector 
Assembly to the Infrared Light Source Assembly. 
Both the Sample Cell and Detector are now 
removable from the Optical Bench as a single assembly. 

A. 

B. 

C. 

NOTE 
The Sample Cell Window between the Sample 
Cell and Detector is loose and only retained 
by the clamping action between the two units. 
Take care not to drop the Window. 

D. Carefully ^ holding the Detector/Sample Cell 
assembly with the Detector upwards, loosen and 
remove downwards the two remaining screws (Item 6) 
which clamp the Sample Cell to the Detector. 
Lower the Sample Cell slowly, taking care not to 
drop the loose Window and O-Ring. 

E. Clean the window and cell walls with acetone or 
isopropyl alcohol and lens tissue as required. 

Reassembly of Block Type Sample Cell 
Follow the above instructions in reverse. Set the 
O-Ring between the window holder and the detector. 
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DISASSEMBLY PROCEDURES (Continued) 
SAMPLE CELL (Continued) 

1 to 3 SCREW 
4 BASE 
5 INFRARED SOURCE UNIT 6, 7 SCREW 
8 CONNECTOR 9 SEALED TUBES 10 SUPPORT 

11 CLAMP 
12 PIPE SAMPLE CELL 
13 O—RING 
14 WINDOW 
15 DETECTOR 
16 BRIDGE CIRCUIT BOARD 
17 OPTICAL FILTER 

(if installed) 
Figure 12: Model 3300 

Optical Bench with Pipe Type Sample Cell 
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SECTION VI 

DISASSEMBLY PROCEDURES 
SAMPLE CELL 
The Model 3300 Gas Analyzer may use either "Pipe" or "Block" type 
Sample Cells. Block type cells come in lengths of 0.16, 0.31, 
0.63, and 1.26 inches (4, 8, 16, and 32 mm). Pipe cells come in 
lengths of 2.52, 4.92, and 9.84 inches (64, 125, and 250 mm). 
Model 3400 may use both types of cells in the same instrument. 
When disassembling, always remove the Pipe type Sample cell first. 

NOTE 
In disassembling and reassembling the Sample Cell take care to 
avoid stress on the sealed tubes projecting from the Detector As
sembly and the Infrared Light Source. Stressing or bending these 
tubes may cause gas leaks which can cause the instrument to malfunction. 

Removal of Pipe Type Sample Cell (Refer to Figure 12). 
A. Shut off the Sample Gas flow. If the gas is 

toxic, purge the Sample Cell with Zero Gas. 
B. Remove power from the Instrument. 

Loosen the Front Panel retaining screws (Item 8 in 
Fich^^®s 3 and 4) . Pull out the internal chassis 
from the case until the stop is reached. To 
completely _ remove the chassis, lift the front 
panel up while withdrawing the chassis. 
Disconnect the tubing connected to the Sample 

Loosen the Infrared Light Source retaining screws 
(Item 1 in Figure 12). Slide the Light Source 
towards the Front Panel to form a gap with the Sample Cell. 
Loosen and remove the four Sample Cell retaining 
screws and two brackets (Item 7 and 11 in Figure 
12). Lift out the Sample Cell. 
Unscrew and remove the Window Assemblies (right-
hand threads, Item 14). The CaF2 plate is 
permanently bonded to the Window Assembly. 
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FUNCTIONAT. DESCRIPTION (Continued) 

ELECTRONICS (Continued) 
Output  (1)  
DC 0  -  IV 

Output  (2)  
DC 0  -  IV 
or  0  -  lOOmV 
or  0  -  10mv 
or  4 -  20mA 

(Opt ion)  

Infrared Infrared 
Sample  Cel l  Source  Source  Uni t  

For  Component  No.  2  of  
Dual  Type Analyzer  Chopper  Motor  

Chopper  Blade  

Figure 11: Schematic Block Diagram 
2 8  



FUNCTIONAL DESCRIPTION (Continued) 

OPTICAL BENCH (Continued) 
The Model 3400 Dual Gas Instrument utilizes a second Sample Cell 
and Dual-Cell Detector, using the residual beam energy emitted 
from the first system, just described (see Figure 11) . The in
frared beam continues on through the first Dual-Cell Detector 
into the second Sample Cell, and on into the second Dual-Cell 
Detector. The dual cells of the second Detector are filled with 
the second gas, and the second system operates in the same way as 
the first. Gas flow rates between the cells of the second Detec
tor are separately electronically processed to develop the read
ings of the second gas concentration. 
ELECTRONICS 
The pulsing output from the Detector's mass-flow sensor appear at 
the sensor output as an AC electrical signal. The signal 
frequency is related to the rate of the beam-interrupting chopper 
blade. The signal amplitude is related to the measured gas con
centrations in the Sample Cell. 
This AC signal is amplified by the AC amplifier (see Figure 11), 
and then demodulated and filtered. The resulting DC signal is 
further amplified, linearized, and fed into two .buffer 
amplifiers. One buffer provides a 0 to 1 VDC output. The other 
drives the Front Panel Indicator Meter, and provides a selection 

three voltage range outputs. A current amplifier, connected 
to the second buffer, provides the optional current output. 
Model 3400 has a second set of similar circuits for processing 
the signal from the second gas Detector. The Front "panel In
dicator Meter may be manually switched to display the output from either gas. 
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FUNCTIONAL DESCRIPTION (Continued) 

OPTICAL BENCH ..(.Continued) 
Front Panel control allows this Electrical Span Check to beunder-
taken at any time. Since no mechanical moving parts are 
involved, the stability and repeatability of this check are 
excellent. 

Front  chamber  

Figure 8: Single Beam NDIR Analyzer 

Figure 9: Output Signal Figure 10: Absorption Characteristic 
of the Detector of the Detector 
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SECTION V 

FUNCTIONAL DESCRIPTION (Refer to Figure 11, page 28) 
OPTICAL BENCH 

The Analyzer utilizes a beam of infrared energy which passes 
first- through a Sample Cell, and then through both cells of a 
Dual-Cell Detector system (see Figure 8). The Detector cells are 
filled with pure gas of the type to be measured. The infrared 
beam is selectively attenuated in the Sample Cell by spectral ab
sorption lines from the unknown concentrations of gas. The 
remaining unabsorbed energy passes on into the front and rear 
cells of the Detector, where further selective spectral absorp
tion takes place in the gas contained within the cells. Absorp
tion in the Detector cells causes slight heating and expansion of 
the gas in the two cells. Since the amount of energy reaching 
the rear cell is less that that reaching the front cell, the ex
pansion is unequal and a measured small gas flow takes place be
tween the two cells (see Figure 10). 
Presence of the measured gas in the Sample Cell results in some 
absorption of the beam energy prior to entering the Detector 
cells. With this lower level of energy in the spectral range of 
the gas, less gas expansion occurs in the dual cells, with a 
resulting smaller gas flow. A rotating chopper blade interrupts 

•fw lnfrared beam- The measured gas flow rate pulses in step 
j tbie blsde rotations, and is electronically processed to develop the gas concentration reading. 

A chopper blade rotates between the infrared source and the 
Sample Cell. This interrupts the infrared beam at regular 
intervals. As a result, the beam falling upon the detector cells 
is pulsed. The pressure within, and the slight flow between the 
dual cells, also rises and falls regularly in synchronism with 
the rotations of the chopper. This slight rhythmic flow is 
detected and converted into an AC electrical signal by a mass-
flow sensor in the connecting channel between the cells. This AC 
signal is amplified and demodulated into a DC voltage supplied to 
a Front Panel Indicator and to output terminals for drivinq ex
ternal controllers and/or recorders. 
Figure 9 shows a typical output signal from the Detector. The 
signal is largest when Zero Gas is flowing through the Sample 
ceil, and reduces as the concentration of the measured gas 
increases. The single-beam optical system design significantly 
reduces span drift due to ambient temperature changes. The span 
or the instrument can be calibrated by first adjusting the Zero 

Whlw6 Zero G*s. The condition of the instrument 
can then be checked by applying to the front end of the amplifier 
cnam, an electrical signal equivalent to the Span Gas Level. A 
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CALIBRATION AND OPERATION (Continued) 

START-UP AND ROUTINE MAINTENANCE 
1. Sampling System: Prepare and check the Sampling System. 

Adjust the flow of Sample Gas to about 2 scfh (1 liter/min. 
The instrument should show a Meter indication. The Models 
3300 and 3400 Gas Analyzers are designed for extended opera-

" tion and may•be. left.switched ON continuously. 
2. Zero and Span Calibration: Zero Level, and Span Adjustment, 

using the Span Check Control should be checked daily. 
A. Check the Zero Level while flowing Zero Gas, 

and readjust if necessary, using the Front 
Panel Zero Control. 

B. Depress the Span Check switch while the Zero 
Gas is still flowing. After the Indicator 
has stabilized, compare the reading with the 
earlier recorded value. If the output drift 
exceeds the allowable range, readjust the 
Span Control to obtain the prerecorded reading. 

Zero and Span should be checked, using Zero and 
certified Span Gas, (see page 15) at least once a month. 

3. Sample Cell: Dust, water droplets, or mist entering the 
sample cell may cause drift due to contamination. If the 
Front Panel Zero Level Control(s) fails to bring the Poin
ter to the Zero mark, check the Sample Cell for 
contamination. (For cleaning of the Sample Cell, see page 
31 and/or 33). Also check the sampling system and sampling filters. 
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CALIBRATION AND OPERATION (Continued) 

OPERATION 

1. Power On: Turn ON the Power Switch on the Front Panel. The 
Power Indicator Lamp should illuminate. The Indicator Meter 
Pointer should flicker in both directions, stabilizing at 
the Zero position. Allow the instrument to warm up for ap
proximately two hours. It is- preferable, but not essential 
that Zero Gas flow through the instrument during warm up. ' 

2. Zero Adjustment: After the two-hour warm up period, and 
after the Indicator Pointer Stabilizes, flow Zero' Gas 
through the instrument Sample Cell at a rate of about 2 scfh 
(1 liter/min). Adjust the zero Control on the Front Panel 
until the Indicator Pointer (or Recorder reading, if an ex
ternal Recorder is attached) is exactly on the Zero mark. 
For the Model 3400 repeat this procedure for the second gas*. 

NOTE 
For the Model 3400, the Front Panel Indicator 
Meter only displays readings for one gas at a 
time. The Indicator Gas Selection switch must 
be correctly positioned during the adjustment 
and set-up procedures. 

3. Span Adjustment: Flow Span Gas through the instrument at 
about 2 scfh (1 liter/min). After the Indicator Pointer 
stabilizes, adjust the Span Control on the Front Panel until 
the Indicator Pointer, or Recorder, reading is at the value 
specified for the Span Gas concentration. 
For Model 3400, repeat the procedure for the second Channel 
Span Gas. It is not important which gas is set up first. 

4. Span Check: Flow Zero Gas through the instrument. when the 
Span Gas has been completely purged from the sample cell 
depress the span Check switch. After the Indicator Pointer 
stabilizes, record the Indicator Pointer reading (and also 
the Recorder reading, if connected). 

NOTE 
This value will be required for later reference (see below). 
For the Model 3400, repeat this procedure for the second gas. 
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CALIBRATION AND OPERATION (Continued) 

PREPARATION .FOR OPERATION 
1. Check that the external plumbing and wiring have been 

connected correctly, as described in Section III of this manual. 
2. .. Response Time: Electrical system response time for 90% in

dication is selectable (for Model 3400 independently for 
each gas) at 2, 3, or 5 seconds. The instrument is set to 2 
seconds when delivered. The response time may be changed by 
modifying the wiring to connector CN5 (see Figure 21, page 
61) on the Main circuit Board (and CN5 see Figure 22' page 
62, on the second gas board for Model 3400). 

Response Time Circuit Board Connection 
(seconds) 

2 Fa to Fl, & Fb to F4 
3 Fa to F2, & Fb to F5 
5 Fa to F3, & Fb to F6 

J. Output Range Selection: The instrument may be adjusted to 
provide at one pair of its output terminals (or one pair of 
terminals for each gas in the Model 3400) , one of 
four type of ^ output signals. The selection is 
made by modifying the wiring to connector CN6 (see 
Figure 21, page 61) on the Main Circuit Board (and 
CN5, see Figure 22, page 62 on the second qas board for Model 3400). 

Selected Output Circuit Board Connection 
0 to 1 V EO to E4 
0 to 100 mV E0 to E3 
0 to 10 mV E0 to E2 
4 to 20 mA E0 to El 

4. Fuse: Check that the fuse holder contains a 1 A fuse. 
5. Purging: When the instrument is installed at sites where 

corrosive or combustible gases, or high concentrations of 
C°2 are present, the instrument must be purged. Purging 
takes approximately one hour. The procedure is described in Section III (see page 16). 

6. Zeroing the Front Panel Indicator: With the Power OFF, 
check that the Front Panel Indicator Meter is reading Zero. 
If the Pointer is off the Zero mark, use a small flat-bladed 
screw driver to adjust the Mechanical Adjustment Screw. 
(Item 2 in Figures 3 and 4, page 18). 
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CALIBRATION AND OPERATION 

MAJOR INTERNAL COMPONENTS 
(Continued) 
(Continued) 

Figure 7: Major Internal Components - Optical Bench Side. 
(Shown with cover removed). 

Major Internal Components - Optical Bench Side. 
(Numbers refer to annotations in Figure 7). 
1. Measuring system of the Analyzer: See page 25 for 

details. 
2. Power Transformer: 

Supplies AC power to all circuits. 
3. Electrolytic Capacitors: 

Part of Power Supply circuits. 
4. AC Power Line Fuse (l Amp): 
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CALIBRATION AND OPERATION (Continued) 
MAJOR INTERNAL COMPONENTS 

Figure 6: Major Internal Components - Circuit Board Side. 
(Shown with cover removed). 

Major Internal Components - Circuit Board Side 
(Number s  r e f e r  t o  anno t a t i ons  i n  F igu re  6 ) .  
1. Main Circuit Board: 

Includes components for processing gas 
measurements. (For Model 3400, first gas only). 

2. Second Gas Circuit Board: 
Appears in Model 3400 only. Includes components 
for processing second gas measurements. 

3. Linearizer Circuit Board: 
Used to linearize output measurements. Two provided in 
Model 3400. 

20 



CALIBRATION AND OPERATION (Continued) 

IDENTIFICATION OF CONTROLS, INDICATORS AND MAJOR COMPONENTS (Continued) 
13. Nameplate for first gas. 
14. Nameplate for second gas. 

Figure 5: Rear Panel, both models 

Rear Panel 
(Numbers refer to annotations of Figure 5). 
1. Sample gas inlet: 

Feeds Sample Gas to the Analyzer. Threaded 1/4-18 
NPT. 

2. Sample Gas outlet: 
Exhaust for Sample Gas. Threaded 1/4-18 NPT. 

3. Purge Gas inlet: 

For feeding Purge Gas into the instrument, when 
required. See page 16. Threaded 1/4-18 NPT. 

4. Terminal block for external wiring: 
See Figure 1, and page 13, Electrical 
Installation. 
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CALIBRATION AND OPERATION (Continued) 
IDENTIFICATION OF CONTROLS, INDICATORS AND MAJOR COMPONENTS (continued) 

r 
INFRARED CAS ANALYZER 

"l\> "1 •1 < /.,*• 
V 

o »  

fr
ill 

9 9 o 

© © © © 

© 
©) 
© 
© 

Figure 3: Front Panel Model 3300 

©0 © © ©© © 
Figure 4: Front Panel Model 3400 
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SECTION IV 

CALIBRATION AND OPERATION 
IDENTIFICATION OF CONTROLS, INDICATORS AND MAJOR COMPONENTS 
Front Panel 
(Numbers refer to annotations on Figures 3 and 4). 
1. Indicator: Displays analyzer output. 
2. Indicator Zero Set: Allows mechanical adjustment of in

dicator pointer to zero. 
3. Span Set Control: Sets span of instrument. (First gas for 

Model 3400 Adjusted while Span Gas is flowing, or after 
depressing the Span Check Switch, with Zero gas 
flowing through instrument). 

4. Zero Set Control: Sets electrical Zero level of instrument. 
Adjusted while Zero Gas is flowing through instrument. 

5. Span Check Switch: Depressing push-button switch provides 
synthesized electrical span output to test span circuits. 

6. Power ON/OFF switch: Turns ON/OFF line power to instrument. 
7. Power ON indicator: Illuminated while line power is ener

gizing instrument. 
8. Front Panel Retaining Screws: Four screws holding front 

panel to instrument casing. 
Model 3300 only: (Figure 3) 
9. Range switch: Allows selection of higher or lower sen

sitivity measurement ranges. 
Model 3400 only: (Figure 4) 
9. Span Set Control for second gas. 
10. Zero Set Control for second gas. 
11. Span Check Switch for second gas. 
12. Gas Selector Switch for Direct Reading Indicator. 

Left position - first gas 
Right Position - second gas 
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INSTALLATION (Continued) 

SAMPLING CONNECTIONS (Continued) 
NOTE 

* Teflon is a trademark of DuPont. 
3. Presence of corrosive gases: 

Useful service life of the instrument will be 
shortened if high concentrations of corrosive 
gases such as Cl2, F2/ HC1, etc. are present 
in the sampled gas. 

4. Gas Temperature: 

When measuring high temperature gases, take care 
that the maximum rating of the instrument 122 F 
(50 C) is not exceeded. 

5. Flow rate: 

The gas entering the instrument should flow at a 
rate of 2 +/- 1 scfh (1.0 + 0.5 liters/min.). 

6. Influence of Atmospheric C02 and Purging: 
When measuring low levels of CO,, the atmospheric 
C02 at the installation site must be constant and 
at a minimum. Atmospheric C02 can penetrate the 
instrument resulting in measurement errors. When 
a source of CO, is located near the instrument 
site, or atmospheric concentration varies widely, 

instrument should be purged with 
instrumentation air or N,. The purging gas must 
be dry and dust-free and should flow at about 2 
scfh (1 liter/min.). A purging gas inlet (1/4-18 
NPT) is located on the rear panel. 

7. Sample Gas Outlet: 

A sample gas outlet connector is located on the 
rear panel (1/4-18 NPT). Pressure at this outlet 
should be kept at the atmospheric level. if a 
back pressure does occur, the Zero and Span 
settings will have to be adjusted for that 
specific pressure level. This gas should be 
vented away from the instrument. 
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INSTALLATION (Continued) 

GASES-... 
1. Nitrogen (Zero Gas) in pressurized cylinder. 
2. Standard Span Gas(es) near full scale concentration 

with a nitrogen balance, in a pressurized, certified cylinder. 
GAS HANDLING EQUIPMENT 
1. Pressure regulators for Zero and Span Gas Cylinders. 
2. Flow meter, 0 to 5 scfh (standard cubic feet per hour). 
3. Corrosive - resistant gas tubing. 
GAS CONNECTIONS 

The tubing from the sampling system to the Gas Analyzer should be 
made from corrosive-resistant material such as Teflon *, Stain
less steel, or polyethylene. Even when the gases being sampled 
are not corrosive themselves, rubber or soft vinyl tubing should 
not be used, since readings may be inaccurate due to gas absorp
tion into the piping material. To obtain fast response, the tube 
should be as short as possible. Optimum tube internal 
diameter is 0.16 inch (4 mm) . Couplings to the instrument are 1/4-18 NPT. 

NOTE 
Be sure tubing and joints are Clean. Dust 

entering the instrument may cause it to malfunction. 
SAMPLING REQUIREMENTS 
1. Filtration: 

Dust must be eliminated completely. Use filters 
as necessary. The final filter must be capable of 
removing particles larger than 0.3 micron. 

2. Condensation: 

Dew point of the sample gases must be lower than 
the ambient temperature to prevent accidental 
condensation within the instrument. When water 
vapor is present, pass the sample through a 
dehumidifier to reduce the dew point to about 0 C. 
If the ^ sample contains an acid mist, use an acid-
mist filter, cooler or similar device to remove 
all traces of the mist. 

15 



INSTALLATION (Continued) 
ELECTRICAL (Continued) 

OUTPUT 

B1 0-1V 
© © 

OUTPUT 

£2 
©. © 

OUTPUT 

A1 0-1V 
© © 

OUTPUT 

A2 
© © 

RANGE 

COM CI 
GND 

SOURCE 

L , H 
1 2 3 4 5 6 7 8 9 10 1 1 12 13 1 4 

DC -IV DC 0-1V 
or DC 0-100mV 
or DC 0-10mV 
or  DC £-20mA 

DC 0-1V DC O-IV Range ID s ignal  
DC 0-100mV ( indicated  on 
DC 0-10mV s ingle-component  

or  DC &-20mA 

or  
or  

Power 
supply 

analyzer  only)  

Output  for  
component  No.  2  
( indica ted  on 
dual -component  
analyzer  only)  

Output  for  
component  No.  1  

Figure 1: External Wiring Connections 

power supply 
9 9 Spark suppressor 

Figure 2: EMI Noise Control 
NOTE: (The Spark Suppressor must be placed close to the noise source). 
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INSTALLATION (Continued) 
ELECTRICAL 

All wiring is connected to the terminal block at the rear of the 
instrument. Remove the protective cover and connect wiring as 
shown in Figure 1. The 115 VAC, 60 Hz power are connected to 
Terminals 13 and 14. A Safety Ground Line must be connected to Terminal 12. 

NOTE 
A defective ground may affect the operation of the instrument. 
Terminals 5 ,  6, 7, and 8 are the output signals (for Model 3 3 0 0  
these are the output signals for the first gas, see below). Ter
minals 5 and 6 are a 0 to 1 Volt signal corresponding to the con
centration of the gas being measured. Terminals 7 and 8 are DC 
outputs that can be internally selected (see page 23) from any of 
four ranges: 0 to lOOmV; o to 10 mV (all into a 100 ohm or 
greater load resistance) ; or 4 to 20 mA into a 550 ohm or less load resistance. 

Terminals 1 ,  2 ,  3 ,  and 4  of the Model 3 4 0 0  provide similar out
puts for a second gas. Terminals 1 and 2 are the 0 to 1 V 
signal, and Terminals 3 and 4 are the selectable output signal. 
The selectable output signals for each gas are independent. 

NOTE 
Shielded wiring is recommended for all output signals. 

CAUTION 
Electromagnetic Interference (EMI) may affect the operation of 
the instrument. Do not install the instrument in the vicinity of 
electrical noise (such as high frequency furnaces, electric weld
ing machines, etc.). If the instrument must be installed at such 
locations, a separate power line must be used. Noise from a 
relay or solenoid valve should be controlled by the use of a 
spark suppresser (RC circuit) across the power wiring close to t he  co mponen t  ( s ee  F igu re  2 . ) .  

13 



SECTION III 

INSTALLATION 

GENERAL 

The instrument is designed for industrial applications. These 
installation instructions are for a typical site. Any questions 
regarding specific installation situations should be directed to 
the Technical Service Department, ACS, Inc. 
SITE AND MOUNTING 

NOTE 
The following precautions must be carefully observed. 

Select a site free from direct sunlight, radiation from 
a temperature surface, or abrupt temperature variations. ^ 

When installed outdoors, shelter the instrument from wind and rain. 

Select a site where the air is clean. Avoid exposing 
uhe instrument to corrosive or combustible gases. 
The instrument must not be subject to severe vibration. 
If severe vibration is present, use isolation mounts. 
(P1® instrument is designed for panel-mounting. Mounting 
hardware is provided. The required panel opening is 
3.12 x 6.12 inches (206 x 173 mm). See Figure 20. 

NOTE 
A rear supporting brace or equivalent is required. 
Do not install near equipment emitting electromagnetic interference (EMI). See page 13. 
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INTRODUCTION (Continued) 

SPECIFICATIONS (Continued) 
Response Time: 

For 90% indication: 
Electrical system -2, 3, or 5 seconds (selectable 
us ing  i n t e rna l  j umpe r ,  s e e  page  22 ) .  
Response to actual gas - 15 seconds maximum 
including time required to fill Sample Cell 
(depends on cell length) and sample flow rate. 

Front Panel Indicator Meter: Linear divisions. A front panel 
switch allows selection of second range (3300) or a second qas (3400) . 
Output Signals: 

Output 1: 0 to 1 VDC 
Output 2: (internally selectable - see page 22) 

a. Standard, 4 to 20ma (into 550 ohms or less) 
b. or, 0 to 1 VDC (into 100 ohms or greater) 
c. or, 0 to 100 mVDC (into 100 ohms or greater) 
d. or, 0 to 10 mVDC (into 100 ohms or greater) 

(Outputs 1 & 2 are available simultaneously for each range/gas.) 
Internal Span Check: 

Temperature Range: 
Ambient Humidity: 
Sample Gas Temperature: 
Sample Gas Flow Rate: 

Manually activated from front 
panel 
23 to 113 F (-5 to +45 C) 
Up to 90% relative humidity 
32 to 122 F (0 to 50 C) 
2 scfh (1 liter/min) 
(when required) 

Materials of Construction: 
Measuring Cell - 304 Stainless Steel 
Tubing - Polyethylene. 

Parts in Contact with Gas Stream 
Window - CaFn. 

Warm-up: 
Power Requirements: 
External Dimensions: 

Weight: 
Gas Connections: 

Two hours (to +/- 2% linearity) 
115 VAC +/- 10%, GO Hz, 3 OVA 
7.9(H) x 9.8(W) x 21.3(D) inches 
(200 x 250 x 541 mm) 
2 4 .2  l b s  (HKg)  
Tapped 1/4-18 NPT 
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INTRODUCTION (Continued) 
SPECIFICATIONS OF THE 3300 AND 3400 ANALYZERS 
Measuring Principal: Non-dispersive Infrared (NDIR) 

single-beam method. 
Measurable Gases and Ranges, 3300 

Gases Measuring Ranges 
CO 0 to 2500 & 0 to 5000 ppm, 
C02 & CO 0 to 500 & 0 to 1000 ppm, 
c o 2 ,  C O  &  ch4 0 to 1000 & 0 to 2000 ppm, 0 to 2000 & 0 to 5000 ppm, 0 to 0 .5  & 0 to 1 .0 % ,  

ppm, 
0 to 1 & 0 to 2 %, 
0 to 2 & 0 to 5 %, 
0 to 5 & 0 to 10%, 
0 to 10 & 0 to 20%,  

ch4 0 to 1 & 0 to 3 %, 
Measurable Gases and Ranges, 3400 

Gases Measuring Ranges 
C02 & CO 0 to 1 % CO-, & 0  to 3% CO 

0 to 1 % CO-, & 0 to 5% CO 
0 to 20% co2 & 0 to 500 ppm CO 0 to 20% co2 & 0 to 1000 ppm CO 0 to 20% co2 & 0 to 1500 ppm CO 0 to 20% co2 & 0 to 2000 ppm CO 0 to 20% co2 & 0 to 5% CO 

NOTE 
For data on other gases and combinations of gases, 

contact our Application Engineers. 
Repeatability: +/-0.5% of full scale 
Zero Drift: +/-l% of full scale/24 hours 

+/-2% of full scale per week 
Span Drift: Qf full scale/24 hours 
Linearity: + / - 2 %  of full scale 
Noise Level: 0.5% of full scale 

10 



SECTION II 

INTRODUCTION 
The ACS Models 3300 and 3400 Analyzers are highly selective, non-
dispersive infrared (NDIR) gas analyzers for measuring gas con
centrations in industrial applications. The Model 3300 measures 
a single gas, while the Model 3400 simultaneously measures two 
gases. These analyzers use a single beam-type optical system and 
detector with a mass-flow sensor. This technology insures hioh 
reliability long-term stability, and excellent accuracy and 
repeatability, without frequent recalibrations. 
The 3300 and 3400 feature dual-cell type detectors that are ef
fective at minimizing the influence of interfering ci?ses. An 
electrical span check system permits checking span f om a front 
pa ne l  sw i t ch .  The  ma s s - f l o w  s enso r s  have  a  l ong  s e r v i c e  l i f e ,  
low noise level and excellent immunity to vibration. The in
dividual components of the units are of simple design and modular 
for easy removal when servicing. 
The contents of this manual include: 

- Electrical specifications; 
- Installation requirements, mechanical and electrical; 
- Operation and calibration instructions; 

Description of the optical bench, with procedures for 
disassembly of its component parts; 

- Explanation of the function of the 
electronic circuitry; 

- Complete schematic circuit diagrams; 
- List of field-replaceable component parts. 
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SECTION I 

UNPACKING INSTRUCTIONS 
Open the shipping container and carefully remove the Analyzer 
from the packing materials. Inspect the instrument for any sign 
of damage. Remove the Front Panel retaining screws (Item 8, 
figures 3 and 4. See disassembly instructions Section VI) \ 
Withdraw the chassis from the enclosure to the stop and visually 
check for loose parts or connectors that are not properly seated. 

internal components look normal, slide the chassis back 
into the case and replace the Front Panel screws. 
REPORTING DAMAGE 

Should there be any apparent damage to either the inside or out
side of the instrument, due to shipping or handling, immediatelv 
"w the sh;i-PPer- Shipping container or packing materials should be saved for inspection by the shipper. 
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3300 and 3-400 GAS ANALYZERS 
INSTRUCTION MANUAL 

This manual describes installation, calibration, and operation of 
ACS Models 3300 and 3400 Gas Analyzers. 
To assure correct operation and accurate results, it is recom
mended that the user carefully read this document. 
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COLUMBIA SCIENTIFIC 
Jfe/O # 10495 
~/16/91 

MRC MODEL 3300 NDTR 
RANGE "L": 
RANGE "H": 1000 ppm CO 
SERIAL NO: N1A5202T 

CELL LENGTH: 250 mm 
DETECTOR: AB120090, CO-L, 6.79V 

AMPLIFIER GAIN SET: G-5 
CALIBRATION DATA 

CAL. CYL. SPEC.: 1000 ppm CO 
ELECT. SPAN CHECK SET RANGE "L": 
ELECT. SPAN CHECK SET RANGE "H": .460 VOLTS 

T ACTUAL CAL. CYL. CONCENTRATION CALCULATED LINEARIZER VOLTS 
% PPM OUTPUT (VOLTS) IN 

100 1000 1.0 

30 300 . 3  

2 0  2 0 0  . 2  

1 0  1 0 0  . 1  

o o 0 

OUT 

1.58 1.000 
.904 

1.38 .803 
1.27 .700 

9° 900 .9 1.49 
8 0  8 0 0  . 8  

70 700 .7 
60 600 .6 1.14 .602 
50 500 .5 1.006 .506 
40 400 -4 .848 .408 

.673 .306 

.476  . 205  

.255 .104 
0 0 



COLOMBIA SCIENTIFIC 
S/O # 10495 
7/16/91 

MRC MODEL 3300 NDIR 
RANGE "L": 500 ppm CO 
RANGE "H": 
SERIAL NO: N1A5202T 

CELL LENGTH: 250mm 
DETECTOR: AB120090, CO-L, 6.79V 

AMPLIFIER GAIN SET: G-5 
CALIBRATION DATA 

CAL. CYL. SPEC.: 1000 ppm CO 
ELECT. SPAN CHECK SET RANGE "L": .580 VOLTS 
ELECT. SPAN CHECK SET RANGE "H": 

ACTUAL CAL. CYL. CONCENTRATION CALCULATED LINEARIZER VOLTS 
% PPM OUTPUT (VOLTS) IN 

40 400 .8 

2 0  2 0 0  . 4  

0 0 0 

50 500 l.o 1.000 

30 30° .6 .664 

OUT 

1. 001 

.839 .798 
.  600 

.468 .398 
10 100 .2 .248 .202 

0 0 



COLUMBIA SCIENTIFIC 
Mfc/O # 10495 
"/18/91 

MRC MODEL 3300 NDTR 
RANGE "LM: 
RANGE "H": 20% C02 
SERIAL NO: N1A5211T 

CELL LENGTH: 8mm 
DETECTOR: AB120079, C02-H, 5.5V 

AMPLIFIER GAIN SET: G-2 
CALIBRATION DATA 

CAL. CYL. SPEC.: 25% C02 
ELECT. SPAN CHECK SET RANGE "L": 
ELECT. SPAN CHECK SET RANGE "H": .419 VOLTS 

ACTUAL CAL. CYL. CONCENTRATION CALCULATED LINEARIZER VOLTS 
% PPM OUTPUT (VOLTS) IN 

7 0  1 7 . 5  . 8 7 5  

2 °  5 . 0  . 2 5 0  

1 0  2 . 5  . 1 2 5  

0 0 0 

8 0  2 0  1 . 0 0  1 . 3 5 0  

OUT 

.999 
1 . 2 8 1  . 8 7 5  

6 0  1 5 . 0  . 7 5 0  1 . 2 0 0  . 7 5 0  

5 0  1 2 . 5  . 6 2 5  

4 0  1 0 . 0  . 5 0 0  

3 0  7 . 5  . 3 7 5  

1 . 1 0 3  . 6 1 1  

• 9 8 6  . 4 8 3  

. 8 4 2  . 3 6 2  

. 6 5 8  . 2 4 2  

. 4 0 7  . 1 2 2  

0 0 



COLUMBIA SCIENTIFIC 
S/O # 10495 
7/18/91 

MRC MODEL 3300 NDIR 
RANGE "L": 10% C02 
RANGE MH": 
SERIAL NO: N1A5211T 

CELL LENGTH: 8mm 
DETECTOR: AB120079, C02-H, 5.5V 

AMPLIFIER GAIN SET: G-2 
CALIBRATION DATA 

CAL. CYL. SPEC.: 10% C02 
ELECT. SPAN CHECK SET RANGE "L": .843 VOLTS 
ELECT. SPAN CHECK SET RANGE »HM: 

_ _ _ „ ACTUAL CAL. CYL. CONCENTRATION CALCULATED LINEARIZER VOLTS 
% PPM OUTPUT (VOLTS) IN OUT 

30 3% .3 
2 0  2 %  . 2  

10 1% .1 

0 0 0 

1 0 0  1 0 %  1 . 0 0  1 . 0 0 0  . 9 9 8  

90 9% .9 
8 0  8 %  . 8  

70 7% -7 .819 .692 

.945 .904 

.885 .801 

60 6% .6 
50 5% .5 

40 4% .4 .574 .398 

746  . 600  
667 .498 

.471 .306 

.350 .198 

.202  . 117  
0 



• MILTON ROY 
INFRARED GAS ANALYZER 

MODELS 3300 & 3400 

No optical or 
mechanical 

adjustments 

Single beam 
optics 

m nalog or 
Readout 

Modular 
instruction for 

maintenance 

sensitivity to 
vibration 

Model 3300 
Single Component Dual Range 

Model 3400 
Dual Component Single Range 

The simplicity of single beam optics design — made possible by the Microflow 
Detector results in highly stable, reliable analyzers of unmatched analytical 
performance, requiring no optical adjustments and only the simplest 
maintenance. 

The analyzer uses a technique based on the 
infrared absorption characteristics of gases 
to measure gas concentration. Use of an 
efficient single beam design results in good 
long-term stability. 

A single beam of infrared energy is modulated 
and passed through a sample cell containing 
the gas to be measured. The beam emerges 
attenuated by the amount of energy absorbed 
by the gas(es) in the sample. Changes in the 
concentration of the gas(es) result in chanaes 
of the intensity of the beam. The remaining 
energy in the beam is passed serially through 
two cavities of an infrared detector, a mass-
flow sensor filled with gas of the type to be 
measured. 

Changes  in  t he  in tens i ty  o f  t he  beam change  
the  p ressu re  d i f f e ren t i a l  be tween  the  cav i t i e s  
and  consequen t ly  the  ba lance  of  t he  
e lec t r i ca l  b r idge  in  t he  de tec to r  c i r cu i t .  

Electronic processing and linearization of the 
imbalance signal are used to generate an 
electrical output signal linearly proportional 
to the concentration of the gas measured. 

Combustion Efficiency 
Burners & Boilers (CO, C02) 
Commercial Ovens (CO, C02) 

Controlled Atmospheres 
Heat treating (CO, C02, CH4) 
Greenhouses (C02) 
Fermentation (C02) 
Air Liquification (C02) 

Process Chemical Gas Analysis 

Respiration Studies 
Single Breath Lung Diffusion (CO) 

Stack Gases 

Total Organic Carbon Analysis (TOC) 
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5. Repairs, replacements, adjustments and service performed 
out-of-warranty shall be charged to the customer at the then 
current prices for parts, labor, transportation and subsistence. 

6. warranty attaches to the instrument itself and is 
not limited to the original purchaser. 
7. In no event will CSI have any obligation or liability for 
damages, including but not limited to, consequential damage 
arising out of, or in connection with, the use or performance 
of equipment or accessories. No other warranties, expressed 
or implied, including the implied warranties of 
merchantability and fitness for a particular purpose will 
apply to equipment or accessories. 
®* This warranty constitutes the full understanding of the 
manufacturer and buyer, and no terms, conditions, 
understanding or agreement professing to modify or vary the 
terms hereof shall be binding unless hereafter made in 
writing and signed by an authorized official of CSI. 
All price revisions and design modification privileges reserved. 



WARRANTY 

1. Except: as otherwise indicated, all instruments and stack 
systems manufactured and sold by Columbia Scientific 
Industries Corporation (CSI) are guaranteed for a period of 
one year from date of shipment from the factory against 
defects in materials and workmanship of those parts 
manufactured by CSI, and then, only when operated, serviced 
and maintained in accordance with the instruction manual. 
Those parts not manufactured by CSI are guaranteed only to 
the extent that they are covered by a warranty of original 
manufac tu r e r .  Pe rmea t i on  t ube s  a r e  wa r r an t ed  f o r  s i x  (6 )  
months. Spare parts and accessories, except expendables, are 
warranted for ninety (90) days. Expendables such as 
batteries» sample holders, fuses and indicating lamps are not covered by this warranty. 
2. The warranty is voided by the following: 

_Injection into CSI stack systems or CSI ambient air 
monitoring or calibrating equipment, of gas mixtures 
containing reactive suspended matter or molecules yielding 
and depositing liquids, tars, solids and other non-gaseous residues. 

k) Injection of caustic solutions into the hydrogen lines of 
CSI hydrocarbon monitors by a malfunctioning hydrogen generator. 
c) Damage to CSI Accelerating Rate Calorimeters or 
Quantitative Reaction Calorimeters caused by samples that 
detonate, deflagrate or otherwise escape the confines of the sample holder. 
d) Damage to stack sampling probes caused by severe corrosion. 
e) Damage caused by incorrect installation, by misuse, or by mishandling. 

3. Warranty service requests must be received by CSI within 
the warranty period. Upon notification by the purchaser, CSI 
will correct defects coming within the scope of this warranty 
by repairing or replacing the defective unit either at the 
CSI factory or at the customer's site, at CSI's option. 
Return shipment of items to CSI must be authorized by a CSI 
representative and is at customer's expense. 
4. Instruments and systems which have been repaired or 
replaced during their warranty period are themselves 
guaranteed for only the remaining unexpired portion of their 
original warranty period. Parts and accessories, including 
stack probes, umbilicals and permeation tubes, will receive 
their full warranty period from the date of replacement even 
it the instrument or system warranty period should expire. 



7 . WARRANTY 

The Warranty Statement appears on the following two pages. 
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TROUBLESHOOTING GUIDE (Continued) 

TROUBLESHOOTING CHARTS (Continued) 
Chart 2: Unable to Adjust Front Panel Zero 

NO 



TROUBLESHOOTING GUIDE (Continued) 
TROUBLESHOOTING CHARTS (Continued) 

Chart 3 : Unstable Indicator Readings 

i r  VOLTAGE 
AT SPECiriEO LEVEL? 

RCRLACC DETCCTOR 

50 



TROUBLESHOOTING GUIDE (Continued) 
TROUBLESHOOTING CHARTS (Continued) 

Chart 4: Response Too Slow 
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TROUBLESHOOTING GUIDE 

TROUBLESHOOTING CHARTS 

Chart 5: 

(Continued) 

(Continued) 
Resetting at Zero Too Slow 
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TROUBLESHOOTING GUIDE (Continued) 
TROUBLESHOOTING CHARTS (Continued) 

Chart 6: Excessive Drift 
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TROUBLESHOOTING GUIDE (Continued) 

CHECK OUT AND REPAIR 
1- Detector 

(Re fe r  t o  I t em  15  o f  F igu re  12 )  
Symptom: Unable to adjust Front Panel Zero 
Trouble: Mass flow sensor damaged, Bridge Resistor 

defective, or Detector leaking gas. 
Tests: a. The mass flow sensor and Bridge Resistor 

(Item 1 16 in Figure 12) are normal when DC 
voltages of about 1.5 to 2.0 V appear between 
Terminals 1 and 3, and 2 and 3, on the bridge 
circuit board. These two voltage readings 
should be within 0.1 V of each other. 

b. Connect an oscilloscope between Test Points 
A1 and M2, on the Main Circuit Board. if 
readings in "A" above are normal, but an AC 
waveform (of about 10 Hz is not seen at A1, 
then the gas is probably leaking from the 
Detector. Detector should be replaced. 

c. If the voltage readings in "A" above are not 
normal, turn OFF the Power Switch. Uncouple 
the Detector connector CN1, and disconnect 
the bridge resistor. 
Test the resistance value of the mass flow 
sensor by measuring the resistance between 
the Terminals 1 and 3, and 2 and 3, on the 
Bridge Circuit Board. If the reading is be
tween 25 and 50 ohms, the mass flow sensor is 
normal and the Bridge Resistor is probably 
defecuive. If the value approaches infinity, 
the sensor is defective ana should be replaced. 

Replacement: a. To replace the Detector Assembly with a new 
unf*- refer to Figure 12. With instruments 
using a Pipe type Sample Cell, the Detector 
is retained by screws from the bottom. It is 
necessary to first remove the entire Optical Bench. 

b .  Af t e r  r ep l ac ing  t he  De t ec to r ,  ad ju s t  t he  
detector voltage to the specified value. 
Readjust Zero and Span. 
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TROUBLESHOOTING GUIDE (Continued) 

CHECKOUT AND REPAIR 
2. Infrared Light Source 

(Item 5 in Figure 12, and Figure 13) 
Symptom: Readings always negative or output unstable. 
Trouble: Infrared Light Source defective or leaking gas. 
Tests: a. Turn the Power Switch OFF. Disconnect one 

lead from the two pin connector providing 
power to the Infrared Light Source. Measure 
the resistance across the Light Source. The 
reading should be about 38 ohms. if the 
reading approaches infinity, the Light Source 
i s  op en .  (The  i n s t rumen t  ou tpu t  d r i f t s  i n  a  
negative direction as the resistance decreases). 

t • The Indicator may also drift due to gases 
from the atmosphere leaking into the Light Source. 

NOTE 
Low concentration C02 analyzers may drift due to atmospheric CO-, 
penetrating the gaps between the'components of the Optical Bench. 
See page 16, "Influence of Atmospheric C02 and Purging". 

Replacement: a. Disconnect both leads from the two pin ter
minal block. Unplug the Chopper Motor 
connector. Remove the two screws retaining 
the Light Source Assembly to the base plate. 
Separate and replace the Light Source. 

b .  A f t e r  r e p l a c e me n t ,  r e a d ju s t  t he  Ze ro  Leve l  
and Span Controls. 
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TROUBLESHOOTING GUIDE (Continued) 

CHECKOUT AND REPAIR (Continued) 
3. Chopper 

Symptom: Indicator output unstable, or scale out of 
calibration. 

Trouble: Rotation abnormal. 
Tests: a. 

b. 

Replacement: a. 

Turn the Power Switch ON. Listen for rubbing 
no i s e s  a s  t h e  b l ade  r o t a t e s .  R e move  t h e  I n 
frared Light Source and protective cover. If 
necessary, bend the blade slightly to prevent 
contact with adjacent component. Take care 
not to damage the blade as it is manufactured 
from very thin material. No adjustment is normally required. 
With the Power ON, and the motor shaft does 
not rotate, disconnect the motor power supplv 
connector and check that 100 VAC is being 
supplied to the connector. If present, check 
the motor shaft and rotor for contact with an 
adjacent part. If the motor rotates freely 
by hand, but still does not rotate under 
power, the motor itself is defective. 
When the Chopper Motor is defective, the 
Light Source Assembly as a whole must be replaced. 

4 . Sample Cell, Detector Window, & Infrared Light Source Window 
Symptom: Zero adjustment impossible. 
Trouble: 
Test: 

Cell or Window badly contaminated. 
a. Remove the Sample Cell. Check the cell and 

Windows for contamination. If contamination 
is seen, carefully wipe off contaminant with 
a soft cloth soaked with alcohol. Take care 
not to injure the windows as they are very 
fragile. (See also Section VI, Disassembly Procedures). 
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TROUBLESHOOTING GUIDE (Continued) 
CHECKOUT AND REPAIR (Continued) 
5. Tubing 

Symptom: Indicator reading unstable or response too slow-
Trouble: Tubing loosened, disconnected, or clogged. 
Tests: a. 

b. 

Firmly reconnect the disconnected or loosened 
tubing or connections. 
With tubing disconnected from Sample Cell, 
use clean high pressure air to blow out 
restriction. 

6 .  Main Circuit Board 
A. Power Supply circuits 

Tests: a. Output voltages from the Power Trans
former should read approximately 18 VAC 
a nd  100  VAC ( Se e  F igu re  26  o r  27 ) .  

b. DC voltage on the aluminum electrolytic 
capacitor of the Power Supply should be 
approximately 22 V. 

c. Positive Power Supply line voltage be
tween Test Points A6 and Ml should be 
14V + / -  0 - 05  VDC ( Se e  F igu re  23 ) .  

d. Negative Power Supply line voltage be
tween Test Points A7 and Ml should be 
-15 V +/- 1.0 VDC. 

e. Detector Power Supply voltage between 
Test Points A8 and Ml should be the 
voltage level specified for that 
specific Detector. 
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TROUBLESHOOTING GUIDE (Continued) 

CHECKOUT AND REPAIR (Continued) 
B. Amplifier Circuits 

(Refer to Figure 23 or 24) 
Tests: a. Verify the the power supply circuits are 

as specified above. 
b. AC Amplifier: 

1. Connect an Oscilloscope across Test 
Points A2 and Ml and observe the AC 
waveform. Flow Zero Gas and adjust 
VR1 for about 6V peak to peak (see 
F igu re  1 8 ) .  

/~\ "T • * — .-.pprox. o vp-p 
T 

10 Hz 
Figure 18: Test Waveform - AC Amplifier 

2. If no signal is present at A2, or 
the signal is.not as described in 
Figure 18, check between Test 
Points A1 and Ml. A 10 Hz AC sig
nal (VI) should be seen. If this 
is normal, then the AC amplifier Q1 
is normal and the AC amplifier Q2 
or VRl is defective. 

3- If an AC waveform is not seen 
across A1 and Ml, measure the volt
age Vd between Terminals 4 and 5 of 
the Bridge Circuit Board on the 
Detector Assembly. Compare with 
the voltage VI measured between 
Test Points A1 and Ml. If jumpers 
J1 to J2 and J4 to J5 are 
connec t ed ,  V I  shou ld  e qua l  Vd  x  22 .  
If J1 to J3 and J4 to J6 are 
connected, VI should equal Vd x 
100. If Q1 appears normal, check 
the Detector. 
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TROUBLESHOOTING GUIDE (Continued) 

CHECKOUT AND REPAIR (Continued) 
c. Demodulator Circuit 

With Zero Gas flowing, the waveform 
across Test Points A3 and Ml should be 
as in Figure 19. 

0V7AvAnEj 
|  j Approx.  

100m Sec 

Figure 19: Test Waveform - Demodulator Circuit 
d. Dc Amplifier Circuit 

Flow Zero Gas and depress the Front 
Panel Span Check Switch. Voltage across 
Test Points A4 and Ml should be ap
proximately 0.9 VDC. If the AC 
amplifiers and demodulator are working 
normally, and this voltage is not 
present, DC Amplifier Q4 is probably 
defective. 

e .  Buf f e r  Ampl i f i e r s  
Flow Zero Gas and depress the Front 
Panel Span Check Switch. Voltage across 
Test Points A5 and Ml, and Output Selec
tion Jumper E4, and Test Point Ml should 
both be approximately 0.9 V. if either 
of these voltages is not present, and 
t he  p r ev ious  t e s t s  " a "  t h rough  "d "  a r e  
normal, the Buffer Amplifier Q5 is prob
ably defective. 

Approx.  
6  V 
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SECTION VIII 

SCHEMATIC AND ASSEMBLY DIAGRAMS 

THREE PANEL 
MOUNTING 

(120 ca)  
-9 .84 in .  
(250 na)  

PANEL 
MOUNTING SCREW BRACKETS 

(541 mm) (19 era)  

C-
A-

FRONT 

j / 

8.03 in .  
(204 mm) 

REAR 

n 
r*. 

SIDE 

(206 na  

£ RECOMMENDED 
- MOUNTING 
~ PANEL CUTOUT 

Figure 20: Outline and Mounting Dimensions 
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SCHEMATIC AND ASSEMBLY DIAGRAMS (Continued) 

DETECTOR CONNECTOR 
AC-AMP.  
GAIN SELECT 

CHECK ADJ.  

OUTPUT-
SELECT 

COARSE 
SPAN ADJ.  

•COARSE 
ZERO ADJ.  

•DETECTOR 
VOLTAGE 

-CIRCUIT 
VOLTAGE ADJ.  

RESPONSE 
TIME SELECT 

' INDICATE?.  
SPAN ADJ.  

DC +14V LiNEARIZER DETECTOR 
CONNECTOR VOLTAGE ADJ.  

DC -15V 

Figure 21: Main Circuit Board Layout (3300 and 3400) 
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SCHEMATIC AND ASSEMBLY DIAGRAMS (Continued) 

DETECTOR 
CONNECTOR 

AC-AMP. 
GAIN SELECT CHECK ADJ. 

OUTPUT 
SELECT 

COARSE 
SPAN ADJ. 

DC-HL4V 

\ 
LINEARIZER 
CONNECTOR 

DETECTOR 
VOLTAGE ADJ 

COARSE 
ZERO ADJ. 

DETECTOR 
VOLTAGE 

RESPONSE 
TIME SELECT 

INDICATOR 
SPAN ADJ. 

DC -15V 

ov 

Figure 22: Circuit Board Layout for Second Gas Component 
(Model 3400 Only) 
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S C H E M A T I C  A N D  A S S E M B L Y  D I A G R A M S  

•6 CIO-BIO 

CH2-86 

F i g u r e  2 1 :  D e t a i l e d  S c h e m a t i c  D i a g r a m  o f  M a i n  C i r c u i t  H o a r d  
(  1 3 0 0  a  n i l  3 4 0 0 )  
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S C H E M A T I C  A N D  A S g K H n i . r  0 1 A G H A M S  ( C o n t i n u e d )  

C N 2 - A 0 *  

CN2-A 

C N 2 - A  

C N I - 4  

F i g u r e  2 4 :  n o t . j l e r .  S c h e m a t i c  o f  S e c o n , ,  n „  o p p o n e n t  
C i r c u i t  n o a r d  ( M o d e l  J 1 0 0  o n l y )  

6'. 



S C H E M A T I C  A N D  A S S E M D I . V  D I A G R A M S  ( C o n t i n u e d )  

+ 14V I 

V i n  

10) 7 

- I 5 V  8  

01: /T*2JIC 
0 2' -«.pc«fC 

0 3 >ipc 4SIC 
04: /pc 25IC 

F i g u r e  2 5 :  D e t a i l e d  S c h e m a t i c  D i a g r a m  o f  l . i n o a r i z c r  C i r c u i t  H o a r d  

6 5  



S C H E M A T I C  A N T )  A S S E M H I . T  0 1  A C . H A M S  ( C o n t  I n i i e r t )  

pouer s;j 

P O U t a  L A M P  

S P A N  V R  
( 1  K l » )  

F i g u r e  2 6 :  D e t a i l e d  S c h e m a t i c  D i a g r a m  o f  C h a s . n l s  W i r i n g  ( M o d e l  3 3 0 0 )  



S C H E H A T I C  A N D  A S S E M O L Y  D R A W I t l C S  ( c o n t i n u e d )  

l i e  C O M F  

2 n d  C O M ?  

CM 

S H I E L D E D  

F i g u r e  2 2 :  D e t a i l e d  S c h e m a t i c  D i a g r a m  o f  C h a s s l n  w i r i n g  

6 7  

( M o d e )  3 4 0 0 )  



O 6 

0 5 
O 4 

—0 7 

R3 and R4 are for balance adjustment and shorted if unnecessary. 

FIGURE 28 
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Figure 29 

Comp. Range (%) 
Range 
Ratio 

Cell Lencrth (mm) Optical 
Filter Comp. Range (%) 

Range 
Ratio 4 8 16 32 64 125 250 Detector 

Optical 
Filter 

CO 

1 0-0.05/0.1 1:2 0 CO - L 0 

CO 

2 0-0.1 /0.2 1:2 I 0 M 0 

CO 

3 0-0.2 /0.5 1:2.5 | 0 M 0 

CO 

4 0-0.5 /I 1:2 0 M 0 
CO 5 0-1 /2 1:2 0 M 0 CO 

6 0-2 /5 1:2.5 0 M 0 

CO 

7 0-5 /10 1:2 0 M 0 

CO 

8 0-10 /20 1:2 0 H 0 

CO 

C02 

1 0-0.05/0.1 1: 2 0 | C02 - L 

C02 

2 0-0.1 /0.2 1:2 0 I L 

C02 

3 0-0.2 /0.5 1:2.5 0 L 

C02 

4 0-0.5 /I 1:2 0 L 

C02 5 0-1 /2 1:2 0 L C02 

6 0-2 /5 1:2.5 0 1 L 

C02 

7 0-5 /10 1:2 0 H 

C02 

8 0-10 /2 0 1.2 0 H 

C02 

ch4 

1 - - - - - - -

ch4 

2 0-0.1 /0.2 1:2 0 CH4 - L 0 

ch4 

3 0-0.2 /0.5 1:2.5 0 M 

ch4 

4 0-0.5 /I 1:2 0 M 

ch4 5 0-1 /2 1:2 0 M 
6 0-2 /5 1:2.5 0 M 
7 0-5 /10 1:2 | 0 M 
8 0-10 /20 1:2 | 0 M 

Cell and detector for each measuring range should be 
selected according to the above table. If the ranges 
are not in the same zone enclosed by the wide line, 
it is necessary to change the detector besides the cell 
in changing the range. 
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1 4 2 0 B  

Oxygen Analyser 
Instruction Manual 

Ref No. 01420/001B/0 
Order as part No. 01420001B 

Servomex 



Section 1. DESCRIPTION 

1.1 General 

The Servomex 1400B series of gas analysers comprises two base units, the 141 OB analyser 
using dual wavelength, single beam infrared technique and the 1420B oxygen analyser using 
paramagnetic technology. This manual describes the 1420B oxygen analyser. 

The 1400B series may be fitted into a twin unit 19" rack mounted case, a bench top case or a 
single unit case for flush panel mounting. 

The 1420B has voltage and current outputs, multiple ranges, oxygen level alarms, flow alarm 
and remote range indication. 

A version of the analyser is available for oxygen purity measurements. 

Included with the analyser are the following accessories: 

Fuses -2531-0526 
Filters - 2377-3608 
'D' connectors 
Manual -01420001B 
EC Power connector. 

A 31/2 digit green LED indicates the oxygen content to 0.1% resolution. 

WARNING 

This analyser is not suitable for use in hazardous areas or 
for measuring flammable sample gases. 

12 Principles of Operation 

The 1420B oxygen analyser measures the paramagnetic susceptibility of the sample qas bv 
means of a magneto-dynamic type measuring cell. 

Oxygen is virtually unique in being a paramagnetic gas, this means that it is attracted into a 
magnebc field. In the Servomex measuring ceil the oxygen concentration is detected by 
means of a dumbbell mounted on a torque suspension in a strong, non-linear magnetic field 
i he higher the concentration of oxygen the greater this dumb-bell is deflected from its rest 
position This deflection is detected by an optical system and twin photo-cells connected to 
an amplifier. Around the dumb-bell is a coil of wire. A current is passed through this coil to 
return the dumb-bell to its original position. The current is measured and is proportional to 
the oxygen concentration. 

1 



1 4 Use With Toxic or Flammable Gases 

1-4.1 Toxic Gases 

—jS! e ssssssnsss: ss, „ 

toxic levels. spaces ana the possibility of monitoring for 

Tlie analyser vent should be piped lo a well ventilated area. 

1-4.2 Flammable ftacnc 

WARNING 

This analyser is not suitable for use in hazardous areas 
or for measuring flammable sample gases. 

may 66 m°re—* *— 

1 -5 Specification 

Performance Specification ftyp'^') 

Repeatability: 

Temperature 
coefficient: 

Response 
Time: 

22SSS?01 C0"SBnt condilions (measurM allhe lv 

dbptey) ^ d*ree c 

Less than 15 seconds to 90% 

ttj" "dW "* 'eSp0nSe >me "»* doxies,ely 
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Electrical 

AC Supply: gg t0 4? Jo 44QH2 

Power required: 50 VA. 

Environmental Limit?; 

Operating ambient 0 to +45°C (32 to 113°F) 
temperature: 0 to 40°C (32 to 104°F. bench top case) 

Storage temperature -20 to +70 C (-4 to 158 R 
range: ' 

Relative humidity: 0-85%. non-condensing. 

^ I/"!!60* from d,rect sunli9ht which may cause the interior of the 
analyser to overheat 

Vibration: 

EMC: 

Protect the analyser from excessive vibration. 

aSreS19871 CUSS A 

1.6 Product Identification 

serial numbe,s-11 of fte lorm 
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SECTION 2. INSTAII ATinw 

Installation Overview 

2.1 Unpack the analyser 

22 Set-up output ranges and oxygen level alarm functions 

2.3 Install analyser 

2.4 Make electrical connections 

2.5 Make gas connections 

2.6 Calibrate 

2.1 General 

£?"oS mWmfee « breakdown aM 

rerefS.Sh0Uld * Vibra"0n free "* * ****<° mHma) •«*«#»» in ambien, 

22 

WARNING 

The installer must be satisfied that the analyser 
Tt0mS ,0 ^ relevant **** requirements 

and that the installation is safe for any extremes of 
conditions which may be experienced in the operating 

environment of the analyser. 

Setting-up Ranges and Alarm Functions 

SiSETS dKfred ran9es °'0,6 —»* 

Note. The analyser display will always indicate 0-100% 0?. 
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TPS 

ALARMS RISING/FALLING/ 
INHIBIT SETTING DV/_ 
HI/LO LINK RV2 

ZERO 

RV1 TP3 

link setting for' 
ALARMS 1 & 2 
(LINK POSITIONS FC 
RISING, FALLING AN 
INHIBIT SETTING) 

Figure 2.1 Range Changing and Alarm Function Setting 

23 Installation 

case. See figure 22 bramento™'" ̂  "USh P3™'mounted >n a bench top 

temperature. ^ free and 56 subl'ec{ to minimal fluctuations in ambient 

^ere shouW be access to *e rear 0f * analyser tor maWng gas ar* electrical c • 
.. y ^ ano eiectncal connections. 

should be well ventiKfpJL'^h^ra^enrT ^ t0XK lhen 1116 analyser 
also be advisable to tit appropriate mortiorirtg^ 
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Electrical Supply Connections 

WARNING 

Since an isolating switch is not fitted to this 
instrument it is necessary to ensure that the 

electricity supply is fitted with a switch to 
disconnect the instrument The instrument cases must 

be connected to earth (ground) at all times. 

Electrical supply connection is made to the I EC type connector on the rear of the analyser. 
The supply voltage can be in the range 88 to 264V, 47 to 440Hz. There is no voltage setting 
required. If a centre tapped electrical power supply is used (eg 55-0-55V) then both poles 
must be switched and fused. 

On installations where the electrical supply is not referenced to ground an isolating 
transformer must be fitted and its secondary winding suitably grounded. 

When installed in the Servomex 19 inch rack case it is necessary to earth (ground) the case 
to one or both of the analysers using the earth connections and earth studs on the rear of the 
instrument. 

11 



2.4.2 Alarm Connections 

s=xrK=r̂ 4=-c=.'s-~ 

B » » i s  e s n h s d  , g r a m ( J c d )  r e b y s  „  t o  a  ̂  ^  ^  



Sample Gas Connections 

service^ ^fittin9S ,or 933 connec1ions should be degreased and suitable for oxygen 

rafaStad 3:6 ****t0 thepipesonthe rear of the analyser. -Sample in' and -Sample Out-

Gas connection can be made with flexible tubing suitable for the push-on 6.4mm M/4in) OD 
connector. Sample gas connections can also be made with 1/4in compression fittings. 

Note that response time will be increased by long lengths of sample tubing. 

f'e 9iven in the specification - see Section 15. Pressure regulation should 
be incorporated in the sample fine to ensure these values are not exceeded. 

Lta6!!9̂  ® excesshre|y dusty or  ̂high humidity it will be necessary to 
install external filters or dryers. J 

Analyser Exhaust 

The exhaust from the analyser must not be constricted. If the exhaust is piped away then to 
fhln the^nleJpf^6 ^ measurin9 cel1, the diameter of the piping used should be greater 

lflarflySerKeXhaUStl'nt0 3 ̂ "fi"^ space there may be a danger of a build-up of harmful 
gases. In such cases the analyser vent should piped to a place with good ventilation. 

Calibration Gases. 

WARNING 

Nitrogen is an asphyxiant and must not be used in 
confined spaces without adequate ventilation. 

All gas cylinders must be fitted with a regulator 
to limit the delivery pressure to the values above 
and an appropriate output pressure gauge. This 

will prevent serious over pressurising of the 
analyser and damage to the measuring cell. 

All gas cylinders'must be fastened securely. 
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SECTION 3. OPERATION 

3.1 Controls 

See Fig 3.1 for location of the controls. 

ru 

CONCENTRATION 
ALARM 
(RED) 

ALARM 
SETTING 
CONTROLS 

ALARM SET/ 
DISPLAY 
SWITCH 
(2 MOOES) 

RANGE SWITCH 
(TO SELECT RANGE 1 
OR RANGE 2) 

STANDARD 
RANGES 
112 
IFOR SIGNAL 
OUTPUT ONLY) 

TRANSDUCER 
TEMPERATURE 
CONTROL 
INDICATOR 
(ORANGE) 

OSS OF FLOW 
ALARM 
(RED) 

Figure 3.1 Front Panel Controls and Indicators 

3.2 Calibration 

The analyser should be allowed to warm-up for 3 hours before it is calibrated. 

3.2.1 Setting the Zero 

Introduce zero gas (normally high purity nitrogen) at a pressure of less than 10 psiq to the 

S eZZ7FT °f ^ *** Zer0 Control'loca^ WW Slip down 
panel below the display, to give a reading of 0.0 on the display. If the range of adjustment is 

dequate then the transducer zero will need resetting (See Section 4.2.4). 

3.2.2 Setting the Soan 

Introduce dean, dry air at a pressure of less than 10 psig to the gas inlet on the rear oanel 

! ono" Cor?tro1, localed Wwid lhe fliP down panel below the display to give a reading of 20.9 on the display. M 9 a 

935 0,,,er lhan * lhe" SCI 0,6 Spa" Calibra'ion 10 lhe value 01 »» 

17 



In the alarm condition the red LED incorporated in the alarm switch will flash. The LED 
beside the relevant alarm control will also flash. The upper LED indicates a high oxygen 
alarm, the lower LED indicates a low oxygen alarm. The relevant relay win also qo to the 
alarm condition. 

Alarms are cleared when the oxygen concentration returns to a non-alarming value. 

Flow Alarm. 

The analyser incorporates a pressure switch to detect satisfactory sample flow. If the flow 
fails or the sample inlet or outlet becomes blocked then the yellow 'Row* LED will flash and 
the 'Flow* alarm relay will go to the alarm condition. 

This alarm is cleared when flow returns to normal. 

Instrument Status 

The measuring cell is heated. The red LED on the front panel illuminates when the heater is 
on. Dunng warm-up the lamp remains on continuously, but will flash when the temperature 
has stabilised. 

Vent Pressure 

The pressure at the analyser vent connection is the same as that in the measuring cell. The 

analyser determines the partial pressure of oxygen. Pressure changes occurring since the 

last calibration cause a proportional change in the oxygen reading unless the back pressure 

regulator is fitted. K 

See Section 2.6 for information about safe venting of exhaust gases. 

Routine Maintenance 

Frequency Of Calibration 

The frequency of calibration required will depend upon the operating requirement for accuracy 
and upon environmental conditions. The following is a guide which can be modified in the 
light of operating experience in particular circumstances. 

Weekly: Adjust the Span. 
Monthly: Adjust the Zero then the Span. 

Changing The Filter 

Check the filter. The filter element is removed by unscrewing the large filter knob on the rear 
panel of the analyser. Discard the old element il dirty or wet and fit a new filter element (part 
no. 2377-3608) then check that sample pre-conditioning is adequate. 
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1. INTRODUCTION 

The Columbia Scientific Industries Corporation (CSI) Model 
HC500-2D Total Hydrocarbon Analyzer is a self-contained 
system for monitoring ambient concentrations of total 
hydrocarbons. 

Sample air is introduced directly into an FID detector to 
yield a total hydrocarbon reading which is stored in an 
electrical circuit. 

The hydrocarbon detection system utilizes the well 
established technique of flame ionization. Hydrocarbons 
passing through the hydrogen rich flame are converted to 
ions. An electrostatic field in the burner causes these ions 
to migrate and collect on an electrode. An electric current 
is produced which is proportional to the concentration of 
ions collected. 

The design of the Model HC500-2D was implemented with the 
emphasis focused on obtaining stable and reliable performance 
and ease of service and maintenance. Precise pneumatic and 
thermal control of critical elements and the utilization of 
proven solid-state circuitry contribute to the performance 
characteristics 0f the instrument. 

In addition to the basic HC500-2D, CSI provides a variety of 
options and accessories to meet most user's requirements. 
Section 10 describes these. 
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2_j_ PRINCIPLE 0£ OPERATION 

The CSI Flame Ionization Detector (FID) is based on the 
ionization of hydrocarbon molecules in a hydrogen 
hyperventilated flame. Hydrocarbons are fragmented by the 
flame to carbon radicals, e.g. CH . These radicals react 
with oxygen radicals to form positive carbon ions and 
electrons. The positive ions can undergo further reactions 
with water molecules to produce hydronium ions. 

The following equations summarize some of the possible 
reactions: 

CxHy > CH-

CH- + 0 * CH0+ + e" 

CHO+ + HgO —*H30+ + CO 

An 84 volt battery is used to produce an electrostatic field 
between the ionization probe inside the burner chamber and 
the burner block. This causes the electrons to migrate to 
the positively charged probe, and the positive ions to the 
burner block. The resulting current is proportional to the 
ions collected. An electrometer amplifier converts the 
current to voltage which is fed to the amplifier output 
recorder jacks. 

The FID detector is designed to optimize the sensitivity and 
stability of these reactions. Sample air is drawn into the 
detector block by means of a vacuum pump. Hydrogen is 
supplied under a slight pressure from a cylinder or hydrogen 
generator. Both these gas streams are controlled and 
regulated to provide stable flow rates to the burner. 
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JL. SPECIFICATIONS 

Performance Specifications 

Ranges: 

Minimum Detectable Sensitivity: 

Noise: 

Lag Time: 

Rise Time to 90%: 

Fall Time to 10%: 

Updating Time (Switching Time): 

Total cycle time: 

Precision: 

Zero Drift: 

Span Drift: 

Linearity: 

Selectable Time Constants: 

Operational Specifications 

Unattended Operation: 
(No adjustment of flow or 
electrical systems) 

Sample Flow Rate: 

Hydrogen Flow Rate: 

Power Requirements: 

Recorder Outputs: 

Hydrocarbon 
FID Detector 

0-10 ppm 
0-50 ppm 
0-100 ppm 
0-500 ppm 
0-1000 ppm 

0.1 ppm CH4 

±0.05 ppm CH4 

Less than 15 seconds 

Less than 30 seconds 

Less than 30 seconds 

5 minutes 

10 minutes 

±1% FS 

±2% FS/day 
±3% FS/3 days 

±2% FS/day 
±3% FS/3 days 

+ 1% FS 

1 second or 10 seconds 

7 days 

Approx. 200 ml/min 

Approx. 140 ml/min 

115 ±10 Vac (50-60 Hz) 
250 watts 

0-100 mV 
0-1 V 
4-20 ma (optional) 
0-10 V (optional) 
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Relative Humidity: 

Ambient Temperature Range: 

5-95% 

10-40 deg C 

Confieurational Specifications 

Weight: 

Case Dimensions: 

Mounting Available: 

Sample Pump: 

40 lbs. (18 kg) 

17"W x 20"L x 12 1/4"H 
(43cm W x 51cm L x 31.1cm H) 

Bench 
Rack (optional) 

Internal 
(external w/230 V option) 
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4. DESCRIPTION 

The analyzer is a completely self-contained unit comprised of 
three basic subsystems: 1) the pneumatic network, 2) FID 
burner assembly, and 3) the associated electronics. Figure 
4.1 is a top view of the analyzer interior illustrating these 
subsystems and some of the major components. The subsystems 
described below, together with the front and rear panels. 

4.1 Pneumatic Network 

Figure 4.2 presents the pneumatic network of the analyzer 
without any options. Sample air can be introduced into the 
analyzer by two paths. In one case, the sample enters 
through the rear panel port marked "METERED INLET" and flows 
through a calibrated rotameter to a tee. In this mode the 
rotameter can cause hold-up of some hydrocarbons and produce 
a longer response time. Therefore it is recommended that 
this pneumatic path is used only during setting up of the 
analyzer and to check the air flow rate. 

In the normal sampling mode, the sample is introduced through 
tne port marked "SAMPLE INLET" which by-passes the rotameter 
and goes directly to the tee. (Note: One of these ports must 
be capped for proper operation.) From the tee the sample air 
passes through a pneumatic line into the burner block to 
yield the total hydrocarbon analysis. Hydrogen, from a 60 
psig source, enters through the rear panel port marked 
"HYDROGEN". The hydrogen passes through a flow controlling 
pressure regulator, capillary combination and then through a 
calibrated rotameter to the burner block. The burner block 
exhaust, gas passes thorough a heated and temperature 
controlled needle valve which controls the exhaust gas flow 
rate. Air is drawn into the analyzer from a hypodermic 
needle inserted in the "DILUTION AIR" port. This air mixes 
with the exhaust gases downstream of the valve to prevent 
condensation of moisture in the exhaust system and reduce the 
hydrogen gas concentration. The pump expels the burner and 
dilution air gas mixture out the "EXHAUST" port. 

Figure 4.3 shows the Pneumatic Network with Options. Both 
SV1 and SV2 are supplied with Option HC26A, Remote Manual 
Zero/Span with Status,and HC-11B, Automatic Zero/Span/Sample 
Control. With the Mode switch in the "SAMPLE" position, 
sample air comes into the sample inlet, passes through the 
ae energized SV1 then directly to the burner block. Either 
by placing the mode switch in "ZERO" or pressing the air flow 
button, SV1 will be energized, closing the sample inlet. 
This causes air to travel from the "ZERO AIR" inlet through 
the rotameter, through the de-energized SV2, SV1, and then 

the.burner block. When the Mode switch is in 
CALIBRATE position SV1 and SV2 are energized causing the 
gas at the "SPAN GAS" port on the rear panel to be drawn into 
the analyzer and through the burner block. 
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Figure 4 .1  Internal  Top View of  HC500-2D 
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(1) Pneumatic Lines 

The sample stream lines are 1/8" OD standard wall 
Teflon* tubing with stainless steel connectors. The 
hydrogen stream lines are 1/8" OD Teflon and stainless 

«iinoS* Exhaus^t lines from the burner block are 
1/4 OD stainless steel and polyethylene tubing. The 
stainless steel line from the burner block to the needle 
valve is heated and temperature controlled to avoid 
moisture condensation and to provide stable flow 
conditions. 

(2) Rotameters 

Flow rate measurement by rotameters is provided for both 
« °ge!? streams- The rotameters are calibrated 

at the factory for the recommended flow setting. The 
setting value is printed on the rotameter glass cover 

the bottom of each rotameter and also on the 
calibration curve supplied with each analyzer. Figures 
4.4 and 4.5 illustrate typical flow rate vs rotameter 
curves. 

(3 ) Needle Valve 

The needle valve is used to set and control the gas flow 
rate from the burner block to exhaust. The valve 
functions as a heated and temperature controlled 
critical orifice to provide stable flows in the burner 

* T"e "temperature is approximately 105 deg C to 
prevent moisture condensation. An iron-constantan 
thermocouple is provided to monitor this temperature at 
the rear panel. 

(4) Dilution Air Svstem 

The dilution air system consists of a 1/4" OD stainless 
steel line m which the inlet is capped with a rubber 
septum Pureed with a #18 one inch long hypodermic 
needle. This system supplies approximately 4 1pm of 
dilution air into the exhaust system, for H2 dilution to 
a non-combustible mixture. 

(5) Hydrogen Pressure Regulator 

The HC500-2D uses a hydrogen regulator to set the 
hydrogen flow rate and also maintain a constant down
stream pressure. This regulator is a special model 
wnich maintains a constant pressure from ambient 
temperatures of 10 to 40 deg C. The regulator should 
not be disassembled nor cleaned by flushing with solvent 
or air. 

*DuPont registered trademark 
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( 6 ) Flow Restrictor Capi 11 ary 

The hydrogen flow is further controlled by a stainless 
steel restrictor capillary. The capillary is 
temperature controlled to provide stable flow within the 
specified ambient temperature range. An iron-constantan 
thermocouple is provided to monitor this temperature at 
the rear panel. 

(7) Hydrogen Solenoid Valve 

A normally closed, 50/60 Hz, 115 Vac solenoid valve 
(SV3); located on the rear panel is used to provide 
internal shut-off of the hydrogen flow if the flame is 
not lit or if there is a power failure. It is energized 
when the ignitor button is pushed or a flame-on 
condition is indicated. 

(8) Hydrogen Flow Limiter 

The elbow connected to the outlet of the hydrogen 
solenoid contains an orifice to limit the hydrogen flow 
should a leak develop within the analyzer and a filter 
to protect the hydrogen flow system from particulate 
contamination. 

4.2 FID Burner Assembly 

Figure 4.6 shows an interior view of the FID burner block.. 
Its function is to produce a stable burning condition for the 
flame to promote the formation of ions from hydrocarbon 
molecules. Sample air is introduced through the bottom inlet 
and hydrogen through the side inlet of the burner block. The 
two gas streams pass through a special burner tip where they 
mix and provide a stable diffusion flame. The combustion 
products are exhausted out of the top of the block. An 
ignition plug is positioned just above the hydrogen inlet 
port. A cartridge heater is inserted into the block just 
below the hydrogen inlet and maintains the block at 
approximately 105 deg C. Its temperature is monitored by a 
thermocouple attached to the block. 

The ionization probe for collection of the ions is inserted 
into the block on the side opposite ignition plug. 

A flame-out sensor, consisting of a thermocouple mounted on a 
round metal plate, is attached to the backside of the block. 
The front side of the block is covered by a metal plate. 

^•3 Associated Electronics 

Figure 8.1 gives the wiring schematic for the analyzer 
including the options. Figure 4.7 shows the position of the 
electronic boards with pin locations. 
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The basic tasks of the analyzer electronic system are to 
process the signal emanating from the FID detector for 
readout, to temperature-control the air and hydrogen 
pneumatic systems, to supply power to the subsystems, and to 
detect flame-out condition. 

A functional block diagram of the electronic system is shown 
in Figure 4.8. A well regulated low voltage power supply 
provides ±15 Vdc for the electrometer amplifier, flame-out 
indicator, and output amplifier. 

In the FID electrical system mercury batteries are used to 
apply an 84 volt positive potential to the ionization probe. 
The current produced at the probe is fed via the battery to 
an electrometer amplifier (Jl) which converts the current to 
a voltage. The amplifier is adjustable so that the output 
may represent up to 5 decades of input current. The 
amplifier output is fed through the output Amplifier circuit 
for the total hydrocarbon analysis. 

(1) Temperature Controllers (J26. 27) 

The temperature control boards utilize a local 
oscillator, controlled by a thermistor sensor to supply 
a drive signal for an a.c. switching device and thus 
provide proportional control. Switching of the triac is 
performed at the zero a.c. level to reduce R.F.I, 
effects. Each board has an adjustable resistor (R6) to 
set the temperature control point. The J27 board 
controls the temperature of 'the exhaust gas line and 
provides power to the heaters for both the burner block 
and exhaust assembly. The J26 board controls the 
temperature of the hydrogen capillary oven. 

(2) Flame-out Detector (J29 ) 

The flame-out detector circuit is a multi-function 
device. It detects the absence of a flame through the 
amplification of a thermocouple signal and contains 
circuitry for a re-light signal. 

(3) Auto Reienite 

A timer and relay in the instrument initiate the 
automatic ignition sequence after a flame-out has 
occurred. When flame-out is detected, a signal from the 
flame-out board (J29) causes K3 to de-energize. This 
activates the 10 minute timer motor. Cams connected to 
the motor shaft set the ignition sequence by controlling 
the closure of switches. The sequence gives switch 
closure for 30 seconds and switch open for 2.8 minutes. 
When the flame is on, K1 and K3 are energized. This 
stops the operation of the motor and ignition sequence. 
The wiring for this function is shown in Figure 8.1. 
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J 2 5 - t I5V0C POWER SUPPLY 

J 26 — RESTRICTOR OVEN TEMP CONTROLLER 
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Figure 4 . 7  Electronic Boards with Pin Locations 
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(4) Power Supply (J25 ) 

A low voltage supply (+15 Vdc) comprises the power 
supply subsystem. The +15 volt supply provides power to 
the bulk of the electronic systems. 

(5) FID Battery Source 

The FID battery source consists of two 42 volt mercury 
batteries connected in series to provide the 84 Vdc 
potential in the FID detector circuit. 

(6) FID Amplifier (J1) 

The FID amplifier is a current to voltage converter 
which has a high input impedance characteristic. It is 
capable of providing a 1 volt output for 1 x 10-12 amps 
of input current with low noise and drift. This 
amplifier provides a 0-10 volt output level. The input 
zero adjust (R15) is used to adjust any voltage offset 
of the input amplifier (Al) to zero. 

(7) Output Amplifier (J34) 

This board employs a simple voltage divider network 
which takes a 10 Vdc input on pin 12 and supplies a 100 
mV output on pin 4 and a 1.0 Vdc output on pin 5. This 
board is in the signal path between the Amplifier 
Assembly and the recorder output on the rear panel of 
the HC500-2D. 
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4.4 Front Panel 

Figure 4.9 shows the front view of the analyzer with optional 
features included. 

(1) Power Switch/Circuit Breaker 

The power switch/circuit breaker is circumscribed by the 
region labeled "POWER" at the lower left hand corner of 
the panel. In the "ON" position, the switch is lit and 
provides 115 Vac to the analyzer. An internal circuit 
breaker will automatically turn the power off if a short 
occurs in the analyzer. 

(2) Mode Switch (Option HC-26A or HC-11B) 

The analyzer operational mode is controlled by the three 
position switch circumscribed by the region labeled 
"MODE" directly above the power switch. With the switch 
in "SAMPLE" position air introduced into the "SAMPLE 
INLET" port is analyzed. In the "ZERO" position, air is 
introduced into the analyzer through the "ZERO AIR" 
port. In the "CALIBRATE" position, air introduced into 
the "SPAN GAS" port is analyzed. Indicator lights are 
provided to show the position of the switch. 

( 3) Flow Controls and Indicators 

All controls and indicators for making gas flow 
adjustments and measurements" are circumscribed in the 
region labeled "FLOW". 

a) Hydrogen Flow Adjust 

The hydrogen flow is adjusted by the knob labeled 
"H ". Clockwise turn increases the flow rate. 

b) Hydrogen Rotameter 

The hydrogen flow rate is indicated by the rotameter 
labeled "H ". The flow rate is set properly when the 
center of the ball is at the value marked near the 
bottom of the rotameter or given on the calibration 
curve. 

c) Air Flow Adjust 

The air flow is adjusted by the knob labeled "AIR". 
Clockwise turn decreases the flow rate. 
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d) Air Rotameter 

The air flow rat© is indicated by the rotameter 
labeled AIR". The flow rate is set properly when 
the center of the ball is at the value marked near 
the bottom of the rotameter or given on the 
calibration curve. 

e) Air Flow (Option HC-26A or HC-11B) 

This button is used when the air flow rate is to be 
read. Depressing and holding the button in energizes 
solenoid valve SV1, and causes air from the "ZERO 
AIR" port to pass through the "AIR" rotameter to the 
detector system. 

Ignition Button 

The button marked "IGNITION", located in the circum-
scnbed^ "FLOW" region, is used, to ignite the flame. 
Depressing the button supplies power to the ignition 
plug in the burner block. When the indicator light in 
the button is lit, there is a Vflame-out" condition, 
that is the flame is not burning. This button should 
not be pushed until the operation procedure is read. 

(5) Electronic Controls and Indicators 

Controls and indicators for making electronic 
adjustments or readings are circumscribed in the region 
labeled "METER". 

a) Meter 

The meter is used to indicate the hydrocarbon 
concentration in ppm of the air being burned in the 
analyzer. It is a 0-50 ua meter. 

b) Ranee 

The "RANGE" selector switch is used to set the out
put of the FID system. There are five selectable 
i"3nges 0-10, 0-50, 0-100, 0-500 and 0-1000 ppm 
hydrocarbon. 

c) Time Constant Switch 

A three position toggle switch is located at the 
right of the "RANGE" switch. It is used to minimize 
the output noise of the FID system when using the 
sensitive scales. The center "OFF" position by
passes this function. The "1 SEC" and "10 SEC" 
positions introduce a time constant into the output 

cuitry. The "10 SEC" position provides the 
lowest noise level in the output. 
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d) Zero 

The "ZERO" knob, located to the bottom right of the 
"RANGE" is used to set the baseline for the FID out
put. ̂ This control is a ten turn potentiometer that 
provides 2 x 10 amps of buckout or suppression. 
Turning clockwise will increase the baseline signal 
A locking device on the right side of the knob 
should be released, by pushing the lever counter
clockwise, when setting this knob. 

e) Span 

The "SPAN" knob is used to adjust the output of the 
analyzer to the value of the span or calibration gas 
when that gas is being introduced into the analyzer 

after the zero has been set. Turning clockwise 
will increase the gain or span output. A locking 
device on the right side of the knob should be 
released, by pushing the lever counterclockwise, 
when setting this knob. 

(6 ) Timer Control f Option HC-11B) 

The indicator dial located in the area labeled "TIME" is 
used to set the time to initiate the automatic 
calibration cycle. The dial is marked off in divisions 
representing 24 hours. When the "0" on the dial is 
adjacent to the mark under the word "TIME" the cycle 
will begin. 

4.5 Rear Panel 

Figure 4.10 shows the rear view of the analyzer. 

(1) Electrical Connectors 

a) Temperatura Output Jacks 

The jacks labeled "THERMOCOUPLES" are provided to 
monitor the temperature of the exhaust line, 
capillary oven and burner block. The temperature 
outputs are iron-constantan thermocouples. [Iron 
(white wire) is positive and constantan (red wire) 
is negative]. 

b) Power Cord 

The analyzer power 
hand corner of the 
into a 110 +10 Vac, 

cord is located at the 
rear panel. It can be 
50/60 Hz source. 

lower left 
plugged 
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Figure 4 .10 Rear  View of  Analyzer  
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c) Recorder Outputs 

There are three jacks for the total hydrogren 
channel. The jacks are color coded: The black 
jack (common or ground) is used with either the red 
or white jacks for 0-1 volt or 0-100 mV full scale 
output, respectively. 

d) Hvdroeen Shut-Off Valve Connector 

A 9-pin electrical connector labeled "H Relay" is 
provided for energizing an external hydrogen shut-
off solenoid valve. Wiring of the connector is 
shown in Figure 8.1. 

(2 ) Gas Line Connectors 

a) The hydrogen gas inlet fitting is located near the 
upper right-hand corner and labeled "HYDROGEN 
INLET". 

b) The sample air inlet is the fitting labeled "SAMPLE 
INLET". 

c) Analyzers without Option HC-26A or HC-11B are 
provided with the fitting labeled "METERED INLET". 
This is used to determine the air flow rate. 

d) The calibration gas inlet fitting (provided only 
with Option HC-26A or HC-11B) is labeled "SPAN GAS". 

e) The zero air inlet fitting (provided only with 
Options HC-26A or HC-11B is labeled "ZERO AIR". 

f) The analyzer exhaust 1/4" fitting is located at the 
center bottom edge of the rear panel and labeled 
"EXHAUST". 

g) The dilution air enters through the tube opening at 
the center bottom edge of the rear panel and labeled 
"DILUTION AIR". This must be capped with a septum 
and a hypodermic needle inserted in the septum 
before operation. 

(3 ) Cooling Fan 

The cooling fan with screen is located at the center 
upper half of the rear panel. 
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5. OPERATION 

Operation of the analyzer is a relatively simple task after 
initial set up. It requires only readout and operational 
adjustments for continuous operation. 

5 .1 Set-Up Pronfldiirs 

Prior to start-up and operation of the analyzer, it is 
essential to prepare the system as follows: 

1. Place Power Switch in "OFF" position. Remove analog 
meter shorting clip. Reinstall clip when shipping analyzer. 

2* tCjn»ect 1/8" 00 Teflon sample line to port on rear panel 
marked METERED INLET". Analyzers with options HC-26A or HC-
11B, connect sample line to port labeled "SAMPLE INLET". 

If fna-iyzer has Option HC-26A or HC-11B connect 1/8" OD 
Teflon line from zero and span sources to respective ports or 
rear panel marked "ZERO" and "SPAN". 

NOTE: ̂ These sources ("SAMPLE", "METERED", '^SPAN" and 
"ZERO") must be vented sources or have close to one 
atmosphere pressure to avoid damage to analyzer. 

4. Connect 1/8" OD hydrogen supply line to port on rear 
panel marked "HYDROGEN INLET". If an external hydrogen shut 
off valve is to be used, connect wires to electrical plug 
located on rear panel marked "H2 &ELAY". See wiring diagram 
for pin connections. 

CAUTION: HYDROGEN IS A FLAMMABLE GAS. USE METAL TUBING AND 
CHECK FOR LEAKS AT ALL CONNECTIONS. USE A HYDROGEN CYLINDER 
REGULATOR WITH A LIMITING ORIFICE. IF THE HYDROGEN CYLINDER 
IS NOT IN AN OPEN AREA, THE REGULATOR SAFETY RELIEF PORT 
SHOULD BE VENTED TO THE OUTSIDE. 

5. Cap rear panel port marked "DILUTION AIR" with rubber 
septum cap and insert hypodermic needle supplied with 
instrument through center of septum. 

6. If desired, vent analyzer exhaust to another location. 
Connect 1/4" OD line to port on rear panel labeled "EXHAUST". 

7. Connect recorder or other readout device to corresponding 
output jacks on rear panel. 

8. Connect power cord to 115 Vac, 50/60 Hz power source. 

-5 • 2 Start-UP Procedure 

<rompletion of "the set-up procedure, the analyzer is 
ready for start-up as follows: 

1. Set front panel functional switches as follows: 
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a) "RANGE" to 1000 ppm. 
b) "TIME CONSTANT" to "OFF" position. 
c) "ZERO ADJUST" to 10.0 position (fully clockwise). 

2. With hydrogen source shut off, push "POWER" switch to 
"ON" position. The "POWER" and "IGNITION" switches should 
light. 

3. Adjust air flow so that the "AIR" rotameter ball is set 
at 6.0. 

NQTEi. With Options HC-26A or HC-11B place the calibrate 
switch in "ZERO" position to read the air flow. 

CAUTION: The Air Control is a metering control only and 
should not be used as a shut-off valve. If the control 
is used to close off flow, particularly while the unit is 
warm, the valve may be damaged. The air control should 
always be left open. 

4. Allow the burner chamber assembly to warm up for 15 
minutes. The automatic temperature controller is factory set 
to warm up the assembly and maintain the proper operatine 
temperature level. 

5. Adjust the hydrogen supply inlet pressure to 60 psig. 

6. Readjust the air flow rate to an "AIR" rotameter setting 
of 6.0. 

m 

7. Depress the "IGNITION" button, after a couple of seconds 
quickly set the hydrogen flow to read approximately 5.0 on 
the "HYDROGEN" rotameter and after a couple of seconds 
release the "IGNITION" button. The "IGNITION" button should 
not be lit. 

NOTE: The analyzer will automatically light itself, how
ever both the hydrogen and air flows must be set manually 
as above. The ignition button will not be lit during 
automatic_ignition attempts. It will remain off if 
lighting is successful and come back on if unsuccessful. 

CAUTION: When turning the hydrogen off, close the flow 
control only to the point that the ball just attains a 
zero reading. If the flow control valve is closed beyond 
this point, the valve may be damaged. 

SQTEL If the "IGNITION" button is still lit, the flame 
is not burning. Repeat steps 3 through 7. 
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CAUTION: Never push -the "IGNITION" button with the 
hydrogen flowing as this may cause an explosion in the 
burner chamber which could damage the ignitor. 

N°TE? If ignition does not occur after several attempts 
open the air valve another full turn counterclockwise 
prior to repeating the start-up procedure. 

5.3 Operating Procedure 

At the conclusion of the start-up procedure the analyzer is 
ready for operation. 

1. After ignition, set the air and hydrogen flows to the 
values listed on the calibration curves supplied with the 
analyzer or printed on the front panel near the bottom of 
each rotameter. 

2. Allow 15 minutes for the internal temperature of the 
instrument to stabilize and reset the hydrogen and air flows 

3. Set the Range and Time Constant switches to the desired 
positions. 

4. Set the zero baseline as follows: with the zero air 
entering sample inlet (or with Option HC-26A or HC-11B the 

"^ER0" Position and zero air line connected to 
the ZHR.0 inlet) set the meter on the front panel to read 
zero with the "ZERO" adjust pot on the front panel. 

5. Connect the sample air line to "SAMPLE INLET" port and 
securely cap the "METERED INLET" port (place "MODE" 
switch in the "SAMPLE" position with analyzers having 
Option HC-26A or HC-11B). 

6. If the analyzer has Option HC-11B set "TIME" dial to 
desired position (see instructions for setting switch in 
section 10). 

7. The analyzer is now ready for sampling. The "SPAN" has 
been preset at the factory and should not be adjusted 
unless the analyzer is to be calibrated. A dynamic 
calibration of the analyzer may be performed as described 
in section 5.4. 

5•4 Calibration Procedures 

Each individual analyzer is calibrated at the factory prior 
to shipment and calibration curves supplied with it. These 
curves contain operating conditions specific to the"unit, 
rypical curves are shown in Figures 5.1 and 5.2. 
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1 x 10 CALIBRATION CURVE - MODEL HC 500-2 
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Figure 5.1 Typical FID Calibration Curve 
(0.1 to 100 ppm methane) 
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CALIBRATION CURVE - MODEL 

Serial N*o.: 
Vol tagc: 
Block Temp.: 
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CONCENTRATION CII,j (ppm) (Typic.il Carve) 

Figure 5.2 Typical FID Calibration Curve 
(10.0 to 10,000 ppm methane) 
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(1) Cal ibration Out-vp» 

The calibration curve is the ion probe current response 
to sample hydrocarbon concentration levels referenced to 
ZERO AIR , i.e. air scrubbed of hydrocarbon compounds. 

NOTE: Air supply lines usually contain hydrocarbons 
unless filtered. A list and definition of the calibra
tion curve parameters are given below: 

a) Serial No. - Number assigned to the specific 
analyzer. Number also given on rear panel of analyzer. 

b) Voltage - The voltage of the ion probe. 

c) Oven Temperature and Exhaust Temperature - the 
temperature of the restrictor oven and exhaust line can 
be measured. Thermocouples are iron-constantan. 

d) H Flow Rate and Air Flow Rate - the recommended 
rotameter settings for hydrogen and air. 

e) Flame-Off Current - the analyzer residual baseline 
with the flame off. 

f) Flame-On Current - the analyzer residual baseline 
reference established by sampling "ZERO AIR". Flame-on 
current must be subtracted from signal reading to 
obtain a high degree of accuracy at low hydrocarbon 
concentrations. If no buckout or "ZERO" control is 
used, the flame-on current specified is directly 
subtracted from the analyzer output to obtain the 
hydrocarbon concentration level. In setting the "ZERO" 
control, zero air must be introduced into the analyzer. 
This is required because room air contains small amounts 
of hydrocarbon compounds which increase the actual 
reading. This zero air reading may then be reduced by 
using the "ZERO" control and establishing a new base
line . 

g) Calibrator - initials of person who performed the 
test. 

(2 ) Dynamic Calibration 

instrument can be calibrated dynamically by using a 
zero air source and methane span gas source. The 
procedure is as follows: 

a) Set air and hydrogen flows to the settings given on 
the specification sheets. 

b) Introduce zero air to analyzer. (Mode switch in 
zero position with Option HC-26A or HC-llB). 
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c) While in the direct mode use "ZERO" adjust pot to 
set THC output. 

d) Set "RANGE" switch to appropriate position for 
concentration of methane span gas to be used. 

e) Introduce methane span gas to analyzer. (Mode 
switch to calibrate position with Option HC-26A or 
HC-11B). 

f) Adjust span knob so that output reads methane value. 

g) Repeat steps b, c, d and e several times until zero 
and span are repeatable. 

5 - 5 Shut~Down Procedure 

To shut down the unit for a short time, turn off the hydrogen 
flow at the hydrogen tank. Do not switch off sample pump 
"-1 hydrogen has been bled from system. The 

eifC^f°niC® may be left on- For longer periods of time turn 
"the mam power switch. If the unit is to be moved, 

shipped, or stored, disconnect the gas lines and electrical 
connections on the rear panel. Protect the ports, both from 
thread damage and dirt in the lines. Swagelok caps are 
suggested. Remove the #18 hypodermic needle from the 
dilution port to keep it from being bent. This can be taped 
to the unit to prevent loss. The shipping box the unit came 
m or its equivalent is recommended for optimum protection. 
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JLi. MAINTENANCE 

The analyser maintenance requirements are primarily 
associated with the pneumatic subsystem and the burner 
assembly. The recommended maintenance schedule is given in 
Table 6.1. The cleaning and replacement procedures are given 
below. 

6.1 Pneumatic Sampling Network 

Under most operating conditions, the sample cleanliness level 
determines the maintenance frequency. The wearout or 
replacement times of the elements listed below are rated for 
continuous operation of the analyzer in a reasonably clean 
environment. 

(1) Teflon Lines 

The Teflon lines must be periodically replaced or 
cleaned. Over long term continuous operating periods 
the sample line may accumulate deposits which can impede 
the sample air flow rate and/or interact with the sample 
&as• The frequency of replacement is dependent upon the 
average condition of the sample ingested. However, CSI 
recommends replacement or cleaning every 12 months. 

If lines are replaced, remove all lines with their 
fittings. Cut new lines to the same dimensions as the 
old lines and use new fittings when installing the new 
lines. The lines can be cleaned by removing them and 
pulling a good, fresh degreasing solvent (e.g. Freon) 
through the lines at a high velocity. Thoroughly dry 
lines before reassembly. 

NOTE: Use only Teflon tubing for replacement that has 
been purged of impurities. 

CAUTION: Be sure all hydrogen gas has been flushed 
with air before removing the lines and all new lines are 
properly retightened. 

(2) Flow Restrictor Capillarv 

It is important that the flow restrictor capillary be 
free of dirt to maintain a stable flow. The capillary 
should be replaced only when hydrogen flow cannot be 
maintained and other components are proven to be 
functioning correctly. Be sure the hydrogen source flow 
and detector temperature are stable, the hydrogen and 
exhaust orifices are clean, and there are no leaks, 
before replacing the capillary. 
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Table iL-i Recommended Maintenanna Schednl e 

ITEM 
ANNUAL 

MAINTENANCE 
BIENNIAL 

MAINTENANCE 

Pneumatic SamDline Svstem: - • 

Teflon Lines Replace* 

Flow Resictor 
Capillary 

Replace 

Rotameters Clean* 

Hydrogen Regulator Replace 

Dilution Air Orifice Replace* 

FID Burner Assemblv: 

Burner Chamber Cl-ean* 

Chassis. Fan Assemblv: 

Air Filter Clean* 

FID Detector Batteries Replace 

Pump Replace 

These items may require maintenance more often, 
depending on cleanliness of its environment and 
the exposure rate. 
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( 3 ) Rotameters 

Rotameters should be cleaned every 12 months, ox* when 
the ball does not move freely when adjusting the flow. 
To clean, remove both inlet and outlet lines and flush 
with Freon or similar degreasing solvent. 

(4 ) Hydrogen Regulator • 

The hydrogen regulator should be replaced every 24 
months. To replace, remove inlet and outlet lines and 
the front panel securing nut. Remove regulator and 
replace new one in reverse manner. Replace with only a 
regulator from Ci>I as this is a special regulator. 

CAUTION: Be sure to flush all hydrogen from lines 
before removing the lines and that all lines are 
properly retightened. 

(5) Dilution Air Orifice 

The orifice is a size #18 hypodermic needle 1 inch long, 
which controls the 4 liters/min flow of dilution air. 
The needle and septum should be replaced every 12 
months. 

6.2 FID Burner Assembly 

(1) Burner Chamber 

The burner chamber will periodically require cleaning. 
If loss of sensitivity is noticed it should be suspected 
that the unit is dirty. Some units have functioned 
continuously for over 30 months without cleaning being 
necessary. To clean the detector, follow this 
procedure: 

a) Remove the ac power supply cord from the electrical 
power source. Unlock the eight screws from the sides of 
the cover and lift the cover off. 

b_) Disconnect the hydrogen inlet, air inlet and exhaust 
air outlet line at the burner block and cap the hydrogen 
inlet with a Swagelok plug (P/N 200-P). 

c) Connect to the burner exhaust port a liquid suction 
apparatus, such as a water aspirator with a suitable 
trap, to flush the liquid through the burner chamber. 

d) Inject distilled water into the burner block (a 
length of Teflon line with a 1/8" Swagelok fitting will 
help in this step). 
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e) repeat, the purging operation using reagent grade 

f) Connect a clean air supply to the air inlet and purge 
r a Perj-od of approximately 10 minutes or 

until no trace of acetone is detectable in the exhaust. 

g) Plug in the ac power supply to a power sourrs to SrSLhEj!"to "0N" p"iti«.p«Tĉ SSi S&: 
CAUTION: Disable Auto Re-ignite function (remove K3) Do 
not actuate the ignition switch during the cleaning 
p ocedure, as this may cause damage to the glow plug. 

hK Ai1i°W th? Unit to operate for one (1) hour. This 
should completely dry out all internal components in the 
burner chamber and sample and exhaust lines. 

i) Following the drying period, reconnect the hydrogen 
line to the burner chamber. Perform a leak test by 
removing the exhaust line from the top of the burner 
fi+f k wCfPping Xt' Also cap a11 the air inlet Dorts 
Attach a hydrogen* supply line to the "HYDROGEN INLET" 
port. Adjust inlet pressure to 5 psig and open the 
hydrogen flow control valve. Any displacement of the 
rioat m the ̂  rotameter indicates a leak in the 
system. An initial displacement and return of the float 
to ° mm is normal when the H valve is opened and does 
not indicate a leak. ' 

i) After finding and stopping the leaks, if any 
reconnect the lines as before. The analyzer is'now 
ready for start-up procedure. 

6_-_3_ Chassis, Fan Assembly 
(1) Air Filter 

The air filter for the chassis ventilating fan should be 
cleaned every 12 months or as needed. Shut off the 

thS and remove the filter. Wash it in 
arm detergent solution and recoat with ROTRON filter 

oil or equivalent. 

6 • 4  Electronics 

Ind e^ectr°nJcs °J analyzer are essentially trouble free 
-f°r the FID batteries, should not require 

P -C maintenance• However, should the amplifier need 
sh^frS® 5eSd ""lotion. The r.c.il££t2on 
a^ipLnt. P °"lY bY qualified P®°Pls "ith the proper 

safitr b? 5ub,stituted for hydrogen for purposes of 
hy£S;„ anT. n° Pr?blem has b«» encountered to date using 
yarogen and exercising general safety practices. 
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(1) Battery Replacement 

The two mercury batteries should be replaced every 12 
months. Replace batteries by the following procedure: 

Unplug analyzer from wall socket and remove cover. 

b) Remove two screws on top cover of battery holder 
(located on bottom right side just behind front panel). 

c) Remove holder cover and lift out Teflon wrapped 
batteries. Care must be taken not to break the resistor 
attached to the snap-on connectors. ~ 

d) Remove Teflon protective insulation and disconnect 
batteries from snap-on connectors. 

e) Replace new batteries in reverse order. 

(2 ) Electronic Alignment 

All voltages are measured with respect to chassis ground 
unless otherwise noted. 

a) Turn on power and remove the analyzer cover. 

b) Set the ZERO control on the front panel fully, clock
wise and the RANGE control to the 500 ppm position. 

c) Connect a current source "(KEITHLEY MODEL 261 or 
equivalent) to the amplifier input jack (J2). Set the 
current for zero or any current less than 1 x 10 amps. 

^?n^"tor p^n of J3 4 with a d.c. digital voltmeter 
(Fluke Model 801 or equivalent) and adjust R15 on the 
amplifier board (Jl) for 0.000 volts. 

e) Set the RANGE control on the front panel to 10 ppm 
and set the current source for a reading of 10 volts on 
tne DVM at J34, pin 12. 

f) Adjust R24 of the amplifier board (Jl) until the 
front panel meter reads full scale. 

g) Measure voltage at J15 rear panel and adjust R4 on 
output amp board (J34) for 1.000 Volt, and adjust R3 for 
lOOmV at J17 on rear panel. 

This completes the electronic alignment. Disconnect the 
current source and digital voltmeter, connect the cable from 
the battery to the amplifier at J2. The instrument is now 
ready for operation. 

6-5 



Is- TROUBLE SHOOTING PROCEDURES 

The analyzer is designed to provide trouble-free continuous 
operation. However, in the event of a problem or 
malfunction, the trouble shooting procedure listed below 
presents an orderly sequence of tasks to locate and correct 
the instrument malfunction. 

Symptom 

1.Power switch 
"ON" but does 
not light. 

2.Power switch 
will not stay 
in "ON" position. 

3.Ignition switch 
does not light 
with flame out. 

Probable 
Cause 

No power to analyzer, 

Defective fuse. 

Burnt out indicator 
. bulb. 

Defective transformer. 

Short in electrical 
system. 

Defective light. 

Open circuit. 

Defective relay (Kl) 

Loose or defective 
flame-out board. 

Defective transformer. 

Corrective 
Action 

Check power at 
115. Vac outlet. 
Be sure plug is 
securely in out
let . 

Replace fuse. 

Replace power 
switch. 

Replace 
isolation 
transformer. 

Find and fix 
electrical 
problem. 

Replace ignition 
switch. 

Repair loose or 
broken wires. 

Replace relay if 
rt does not make 
a click sound 
when "IGNITION" 
button is pushed 

Check to see if 
board is proper
ly set in place. 
Replace defec
tive board. 

If secondary 
output of T1 
transformer is 
not 6.3 Vac,re
place trans
former. 
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Defective temperature 
sensor. 

4.Ignition button Flame not burning, 
remains lit after 
being pushed. 

5. Air flow absent. Defective vacuum pump, 
incorrect, or 
unstable. 

Wrong flow setting. 

Dirt in flow system. 

Leak in flow system. 

Moisture in exhaust 
line. 

Defective flow control 
valve(s). 

Dilution air orifice 
clogged or septum 
leaking. 

Disconnect lines 
to thermocouple. 
If higher than 
500 ohms, 
replace thermo
couple . 

See symptom # 7, 
"Analyzer fails 
to ignite". 

Check vacuum 
system (should 
be capable of 
maintaining 5 
1/min flow rate 
at 370 Torr),if 
not, replace 
pump. 

Set air flow to 
recommended 
value. 

Isolate source 
by disconnect
ing , starting at 
analyzer inlet 
and working 
towards pump. 

Retighten fit
tings and caps. 
Check lines for 
small holes. 

If exhaust line 
is warm (about 
90 deg C at 
thermocouple) 
allow analyzer 
to run for 10 
min to dry line; 
if not dry re
place exhaust 
line. 

Replace valve(s) 

Replace needle 
and/or septum. 
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Loss of temperature 
control. 

6.Hydrogen flow 
absent, incorrect 
or unstable. 

Hydrogen source empty 
or not producing 
sufficient hydrogen. 

Hydrogen shut-off 
valve not energized. 

Internal hydrogen 
regulator defective. 

Flow system problems. 

7.Analyzer fails 
to ignite. 

Improper hydrogen or 
air flow. 

Insufficient purge. 

Temperature too low. 

See symptom #12 
"No or incorrect 
temperature 
control". 

Replace hydrogen 
source or its 
regulator. Set 
regulator on 
hydrogen source 
at . 30 psig and 
open all related 
valves. 

Check voltage 
for 110 Vac to 
valve when 
"IGNITION" 
button pushed. 

Replace 
regulator. 

See discussion 
above on air 
flow problems. 

Set flow as 
recommended. 

Open flow 
control valves 
until rotameters 
are set at 6.0, 
and allow gases 
to purge for 30 
seconds. 

Check 
temperature by 
inserting temp, 
indicator into 
thermocouple 
terminals at 
rear of instru
ment . The 
exhaust temp
erature should 
read above 90 
deg C, and block 
temperature 
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Ignitor glow plug 
defective. 

Loose ox defective 
flame-out boaxd.(J29) 

8.No output at 
meter but power 
switch lights. 

Flame not burning. 

auyvo ju ueg u. 
If temperature 
indicator is not 
available, re
move instrument 
cover and feel 
exhaust line 
which should be 
warm. 
Remove flame-out 
indicator board 
from J29 connec
tor and measure 
resistance 
between pin 11 
on J29 connector 
and chassis 
(ground). If 
resistance is 
not in the order 
of 20 ohms re
place ignition 
plug and 0-ring. 
Be sure board is 
properly in its 
socket. Measure 
voltage between 
test point on 
board and 
chassis(ground). 
If flame is off, 
voltage should 
be -1.5 to -2.0 
volts. If flame 
is on, voltage 
should be 4.0 
volts or higher. 
Adjust R3 for 
proper voltage 
or replace board 
If voltage is 
not between 5-10 
Vdc, when flame 
is lit replace 
board. 
If "IGNITION" 
button is lit 
relight flame 
per instructions 
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Loose electronic 
board or connections 

Defective meter. 

No power to low 
voltage power supply 
board. 

Defective low voltage 
power supply board. 

Defective batteries. 
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Insure all 
boards are 
securely in 
place. Check for 
loose wires or 
connectors. 
If the recorder 
output "and cur
rent across ter
minal leads to 
meter are good, 
replace meter. 
Remove low volt
age power supply 
board from J25 
connector. 
Measure across 
pin 4 and pin 9 
for 115 Vac, if 
missing check 
for loose wire 
at connector or 
electrical leads 
to connector. 
Check J25 
connector (with 
board in place) 
for +15 Vdc 
across pin 11 
and chassis 
(ground) and for 
-15 Vdc across 
pin 2 and 
chassis. If 
missing either 
voltage, replace 
board. 
Remove "PROBE" 
(+) and "AMP"(-) 
connectors from 
battery holder 
(located at 
bottom front 
right). Measure 
voltage between 
the center pins 
o f the two 
connectors on 
battery holder. 
If not 80+5 Vdc 
replace 
batteries inside 
holder. 



9 . No output: to 
recorder. 

Defective amplifier 
assembly. 

Defective output 
amplifier. 

Connect an 
external cali
brator to the 
amplifier input 
to determine if 
amplifier 
functions. 
Replace amp 
board or look 
for broken wires 

10.Loss of 
analyzer sensi
tivity and/or 
noisy operation. 

11.Unstable or 
incorrect zero. 

Flows not set properly. 

Leaks in flow system. 

Dirty burner block. 

Impure hydrogen. 

Loss of temperature 
control. 

Zero or span source 
spent or incorrect. 
Leak in zero air 
system. 
Solenoid valve(s) 
defective for analyzers 
with Options HC-26A 
or HC-11B. 

Set air and 
hydrogen flows 
to recommended 
values. 
Retighten 
fittings. Check 
lines for small 
holes 
Clean burner 
block per 
instructions. 
Replace source 
if noise 
increases 
greatly with 
small increase 
in hydrogen flow 
rate. 
See symptom #12 
"No or incorrect 
temperature 
control". 
Verify or re
place source. 
Locate leak and 
f ix. 
Replace valve(s) 

Contaminated or 
clogged air lines. Replace or clean 

air flow lines. 
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Flows set improperly. 

Zero and span controls 
not set up properly. 

Dirty burner block. 

Defective battery. 

12.Temperature Defective heaters, 
control inopera
tive or incorrect. 

Set air and 
hydrogen flows 
to recommended 
values. 
Recalibrate 
instrument per 
instructions. 

Clean burner 
block per 
instructions. 

See symptom #3 
"No Output". 
A)Burner block 
heater: 
Disconnect plug 
P4 (located on 
burner assembly) 
Measure resis
tance between 
connector 
contacts H and F 
If there, is no 
continuity or 
resistance is 
greater than 500 
ohms, replace 
heater. 
B) Exhaust 
heater: Remove 
temp controller 
from connector 
J27 and unplug 
P4. Measure the 
resistance 
between pins H 
and F on the 
plug. If there 
is no continuity 
or resistance is 
greater than 500 
ohms, replace 
heater. 
C) Restrictor 
Oven: Remove low 
temp controller 
from connector 
J26. Measure 
resistance 
between TB3-3 
and TB3-4. If 
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there is no 
continuity or 
resistance is 
greater than 500 
ohms, replace 
heater. 

Defective thermistor. A) Exhaust 
Thermistor: 
Remove high temp 
control board 
from connector 
J27. Measure 
resistance 
across contacts 
1 and 9. If 
resistance is 
not approx. 10OK 
ohms at 25 deg C 
replace thermis
tor. 
B) Restrictor 
Oven: Remove low 
temp control 
board from 
connector J2 6. 
Measure . 
resistance 
between contacts 
1 and 9. If 
resistance is 
not approx. 4K 
ohms at 25 deg C 
replace 
thermistor. 
The exhaust 
temp control 
(J27) and 
capillary oven 
(J26) boards may 
be checked as 
follows: Measure 
the input volt
age 115 Vac, 
between contacts 
2 and 10 
(neutral) for 
each board 
connector. If 
mis s ing, che ck 
for broken or 
loose wires. If 
present, measure 
the voltage 

Defective temperature 
control board. 
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between contacts 
6 and 10 
(neutral) or 
each connector. 
The voltage 
should show 
variations 
during one min. 
of measuring. If 
not, replace 
board. 
NOTE: Heaters 
and thermistor 
should be check
ed and found 
good before this 
step. 
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COMPONENT SIDE 

ELECTRICAL SCHEMATIC 
(OASH -I ) • 

FIGURE 8.3 +15  Vdc Power Supply Board 
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FIGURE 8 .4  Temperature  Control  Module 
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FIGURE 8 .5  Flame-Out  Module 
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9. PARTS LIST 

Pari: No. 
S000497-2 
S000349-1 
S900787 

S900120 

S900425 
S000743-1 
S000746-1 
R4 5158 5-4 
R357710-1 
R357708-1 
S900163 
S900311 
R259120-1 
250-0100 
S0008 57 -1 
S903132 
5900130 

S902914 
5900131 

S900137 

511-0015 
S900996 

Description Qtv. 
Rotameter Assembly i 

_Exhaust Valve/Line Assembly 1 
Solenoid Valve, 3-way 
(Options HC-11B and HC-26A) 2 
Solenoid Valve, Hydrogen 
Shut-Off i 
Hydrogen Pressure Regulator 1 
Restrictor Oven Assembly 1 
Burner Block Assembly l 
Block 
Burner Tip 
Ignitor Glow Plug w/O-ring 
Block Heater 
Flame-Out Sensor w/£>late 
Front Plate i 
0-ring, Front Plate l 
Meter i 
Ignition Switch i 
Air Flow Switch (Options HC-11B, 
HC-26A and HC-11BF) l 
Power/Circuit Breaker Switch 1 
Mode Switch (Options HC-11B, 
HC-26A, HC-11BF) l 
Indicator Lights 
(Options HC-11B, HC-26A and 2 
HC-11BF) 
Mode Switch (Option HC-26A) 1 
Timer, 10 minute, w/Cams 
and Switches i 

Circuit 
Symbol 

SV1, 2 

SV3 

M4 
S2 

SI 

S4 

DS1, 2 

2 6 AS 3 

M3 
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Par-t No. 

S902474 
S903261 
S000668-1 

S000213-1 
S000213-2 
S000419-1 
S000849-1 
450-0072 
C3987-0019 

S001802-1 
S000117-1 
S903817 
S900228 
S900749 
5902594 
S000324-4 
S000963-1 

5902595 

S900388 

S900995 

S900487 

972-8001 

Description Qtv, 

Fan 5 " 1 

Filter for 5" Fan i 
Low Voltage Power Supply 
Board i 
Temperature Control Board l 
Temperature Control Board l 
Flame-Out Indicator Board 1 
Amplifier Assembly i 
Relay 2 

Calibrator Interface 
Connector i 
Ion Probe Assembly i 
Battery Box Assembly i 
Relay (Option HC-26A) 2 
Battery ' 2 

Transformer, 6.3 volt l 
Pump, Vacuum 115 V 60 Hz 1 
Output Amplifier i 
Output Amplifier (Option l 
HC-15) 
Pump, Vacuum 115 V 50 Hz 1 
(230 Vac version of HC500-2C) 
Timer, 24 hour, 60 Hz 
(Option HC-11B) ± 
Timer, 2 hour, 60 Hz 
(Option HC-11B) i 
Timer, 24 hour, 50 Hz 
(Option HC-11BF) i 
Battery Cable 13" i 

Circuit 
Symbol 

M5 

J25 
J27 
J26 
J29 

K1 & K3 

P24 

T1 
M6 
J34 

(J34 ) 

M6 

Ml 

M2 

Ml 
P2 , 6 
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Part No. 
972-8002 
S001804-1 
999-5009-1 

Description 
Battery Cable 21" 
Thermocouple Assembly 
H2 Orifice/Filter 
(at SV3 out) 

Circuit 
Qtv• Symbol 

1 P3,5 
2 

1 
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10. OPTIONS 

CSI has a variety of available options at additional cost 
which the suer can select to incorporate into the basic 
analyzer to meet his particular requirements. 
10*1 Option HC-1 IB . Automatic Zero/Span/Sarnple Control 
Analyzers with this optional feature have the same calibrate 
functions as in paragraph 10.3 (below), but without external 
remote control capabilities. Instead, they have a timer with 
a dial on the front panel which automatically programs the 
calibrate cycle once every 24 hours. The air flow is thus 
switched from "SAMPLE" to "ZERO" to "CALIBRATE" to "ZERO" and 
back to "SAMPLE". The "ZERO", "CALIBRATE" and "ZERO" steps 

approximately 15 minutes each. 
The automatic Span, Zero, and Sample switching option 
consists of 3 main components: 

(1) 24 hour timer 
( 2 )  2  h o u r  s o l e n o i d  s e q u e n c e  c o n t r o l ,  a n d  
(3) Solenoid valves. 

Refer to Figure 8.1. The twenty-four hour timer, mounted on 
j.ront panel, furnished a pulse once every twenty-four 

hours, (the time of occurrence can be set by the user as 
desired) to start the sequence control. The timer can be 
turned manually to set the time of day or to initiate the sequence. 

The sequence control consists of 3 sets of cams. One set is 
the latching group which, after sequence has been initiated, 
apply power to the cam drive for a period of 2 hours after 
which tune the latching contacts open and the cams cease to 
be driven. The other two sets of cams control the zero and 
span control solenoids. These two cams aire adjustable to 
allow application of any time combination of zero and span 
air to the detector, up to one hour. The factory adjusted 
sequence is: zero-15 min, span-15 min, zero-15 min and then 
return to the normal ambient sampling mode. 
The zero and span inputs may be manually controlled by a 
front panel toggle switch at any time outside the automatic sequence span. 

The 2 hour control can be reset only after removing the 
chassis cover and manually moving the cams. 

10-1 



Sample flow rate is adjusted while observing rotameter flow 
of "zero" air. In this manner the rotameter is protected 
from contaminants and the flow path for the sample air is 
maintained as short as possible thereby keeping "on line" 
response time to a maximum. 
1(L_2 Option HC-11BF. Automatic Zero/Span/Samp1 e Control 
Same as Option HC-11B but with 50 Hz timer. 
10-3 Option HC-18. Rack Mount Option 
Includes front draw handles and slide mounts. 
1Li Option HC-18A. Rack Handles with Ears 
Same as HC-18 less slide mounts. 
10•5 Option HC-26A, Remote Manual Zero/Span with Status 
Analyzers equipped with this option have a three position 
"MODE" switch on the front panel which controls two solenoid 
valves that in turn, control the air flow path. With the 
switch in the "CALIBRATE" position, both valves are energized 
and air flows through the "SPAN GAS" port into the burner 
block. _ With the switch in the "ZERO" position, only one 
valve is energized and the air flows through the "ZERO AIR" 
POI"t and into the burner block. When the switch is in the 
"SAMPLE" position, neither valve is energized and the air 
flow through the "SAMPLE INLET" pprt into the burner block. 
Remote actuation through external'contact closures can be 
attained when the "MODE" switch is in the "SAMPLE" position. 
Status is indicated^ on the front panel by indicator lamps and 
in the "SAMPLE" position at a rear panel connector as contact 
closures. Figure 4.3 shows the pneumatic network for this 
option. Wiring diagram for this option is shown in Figure 
8  .  1 0 .  

^ • &  O p t i o n  HC-15. Recorder Output 0-10 V 
This option allows the normal 0-1 volt output to be expanded 
up to 10 volts. The output booster (S000963-1) replaces the 
amplifier at J34. Figure 8.7 shows the PCB layout and wiring diagram. 
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11. WARRANTY 

The Warranty Statement appears on the following two pages. 
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WARRANTY 

1. Except as otherwise indicated, all instruments and stack 
systems manufactured and sold by Columbia Scientific 
Industries Corporation (CSI) are guaranteed for a period of 
one year from date of shipment from the factory against 
defects in materials and workmanship of those parts 
manufactured by CSI, and then, only when operated, serviced 
and maintained in accordance with the instruction manual. 
Those parts not manufactured by CSI are guaranteed only to 
the extent that they are covered by a warranty of original 
manufacturer. Permeation tubes are warranted for six (6) 
months. Spare parts and accessories, except expendables, are 
wa^rranted for ninety (90) days. Expendables such as 
batteries, sample holders, fuses and indicating lamps are not covered by this warranty. 
2. The warranty is voided by the following: 

Injection into CSI stack systems or CSI ambient air 
monitoring or calibrating equipment, of gas mixtures 
containing reactive suspended matter or molecules yielding 
and depositing liquids, tars, solids and other non-gaseous residues. 

b) Injection of caustic solutions into the hydrogen lines of 
CSI hydrocarbon monitors by a malfunctioning hydrogen generator. 
c) Damage to CSI Accelerating Rate Calorimeters by samples 
that detonate, deflagrate or otherwise escape the confines of the sample holder. 
d) Damage to stack sampling probes caused by severe corrosion. 
e) Damage caused by incorrect installation, by misuse o"1- by mishandling. 
3. Warranty service requests must be received by CSI within 
the warranty period. Upon notification by the purchaser, CSI 
will correct defects coming within the scope of this warranty 
by repairing or replacing the defective unit either at the 
CSI factory or at the customer's site, at CSI's option. 
Rsturn shipment of items to CSI must be authorized by a CSI 
representative and is at customer's expense. 
4. Instruments and systems which have been repaired or 
replaced during their warranty period are themselves 
guaranteed for only the remaining unexpired portion of their 
original warranty period. Parts and accessories, including 
stsck probes, umbilicals and permeation tubes, will receive 

full warranty period from "the date of replacement even 
if the instrument or system warranty period should expire. 



5. Repairs, replacements, adjustments and service performed 
out-of-warranty shall be charged to the customer at the then 
current prices for parts, labor, transportation and subsistence. 

6. This warranty attaches to the instrument itself and is 
not limited to the original purchaser. 
7. In no event will CSI have any obligation or liability for 
damages, including but not limxted to, consequential damage 
arising out of, or in connection with, the use or performance 
of equipment or accessories. No other warranties, expressed 
or implied, including the implied warranties of 
merchantability and fitness for a particular purpose will 
apply to equipment or accessories. 
®* This warranty constitutes the full understanding of the 
manufacturer and buyer, and no terms, conditions, 
understanding or agreement professing to modify or vary the 
terms hereof shall be binding unless hereafter made in 
writing and signed by an authorized official of CSI. 
All price revisions and design modification privileges reserved. 
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GENERAL 

This instruction manual covers the description, installation, 
operation and maintenance of the P-100A301 and P-100A303 Co' 
extractors. The purpose of the unit is to provide clean dry 
air with minimal C02 for air bearings and for purging the 
optics of IR and FTIR analyzers. 

II DESCRIPTION 

The units described in this manual are designated as CO, 
extractor Model P-100A301 and C02 extractor Model P-100A303. 
These two models are basically identical, except for their 
chamber size and capacities. Model P-100A301 has the larger 
chambers and capacity. These extractors consist of a dryer and 
C02 adsorber piped in series with inlet and outlet filters 
attached. The relative locations and functions of the various 
major components can be best understood by referring to the 
following drawings: 

Flow Diagrams Figures 1 & 1A Paije 7 
Wiring Diagram Figure 2 Page 8 
C02 Extractor Figure 3 Page 11 
Dryer and Adsorber Figure 4 Page 13 
(Exploded View) 

III MAJOR COMPONENTS 

1. INLET AIR FILTER - ITEM 15, FIGURE 3. The functiion of 
the inlet air filter is to collect liquid condensate and 
particles, larger than 25 microns, contained in the 
compressed inlet air. The air filter bowl has a manual 
drain petcock. It is necessary to periodically check the 
filter and drain the liquid. 

Special Note: This filter is not an "oil removal" filter. 
While it will intercept some oil in liquid form, it will 
not remove oil mist or "aerosols" that may be present in 
the system. Therefore, in any system in which the air 
source is an oi1-lubricated compressor, it is recommended 
that a "coalescing" type filter be used. Refer to flow 
diagram, Figure 1A for installation. 
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111 2- MOISTURE REMOVAL DRYER - ITEM 1, 2, 3 or 4, FIGURE 3. The 
function of the air dryer is to remove the moisture from 
the compressed inlet air. 

3. CO2 ADSORBER - ITEM 5, 6, 7 or 8, FIGURE 3. The function 
of the adsorber is to remove CO2 from the dry compressed 
air leaving the dryer and entering the adsorber. The 
adsorber differs from the dryer. Its chambers are packed 
with a different adsorbent material and its cycle timer 
permits repressurizing of the purging chamber prior to 
dumping the adsorbing chamber's pressure to atmosphere. 

Repressurization results in a substantial reduction in the 
outlet pressure fluctuation during switching, which occurs 
in dryers not equipped with this feature. Further 
reduction in the outlet pressure variation can be obtained 
by installing a suitable two to five gallon air storage 
tank downstream of the outlet air filter and upstream of a 
pressure regulator. 

The air dryer and adsorber have purge exhaust mufflers 
installed on the solenoid valves to quiet the exhaust air. 
Do not plug or restrict the purge discharge. Additional 
muffling of the purge air may be obtained by enclosing the 
unit in a we11-ventilated, sound-adsorbing box. 

4. OUTLET AIR FILTER - ITEM 16, FIGURE 3. The function of 
the outlet air filter is to trap particles larger than 5 
microns, primarily occasional particles of adsorbent 
material, which may escape from the adsorbent beds. 

5. OUTLET FLOW ORIFICE - ITEM 28, FIGURE 3. The function of 
the orifice is to limit the outflow of air in accordance 
with operating pressures and conditions as specified on 
the purchase order. The number P-300-691 is the number of 
the blank before its final orifice size is established. 
The numbers range from P-300-691-4 (.005" diameter) to P-
300-691-103 (.0995" diameter). 
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SPECIFICATIONS 

1. CAPACITY, DEW POINT AND C02 REMOVAL. 

MODEL P-1Q0A301 MODEL P-100A303 

Inlet Pressure 
Inlet Temperature 
Inlet Flow 
Outlet Flow * 
Atmospheric Dew Point 
C02 Removal ** 

* Contact the factory for rated capacity at other operating 
pressures. . 

** 90% of the C02 from ordinary atmospheric air. 

2. Maximum Inlet Pressure: 100 PSIG 

90 PSIG 
70° F. 

3.5 SCFM 
-100° F. 

90% 

90 PSIG 
70° F. 

1 .5 SCFM 
-100° F. 

90% 

3. Maximum Inlet Temperature: 100° F. 

4. Air Connections: 1/4" FPT 

5. Electrical Requirements.-

Model No. 
P-100A301-1/P-100A303-1 
P-100A301-2/P-100A303-2 

INSTALLATION INSTRUCTIONS 

Power 
120V 50/60HZ 115W 
240V 50/60HZ 115W 

1. Puregas heatless dryers have been thoroughly inspected and 
tested at the factory and are in proper working condition. 
Inspect the C02 extractor for evidence of any exterior or 
interior shipping damage and immediately report damage to 
the carrier. 

2. Read description of equipment and specifications before 
installing C02 extractor. 

OPERATING PRESSURES. The C02 extractors are designed to 
" operate at a maximum pressure of 100 PSIG. The sizing of 

: .the purge orifices is critical to the correct operation of 
the air dryer and C02 adsorber. Any change in operating 
pressure, inlet temperature, or outlet flow will require 
an orifice change, to maintain the proper degree of water 
and C02 removal./ Orifice glands (Item 4, Figure 4), are 
identified by numbers stamped on the top of the hex. Both 
orifices in the dryer or adsorber must be the same size 
(same number). Orifice numbers are also stamped on the 
name plate as the last two numbers of the dryer and C07 
adsorber model number. (Example: P-05411A134 . ) 
Orifice sizes must not be changed unless operaTTng 
conditions change. 



3. (continued) Your instrument is sized for a specific flow 
and operating condition. The outlet flow of the C02 
extractor can be regulated with a throttle valve and a 
visual indication of measurement made with a flow meter. 
After installation, the outlet flow and operating pressure 
should be checked to be sure they do not exceed the rated 
capacity of the instrument. 

If a lower outlet pressure is required, always install the 
pressure regulator downstream, as close to the usage point 
as possible. 

4. OPERATING TEMPERATURES The dryer and adsorber can operate 
at a maximum ambient temperature of 100° F. and a maximum 
inlet air temperature of 100° F. However, at temperatures 
above 70° F. the capacity will have to be reduced. 

Do not operate the unit at temperatures which could result 
in damage due to freezing. 

5. PIPING AND AIR CONNECTIONS. The C02 extractor is designed 
to be mounted on a bench or shelf with the desiccant 
fchambers up. 

The inlet and outlet connections are 1/4" female NPT. 
When connections are made directly into the unit, a pipe 
compound should be used to prevent galling of the threads. 
3/8" copper tubing with 1/4" pipe connections should be 
installed at the input and output for maximum flow. 
Larger lines are recommended to avoid pressure drop where 
long piping runs are encountered. 

After connecting the piping o r  tubing to the unit, use a 
soap solution to check the connections for air leaks. 

A manual drain, 25-micron inlet filter is supplied with 
the C02 extractor to remove particulate matter and liquid 
water. Reference flow diagram, Figure 1. If oil in 
liquid or mist form is present in the air stream, an oil 
coalescing filter should be used as shown in Figure 1A. 

•ij ...... The extractor should not be operated in corrosive 
> J;, atmospheres. 

ELECTRICAL CONNECTIONS. Before wiring, check the 
nameplate for electrical requirements. Standard 
electrical characteristics are 120V, 50-60Hz, 115 W. 
240V., 50-60Hz units are also available. 

No overload protection is provided in the C02 extractor. 
The attached 8 foot wire power cord should be plugged into 
a properly protected outlet. 
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7. SOLID STATE TIMERS. The solid state cycle tiW* 

r^r^^^r me*ory ^ " 
as when the ^ ̂ 

During start up and when timer memory has heen lost i. 

drver andeCeCoS3rywt0 V'33°r ^ Umi"° =Vcles so that' Z 
dyer and C02 adsorber will not switch simultaneously 
This can be accomplished by removing the pow Z I 
dryer timer for a period of 15 seconds. th6 

the^-pP"06521-F1 or F2 are the standard timers used on 
of%hJ « iryer'n , ti?ners Permit simultaneous switchino 

the solenoid valves every 30 seconds. 

repressu r i z * °°tlT1 °r "2 Perm, t the C°2 '"o r b e r  to 
epressurize the purging chamber before switchino 

chambers. The repressurizing period is 3.75 seconds and 
the purging period is 26.25 seconds. seconds and 

flMrVSUT^ZinS he1pS t0 m'in'imi'2e dryer outlet pressure 
fluctuation as the flow switches !prom one desTccant 
chamber to the other. Further reduction in outlet 
oallon^ -SW1"9S "n be ot)tained by installing a 2 to 5-
gal on air storage tank between the outlet filter J the 
outlet pressure regulator. Refer to Figure 1A. 

VI OPERATING INSTRUCTIONS 

d«rnv°r301 °per"*on' the <"-y.r and C02 adsorber will switch 

(Reference Secntfon°rv TtZZZ fZ' ̂  *" 
second PJTU u 1 ^r^r a p h  7), approximately every 1 5  
exhaust' Th . r a1ternately Purges with ar " 
exhaust. This sound is quieted by the use of 
installed on the exhaust port of each solenoid valve Do nor 
plug or restrict the purge exhausts if r.n^P=+• . 
change, different purge officesmay*be requTed ^roMf'-0" 

 ̂T in Inarched paVTZt 

c = u 1 Va * >' approximately everv 15 

This sound1" 3lternately Pu r 9 ®s with an audible 

>n ts r ,S quieted by the use of mufflers the exhaust nort nf -~ienoid valve, Do nQt 

operating conditions 
equired. if orifices 

r S r s ?  -  - -  ZXS.'szjz 

pronounced in a dryer operating at a l o w  f l o w  rate. 

VI1 MAINTENANCE INSTRUCTIONS 

No field adjustments are necessary after a Puren** rn 
extractor has been installed in accordance with 
instructions. No lubrication is required on the instrument. 

îtSh.re<;0Kmmendê  however' that at six-month intervals the 

P rge, and visual inspection for excessive dirt or oil fouling 
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VII 
of0th«nU«fr) rrnd /TrfdeSlCCant attr1t<on- This involves removal 

the air manifold covers and the desiccant chambers. Annual 

^mo^T/tb^ be;°r«, th0r0U3h' a"d ah°uld =1-
insoerr f L  soleno,d ™d the purge orifice glands to 
th ^ i excessive wear or deterioration of valve parts or 

check valve balls as well as for possible plugging of the 
purge orifices. sa y 

As the orifices are critical parts in determining the 
performance of a dryer and adsorber, do not increase the 
orifice size by drilling a larger hole. Instead, orifices of 
the proper size should be obtained from the factory. 

Purge orifice glands are. screwed into' the." manifold beneath the 
desiccant chambers. To change orifices, unscrew the chambers 
and remove the orifices with a standard 7/8" socket wrench. 

The cycle timer can be replaced in the field. 

Improper packing of the desiccant chambers can cause channeling 
?1 , . gaS stream and improper purification. For this reason 
FTFfn1™^1" fH0ULD BE MADE T0 REPACK DESICCANT CHAMBERS IN THE-

authoDM2eded^bnuUham°erS °°ta<ned ^ y°Ur 1ddal 

onihH °f breakdown' the following troubleshooting guide 
author e n a b l e . y o u  t0 determine the problem. Contact your local 
adsorbers distribut°r fop replacement parts, dryers or 

G N D  

D C  A C  D C  A C  L I  L 2 L 2  
1 1 2  2  

D R Y E R  

WIRING DIAGRAM 
FIG. 2 

D C  A C  D C  A C  L I  L 2 L 2  
1 1 2  2  

A D S O R B E R  
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VIII TROUBLESHOOTING GUIDE 

1 . UNIT DELIVERS WET AIR 

A. Improper operating conditions. 

B. Solenoid core spring broken. 

C. Purge orifice plugged. 

Adjust operating conditions. 

Remove solenoid valve, inspect core 
assembly. Spring should be seated 
on core and not broken. Replace if 
necessary. 

Remove, inspect, and clean orifice. 
DO NOT FORCE WIRES THROUGH 
CRITICALLY-DRILLED HOLES. Use air 
gun to clean. 

D. Solenoid coil burned out. Remove cover, place iron or steel 
material (screwdriver or nail) on 
exposed end of solenoid base to feel 
the magnetic effect indicating 
proper operation. NOTE: Each dryer 
coil should be energized for 30 
seconds and each adsorber coil for 
33.75 seconds. Check Section 1, 
Paragraph E immediately below, 
before replacing coil. 

E. Improper operation of cycle 
timer. Check the power supply. If the 

correct voltage is not present 
between LI and both of the L2 
terminals., check the wiring and 
protective devices supplying 
power to the dryer. 

2. Dryers with DC solenoid valves 
should alternately have DC 
voltage between L2 and DC1 and 
between L2 and DC2. Replace the 
timer if voltage is present at 
either DC terminal continuously 
or not at all. 

Timer Input 120 VAC/Timer Output 
53 VDC 
Timer Input. 240. VAC/Timer Output 
106 VDC ' 

3. Refer to Solid State Timers 
Section V, Paragraph 7, Page 6 
for timing cycle information. 
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1. F. Desiccant contamination or 
attrition. 

1. Check inlet and outlet filters 
and outlet air line for 
indication of oil. 

2. Remove the desiccant chambers 
from the air manifold. If the 
perforated disc at open end of 
the chambers can be depressed 
more than 1/4" frqm the 
retaining ring, replace chamber, 
or have it repacked. 

2. EXCESSIVE DROP IN OUTLET PRESSURE. 

A. Improper operating conditions. 

B. Solenoid coil burned out. 

C. Improper operation of cycle 
timer. 

D. Check valve balls seated 
improperly. 

E. Plugged air passages. 

F. Desiccant contamination or 
attrition. 

See Section I, Paragraph A. 

See Section I, Paragraph D. 

See Section I, Paragraph E. 

Remove check balls and springs 
and inspect for excessive wear or 
damage. Replace if necessary. 

Check inlet and outlet air passages 
and piping for blockage 

See Section I, Paragraph F. 

3. SOLENOID VALVE CHATTER 

A. Solenoid valve defective. 1. Solenoid valve connected to AC 
terminal on Solid State Timer. 

2. Voltage too low. 

1 0  



C 0 2  E X T R A C T O R  
F I G  3  

REFER TO PG. 14 

0 
ITEM NO. 

1 1 
2 26 
3 43 
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PARTS LIST - C02 EXTRACTOR 

REFERENCE FIGURE 3. 

QUANTITY PART NO. DESCRIPTION 

1 1 1 1 *P-300-691-(—) ORIFICE-DISCHARGE 28 
4 4 4 4 H-NK01-04C-R5 NUT-KEPS 1/4-20 CZ 27 
1 1 1 1 H-SH83-04C-12 SCREW HH 1/4-20 XI 1/4 CZ 26 
3 3 3 3 H-SH83-04C-10 SCREW HH 1/4-20 X 1 CZ 25 
4 4 4 4 H-WF01-04B-R0 WASHER-FLAT 1/4 CZ'REG. B 24 
4 4 4 4 H-SP56-ODC-02 SCREW-PH 4-40 X 1/4 CZ F 23 
4 4 4 4 P-400-451 BUMPER-RUBBER 22 
1 1 1 1 P-300-683 HOLDER NAMEPLATE 21 
1 1 1 1 P-300-696 NAME PLATE-C02 EXTRACTOR 

SCREW-DRIVE #4 3/16 
20 

2 2 2 2 P-400-322-1 
NAME PLATE-C02 EXTRACTOR 
SCREW-DRIVE #4 3/16 19 

1 1 1 1 P-300-690 TUBE-INTERCONNECT 18 
2 2 2 2 P,-400-437-108 ELL-SWAGE-1/4 MPT X 3/8 SWG-BRS 17 
1 1 1 1 P-400-452-20 FILTER-5 MICRON-1/4 MPT 16 
1 1 1 1 P-400-452-3 FILTER-25 MICRON-1/4 MPT 15 
2 2 2 2 Prl291 ELL-STREET-1/4 NPT-BRS 14 
2 2 2 2 P-5000-5-12B NIPPLE-1/4 MPT X 1 3/16-HEX-BRS 13 
1 — _ — 1 P-200-501 POWER CORD 240 VAC 12 

1 1 P-200-411 POWER CORD 120 VAC 11 

1 1 
1 1 P-300-682-2 PLATE-MTG W/HANDLE/100-301 10 

1 1 
1 

— — — P-300-682-1 PLATE-MTG W/HANDLE/100-303 9 
1 P-05414A2 C02 ADSORBER 240 VAC 8 

1 
1 P-05414A1 C02 ADSORBER 120 VAC 7 

1 
1 

P-05412A2 C02 ADSORBER 240 VAC 6 
1 P-05412A1 C02 ADSORBER 120 VAC 5 

1 P-05413A2 AIR DRYER 240 VAC 4 

1 
1 P-05413A1 AIR DRYER 120 VAC 3 

1 — — — P-05411A2 AIR DRYER 240 VAC 2 
1 P-05411A1 AIR DRYER 120 VAC 1 

X 
X 

P-100A303-2 
P-100A303-1 

C02 EXTRACTOR - 12" 240 VAC 
C02 EXTRACTOR - 12" 120 VAC 

1 

X 
X 

P-100A301-2 
P-100A301-1 

C02 EXTRACTOR - 20" 240 VAC 
C02 EXTRACTOR - 20" 120 VAC 

* Refer to Page 3, Section III, Paragraph 5 for orifice size 
information. 

1 2  
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WARRANTY 
^ a ?«. y«r warranty against defective workmanship and material. This 

at the ?atc. ° shlPm*nt- Jhc Puregas heatless dryers are designed in a manner which 
permits field repair by the user and replacement pans will be shipped enabling the user to make the 
necessary field repairs and return the defective parts ~ " 
"r°^f^ thC °ffering of » immediate "replacement with an equivalent 
wiUi7be nSSa™rJlf patrs- arX not amhori^ by Puregas. Only in unusual cases 
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R° labof replacing defective parts or for consequential damages will be allowed 
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our factoi^ln adS io m^Lff 6 P^(V dryers) claimed defective are examined 1 

ssysss^jjssssr w i " b o m e  by ,he— *"d —*"»*»* 

feMvSKin?hJpPly 10 any "?r dryerwhichsha11 have heen repaired or altered in any way 
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Code: 
Used on: 

A 
Dryer & Adsorber 

B 
Dryer 

C 
Adsorber 

QTY. PER 
ITEM PART USED ON DRYER OR 
NO. NUMBER DRYER ADSORBER PART DESCRIPTION 
1 P-200-403-12 B 2 Assy-Des Ch-Dryer 12",inc1. Item 2 

P-200-403-A12 C 2 Assy-Des Ch.- C02 12",inc1. Item 
Assy-Des Ch-Dryer 20",inc1. Item 

2 
P-200-403-20 B 2 

Assy-Des Ch.- C02 12",inc1. Item 
Assy-Des Ch-Dryer 20",inc1. Item 2 

P-200-403-A20 C 2 Assy-Des Ch.- C02 20",inc1. Item 
O-Ring - 1.720 I.D. x 0.118 W. 

2 
2 P-400-312-924 A 2 

Assy-Des Ch.- C02 20",inc1. Item 
O-Ring - 1.720 I.D. x 0.118 W. 

3 P-400-313-110 A 2 0-Ring - 0.362 I.D. x 0.103 W. 
4 *P-200-404-(—) A 2 Purge Orifice Assy. (incl.#3 & #5) 
5 P-400-312-908 A 2 O-Ring - 0.644 I.D. x 0.087 W. 
6 P-400-375 A 2 Ball, Check Valve 
7 P-400-307-4 A 1 Plug, Hex 
8 P-400-312-904 A 1 O-Ring - 0.351 I.D. x 0.072 W. 
9 P-300-737 A 1 Nameplate 
10 P-400-322-1 A 2 Drive Screw #4 x 3/6" Type U 

rnd. hd., st. st. 
11 P-400-361-2 A 6 Screw, #10 - 24 x 5/8", pan.hd. 
12 P-400-320-3 A 2 Pipe Plug, 1/4" - .18 socket hd. 
13 P-300-497P A 2 Mounting Bracket 
14 P-400-313-116 A 4 O-Ring - 0.731 I.D. x 0.103 W. 
15 P-300-495P A 1 Air Manifold 
16 P-400-313-018 A 2 O-Ring - 0.739 I.D. x 0.70 W. 
17 P-400-308-DC1 A 2 Solenoid Valve - 53 VDC 

(for 120 V., 50/60 Hz units) 
P-400-308-DC2 A 2 Solenoid Valve - 106 VDC 

(for 240 V., 50/60 Hz units) 
18 P-400-308-12 A 2 Core Assembly 
19 P-400-308-13 A 2 Base Assembly 
20 P-400-308-DC11 A 2 Coil, 53 VDC 

P-400-308-DC21 A 2 Coil, 106 VDC 
25 P-400-361-1 A 4 Screw #6 - 32x8/8" pan. hd. 
26 P-300-685P A 1 Air Manifold Cover 
27 P-06521-F1 B 1 Timer - SS 1 min, cycle 120 VAC 

P-06521-F2 B 1 Timer - SS 1 min, cycle 240 VAC 
P-06500-F1 C 1 Timer - SS 1 min. cycle 120 VAC 

Repressurizing 
P-06500-F2 C 1 Timer - SS 1 min. cycle 240 VAC 

- • ' Repressurizing 
28 H-NK01.-0HC-R5 A 2 Nut-Keps 8-32 
29 H-SB83-0HC-10 A 2 Screw 8-32 x 1" BH 
30 H-SB83-0FC-04 A 2 Screw 6-32 x 1/4" BH 
31 H-SB83-0FC-02 A 2 Screw 6-32 x 1/2" BH 
32 P-06496 A 1 PIate-Adapter-SS Timer Brkt. 
33 P-06497 A 1 Bracket - Mtg. - SS Timer 
34 P-06499 A 1 Cover - Terminal 
35 P-06498 A 1 Decal - Terminal Cover 
42 P-300-507 A 2 Spring - Check Ball 
43 P-400-498 A 2 Muffler (not shown) 

When ordering parts, always state the dryer and adsorber Model and Serial Nos. 
* Orifice number must be specified. 
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INSTRUCTIONS FOR 
MM4010, MM4050, 
MM4300 & MM4310 
DC TO DC TRANSMITTERS 

IGHTY 
ODULE 

FUNCTION 

The MM4010, MM4050, MM4300 and MM4310 DC to DC Transmitters provide 
DC output voltages or currents proportional to a DC input signal. 
They are useful in converting voltages to currents or currents to 
voltages, in providing signal isolation and in scaling signal levels 
from one amplitude to another. 

DESCRIPTION 

A stable amplifier is used to monitor a DC input voltage. For current 
inputs a shunt resistor is added inside the module to create a 
voltage level at the amplifier input. A final amplifier produces the 
desired DC voltage or current output. 

MM4300 and MM4310 provide input/output isolation by modulating the 
pulse width of a VCO with the amplified input. The pulses are optically 
coupled to a separately-powered demodulator which, in turn, feeds the 
final amplifier. MM4010 and MM4050 are direct-coupled, input to 
output. 

A wide range input option adds an 8 position DIP switch which 
provides input voltage and current range selection by connecting any 
of 6 gain—setting and 2 current—shunt resistors. 

MODEL NUMBERS 

Transmitters are available with or without input isolation and with 
standard or narrow spans. The narrow span models use a superior, low 
drift input amplifier. Model numbers are as follows: 

MM4010 Standard spans, nonisolated 
MM4050 Narrow spans (below 50mV), nonisolated 
MM4300 Standard spans, input-output isolated 
MM4310 Narrow spans (below 50mV), input-output isolated 

OPTIONS 

WR Wide range input. Allows a choice of input voltage and 
current range selections by use of an 8 position DIP switch. 

U All circuit boards polyurethane coated for protection against 
moisture. 

W1LKERSON INSTRUMENT CO., INC. 
3615 CENTURY BLVD. • LAKELAND, FL 33811 • USA 
1 (813) 646-3909 • TELEX: 5106011060 WILK INST CO 

FAX: 813-644-5318 



Linearity MM4010, MM4050 
MM4300, MM4310 
MM4300, MM4310 

+0.01% of Span' 
+0.05Z of Span 

less than 0.1Z of Span 
peak-to-peak 

+0.025Z of span per deg C 

Output Ripple 

Temperature Stability 
Common Mode Rejection 
Response Time 
Isolation: 

MM4300, MM4310 
Power 
Input/Output (MM4300, 

I20db, DC to 60Hz 
75 milliseconds 

1500 Vrms 

Temperature, Operating 
, MM4310) 1000 Vrms 

0 deg C to 60 deg C 

Power Standard 
Optional 

32 deg F to 140 deg F 
115V +10%, 50 or 60Hz 

230V, 50 or 60Hz AC 
12 or 24V DC; 2.5W max 

MOUNTING 

The transmitters are designed to plug into a standard 8-pin relay 
socket. Part number MP008 is a molded plastic socket suitable for 
mounting on a flat surface or in a piece of PVC track. 

WARRANTY 

All Wilkerson Instrument Company products carry a 5 year limited 
warranty against defective material or workmanship. The product will 
be repaired or replaced, at the company's option, if it fails during 
this time due to defective material or workmanship. Misapplication or 
abuse by the user is not covered by this warranty. 

In addition, the company will repair any of its products for a period 
fT aftEr thC warranty Period for an amount no greater than 

IU4 or the original purchase price. 

The owner is responsible for freight costs. 

M O U N T I N G  D I M E N S I O N S  INCHES 

2S/e (66.7) 
1 34 (44.5) 

Jo 

-23/8-

(60.3) 

-2 3/8 -

(60.3) 



POWER 115 or 230 VAC, 12 or 24 VDC. 

CONTROLS 

The DC to DC transmitters contain two calibration controls, zero and 
span (gain). The WR option adds an 8 position DIP switch for range 
-selection. 

CALIBRATION 

The transmitters are precisely calibrated at the factory and do not 
normally require user calibration. If there is a need to recalibrate, 
proceed as follows: 

If your transmitter includes the WR option, remove its cover and set 
the 8 DIP switches according to the table below. 

ZERO and SPAN adjustments are available on top of the transmitter 
module. Connect a calibrated signal source to the module input. 
Monitor the output of the module with an accurate digital meter. Set 
the-input signal to its zero or low value and adjust the ZERO control 
for the proper output. Increase the input signal to its full scale 
value and adjust the SPAN control for the proper output. Repeat the 
procedure once or twice, the controls may interact slightly. 

WIDE RANGING INPUT (WR OPTION) 

INPUT CLOSE SW INPUT CLOSE SW 

50mV none 1mA 7 
lOOmV 6 2mA 6,7 
200mV 5 4mA 5,7 
500mV 4 5mA 7,8 

IV 3 10mA 4,7 
2V O 20mA 3,7 
5V 1 4/20mA 5,8 

10V 1,2,3,4,5,6 25mA 3,5,7 
1/5V 2,3,4,5,6 50mA 4,7,8 

10/50mA 4,8 

SPECIFICATIONS 

Input Impedance 

Input Limits 

Output Limits 

Voltage 
Current 

MM4010, 

MM4050, 
Voltage 
Current 

MM4300 
current: 

MM4310 

200 
see table oi 
block diagrai 

50mV Span min; 200V ma: 
5 A max, internal shun 
lOmV Span min; 20V ma: 

-10 to +15V, 10m, 
50mA, 24V compliana 



MM4300/ MM4310 
BLOCK DIAGRAM AND PIN CONNECTIONS 

DC 
I N P U T  

> 
OPTICAL 

ISOLATOR 

POWER 
INPUT 

,AC or + & 
(3> AC or 

. 37 

CURRENT 
OUTPUT 

VOLTAGE 
OUTPUT 

<D + 

MM4010/MM4050 
BLOCK DIAGRAM AND PIN CONNECTIONS 

ZERO 

POWER 
INPUT 

CURRENT INPUT 
INPUT SHUNT VALUE 

0/lmA 100 ohms 
0/iOmA 10 ohms 
0/20raA 5 ohms 
4/20mA 61.9 ohms 
0/S0mA 2 ohms 
0/100mA 1 ohm 
0/200mA 0.5 ohm 
0/500mA 0. 1 ohm 
0/1A 0.1 ohm 
0/2A 0.05 ohm 
0/5A 0.01 ohm 

<D1 

VOLTAGE OUTPUT 

AC or -

WILKERSON INSTRUMENT CO., INC. 
3615 CENTURY BLVD. • LAKELAND, FL 33811 • USA 
1 (813) 646-3909 • TELEX: 5106011060 WILK INST CO 

F A X :  8 1 3 - 6 4 4 - 5 3 1 8  



IMPULSE SUPPRESSOR INSTALLATION 

PLEASE READ DANGER SHEET BEFORE INSTALLING 

aswel^^ 
nanoseconds) and is capable of very hiah current (35 000 Amos) usinn ifff wJLsf ? o o • ^ 

oSf POint' 11 Sh0uld  ̂3 

THIS DEVICE IS ONLY FOR 120 VAC (RMS) OR LOWER POWER LINES. 

wtTHG|NSTAuSTIONECT P°WER C°RD FR°M P0WER 0UTLET BEFORE PROCEEDING 

proSf: ^ cord and ,he 

blown, (it dies in a shorted mode). If your equipmlnt has a te milt hL « iCOntlnue t0 be 

wish to add an additional fuse of 10 to 20 Amds -This win nfpvpnt * * ps' you may 

the equipment fuse and yet gives safe localized "pnri nf lifJ? nrntonf- 9 e f.re9uent|y blowinc 

center t£ack wire for chSPs'^und and h^whewSfo' ,hi 

primary as shown in diagram. • cn Slde of the transformer 

For 8 Amp and up Equipment :or less than 8 Amp Equipment add additional fuse 

RCC. 
i r tb CT',.-

\  Rwn. sw.  

I 
fWSE - I AMP OR LARCtR 

Rwn. Sw. 1 

G 

x 
I  T W O  W A T  

• P H O I C C T O n  >  
"0"'CI MtWT. 

C'»0. 
WtC R£ CT.  

,  to. ruse .  $ AMP OR SMALLER 
'U5H • ADOITIONAL 10.J0 AMP 

1 .O HO, 
NtUT. 

r. 

'^T^round?for'L^htningn& emp Protection"at^cosU)! 

_ . LIMITED WARRANTY 

ir - —»-»- -. 
include an *IMPUED WARRANTY OF MERCHANTABILITY OR IMPLIED WARRANTY OF FITNESS FOR ANY PA^TICU^R PTIPP̂ P"" '° 

"To Keep YOU communicating 
U.S. Paten u 4.359.764. 4 409.6371, 4.554 60S 

2225 Park Place 
P.O. Bo* 9000 
Minden. NV 89423 

We Changed BiitZ to BIlSS" 
and omer USA Foreign Parents Pending 

Phone: (800) 325-7170 
(7021 782-2511 

RCA TELEX: 272718 POLYPHASER 



OPERATING INSTRUCTIONS & PARTS MANUAL 

SHADED-POLE BLOWERS 
MODELS. 2C782, 2C914A, 4C440, 4C441A & 4C443A 

D AYTON ELECTWIC= MANUFACTURING- CO. ©HIC AGO 60648 

FORM 
5S254S 
0404C 

IHASEK?TOLUETLOWESS?E?ULLY BEF0BE ATTE?P™G TO .NSTALL, OPERATE OR SERVICE DAYTON 
RETAIN INSTRUCTIONS FOR FUTURE REFERENCE. 

MODELS 
4 C 440 AND 2C914A MODEL 2C782 

Fiaure 1 

Description 
The Dayton shaded pole blower, finished in grey 
enamel, is a single speed unit designed specifically for 
heating, cooling, exhausting, ventilating and dryinq. It 
is field interchangeable with most direct drive blowers 
and can be mounted in any discharge position Blower 
is driven by a shaded-pole motor. 
Models 2C914A, 4C440, 4C441A and 4C443A feature 
automatic-reset thermal protection which automatically 
shuts off the motor should excessive temperatures 
develop. Model 2C782 has impedance protection. Max
imum ambient temperature is 104°F (40°C). 

D DIA. HOLE 

Fiaure 2 

Dimensions 
- MODEL "H" "W" "D" 

2C782 1% 15/E ,3/64 

2C914A 2% 2% 
y32 

4C440 2"/,6 2% 9/32 

4C441A — — 

4C443A 213/l6 2% 
%2 

MODEL 4C441A MODEL 4C443A 

General Safety Information 
1. Follow all local electrical and safety codes, as well 

as the National Electrical Code (NEC) and the Oc
cupational Safety and Health Act (OSHA). 

2. Blower must be securely and adequately ground
ed. This can be accomplished by wiring with a 
grounded, metal-clad raceway system, by usina a 
separate ground wire connected to the bare metal 
of the blower frame, or other suitable means. 

3. Always disconnect power source before working on 
or near a motor or its connected load. If the power 
disconnect point is out-of-sight, lock it in the open 
position and tag to prevent unexpected application 
of power. 

4. All moving parts should be guarded. 
5. Be careful when touching the exterior of an oper

ating motor — it may be hot enough to be painful 
or cause injury. With modern motors this condition 
is normal if operated at rated load and voltage — 
modern motors are built to operate at higher tem
peratures. 

6. Protect the power cable from coming in contact 
with sharp objects. 

7. Do not kink power cable and never allow the cables 
to come in contact with oil, grease, hot surfaces or 
chemicals. 

8. Make certain that the power source conforms to the 
requirements of your equipment. 

9. Wiping or cleaning rags and other flammable waste 
^meariniS mUH x® placed In 3 tightly closed metal 
fashion d|sposed of later in the proper 

10. When cleaning electrical or electronic equipment, 
always use an approved cleaning agent such as 
dry cleaning solvent. 

11. Do not use these blowers in explosive atmos
pheres. 



FORM 5S2549 | 

04040 
MODELS 2C782, 2C914A, 4C440, 4C441A & 4C443A 

Specifications 

MODEL 

WHEE L SIZE MOTOR OUTLET 
OPENING OVERALL DIMENSIONS 

MODEL DIA. W HP SPD 
PWR. 

REQD. DIA. H W D 2C782 
• 2 1 7250 1 f15V 

50/60 HZ ' 1% : 317l6 . 47,6 3*732 
2C914A 

A 3 1% 7,25 1 230V 
50/60 HZ 27a 5"/,6 5732 67,6 

4C440 
A 3 1% 7,25 1 115V 

50/60 HZ 27a ' 5"/,a 5732 67,6 
4C441A 

A 3 17a 7 25 1 115V 
50/60 HZ 2% 5"/,. 5732 67,6 

4C443A 
A 313/i6 17a %0 1 115V 

50/60 HZ 27a 5"/,6 67,6 67,6 

AAutomatic-Reset Thermal Protection. NOTE: All dimensions in inches. 

Performance 

Impedance Protected. 

CFM AIR DELIVERY AT SPEED 
AND STATIC PRESSURE (SP) SHOWN 

• FREE AIR 

MODEL 
rHt t  
AIR 

U. l  
SP 

U.Z 
SP 

0.3 
SP 

0.4 
SP 

0.5* 
SP 

CUT-OFF 
SP 

SPEED 
* WATTS 

* AMPS 
* 

2C782 15 13 4 0.22" 3160 16 0.21 • 
2C914A 

A 60 57 54 49 39 23 0.60 3030 36 0.21 
4C440 

A 60 57 54 49 39 23 0.60 3030 36 0.42 
4C441A 

A 60 57 54 49 39 23 0.60 3030 36 0.42 
4C443A 

A 100 98 95 90 85 80 0.80 2870 6, 0.74 

Thermal Protection. 
*At Free Air. NOTE: All data based on 60Hz operation. When operated on 50Hz a 

decrease of approximately 20% will occur in flow rate performance'. 

Installation 
1. Mount the unit in the position most desirable to vour 

needs. 
2. Connect the two leads to the appropriate power 

source. Refer to blower name plate. 

N?JE: These lowers are not recommended for use 
with any type of speed control device. 

CAUTION: A ground wire must run from the blower 
motor housing to a suitable electrical ground such 
as a properly grounded metallic raceway or ground 
wire system. 

LUBRICATION 

moml^s0wirfhb?nr«n9oSoShoijld be Rubricated every 6 
deteraem nn /Mi l drops °' SAE 10w or 20W non-

gent oil (ML-type) or with electric motor oil. 
GENERAL 

of the unit be necessary, refer 
semhiu ®xploded Y'1ew ''lustration as an aid in disas
sembly and assembly procedures. 

Maintenance 

WARNING: ALWAYS DISCONNECT POWER SUPPLY 
BEFORE SERVICING THE BLOWER OR WORKING 
WITH THE UNIT FOR ANY REASON. THIS IS ES
PECIALLY IMPORTANT WITH UNITS EQUIPPED 
WITH AUTOMATIC-RESET THERMAL PROTECTION. 
UNIT MAY ACTIVATE WITHOUT WARNING! 



FORM 5S2549 MODELS 2C782, 2C914A, 4C440, 4C441A & 4C443A 
04040 

Troubleshooting Chart 
SYMPTOM POSSIBLE CAUSE(S) CORRECTIVE ACTION 

Excessive NCfise 1. Blower wheel contacting housing 
2. Foreign material inside housing 
3. Leak in duct work j 
4. Loose duct work i 

1. Realign or replace. 
2. Clean. 
3. Repair. 
4. Secure properly. 

Insufficient air flow 1. Leaks in duct work " i 
2. Dampers and/or registers closed 
3. Obstruction in system: 
4. Clogged Filters i 

1. Repair. 
2. Open. 
3. Remove. 
4. Clean or replace. 

Unit fails to operate 1. Blown fuse or open circuit breaker 
| 

2. Defective motor 
3. Automatic-reset thermal protector 

"tripped" , 

4. Motor improperly wired 

1. Replace fuse or reset circuit break
er. 

2. Replace. 
3. Check for high (or low voltage input 

or ambient temperatures in excess 
of 40°C (104°F). 

4. Re-wire. 

LIMITED WARRANTY 
DAYTON ONE-YEAR LIMITED WARRANTY. Blowers. Models 2C782, 2C914A, 4C440, 4C441A & 4C443A are 
warranted by Dayton Electric Mfg. Co. (Dayton) to the original user against defects in workmanship or materi-' 
als under normal use for one year after date of purchase. Any part which is determined by Dayton to be defec
tive in material or workmanship and returned to an authorized service location, as Dayton designates ship
ping costs prepaid, will be, as the exclusive remedy, repaired or replaced at Dayton's option. For limited warranty 
claim procedures, see PROMPT DISPOSITION below. This limited warranty gives purchasers specific leaal 
rights which vary from state to state. 
LIMITATION OF LIABILITY. To the extent allowable under applicable law, Dayton's liability for consequential and 
incidental damages is expressly disclaimed. Dayton's liability in all events is limited to, and shall not exceed 
the purchase price paid. 

WARRANTY DISCLAIMER. Dayton has made a diligent effort to illustrate and describe the products in this liter
ature accurately; however, such illustrations and descriptions are for the sole purpose of identification and do 
not express or imply a warranty that the products are merchantable, or fit for a particular purpose or that the 
products will necessarily conform to the illustrations or descriptions. 
erf MM b?l0W' n° or affixation of fact, expressed or implied, other than as stated in "LIMIT
ED WARRANTY above is made or authorized by Dayton. 
PRODUCT SUITABILITY. Many states and localities have codes and regulations governing sales, construction 
installation, and/or use of products for certain purposes, which may vary from those in neiohboring areas. While 

ayton attempts to assure that its products comply with such codes, it cannot guarantee compliance, and cannot 
e responsible for how the product is installed or used. Before purchase and use of a product, please review 

the product application, and national and local codes and regulations, and be sure that the product installa
tion, and use will comply with them. ' 
?e~fa'n aspects of disclaimers are not applicable to consumer products; e.g., (a) some states do not allow the 
x usion or limitation of incidental or consequential damages, so the above limitation or exclusion may not apply 
. y°u',. . S0, some states do not allow limitations on how long an implied warranty lasts, consequently the 

tfrr!''tTatl,°n may not apply ,0.y°u: and (°) bylaw' during the period of this Limited Warranty, any implied 
i s of merchantability or fitness for a particular purpose applicable to consumer products purchased 

by consumers, may not be excluded or otherwise disclaimed. purcnasea 
PROMPT DISPOSITION. Dayton will make a good faith effort for prompt correction or other adjustment with 
respe to any product which proves to be defective within limited warranty. For any product believed to be defec
tive within limited warranty, first write or call dealer from whom product was purchased. Deal^wIIq°eaddi
tional directions. If unable to resolve satisfactorily, write to Dayton at address below, giving dear's name 
address, date and number of dealer's invoice, and describing the nature of the defect. Title and risk of loss pass 
to buyer on delivery to common carrier. If product was damaged in transit to you, file claim with carrier. 

Dayton Electric Mfg. Co., 5959 W. Howard St., Chicago, IL 60648 
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L 2 REQUIRED 

Figure 3 — Replacement Parts Illustration, Models 2C782. 2C914A. 4C440 & 40441 a 

ORDER REPLACEMENT 
PARTS THROUGH DEALER 

FROM WHOM PRODUCT 
WAS PURCHASED 

Please provide following 
information: 
• Model Number 
• Serial Number (if any) 
• Part Description and 

Number as shown in • • 
pans list. 

If dealer cannot supply. 
order from: 

Dayton Electric Mfg. Co. 
Parts Department 

5959 W. Howard St. 
Chicago. Illinois 60648 

2 REQUIRED 

Figure 4 — Replacement Parts Illustration. Model 4C443A 

NOTE: Conduit box and cover not shown for Model 4C443A. 

Replacement Parts / ist 



METHANE REACTOR TROUBLE SHOOTING 

Methane reactor Is cold to touch. 

(a) Fuso Is blown 

ore replacing fuso. chock resistance between black wire and chassis and 

lte wire ond chassis. Resistance should be infinite. Replace fuse. Unit 
should be operational. 

( 2 )  

(3) 

resistance Is zero, there Is o short in the wiring inside the methane 

octor. Allow the reactor to cool and inspect ell wiring and components for 

once of shorting. Repair wiring or replace defective components. 

o shorts visible, lift entire wiring horness from methane reactor block 

and lay it on non-conducting surface. Measure resistance between black ond 

red eads. It should read zero, indicating continuity through temperature 

controller switch. If not, replace temperature controller switch. 

<b) Fuse is not blown but power is constant to unit ond unit is cold. 

Measure resistance between red lead and white lead. If unit has 10-LFM or 

less capacity ond operates 120V. the resistance should be about 48-ohms If 

operating 230V, resistance should be about 185-ohms. In either case, if re

sistance is infinite, replace heater. 

( 2 )  

(3) 

capacity is 20 or 30-LPM. resistance should be about 22-ohms if both 

°nd 0per8tin9 120V* Resistance should be about 95-ohms 

if for 230V. If reading is about 48-ohms. 120V. means one heater gone 

If reading is about 185-ohms. 230V. means one heater gone. All readings 
taken between red ond white leads. 

If readings in (b)(2).above ore infinite, both heaters gone. 

T, ott"r tto" 290-C' "»'«» switch with switch ,rc 

" " t.hp.ta,„t. s.ttinj correct. S.tting, other then 
prescribed will cause formation N0x and improper hydrocarbon removal. 

III. It is imperative that proper filtering of air prior to methane reactor be done Re

moval of particulates, halogens and sulfur compounds is mandatory for longevity and 
flow specifications to be met. 





INTRODUCTION 

This operating and service manual has been prepared to ensure that your SOLA Constant 

Voltage Transformer can be operated and serviced with minimal effort and involve

ment. This manual covers SOLA Constant Voltage Sinusoidal (CVS) Transformers. 

INSTALLATION - Mechanical 

Position 

All stock sizes with end housings are intended to be mounted with the silkscreened THIS 

SIDE UP legend facing upwards. This will place the ventilated capacitor compartment 

downward, thus providing cooler operation of the capacitor(s). However, all units will 

give satisfactory performance if mounted in a horizontal position. In either case, the 

unit should be mounted in an area where it is unlikely that anyone will come into contact 

with the core surface of the unit. Figure 1 shows a phantom view of a typical unit. 

Mounting Considerations 

If a unit is to be wall mounted, the mounting hardware should be sized as in Table 1 

below. All mounting holes provided must be used. 

Table 1. Mounting Screw/Bolt Sizing 

RATED VA OF REGULATOR MIN. DIAMETER OF STEEL MOUNTING BOLTS 

30 to 120 #10 Machine Screws 

250 

500 to 1000 

1500 to 10000 

15000 

1/4" Bolts 

5/16" Bolts 

3/8" Bolts 

1/2" Bolts 



z  

*®JA moitmy *x 



All ratings depend on natural draft air circulation for cooling. They should not bo 

mounted in confined or enclosed spaces unless special provisions have been made for 

ventilation. Sola's Technical Service department is available for assistance in doubtful 

situations (see note on Operating Temperature, page 13). Table 2 and Figure 2 show 

model numbers with their weights and physical dimensions. 

Table 2. CVS Weights and Physical Dimensions 

Catalog Number VA Outline A B C D 
(in inches) 

E F G H Shipping 
Weight 

Qbs) 

60Hs Single Phase: 

23-13-030-2 30 A 6.12 5.19 3.31 4.00 3.50 3.00 1.75 .22 X .59 7 
23-13-060-2 60 A 6.94 5.19 3.31 4.00 3.50 3.00 1.75 .22 X .59 9 
23-23-060-2 60 A 6.94 5.19 3.31 4.00 3.50 3.00 1.75 .22 X .59 9 
23-22-112-2 120 A 3.12 5.19 3.31 4.00 3.50 3.00 2.44 .22 X .59 13 
23-22-12S 250 A 9.62 7.44 4.50 5.38 4.75 4.12 2.19 .31 X .69 23 
23-23-125-8 250 A 9.88 7.44 4.50 5.38 4.75 4.12 2.19 .31 X .69 23 
23-23-125 2S0 A 9.62 7.44 4.50 5.38 4.75 4.12 2.19 .31 X .69 29 
23-22-150 500 A 11.69 6.44 7.78 9.00 8.12 5.62 3.06 .38 X .81 36 
23-26-150 500 A 11.69 6.44 7.78 9.00 8.12 5.62 3.06 .38 X .81 36 
23-23-150-8 500 A 12.69 6.44 7.78 8.00 8.12 5.62 3.06 .38 X .81 37 
23-25-175 750 A 15.33 6.44 7.78 9.00 8.12 5.62 3.06 .38 X .81 52 
23-23-175-3 750 A 13.69 6.44 7.78 9.00 8.12 5.62 3.06 .38 X .81 52 
23-25-210 1000 A 16.38 6.44 7.78 9.00 8.12 5.62 3.06 .38 X .81 60 
23-26-210 1000 A 16.38 6.44 7.73 9.00 8.12 5.62 3.06 .38 X .81 60 
23-23-210-3 1000 A 16.75 6.44 7.78 9.00 3.12 5.62 5.25 .38 X .81 63 
23-25-215 1500 3 18.44 9.03 10.56 12.75 11.75 3.00 5.19 .44 X .69 94 
23-23-215-3 1500 3 16.44 9.03 10.56 12.75 11.75 3.00 5.19 .44 X .69 95 
23-25-220 2000 3 19.31 9.03 10.56 12.75 11.75 3.38 5.19 .44 X .69 111 
23-23-220-8 2000 3 17.31 9.03 10.56 12.75 11.75 5.25 5.19 .44 X .69 109 
23-26-220 2000 B 19.31 9.03 10.56 12.75 11.75 3.38 5.19 .44 X .69 111 



Table 2. CVS Weights and Physical Dimensions - (Continued) 

Catalog Number VA Outline 
C D 

(in inches) 

23-25-230-3 

23-26-230 

23-23-230-8 

23-25-250-6 

23-26-250-6 

23-23-250-8 

23-28-275-6 

23-28-310-6 

23-28-315-6 

3000 

3000 

3000 

5000 

S000 

5000 

7500 

10000 

15000 

B 

B 

B 

B 

B 

B 

C 

c 

20.69 9.03 10.56 12.75 11.75 5.25 5.19 

20.69 9.03 10.56 12.75 11.75 5.25 5.19 

18.69 9.03 10.56 12.75 11.75 5.25 5.19 

30.69 9.03 10.56 12.75 11.75 8.25 8.88 

30.69 9.03 10.56 12.75 11.75 8.25 8.38 

28.19 9.03 10.56 12.75 11.75 8.25 8.88 

29.06 9.03 22.81 25.81 24.81 6.62 8.88 

30.69 9.03 22.81 25.81 24.81 8.25 8.88 

30.69 9.38 35.56 38.25 37.22 8.25 8.88 

.44 X .69 

.44 X .69 

• .44 X .69 

.44 X .69 

.44 X .69 

.44 X .69 

.44 X .69 

.44 X .69 

.56 X .69 

Shipping 
Weight 
Obs.) 

142 

142 

142 

225 

225 
222 

365 

452 

715 

50Hx Single Phase: 

24-551-2 

24-552-2 

24-553-2 

24-554-9 

24-554-10 

24-555-9 

24-555-10 

24-556-9 

24-557-9 

24-572-9 

60 

120 

250 

500 

500 

1000 

1000 

2000 

3000 

5000 

A 

A 

A 

A 

A 

B 

B 

B 

B 

C 

9.75 5.19 3.31 4.10 

8.62 7.44 4.50 5.38 

10.31 7.44 4.50 5.38 

12.31 6.44 7.78 9.00 

12.31 6.44 7.78 9.00 

17.12 6.44 7.78 9.00 

17.12 6.44 7.78 9.00 

19.94 9.03 10.56 12.75 11.75 

25.41 9.03 10.56 12.75 11.75 

21.12 9.03 22.81 25.81 24.81 

3.50 

4.75 

4.75 

8.12 
8.12 
8.13 

8.13 

3.00 2.44 .22 X .S9 11 
4.12 2.19 .31 X .69 21 
4.12 2.19 .31 X .69 37 
5.62 3.06 .38 X .81 56 
5.62 3.06 .38 X .81 56 
5.62 4.06 .38 X .81 65 
5.62 4.06 .38 X .81 65 
4.50 5.19 .44 X .69 126 
6.66 5.19 .44 X .69 187 
5.69 5.19 .44 X .69 310 

• Triplex assembly: Same as Figure 2 (c) except for one more transformer. 

NOte*' fo0r"her0fr.\uCJnciterSfOr,De" °' be adjusted or rebuilt 
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Flguw 2* Mounting Sola Dimension# 
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- iuectricml 

"outP„tC TV boxedar;2marked -
provided with multiple inputs for any one t 7" " " 150°° ^ " 

SOme — provision for 

attached to the inside lid of the box cover • ^ " COnneCt,0n d,aSraM '» 

typical connections for -8 models and Fig7 Th " ̂  °UUet ^ ̂  3 ^ 

other models. Figure 5 shows th " B,UltiPle «—«*« «« a, 
figure 5 shows the output connections for all models. 

.95-130 
175-235 
190-250 
380-520 

INPUT CONNECTIONS - All except 2S0 VA 
Input 

Jumper 

HI-HZ 
H1-H4 
H1-H5 
H1-H10 

(HI - H3 - H6 - K8) (H2 * H5 - H7 + H10) 
(K2* V,3,' ,»,7 * H3) (H1 * H6) (H4 * H9) 
'  fw? M,,* ,H8) (H1 * Hb) <H5 - H10) 

(H2 «• H3) (H5 » H6) (H7 * H8) 

95-130 
190-260 
380-520 

HI - H2 
HI - H4 
HI - H8 

(HI * H3 r H5 - H7) (H2 * H4 • H6 * H81 

(HZ HJIMJI1  ( H 1 * H 5 )  < H 4 * H 8 )  
(H2 - H3) (H4 • H5) (H6 - H7) 

Figure 3. Electrical Connection for -8 Models 



Series-multiple primary with tap 
for three input voltages 

LOWER INPUT VOLTAGE HIGHER INPUT VOLTAGE 

HI H2 
larm. 

190-260 
"* VOLTS 

IQQQJ a 

H 3  H 4  

smxi 
HI H2 
OCCOQJ 

Series-multiple primary 
for two input voltagea 

VOLTS n 

HI 
0000. 

H2 H3 
Solo 

H3 H4 

iJQQQQ, 

175-235 
' VOLTS " 

HI 
SXXSl 

H 4  

£££U 

Figure 4. Multiple Input Connections for Ail Models Not -g 

nmmm?) X1 X2 

SINGLE 
OUTPUT 

fouuomxxj 
120 Volts 120 volts 

240 * Volts 
THREE-WIRE 

OUTPUT 

A l l  m o d e l s  n o t  e n d i n g  i n - 8  

x i  x  2  

"~L. —  G N O  
S I N G L E  
O U T P U T  

XI 

oummn 
120V 

240 

120V 

Volts 

•=r GND 
T H R E E - W I R E  

O U T P U T  

A l t  m o d e l s  e n d i n g  i n - 8  

Figure S. Output Connections 
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Wire Sizing and Circuit Protection 

Table 3 show, suggested circuit protection and wire sizin, f„ 
transformers. 8 the "aj',OU3 models of CV; 

Table 3. Circuit Protection/Wire Gauge Sizes 

CVS 

VA 
Rating 

30 
60 

120 

250 

500 

750 

1000 

1500 

2000 

Rated 
Volts 

95-130 
95-130 

95-130 
175-235 
190-260 
380-520 

95-130 
175-235 
190-260 
380-520 

95-130 
175-235 
190-260 
380-520 

95-130 
175-235 
190-260 
380-520 

95-130 
175-235 
190-260 
380-520 

95-130 
175-235 
190-260 
380-520 

95-130 
175-235 
190-260 
380-520 

INPUT 

Required Circuit 
Protection (A) 

1 
l_ 
3 
3 
3 

_1_ 
6 
3 
3 

_1_ 

10 
6 
6 

_3_ 

15 
10 
6 

_3_ 

15 
10 
10 
_6_ 
25 
15 
15 
10 

30 
20 
15 
10 

Minimum Gauge 
90°C Wire 

14 
14 

14 
14 
14 
14 

14 
14 
14 
14 

14 
14 
14 
14 

14 
14 
14 
14 

14 
14 
14 
14 

10 
14 
14 
14 

10 
12 
14 
14 

OU1PUT 

Hated Minimum Gaune 
Volts 90°C Wire 

120 
120 

120 
120 
120 
120 

120 
120 
120 
120 

120 
208 
240 

120 
208 
240 

120 
208 
240 

120 
208 
240 

120 
208 
240 

14 
14 

14 
14 
14 
14 

14 
14 
14 
14 

14 
14 
14 

14 
14 
14 

14 
14 
14 

12 
14 
14 

10 
14 
14 
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Table 3. Circuit Protection/ w ire Gauge Sizes - (Continued) 

CVS INPUT OUTPUT 
VA Rated Required Circuit Minimum Gauge Rated Minimum Gauge 
Rating Volts Protection (A) 90°C Wire Volts 90°C Wire 

95-130 45 8 120 3 
175-235 25- 10 208 12 

3000 190-250 25 10 240 12 
300-520 15 14 

95-130 80 4 120 8* 
175-235 40 8 208 10 

5000 190-260 40 8 240 10 
380-520 20 12 

175-235 60 6 120 4 
7500 190-260 60 6 208 8 

380-520 30 10 240 8 

175-235 80 3 120 3 
10000 190-260 80 4 208 6 

380-520 40 8 240 8 

175-235 125 1 120 0 
15000 190-260 110 2 208 4 

380-520 60 4 240 4 

'Leads La the wiring compartment must be sleeved with 105°C sleeving. 

9 



wire Keguiating 

better may be obtained ^ acti°° of rl% 
combination 240 and 120 rolt loada, or unbaJeT^2^" "" ̂  ̂  1100 

Other Conaiderationa 

For certain smaller rating, an accessory adapter plate-carr 
receptacle, or jaclta, ia available at a smal, !' ^8 ^ COrd ^ outpu 

installation are furnished with the adapter kit. * ltl0,KU C°St" SimP'e d!recti°« 

Wh6n il ^ *ot in use. CVS^^ tUrnUlg °£f P°wer «o the «ni, 

^ app"«a^ -rrent regardless of output"^! deS,?ne<1 *"* 

The output, of all Sola standard CVS t,«„w 
K""S' «««"•«* b, ,e^g. "OM,i ta,«. UP.,. 
«. h... ,„,cu ^ »«b ,„p.„, P.P.P. 

„ „lu ^ sz":,zz• "*xz 

transients. e abU,tF to "Ject power line noiae or 

SPECIAL INSTALLATIONS 
Uae on Three-Phaae Power Supply 

_,, _ ̂-rrzr-r;,— 

22™^ 

,..taS. c.m,.ao„ 

10 



IM4i. 

A I C 

Figure 6. Three—Phase Connections 

Use With Switchmode Power Supplies " 

If a CVS transformer is used as a source for a switchmode power supply, a slight amount 

of ringing may be noticed on the sine wave output of the CVS at half cycle intervals for a 

short duration. This ringing occurs at the point when the switchmode power supply 

current demand drops to zero. The ringing need not be a cause for concern since it is of 

relatively low magnitude and frequency. The CVS has been tested with a variety of 

switchmode power supplies and it has been determined that the ringing never affects the 

DC outputs, nor has it been found to degrade the components of any switchmode power 
supply. 

Multiple Operation 

Two CVS transformers of the same rating may be connected with their inputs and outputs 

in parallel. The regulating action will usually be excellent although the standard rl% 

cannot be guaranteed. Series connection of either input or output is not recommended. 

Use With Rectifier r 

The ratio of crest to rms values is approximately 1.3 at rated load, and slightly lower at 

fractional loads. This factor must be considered when all or a portion of the voltage is 

rectified. The rectified voltage will now be 10 - 15% lower than if connected directly to 
a sine wave source. 

11 



Operation With Motor Loads 

to motor application,. In gener^t^ CVS^T"' "tenti°n ShouJd b* fl* 
m«imum power drawn during the'starting cycl7 ^ "tin8 C<,UaJ to 1 

thC n0rmal of the ..tor. fcluh^ ma7 "" tW° " Ci8ht ^ 

actual starting current. ^ Ca3" U * ad^»ble to measure tl 

C"ca«te Operation 

For applications requiring close regulation, two CVS tranw 

jascade". The output of the combination will show litcle or "7" ^ operated * 
• supply line variations of up to *ls%. Howe B° etoct*bl* ^ange arisin, 

frequency sensitive (a, discussed under Effect of F " ^ wiU "ill b, 

Power systems may often vary in frequency by ^7' ̂  ̂  *°°« 

cascade combination may vary by up to 0.25% , J m°re' ^ °f 4 ^ 

then, a cascade combination is highly recomm d d ai°"e' ^ practice' 

regulation in the Seneral rejon'of rhendeV°r SP6CiiU aPPUcatioM "^ring 

rating, then the Type CVS "driver' un^h l^ ^ " '° °P«ated « 

^ven unit, in order to overcome the losses in the latter"8 ^ ^ 

P^SICAi. CHA-RACTERISTICS OF OPERATION 
Operating Temperature 

Standard units are de«i «,.».< . 
50°C. Ih operation a " °P<!rate " ambieat temperatures of minus 20°C 

peration, a temperature rise will nr-r-, • , c to plus 
serving load. NoraJaU7> ^ ̂  may ^ Aether or not the transformer is 

depending on the type and rating. My caae  ̂71 " °' U°°C' 
ambient of S0oC „ ^ J™*' ^ »«— operating temperature at an 

material used. (Special units can be desired 7 7" ^ ^ ̂  °' ,MU,atfa« 
temperature range.) d<!S,8ned ,0r l°W" ha" or wider ambient 

12 



External Magnetic Fields 

In almost all applications, this effect may be disregarded. On critical applications, care 

should be exercized in the orientation of the core with respect to critical circuits, in 

order to minimize the effect of the field. 

In certain rare cases in which the transformer is connected to, or mounted near, high 

gain audio frequency circuits, special attention may need to be given to adequate 

physical spacing and/or orientation of the CVS transformer so as to avoid interaction 

with the audio circuits. Sola's Technical Service Department may be able to offer 

suggestions for such problems. 

ELECTRICAL CHARACTERISTICS OF OPERATION 

Checking With Voltmeters 

All checks on output voltages should be made with a true RMS voltmeter such as a Fluke 

model 8020 A. Rectifier-type voltmeters will not give accurate readings due to the 

small amount of harmonics present in CVS output. 

Load Regulation 

Changes in output voltage resulting from changes in resistive loads are usually small -

running one percent or less in the larger units. Table 4 shows average values for output 
voltages. 

Tahle 4. Output Voltage Changes - 20% Load to Full Load 
(100% Power Factor - Nominal Input Voltage) 

Transformer VA Percent Change — Output Voltage 

11-30 approximately 4% 

31-120 approximately 3% 

121-150 approximately 2% 

151-over approximately 1% 

13 



Phase Shift 

The phase difference which exists between input voltage and output voltage in the range 

of about 120° to 140° at full load. This phase difference varies with the magnitude of 

the load and, to a lesser extent, with changes in line voltage. 

Output Wave Shape 

The CVS transformers all include harmonic-neutralizing circuitry. These units typically 

have less than 3% total harmonic distortion at full load and less than 4.5% at no load. 

Response Time 

An important advantage of the Sola principle of static magnetic regulation is its 

exceedingly fast response time compared with other types of AC regulators. Transient 

changes in supply voltage are usually corrected by a Sola CVS with 1 1/2 cycles or less, 

the output voltage will not fluctuate more than a few percent during this interval. 

Isolation 

Since the input and output are separated not only electrically, but physically, by a 

magnetic shunt, the Sola CVS has a stronger isolating effect than a conventional 

transformer. This may often eliminate the need for static shields. 

FACTORS AFFECTING OPERATION 

Input Charcteristics 

As the Sola CVS transformer includes a resonant circuit that is fully energized whether 

or not a load is present, the input current at no load or light loads may run 50% or more 

of the full-load primary current. As a result, the temperature of the unit may rise to 

near full-load levels, even at light or nonexistent loads. Input power factor will average 

90-100% at full load, but may drop to approximately 75% at half load and 25% at no 

load. In any case, it is always leading. 

Effect of Load Power Factor 

The median value of output .voltage will vary from the nameplate rating of the load is a 

power factor other than that for which the unit was designed. Load regulation will also 

be relatively greater as the inductive load power factor is decreased (see Figure 7). 

However, the resulting median values of the output voltage will be regulated against 

supply line changes at any reasonable load or power factor. 

14 



C H A N G S  I N  " M I D I A N "  O U T P U T  V O L T A G t  
0  V E R S U S  L O A D  P O W f f l  F A C T O R  
Z A T  V A R I O U S  L O A D S  

§ 100 90 80 70 60 SO 

IOAO POWER FACTOR IN PERCENT 

Figure 7. Median Output Voltage Vs. Load Power Factor 

Effect of Frequency 

Changes in the frequency of the supply voltage will be directly reflected in the output 

voltage. A change of approximately 1.8% in the output voltage will occur for every 1% 

change in input frequency in the same direction as the frequency change. 

Effect of Temperature 

The output voltage will show a small change as the unit warms up to stable operating 

temperatures at a constant ambient temperature. This change may be about one or two 

percent, depending on the unit's VA rating. At a stable operating temperature, the 

output voltage will change slightly with varying ambient temperature. This shift is 

approximately one percent for each 40°C of temperature change. 

Current Limitation 
When the load is increased beyond the transformer's rated value, a point is reached where 

the output voltage suddenly collapses and will not regain its normal value until the load is 

at least partially released. Under a direct short circuit, the load current is limited to 

approximately 150-200% of the rated full load value, the input wattage to less than 10% 

of normal. A CVS will protect both itself and its load against damage from excessive 

fault currents. Fusing of load circuits is not necessary. 

Manufacturing Tolerance 

The nominal output voltage of each stock Constant Voltage Transformer is adjusted at 

the factory to within plus 2%, minus 0% of rated (nameplate) value with rated, nominal 

voltage at rated frequency applied to the input, and with full rated load at 100% power 

factor applied to the output. This adjustment is made with the unit at substantially the 

same temperature as room ambient temperature (25°C). 
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SERVICING 

Routine Maintenance 

Aa the Sola CV Transformer is a simple rugged device without moving parts or manual 

adjustments, no servicing or maintenance is needed in the ordinary sense. The 

percentage of possible poor performance or failure is exceedingly low. In any case of 

apparent poor performance, the user is urged to check the following points immediately; 

Checklist on Factors Affecting Performance 

A. Nominal Voltage Too High 
1. The load may he considerably less than full rating. (See "Load Regulation", 

page 13.) 

2. The load may hare a leading power factor. 

5. Nominal Voltage Too Low 
1. Load power factor may be lagging. (See Load Regulation, page 13.) 

2. Unit may be slightly overloaded. (See Current Limitation, page IS.) 

C. Does Not Regulate Closely 
1. Unit may be slightly overloaded. (See Current Limitation, page IS.) 

2. Actual line voltage swings may be outside the rated coverage of unit, 

particularly on the low side. 

3. On varying loads, a certain amount of load regulation may be mixed with 

the line voltage regulating action. (See Load Regulation, page 13.) 

D. Output Voltage Very Low (20-60V) 
1. Unsuspected or unplanned overloads of substantial sire may occur 

intermittently (motor-starting currents, solenoid inrush currents, etc.). 

(See Current Limitation, page 15.) 

2. One or more capacitor units In the CVS transformer may be defective. 

(See Field Replacement of Capacitors, page 18.) 

E. No Output Voltage At-All 

1. Check power source breakers or fuses. 

2. Check continuity between input terminals, and also between output 

terminals. 
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F. Transformer Operating Temperature 

1. These transformers are designed to operate at high flux density, and hence, 

relatively high temperatures (see Operating Temperature, page 13). After 

connection to line for a half hour or so, the exposed core structure may be 

too hot to touch with bare hand, but this is normal and need give no 

concern. However, if there is any indication of oil or compound leakage, 

unit should.be returned to factory. (See below.) 

NOTE 

In case the transformer is operating but does not appear 

to have the correct output, it is very helpful to apply the 

following test: 

1. Disconnect the working load. 

Z .  Connect a dummy load of lamps, heaters, or other resistive load 

substantially equal to the full load rating of transformer, directly across its 

output terminals. 

3. Measure the output voltage of the CVS using a true RMS type voltmeter 

directly across its output terminals. 

This test will usually establish whether the apparent poor performance is due to a fault in 

the CVS transformer or to some peculiarity of the working load. Sola's Technical Service 

department will then be in far better position to give helpful service advice or suggest 

factory test or service as indicated. 

Factory Test and Inspection 

If the field test suggested earlier indicated that the CVS transformer itself may be 

faulty, a full report of the difficulty should be communicated to the place of purchase, 

with a request for permission for return. The Authorized Sola Distributor may then 

suggest further helpful field tests, or authorize return for inspection at once. A Return 

Authorization Number will be issued. This number must appear on the outside of the 

shipping container otherwise the shipment will not be accepted. 
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Technical Information at a Glance 

260-0023 
260-0024 

1.7T 
44-

ov va 0 
1 

1_ 

Filter Fan Outlet 
SK 3150 Filter 
SK 3165 SK 3160 

4.s r  
<30.18-1 —a 117 

«>4 5 

Installation Cutout 

SK 3151 - SK 3168 

Installation Cutout 

FAN SK3168 
FILTER SK3163 

Rlter Fan 
SK 3151/52/53 
SK 3166/67/68 

Outlet Rlter 
SK 3161/62/63 

Oi 

Iki 
I n 

CD 

0 0.18" 

Filter 
Fans 3151/66 3152/67 3153/68 
Outlet 
Rlter 3161 3162 3163 
A mm/in 204 /8.03" 255 /10.04"| 323/12.72" 
B mm/in 66 /2.60" 1103.5/ 4.07"l 140/ 5.5 i". 
C mm/in 175 /6.89" 222 / 8.74" 290/11.42"! 
D mm/in 124.5/4.90" 160 / 6.30"i206/ 8.11"j  
E mm/in 176 /6.93" 223 / 8.78"|291/11.46"| 
F mm/in 1185 /7_28" 234 / 92l"l302/11.89"i  
G mm/in i 117 /4.61" 151/ 5.94" | 

Model No. SK 3150 SK 3165 SK 3151 ——; aiwip* a* Jiaa 5K 3168 Axial tan with setf-starting solii oole momr „ . 
Operating voltage 220/230 V 110/115 V 

50/60 Hz 50/60 Hz 220/230 V 110/115 V 
50/60 Hz 50/60 Hz 220/230 V 110/115 V 

50/60 Hz 50/60 Hz 220V 115V 
50 Hz 60Hz Capacitance value 2 uc 3 gF Current rating 0.11 A 0.24 A 0.11 A 0.24 A 0225 A 0.6 A 0.27 A 06A Power 18W 20W 18W 20 W 35 W 42 W 58 W 75 w Noise level 48.5/49 dB (A) 4 7 5/48 dB (A) 49/49.5 C8 (A) 64/69dB (A) RPM 2650/3100 min-' 2650/3100 min-1 2850/3350min-' 2650/3000 min-' Temoerature range -I0lo + 55°C [+14 to + t31°R -10tff+55°C [+l4to + i3l°Fl -10tc + 55°C [+14to + !31°Fl -i0to+55°C l+i4tov.i3l°FI Air throucnput: 

unlmoedeo airflow 48 mi/h 128.3 "3/minl 103 [701 mVh [60.62 (41.201 IP/minf 220 (130) mi/h 1129.5 (76.52) IP/mini' 500 (340) mVh (294 3 (2001) tp/minT With outlet litters 1 SK3160.35 mi/h 
[20.60 ttVmin) 

2SK3l60,42mJ/h 
[2472 ft3/min| 

1 SK 316l.42m3/h 
[24.72 ItVminj 

1 SK 3161,61 (48)mVh 
[35.90 (2825) ItVmin]* 

2 SK 3160,59 (47) mVh 
[34.73 (27.66) tta/minj-

2SK3161.85(62)m3/h 
[50.03 (36.49) ItVmin]' 

1 SK316Z 78(58) mJ/h 
[45.91 (34.14) ttVmml" 

1 SK 3162.150 (105) mVh 
[8829 (61.80) (IVmin)* 

2SK3161,160(110) m3/h 
[94.17(64.74) tlVminJ* 

2 SK 3162.190 (120) nP/h 
[111.8 (70.63) Il3/min|* 

1 SK3163.180(118)m3/h 
[105,9 (64.451 IP/minC 

1 SK 3163,360 (285) m3/h 
[211.9 (167.7) n3/min[* 

2 SK 3162,380 (285) m3/h 
[223.7 (167.7) !t3/min|* 

2 SK 3163.440 (320) m3/h 
[259.0 (1883) fp/min!" 

Special voltages 
available in 

* =» Values in hrarks* 

24VDC 
24 VAC 50/60 Hz 
48 VAC 50/60 Hz 

24VDC 
24VAC 50/60 Hz 
48 VAC 50/60 Hz 

24 VAC 50/60 Hz 110 V AC 50 Hz 
230V AC 60 Hz 



Field Replacement of Capacitors 

Capacitors used in all CVS transformers are the highest commercial grade available* 

Each one is given a rigid acceptance test upon receipt. Nevertheless, as with all' 

capacitors, there is a certain small percentage of failure. Sola's guarantee includes free 

replacement at the factory of any capacitor unit which fails within one year from date of 

purchase. Older units can be replaced at moderate charge. 

Where competent technical help is available, it may be possible to test and identify^ 

defective capacitors in the field, and to make field replacement with new units shipped • 

from the factory. In all such cases, factory advice and cooperation should be requested 

in advance. Sola cannot be responsible for repairs performed outside factory Authorized 

Service Centers. 
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QUALIFICATIONS & EXPERIENCE 
On-Site Remediation of Sludges 

and Contaminated Soils 

Resumes of Key Personnel 



Z. Lowell Taylor, Ph.D., P.E. 
Chief Operating Officer 

Experience 

1983-OaU 
Chief Operating Officer for Williams 
Environmental Serviaea. Inc. As audi, ha 
haa been directly reapousibla far thermal 
treatment activities of the company. These 
activities include actual hands-on efibrta in 
design and operation of the thermal treat
ment unita used at two Supernind sites the 
aompany haa been involved in. He has 
directly supervised remediation of and 
operation of two new units used to 
remediate petroleum-contaminated soils at 
Columbia. South Carolina, and Fort 
McClellan. Alabama, in addition to numer
ous other sites. He has managed the design 
and construction of a third unit which began 
operation at another Superiund site, the 
Letterkenny Munitions Depot in August 
1991. Dr. Taylor was oa site at the Prentiss. 
Mississippi, project to perform project and 
equipment evaluations: he proposed design 
modifications to be performed before the 
unit was employed oa the Sag Creek Farm 
site. He was on site at the Bog Creek project 
approximately 50 percent of the time and 
directly involved with management of the 
project. He haa been involved with several 
key field engineering modifications which 
were instrumental in successful completion 
of projects. Williams' operating canters 
induda Ramediation Services, Tlm.nl 
Treatment. Groundwater Services, Labora
tories. Engineering Services, and Industrial 
Hygiene Services. He manages approxi
mately 123 employees located in lour offices 
and three laboratories throughout Alabama 
and Georgia. 

JIM WALTER RESOURCES. INC. 
Birmingham. Alabama 

1980-1987 
Vice President. Responsible for operations, 
environmental afiaira. engineering, and 
research and development for $150 million 
chemical, coko and fiber manufacturing 
operation. These facilities included five 
aanuiacairing plants, extensive utilities 
and power plant and waste treac-ment 
facilities. Major environmental projects 
inciuded: 

• Development and construction of waste
water facilities to treat 1 MGPD of 
complex coke and chemical waste. 

• Design and permitting af waste incinera
tor for chemical waste. 

e Development of RCRA-mandated investi
gation for five complex landfills and 
lagoons. 

• Development of plans lor handling aaka 
facility hazardous waste. 

• Development and implementation of 
environmental and lech rural feasibility 
program far incineration of coke oven 
fuels with oogeneration of steam and 
power for three 100.000 llvhr bailer 
systems. 

In this position Dr. Taylor waa directly 
responsible for some 300 employees. The 
technical groups which conducted the R&D 
and environmental affairs were comprised of 
approximately 40 engineers and 30 chemists 
and industrial hygiene professionals. 

FRIT INDUSTRIES. INC 
Ozark. Alabama 

1978-1980 
Vice President. Responsible lor operations, 
environmental alTain. and engineering for 
the largest manufacturer of micro nutrients 
in the United States. Operations included 
five chemical plants located in the Southeast 
and Midwest. Major environmental projects 
included: 

• Design permitting and construction of 
facilities to utilize byproduct Que dusts j 
from the metals industry in the manufac- ! 
aire of oiicronutrient products. j 

I 
• Lagoon, soil and groundwater studies and I 

corrective action plans for manufacturing i 
site contaminated with heavy metals and ! 
nitrates. j 

• Closure of large chemical fertilizer facility ! 
located in the Midwest. The cleanup of | 
nitrates, lead and cadmium was required. { 

I 
HARMON ENGINEERING ASSOCIATES. INC. 

Auburn. Alabama 
1975-1976 

Senior Vice President. Responsible for the 
management of ail projects including 
proposal preparation, job costing: project 
scheduling, and report preparation. Super
vised stair of 42 with approximately 17 
professionals. Project load inciuded environ
mental studies. "«""i and design. Major 
projects included: 

• Development of environmental plan for 
large foundry operation to include air 
quality, runotf and wastewater evalua
tions. Design of total environmental 
systems was completed. 

• Conducted large river basin study of 
Flint. Chattahoochee, and Apaiachicola 
system. Identified ail major industrial 
and municipal sources of wastewater 
pollution. Modeled system to show 
scream and system impacts. 

• Developed wastewater treatment systems 
and designs for 16 industrial facilities 
ranging from small plating shops to 
major steel producers. 

AUBURN UNIVERSITY 
Auburn. Alabama 

1970-1975 
Professor and Head. Deportment of 
Engineering. Responsible for research and 
a endemic afiaira of an accredited engineer
ing program: consulting practice included 
the development of wastewater disposal 
alternatives for DuPonc's facility at Holt. 
Alabama. Treatability studies Sir ethylene 
glycol and pesticide containing wasces. and 
evaluation of fluoride waste control system 
for aluminum smeiting. 

U.S. PIPE AND FOUNDRY COMPANY 
Birmingham. Alabama 

1989-1970 
Director of Research. Directed technical 
etfort for the Chemical Division. Responsible 
for development, technical services, quaiicy 
concroi and environmental macters. 

AUBURN UNIVERSITY 
Auburn. Alabama 

1968-1969 
Assistant Professor. Department of 
Chemical Engineering. 

U^. MARINE CORPS 
Camo LeJeuna. North Carolina 

1959-1962 
1st Lieutenant. 

Education 

1959. 3-3„ Chemical Engineering 
1963. M-3- Chemical Engineering 
1966. PhJD- Chemical Engineering 
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Mark A. Fieri 
Project Development Manager 

Experience 

1988-0*1* 
Project Development Manager. Reports 
Co Vice President, with responsibility for 
design, installation, startup, and trouble-
shooting of mobile hazardous waste incin
erator. Develops largo-scale remediation 
projects. Activities include conceptual 
design, estimating, proposal preparation 
and presentation. Has managed more than 
Tarty projects, including incineration, waste 
stabilization. NPOES/SID permits. PCB 
remediation, and volume reduction. 

1988-1989 
Project Manager. Managed Emergency 
Response Division, with liiil responsibility 
for on-scene coordination, establishment of 
communication with and between federal 
and state agencies, supervision of site 
personnel, and monitoring disposal activi
ties. 

1987-1988 
Project Engineer/Laboratory Manager. 
Responsible for daily operations of hazard
ous waste laboratory. Duties included 
operation of gaa chromatograph/masa 
spectrophotometer unit, gaa chromato-
3raph. and other laboratory instruments. 
Managed and supervised equipment and 
supply procurement. laboratory analysis, 
and quality control program. Other duties 
included variety of wet chemistry methods 
in Standard. Methods for Water and Waste
water. Test Methods for Sualuating Solid 
Waste. Physical / Chemical Methods (SW-
3461. and American Society for Testing and 
Materials (A37M) standards. 

1986-1987 
Part-Time Lab Technician. Responsible 
for operation of variety of laboratory 
instruments, including CCMS system. GC. 
Atomic Absorption unit. Total Organic 
Carbon analyzer. pK/ISS meter, and 
spectrophotometer. Daily activities included 
preparation of standards, duplicates and 
spikes: preparation of reports: and guidance 
of other laboratory personnel. 

Project Experience 

Technician. PCB sampling of a vacant lot 
with abandoned capacitors for an interna
tional construction (inn. Duties included 
site layout, sampling scheme, analysis of 
samples, chain-of-custody, quality assur
ance. quality control, and transportation of 
samples. Approximately two hundred 
samples were collected and analyzed by 
EPA Method 60S (40 C7R 136. Appendix A). 
The analytical results wars used to design a 
remediation plan for this client. 

Technician. Developed method to sample 
dare gee for a major chemical plant. The 
methodology involved the use of three 
impingers filled with varying amounts of 
methanol. The methanol was used to trap 
isopropanoL. neopentyl glycol, ethylene 
glycol and epichlorohydrin. The analysis 
was performed by GG/MS. 

Health and Safety Officer. Duties 
included site safety audits and personnel 
safety guidance for a U.S. Military Base. 
The job involved the demolition of a metal 
plating shop which included such hazards 
and cyanide, asbestos and heavy metals. 

Project Manager. Job duties included the 
inventorying of TOO lab chemicals, the tab 
packing of more than 400 chemicals, the 
identification of 40 unknown chemicals by 
HazCat procedures, and the detonation of 
more than 100 pounds of reactive chemicals i 
at a LLS. Military Installation. | 

Project Manager. A study was performed ! 
far a large tire manufacturer to give de- ! 
tailed information an the dissolved oxygen j 
content and sludge depth of an industrial ! 
wastewater settling basin. j 

Project Manager. Job entailed the tracing ! 
of the phosphitizing and stripping processes 
to determine the causae of the high phos
phate and pH excursions for a large athletic 
equipment manufacturer. 

Project Manager. A study was conducted j 
for a large wood processing facility to 
determine the causes of the phenolic excur
sions at the wastewater treatment facility. ; 
The study snowed a process change would j 
correct the phenol problem. 

Project Manager. The job entailed the 
development of mercury decontamination 
procedures and development of a sampling/ 
analytical protocol; the job also involved the 
application of these procedures and proto-
aoL Asbestos abatement wee involved 
in the mercury decontamination. 

Incinerator Design- Designed an incin
erator to meet TSCA/RCRA standards. The 
design also included an feasibility 
study. 

Job Superintendent. Supervised the in-
ground cleaning of a deactivated 15,000-
galian oil tank for a large tire 
manufacturer. 

Technician. Sampled and analyzed several 
hundred inactive transformers lor PGBs at 
a US. Military Installation. Sampling was 
performed in accordance with ASTM 
Method 0923-36 and the PC3 analysis was 
performed in accordance with 40 CFR 136. 
Appendix A (Method S08). 

Technician. Purged and sampled ground
water monitoring wells for permit compli
ance for miscellaneous groundwater 
division work. 

Project Manager. A study was conducted 
for a large clothing service to determine the 
causes of its pH excursion. The wash 
process was traced and documented to 
determine the varying pH values during 
diiTerent wash cycies. 

Project Engineer. A chemical spill 
involving the release of several thousand 
gallons of .-lonyipnenol polyethylene giycoi 
ether occurred at a major chemical manu
facturing plant. The job involved the 
ooilectiqa of raw material: die cleaning of 
the containment system: the collection of 
100.000 gallons of contaminated groundwa
ter: and the later release of the water into a 
municipal sewer system, and the supervis
ing of the support laboratory. 
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ML Allen Tucker, Jr., P.E. 
Manager, Thermal Treatment 

Education 
Project HuufW for additions/renova- 1982. 3.S.. Agricultural Engineering 
tiona of a public high school and alementary 1983. 3-3^ Mechanical Engineering 
school (HVAC and plumbing only). 

Summary of Qualifications 

Responsible Tor design and/or management 
of engineering projects in the aresa of 
Incineration. Hazardous Waste. Asbestos. 
Plumbing and HVAC. Many of these 
projects involved aspects of other disci
plines. such as Civil. Structural. Architec
tural and Electrical. Saope of these 
projects included collection of Held data, 
design, and engineering inspection of work. 

Representative Project 
Experience 

Project Manager far the redesign of a 54 
million transportable incineration system 
used to decontaminate solvent-contami
nated soils at a Superiund site. The 32 
million Stu/hour system incorporated the 
country's (irst application of an axy-Aiei 
burner system in s transportable incinera
tor. The unit processed soil at 20 tons per 
hour and met the 99.99% ORE and strin
gent 0.015 gr/dacf particulate emission 
limits. 

Project Manager for the design and con
struction of a 15 tan/hour mobile thermal 
processing unit used to decontaminate soils 
at various locations. 

Project Manager for the design and con
struction of a 25 tan/hour mobile thermal j 
procosamg unit for hazardous and son- j 
hazardous waste processing. I 

j 
Project Manager far a 400-ton industrial 
chilled water HVAC system for the paper i 
finishing area of a paper milL Design ! 
included temperature and humidity control I 
for the paper finishing process and archi- i 
tecturai alterations to adapt the area for j 
air conditioning. | 

Project Manager oa numerous projects of ; 
a three-year open-end contract at Fart j 
Banning, Georgia. Projects included i 
replacement of HVAC systems in buildings. I 
replacement of a commissary refrigeration I 
system, energy conservation measures at j 
Martin Army Hospital, construction of 
recreational oottages. eta j 

I I 
I i 
i i 

Project Manager tar a cooling water 
system study for the basic oxygen Airaaces 
at a steel mill. Made leeommendationa to 
extend the service life of water cooled 
panels subjected to direct furnace aiT-gas. 

Project Engineer far the HVAC. plumb
ing, cost estimating; and lire protection 
design lor a new hazardous waste storage 
facility for the U-3. Navy. Building 
included specialized warehouse spaces, 
otlloe and laboratory spaces. 

Project Engineer for the HVAC. plumb
ing, cost estimating and lire project design 
for a 51.X million maintenance facility for 
the Army Corps of Engineers. 

Project Engineer for the mechanical 
design of an industrial wastewater treat
ment system for a copper tubing manufac
turer involving a new treatment building, 
pumps, piping, cooling tower, etc. 

Certifications 

Registered Professional Engineer. Alabama 
No. 17611 

Industry-Related Training 

Supervision of Asbestos Abatement 
Projects. August 1985, Georgia Institute of 
Technology 

Air Conditioning—Physical Processes and 
Load Calculations, September 1985, 
University of Wisconsin 

Industrial Ventilacion Conference. 1988. 
University of Alabama 

Hazardous Waste Incineration. February 
1989. Lamer University 
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Mark J. Johnson, P.G. 
Manager, Groundwater Services 

Experience 

Mr. Johnson designs, implements end super
visee tempting programs for sites which assy 
have bean adversely aiTected by hazardous 
wastes. Ha helps conduct groundwater 
investigations via computer modeling in order 
to determine hydrogeolagic parameters and 
potential contaminant migration. He has «lwi 
helped design groundwater remediation 
programs which are the most ooat efficient 
and effective for specific sites. Specific projects 
include: 

• Project Geologise (br a preliminary 
sita investigation of 27 potential 
CSRCLA sites at Marshall Specs Flight 
Center (MSFO. Duties included setting 
up and templing 27 potential CSRCLA 
sites st MSFC. teduiol writing, 
coordinating and overseeing drilling 
operations. 

• Project Geologist far an emergency 
response of l.Ll-trichlaroethane (TCA) 
spiiL Acted as on-site coordinator of 
drilling and monitoring well installation, 
setup and operation of pump and treat 
system (PATj; responsible for technical 
report writing. Sampled weila and 
analyzed data using computer-generated 
graphics. 

• Project Manager lor an assessment of 
several Chevron USA stations to deter
mine potential hydrocarbon contamina
tion of the soil and groundwater. Duties 
included job estimates, coordinating 
dhiling operations, overseeing sits 
operations, initial screening at" samples 
•with Hnu meter, technical report 
writing, and data analysis. 

• Project Geologist. Performed w«il 
sampling, supervised drilling and 
installation of monitoring and tost wells. 
Assisted in the computer analysis of 
pump test data. Heiped design and build 
pilot scale carbon adsorption system for 
treatability of groundwater contami
nated with phenolic compounds. Deter
mined carbon contact times, isochenns 
and breakthrough points during opera
tion of pilot scale adsorption system. 

• Project Manager. Responsible for the 
iwrimefiw. sits assessments, data 
analysis and technical writing for 
several Maxwell Air Fores Base. Mont
gomery. Alabama sites which may have 
potential hydrocarbon contamination. 
Those sites ranged from underground 
storage tanks to aviation reriieUng 
areas, and included soil and water 
sampling. Has also sampled soil and 
transformers lor PCB contamination. 

• Geologist responsible for Phase [ and 
Phase II assessments to determine 
horizontal and vertical extent of 
woodtraating contaminants for a RCRA 
timber company. Duties included 
supervision and installation of piezom
eter and monitoring wells, point-of-
ootnplianca weila. well sampling, 
technical writing, and data analysis. 
Responsible for designing and imple
menting sampling and assessment plan. 
Wrote post-closure permit for RCRA 
waste impoundments. 

• Gwologist. Assisted in gridding and 
sampling PCS-contaminated soils for the 
Marine Corps Logistics Base, Albany, 
Georgia. 

• Project Gwologist. Responsible for 
setting up and implementing monitoring 
plan for lower aquifer for the Pleasure 
Island Sewer Service. Orange Beach. 
Alabama, in order to increase pumping 
rata of treated water to spray fields. 
Wrote technical paper to permit Plea
sure Island Sewer Service to eliminate 
insignificant analytical parameters 
which were previously required by 
wastewater permit. 

Education 

1382. B.S., Geology 
1988. M-S., Geology 

Industry-Related Training 

1988. 40- Hour Hazardous Materials 
Handling and Response 

1988, Asbestos Worker Training Program. 
National Asbestos Council 

Professional Affiliations 

Alabama Academy of Science 
Geological Society of America 

i 
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Nathan D. Heinrich, P.G. 
Groundwater Division Manager 

Summary of Qualifications — 
General job dudes include supervision or* eight 
employees and ongoing work at ova- 60 sites, 
with annuel gross revenues of S11.000.000. 
Projects tndnrln preparation aid implementation 
of work plans far preliminary groundwater 

. corrective action plans, and site 
preparation of past-closure penxht 

applications; into lactation of hydro logic and 
geologic data: groundwater modeling; and 
preparation of tepuiu far submittal a sate and 
frri/rai agencies. 

Related Project Experience — 
• Project Geologist. Jointly rondiifferi site 

investigations of 27 potential CERCLA sues 
on site in north Alabama. Investigations 
included over 1.150 locations sampled far 
potential hazardous 'waste, including solvents, 
fuels, heavy metals, PCBs. and cyanide. 
Supervised and condurred geophysics surveys 
(conductivity and magnetics) on three sites. 
Contract required coordination with NASA 
engineering and security. 
Project Manager. Conducted environmental 
assessments of closed and open gasoline 
nations. Responsibilities included subcontract
ing drilling services and oost estimates. 
Supervised borings along tank excavation to 
determine hydrocarbon contamination and 
installed mentoring wells when contamina
tion extended to groundwater. 

• Project Geologist. Responsible for the 
preliminary groundwater assessment. Pteuated 
RF? 5* installation of weils. Assisted with 
installation of four weils with two nested 
piezometers each at a wood Raiment lacHicy. 

• Project Manager. Responsible for preliminary 
groundwater isses.it ueut at former hoc-dip 
galvanizing operaden. Supervised soil barings 
and installation of montoring wells. Pteuated 
preliminary assessment report lor submittal to 
Alabama Department of Environmental 
Management (AD EM). Prepared revised 
assessment plan 9 define soil and groundwater 
contamination plumes. 

• Project Manager. Conduced groundwater 
assessment outlining contaminant plume at 
gasoline service sadon. Implemented ftee 
product recovery system which recovered 
approximately 900 gallons of product. 
Prepared, submitted, and imolmented a 

corrective action plan and sate indirect 
discharge permit for recovery of dissolved 
hydrocarbon product. 

• Project Geologist. Conducted on-site work, 
including monitoring well installation, at site 
with volatile m ganiu onnmnunang. Predated 
drnulrri hydro geologic study which identified 
inhomogcneirics in the aquifer which 
groundwater flow. Ran computer models to 
identify locations of recovery weils. 

• Project Manager. Coordinated and conducted 
environmental audits lor various property 
transfer sites including; a former conon mill in 
Alabama; a ooimnerciaiAesidcnnal area in 
Rorida; a former box plane a car dealership; a 
former DOT site; and a former bottling plant 
in St. Croix. U-S. Virgin Islands. Audits 
focused on both soil/groundwater contamina
tion and asbestos problems. 

• Project Geologise Prepared and submitted 
post-closure plan for wastewater Raiment 
facility with PCB and cyanide oo nomination. 

• Project Geologist, ftepated revision of post-
closure permit far wood treating facility with 
creosote and penochlarophenoi contamina
tion. Also prepared annual groundwater 
monioaing review for the facility. 

• Project Geologist. Groundwater assessment 
for a con rirlrn rial client. Conduced soil 
borings to define the extent of contamination 
in the upper aquifer. Canrrarrrrl drillers and 
purchased supplies for installation of three 
compliance wells in two aquifers and ave 
pump test wells. 

• Project Geologise Groundwater coneeave 
acrion prugiam for a confidential client. 
Responsible for 'writing CAP for sub mural to 
AD EM. CAP inrinrirrl groundwater monitor
ing plan. 

• Project Manager. PC3 sampling at Cunter 
.Air Faroe Base. Picpated rsnrra tn and 
coordinated sampling of trattsfbrtueo and soiL 
Responsible for client contact and reporting of 
analytical results. 

• Materials Coordinator. Emergency ground
water remediation for a Large manufacturing 
corporation. Responsible for obtaining 
equipment and materials for remediation 
system. Local and national vendors 
for supplies. 

• Project Geologist. Modification of lagoons 
and wastewater Raiment system for a tubing 
manufacturer. Supervised installation of three 
pump weils for use in chromium reduction 
treatment plant. Conducted weil development 
prior to completion of the treatment system. 
Prepared groundwater rtwrntormg/etTearve-
ness testing plans for Raiment plant 

• Project Geologist. Post-closure pontic 
implication far NASA. Pieputol dosure/past-
dosure permit application for closure in-place 
of cyamde-oonaminated lagoons. Compiled 
existing data and prepared groundwater 
monitoring plans. 

• Project Director. Supervised project manag
ers on aver 30 ptujeca conducted under open-
end sampling and analysis blank Purchase 
Agreement for Maxwell Air Force Base. 
Alabama. 

t Project Director. Supervised project manag
ers and engineers during preparation of 
corrective action plans for four UST 
Plans specified air shippers or air 
tanks. 

Education — 
• B-S, Geology, 1981 
• M.S, Geology, 1987 

Industry-Related Training — 
• AHERA Accrrrtitarinn for InapecMts and 

Management Plannes 
• EPA Seminar. "Groundwater Monitoring at 

Hazardous Waste Sites" 
• HES. "Hazardous Materials Handling and 

Response" 
• AEG Short Course. "Geology and Site 

Charac!Ensocs of Hazardous Waste Sites" 
• NWWA Short Course "Theory and Applica

tion of Vadose Zone Monitoring Tech
niques" 

Professional Affiliations 
• Geological Society of Atnoica 
• NWWA 
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RESUME 

Name: | DENNIS R. M08LEY, P.E " 
Title: PROJECT ENGINEER 
Assignment: CIVIL ENGINEERING 
Name of Firm: BENCHMARK ENGINEERING INC. — 
education: 3.S. / 1975 / CIVIL ENGINEERING UNIVERSITY OF ALABAMA 

M.S. / 1 993 / ENGINEERING 
Years Experience: WITH THIS FIRM ( 1 ) WITH OTHER FIRMS ( ) 
Active Registration: REGISTERED PROFESSIONAL ENGINEER; ALABAMA 

Mr. Mooley has a broad base of civil engineering experience and expertise. Prior to 
Joining Benchmark, he worked for a major Southern utility holding company and a major 
international construction firm. His project assignments have included: Hydro Engineer 
on dam-reiated projects: various structural and design-related duties on a variecy of 
projects; and environmental engineering. 

Specific Project Experience Includes— 

Project Engineer—Manufactured Gas Plant Investigation, Americus, Georgia. Scope of 
worx for this project included review of the previously completed environmental site 
assessment for adequacy and completeness. These data were then used to develop a 
work plan and sampling and analysis management plan (SAM?) for a more detailed site 
investigation to determine more precisely the contaminants present at the site, level of 
contamination, and horizontal and vertical extent of the contamination. The information 
was also used evaluate possible remedial alternatives. 

Project Engineer—SoGreen Site Remediation. TIfton. Georgia. This ?R?-funded cleanup 
action involves the stabilization of approximately 5o,0Q0 cubic yards of electric arc 
furnace (EAF) dust which is contaminated with lead, nickel, chromium, cadmium, and 
arsenic. The selected remedial alternative included stabilization of the hazardous waste 
with Portland cement, subsequent delisting of the material, and disposal in a RCRA 
Subtitle D landfill. Mr. Mobley's efforts on the project included authoring of the 
Sampling Analysis and Quality Assurance Plan which detailed all of the QA/QC protocols 
tor material stabilization. He also prepared the Mobilization/Demobilization. Utility 
Installation , and Sampling Handling and Documentation portions of the Remedial plan. 
Project Engineer—UST Program Management and Implementation. North .Alabama UST 
site. The scope of work for this project included the completion or Secondary Investiga
tion activities. Mr. Mobley's duties included securing right-of-way for required monitor
ing wells, surveying of existing wells, supervision of monitor well installation, 
completion of boring logs, and collection of soil and groundwater samples. Collected 
samples were properly preserved in the field and prepared for shipment to the 
laboratory under strict chain of custody. Mr. Mooley reviewed data and prepared a 
complete report to the Alabama Department or Environmental Management (ADEM). 
Structural Engineer—Advanced Solid Rocket Motor Project, Yellow Creek, Mississippi. Mr. 
Mooley completed the design of concrete rocket support mats for the -n-^in rockec'tasc 
building. The MATS three-dimensional computer-aided drafting program was used to 
complete the design. Additional duties on this project included design of the main crane 
girder and crane column for the Auxiliary 3uilding. He reevaluated the existing steel 



Qdinafc^culacion^ *° SUPP°rt addicianai weishc vvUhouc benefit of having the 

Structural Engineer—Gulf States Steel. DemopoUs. Alabama. Mr. Mobley was responsible 
for completion or the structural calculations for construction of a three-story 00. 
building and a two-story chiller building on this project. Design efforts included cone-era 
and steel design using the STAAD 3 three-dimensional computer-aided drafrint nr™ 
Mr. Moo ley also supervised drafting of the construction drawings for the project 

Structural Engineer—Shell Oil. Mew Orleans. Louisiana. Mr. Moalev was rasr»r»r.«i K i « t 
completing design of pipe supports for a major renovation project. The renovation 

i pipe with special requirements. Site conditions precluded 
standardization of design. Shutdown forces. low soil strength, and tank settling were all 
factors which increased the difficulty of the design. sereung were au 

r~R°?y Moumain Pumped Storage, Rome. Georgia. Mr. Mobley concep-
rhfi'arTihS'TS"? ^ m*°,vative *"Uiary spillway system for the Lower reservoir at 
this facility. The client s initial conceptual design called for two spillways, one 2S0-foot-
sTnnn n?n •afl<i,oa^ 330"fooC concrete ogee with a total cost of So.OOO.QOO-
maSy S2 OOaO^O0 * aIternatlVe dasi*n reducsd the Project cost by approxi-

Project Manager—Alabama Power Hydroelectric Dam's Stability .Analysis. State of 
Alaoama. Mr. Mooiey was responsible for scope, budget, manpower training, and drafting 
supervision for reanalysis or nine Alabama Power Dams. The purpose of the project was 
to incorporate new flood level requirements and replace lost stability analysis for norma] 

"i ̂f"h?wUaka cfnf":1°ns: T"llve drafup««onS w«e S£ed complete the analysis. Dunng the project, all existing drawings were converted to CAD 
Tne project scnedule provided for the completion of a separate report for each sitawlcii 
deadlines for reports spaced at one month intervals. All phases of the project we-e 
completed on time and within budget. 

Senior Hydro Engineer—Hope Hydroelectric Project. Hope, Arkansas. Mr. Mobley 
compleced the layout design and wrote the technical specifications for intake structure 
tailrace and one-mile-long tailrace canal as part of a Phase 1 feasibility study. His efforts 
included calculation of water flow velocity and water volume required to ensure correct 
nydraulic operation at the turbine. The work product was accepted for Phase II without 
comment by the U.S. .Army Carps of Engineer. 

Senior Hydro Engineer—Mitchell Dam Redevelopment. Project involved the addition of 
<.hrae units to an existing dam ana hydroelectric generation facility. The additions 
required additional spillway capacity and modifications to the powerhouse and upstream 
ana downstream retaining walls. Coffer cells were designed for lie stage construction 
project. Mr. Mobley compleced the hydraulic design of the D/S cailtrace. 

Hydro Engineer—Crist Steam Plant. Mr. Mobley was responsible for design and prepara
tion of the technical specifications for the installation of 2500 feet of 24 inch diameter 
drainage pipe at a staged dual location (fly and bottom ash) landfill site. Design required 
separation ditches segregate contaminated water from natural runoff. Inflow and outflow 
hycrographs for the sice were calculated to aid in the design. The design was reviewed by 
Florida Department of Environmental Regulation (FDER) to ensure environmental 
compliance. 

Hydro Engineer— R.L. Harris Hydroelectric Project. Mr. Mobley was resoonsible for plane 
layout and design of the concrete spiilway. nonaverflow walls, intake structure, 
powerhouse, and downstream retaining walls. The project included considerations for 
the stability of each strucrure for construction, under normal ooerating conditions, 
earthquake conditions, and maximum flood conditions. The total length or the dam 
550 feec with a 150-foot height. Designed 70-foat-diameter upstream and 35-fooc-

was 



diameter downstream coffer ceils required for the two-stage construction at the site. Mr 
Mobley supervised the drafting of all stability analyses and conceptual design drawings. 
Hydro Engineer Walter 3ouidin Dam Redesign. Mr. Mobley was responsible far design 
oert u strû ura squired for an enlarged dam. Overall size of the structure was* 250 by 200 feet. The trash rack were redesigned and flownets for sloainz multimedia 
soils were required. Condition analysis included requirements for construction normal 
operating, earthquake, and maximum Hood. ' norinai 
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APPENDIX O 

RESPONSES TO USEPA REGION X 
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LuiLL-iPims EnviRonmEnTHL SERVICES, inc. 
October 15, 1S93 

Ms. Lynda Priddy 
Hazardous Waste Coordinator 
U.S. Environmental Protection Agency Region X 
12C0 Sixth Avenue 
Seattle, Washington 38101 

Subject Transmittal of Responses to UScPA Region X 
July 20, 1393, Comment Letter an the 
•raft Sail Treatment Work Plan 
fcr the Woods Industries Site, Yakima, Washington 

•ear Ms. Priddy: 

nnrSicGnnSS t0 U'S' Enviranmental Protection Agency (UScPA) Region X's July 
7cc-1Wd 5amments an Drart Soil Treatment Work Plan, dated June18 

Rai^ (BNRR), through Williams Environment 
(/Villiams) «nd Bunington Environmental Inc. (BurlingtonEnvironmental) has 
Wo™ letter and iS ^ Pr0C3SS °'rSViSing Draft SoSTShi? 

On August 27, 1=93 Cathy Massimino and Sob Wevit of EPA Region X visited 
u.e i nAN_site_ A meeting was held on the same day between Mark Fieri, Brett 
Burgess, z_L i aylcr (Williams Environmental Services ), Bruce Shecoara 
(Bumngtcn Northern Railroad) and Bob Kievit, Cathy Massimino and John 

rt (E.-A). i ne fallowing comments and responses are the result of this 
meeting and later conversation with ail parties. 

RESPONSES TO UScPA REGION X COMMENTS 

Comment No. 1 

i ne work plan needs to include an ambient air monitoring program. 
-ample locations should include on-site, fence line, and downwind offsite 
areas predicted to contain maximum concentration of contaminants from 
the stack, i ne sampling program should include both time-integrated and 
real-time monitoring. The sampling program should specify equipment to 
be used, sampling and analytical procedures, the name(s) of the 
laboratory^) conducting the analytical work, action levels,and QAJQC 
procedures. The plan should be comprehensive to start out and allow for 
scaling back upon demonstration of acceptable results. 
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Response No. 1 

A comprehensive air monitoring program prepared by Williams will be included 
as an append,x to the "Final" Soil Performance Test Work Plan and in the Health 
and Sarety Plaa A "scaled back" monitoring program will be prepared upon 
demonstration or acceptable results. This "scaled back" version is expected to 
be implemented after the performance test with the EPA's approval This will 
resul s1"3 * nUmb6r °f indicat0r corals based upon previous monitoring 

monitonng program will use sample locations derived from air modeling 
predicted to contain the maximum concentrations or* contaminants resulting from 
the stacx and fugitive dust generated from material handling and will monitor 
site-related contaminants of concern on a time-integrated and Real-Time basis 
S°nn'evels'3amplin2 and analytical procedures, equipment specifications, and 
QA/QC procedures will also be described. 

Identincation of the laboratory conducting the analytical procedures will be 
submitted to the EPA as soon as the appropriate laboratory is selected. 

Comment No. 2 

A risk assessment needs to be performed based on predicted air 
emissions and the air modeling currently being conducted. This risk 
assessment should be updated with the results from the performance test 
and be included in the performance test report. 

Response No. 2 

A site specific Air Quality Impact Report is being performed based en predicted 
air emissions during normal operation and interim operation. This Air Quality 
mpact Report addresses the compounds listed on page 23 of the draft plan and 
the nsK assessment will be updated if necessary with results from the 
performance test. Dioxins and furans are not a part of the Air Quality Imcact 
• eiuGrt'J?GWeVer' as rec?uested by the EPA, dioxins and furans will be tested for 
in iheoif gases dunng the performance test HCI, CI and potential organic 
breakdown or reformation compounds will be addressed in the Air Quality Impact 
iAcpen. 

Comment No. 3 

Piease note that based on the current schedule the system should expect 
to operate in conditions beginning in dry 10<J°F heat and possibly ending in 
snowy conditions or subzero temperatures. 
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Response No. 3 

Williams anticipates few problems as a result of weather conditions. Williams 
thermal unit is currently operating at the THAN site with temperatures exceeding 
110°F. During cold weather, Williams will take necessary measures to assure 
that the thermal desorption unit is properly outfitted and winterized. 

Comment No. 4 

The work plan should discuss any anticipated impact on the surrounding 
community with respect to noise and odor. 

Response No. 4 

Regarding odor, Burlington Environmental and Williams do net expect odcrs 
above that which existed during soil excavation. 

It has been determined through noise level dosimetry that the loudest recorded 
noise levels were the material handling equipment at the THAN site The 
nearest residents located to the THAN property are located approximately one-
quarter mile from the site and no complaints have been received about the 
thermal desorption unit operating twenty-four hours per day. The Woods site is 
located in an industrial area with the nearest residential area located 
approximately one-quarter of a miie away from the site. 

Comment No. 5 

The consent order between EPA and BN is an important document that 
should be included as an appendix to the final work plan. 

Response No. 5 

The consent order will be included as an appendix. 

Comment No. 6 

Section 2.1 The draft plan states that demobilization will proceed after the 
stockpiled soiis have been treated and lab confirmation received that the 
treated soils meet the cleanup criteria. Please note that the existing 
stockpiles are situated over areas of contaminated soils that need to be 
excavated and treated after the piles are removed. Confirmations! soil 
samples will need to be taken in the excavated areas to assure that ail soils 
above cleanup levels are removed. In addition, soil samples will need to be 
taken in the areas used for treatment, stockpiling of soils, and along soil 
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hauling routes to assure that dean areas weren't contaminated during the 
treatment process. The schedule should allow for these activities. 

Response No. 6 

The soil treatment schedule will allow sufficient time for the necessary soil 
removal and sampling to occur prior to demobilization. Burlington Environmental 
will collect the necessary samples in accordance with protocol described in the 
soil removal work plan. Samples will be collected beneath existing stockpiles 
and areas where contaminated soils were transported over, stockpiled or 
treated. 

Comment No. 7 

Section 2.2 The responsibilities of BEi should be discussed. The 
relationship between BEI and Williams needs to be clarified and discussed. 
The relationship between BEi and the Thermal Treatment Consultant needs 
to be clarified. This section needs to describe the role and authority of the 
EPA OSC. Will Williams personnel be responsible for transferring treated 
soils and oversized cobbles, for excavating contaminated soils from 
underneath the existing north and south stockpiles, for final site grading. 
This section should indicate who is responsible for sampling of treated 
soils, of contaminated soils underneath the existing stockpiles both during 
and after excavation, of final site sampling just prior to demobilization, and 
ambient air monitoring. How many shifts will be used? The plan should 
discuss transition procedures used in changing shifts. 

The plan needs to state the name(s) of the laboratory(s) conducting 
analytical work prior to and during the performance test and during regular 
operations. The plan should also include detailed information on detection 
level, lab procedures, and lab QA/QC procedures. Who will subcontract 
with the labs? 

Response No. 7 

In reference to Section 2.2, responsibilities will be clarified and incorporated into 
the "final draff'. Responsibilities of Burlington Environmental and Williams will 
be similar to that of Burlington Environmental and Olympus far soil removal 
activities. Burlington Environmental will provide oversight and Williams will be 
the Contractor. Burlington Environmental wiil have an on-site coordinator. 
Buriingtcn Environmental wiil be responsible for weekly reports, reporting to the 
EPA and the Final Report. Burlington Environmental will also be responsible for 
emergency reporting. The Thermal Treatment Consultant, independent 
consultant wiil be used for technical guidance and support during the 
performance test activities and wiil be subcontracted under Williams. Wiiliams 

g:\c3rnpvwesAjabs\ac3veVwaads\coiT\rspnepa.doc 



Ms. Lynda Priddy 
10/15/93 

3 

will be responsible for all material handling associated with soil treatment which 
includes excavating beneath existing stockpiles, backfilling and final site 
grading. Sampling of treated soils will be the responsibility of Williams and 
amoient air monitoring will be the responsibility of Burlington Environmental. 

S*™pli?ug excavations beneath stockpiles and haul roads prior to demobilization 
will be the responsibility of Burlington Environmental. 

Regarding work, Williams will most likely use three shifts. In some instances 
shirts are dependent upon weather conditions. Williams will delineate shift ' 
transition procedures in the "final draft". Williams will supoly its own qualified 
operators. However, Williams does use local labor from time to time. 

Regarding laboratory selection and analytical procedures, Wiiliams will provide 
this inTormation as soon as it is available. 

Comment No .3 

Section 3.2 - In general more details are needed regarding soil handling 
and disposition of cobbles and debris mixed in with soils - i.e. metalbands 
pipes, etc. This section says that material over approximately 3 to 4 inches 
will be considered oversized. What are the factors needed to determine 
whether it is 3 or 4 inches or something in between. EPA requests that the 
larger material be treated if the system can physically handle it - i.e. we 
prefer that 4 inches be the cut off as opposed to 3 inches. 

When will oversized cobbles be crushed and analyzed? What procedures 
will be used to collect, crush and analyzed the cobble samples? How 
many samples will be taken? Add lead, arsenic, and mercury to the list of 
analytes for the crushed cobbles. The analytical results from the crushed 
cobbles should be compared to the treatment goals not the cleanup levels. 
Assuming that the results will be below the treatment goals, the section 
should describe how the cobbles will be handled from the screen to final 
disposition. Will soils from the existing stockpiles be taken directly to the 
treatment unit or will a secondary stockpile be placed closer to the 
treatment unit? 

Response No. 8 

Burlington Environmental is preparing a plan which describes the objectives and 
methods fcr characterizing oversized material. Thermal desarpticn requires a 
significant amount of material handling. A cutoff size will be established through 
experience in handling the on-site soiis to determine which material will be 
screened cut Through experience at ether sites Williams believes the cutoff 
size will be 3 inches cr less, i nrough observations made during soil removal 
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activities conducted at the site, BNRR and the USEPA are aware that the soil 
excavated and placed in the temporary soil storage piles contain approximately 
35 to 45 percent "oversized material." This oversized material will not be treated 
by the thermal desorption process because it cannot be handled via the material 
handling equipment involved with the thermal desorption process. 

As discussed in the Draft Feasibility Study, it is believed that contaminants 
adhere preferentially to finer particles (siits, days and humic materials) and 
contamination of larger materials is related to the adhesion of finer particles to 
the exterior of larger ones. Observations made during soil removal activities at 
the site revealed that the exterior of the larger materials are relatively free of 
finer materials adhering to their surface. 

To evaluate the disposition of the oversized material, BNRR proposes collecting 
and compositing material into a batch which will be sc-eened to form samples of 
2.0"+ and 3.0"+ material representing potential "cutoff sizes." These samples of 
potentially oversized material will be crushed and analyzed for several indicator 
chemicals. 

The results of these analyses will be compared to the treatment goals 
established foj- the soils exiting the thermal desorption process which will be 
used as backnll on site. BNRR understands thai oversized material which is 
below the treatment goals will be suitable to be used as backfill without 
additional treatment. Additional details will be included in the "final draft" of the 
work plan. 

Debris wiil be handled similarly as in building demolition and soil removal. 
Contaminated debris will be disposed of at Chemical Waste Management's 
Arlington, Oregon, facility. Clean debris will be disoosed of at a local sanitary 

landfill. 1 

Williams anticipates hauling sciis directly from the stockpiles to the treatment 
unit Necessary precautions wiil be taken in the event that a "secondary 
stockpile" is needed. 

In the event a secondary stockpile is required (because of increased production 
rates) control measures such as containment and additional covering'of the piies 
wiil be added. Engineering controls wiil be used to prevent fugitive dust 
emissions where applicable, such as haul roads from stockpiles. 

Comment No. 9 

Section 3.3 - More details are needed regarding the transfer of baghouse 
dust to the treated soil pile, the dust control procedures used in the 
transfer, whether the discharge of baghouse dust is continuous or batch, 

g:\ramp\vvesi\jatjs\aeive\waodsVcarnrspnepa.dac 



Ms. Lynda Priddy 
10/15/93 

7 

and the kind of mixing that occurs between treated soils and baghouse 
dust. Is the baghouse dust conveyor covered? Discuss dust control 
during the treated soil stacking. Where will the stacks be located? How 
long will they be stored? 

Discuss backfilling procedures. 

Discuss final site grading. 

Are there any conditions under which hot gases from the dryer come in 
contact with the burner? 

Response No. 9 

Tne baghouse dust emissions are well controlled prior to mixing with the treated 
sails. These control measures include negative pressure an the cross over 
conveyor, transfer auger conveyor and discharge auger conveyor. Tne 
baghouse dust is mixed with the treated soils and is moisturized prior to being 
transferred to the stacking conveyor to prevent fugitive dust. Additional 
information will be provided in the "final draft". Both Bob Klevit and Cathy 
Massimino have seen the baghouse transfer auger and control system. 

Backfilling procedures and final site grading will be incorporated in the "final 
draff'. Treated sail will be used as backfill on-site. It is expected that final site 
conditions will be level in most areas and possibly slightly sloped in others. 
Details will be supplied in the soil treatment work plan. 

Williams' unit has been designed to ensure that the burner does not come into 
contact with hot gases from the rotary dryer. 

Comment No. 10 

Section 3.4 - This section should discuss locations in the treatment train 
where hot gases from the dryer can bypass any portions of the air 
emissions treatment train and the conditions required for such a release. 
This discussion should include past performance history. How is the 
acidity of the gases from the dryer monitored? 

How is the dissolved solids in the recirculating quench water monitored? 

The activated carbon should be periodically sampled to assess the 
possibility to organic break through. The work plan proposes to re-heat 
the gas steam to about 150*F to prevent condensation in the carbon beds. 
According to the Calgon information in the Appendix, 150°F is the 

g:\camp\wesi\jobs\acave\woods\conVsonepa.doc 



Ms. Lynda Priddy 
10/15/93 

3 
maximum temperature for these systems. Also, it is generally accepted 
that the carbon efficiency decreases with increasing gas temperatures. 
Thus, there is a concern the carbon treatment will not be satisfactory for 
both the pesticides and total hydrocarbons. Lower gas temperatures to 
the carbon system would relieve this concern. Also see later comment on 
THC monitoring. 

Response No. 10 

The VO is designed such that air may only enter from the outside eliminating 
concerns of hot gases bypassing the air emissions treatment train. For example 
the VO is triggered when the baghause exceeds 510°F and quench gas 
temperature exceeds 200°F, thus allowing coal air to enter the thermal 
desorption unit and cool the baghouse and the remainder of the thermal 
treatment unit This is done to protect equipment 

Presently the pH of the quench water is monitored manually during the normal 
operations of the unit. When the water becomes acidic (pH < 4) caustic soda 
(sodium hydroxide) is added to bring the pH up to approximately 8. 

Solids are visually monitored in the quench and air mix chambers. 
Approximately 1 to 4 gpm of quench water is removed, settled, filtered and 
processed through activated carbon and then re-used within the thermal 
desorption unit. 

Comment No. 11 

Section 3.5 - What is the action level and detection level for effluent 
sampling from the liquid phase carbon adsorption unit? 

The water in the filled collection tanks should be analyzed for metals as 
well as pesticides. What are the action levels for this water? This section 
indicates that this water may be used to cool and moisturize treated soils. 
Is any of this water anticipated to be used for dust control outside the 
treatment unit or for discharge to the local sewage treatment works? Can 
a rough mass balance be done on water generated versus water needs? 
Compare the estimated mass of organics to be collected in the scrubber to 
the design capacity of the carbon beds. This comparison should assume a 
worst case scenario of all organics in the air stream being removed in the 
scrubber system. 

Response No. 11 

Based upon past history, excess water is not expected from the process, 
i reated sciis wiil be sampled after the addition of the treated quench water. 
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Williams does not expect nor intend to analyze metals if the water is to be used 
for dust suppression or reused as quench water in the thermal desorption unit. If 
Williams is to discharge treated water to the sanitary sewer system then 
Williams will analyze for the appropriate constituents and meet the discharge 
limits prior to discharge to the sewer system. Williams will prepare water mass 
balanca calculations to be included into the "final draft" of the work plan. 

Comment No. 12 

Table 4-1 - The table indicates the prescreen sized opening is 2 1/2". How 
does this correlated to the approximately 3 to 4 inches sizing limit 
mentioned on page 16. The bar and mesh screen sizing are not indicated. 

The table appears to indicate that the unit contains a backup I.D. fan. Is 
this correct? 

How will the material be collected in the liquid bag filters be disposed? 

Response No. 12 

Williams' material handling systems are equipped with several screen sizes, 
i ne basis of final selection of screen size is described in response to Comment 

There is no backup ID fan. 

i ne liquid bag filters will be cleaned of solid material and re-used throughout the 
project The final disposition of the bag filters will be with the used personal 
protection equipment and contaminated debris at Chemical Waste 
Management's Arlington, Oregon, facility. 

Comment No. 13 

Section 5.0 - Prior to running contaminated soils in the treatment unit 
during startup, uncontaminated soils from the site should first be run 
through the unit to assure that the unit is operating properly from a 
particulate control stand point (both stack emissions and fugitive dust). 

OSC approval will be needed prior to running contaminated soils through 
the system. 

The work plan should discuss disposition of treated soils generated during 
the start up period. 
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OSC approval will be needed to continue operating after completion of the 
performance test and applying any special conditions for continued 
operation. 

Response No. 13 

Williams anticipates to begin startup operations with dean soils. After a 
thorough shakedown of the unit including its control systems and demonstration 
of the proposed AWFSOs, the unit will begin production with the contaminated 
soils including pesticide contaminated soils in the roll-off boxes to ready the unit 
and crew for the upcoming performance test. 

Soil will be treated in the same manner as soil from production operations. 
Williams recognizes that treating contaminated soils for both the performance 
test and normal operations will not commence without approval from the EPA's 
OSC. 

Comment No. 14 

Section 6.1 - Figure 6 was not included in the draft work plan. 

The stated purpose of the vent opening is to allow ambient air to enter the 
treatment unit. Can hot gases from the dryer exist through this vent? If so, 
under what conditions and how often are those conditions met based on 
past performance of this unit? 

This section should discuss the procedures used to return the unit to 
normal operating conditions after triggering the emergency control system. 
How often do events occur that will trigger VO and AWFSO based on past 
performance. 

Response No. 14 

Figure 6 wiil be included in the "final draft" or* the work plan. 

The VO was discussed in Response No. 10. 

VO occurrences are net recorded due to the fact that they pose no threat of 
releasing air emissions. 

Most AWFSO's do not result in upsets of the thermal process. Tne AWFSO's 
normally result in a "no feed" condition, once the AWFSO is terminated the feed 
is restored with no affect to the process. Tne operations manual, which wiil be 
part of the "final draft" of the work plan, includes startup and shutdown 
procedures. 

g:\compVwesi\jobs\activeVwoods\csrr\rspnepa.doc 



Ms. Lynda Priddy 
10/13/93 

11 

Comment No. 15 

Table 6-1 - Opacity and real time air monitoring should be added to this 
list. 

The^table indicates the operating set point for the mix chamber outlet is 
130°F; however, page 18 indicates that this temperature is 140"F. The table 
indicates the operating set point for the quench camber outlet is 165°F; 
however, page 26 indicates that the set point is 130°F. This table indicates 
the typical range of total hydrocarbons in the stack is 20 to 75 ppm with a 
not to exceed value of 200 ppm. These values are high and are of concern 
to EPA. We need more information on the composition of these 
hydrocarbons. 

Periodic monitoring of the stack gases should be conducted for pesticides 
and mercury. 

Response No. 15 

The disc epancies concerning the mix chamber and quench chamber no longer 
apply since the unit is configured with a thermal oxidizer. 

Williams has provided real time stack gas monitoring with its' CEM system. The 
present CEM system has the capability of monitoring THC and CO. Opacity can 
be added to the capabilities of Williams' CEM unit. The type and specifications 
of the CEM will be included in the "final draft" of the work plan. 

Williams' thermal desorption unit is not a BIF, therefore THC is not proposed as 
a parameter to be measured. 

Real time air monitoring can be incorporated into the air monitoring plan as 
discussed in response to Comment No. 1. 

Periodic monitoring of the stack gases is no longer applicable. The performance 
test will determine the efficiencies achieved by the thermal oxidizer. 

Comment No. 16 

Table 6.2 - This table indicates that the loss of the draft fan will trigger the 
vent opening. How does VO compensate for loss of the draft fan? 
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Response No. 16 

A vent opening does not occur when the I.D. fan drops out. 

Comment No. 17 

Section 6.1.3 - This section mentions auxiliary fuei to the rotary dryer 
burner. Does the burner have more than one source of fuel? 

Response No. 17 

The auxiliary fuel mentioned in Section 6.1.3 is the same as primary fuel, which 
is propane. 

Comment No. 18 

Section 6.1.6 - This section says that a high THC concentration in the 
stack is an indication of carbon break through. These measurement 
should be supplemented by periodic sample and analysis of the carbon. 
How is the THC concentration in the stack monitored? 

Response No. 18 

This comment no longer applies. 

Comment No. 19 

Section 6.1.7 - This section says that interruption of water flow to the 
quench chamber will trigger certain events including shutting down the ID 
fan. Where will the hot gases go if the ID fan is shut down. 

Response No. 19 

The interruption of water flow to the quench chamber will result in a vent opening 
and an AWFSO and not a shut down of the I.D. fan. 

When the I.D. fan shuts down, both burners cease operation and the feed is cut 
off. Tne fans wind down at approximately the same rate. From past experience, 
steam from the primary will escape from the unit until the I.D. fan is restored. 

Comment No. 20 

How does Section 6.1.7 relate to Section 6.1.8? 
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Response No. 20 

Section 6.1.7 describes the procedures taken when an alarm condition is 
satisfied. Section 6.1.8 describes procedures taken to prevent the alarm 
condition described in Section 6.1.7. 

Comment No. 21 

Section 6.1.9 - What is the established limit for pressure differential across 
the liquid phase carbon bed? If the liquid carbon system is shutdown for 
cleaning, what is the effect on the overail treatment system? 

Response No. 21 

Maximum design differential pressure for the aqueous phase carbon bed is 12 
p.s.i. The aqueous treatment unit is designed to include two carbon beds in 
parallel to prevent the shutdown of the overall treatment system during backflow 
operations to clean an individual carbon unit. 

Comment No. 22 

Section 6.1.14 - What effects will occur if the combustion air fan fails? How 
is operation of the fan monitored? 

This section should describe the orderly shut down of the system in the 
event of a power failure. 

Response No. 22 

In the event that the combustion fan fails a AWFSO will result. 

All motors are monitored through an ammeter. 

In the event of a power failure, all processes and operations terminate. 

Comment No. 23 

Section 7.1 - Air emissions performance standards are not addressed at ail 
by the draft work plan. 

Response No. 23 

Williams plans to include applicable air emission performance standards in the 
"final draft" of the work plan. 
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Comment No. 24 

Section 7.2.1 - This section indicates that although ail 15 chemicals of 
concern will be analyzed during the performance test, only 
hexachlorobenzene and DOT will be analyzed during remaining operations. 
A decision to reduce the number of analytes should be based on the 
results of the performance test - i.e. all 15 chemicals should be analyzed 
until the results of the performance test are available. Analysis of treated 
soils and stack gases during the performance test should also include the 
full range of volatile and semi-volatile compounds including dioxins and 
furans. The detection levels for stackgases should be low enough to 
evaluate potential impact on human health. 

Response No. 24 

Treated soils will be analyzed for the 15 chemicals of concern listed in section 
7.2.1 of the draft work plan during the performance test and until a decision has 
been made by BNRR and the EPA to reduce the number of parameters. 

Stack gases will be analyzed for the 15 chemicals of concern except for mercur/. 
arsenic, and lead - See Response to John Gilbert's Comment #1. And stack 
gases will also be analyzed for selected volatile and semi-volatile compounds 
including dioxins and furans during the performance test. Details will be 
presented in the "final draft" of the work plan. 

Comment No. 25 

Section 8.1 - The sampling program is not sufficient for the start of 
operations. One composite sample should be taken per shift consisting of 
one grab sample per hour. If these results show consistently good 
performance, then the sampling program may be scaled back. 

This section should include more details concerning sample collection, 
compositing procedures and QA/QC requirements. 

Table 8-1 was not included in the draft work plan. 

Response No. 25 

A more detailed sampling plan for treated soil will be included in the "final draft" 
of the work plan which includes sampling during the performance test. Tne 
sampling plan during production operations will require sampling of the day piles 
at a frequency cf one (1) grab sample every six hours or eighty tons. Tne four 
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(4)grab samples will then be composited at the end of each day. It is anticipated 
that sampling will later be scaled back based upon good results. 

Sampling procedures and QA/QC requirements will be described in the "final 
draft" of the work plan. Table 8-1 will be included in the "final draft" of the work 
plan. 

Comment No. 26 

Section 8.2 - Treated soil samples should be analyzed for all 15 chemicals 
of concern at least until the results of the performance test are available. 

Response No. 26 

Please refer to Response No. 24. 

Comment No. 27 

Section 9.0 - Please clarify the areas to be included in the exclusion zone. 
Does the exclusion zone contain only the rotary dryer or the entire 
treatment train? If only the dryer, then why? The untreated stockpile is 
said to be part of the exclusion zone. Does this include the existing north 
and south stockpiles or just a working stockpile to be established near the 
treatment system. Will haul roads be included in the exclusion zone? 
Where will the treated stockpiles be located? Figure 11-1 does not 
adequately define the exclusion zone. 

Response No. 27 

The "final draft" of the work plan shall include the boundaries of the exclusion 
zone. The exclusion zone will include the waste feed stockpile, the associated 
haul roads, and the rotary dryer and baghouse. 

Comment No. 28 

Section 11.1 - The boundaries of the exclusion zone are not clear. 

Response No. 28 

Please refer to Response No. 27. 
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Comment No. 29 

Section 11.3.4 - The final disposition of the spent carbon needs to be 
discussed both liquid and gases. As the spent carbon will contain ail the 
contamination removed from the site, EPA needs to be assured that it will 
be properly treated. Disposition of the carbon needs to comply with EPA's 
off-site policy. 

Response No. 29 

Aqueous phase carbon is anticipated to be regenerated by WestStates Carbon 
in Parker, Arizona. 

Comment No. 30 

Section 11.4 - The unit should be started up with clean soils. EPA approval 
will be needed prior to running contaminated soils through the unit. 

Response No. 30 

Please refer to Response No. 13. 

Comment No. 31 

Section 11.5 - After ail stockpiled soils are treated, soil samples will need 
to be taken in areas used for treatment, for stockpiling and for hauling to 
assure that the treatment process did not cause soil contamination above 
the cleanup standards. 

Response No. 31 

Please refer to Response No. 6. 

Comment No. 32 

Appropriate insurance information needs to be submitted to EPA as 
required by Section 15.1 of the Consent Order. 

Response No. 22 

Insurance information will be included in the "final draft" of the work plan. 
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Comment No. 33 

Who is responsible for weekly reporting and emergency reporting to EPA 
and for preparation of the final report? 

Response No. 33 

Burlington Environmental will be responsible for weekly reporting, emergency 
reporting to EPA, and will also be responsible for the preparation of the final 
report. 

Comment No. 34 

The work plan should include discussion of final site grading. 

Response No. 34 

Please refer to Response No. 9. 

John M. Gilbert's Comments 

Comment No. 1 

Section 1.1, page 6 - What is the plan for testing metals in the stackgas? 
The introduction discusses metals in the soil, but nothing about 
monitoring during the demonstration bum. 

Response No. 1 

Mercury, arsenic and lead were present in seme Iccaticns above cleanup levels. 

During the Rl. mercury was detected at some locations in the lagoon area above 
cleanup levels. The mercury will be treated by Williams' thermal desorption 
process. A Tier I analysis has been performed and no exceedance for mercury 
has been observed, therefore, mercury will not be monitored in the stack gas 
during the performance test. Lead and arsenic were only detected in a few 
Iccaticns above their respective cleanup levels across the site during the Ri, and 
lead ana arsenic impacted soils excavated during soil removal were placed in 
roHoff boxes to be disposed of or treated by a different technology. In addition, 
a Tier I analysis has been performed for lead and arsenic and no exceedance ' 
has been observed. For these reasons, lead and arsenic are not on the 
parameter list for stack gas testing during the performance test. 
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Comment No. 2 

Section 3.2, page 16 - Any oversized material that is not debris should be 
crushed and fed into the desorber, not considered as backfill. If this 
statement only pertains to debris, I have no problem with it. 

Response No. 2 

Please refer to Response No. S. 

Comment No. 3 

Section 3.3, page 17 - The actual soil gas exit temperature will be 
established as a result of the demonstration bum. 

Response No. 3 

Williams concurs with the above comment. 

Comment No. 4 

Section 3.3, page 17 - Fugitive emissions can occur as a result of steam 
being emitted from the stacking conveyor. Williams will have to control ail 
fugitive emissions. 

Response No. 4 

Tne necessary engineering controls (such as negative pressure in the discharge 
auger and the proper amount of water being added to the soil prior to being 
discharged) will be practiced to control fugitive dust emissions. Tne effects of 
these controls will be documented during the performance test for clean soil. 

Comment No. 5 

Section 6.1, page 24 - The plan needs to discuss the relation to vent 
openings (VO) and automatic waste feed shutoff (AWFSO). 

Response No. 5 

Tne "final draff' of the work plan will include a description of events triggering a 
VO and/or AWFSO. 
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Comment No. 6 

Section 6.1, tables 6-1 & 6-2 - No discussion on a AWSFO for CO feed rate 
or quench pH. ' 

Response No. 6 

Williams proposes a 100 ppmv limit for CO based on a 60 minute rolling 
average. The feed rate AWFSO will be determined during the performance test 
The quench pH AWFSO will be determined during the performance test 

Comment No. 7 

Section 6.1.6, page 26 - The plan indicates a THC concentration greater 
than 200 ppm, which is too high. The desorberfs THC analyzer conditions 
the sample prior to being analyzed. Method 25 requires an unconditioned 
sample. 

Response No. 7 

Williams will use 40 CFR Subpart 0 guidelines to conduct the performance test 
No provisions are made to analyze for THC. 

Method 25A results were compared with the conditioned sample results from the 
CEM during the performance test at THAN. Tne results were consistent enough 
that Region IV EPA allowed the use of the cold FID analyzer used in the CEM 
system tor the remainder of the project. 

Comment No. 8 

Section 6.1.9, page 26 - What is the limit for the pressure differential? How 
will the pressure differential be equated to changing out the carbon? 

Response No. 8 

This comment no longer applies. 

Comment No. 9 

Section 8, page 30 - How often will the AWFSO's be demonstrated during 
production operations? 
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Response No. 9 

This demonstration is expected to take place prior to the performance test and 
once per month thereafter. 

Comment No. 10 

The performance test plan needs to be submitted as soon as possible. 

Response No. 10 

This comment is true. Williams is currently preparing the equipment 
specifications for the new thermal treatment unit to be operating at the Woods 
Industries Site. The heat and mass balances are also being prepared. 

Catherine Massimino's Comments 

Comment No. 1 

I recommend that agency approval of the final work plan, including the 
Appendices B through E, be required to be issued prior to allowing 
mobilization of the thermal desorption unit. 

Response No. 1 

This comment is true. 

Comment No. 2 

it is not clear whether Appendices C and D will address performing a site 
specific risk assessment A site specific risk assessment should be 
performed addressing the target compounds listed on page 28, dioxins 
and furans, potential organic breakdown or reformation compounds as a 
result of the treatment process, HCI, and CI. This risk assessment should 
also address the effects of vent stack openings. The detailed procedures/ 
modeling to be followed to perform the risk assessment on the expected 
emissions from the incinerator for the performance test and the full 
production operation need to be provided. 

Response No. 2 

Please refer to Response No. 2 of Bob Klevit's Comment No. 2. 
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Comment No. 3 

A history of this thermal desorption system (e.g. include desorption unit 
and air pollution control system) with respect to Automatic Waste Feed 
Shutoffs (AWFSO's) and vent stack openings needs to be provided. This 
information should include the following: 

Number of AWFSO's and Vent Stack Opening events during ail phases of 
previous operation (i.e. shakedown, performance test, interim operation 
and full production). 

Events broken down by causes (e.g. - of AWFSO due to power failures, 
loss of water to quench, etc.). 

Corrective actions (e.g. changes to operating procedures or design) taken 
to eliminate the event. 

Long-term corrective actions taken to reduce or eliminate future 
occurrences of the event. 

The work plan should include an evaluation of the potential for incorporation 
of additional/revised operational procedures and redundancies to the 
thermal desorption system to minimize the probability of AWFSOs and vent 
openings (e.g. use of heat exchanger prior to baghouse). 

Response No. 3 

i nis comment has been addressed in previous responses. The Williams' unit is 
being re-configured for thermal oxidation of the off^gases. The unit being 
proposed for the site is being reconfigured specifically for this project, therefore 
no history exists for AWFSO and vent openings. The work plan will incorporate 
an operations manual which will include procedures for corrective actions, and 
long term corrective actions to reduce or eliminate future occurrences of the 
unwanted event. The evaluation of the potential for additional procedures and 
redundancies will also be incorporated into the operations manual. 

Comment No. 4 

The soil needs additional characterization to enable a more useful heat and 
energy balance to be performed. This additional characterization needs to 
include the following: ash content; total chlorine; and heating value. 
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The mass balance calculations must include a breakdown of the inputs to 
the system into their elemental components (i.e., C, E, 0, N, CI, inerts, etc.). 
Streams coming out of the system must also be further broken down to 
include acid gases and particulates. 

. It needs to be identified whether the soil is likely to present any special 
feeding problems (e.g. abundant large rocks requiring crushing 
equipment, substantial fines content resulting in excessive particulate 
orvery sticky when wet, etc.). 

Response No. 4 

The majority of this comment refers to incineration as opposed to thermal 
desorption (i.e. ash content). Heating value is not of concern with the pesticide 
concentrations present in the impacted soils. 

The mass balance will be provided for the process flow diagram in the revised 
work plan. 

Potential feeding problems are discussed in Resoonse No 8 of Bob Kievit's 
comments. 

Comment No. 5 

The scaled engineering drawings and piping and instrumentation diagrams 
for the system must be provided. Also, the ID Fan curves should be 
provided. 

Response No. 5 

A PI 2L D diagram and general equipment layouts have been provided in the 
work plan. A I.D. fan curve will be included in the "final draft" of the work plan. 

Comment No. 6 

Should include design analysis of the projected efficiency of each 
individual component of the air pollution control system (APC) and the 
combined efficiency of ail the components of the APC for the constituents 
of concern (e.g. metals, acid gases, particulate, etc.). 
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Response No. 6 

The maximum efficiencies for metal removals for APC equipment as provided in 
Table lll-a entitled "Air Pollution Control Devices (APCDs) and Their Conservatively 
Estimated Efficiencies for Controlling Toxic Metals". The removal efficiency for HCI 
is estimated at 99% removal. 

The particulate loading at the THAN site was determined to be less than <0 05 
gr/dscf. 

Comment No. 7 

A contingency plan needs to be prepared which addresses the elements 
specified under 40 CFR 264 Subpart G. 

In addition the contingency plan must include notifying the Agency of the 
use of AWFSO's and vent opening events during operations when the soil 
is in the thermal desorption units or gases from the soils are in the thermal 
desorption system (including APC), including length of time of event 
cause of event, and corrective taken. 

The contingency plan must also included a requirement to obtain Agency 
approval prior to resuming soil feed after use of automatic waste feed 
cutoffs of greater than once within any operating calendar day and after 
any vent opening. This requirement would be applicable during all phases 
of the operation. 

Response No. 7 

Williams believes that 40 CFR 264 Subpart G - Closure and Pest Closure does 
not apply to Williams' work at the site. 

AWFSO's and vent openings should not require reporting to the Agency unless 
rugitive emissions result. Williams also believes that ceasing operations 
because of more than one AWFSO or vent opening in one calendar day is 
burdensome and is not requisite for ail AWFSO's and vent openings. 

Williams requests a list of EPA contacts and numbers that are available 24 
hours a day and a procedure to begin operations when no EPA contact can be 
reached. 

As part of standard operating procedures, Williams records all downtime events 
and causes on "Round Sheets." Tne log book in the Control Room documents 
the corrective actions taken to repair the failure and prevent future occurrences. 
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It is also Williams' policy to institute AWFSO's or vent openings that prevent 
fugitive emissions and equipment damage. Therefore when an AWFSO event 
occurs it does not necessarily represent a permit exceedance. 

Comment No. 8 

A limitation of operating hours for noisy feed preparation activities (e.g. 
crushing) should be proposed. 

Response No. 8 

This comment was addressed in Bob Kievit's Comment No. 4. Crushing is not 
expected to be necessary. 

Comment No. 9 

Since the contaminants contained in the soil to be processed in the 
thermal desorption system are very similar to those found in EPA Waste K, 
U, and P codes (i.e. 40 CFR Part 261) the performance standards which 
would be applied to the application here. I recommend the following 
standards be applied to the stack emissions from the unit: Destruction 
and Removal Efficiency of 99.99% (the mechanism applied here will be 
primarily removal); Particulate emission of greater than 0.015 grains per 
dry standard cubic foot after correction to a stack gas concentration of 7% 
oxygen; Metal emissions not to exceed the levels specified in 40 CFR 
Section 266.106; A maximum of 4 Ibs/hr HCI emissions or 99% control 
efficiency which would not exceed the levels specified in 40 CFR Section 
266.107. 

A free chlorine level which does not exceed the levels specified in 40 CFR 
Section 266.107; A total hydrocarbon limit (THC) which would not exceed 
20 ppmv based on a hourly rolling average basis reported as propane, and 
continuously corrected to 7 percent oxygen, dry gas basis; A dioxin and 
furan emission limits of 30 mg/dscm based on the sum of the tetra through 
octa-dioxin and furan congeners; and site specific risk assessment 
indicating emission levels areacceptable. 

Response No. S 

The technology that is currently being proposed for treating the soils at the site 
includes a rotary dryer, an afterburner, and an air pollution control system. The 
applicable performance standards are described in 40 CFR Subpart 0. These 
include: 
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a. Destruction and removal efficiency of 99.39% for principal organic hazardous 
constituents (POHCs); 

b. Particulate emission of no greater than 0.08 grains per dry standard cubic 
foot after correction to a stack gas concentration of 7% oxygen; 

c. A maximum of 4 Ibs/hr HCI emissions or 99% control efficiency; 

d. Continuous monitoring for carbon monoxide in the stack gas. Williams 
proposed that maintaining CO emissions below 100 ppmv on a one (1) hour 
rolling average is a relevant and appropriate requirement; 

e. Developing acceptable operating limits for the parameters listed in 40 CFR 
264.345. Specific parameters and operational limits will be proposed in a 
performance test plan. 

Several of the standards.proposed in the EPA comment letter are not applicable 
including; 

c. Metals emissions not to exceed the levels specified in 40 CFR 266.106. 

d. HCI emissions not to exceed the levels specified in 4(D CFR Section 265.107 
The thermal desorption system is not a boiler or industrial furnace therefore 
this regulation is not applicable. 

a. A free chlorine level which does not exceed the levels specified in 40 CFR 
Section 266.107. The thermal desorption system is not a boiler or industrial 
furnace, therefore, this regulation is not applicable. 

r". A total hydrocarbon limit (THC) which would not exceed 20 ppmv based on 
an hourly rolling average reported as propane. The thermai desorption 
system is not a boiler or industrial furnace, therefore, this regulation is net 
applicable. The thermal desorption system will demonstrate compliance with 
a 100 ppmv CO standard (one (1) hour rolling average, corrected to 7% 
oxygen). Demonstration of compliance with the THC standard is applicable 
under the BIF regulations only if compliance with the CO standard is not 
attained. 

g. A dioxins and furan emission limits of 30 mg/dscm (note; probably meant 
ng/dscm) based on the sum of the tetra through octa-dioxin and furan 
congeners. 
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Williams proposes to operate the thermal desorption system undsr 
temperature conditions which are not conducive to the formation of dioxins 
and furans. These conditions include: 

• Thermal desorbed soil discharge temperature greater than 75Q°F. 

• Baghouse inlet gas temperature of less than 450°F. 

• Afterburner exit gas temperature of greater than 1800°F. 

• Rapid quench of baghouse exit gas to the adiabatic saturation 
temperature (less than 180"F). 

h. Site specific risk assessment indicating emission levels are acceptable. This 
requirement is from the proposed EPA Draft Combustion Strategy which is 
not currently a regulation. 

Comment No. 10 

The operation of the thermal desorption unit and the baghouse within the 
450 -750 F temperature range is not desirable as it increases the potential 
for dioxin and furan formation. An evaluation of the system to eliminate its 
operation within this range should be performed. 

Response No. 10 

The temperature of the gas going to the baghouse will be below 450°F. Tne 
temperature of the soil discharge from the thermal desorber will be above 750°F. 

Comment No. 11 

The specifications (e.g. range, accuracy, precision, etc.) for the process 
monitoring equipment (e.g. Table 6-1 parameters) including the TrlC 
monitors needs to be provided. The THC monitors must meet the 
specifications in Part 266 Appendix IX, Section 2.0, Performance 
Specifications for Continuous Emission Monitoring Systems. Specific 
information needs to be also provided on method and equipment to be 
used to record data (i.e. strip chart speed, including a copy of an example 
chart, printout frequency for computer logged data, hard disk capacity, 
etc.). Detailed calibration procedures and frequency must be provided for 
all the process monitoring equipment. 
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Response No. 11 

Williams' CEM system can meet the specifications of Part 266 Appendix IX for 
CO and 02- THC is not included in this 40 CFR citing performance 
specification. When the appropriate data logger is selected, the specification 
will be incorporated into the work plan. 

Comment No. 12 

Amend Table 6-1 to include the following as parameters which are 
continuously monitored and recorded: quench water minimum pH and 
maximum total solids parameter for thermal desorption unit solids 
residence time, thermal desorption unit oxygen level, baghouse inlet 
temperature high, indicator of vent opening, gas flow rate high, add a THC 
monitor at stack exit (versus between carbon beds) and soil wastefeed 
rate. Also the vapor phase carbon differential pressure should be 
continuously monitored and recorded. 

Response No. 12 

Williams proposes to continuously monitor and record quench water pH soil feed 
r<ate and baghouse inlet temperature. There is no direct method to continuously 
monitor retention time in the thermal desorber. The best measure of retention 
time is analytical results of the treated soil. 

A vent stack opening is associated with an event (alarm) that triggers the vent to 
open. When the alarm is logged on the chart paper the vent opening has been 
triggered. During the performance test process conditions are established for 
future production operations. If the process conditions are met (i.e. feed rate, 
thermal oxidizer temperature and minimum O2 concentration in the thermal 
oxidizer) then the gas flow rate will be approximately the same. Therefore, 
Williams does not propose to continuously monitor stack gas flow rate. 

Again, it is Williams' position that the thermal oxidizer is not a Boiler/Industrial 
Furnace and therefore monitoring THC is not an appropriate ARAR. 

Vapor phase carbon differential pressure is no longer applicable. 

Comment No. 13 

Table 6-2, should add the following AWFSO's: soil feed rate high, quench 
water pH, specific gravity, and nozzle pressure, THC at stack exit at 20 
ppmv or above (see comment 9e, above), thermal desorption unit solids 
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residence time, baghouse DP, thermal desorption unit at a positive 
pressure for any length of time, low oxygen level in thermal desorption 
unit, and vapor phase carbon DP. 

For ail items on Table 6-2 that result in a VO evaluate the use of time delays 
to assume that unnecessary openings do not occur. Evaluate the 
installation of another vent just prior to the carbon unit versus opening the 
vent after the thermal desorption unit bypassing any particulate or acid gas 
control when the carbon unit inlet gas high is the cause of the VO. 

Also, explicitly state on Table 6-2 that whenever there is a VO the soil feed 
will be shut off. 

The control should be re-configured, if necessary, to clearly indicate in the 
continuously operating record whether soil is being fed. 

Whenever soil feed is interrupted the operator must maintain the units 
operating parameters within their required ranges. 

The pressure within the rotary dryer on this table and page 25 should be 
corrected to a negative number. 

Response No. 13 

Williams will provide an AWFSO for soil feed rate high, low quench water pH 
baghouse DP flow, dryer pressure and low oxygen level in the thermal oxidizer. 
These AWFSO will be set during the performance test. 

Specific quality of the quench water is not a parameter that is easily measured 
on-line or very useful for thermal treatment operations, therefore Williams is not 
proposing an AWFSO for this parameter. 

Nozzle pressure for the quench chamber does not require an AWFSO because 
other parameters are monitored to prevent unbalanced conditions in the quench 
sucn as quench exit gas temperature. Therefore, Williams is not prooosinq an 
AWFSO for this parameter. 

T'riC has been addressed in other comments. 

Vapor phase carbon DP is no longer applicable. 

Wiiliamsjviil incorporate the time delay recommendation as appropriate for the 
items in Table S-2. Table 5-2 will also state that when a vent coening occurs 
reed is stepped. 
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Soil feed rate is monitored and recorded continuously. 

When soil feed is interrupted it is Williams' standard operating procedure to 
operate the thermal desorption unit within the required control parameters. 

The rotary dryer vacuum is monitored continuously. When the vacuum reaches 
"0.00" an AWFSO results. 

Comment No. 14 

Page 30, Section 3.2 the treated soil should also be analyzed for the 
appropriate TCLP parameters (e.g. mercury, arsenic, etc.). 

Response No. 14 

TCLP testing is not necessary to characterize the treated or untreated soils 
because TCLP testing was performed on several contaminated samples as part 
or the Rl to evaluate disposal or treatment options. The results of ail TCLP 
analyses show that the soils are not RCRA characteristic hazardous waste 
because none of the samples failed the TCLP test. This is described in detail in 
section 4.0.3 of the Final Rl Report. 

Comment No. 15 

Page 38, increase the time interval for operation at 700°F to at least twice 
the normal solids residence time in the unit 

Response No. 15 

Residence time adjustments, if any, will be dependent upon performance test 
results. 

Comment No. 16 

Page 43, provide details of the perimeter air monitoring system (e.g. 
parameters, equipment, exact locations, data interpretation, sampling and 
analysis frequency, etc.). 

Response No. 16 

This comment will be addressed from Bob Kievii's Comment No. 1. 
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Please let me know if you need assistance interpreting any of these responses. 

Sincerely yours, 

WILLIAMS ENVIRONMENTAL SERVICES, INC. 

Mark A. Fieri 
Project Manager 

MAF/cd/RESPONSE. 

cc Z. Lowell Taylor - Williams Environmental Services 
Bruce Sheppard - Burlington Northern Railroad 
David Eagleton - Burlington Environmental 
Tom Hippe - Burlington Environmental 
Bob Kievit - EPA 
Tom Backer - Preston Tnorgrimson 
General File 
Job File 
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IN THE MATTER OF: ADMINISTRATIVE ORDER ON 
CONSENT FOR REMOVAL RESPONSE 
ACTIVITIES WOODS INDUSTRIES SITE 

Burlington Northern Railroad U.S. EPA Region 10 
CERGLA 
Docket No. 1087-03-18-106 

Proceeding Under Sections 
106(a) and 122 of the 
Comprehensive Environmental 
Response, Compensation, and 
Liability Act, as amended, 42 
U.S.C. SS9606(a) and 9622 

1.1 This Order is issued pursuant to the authority vested in 

the President of the United* States by sections 106(a) and 122 of 

the Comprehensive Environmental Response, Compensation, and 

Liability Act of 1980, 42 U.S.C. §§ 9606(a) and 9622, as amended 

("CERCLA") , and delegated to the Administrator of the United States 

Environmental Protection Agency ("EPA") by Executive Order No. 

12530, January 23, 1987, 52 Federal Recistar 2923, and further 

delegated to the EPA Regional Administrators and the EPA Assistant 

Administrator for Solid Waste and Emergency Response by EPA 

Delegation Nos. 14-14-A and 14-14-3. This authority is conferred 

on the EPA Region 10 Chief, Super fund Response and Investigations 

CONSENT ORDER - Page 1 of 34 

I. JURISDICTION AND GENERAL PROVISIONS 



Branch by Regional Redelegation Order signed, by the Regional 

Administrator. 
> 

1.2 This Administrative Order on Consent (Order) is entered 

into voluntarily by the EPA and, .Respondent Burlington Northern 

Railroad Company ("BNR") and its receivers, trustees, successors 

and assigns. This Order provides for the performance of removal 

actions by Respondent and the reimbursement of response costs 

incurred by the United States in connection with the property 

located at 1 East King Street in YaJcima, Washington, and known as 

the "Woods Industries Site-. This Order requires the Respondent to 

conduct removal actions described herein to abate an imminent and 

substantial endangerment to the public health, welfare or the 

environment that may be presented by the actual or threatened 

release of hazardous substances at or from the Woods Industries 

Site. 

1.3 EPA has notified the State of Washington of this action 

pursuant to section 106(a) of CERCLA, 42 U.S.C. § 9606(a). 

1.4 Respondent's participation in this Order shall not 

constitute or be construed as an admission of liability or of EPA's 

findings or determinations contained in this Order except in a 

proceeding to enforce the terms of .this Order. Respondent agrees 

to comDly with and be bound by the terms of this Order. Respondent 

further agrees that it will not contest the basis or validity of 

this Order or its terms. 

CONSENT ORDER - Page 2 of 34 
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XI. PARTTRS aonwn 

2.1 This Order applies to and is binding upon SPA, and upon 

Respondent and its directors, officers, employees, agents, 

receivers, trustees, successors and assigns. Any change in 

ownership or corporate status of Respondent including, but not 

limited to, any transfer of assets or real or personal property 

shall xn no way alter Respondent's responsibilities under 

Order. 

2 . 2  Respondent shall ensure that' its contractors, 

subcontractors, and representatives receive a copy of this Order 

and comply with this Order. Respondent -shall be' responsible for 

any noncompliance by such persons. 

III. PnrDTxes av 

3.1 The Woods Industries facility (hereinafter the "Weeds 

site," "site" or "facility"), is a facility as defined in Section 

101(9) of C2RCLA, 42 C.S.C. S 9109(9), and a former pesticide 

| formulation and distribution operation located in the city of 

j Yakima, Washington. The site is the area! extant of contamination 
| that consists of approximately four (4) acras cf land, located at 

! 

j 1 2ast Xing Street in Yakima, Washington. The site is located 

| within the city limits of Yakima, Washington, in a commercial and 

|industrial area. 

j 3.2 Burlington Northern Railroad Company is a Delaware 

.:corporation authorized to do business in the state of Washington. 

13NR1 s principal offices are located in ?ort Worth, Texas. ' The 
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mailing address of BNR for purposes of this order is: 

Bruce Sheppard 
Manager, Environmental Engineering 
Burlington Northern Railroad Company 
2200 First Interstate Center 
999 Third Avenue 
Seattle, WA- 98104-1105 

3.3 BNR is the land owner of the site. Several 

individuals and corporations used the site for pesticide 

formulation and related operations from at least 1945 until at 

least 1985 under leases from BNR and its predecessors. Site 

operators have included, among others, Crop King Co., Richey & 

Gilbert Co., Akland Irrigation Co., Inc. and their respective 

officers and directors. Between approximately 1980 and May 1985, 

Woods Industries, Incorporated (hereinafter "Woods") occupied the 

site and operated a pesticide business on property leased from BNR. 

3.4 In May 1985, the lease between BNR and Woods expired 

and was not renewed. Woods no longer occupies the site. No 

current operation is present at the site. BNR now controls the 

site. 

3.5 A wide variety of hazardous substances, including 

arsenic, aldrin, strychnine, lindane, carbamates, and DDT, were 

used in the pesticide formulation process on the site. Site 

inspections and assessments conducted by EPA in October and 

November of 1985, revealed that a number of drums and chemical 

containers were present on the site. The inspections and 

assessments revealed chemical contamination in the soils at the 

site. 
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3.6 Pursuant to an Administrative order on Consent for 

Immediate Response and Stabilization Activities issued by EPA and 

dated December 6, 1985 (Order No. 1085-10-02-106) , BNR was ordered 

to perform several actions, including: restricting access to the 

property, securing pools or solid spills within the buildings of 

the property, securing drums and bottled chemicals on the property 

to prevent release of their contents, and securing the entrances 
t '  

and lower windows of buildings on the property. 

3.7 In addition to these' actions, the order required BNR 

to: analyze the on-site groundwater well and provide to EPA 

information on the casing, screening and depth of that well; 

further investigate the extent of hazardous substance contamination 

of soils^ groundwater, and surface waters at the facility; and 

investigate pathways for contamination migration. 

3.3 The above-mentioned actions were undertaken with the 

knowledge that more extensive response actions would be required to 

address the significant and varied environmental hazards at this 

facility. 

3.9 BNR contracted with Morrison-Xnudsen Engineers, 

Incorporated (hereinafter "MKE") to implement the actions required 

by the December 6, 1985 Consent Order. MRS conducted site 

characterization studies from July through October 1987 covering 

air, surface water, soil, and shallow groundwater investigations. 

The findings and conclusions from those studies are contained in 

the following documents which have been reviewed and accepted by 

EPA: 1) a Preliminary Site Characterization Report prepared by MRS 

and dated March 1987; 2) a letter addressed to Jeff Webb of EPA, 
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dated March 28, 1988; 3) a letter addressed to Jeff Webb, EPA, 

dated July 6, 1987; and 4) quarterly groundwater monitoring data. 

3.10 Pursuant to an Amended Order on Consent dated June 28, 

1990, for a Remedial Investigation and Feasibility Study, BNR 

completed a Remedial Investigation, which was approved by EPA on 

Sept. 16, 1992. 

3.11 The Remedial Investigation found visible evidence of 

chemical contamination inside the Woods buildings including dry 

powder above ceiling panels in the basement and stained areas on 

the floors and walls. Bags containing asbestos material were 

located in" one of the buildings. The buildings were generally in 

a dilapidated condition. 

3 .JL2 Pursuant to an Administrative Order on Consent for 

Removal Response Activities issued by EPA and dated January 4, 1993 

(Order No. 1087-03-18-106) , BNR was ordered to demolish and dispose 

of buildings formerly used for pesticides formulation and to 

disDOse of miscellaneous debris on the site. Building demolition 

and disposal was completed in February 1993. 

3.13 The Remedial Investigation revealed extensive 

contamination of the surface and subsurface soils at the site. The 

hazardous substances of greatest concern in the soils are 

pesticides including DDT and Dieldrin, hexachlorobenzene, lead, 

mercury, and arsenic. The main sources of this contamination 

aDDears to be past waste disposal units including a sump, a 

washdown area, and a series of* lagoons. Most of the contamination 

on site apoears to be located in soils in and around these units. 

The contamination around these units extends from the surface to 
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-> 1 the vaterhable- The maximum concentrations detected in soils 

^ 2 within these units are: DDT-30,000 ppm; Dieldrin-200 ppm; 

3 hexachlorobenzene- 23,000 ppm; lead- 143,800 ppm; mercury-88.5 ppm; 

4 and arsenic-543 ppm. The Remedial Investigation indicates that 

5 concentrations of contaminants outside of these areas is much lower 

6 and the contamination doesn' t extend lower than 2 to 3 feet below 

7 the surface. 

8 3.14 The Remedial Investigation found that groundwater 
L 

9 under the site is contaminated with many of the same 

10 found in the soils including DDT, Dieldrin, and hexachlorobenzene. 

11 The highest concentrations of chemicals found in groundwater on 

12 site are: DDT- 77 ppb; Dieldrin- 16 ppb; and hexachlorobenzene- 11 

13 ppb. Highest concentrations of contaminants were found in the 

\4 upper portion of the aquifer in the area of greatest soil 

x5 contamination. Concentrations of contaminants in the ground water 

16 decreases with depth. 

17 3.15 The Remedial Investigation found that the depth to 

18 groundwater under the site varies seasonally by 5 to 8 feet in 

19 response to irrigation in the YaJcima Valley. The groundwater table 

20 is lowest in late winter/early spring and rises rapidly with the 

21 onset of irrigation. The groundwater table reaches its maximum 

22 elevation in late summer/early fall. In late summer, the Remedial 

23 Investigation found high levels of contamination in soils just 
24 above the groundwater table, which represent the deepest soil 

25 samples taken to date. Soil contamination is suspected to be 

26 present below the seasonal high groundwater table. It is likely 

^7 that groundwater is being contaminated each year as the groundwater 
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J i table rises into soils containing elevated concentrations of 

2 hazardous substances. 
3 3.16 Conditions presently exist at the site that may 
4 present an imminent and substantial endangerment to public health 
5 or welfare or the environment. 

6 3.17 The conditions at the site meet the criteria for a 
7 removal action as stated in the National Contingency Plan, 40 
8 C-F.R- Section 300.415 as follows: 
9 A.. LHiah levels of hazardous substances or pollutants or 

10 contaj^nants in soil at or near the surface that mav migrate — 
11 Surface soils sampled in the lagoon, sump, and washdown areas 
12 contain high concentrations of DDT, Dieldrin, Hexachlorobenzene, 
13 and other hazardous substances, which may migrate off-site 
14 through wind blown dusts and soils. The concentrations oc some 
.5 chemicals exceed the State of Washington cleanup standards for 

16 soils in industrial areas. For example the highest 
17 concentration of DDT in soil is 1,000 times the state cleanup 
13 stamdard. There are two businesses directly adjacent to uhe 

19 site. 
20 B. Actual or potential exposure to nearbv human 
21 population, animals, or the food chain from hazardous substances 
22 or pollutants or cinntaTninants — Although the property is fenced 
23 and site access is restricted, there is a threat of trespassers 
24 coming into direct contact with contaminated soils. There is 
25 also a threat of contaminated soils migrating offsite through 
26 wind blown dust and soils. Many of the pesticides found on—site 

7 are known or suspected carcinogens and could pose a cancer risk. 
28 CONSENT ORDER - Page 3 of 34 
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Kany of the pesticides found on-site are also known to cause 

nervous system disorders and liver diseases. 

gr pgtarrfclm contamination or driving *^f r r  

gqpoljeg qg sensitive acoflwf-^, - The pollutants overlie a 

local dwinking water aquifer. Concentrations of Endrin in 

monitoring wells on-site are above the MCL. Concentrations of 

Haxachlorofaenzene are above the proposed non-zero KCLG. 
Concentrations of pesticides which have no established MCL or 
KCLG such as DDT and Dialdrin exceed^ state promulgated 

groundwater cleanup standards. 

3.13 DDT is a chlorinated organic pesticide, which together 
with its metabolites DDD and DDE, is very persistant in the 

environment. DDT, DDD, and DDE are probable human carcinogens. 
Exposure to DDT can also result in adverse impacts to the. central 
nervous system including excitability, tremors, and seizures. 

3.19 Dialdrin is resistant to biodegradation and abiotic 
degradation and therefore can accumulate in the environment. 
Dieldrin is a probable human carcinogen. -In high doses, Dieldrin 
is a neurotoxin that affects the central nervous system and can 
produce tremors, convulsions, coma, and even death. Short-term 
exposure can result in symptoms such as headaches, dizziness, 
irritability, loss of appetite, and convulsions. 

3.20 Hexaehlorcbenzane is a probable carcinogen. Long-term 
exposure can result in hepatic toxicity, kidney effects, immune 
system abnormalities, and neurological effects. 
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rv. CONCLUSIONS OF LAW AND DETERMINATIONS 

4.1 Based on the Findings of Fact set forth above, and the 
\ 

Administrative- Record supporting these removal actions, EPA 

determines that: 

(A) The Woods Industries Site is a "facility" as defined 

by section 101(9) of CERCLA, 42 U.S.C. § 9601(9). 

(B) Each substance identified in the Findings of Fact above, 

is- a "hazardous substance" as defined by section 101(14) of CERCLA, 

42 U.S.C. S 9601(14). 

(C) The Respondent is a "person" as defined by section 

101(21) Of CERCLA, 42 U.S.C. S 9601(21). 

4.2 Respondent is liable under section 107(a) of CERCLA, 

42 U.S.C. § 9607(a) as the "owner" of the facility, as defined by 

section 101(20) of CERCLA, 42 U.S.C. S 9601(20), and within the 

meaning of section 107(a)(1) of CERCLA, 42 U.S.C. § 9607(a)(1). 

4.3 The conditions described in the Findings of Fact above 

constitute an actual or threatened "release" into the "environment" 

as defined by sections 101(8) and (22) of CERCLA, 42 U.S.C. 

SS 9601(8) and (22). 

4.4 The conditions present at the facility constitute a 

threat to public health, welfare, or the environment based upon the 

factors set forth in the National Oil and Hazardous substances 

Pollution Contingency Plan (NC?), 40 C.F.R. § 300.415(b)(2). 

4.5 The actual or threatened release of hazardous 

substances from the Site may present an imminent and substantial 

endangerment to the public health, welfare, or the environment 

within the meaning of section 106(a) of CERCLA, 42 U.S.C. § 
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9606(a). 

4.6 The removal actions required by frhi g Order are 
\ 

necessary to- protect the public health, welfare, or the 

environment, and are not inconsistent with the NOP and CERCLA. 

V. ORDgR 

5.1 Based upon the foregoing Findings of Fact, Conclusions 

of Law, Determinations, and the Administrative Record for this 

Site, it is hereby ordered and agreed that Respondent shall comply 

with the following provisions, including but not limited to all 

attachments, all documents incorporated by reference, and all 

schedules and deadlines attached to, or incorporated by reference 

into this Order, and perform the following actions: 

5'2 Designation of Contractor, Project Coordinator, arid on-

Scene Coordinator. Respondent shall perform the work itself or 

retain a contractor(s) to implement this removal action. 

Respondent shall notify EPA of Respondent's qualifications or the 

name(s) and qualification(s) of such contractor(s) within five (5) 

days of the effective date of this Order. Respondent shall also 

notifY ^A of the name(s) and qualification (s) of any other 

contractor(s) or subcontractor(s) retained to perform work under 

this Order at least five (5) days prior to commencement of such 

work. EPA retains the right to disapprove of any, or all, of the 

contractors and/or subcontractors retained by the Respondent. If 

SPA disapproves of a contractor selected by the Respondent, 

Respondent shall retain a different contractor within five (5) days 

following EPA's disapproval and shall notify EPA of that 
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contractor's name and qualifications within five (5) days of EPA's 

disapproval. 

5.3 Within five (5) days after the effective date of this 

Order, the Respondent shall designate a Project Coordinator who 

shall be responsible for administration of all the Respondent's 

actions required by the Order. Respondent shall submit the 

designated coordinator's name, address, telephone number, and 

qualifica-tions to EPA. To the greatest extent possible, the 

Project Coordinator shall be present on site or readily available 

during site work. EPA retains the right to disapprove of. any 

Project Coordinator named by the Respondent. If EPA disapproves of 

a selected Project Coordinator, Respondent shall retain a different 

Project Coordinator and shall notify EPA of that person's name and 

qualifications within five (5) days following EPA's disapproval. 

Receipt by Respondent's Project Coordinator of any notice or 

communication from EPA relating to this Order shall constitute 

receipt by Respondent. 

5.4 The EPA has designated Bob Kievit of Region 10 as its 

On-Scene Coordinator (OSC). Respondent shall direct all 

submissions required by this Order to the OSC at: 

United States Environmental Protection 
Agency, Region 10 
Washington Operations Office 
C/O Washington Department Of Ecology 
P.O. BOX 47600 
Olympia, Washington 98604-7600 

EPA and Respondent"shall have the right to change their designated 

OSC or Project Coordinator. EPA shall notify the Respondent, and _ 

Respondent shall notify EPA, five (5) days before such a change is 
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made. The initial notification may be orally made but it shall be 

promptly followed by a written notice. (See Section VI - Authority 

of the EPA Oh-scene Coordinator). 

5.5 Work to Be Performed. Pursuant to Section 106(a) of 

CERCLA, 42 tJ-S.C-, Part 9606(a), as amended, Respondent shall 

conduct all removal activities in accordance with the requirements 

of this order. The removal action shall' include the excavation and 

treatment of contaminated soils. Because of the immediate need to 

excavate soils prior to the next seasonal rise of the groundwater 

table (estimated to begin in early spring) and because of the long 

lead time needed to develop adequate work plans for soil treatment 

and to procure an appropriate soil treatment vendor, the removal 

will proceed in two phases. The first phase will include 

excavation and temporary storage of all soils on site that contain 

hazardous substances greater than the cleanup standards established 

for the site. The first phase shall be conducted in accordance 

with the Work Plan in Attachment A and in the Schedule of 

Deliverables in Attachment B, which are attached and incorporated 

in this Consent Order. 

The second phase of the removal will include thermal treatment 

of all soils excavated in Phase I in accordance with the treatment 

standards established for the site. The second phase shall be 

conducted in accordance with the Schedule of Deliverables 

(Attachment B) and with the Scope of Work and the Work Plan that 

will be developed under and will be incorporated into this order 

when approved by EPA-

All such removal activities shall be conducted in accordance 
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with CERCLA, the NOP, and EPA guidance. 

5*S fiterfc Plan and Respondent has 

submitted to EPA an approved Pinal Work Plan (Attachment A) for the 

excavation and temporary storage of contaminated soils. The Work 

Plan provides a description of, and an expeditious schedule for, 

! the activities required by Phase l of this Order. Within thirty 

| (30) days after the effective data of this Order, the Respondent 

j shall submit to EPA for approval a draft Scope of Work for 

; conducting thermal treatment on the soil3 excavated in Phase 1. 

j The draft Scope of Work shall provide a description,4^ and 

j expeditious schedule for the activities rsquirad by Phase 2 of tMq 

:Order.' 

j 5.7 EPA may approve, disapprove, require revisions to, or 

j modify the draft Scope of Work or Work Plan submitted for Phase 2. 

>If EPA requires revisions, respondent shall submit a revised draft 

: Scope of Work or Work Plan which is responsive to SPA comments 

; within thirty (30) days of receipt of EPA'3 notification of the 

.required revisions. Failure to do so will be considered violation 

order. Respondent shall implement the Scope of Work for 

! Phase 2 and Work Plans for Phase 1 and 2 as finally approved in 

: writing by EPA in accordance with the schedule approved by EPA. 

The approved Work Plans and Schedule shall be fully enforceable 

|under this Order. Respondent shall notify SPA in writing at least 

i43 hour3 prior to performing any on-sita vcrk pursuant to an SPA-

!approved Work Plan. Respondent shall not commence or undertake any 

removal actions at the Site without'prior EPA approval. 

i 
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5.8 Health and Safety Plan. Ten (10) days before Respondent 

commences any removal action, or with the approval of the OSC if 

less then 10 "days, the Respondent shall submit for EPA review and 

comment a plan that ensures the protection of the public health and 

safety during performance of on-site work under this Order. This 

plan shall be prepared in accordance with EPA's Standard Operating 

Safety Guide, dated November 1984, and updated July 1988. The plan 

shall comply with applicable Occupational Safety and Health 

Administration (OSHA) regulations found at 29 C.F.R. Part 1910, 

dated March 6, 1989. In addition, the plan shall also comply with 

all -applicable Washington Industrial Safety and Health Act (WISHA) 

regulations found at WAC Chapter S 296-62. If EPA determines that 

it is appropriate, the plan shall also include contingency 

planning. Respondent shall incorporate all changes to the plan 

recommended by EPA, and implement the plan during the removal 

action. 

5.9 Quality Assurance and Sampling. All sampling and 

analyses performed pursuant to this Order shall conform to EPA 

direction, approval, and guidance regarding sampling, quality 

assurance/quality control (QA/QC) , data validation, and chain of 

custody procedures. Respondent shall ensure that the laboratory 

used to perform the analyses participates in a QA/QC program that 

complies with the appropriate EPA guidance. Respondent shall 

follow the following documents as appropriate as guidance for QA/QC 

and sampling: - "Quality Assurance/Quality Control Guidance for 

Removal Activities: Sampling QA/QC Plan and Data Validation 

Procedures," OSWER Directive Number 9360.4-01; "Environmental 
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Response Team Standard Operating Procedures," OSWER Directive 

Numbers 9360.4-02 through 9360.4-08; and the representative 

Sampling Guidance for soil, air, ecology, vaste, and water as t-hic 

information becomes finalized and available. 

5.10 Upon request by EPA, Respondent shall have the 

laboratory analyze samples submitted by EPA for quality-assurance 

monitoring. Respondent shall provide to EPA the. quality 

assurance/quality control procedures fallowed by all sampling teams 

and laboratories performing data collection and/or analysis. 

5.11 Upon request by EPA, Respondent shall allow EPA or its 

authorized representatives to take split and/or duplicate samples 

of any samples collected by Respondent while performing work under 

this Order. Respondent shall notify EPA not less than five (5) 

days in advance of any sample collection activity, or with the 

approval of the OSC if less than five (5) days. EPA shall have the 

right to take any additional samples that it deems necessary. 

5.12 Respondent shall submit to EPA the results of all 

sampling or tests and all other data generated by Respondent or its 

contractor(s), or on the Respondent's behalf during implementation 

of this Order. This information shall be submitted to EPA, as it 

becomes available, in the written progress reports and shall be 

summarized in the final report submitted pursuant to paragraph 

5.16. 

5.13 Post-Removal Site Control. To the extent practicable, 

Respondent shall provide for post-removal site control consistent 

with the NCP, 40 C.F.R. S 300.415(k) and OSWER Directive 9360.2-02. 

Respondent shall provide EPA with documentation indicating that 
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these post-removal site control arrangements have been made with 
the local/state governments. 

5.14 Reporting. Respondent shall submit a written progress 
report to EPA concerning activities undertaken pursuant to this 
Order every seven (7) days after the date of receipt of EPA's 
approval of the Work Plan until termination of this Order, unless 
otherwise directed by the OSC. These reports shall describe all 
significant developments during the preceding period, including the 

i 

work performed and any problems encountered, analytical data 
received during the reporting period, and the developments 
anticipated during the next reporting period, including a schedule 
of work to be performed, anticipated problems, and planned 
resolutions of past or anticipated problems. 

5.15 Respondent and any Successor(s) in title shall, at least 
30 days prior to the conveyance of any interest in real property at 
the site, give written notice of this Order to the transferee and 
written notice to EPA and the State of the proposed conveyance, 
including the name and address of the transferee. The party 
conveying such an interest shall require that the transferee comply 
with Paragraph 5.17 - Access to Property and Information. 

5.16 Final Report. Within thirty (30) days after completion 
of the removal action required under this Order, the Respondent 
shall submit for EPA review and approval a final report summarizing 
the actions taken to comply with this Order. The final report 
shall conform, at a minimum, with the requirements set forth in the 
NCP, 40 C.F.R. S 300.165 entitled "OSC Reports'*. The final report 
shall include a good faith estimate of total costs or statement of 
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1  

^ i '^1 actual costs incurred in complying with the Order, a listing of 

2 quantities and types of materials removed, a discussion of removal 
3 and disposal "options considered for those materials, a listing of 
4 the ultimate destination of those materials, a presentation of the 
5 analytical results of all sampling and analyses performed, and 
6 accompanying appendices containing all available relevant 
7 documentation generated during the removal action (e.g. , manifests, 
3 invoices, bills, contracts, and permits). All relevant 
9 documentation not available when the final report is submitted 

10 shall be submitted to EPA as soon, as it becomes available. The 
11 final report shall also include the following certification signed 
12 by a person who supervised or directed the preparation of that 
13 report: ^ 
.4 Under penalty of law, I certify that based on personal 

15 knowledge and appropriate inquiries of all relevant persons 
16 involved in the preparation of the report, the information 
17 submitted is true, accurate, and complete. X am aware that 
18 there aire significant penalties for submitting false 
19 information, including the possibility of fine and 
20 imprisonment for knowing violations. 
21 5.17 Access to Property and Information. Respondent shall 
22 provide and/or obtain access to the Site and appropriate off-site 
23 areas, and provide access to all records and documentation related 
24 to the conditions at the Site and the activities conducted pursuant 
25 to this Order. Such access shall be provided to EPA employees, 
26 contractors, agents, consultants, designees, representatives, and 
:7 State of Washington representatives. These individuals shall be 
28 CONSENT ORDER - Page 13 of 34 
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pprni tted to move freely at the Site and appropriate off-site areas 
in order to conduct activities which EPA determines to be 
necessary. Respondent shall submit to EPA the results of all 
sampling- or tests and all other data generated by Respondent or its 
contractor(s) , or on the Respondent's behalf during implementation 
of this Order. 

5.18 Where worJc under this Order is to be performed in areas 
owned by or in possession of someone other than Respondent, 
Respondent shall use its best efforts to obtain all necessary 
access agreements within thirty (30) days after the effective date 
of t~h i g Order, or as otherwise specified in writing by the JDSC. 
Respondent shall immediately notify EPA if after using its best 
efforts it is unable to obtain such agreements. Respondent shall 
describe in writing its efforts to obtain access. EPA may then 
assist Respondent in gaining access, to the extent necessary to 
effectuate the response activities described herein, using such 
means as EPA deems appropriate. 

5.19 Record Retention. Dnrrmngntation, Availability of 
Information. Respondent shall preserve all documents and 
information relating to worJc performed under thus Order, or 
relating to the hazardous substances found on or released from the 
Site, for at least ten years following completion of the removal 
actions reguired by this Order. At the end of this ten year period 
and 30 days -before any document or information is destroyed, 
Respondent shall notify EPA that such documents and information are 
available to EPA for inspection, and upon request, shall provide 
the originals or copies of such documents and information to EPA. 
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In addition, Respondent shall provide documents and information 
retained under this section at any time before expiration of the 

\ 

ten year period at the written request of EPA. 
5.20 Respondent may assert a business confidentiality claim 

pursuant to 40 C.F.R. § 2.203(b) with respect to part or all of any 
information submitted to EPA pursuant to this Order, provided such 
claim is allowed by section 104(e)(7) of CERCLA, 42 U.S.C. 
S 9604(e)(7). Analytical and other data specified in section 
104(e) (7) (F) of CERCLA shall not be claimed as confidential by the 
Respondent. EPA shall only disclose information covered by a 
business confidentiality claim to the extant permitted by, and by 
means of the procedures set forth at, 40 C.F.R. Part 2, Subpart B. 
If no such claim accomoanies the information when it is received by 
EPA, EPA may make it available to the public without further notice 
to Respondent. 

5.21 Respondent shall maintain a running log of privileged 
documents on a document—by—document basis, containing the date, 
author(s) ,- addressee(s) , subject, the privilege or grounds claimed 
fe.c.. attorney work product, attorney-client), and the factual 
basis for assertion of the privilege. Respondent shall keep the 
"privilege log" on file and available for inspection. EPA may at 
any time challenge claims of privilege through negotiations or 
otherwise as provided by law or the Federal Rules of Civil 
Procedure. 
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5-22 Off-Site Shipments. All hazardous substances, 
pollutants or contaminants removed off-site pursuant to this Order 

v 

for treatment, storage or disposal shall be treated, stored, or 
disposed of at a facility in compliance, as determined by EPA, with 
the EPA Revised "Off-Site Policy," OSWER Directive Number 9834.11, 
November 13, 1987- (see 42 U.S.C. S 9621(d)(3).) 

5.23 Compliance With Other Laws. All actions required 
pursuant to this Order shall be performed in accordance with all 
applicable local, state, and federal laws and regulations except as 
provided in CERCLA section 121(e) and 40 C.F.R. section 300.415(i) . 
In accordance with 40 C.F.R. section 300.415(i), all on-site 
actions required pursuant to this Order shall, to the extent 
practicable, as determined by EPA, considering the exigencies of 
the situation, attain applicable or relevant and appropriate 
requirements (ARARs) under federal environmental, state 
environmental, or facility siting laws ("The Superfund Removal 
Procedure for Consideration of ARARs for Removal Actions," OSWER 
Directive No. 9360.3-02, August 1991). 

5.24 Emergency Response and Notification of Releases. If any 
incident, or change in site conditions, during the activities 
conducted' pursuant to this Order causes or threatens to cause an 
additional release of hazardous substances from the Site or an 
endangerment to the public health, welfare, or the environment, the 
Respondent shall immediately take all appropriate action to 
prevent, abate or minimize such release, or endangerment caused or 
threatened by the release. Respondent shall also immediately 
notify the OSC at (206) 753-9014 or, in the event of his/her 
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unavailability, shall notify the Regional Duty Officer at (206) 
553-1263 of the incident or site conditions. 

5.25 In addition, in the event of am actual release of a 
hazardous substance, Respondent shall immediately notify the 
National Response Center at telephone number (800) 424-8802-
Respondent shall submit a written report to EPA within seven (7) 
days after each release, setting forth the events that occurred and 
the measures taken or to be taken to mitigate any release or 
endangerment caused or threatened by the release and to prevent the 
reoccurrence of such a release. This reporting requirement is in 
addition to, not in lieu of, reporting under CERCLA section 103(c) 
and section 3 04 of the Emergency Planning and Community Right-To— 
Know Act of 1986, 42 U.S.C. sections 11001 et sec. 

_5 VT. AUTHORITY OP THH EPA ON-SCENE COORDINATOR 
16 6.1 The OSC shall be responsible for overseeing the proper 
17 and complete implementation of this Order. The OSC shall have the 
18 authority vested in an OSC by the NCP, including the authority to 
19 halt, conduct, or direct any work required by this Order, or to 
20 direct amy other response action undertaken by EPA or Respondent at 
21 the Site. Absence of the OSC from the Site shall not be cause for 
22 stoppage of work unless specifically directed by the OSC. 
23 EPA and Respondent shall have the right to change their designated 
24 OSC or Project Coordinator. EPA shall notify the Respondent, and 
25 Respondent shall notify EPA five ( 5 )  d a y s  before such a change is 
26 made. Notification may initially be made orally, but shall be 

followed promptly by written notice. 
28 CONSENT ORDER - Page 22 of 34 



... 1 VII. RglMBURggMT**"' OP COSTS 

V 2 7.1 Respondent shall reimburse EPA for all past response 
3 costs and response costs incurred by the United States in 
4 overseeing Respondent • s implementation of the requirements of this 
5 Order. After the end of each federal fiscal year in which 
6 Respondent performs worJc under the original Administrative Consent 
7 Order executed on October -. 11, 1988, the Amended Administrative 
8 Consent Order executed on June 28, 1990, the Administrative Order 
9 on Consent for Removal Response Activities executed on January 4, 

10 1993, and under this Order, EPA will submit to Respondent a 
11 detailed accounting of all costs, incurred by and/or billed to the 
12 United States after the effective date of the original Consent 
13 Order in connection with response, oversight, and community 

^••14 relations, costs and activities conducted by the United States 
i . 5  government and its contractors and representatives with respect to 
16 the implementation of the original Administrative Consent Order, 
17 the Amended Administrative Consent Order, and this Order. 
18 7.2 Respondent shall, within (60) days of receipt of the 
19 bill, remit a cashier's check, certified check, or corporate check 
20 for the amount of those costs made payable to the "Hazardous 
21 Substance Superfund" with a copy of such transaction sent to the 
22 EPA Project/On-Scene Coordinator. Remittances shall addressed to: 
23 U.S. Environmental Protection Agency Region 10 

Superfund Accounting 
24 P.O. Box 360903M 

Pittsburgh, Pennsvlvania 15251. 
25 
26 

> 7  
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Respondent shall simultaneously transmit a copy of the check to 
EPA. 

Regional Hearing Clerk 
Office of Regional Counsel 
U.S. E.P.A. Region 10, SO-12S 
1200 Sixth Avenue 
Seattle, Washington 98101 

Payments shall be designated as Oversight and/or Past Response 
Costs and shall reference the payor's name and address, the EPA 
site identification number (WAD027533525), and the docket number of 
this Order. 

7.3 Interest at the rate established under section 107(a) of 
. * 

CERCIA, 42 U.S.C. § 9607(a), shall begin to accrue on the unpaid 
balance from the day after the expiration of the Sixty (60) day 
period, notwithstanding any dispute or an objection to any portion 
of the costs. 

7.4 Respondent may dispute all or part of a bill submitted 
under this Order, if Respondent determines that EPA has made an 
accounting error, or if Respondent alleges that a cost item than is 
included represents costs that are inconsistent with the NCP. 

7.5 If any dispute over costs is resolved before payment is 
due, the amount due will be adjusted as necessary. If the dispute 
is not resolved before payment is due, Respondent shall pay the 
full amount of the uncontested costs into the Hazardous Substances 
Trust Fund as specified above on or before the due date. Within 
the same time period, Respondent shall pay the full amount of the 
contested costs into a market rate interest-bearing escrow account. 
Respondent shall simultaneously transmit a copy of both checks to 
the SPA OSC. Respondent shall ensure that the prevailing party or 
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parties in the s dispute shall receive the amount upon which they 
prevailed from the escrow funds plus interest within (30) days 
after the dispute is resolved. 

VIII. DISPUTE RESOLUTION 
8.1 The parties to this Order shall attempt to resolve, 

expeditiously and informally, any disagreements concerning this 
Order. If the Respondent objects to any EPA action taken pursuant 
to this Order, the Respondent shall notify EPA in writing of its 
objection (s) within fourteen (14) days of receipt of such 
notification or action, unless the objections have been informally 
resolved. EPA and the Respondent shall have seven (7) days from 
receipt of the notification of objection to reach agreement. If 
agreement is reached, it will be reduced to writing and will become 
a fully enforceable part of this Order. If agreement cannot be 
reached on amy issue within this seven (7) day period, an EPA 
official will issue a written decision to the Respondent. 
Respondent's obligations under this Order shall not be tolled by 
submission of any objection for dispute resolution under this 
section. 

8.2 Following resolution of the dispute, as provided by this 
section, Respondent shall fulfill the requirement that was the 
subject of the dispute in accordance with the agreement reached or 
with EPA's decision, whichever occurs- No EPA decision made 
pursuant to this ̂ section shall constitute a final agency action 
giving rise to judicial review. 
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1 • IX- PORCg MAJEURE 
' )  

2 9.1 Respondent agrees to perform all requirements under tills 
3 Order vittxin the time limits established under this Order, unless 
4 the performance is delayed by a force ma~reure. For purposes of 
5 this Order, a force majeure is defined as any event arising from 
6 causes beyond the control of Respondent or of any entity controlled 
7 by Respondent, including but not limited to their contractors and 
3 subcontractors, that delays or prevents performance of amy 
9 obligation under this Order despite Respondent's best efforts to 

10 fulfill the obligation. Force majeure does not include financial 
11 inability to complete the work, or increased cost of performance. 
12 Respondent shall notify EPA orally within forty eight (48) hours 
13 after the event, and in writing within seven (7) days, after 
^14 Respondent become(s) or should have become aware of events that 
15 constitute a force majeure. Such notice shall: identify the event 
16 causing the delay or anticipated delay; estimate the anticipated 
17 length of delay, including necessary demobilization and re— 
13 mobilization; state the measures taken or to be taken to minimize 
19 the delay; and estimate the timetable for implementation of the 
20 measures. Respondent shall take all reasonable measures to avoid 
21 and minimize the delay. Failure to comply with the provisions of 
22 this section shall waive amy claim of force maieurs by the 
23 Respondent. 
24 9.2 If EPA determines a delay is or was attributable to a 
25 force waipnro. the time period for performance under this Order 
26 shall be extended as deemed necessary by EPA. Such an extension 
17 shall not alter Respondent's obligation to perform or complete 
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other tasks required by the Order that are not directly affected by 
the force majeure. 

X- STIPULATED PENALTIES 
10.1 Stipulated penalties shall be paid by Respondent, upon 

notification by EPA to do so, into the Hazardous Substance Response 
Trust Fund according to the procedures described below. Stipulated 
penalties shall not apply to amy act or omission that is the 
subject of ongoing dispute resolution under Section VTII of this 
Order unless EPA determines that the dispute resolution procedures 
were invoked by Respondent frivolously or in bad faith or for the 
purpose of delay. Stipulated penalties shall accrue commencing 
upon Respondent • s receipt of an EPA written determination of 
disapproval, upon the failure of Respondent to meet the schedule 
specified in Attachment B of this Consent Order, or upon written 
notice from EPA to Respondent that a violation of this Order has 
occurred: 

A. Failure to submit the following major deliverables 
and/or perform the following removal actions in compliance with the 
requirements of this Consent Order, and in accordance with the 
Schedules incorporated in the Work Plans and Schedule of 
Deliverables; in the amount up to $500 per day for the first week 
of violation or delay, up to $1,000 per day for the second week of 
violation or delay, and up to $3,750 per day for the third week of 
violation or delay and each day thereafter. 

1) Begin Mobilization for Phase 1 project (soil 
excavation and temporary storage) 
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2) Complete Phase 1 project 
3) Submit draft Work Plan for Phase 2 project 

\ 

4) Begin Mobilization for Phase 2 project (soil 
treatment) 

5) Complete Phase 2 project 
10.2 Subject to paragraph 10.1, EPA may require that 

Respondent shall pay into the Hazardous Substances Superfund the 
sums set forth above as stipulated penalties with a copy of such 
transaction sent to EPA Project/OSC Coordinator. Certified checks 
or money orders shall be made out to. the Hazardous Substances 
Superfund and specifically reference the identity of the Site and 
be addressed to: 

U.S. Environmental Protection Agency Region 10 
Superfund Accounting 
P.O. Box 360903M 
Pittsburgh, Pennsylvania 15251. 

Nothing herein shall prevent the simultaneous accrual of separata 
penalties for separate violations of this Order. Penalties are 
assessed per violation per day. Penalties shall accrue regardless 
of whether EPA has notified Respondent of a violation or act of 
noncompliance. Respondent must perform the work even if stipulated 
penalties are assessed. 

XI. RESERVATION OP RIGHTS 
11.1 Nothing herein shall limit the power and authority of 

EPA or the United States to take, direct, or order all actions 
necessary to protect public health, welfare, or the environment or 
to prevent, abate, or minimize an actual or threatened release of 
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hazardous substances, pollutants or contaminants, or hazardous or 
• solid waste on, at, or from the Site. Further, nothing herein 
shall prevent EPA from seeking legal or equitable relief to enforce 
the terms of this Order, from taking other legal or equitable 
action as it deems appropriate and necessary, or from requiring the 
Respondent in the future to perform additional activities pursuant 
to CERCLA or any other applicable law-

XIX. OTHER CLAIMS 

12.1 By issuance of this Order, the United States and EPA 
assume no liability for injuries or damages to persons or property 
resulting from any acts or omissions of Respondent- The United 
States or EPA shall not be deemed a party to any contract entered 
into by the Respondent or their directors, officers, employees, 
agents, successors, representatives, assigns, contractors, or 
consultants in carrying out activities pursuant to this Order. • 

12.2 Except as expressly provided, nothing in this Order 
constitutes a satisfaction of or release from any claim or cause of 
action against the Respondent or any person not a party to this 
Order, for any liability such person may have under CERCLA, other 
statutes, or the common law, including but not limited to any 
claims of the United States for costs, damages and interest under 
section 106(a) and 107(a) of CERCLA, 42 U.S.C. § 9606(a) and 
9607(a). 

12.3 This Order does not constitute a preauthorization of 
funds under section 111(a)(2) of CERCLA, 42 U.S.C- S 9611(a)(2). 
The Respondent waive(s) any claim to payment under sections 106(b), 
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111, and 112 of CERCLA, 42 U.S.C. §S 9606(b), 9611 and 9612, 
against the United States or the Hazardous Substances Superfund 
arising out of any activity performed under this Order. 

12-4 No action or decision by EPA pursuant to this Order 
shall give rise to any right to judicial review except as set forth 
in section 113(h) of CERCLA, 42 U.S.C. S 9613 (h) . 

XIII- CONTRIBUTION 
13.1 With regard to claims for contribution against 

Respondent for matters addressed in this Order, the Parties hereto 
agree that the Respondent is entitled to such protection from 
contribution actions or claims to the extent provided by section 
113(f)(2)^of CERCLA, 42 U-S.C. § 9613(f)(2). 

13.2 Nothing in this Order precludes Respondent from 
asserting any claims, causes of action or demands against any 
persons not parties to this Order for indemnification, 
contribution, or cost recovery. 

XIV. INDEXNIPICATION 
14.1 Respondent agree(s) to indemnify, save and hold harmless 

the United States, its officials, agents, contractors, and 
employees from any and all claims or causes of action arising from, 
or on account of, acts or omissions of Respondent, its officers, 
directors, officers, employees, agents, contractors, 
subcontractors, receivers, trustees, successors or assigns, in 
carrying out activities pursuant to this Order. 
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XV. INSURANCE 

15-1 At least seven (7) days prior to commencing amy on-site 

work under this Order, the Respondent shall secure, and shall 

maintain for the duration of this Order, comprehensive general 

liability insurance amd automobile insurance with limits of at 

least one million dollars, combined single limit. Within the same 

time period, the Respondent shall provide EPA with certificates of 

such insuramce and a copy of each insurance policy. If the 

Respondent demonstrates by evidence satisfactory to- EPA that any 

contractor or subcontractor maintains insurance equivalent to that 

described above, or insuramce covering the same risks but in a 

lesser amount, then the Respondent need provide only that portion 

of the insurance described above which is not maintained by such 

contractor or subcontractor. 

XVT. MODIFICATIONS 

16.1 Modifications to any plan or schedule shall be made in 

writing by the OSC. Minor field modifications to any plan or 

schedule may be made in writing by the OSC, or at the OSC's oral 

direction. If the OSC makes an oral modification, it will be 

memorialised in writing within seven (7) days; provided, however, 

that the effective date of the modification shall be the date of 

the OSC's oral direction. Any other requirements of the Order may 

be modified by mutual agreement of the parties amd shall be in 

writing. 

16.2 If Respondent seeks permission to deviate from amy 

approved Work Plan or schedule, Respondent's Project Coordinator 
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1  

2 

shall submit a written request to EPA for approval outlining the 

proposed Work Plan modification and its basis-

15.3 No informal advice, guidance, suggestion, or comment by 

EPA regarding reports, plans, specifications, schedules, or any 

other writing submitted by the Respondent shall relieve the 

Respondent of obligations to obtain such formal approval as may be 

required by this Order, and to comply with all requirements of this 

Order unless it is formally modified. 

15.4 rf EPA determines that additional response actions not 

included in an approved plan are necessary to protect public 

health, welfare, or the environment,_EPA will notify Respondent of 

that determination. Unless otherwise stated by EPA, within thirty 

days of receipt of notice from EPA that additional response 

activities are necessary to protect public health, welfare, or the 

environment, Respondent shall submit for approval by EPA a work 

plan for the additional response activities. The plan shall 

conform to the applicable requirements of this Order. Upon EPA 

approval of the plan, Respondent shall implement the plan for 

19 additional response activities in accordance with the provisions 

20 and schedule contained therein. This section does not altar or 

21 diminish the OSCs authority to make oral modifications to any plan 

22 or schedule. 

23 

24 

25 

25 

I 7  
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XVII. NOTTC5 OF CQMPLETTHTJ 
17-1 When EPA determines, after EPA's review of the Final 

Report, that all work has been fully performed in accordance with 
this Order, with the exception of any continuing obligations 
required by this Order, EPA will provide notice to the Respondent. 
If EPA determines that any removal activities have not been 
completed in accordance with this Order, EPA will notify the 
Respondent, provide a list of the deficiencies, and require that 
Respondent submit to EPA a Work Plan to correct such deficiencies. 
The Respondent shall implement the new and approved Work Plan and 
shall submit a modified Final Report in accordance^ with the EPA 
notice. Failure by Respondent to implement this approved Work Plan 
shall be a violation of this Order. 

• .XVIII. SEVERABILITY 
13.1 If a court issues an order that invalidates any 

provision of this Order or finds that Respondent have sufficient 
cause not to comply with one or more provisions of this Order, 
Respondent shall remain bound to comply with all provisions of this 
Order not invalidated or determined to be subject to a sufficient 
cause defense by the court's order. 
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xix. grp-gcTrrg DATE 

19.1 The effective date of this Consent Order is the date on 
which it is signed by the EPA Region 10 Chief, Superfund Response 
and Investigations Branch. 

The undersigned representative of Respondent certifies that it 
is fully authorized to enter into the terms and conditions of. this 
Order and to bind the parties it represents to this document. 

Agreed 

By 

It is so ORDERED and Agreed this day of 
199 3 . 

M ,rcL 

OTames M. Everts, Chief 
Superfund Response and Investigations Branch 
Region 10 
U.S. Environmental Protection Agency 
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StiiedztLe a£ DeLLvBratiLes 

Acti.vt.-ey 

Submit proot aC bid. ansrd to EPA 

"EE/ca. addeadua™ submitted -to spa 

Submit ..Draft Soli Treatment Work 
to era 

BNBR givsa contractor notice to 
proceed with, site preparation. 

startup/Shakedown begins 

Pi. wjeet Complete/Einal Beoort 
submitted to EPA 

August 22, 1994 

August 22, 1994 

October 7, 1934 

December 9, 1994 

.January 15 r 1595 

Jane 30, 133S 



ATTACHMENT B 

Schedule of Deliverables 

Activity 

Begin mobilization for Phase 1 
Complete Phase 1 
Submit draft completion report for Phase 1 
Submit draft Scope for Work for Phase 2 

Submit draft detailed Work Plan for 
soil treatment 
Award contract for soil treatment 

Begin mobilization for Phase 2 

Complete demonstration test and submit 
report 
Complete Phase 2 

Submit final report 

Deadline 
March 29, 1993 
June 15, 1993 
July 15, 1993 
Thirty days after 
effective date of 
order 

I 
June 1, 1993 

30 days after EPA 
approval of work 
plan 
30 days after 
contract awarded 
45 days after 
mobilization 
1 year from 
effective data of 
order 
30 days after 
completing 
Phase 2 
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DRE CALCULATIONS 

Selected POHC: Hexachlorobenzene 

Required DRE: 99.99% 

Concentration in Roll-Off Box: 3432.83 mg/kg 

Detection Limit 10 pg/sample 

Safety Factor: 1 Q X Detection Limit => 100 pg /sample 

Sample Volume Required: 106 dscf 

Need to have a minimum of 100 pg /sample of HCS in the stack gas in 
order to show 99.99% DRE. 

myg. = 1 x 10S Mg = 1000 mg HC3 required in the feed to 
u-aocn show 99.99% DRE 

Tne concentration of HC3 in the feed for the performance test averages 3*32 oom 
• nererore, no spiking of the feed will be necessary. ™zrages ^ ppm. 



HC! Analysis 

A maximum of 4 ib/hr HC! emissions or 99% control efficiency is required. 

Avg. Cone. Chlorine Chlorine 
in Soil Percentage Concentration 

(mg/kg) (%) (mg/kg) 

729.69 74.70 545.08 
0.32 66.48 0.21 
0.18 66.48 0.12 

57.05 30.77 17.55 
0.91 69.22 0.63 
6.09 58.30 3.55 
0.73 73.14 0.53 
0.26 73.14 0.19 
9.78 73.14 7.15 

19.95 55.85 11.14 
10.83 55.85 6.05 
454.26 50.01 227.18 
51.57 50.01 25.84 

1696.03 50.01 848.18 
109.38 68.00 74.38 

I O I A L  1 7 6 7 . 7 8  mg/kg 

Organochloro 
Compounds 

Hexachlorobenzene 
Heptachlor 
Heptachlor Epoxide 
Methoxychlor 
Chlordane 
Aldrin 
alpha-8HC 
beta-BHC 
gamma-3HC 
Dieldrin 
Endrin 
DDD 
DDE 
DDT 
Toxaphene 

Avg. Feed Rate = 20 TPH 
Avg. Chlorine Concentration in the Soil = 1767.78 mg/kg 
Avg. Emission of HC! (uncontrolled) = 36.5 x 20 x 2000 x 1767 7fl 

35.5 10° 
= 72.70mg/kg 

i he ac:d gas scrubber utilized by the system will remove in excess of 99% of the HCI. 

At 99% DRE, average emission of HC! = (72.70)(.01) = 0.727 Ib/hr HCI. 

WCOOS INDUSTRIES 
Job *•. 0S6S/11/1C/93 
G. Comp\WE3IVJobs\Acave\WoGcs\Worxplan\Waadsrici.doc 

P age 1 

(Submittal No. 1) 



Tier 1 Analysis for Metals 

For Tier 1 Analysis of metals, assume the entire concentration of metals in the feed soil 
bypasses the APCE and is emitted to the atmosphere. If these values are greater than 
allowable emissions, then stack testing for metals must be performed. 

Metal 
Average Concentration 

in Soil fma/kql 

Arsenic 9.75 
Lead 86.67 
Mercury 6.24 
Antimony 
Barium 369.5 
Beryllium 
Cadmium 6.55 
Chromium 25.02 
Selenium 0.75 
Silver 2.00 
Thallium 

Metal 
Emission 
flb/hrVdl 

0.39 
3.47 
0.25 

14.78 

0.26 
1.00 
0.03 
0.08 

(1) Based on average soil feed rate of 20 tons per hour. 

WCCOS INDUSTRIES 
Jab 4: 0365/11/1C/S3 
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-- EE-NC-riHirK r.^'S 

BENCHMARK ENGINEERING 

Consulting engineers 
-wet scientists 

November 11, 1993 

3tfncnm«is!< Snqjriearing Lie. 
' 350 Pumonray Avenue 
Auourn, -laoarna 23820 

203/321-9250 
rut 205/321 "JJ-SS 

sencimarx ingineonnq „-j:. 
Sixwcaiia Orica P>HZZ 

Stag. 3. 20a 
3nmu-..-rsm. Aiaoama 252— 

203/333-82CS 

Mr. Mark A. Fieri 
WILLIAMS ENVIRONMENTAL SERVICES 
2075 West Park Place 
Stone Mountain. Georgia 30087 

RE: Noise Exposure Monitoring - THAN. Albany. Georgia 
Benchmark Project No. 1100-100-UQ 

Dear Mr. Fieri: 

Attached are tabulated summaries of the results of noise monitoring ef
forts for the above-referenced project. Sampling was conducted during 
the setup and operation of Thermal Processing Unit I (T?U I) ac the Al- ° 
bany site; sampling periods ranged from six to nine hours. Both personal 
and area samples were collected using a Quest M27 Noise Logging Do
simeter. The dosimeters were calibrated daily using a Quest CA-L'S 
calibrator. 

Samplingjvas also conducted to determine the noise level at the site ne-
rimeter. For this effort, the ID fan. since it aooeared to be the most sig-
mricant source, was selected as the center point. Monitoring points were 
.hen selected around the perimeter of the site as illustrated on the at
tached figure. 

3ased on this data, there is no question that a hearing conservation pro
gram should be established, and signs posted around same nortions, if 
not ail or unit number one. Hearing conservation programs are required 
ay regulation once the 8-hour time-weighted average of employees ex
ceeds 85 dBA. Hearing protection must be provided when the TWA ex
ceeds 90 dSA. 

Please review the information ana contact me with any questions. 

Sincerely, 

BENCHMARK ENGINEERING 

ThSicjon, Xog« 
Vice President 

RWT.-ps 

CIH. CKMM 

r-u 203/333-52-3 Enclosures 
arx zr.qtr.eer.nq inc. 

2073 We-t P'acs 
ijrnit .Viuntaui. Socrgia 22087 

iC4/U79-uaca 1 
,-lx 404/463-2172 
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WILLIAMS ENVIRONMENTAL SERVICES 
PERIMETER NOISE LEVEL ASSESSEMT 

THAN SITE, ALBANY, GEORGIA 

Benchmark Engineering Project: 11QO-IOO-1IO 

DATE 
LOCATION/ 
GRID POINT SPL(a) COMMENTS 

10Jul93 N-12s Void Monitor not sat for 
community noise. 

lljul93 N-l 2s Approx. 54 dB 
Visual readings 
throughout the day 

12JU193 
12Jul93 

N-l 2 s 
N-I4w 

69.3 
72.9 

T?U ran 1st 4 hrs 
TPU ran 1st 4 hrs 

13Jul93 
13Jul93 

N-22s 
N-24w 

65.4 
63.7 

TPU orf/on all day 
TPU off/on ail day 

!4julS3 
14Jul93 
14JUI93 

N-32s 
N-0 

N-34w 

53.9 
53.2 
65.3 

TPU ran all day 
TPU ran all day 
TPU ran all day 

15jul93 
I3Jui93 

N-44w 
N-42s 

ol.O 
So. 1 

TPU did not run 
TPU did not run 

13Jui93 
15Jul93 

ioJul93 

N-49.Ss 
N-49.5s 

N-G 

57.3 
55.7 

o 2.4 

Towards Hwy. 
Towards unit 
Total dBA= 59.3 
TPU ran all day 

2 IJuI93 
21JuI93 

N-14w 
N-l 2s 

30.2 
63.4 

TPU ran all day 
TPU ran ail day 

Q4Aug93 
G4Aug93 
04Aug93 

N-44w,32s 
N-44W.22 s 
N-44W, 12s 

72.9 
74.5 
55.5 

TPU down 
TPU down 
TPU down 

I2Aug93 
I2Aug93 
12Aug93 

N-44w 
N-49.5S,14W 
N-49.Ss.I4w 

53.7 
55.4 
55.3 

TPU up 4:25 camp 
racing highway 
racing unit 

I3Aug93 
13Aug93 
13Aug93 

N-34W 
ID fan 

Shaker (EZ fence) 

70.3 
91.1 
91.4 

TPU up 1:35 comp 
ID fan 
Shaker 

Page 1 
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WILLIAMS ENVIRONMENTAL SERVICES 
PERIMETER NOISE LEVEL ASSESSEMT 

THAN SITE, ALBANY, GEORGIA 

Benchmark Engineering Project: 1100-100-110 

DATE 

13Aug93 
13Aug93 
13Aug93 

LOCATION/ 
GRID POINT 

N-24w 
N-49.5s.24w 
N-49.SS,24W 

S?L(a) 

Void 
74.5 
74.2 

COMMENTS 

Dead Battery 
Facing highway 
Facing unit 

15Aug93 
15Aug93 
I5Aug93 

lSAug93 
15Aug93 

19Aug93 

19Aug93 
19Aug93 

20Aug93 
20Aug93 
2QAug93 

29Aug93 
29Aug93 
29Aug93 

02Se?93 
Q2Sep93 
02Sen93 

N-14w 
N-49.5s,34w 
N-49.5s.34w 

N-44s,42w 
N-44s,42w 

N-44W,42S 

N-44W,42S 
N-44W,12S 

N-12s 
N-12s 

N-44W,32S 

N-44w,12s 
N-44w.22s 
N-44W,32S 

N-42s 
N-44w,4.2s 
N-44w,42s 

103. S 
Void 
65.3 

61.5 
55.1 

65.0 

63.3 
44.2 

67.1 
77.3 
61.5 

65.2 
59.4 
64.5 

50.7 
64.4 
64.3 

T?U runnning 
Dead Batter/ 
Facing unit 

Facing RR 4 Hy 
Facing unit 

TPU off all day 
Facing highway 
Facing unit 
TPU off ail day 

T?U off all day 
Facing unit 
Facing weld shop 
TPU off all day 

TPU up all night 
TPU up all night 
TPU up all night 

TPU up ail day 
Facing unit 
Facing hwy./RR 

NOTES: 
(a) S?L - Sound Pressure Level measured as cSA 

Page 2 



1 il~i' - - - — - J • —o iG-.fVii-tk-

£ 
<N>-

1 

T 
m 

12 S 

o n* 

r?p J-U' 

/— CENTER FCINi 
/ ID FAN 

• li-TI / ^ 
' " - ICJ1 A-9 

' '  - v V /  / / /  '  
S S ' y -' / / 

/ / ' 

y// ' 1 v  \  

/ i 

/ 

32 S X' ^ 

X / / / 

/ / / / 
/ / / 

/ / 

/ 
/ 

/ /' 

' /*• 

/ 

-2 S 

A7 S 

/ 

C  /  
\/ 

Y 

/X 

Y 

.-•X 
tCn 

\\\ Y. 
\ \ \  Y  

\W v 

> 1 2  3  

a  ,  \ |  
\ > i '• 22 S 
\\ Yi. i 

\ \ \ 

\ % \ T, J 
,  r -  |  - - 5  

\. ' 

\  ^  1  
.>  \  |  
•SM 
.> \ 
v s v  

\ \ A? 5 
\ 

*-*.z z 

EXFLANAT!C!N 

IMAGINARY SCUNCApT: 
FENCE LINE 

"OJR£ 
*C. j 3-10-9o 

p£SIC.NS3 3T. 
I 7JR 

3 Tz 
'- JCM 

in AGRICULTURE Sc NUTRITION 
1401 SCHLEY AVE. 

ALBANY. GA_ 

.BENCHMARK S^NE=5!NG 
r Ctmsniitax ftU9Mn Aqiqm i-aa ••jiA^scr .wt, AM«U*N u»cusr*w. •*»< auwn. M mtm 3acq>*i» (ssv ci -*zsa 

P*C*i£C7 .-iO^ 
T TOO— iCC-1 10 



rZ =5jslG4rrt=K 
P-.a/S 

WILLIAMS ENVIRONMENTAL SERVICES 
NOISE EXPOSURE ASSESSMENT 

06Jul93 
Q6jui93 

07JuI93 
07Jul93 
Q7Jul93 

08Jul93 
08Jul93 
08Jul93 

09Jul93 

09Jul93 

09Jul93 

10Jul93 
10Jui92 

I ljui93 

THAN SITE. AU3ANY, GEORGIA 
Benchmark Engineering Project: 1100-100-•110 

DATE LOCATION/EMPLOYEE 
S?L(a) 

TWAldBA) 
SPL(b) 

DOSE(%) COMMENTS 
30Jun93 
30Jun93 

Jason Weed 
Bob Kelby 

74.4 
73.5 

11.57 
20.27 

Mobil/set-up 
Mooil/sec-up 

01Jul93 
01Jul93 

Lance Keller 
Art Terrell 

83.5 
79.4 

41.0 
22.96 

Mobil/set-up 
Mobil/set-up 

02Jul93 
02JuI93 

We3 Richards 
Leslie Weed/3 hrs 
Glenn Weed/6 hrs 

75.4 

32.8 

13.24 

36.9 

Mobll/sec-up 

Mobil/set-up 
03Jul93 
03Jui93 

Ivan Richards 
Jack McClure 

32.4 
78.9 

34.3 
2I.4S 

Mobil/set-up 
Mooil/sec-up 

06Jul93 Jason Weed 77.7 18.15 106 min act run 

Art Terrell 
3ob Xelby 

Leslie Weed 
Lance Keller 

Wes Richards 

Jack McClure 
Ivan. Richards 
Jason Weed 

Leslie Weed 

AT: Terrell 

Las.ce Keller 

Jack McClure 
Wes Richards 

Jason Weed 

30.9 
32.0 

80.7 
void 
34.9 

30.7 
75.1 
74.1 

82.9 

93.4 

89.0 

82.1 
33.3 

72.S 

23.32 
33.1 

27.39 
void 
49.0 

27.54 
12.52 
10.94 

37.3 

130.S 

37.1 

33.2 
59.9 

9.0 

81.3% proj dose 

8-hr dose 29.92! 
Mobil/setup 

T?U ran from 7:4 
COMPUTER ERRC 

T?U ran from 8:1 

Mobil/set-up 
Mobil/set-up 
Mobil/set-up 

T?U Running 
3-or dose 37.9% 

T?U Running 
Stack Conveyor 
T?U Running 
Feed Conveyor 

T?U ran from 7:00 
T?LT ran from 7:00 

Stack conveyor: 

Final Sec-un 

Page 1 
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WILLIAMS ENVTRONMENRTAL SERVICES 
NOISE EXPOSURE ASSESSMENT 

THAN SITE, A.L3ANY, GEORGIA 

3encnmark Engineering Project: 1100-1C0-110 

PAT£ LOCATION/EMPLOYES TSL) 0OSE«) 

1 lju!93 Ivan Richards 

13JU1S3 

19jul93 

19Jul93 

13Aug93 

13Aug93 

13Aug93 

13Aug93 

13Aug93 

13Au g93 

2 lAug93 
2IAug93 

Area-demiscer 

Area-Air Compressor 

Area-Stack Convevor 

Area Fr end loader 

Area-Stack conveyor 

Area-Shaker 

.Area-Shaker 

.Area Fr and loader 

Area-Shaker 

Area-Stack conveyor 
•Area-Shaker 

36.3 

38.9 

81.3 

31.4 

79.7 

93.0 

89.5 

9S.0 

37.3 

92.7 

Vo id 

63.3 

3S.S 

29.78 

30.2 

23.36 

150.9 

94 

138.9 

53.4 

14S.7 

Void 

COMMENTS 

Was wearing hear
ing protection. 

Personnel were 
wearing hearing 
protection. 

Personnel were 
wearing hearing 
protection. 
96% of the time 
d3A was 35 to 95. 

Personnel were 
wearing hearing 
protection. 
97.3% of the time 
d3A was 35 to 95. 

Personnel were 
wearing hearing 
protection. 
Personnel were 
wearing hearing 
protection. 
Personnel were 
wearing hearing 
protection. 
Personnel were 
wearing hearing 
protection. 
Personnel were 
wearing hearing 
protection. 

Wrong setting 
Wrong setting 
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WILLIAMS ENVIRONMENRTAL SERVICES 
NOISE EXPOSURE ASSESSMENT 

THAN SITE, ALSANY, GEORGIA 

3enchmark Engineering Project: 1100-100-110 

DATE LOCATION/EMPLOYEE TWAJcLBA) 

2lAug93 

29Aug93 
29Aug93 
29Aug93 

ID fan area 

W. Kaox/Stc Cavy 
J. Whatley/FMU 

Void 
32.7 

S?L(b) 
DOSE136) 

Void 
36.3 

COMMENTS 

Wrong setting 

Camp Error 

29Aug93 J- McCIure/Cnt Rm 83.2 39.0 

NOTES: 

(a) S?L - Sound Pressure Level Recorded in dBA as 8-hour time-weighted avera*- mvAi 

e oeen JtPose haa neanng protection not been in place. 

Page 3 





APPENDIX S 

DOBSON COLLAR CUTAWAY VIEW 

\comp\wesi\jobs\active\woocs\wkpln\appcvrs.doc 



DOBSON COLLAR 

The Dobson Collar is a device developed to allow for the introduction of solid or liquid material 
into a horizontal rotating drum. The design consists of placing an inner shell within an outer 
shell known as a Dobson Collar. A chute opening is placed on the Dobson Collar, surrounding 
the inner shell, allowing gravity to drop the materials into the upper side of the space between 
the inner shell and Dobson Collar. The inner shell contains a series of openings resembling a 
waterwheel, that scoop the material from the location between the inner shell and Dobson Collar 
into the interior of the drum, where it can mix with the existing hot material. As the relatively 
small flow of material mixes with the hot material that has progressed through the entire drum, it 
is heated through convection. While this is taking place, the entirety of material is still being 
heated by the radiant heat given off by the close proximity of the open flame. In this portion of 
the drum, the material is showered through the air flow; however, the velocity of the air flow is 
greatly reduced due to the enlargement of the drum diameter, thus minimizing the amount of 
material carried back through the air pollution control devices. 

The purpose of the Dobson Collar on Williams' third operable thermal treatment unit is to allow 
for the thermal treatment of the baghouse dust. The dusts are re-introduced into the drum near 
the burner to take advantage of the existing high temperatures. To prevent pulling the fine 
dusts back into the airstream, the air velocity from the burner flow is reduced by increasing the 
drum diameter from eight and one half feet to ten feet (see diagram for cutaway view). By 
increasing the drum diameter, the speed at which the soils move through the drum is reduced, 
thus increasing the residence time for the baghouse dusts. 

Assuming that no further heat is added to the system, the temperature at which the baghouse 
dust is treated will be approximately 870°F. Of course, the actual temperature will be higher 
due to the proximity of the burner. This temperature is more than adequate to treat any 
remaining contamination in the baghouse dust. The following calculation shows how this 
temperature was determined: 

^1 CpjATi = M2 Cp 2AT2 
cp,1 = cp,2 
0.95 AT 1 = 0.05AT2 
19AT-) = AT2 

19(900-AT2) = (AT2-300) 
AT2 = 870°F 

where 
M-| = mass flow rate of soil 
M2 = mass flow rate of baghouse dust 
(assumed to be 5% of soil feed) 

Assumptions: 

1) Temperature of treated soil = 900°F 
2) Temperature of baghouse dust = 300°F 

g:\comp\wesi\jobs\active\woods\workplan\dobsapp.doc 
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7 12 HAIR PIN, 1/4" FOR 1 - 1 /2" SHAFT. 
IS5C0 WW CLIP #235 

6 6 RACIIET LOAD BINDER, CAMPBELL #620-7005 
FOR 1/2" SYSTEM A CHAIN 

10 

5 2 CHAIN, 1/2" SYSTEM 4 Willi  CLEVIS GRAB 
HOOK EACH END, 14' LONQ. (CAMPBELL) 

39 

4 4 CHAIN, 1/2" SYS1EM 4 WITH CLEVIS GRAB 
HOOK EACH END, 13' LONO, (CAMPBELL) 

37 

3 6 PIN, STEEL TIMBER CHAIN, 6-1/2" LC NIJ-24T 3 
2 6 PIN, LEG CHAIN, 9-1/4" LONG 31-24? 5 
1 1 DRYER ASSEMBLY 31-27 J 606, 

HEM (JTY DESCRIPTION DWG. WT. 

TARMAC EQUIPMENT COMPANY 
1II1C 

DRYER ASSEMBLY, 8* 6" x 40* (SHIPPING WT. 96,400#) 
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CARD 
DRYER 

DWO. MO. 
31-272 
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APPENDIX T 

APRIL 2, 1994 COMMENTS & RESPONSES 
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ujiLi-iff ms EnviRonmEnTflL SERVICES, inc. 
May 6, 1994 

Ms. Lynda Priddy 
Hazardous Waste Coordinator 
U. S. Environmental Protection Agency Region X 
1200 Sixth Avenue 
Seattle, Washington 9S101 

Subject: Woods Industries Site 
Yakima, Washington 
Transmittal No.: 0024 
Number of Pages: 33 

Re: Transmittal of Responses to USEPA Region X 
April 14, 1994 Comment Letter on the Work Plan 
Williams Project No. 0365-001 -110 

Dear Ms. Priddy: 

In response to U.S. Environmental Protection Agency (USEPA) Region X's April 14, 
1994, comments on the Work Plan, dated March 14, 1994, Burlington Northern Railroad 
(BNRR), through Williams Environmental (Williams) and Burlington Environmental Inc. 
has prepared this letter and is in the process of revising the Work Plan. 

GENERAL COMMENTS ON THE WORK PLAN 

Section 3: Process Description 

1. Page 17, section 3.2, Feed Processing, last six lines: Prior to "resampling"1 a 
faiied scii piie, the Work Plan states that the failed soil pile wiil be "' recycled' to the 
waste feed area and placed in piies for further treatment. ... Tnis 'rec/ded' feed wiil 
net necessarily be stored separately from the 'virgin' feed but.. . feed processed." 
EPA is not certain what is meant bv these statements. Please clarifv further. What is 

* 4 

the reason for resampling a second time a failed soil piie? 

Reolv 

The last portion of paragraph 3.2 has been re-written to read "if the treated 
samples pass the ciean-up criteria, the soil will not be re-treated. However if the 
treated soil samples fail to meet the ciean-up criteria, the treated soil pile wiil be 
re-sampied using a composite of several grab samples, if the composite samples 
pass the clean-up criteria, the soil will not be re-treated. However, if the second 
sampling event demonstrates that the treated piies fail to achieve the clean-up 
criteria, these treated soils will be re-treated. The faiied piie will be moved from 

C02<J—»VcrK ; .an 2075'/Vest Pant P'ace Stone Mountain. Georgia 20087 -IO«4/879-I107 



the verification holding area to the wastefeed stockpile area. The failed pile will 
be treated as the production schedule allows. The amount of re-treated material 
will be deducted monthly based on the production sheets. (One pile represents 
one day's production.)" 

2. Page 18, 1st full paragraph: this is an appropriate location to add some 
discussion about how the Dobson Collar will work. Additionally, some discussion should 
be added to page 21, section 3.5.5 and page 24, 4th paragraph. Added information to 
appropnate sections should address: residence time, feed control, expectations, etc. 

Reolv 

Appendix U has been added to include the correspondence and drawings 
submitted to date. The text has been revised to reflect the above comment 

3. Pa9p 20, 4th full paragraph: "... hauling soils to secondary stockpiles as is 
shown in Figure 12-1". Figure 12-1 could not be located. Is it Figure S-1? Figure S-1 
does not identify a secondary pile. Is it the same thing as the waste feed stockpile or is 
the secondary stockpile different? 

Reply 

Figure S-1 is Figure 12-1. The drawings will be revised to show Figure 12-1. The 
secondary stockpile is the same as the wastefeed stockpile. The document will 
be revised to reflect wastefeed stockpile. 

4. Page 20, 2nd to the last sentence: While the carbon can treat the water, what 
about the "sludgy" material that settles out from the water in the sumps? This questions 
also applies to the "sludgy" material that may result from cleaning off the pad during 
decon. Carbon treatment wiil probably not work for waste rich in particulate material 
Will you have a settling tank? 

Reoiy 

The "sludgy" material that settles from the water in the sumps is removed 
periodically, mixed with the contaminated soil and processed through the thermal 
desorption unit The sump pumps are positioned 2" to 6" off the sump bottom to 
prevent clogging of the pumps with sludge and to prevent large amounts of solids 
from being carried over to the water treatment system. The sump water and 
biowdown water are pumped to a frac tank to allow additional time for settling 
prior to being filtered (200 pm filter maximum) and treated by the carbon units for 
use as process water. Page 27 of the workpian has a brief summary of the water 
treatment system. 

5. Page 20, 3rd full paragraph: How will contaminated debris be distinguished from 
clean debris? 

0024-Work Plan 
2 



Reply 

The approach is the same as that used during building demolition and soil 
removal activities. A paragraph will be inserted on page 20 and will read as 
follows: 

The ultimate fate of the debris found at the Woods Site will be limited by the 
individual material's character and degree of contamination. Where appropriate, 
the material will be re-used or recycled. No visibly contaminated material will be 
recycled or disposed of in a sanitary landfill or municipal landfill. If the material is 
believed to be contaminated based on visual observation, the material will be 
cleaned, if practical, or disposed of at a facility permitted to accept the waste as 
appropriate. 

6. Section 3.5 add quench water to the list of residual streams. 

Reply 

Scrubber water blowdown is the same as quench water and is listed in paragraph 
3*5. 

7. Westates is presently out of compliance and is not acceptable as a location for 
accepting the spent carbon until they are in compliance. BNR[R] may want to locate 
some other alternative disposal facilities that are in compliance. 

Reply 

Westates has another facility located in Morgantown, West Virginia. According to 
Westates, the Parker, Arizona facility had another inspection which was 
conducted by Region 9 of the USEPA and found to be in compliance. 

8. Section 3.5.3 Run-off Water: Water from run-off will be collected in modu-tanks, 
how will that water be transferred to the carbon waste water treatment equipment? 

Reply 

The text has been revised to read "... stored in three frac tanks This is 
consistent with Figure 12-1. Water will be transferred via pumps and piping. The 
process flow for this operation is included in Figure 3-1. 

9. Section 3.5.3 Run-off Water Language should be added to this section that 
states that carbon-treated run-off water will not be used to control dust from treated soil 
or condition treated soil AFTER that soil has been sampled and determined to comply 
with cleanup levels. For soils that have already been confirmed as meeting cleanup 
levels, only city water may be used for dust control and conditioning of these soils. 



A Jefte? water may not be used for dust control or conditioning associated with 
ANY treated soils. What will be used for dust control on haul roads? 

Reply 

Section 3.5.3 has been revised to concur with this comment. City water will be 
used as a dust control on haul roads. 

10. Section 3.5.4 Scrubber Water Blowdown: Similar to the above comment only 
city water can be used to condition soil or control dust on treated soils that have already 
P?SS?T confirmatory sampling and been shown to meet cleanup levels. This paragraph 
should state as such. This requirement is based on the assumption in the work plan 
that sampling of the treated water is not necessary because "acceptability is determined 
by the cntena that it does not affect treated soil quality (pg. 21 section 3.5.3). 

Reply 

Section 3.5.4 has been revised to concur with the above comment 

11. Section 3.5.5 Baghouse Dust This section does briefly discuss the Dobson 
collar, however, somewhere in the work plan a more detailed discussion should be 
made that explains the length of the residence time and how it was determined, the 
impact of the decreased air velocity, how the baghouse will be receiving "full, controlled 
treatment, how the baghouse feed will be controlled back into the dryer, etc 
Additionally, a mechanical drawing or engineering diagram of the collar should be 
included. Additionally, page 24 of the Work Plan, Thermal Desorber section is a place 
that a detailed discussion of the Dobson Collar should appear. 

Reoly 

Appendix U has been added to include additional information about the Dobson 
Collar. The text has been revised to reflect the above comment 

12. TPU3, Process How Diagram: In this diagram, oversized materials are specified 
as going to orf-site disposal. Disposal depends on sampling results. As agreed, if 
sample results are below clean-up levels, then the cobbles can be disposed on-site. If 
data shows that the cobbles will be disposed on-site, please correct this statement. 

Reoly 

The Process Flow Diagram has been revised to reflect the above comment 

13. Page 51, Table 7-2: Add nickel to the list of metals. What about Table 7-3 
starting on page 53. 

0024-WorK Plan 
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Reply 

Nickel has been added to Table 7-2. Nickel was not analyzed for during RI/FS. 

Section 4: Equipment Description 

1. Page 23: EPA would like more information about the equipment used to 
separate the cobbles, e.g., how is it designed and will it be on the pad? The Agency is 
concerned that the undersized cobbles and fines could fall off the separator and on to 
the ground instead [of] entering the feed mechanism? 

Reply 

The screening operation will either be done on the wastefeed pad or in the 
immediate area of the pre-existing stockpiles so as not to contaminate any 
additional areas. The screening equipment will be selected upon approval of the 
work plans. This machine will be leased from local vendors in the area. 

2. Page 24; 1st eight lines: This paragraph discussed engineering controls to 
minimize dust emissions. However, specifics regarding the use of engineering controls 
are not provided. EPA understands that BNR intends to use water to control dust that 
may be generated from haul roads or the stockpiles. However, what engineering 
controls will be used to control dust that will be generated from, unloading soils from the 
front end loader, the screening process to separate cobbles and the feeding of soil into 
the treatment unit. EPA and BNR have briefly discussed these concerns but at present 
these concerns are still unresolved. BNR has agreed to find out more about the 
construction of the screening equipment and feed conveyor, for example, can the 
conveyor be covered or is it constructed to mitigate effects from wind? 

Reoly 

The text has been edited such that engineering controls have been changed to 
administrative controls such as speed limits, and covering dump trucks during 
transport, if necessary. One additional sentence was added to the last line of the 
paragraph and reads as follows: "Depending on the site conditions, engineering 
controls such as Williams covering conveyors and screens for the feed handling 
equipment will be implemented upon agreement between Williams, Burlington 
Environmental, BNRR and the EPA." 

3. Page 26, Quench Tower section: This section states that the blowdown water 
will be treated by the unit's wastewater treatment unit. The Process Row Diagram 
TPU3 does not show quench water entering the wastewater treatment unit. 



Reply 

The Process Flow Diagram shows the blowdown line leaving the quench tower 
and scrubber. 

Section 5: Project Schedule 

1. Page 34 and Figure 5-1: The time frames described in these 2 pages appear to 
contradict each other. 

Reply 

Page 34 has been revised to reflect the schedule in Figure 5-1. 

2. Page 34, 4th paragraph, last sentence: Add "interim" after "performance test" 
and before "and normal." 

Reply 

The text has been revised to reflect this comment. 

3. • Page 34, 4th paragraph, 1st sentence: add "only the" after "roll-off boxes 
including." 

Reply 

The text has been revised to reflect the above comment 

Section 6: Process Control, Monitoring, and Emergency Procedures 

1. page 40. n: Where does the solids from inside the scrubber go? 

Reply 

Solids from the scrubber wiil be blown down and/or vacuumed from the unit and 
processed through the thermal desorber. No addition to text 

Section 7: Performance Criteria 

1. Page 49, clean-up goals and Table 1-1 in the Performance Test Plan: Do not 
round off the numbers. Use the number as specified in the MTCA Method B Tables. 

Reply 

The table will be modified to agree exactly with MTCA Method B Tables. 



2. Page 51, add dioxin and furans to the list of PICs. 

Reoly 

These compounds have been added to Table 7-2. 

3. Page 51, footnote 2: provide the data as an addendum to the Work Plan or 
future revisions. 

TIER I and TIER II levels are shown in Table 7-3 on pages 53 and 54. 

Section 8: Performance Test Plan 

1. Page 58, 2nd paragraph, last sentence: The Work Plan specifies that the 
independent oversight [stack testing] contractor's qualifications will be submitted for 
EPA review and approval. When will this information be provided? 

The stack sampling contractor's qualifications will be submitted after the approval 
of the work plan and performance test plan so that competitive bidding can be 
performed for contracting purposes. 

2. Pages 60 and 61: These two tables specify that sampling locations are the 
discharge screw conveyor or treated soil.'* Note that samples should not be taken 

before soii conditioning with treated water has occurred. 

Sample points from either the discharge screw conveyor or treated soil stockpiles 
occur after soil conditioning has occurred. 

Section 12: Mobilization 

1. Site Layout Map - The boundaries of the exclusion zone and the support zone 
are not clear. For example, does the support zone include everything not in the 
exclusion zone? Does this mean that the proposed verification holding area and the 
contaminated stockpiles are not in an exclusion zone but rather a support zone? The 
lines defining the exclusion zone are difficult to differentiate from other lines on the map. 
We assume the exclusion zone includes all the equipment the waste feed stockpile area 
and the verification holding area (as opposed to the proposed verification holding area 
at the south end of the site). If this assumption is correct, workers involved in hauling 

Reoly 

Reoly 

Reolv 
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contaminated dirt or are in close proximity to the stockpiles should wear appropriate 
protective equipment. Other people should be prohibited from these areas. 

Reply 

The exclusion zone includes the following: wastefeed stockpile, the portion of 
the equipment pad supporting the dryer and baghouse, and the treated soil 
verification holding area. The support zone includes the area adjacent to the 
exclusion zone, including the equipment pad for the oxidizer, quench/scrubber 
and frac tanks. Excavation areas will be considered to be exclusion zones as 
well. Revisions have been made to Figure 12-1 to more clearly define the 
exclusion zone. 

2. Haul roads, material handling areas and traffic flow patterns should be identified 
on a similar map. A plan describing the sequence of moving soil from the stockpile 
areas to the treatment unit should be provided. Are you planning on completing the 
treatment of the north pile before starting on the south pile or are you considerinq doina 
the south pile first? 

Reply 

Hauling routes are shown on Figure 12-1. Ail material handling operations will 
take place on the wastefeed material pad. Williams proposes to begin hauling soil 
for treatment from the south stockpile. This material will be stored on the 
wastefeed pad to await processing by the unit After the soil has been treated and 
verified to meet clean-up levels, it will be used to begin backfilling the excavation 
area directly behind the Ackiand Building. Williams plans on completing 
treatment of the north stockpile first to enable additional soil removal activities to 
begin from under the storage area. 

3. Does the proposed verification holding area in the south end of the site have a 
different purpose than the verification holding area located near the treatment unit? Is 
there going to be a pad to prevent run-off and an underlining to prevent contamination in 
the proposed verification holding area? How do you plan to keep holding piles 
separate, especially piies being held pending sample results from piies that require re-
treafrnent because they failed to meet cleanup levels? Is there adequate space to hold 
all piles on the holding area near the equipment or is overflow expected to end up in the 
proposed verification holding area? 

Reply 

The verification holding areas (north and south) serve the exact same purpose - to 
hold treated stockpiles pending analytical results. There will be a pad to prevent 
run-off, but no underlining. Stockpiles will be kept separate by visual 
observation. Piles will be kept in the verification holding area until analytical 
results indicate the piies have passed the clean-up criteria. 



4. Are you going to be using an oxygen supplement? If so, it should not be stored 
near the gas supply. 

Reply 

Williams will not be using an oxygen supplement. 

f'"~+ M Wh6lie 'S f'9ure 12~1 ? ls S'1 ? Rgure numbers and references to figures in the 
text do no always match. 

Reply 

See comment #3 of Section 3. No addition to the text 

6. Only one fire hydrant is identified on the Site Layout. It is located outside the 
fence line. Will it be accessible from inside and outside the fence? Are other hydrants 
located on-site to be used for emergencies? Other hydrants should be identified. 

Reply 

One fire hydrant is located just north of the main entrance gate outside the fence. 
Another fire hydrant is located on-site just southwest of the Akiand office 
building, which is accessible from on-site only. Both fire hydrants are accessible 
for use in case of an emergency. 

7. The Site Layout only shows one access point into the site. I believe there is also 
one on the north end of the site, but it is not shown. Will this access be used and for 
what purposes? There should be some access on the south end of the site for 
emergency exits. 

Reply 

There are three (3) access gates to the site. There is one along the north fence 
line at the northwest corner of the site. There is one along the south fence line at 
the southwest corner of the site. The eastern gate is the main gate which will be 
used for general delivery and parking. This can be seen in Figure 12-1. 

8. The location of the personnel decon is in an inconvenient location for leaving the 
exclusion zone and entering the support area, leaving the site or entering the office 
area. It should be better located. 

Reoly 

Figure 12-1 will reflect the addition of a decon unit The decon trailer has been 
located adjacent to the control trailer. See revised figure 12-1. 
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9. How will the public be handled? Can they enter the office or the support area? 
What about deliveries to the site? How is access controlled? A security booth should 
be located at the east access to the site. 

Reply 

See Section 10, page 62 of the work plan. No addition to the text 

10. Will haul roads be cleaned automatically or is BNR going to sample first? Will 
the roads could be scraped with the earth moving equipment and then treated in the 
thermal unit? If BNR is going to sample first in lieu of scraping, EPA will need to review 
and approve a sampling plan for the haul roads. 

Reply 

Two composite samples will be collected of surface soils in the areas used for 
haul roads. One composite sample will be collected from roadways north of the 
feed processing area and one composite sample will be collected from roadways 
south of the feed processing area. Each composite will be formed from three (3) 
aliquots collected from stations evenly spaced along the roadway. Analytical 
results wiii be compared to the clean-up levels for p,p'-DDT, hexachlorobenzene, 

. ' .  7DE '  and  d ie ,d r ln  deve loped  fo r  the  s i te  and  used  dur ing  so i l  remova l  
activities. Should analytical results indicate a roadway containing concentrations 
above the clean-up level for any of these parameters, the roadway will be cleaned 
and re-sampled for verification purposes. 

11. How will run-off from the haul roads and storage areas (south holdinq area) be 
handled? 

Reoly 

Provisions for run-off from the haul roads are not being considered because 
dump trucks will be used to transport the contaminated material to the wastefeed 
area. Precipitation is generally light, with the rate of evaporation exceeding 
precipitation. If necessary, the treated stockpiles in the south verification holding 
area will be covered to prevent water from coming in contact with the piles. 

12. On TPU *3 Soil Remediation Unit - General Arrangement the guy wires specify 
10 degrees of rotation. What does this mean? 

Reply 

Two of the guy wires have been rotated 10° off-center so that they would fit the 
site constraints and unit configuration. 



13. How are the pads constructed? Do they overlap with existing concrete pads 
such that seams may be present or will new concrete be pored over the existing 
concrete surface? Our concern is that the seams could leak. A detailed plan of the pad 
is needed e.g., ensure liquid containment, are expansion joints going to be used? 
Where will the sumps be located? How are you going to be catching drippings from 
equipment? 

Reply 

New pads will be poured over the existing concrete pads where appropriate 
(either concrete or concrete/asphait). Pad details have been submitted to the 
USEPA. Drawings of the pad are shown on Figures 12-3 and 12-4. 

14. Discuss the precautions that will be taken to protect the public and workers in the 
area from hazards associated with the construction of the unit on-site. 

Reply 

Precautions taken during construction of the unit on-site are outlined in Section 6 
of the Site Specific HASP. The pubiic will not be at risk during this time. 

15. There is some lack of consistency between the language used in the text and 
that used on diagrams, for example, the text refers to "treated" and "untreated piles" 
while the diagram specifies "verification areas". Also, is the interim storage area the 
same as the "verification holding area"? 

Reply 

Figure 12-1 has been corrected to identify treated soil verification holding areas. 
Interim storage area is the same as verification holding area. The text has been 
revised to reflect the above comment. 

16. The text refers to the vehicle entrance while the diagram does not identify one. 

Reoiv 

The vehicle entrance is identified as the main gate in Figure 12-1. No addition to 
the text is required. 

17. BNR is apparently responsible for sampling underneath the stockpiles and the 
haul roads. However, who is responsible for cleaning up the pad and haul roads 
(assuming they are found to exceed cleanup levels?) 

0024-Work Plan 
11 



Reolv 

The pad will be cleaned by pressure washing as outlined in Section 12.5, page 69 
of the Thermal Desorption Work plan. All water will be collected in the sumps and 
treated. Haul roads will be cleaned as necessary and as directed by 5NRR in 
agreement with the EPA. 

18. What are your plans for vehicle control and parking? 

Reply 

Only vehicles needed for operations on-site will be allowed within site 
boundaries. Parking will be available for a limited number of vehicles directly in 
front of the Ackiand Building. No addition to the text is required. 

19. What is the design of the decon equipment pad? Is this the best location for it? 
How will run-on and run-off be controlled? 

ReeJy 

Williams' equipment will be decontaminated on the equipment pad to be 
constructed. The equipment decon pad shown in Figure 12-1 is an existing pad 
from the previous removal/remedial action. Ail water collected will be pumped to 
the frac tanks prior to carbon treatment 

20. Where will the pressure cleaning be done? How will that area be cleaned? 

Reolv 

Pressure cleaning of the equipment will be done on the equipment pad. The pad, 
as per page 69, paragraph 2, will then be given a final cleaning by high pressure 
wash. All water will be collected in the sumps and treated. 

21. Page 68, section 12.5, Pad and Equipment Decontamination, 2nd paragraph: 
What happens with the soil residues removed from the unit? 

Reply 

Soil residues are removed from the unit by heating the soil to approximately 800°F 
for one hour, as per paragraph 3, Section 12.5, page 68. Residues exiting the unit 
are handled as treated soils and removed to the interim storage area for 
subsequent analysis. 

22. Page 68-9, section 12.5: The sequencing of the decontamination of the thermal 
unit and work areas is not clear. This process should be listed in steps. Where will the 
remaining soil and baghouse residues go? How will the remaining residual material be 
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treated if the equipment is being cleaned out? What will happen to soil collected during 
the decontamination and dismantling process? How will it be disposed of? 

Reoly 

Decontamination Sequence: 

• Operate unit at 800°F for one hour to treat and remove all remaining soil 
residue. Any remaining baghouse dust is fed into the Dobson Collar for 
further treatment prior to discharge. All soils exiting the unit are removed to 
the interim storage area for subsequent analysis. All soils and sediment 
collected from the work pad will be processed through the unit 

• Clean interior of scrubber of any residues. Test residues for contamination 
and process accordingly. 

• Pressure clean feed system and stacking conveyor and dismantle. 

• Pressure clean screw conveyor and remove. 

. Wash and pressure clean exterior of rotary dryer and baghouse. The interior 
of the baghouse will be free of residues because of its puise jets of 
compressed air. 

• Clean the exterior surface of the quench. 

• Wash and pressure clean exterior surfaces of remaining equipment. 

• Disassemble equipment 

• The containment pad will be given a final cleaning by high pressure wash. 

• Ail decon water will be collected and treated on-site by activated carbon 
adsorption. 

23. Page 69, 2nd and 3rd paragraph: A "decontamination (or interface) trailer" is 
mentioned but does not appear on the site diagram. The text mentions 2 access gates. 
Tnese do not appear on the site diagram. What are normal operating hours? How will 
the entrance be controlled? How will people be kept from just wondering on-site? 

Reoiv 

A decon trailer is not mentioned on page 69, paragraphs 2 & 3, but will be 
included on Figure 12-1. Security and site access are detailed in Section 10, page 

(4) access gates will be shown on Figure 12-1. Normal operating hours 
wiil be 24-hours per day. 
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24. Page 69, 1st full paragraph, 2nd sentence: delete "if necessary". 

Reply 

No 

25. Page 69. Has Williams obtained the City of Yakima wastewater discharoe 

permit? 3 

Reply 

No. Water would need to be collected and sampled prior to obtaining a city 
discharge permit. 

Section 14: Health and Safety 

1. Page 71: Who is the Health and Safety Officer? 

Reolv 

No Health and Safety Officer has been assigned to this project yet. No addition to 
t6Xt« 

Section 15: Project Quality Assurance/Quality Control 

1. Page 74: What labs are going to be used? 

Reply 

No lab has been selected yet; however, Williams will submit the selected 
laboratory Qualifications and Experience and their Quality Assurance plan when a 
lab has been selected. Selection of the lab will be made after the workplan and 
performance test plan approvals and the work required goes out for bid No 
addition to text. 

Section 16: Remedial Action Plan 

1* 78, number 5: add the EPA OSC name and telephone number and the 
E. A Technical Advisor. They are as follows: Lynda Priddy (206) 553-1987 and Cathy 
Massimino (206) 553-4153, respectively. 

Reply 

Text has been revised to reflect above comments. 
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Appendix A: Performance Test Plan 

1. Table 1 -2: I believe Ecology has a new ASILs for DDD [DDE]. That number 
should be used. 

Reply 

The AS1L for p'p'-ODE will be added to Table 1-2. 

2. QA/QC procedures and plans for additional excavation under the north and south 
stockpiles should be supplied. 

Reply 

This additional excavation does not affect the Performance Test Plan. 

QA/QC procedures and plans for additional excavation under the north and south 
stockpiles are the same as those used and approved by the EPA for soil removal 
activities and are described in the Soil Removal Work Plan, dated March 17,1993. 

3. Figure 3-3: Sampling spot 5 is not described on page 3-13. 

Reply 

No sampling is planned at this location. Figure 3-3 will be modified and the 
sampling location removed. 

4. Table 3-6: Add to the procedures that samples should be taken after the treated 
water is added to the soil for conditioning or quenching. 

Reoly 

The procedure will be clarified in Table 3-6. 

5. Pages 3-22 and 3-23: Nickel should be listed with the other metals. 

Reply 

Nickel is listed on both pages. No addition to text 

Attachment 1: Quality Assurance Project Plan 

1. Table 5-1: What about samples for metals in treated soil? 
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Reoly: 

Specifying samples for analysis for metals in the treated soil on Table 5-1 was 
inadvertently omitted. The table will be modified. 

Cathv Massimino's Comments 

General Comments 

1. The modifications to the thermal treatment process to address the baghouse dust 
treatment (e.g., Dobson collar, dust feed rate monitoring mechanism, setting 
AWFCO for maximum dust feedrate, engineering drawing and equipment 
descriptions including the Dobson Collar, heat balance, etc.), need to be cohesively 
added to the workplan. Except for indications on some of the figures (e.g., Hgure 3-
1, etc.) the document does not describe or reflect the necessary revisions to 
incorporate this modification. The revisions are expected to be reflected in the 
narrative, tables, figures and appendices. 

Reply 

The baghouse dust feed rate is a direct function of the waste feed rate that will be 
an AWFSO. The performance test will be run using "worse-case" material from 
the site and soil cleanup criteria will be demonstrated. Return rate of baghouse 
dust will always be a similar percentage of the waste feed. The volume of 
baghouse dust is estimated to be less than 5% of the feed volume and will be 
controlled by the feed rate. Separate measurement is not necessary since 
sampling of the treated soil will be done on a routine basis during normai 
operation throughout the site cleanup. However, during shakedown, Williams will 
incorporate a solids flow meter to measure the flow of baghouse dust to the 
Dobson Collar. If the device doesn't work as expected, the EPA will relieve 
Williams of the AWFSO requirement on baghouse dust flow for the remainder of 
the project. No addition to the text is required. 

2. Any additional revisions to this document should be provided in the form of revised 
pages. It is also recommended that the pages be annotated to reflect the changes. 

Reply 

The text has been revised to reflect the above comment 

Specific Comments 

1. The baghouse was not listed in mass balance, but its particulate removal was 
accounted for. 
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Reply 

The "kiln off-gas" outlet and "secondary off-gas" are shown on the heat and mass 
balance to account for the particulate removal from the baghouse. No addition to 

2. Page 19, revised to reflect that >2° material will be screened out while paae 25 F231 
still reflects 3". 

Reply 

The text has been revised to reflect the above comment. 

3. Page 35, should reflect that authorization for full production will be based on the final 
performance test report including the risk assessment addendum. 

Reply 

The text has been revised to reflect the above comment 

4. Figure 5-1, still does not reflect interim operation. 

Reply 

Interim operation is reflected in the production schedule. 

5. Page 36, §6 should reflect feedrate monitoring and recording on a per minute 
frequency not per hour. 

Reply 

Monitoring and recording is on a per minute basis. The units are on a unit per 
hour basis. 

6. PIDs and Table 6.2, only some of the AWFSO parameters are reflected with pre-
alarms to alert the operator of a problem so it can be corrected before it goes outside 
of the acceptable limits. It is strongly recommended that all AWFSO parameters 
have pre-alarm limits set 

Reolv 

The PID drawings and Table 6.2 have been checked for accuracy and correlated 
accordingly. Williams is currently reviewing control philosophy and making 
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recommendations for engineering pre-aiarm limits for various AWFSO 
parameters. 

7. Pages 38-45, should be reviewed for consistency with pages 3-18 and 3-19 of the 
performance test plan (Appendix A). 

Reply 

The text has been revised to reflect the above comment. 

8. Page 38, item e, should reflect that an instantaneous desorber off-gas temperature 
of 450°F will result in waste feed shut-off. The concept of totally shutting down the 
desorber and the thermal oxidizer if maximum temperature are exceeded, is a matter 
grave concern. The fuel should be cut back as necessary to return to a safe 
operating mode maintaining the system within required operating temperatures while 
waste is still within the system. The AWFSO's apply at all times while waste is within 
the system. 

Reply 

It is implicit in the operation of the burner management package that if the burner 
is shut down an AWFSO results. See Table 6.2, page 45. A response for this 
comment has been inserted into the text and reads as follows: 

A thermal oxidizer temperature of approximately 1800°F (permit condition) has 
been selected. If the temperature rises above 2000°F, the operator will manually 
begin to decrease the fuel to the burner. If the temperature is still increasing and 
exceeds 2100°F then the thermal oxidizer burner will be shut-down causing both 
an AWFSO and primary burner to be shut down, also. The 2100°F limit is to 
protect all down stream equipment. 

9. Page 38, item c, should reflect a feedrate in pounds/minute, and include an 
instantaneous feedrate AWFSO limit. 

Reply 

The read out of the present scale is in tons/hour. Williams will add an instan
taneous high feed rate AWFSO limit. The AWFSO limit will be determined during 
the shake down and performance test period. 

10. Page 39, item g, should also reflect an instantaneous low soii temperature cut-off. 

Reoly 

No. See response #15(1). 
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11. Page 39, item h, should also reflect an AWFSO. 

Reply 

The text has been revised to reflect the above comment See also Table 6.2, page 49. 

12. Page 40, items s. and q, and Table 6.3, a demonstration of whether a back-up 
emergency generator is necessary needs to be addressed. 

Estimated risks associated with power failure causing a shut down of the unit are 
presented in the revised AAQIR. The conclusion is that a backup generator is not 
required. 

13. Page 41, item v. the AWFSO for these parameters will initially be set during clean 
soil shakedown. These limits must be accepted by the Agency prior to start-up with 
contaminated soil. Fnal limits will be based on the performance test 

Reply 

Williams concurs. No addition to the text is required. 

14. Table 6.1, pages 42-44, this table incorrectly reflects only exceedences of the CO 
limit as an AWFSO. Also, needs to be revised to reflect CO corrected to 7% On and 
revised range of 3000 ppm. 

Reply 

The text has been revised to reflect the above comment. 

15. Table 6.2, need to revised as follows: 

1) Include thermal desorber exit soil temperature instantaneous minimum limit and 
reflection that soil temperature parameter does not aDply during first 20 minutes a 
after start-up. 

Reeiy 

During our meeting of February 2,1994, it was discussed that either gas 
temperature or soil exit temperature would be used as an AWFSO. Williams has 
chosen the soil exit temperatures to be used to initiate the AWFSO based on a 20 
minutes roiling average. A twenty minute delay has also been agreed to for the 
first twenty minutes of starting to allow one retention volume of soil to approach 
the thermocouple. Williams disagrees with an instantaneous AWFSO for low soil 
temperature. Again, if there is a stoppage of feed for several minutes, that 
stoppage of feed will be seen as a low temperature one retention time volume 
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later. If instantaneous feed AWFSO Is initiated, the unit would be forced down 
because no soil was passing over the thermocouple. Therefore, Williams 
respectfully requests that no instantaneous AWFSO for low soil exit temperature 
be imposed. 

2) See comment 13, above for packed bed scrubber flowrate, APC purge rate, 
and stack gas flowrate. 

Reply 

Williams concurs. No addition to text is required. 

3) See comment 9, above for the thermal desorber maximum feedrate. 

Reply 

No. 

4) Footnote 4 should also reflect recorded continuously except for ID Fan Failure, 
Power Failure, Loss of water to Quench. 

Reoiy 

The text has been revised to reflect the above comment. 

16. Pages 48-49, needs to be amended to include dioxins and furans. 

Reoly 

One sample of the treated soil will be collected for dioxin and furan analysis 
during each run of the performance test, for a total of three samples. The 
samples will be composited from 15-minute grab samples collected during the 
testing. These results will be compared to the levels agreed to between BNRR 
and the EPA. 

17. Page 51, needs to be amended to include nickel and dioxins and furans. 

Reolv 

The text has been revised to reflect the above comment. 

18. Table 7-3, needs to be evaluated in conjunction with the risk assessmenl/air quality 
document. It is assumed that these documents will address the site specific 
dispersion modeling for the compounds that failed the Tier II analysis, as well as 
performance of a total risk evaluation versus per compound. Also, the level of free 
chlorine should be assumed to be 20% of the HCI level. 



Reply 

The revised AAQIR addresses site specific dispersion modeling for compounds 
that failed the TIER II analysis as well as performance of a total risk evaluation 
versus per compound. The assumption regarding free chlorine has been 
incorporated into the revised AAQIR. All values are less than TIER III limits. 

19. Page 74, indicates data from Kaye data logger will be used to fill out the roundsheet. 
According to page 3-5 of the performance test plan, Appendix A, certain AWFSO 
parameters (e.g., baghouse pressure, packed bed pH, stack gas flow indicator) are 
missing from the data logger. The data logger must be upgraded to continuously 
record all AWFSO parameters, as well as indicating when a parameter has 
exceeded its AWFSO limit. Provide an example print-out from the Kaye data logger 
with the AWFSO parameters for this project. 

Reply 

The description on page 3-5 of the performance test plan will be changed to 
reflect the comment All parameters with AWFSOs will be continuously recorded. 
An example of the print-out form from the Kaye will be provided when it is 
programmed specifically for the Woods project. 

Appendix A 

1. Page 1-2, revised first bullet to address dioxins and furans. Also, replace discussion 
on what will occur if standards are not met. 

Reoly 

One sample of the treated soil will be collected for dioxin and furan analysis 
during each run of the performance test, for a total of three samples. These 
results will be compared to the levels agreed to between BNRR and the EPA. 
There is no discussion on page 1-2 on what will occur if standards are not met. 

2. Page 1-3, discussion on PIC needs to clearly state that meeting acceptable risk 
limits is one of the performance standards which must be met for the performance 
test to be deemed successful. 

Reoly 

A general statement has been made as requested. 

3. Pages 1-3, 3-12, 3-13, and Table 3-4, should provide the correct EPA method 
numbers for all the sampling protocols. 



Reply 

Addition of the appropriate method numbers will be made as follows: 

• Particulates, hydrogen chloride, and chlorine using EPA Method 5 
sampling train modified for the collection of acid gases (BIF Method 
0050) 

. OCL Pesticides and Semi-volatile Organic using EPA Modified Method 5 
sampling train (SW-846 Method 0010) 

• Volatile organics by Volatile Organic Sampling Train (VOST SW-846 
Method 0030) 

• Metals by EPA Multiple Metals Train (BIF Methods Manual -NOTE: THEY 
WANT DRAFT METHOD 29) 

• PCDDs/PCDFs by EPA Method 23 

• Continuous Emission Monitor for CO by EPA Method 10(40 CFR 60) and 
02 by EPA Method 3A (40 CFR 60). 

4. Page 1-1, revise to include dioxins and furans. 

Reply 

There is no appropriate place to include dioxins and furans on page 1-1. Change 
will be made per comment 1 to page 1-2. 

5. Table 1-2 needs to be evaluated in conjunction with the risk assessment/air quality 

document. The evaluation of dioxins and furans needs to be broader not iust 

2,3,7,8-TCDD. ' J 

Reolv 

As stated in the text, total equivalent 2,3,7,8-TCDD (TEQ) will be calculated. It is 
planned to compare this total equivalent to the ASiL for 2,3,7,8-TCDD. Table 1-2 
will clarify that the allowable stack gas emission is TEQ. A footnote will be added 
to the table. No change is planned at this time to incorporate remaining PICs 
since individual limits are not the concern, rather the total risk comparison. 

6. Table 2-1, the operating range for ID fan current and APC recycle water flow rate 
must be established during the clean soil shakedown. These limits must be 
accepted by the Agency prior to start-up with contaminated soil. Final limits will be 
based on the performance test 
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Reply 

As specified, these limits will be established during clean soil shakedown, 
approved by the agency and verified during the performance test This will be 
clarified by changing Footnote c of Table 2-1. 

7. Page 3-6, the thermal desorber exit gas temperature low limit for use during the first 
20 minutes of operation after startup will be set based on the performance test 

Reoly 

Based on past experience, the 250°F unit is an excellent alarm setpoint because it 
prevents the possibility of water condensation while maintaining a wide operating 
range during start-up which minimizes both AWFSO and unit shutdowns. It 
should also be noted that the exit gas temperature does not impact the efficiency 
of the thermal oxidizer. 

8. Page 3-6, the concept of totally shutting down the desorber and the thermal oxidizer 
if maximum temperatures are exceeded is a matter of grave concern The fuel 
should be cut back as necessary to return to a safe operating mode maintaining the 

re<^uired operating temperatures while waste is still within the system. 
The AWFSO s apply at all times while waste is within the system. 

Reply 

In the event the high temperature from the thermal oxidizer is exceeded, 
shutdown of the fuel is required to protect downstream equipment The control 
system already would have cut back in an attempt to control the exit temperature. 
The condition would indicate that a problem existed in the burner control which 
would need to be corrected. The burner would be restarted as soon as the high 
temperature condition cleared and the associated burner control problem was 
corrected. 

Also see comment #8 of Cathy Massimino's General Comments. 

9. Page 3-7, the operating range for ID fan current must be established during the 
clean soii shakedown. This limit must be accepted by the Agency prior to start-up 
with contaminated soii. Final limits will be based on the performance test. 

Reolv 

This is consistent with comment 6 above. A statement will be added to clarify that 
the limit will initially be established during clean soil start-up and accepted by the 
agency before start-up on contaminated soil. 



10. Page 3-14, §3.6.1, provides procedures for how blending will be performed to assure 
minimum concentrations provided in the DRE calculation will be achieved. 

Reolv 

I . ? 2! S rePresent approximately 10% of the total feed planned durinq 
the test. Blending will thus be aimed at 1/10 roll-off soil to site soil. Blending 
should not be critical since the average site concentration of approximately 700 
So Too, ™ offers a 1 to 2 order of magnitude safety factor for demonstration of 
99.99 /o DRE. Section 3.6.1 will be modified to state that the soil will be blended 
approximately 1 part roll-off soil to 9 parts site soil. 

11. Page 3-15, §3.6.3, add to bullets the following: 

Compliance with acceptable health based limits for emissions based on the risk 
assessment/air quality document. 

Reoly 

The text will reflect the above comment. 

. Compliance with acceptable health based limits for emissions based on the 
risk assessment/air quality document. 

12. Page 3-19, the operating range for ID fan current, APC purge rate and APC recycle 
water flow rate must be established during the clean soil shakedown. These limits 
must be accepted by the Agency prior to start-up with contaminated soil. Final limits 
will be based on the performance test. 

Reoly 

The comment is understood and modification as requested will be made to 
previous sections of the Plan. This section of the Plan is describing A-1 
parameters which will be established as part of the test At this point in time 
limits established during shakedown have already been approved. No change is 
required in this section of the plan. 

13. Page 3-20, the thermal desorber exit gas temperature low limit for use during the 
nrst 20 minutes of operation after startup will be set based on the performance test 
data (A-1 parameter). 

Reoly 

See Massimino Comment #7. 



14. Page 3-12, the baghouse minimum limit of 1" is based on the baghouse being 
operated between 1 -2" during the performance test. If the baghouse is operated 
outside of this range during the performance test, the DP will be set based on the 
performance test data. 

Reolv 

It is recognized that the test will need to be run near the limit as is stated in the 
plan. No change to the plan language is required. 

15. Page 3-23, add risk assessment addendum reflecting results of performance tests. 

Rep'V 

A bullet will be added to page 3-23 to indicate the performance test report will 
contain a risk assessment addendum reflecting the results of the performance 
tests. The text will reflect the above comment. 

16. Table 3-2, amend to include the following: 

instantaneous limits for feedrate and desorber exit soil temperature 
• specify soil feed limit in pounds/min 
• specify that desorber exit soil temperature not applicable during first 20 minutes 

of operation 
. footnote c and b should refer to clean soil shakedown for setting initial parameter 

levels 
instrument numbers for failure of ID fan, burner system, and power failure. For 
the power failure, this is assuming that the data logger has not gone off-line due 
to the failure. 

Reply 

All changes will be made except the change to pounds/minute on soil feed rate. 
This change would require an instrument modification which is not necessary. 
Instantaneous values of feed rate are recorded each minute and integrated to a 
60-minute rolling average value. The units on this recorded value are tons/hr. 

17. Tables 3-4 and 3-5, feed soil should be sampled every 15 minutes. 

Reolv 

30 minute intervals were specified since this frequency has been accepted by the 
EPA at other cleanup sites. Tables 3-4 and 3-5 will be changed to reflect the 
change to 15 minute frequency. The bracketed amount of (approximately 8 
ounces) will be deleted since with the increased frequency one 4-ounce scooo 
will be sufficient. 
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18.Tables 3-13 and 3-15, add dioxins and furans. 

Reply 

One sample of the treated soil will be collected for dioxin and furan analysis 
during each run of the performance test, for a total of three samples. These 
results will be compared to the levels agreed to between BNRR and the EPA. This 
will require modifications to Tables 3-13, 3-14 and the addition of a new table (3-
15A Analysis of Dioxins and Furans in Treated Soil). 

19. Table 3-25, the operating range for ID fan current, and APC recycle water flow rate 
must be established during the clean soil shakedown. These limits must be 
accepted by the Agency prior to start-up with contaminated soil. Rnal limits will be 
based on the performance test. 

Reply 

Footnote b will be changed to say that these operating ranges will be established 
during clean soil shakedown and approved by the agency. 

20. Table 3-26, see comment 12, above on page 3-19, see comment 13, above, on 
page 3-20, see comment 14, above, on page 3-12, and see comment 16, above on 
Table 3-2. 

Reply 

Changes to the table include modification of footnotes c and b to reflect 
establishment of limit during clean soil shakedown, addition of instantaneous 
limits on waste feed, minimum thermal desorber soil discharge temperature, 
footnote that thermal desorber exit soil temperature limits are not in effect during 
the first 20 minutes after start-up, and addition of a footnote that minimum 
thermal desorber exit gas temperature will also be established by the test for use 
during first 20 minutes after startup. 

21. Page 4-1, should reflect that authorization for full production will be based on the 
final performance test report including the risk assessment addendum. 

Reply 

Page 4-1 will be changed to reflect that authorization for full production will be 
based on submittal and approval of the final performance test report including the 
risk assessment addendum. 



Attachment 1 

1. Page 2-1, see comments 1, 2, and 3, above, under Appendix A. 

Attachments 1, 2, and 3 should be provided to the Agency with the performance test 
notification. 

Reply 

Section 2 of the QAPP will be made consistent with the changes to the 
introduction to the PTP. 

Donald Mathenv's Comments 

It appears that the selection of a contract lab(s) is still pending for this project. Once the 
lab(s) has been selected, a copy of the Laboratory's QA Plan should be forwarded to 
EPA for review against the requirements found in Tables 1-1 & 1-2 of the Performance 
Test Plan and Table 10-1 of the QA Plan. These plans should also be incorporated into 
the site file as relevant supporting documents. Our past comments (11-29-93) 
regarding the adequacy of past data validation reports for this site are still relevant. 

Reply 

See Comment 1 of Section 15. 

WESTON/Paui Meeter's Comments 

General Comments 

• Did the emergency release modeling dictate whether a backup ID fan and/or 
generator were required? 

Reolv 

Estimated risks associated with a power failure causing a shut down of the unit 
are presented in the revised AAQIR. The conclusion is that a back-up generator is 
not necessary. 

• If treated blowdown water is used during the production bum then it should be used 
during the performance test and treated soil samples should be taken after treated 
water application. 

Reoiv 

Soil sampling will be occurring throughout operations. Williams does not believe 
this is necessary. No addition to text. 



Work Plan Comments 

• Page 32 references an opacity monitor, I thought we agreed to have them perform 
visible emissions readings. Is opacity an Air Authority requirement? 

Reply 

Opacity meter will be omitted from text. 

• Williams must install an AWFSO for high instantaneous feed rate in addition to the 
60 minute rolling average. 

Reply 

Williams concurs with the above comment. 

• What are the detection limits for Cadmium and Mercury in Table 7-3 and how do 
they compare to the TIER I and TIER II limits. 

Reply 

The detection limits for Cadmium and Mercury in Table 7-3 are 0.30 mg/kg and 
0.10 mg/kg, respectively. Assuming a value for Cadmium and Mercury equal to 
half the detection limit, as is typical, both metals pass the TIER I and TIER II limits. 
These results will be reflected in Table 7-3. 

• Does Williams have any partitioning and removal efficiencies from other projects 
instead of using guidance document values in Table 7-3. 

Reolv 

No data is available at this time. 

• Table 7-2 must include a full volatile and semi-volatile scan plus the next 10 highest 
peaks should be identified as TICs. 

Repjy 

Williams concurs with this comment. 

• The LTTD roundsheet does not contain all of the required operational parameters 
that will have AWFCO. How will the additional data be provided. 



Reply 

The text has been revised to reflect the above comment. 

Performance Test Plan Comments: 

Page 1-3 - Particulate and HCI are measured by Method 5 and 26 or 0050. 

Reoly 

Method clarification will be made consistent with response to Catherine 
Massimino comment 3. 

Page 1-4 - Volatile organics are measured by EPA Method 0030 not Modified Method 5. 

Reply 

Change will be made as noted consistent with comment 3 by Catherine 
Massimino. 

Page 1-4 - Multi Metals by Draft Method 29. 

Reoly 

Since Method 29 is a Draft method, we will need to compare to the accepted 
method from the BIF Manual. 

Page 3-6 - Should the auxiliary fuel be shut off or just reduced when the thermal 
oxidizer or the quench exit gas temperature are exceeded. I don't like the idea of zero 
combustion while waste is still inside the unit. 

Reply 

No change is planned per the response to general comment 8 by Catherine 
Massimino. 

Page 3-18 - Why is the soil feed rate limit not activated for the first 20 minutes after 
startup. 

Reoly 

The soii feed rate is activated during the first 20 minutes after startup as was 
discussed in detail during the February 2,1994 meeting in Washington. However, 
it was agreed that the minimum soil discharge could not be measured during the 
first 20 minutes of operation. Limits for the first 20 minutes of operation following 
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start up will be consistent with responses to comments by Catherine Massimino 
on this subject. 

Page 3-22 - What information will be included in the draft performance test report. Will it 
enable our people to do laboratory data validation. 

Reolv 

The data to be supplied for reduction, validation, and reporting is described in 
section 9 of the QAPP. No change is planned in response to this comment 

Table 3-5 - Feed soils should be sampled every 15 minutes. 

Reoly 

The change will be made consistent with comment 17 by Catherine Massimino. 

Table 3-6 - Treated soils should be sampled every 15 minutes. 

Reply 

The change will be made consistent with comment 17 by Catherine Massimino. 

Table 3-3 - The back half impinger water should be saved and analyzed. The entire 
train should be rinsed with toluene not just the back haif. 

Reoly 

Method 23 clearly states in section 4.2.5 that the impinger water is discarded. The 
procedure will be modified to direct rinsing of the entire train with toluene as 
specified. 

Table 3-10 - The front half rinse should be 50/50 methanol/methylene chloride. 

Reply 

The procedure will be corrected as noted to rinse with 50/50 methanol/methylene 
chloride. Both the front and back haif rinses will be changed. Correction will also 
be made to Table 3-14 and 3-23. 

Table 3-14 - Semi-volatiies to include full scan plus 10 highest peaks. 

Reolv 

Tables 3-14 and 3-23 will be modified to include this note. 
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Table 3-21 - Toluene rinse is analyzed separately. 

Reolv 

Our latest direction from the EPA (Larry Johnson) has been to combine these 
rinses. No change is required. 

Table 3-23 - The semi-volatile samples must be spiked with surrogate standards prior to 
extraction. 

Reply 

The procedure will be changed to reflect addition of surrogate standards prior to 
any manipulation of samples consistent with analysis procedures of EPA Method 
0010. 

Table 3-24 - VOST tube will be analyzed separately for breakthrough determination. 

Reply 

A statement will be added to Table 3-24 that VOST tubes will be analyzed 
separately to check for possible breakthrough. The table will also be changed to 
note the addition of surrogate standards. 

Figure 3-5 - The sample probes at ports A and B represent flow disturbances therefore 
the traverse point criteria for ports C and D will be different than those shown in Figure 
3-o. 

Reply 

The two levels of sampling ports A, B and C, D are approximately 10 feet apart. 
The projected area of the sampling probe is insignificant compared to the cross 
sectional area of the stack. It would be expected that the air flow pattern within 
the stack would reestablish within a few inches of the probe at the A, B level. 
Therefore it would not be expected that the A, B probe would represent a flow 
disturbance at the C,D level several feet away. 

Figure 3-7 - Does not indicate the required XAD inlet thermocouple. 

Reolv 

Figure 3-7 will include indication similar to Figure 3-9. 



Quality Assurance Project Plan 

7. i able 4-1 Under OCL Pesticides for stack gas samples: Precision for the 
duplicate analysis should be within 20 RP if pesticide concentration 
is above the lowest calibration standard. Precision for the 
surrogate should be ± on dibutyi chlorendate (DBC) if DBC not 
diluted out. 

Reply 

Table 4-1 is consistent with Table 7-3 Summary of QA/QC Procedures for SVOST, 
EPA Handbook Quality Assurance/Quality Control Procedures for Hazardous 
Waste Incineration, for all semi-volatiles (OCL pesticides, hexachlorobenzene and 
other semi-volatiles) that are to be analyzed. 

9. Table 10-1 Under OCL Pesticides: Linearity check frequency should be before 
sample analysis and once every 72 hours. Single point calibration 
check frequency should be once every 12 hours. Need to specify 
an injection blank once every 12 hours, as well. Under Total 
Chlorine: Assume this refers to chloride. Work plan does not 
specify either potentiometric titration or specific ion electrode. For 
ion chromatography: no parameters are listed for QA/QC such as, 
initial calibration/linearity check, continuing calibration, blanks, 
maitrix spikes, etc. 

Reply 

The text will be revised to reflect the above comment. 

General Comments from Conference Call 

Comment - Williams should propose a sampling scheme during shakedown operations. 

Reoly 

Table 9-2 of the Work Plan outlines the soil sampling procedures for pre-
performance test operations. This period will include shakedown of the unit. 
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If you have any additional questions, please 

Sincerely yours, 

WILLIAMS ENVIRONMENTAL SERVICES, 

feel free to call me at 404/879-4075. 

INC. 

Mark A. Fieri 
Project Manager 
MAF:js 

cc: Z. Lowell Taylor, Williams Environmental Services 
Bruce Sheppard Burlington Northern Railroad 
David Eagieton - Burlington Environmental 
Tom Hippe - Burlington Environmental 
Bob Kievit - EPA 
Tom Backer - Preston Thorgrimson 
General File 
Job File 
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ujiLLinms EnviRonmEnTRL SERVICES, inc. 

November 18, 1994 

Ms. Lynda Priddy 
Environmental Protection Specialist 
Hazardous Waste Specialist 
United States Environmental Protection Agency, Region X 
1200 Sixth Avenue 
Seattle, Washington 98101 

Subject: Woods Industries Site 
Yakima, Washington 
Transmittal No.: 0047 
Number of Pages: 5 

Re: Responses to EPA's Comments Received October 24, 1994 
Williams Project No. 0365 

Dear Ms. Priddy: 

Williams Environmental Services, Inc. (Williams) has received the EPA's comments on the April 
1994 revised pages to the Thermal Desorption Workplan and has provided the responses 
outlined below. Where applicable, these responses have been incorporated into the workplan. 
In addition, the workplan has been finalized to reflect the use of TPU #4 at the Woods site. 

Comment 1 

The workplan is not internally consistent with respect to the AWFSOs that are required for this 
project. Appendix A, Table 3-2, accurately reflects the AWFSOs for this project, until revisions 
are approved by the Agency based on the clean soil shakedown or performance test. It is 
strongly recommended that other Tables or narrative in the workplan that list these AWFSOs 
refer to this table. 

Response 1 

The workplan has been made internally consistent with respect to the AWFSOs shown in 
Appendix A, Table 3-2. Additionally, reference is made to Table 3-2 in the narrative 
portion of the workplan. 

Comment 2 

Page 17,§3.2, if treated soil does not pass the required.treiatment criteria, and there is not a 
legitimate reason to question the acceptability of the sampling procedures or the analytical 
results (i.e., QA/QC requirements are not met, etc.), the treated soil must be retreated and not 
resampled. 
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Page Two 
November 18, 1994 
Ms. Lynda Priddy 

Response 2 

Williams concurs with this comment. 

Comment 3 

Pages 20 and 25, §3.5 and 4.1, there is still an inconsistency with the limitation of the size of 
debris to process in the desorber. We originally agreed that the cobble cut-off size would be 3" 
unless it was demonstrated the equipment could not handle 3". 

Response 3 

Sections 3.5 and 4.1 have been revised to show a cutoff size of 3" unless it is 
demonstrated that the equipment cannot handle debris this size. 

Comment 4 

Page 21, item 19, provide example print-out of desorber AWFSO data logger with the final work 
plan. 

Response 4 

An example printout from the data logger has been provided in Appendix X. 

Comment 5 

Page 21, §3.5.2, the sump sludgy material, when fed to the desorber with or without the 
contaminated soil, must comply with the operating and feed restrictions on the desorber, as well 
as assuring that the performance test adequately addresses this material. 

Response 5 

Sludgy material collected in the sumps will be fed to the desorber in compliance with ail 
operating and feed restrictions. No change to the text is required. 

Comment 6 

Page 22, §3.5.3, the issue of the compliance status of the facility that will receive the spent 
carbon should be revisited prior to sending the material "off-site. 

Response 6 

Westates Carbon's disposal/regeneration facilities have already been shown to be in 
compliance with applicable rules and regulations. However, their compliance status can 
be re-verified prior to sending any carbon off site. 



Page Three 
November 18, 1994 
Ms. Lynda Priddy 

Comment 7 

Page 28, the issue of whether the baghouse dust feedrate monitoring proves successful does 
not affect the requirement for shutdown of the feed of the baghouse dust to the desorber durina 
AWFSOs. 

Response 7 

If an AWFSO occurs, the baghouse dust feed to the desorber will be stopped along with 
the waste feed to the desorber. 

Comment 8 

Page 53, Table 7.1, add dioxins and furans to this table. 

Response 8 

Dioxins and furans have not been added to Table 7.1. As stated in the USEPA's April 20, 
1994, comments on the March 14,1994, workplan, it was agreed that the quenched 
(previously contaminated) treated soil would be sampled only once for dioxins during the 
performance test. 

Comment 9 

TPU Round Sheet, still does not include all AWFSOs. 

Response 9 

Figure 15.2 has been updated to show the LTTD roundsheet currently being used. 

Comment 10 

Section 15, a separate daily manually logged form should be maintained for AWFSOs including 
description of AWFSO (i.e., low thermal oxidizer temperature), instrument number, instrument 
reading during event, date and time of the event, duration of the event, cause of the event, 
corrective actions taken to address the event and minimize future occurrences, time waste feed 
restarted, record of report of event and time of approval for restart from Agency if greater than 7 
AWFSOs within a week. 

% 

\ 

Response 10 

Williams concurs with this comment and has developed a separate daily manually logged 
form to document AWFSOs. A copy of this form is included in Section 15. 



Page Four 
November 18, 1994 
Ms. Lynda Priddy 

Comment 11 

Appendix A, pages 1-4, and 3-13, stack sampling protocols for the continuous emission 
monitoring should specify 40 CFR Part 266 Appendix IX, Section 2. 

Response 11 

Williams' LTTD is neither a boiler nor an industrial furnace and its CEMs should not be 
subject to the BIF regulations as outlined in 40 CFR Part 266, Appendix IX, Section 2. 
Williams does agree to abide by the regulations as stated in 40 CFR Part 60, Appendices 

Comment 12 

Appendix A, Table 3-10, last bullet, correct misspelling of methanol. 

Response 12 

The requested correction has been made. 

Comment 13 

Page 68-9, §12.5, the minimum number of baghouse pulse cycles planned, and internal 
inspection planned to assure the baghouse interior and bags are free of residue needs to be 
addressed. 

Response 13 

The minimum number of baghouse pulse cycles planned will be determined once 
operations have begun. The frequency at which the baghouse is pulsed will depend 
upon the soil characteristics and the amount of dust carryover that is experienced. In 
order to ensure that the baghouse interior and bags are free of residue, the baghouse 
will be inspected upon its arrival on site. It will again be inspected two weeks after 
operations have commenced and monthly thereafter. 

Comment 14 

Each pile of treated soil must be labeled with information that correlates with sample numbers 
and dates of sampling or some system as suggested by Burlington. The purpose is to prevent 
pile mix-up. 

Response 14 

All treated soil piles are segregated and tracked to prevent any chance for pile mix-ups. 
Soil piles can also be identified by flag markers if necessary. 



Page Five 
November 18, 1994 
Ms. Lynda Priddy 

Comment 15 

If public interest increases at the site a methodology for accounting for unidentified compounds 
may need to be added to the performance test plan. For the methodology refer to pages 4-7 of 
EPA's DRAFT EXPOSURE ASSESSMENT GUIDANCE FOR RCRA HAZARDOUS WASTE 
COMBUSTION FACILITY ( EPA-530 R-94-021). 

Response 15 

This issue will need to be addressed by both Burlington Environmental and Burlington 
Northern Railroad if public interest increases to a point that such discussions are 
deemed necessary. 

As mentioned previously, these responses have been incorporated into the workplan where 
applicable. If you have any questions, please call me at (404) 879-4854 or Mark Fieri at (404) 
879-4075. 

Sincerely, 

WILLIAMS ENVIRONMENTAL SERVICES, INC. 

Greg Whetstone 
Project Engineer 
GTW:ci 

cc: Mark A. Fieri 
George Harbour 
David Eagleton (Burlington Environmental) 
Bruce Sheppard (Burlington Northern Railroad) 
Paul Meeter (Weston) 
Rick Roeder (Washington State Dept. of Ecology) 
John Gilbert (USEPA) 
Job File 0364 



gjiLLiffms EnvisonmEnTHL SERVICES, inc. 

November 18, 1994 

Ms. Lynda Priddy 
Environmental Protection Specialist 
Hazardous Waste Specialist 
United States Environmental Protection Agency, Region X 
1200 Sixth Avenue 
Seattle, Washington 98101 

Subject: Woods Industries Site 
Yakima, Washington 
Transmittal No.: 0048 
Number of Pages: 7 

^e: Responses to EPA's Comments Received November 1 and 8, 1994 
Williams Project No. 0365 

Dear Ms. Priddy: 

Williams Environmental Services, Inc. (Williams) has reviewed EPA's comments on the revised 
Thermal Desorption Work Plan dated October 7, 1994, and has provided the responses outlined 
below. Where applicable, these responses have been incorporated into the plan. 

November 1,1994, Comments 

Comment 1 

The Performance Test Plan portion of the Work Plan was not included in this submission. 

Response 1 

A revised Performance Test Plan will be included with the next submission of the work 
plan. 

Comment 2 

Page 5, number 2 and page 25, last paragraph: EPA disagrees with the last sentence 
(d)epending on the site conditions, engineering controls such as Williams covering conveyors 

and screens for the feed handling equipment will be implemented upon agreement between 
Williams, Burlington Environmental (BE), BNRR and EPA." EPA will review monitoring results 
or based on visual observations EPA may require mitigation practices which could include 
engineering controls or shutting down operations until the causes/situations have been 
remedied (e.g., weather conditions change or other controls are implemented and found 
effective). Yakima is a non-attainment area for PM10. Because of EPA concerns for PM10, 
EPA has discussed the use of engineering controls with Williams and BE. BE agreed to 
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Ms. Lynda Priddy 
November 18, 1994 
Page Two 

investigate the use of engineering controls and to report back to EPA. To date, BE has not 
reported back to EPA on the potential use of engineering controls such as conveyor and screen 
covers. 

The document states that the "vibratory screening of oversized material will only be performed 
as needed" to reduce the potential for dust formation. How will this affect the availability of a 
reliable steady stream of untreated soil to keep the TDU in consistent operation? Why would 
the screening operation only produce "significant dust" at certain times? 

Response 2 

Williams has discussed the use of engineering controls with Burlington Environmental 
(BE) and has agreed to cover the feed soil and stacking conveyors. Additionally, 
Williams has modified the work plan text to reflect the comment. 

Vibratory and shaker screening will be performed to separate cobbles and other debris 
from the soil stockpiles. The screening operation will not affect the availability of feed 
soil to the unit for maintaining consistent operations. Enough feed soil will be 
stockpiled in the waste feed storage area to maintain thermal operations should 
screening operations stop. Screening operations have the potential to produce dust 
depending upon soil conditions and characteristics, but Williams will make every effort 
to minimize fugitive dust emissions. 

Comment 3 

Page 21, 5th sentence: The "and then processed" we assume means that the sludge will be 
processed" through the TDU and will meet cleanup standards. Is this a correct assumption. 

Response 3 

The comment as stated is correct. 

Comment 4 

Page 53, footnote 2: Treated soils must meet the cleanup numbers for metals (arsenic, lead 
and mercury) or be retreated or deposited of as specified in the consent order. 

Response 4 

Williams' LTTD does not operate at temperatures high enough to volatilize metals from 
the soil, with the exception of mercury. Williams does not purport that its units treat 
metals and will not be responsible for treated piles that fail based on analysis for metais. 
If cleanup goals for metals are exceeded, the soil will be deposited as specified in the 
consent order. 



Ms. Lynda Priddy 
November 18, 1994 
Page Three 

Comment 5 

Page 8, reply number 2: The reply first states that Williams plans to start hauling from the south 
pi e first and later in the reply it is stated that Williams plans to complete treatment of the north 
pile first. Please correct or clarify. Sampling (and treatment if treatment goals are exceeded) 
will be necessary under both the south and north piles. 

Response 5 

Williams will haul from either stockpile as needed but plans to complete treatment of the 
north stockpile first Sampling will be performed by BNRR under both piles and 
additional soil treated if contaminant levels exceed industrial soil cleanup levels 
established for the site. 

Comment 6 

Site Layout Map, Figure 12-1: It is unclear from the site layout plan whether there is a 
decontamination area that permits easy access from the TDU exclusion zone into the office 
area/parking lot area. There is apparently a decon trailer south of the TDU exclusion area; 
however, from the site plan it does not seem apparent that someone leaving the TDU exclusion 
zone and using this decon trailer can enter the office/parking lot area or main entrance area 
without crossing back over the TDU exclusion area. Previously EPA and BE discussed having 
the decon area in close proximity to the office. 

According to the plan legend, the exclusion area is the area inside the area defined by -x-x-x-x. 
However, on the plan such an area is also identified as being a support zone (near the tool 
trailer). Please clarify whether this area is an exclusion zone or a support zone. EPA and BE 
need to discuss site arrangements in more detail including: 

a. the placement of EPA office space; 

b. an adequate barrier zone along the Woods fence line as it borders the Haas parking lot in 
the vicinity of the TDU; 

c. parking. The designated parking area apparently will not be big enough to meet all parkina 
needs; and 

d. site security. EPA requires that access to the site be controlled at all times. Williams' plan 
to have visitors report to the office is not controlled access. Whatever controlled access 
approach is adopted for the Woods site, the approach must ensure that people inside the 
site can quickly escape in case of an emergency. 



Ms. Lynda Priddy 
November 18, 1994 
Page Four 

Response 6 

Figure 12-1 has been revised to reflect the use of TPU #4. As shown in Figure 12-2, the 
decontamination trailer has been re-located to provide easy access between the 
exclusion zone and the office area. Additionally, the figure has been revised to delineate 
the exclusion and support zones. Exclusion zones will include the soil stockpiles, feed 
and treated soil storage areas, and the thermal desorber and baghouse. Support zones 
will include those areas around the thermal oxidizer, quench, scrubber, and control 
trailer. 

Items a-d have been discussed between EPA and Burlington Environmental. Currently, it 
is Williams' understanding that the EPA office will be north of the Ackiand building. 
Parking may be available along the fence line east of the site or at another offsite 
location. Finally, Williams, BE, and BNRR are currently working on a revised control 
access approach for discussion with the EPA. 

Comment 7 

Page 12 of response letter, reply to number 17: Who is responsible for cleaning the haul roads if 
sampling shows that cleanup levels are exceeded? Is Williams responsible for cleaning the 

Response 7 

Williams will be responsible for cleaning the haul roads if sampling shows that 
industrial cleanup levels are exceeded, provided that Burlington Environmental supplies 
Williams with the necessary data to verify the cleanliness of the haul roads prior to 
Williams mobilizing to the site. Williams is responsible for pressure washing the pad at 
the completion of the project. 

Comment a 

Page 13 of response letter, reply to number 22: What happens to the contaminated material 
collected from performing the activities described in the last nine bullets? 

Response 8 

Soils or sludge generated as a result of cleaning the unit will be processed through the 
unit and verified clean before the unit is disassembled* All decon water collected will be 
treated by activated carbon adsorption. 



Ms. Lynda Priddy 
November 18, 1994 
Page Five 

Comment 9 

Page 10 of response letter, reply to number 10: In general the approach seems OK. Regarding 
the number of grab and composite samples to be taken to determine whether the haul roads 
and other similar areas meet cleanup levels will be determined toward the end of operations 
based on the experience of the OSC/oversight staff. 

Response 9 

Williams believes this issue needs to be settled prior to the end of operations to avoid 
any unnecessary delays that may arise as a result of differing opinions. Therefore, 
Williams proposes to sample the haul roads at a frequency of one composite sample per 
100 feet of road. 

General Comment 1 

Spare parts should be readily available on-site for equipment necessary for on-going 
operations. 

Response 

Williams concurs with this comment and will store spare parts and tools in the 
warehouse portion of the Akland building. 

November 8,1994 Comments 

General Comment 2 

The proposed alternate monitoring parameter and operating range to be utilized instead of soil 
temperature for the initial 20 minutes must be provided in the workplan. 

Response 

During the initial 20 minutes of operation, no soil will be discharging from the thermal 
desorber. Additionally, prior to each time the unit is shut down, Williams will make an 
effort to empty the desorber of all soil so that no soil will be discharging during the 
subsequent 20 minutes of startup. Therefore, no alternate monitoring parameter is 
required. 

Comment 1 

Pages 19 and 25 are now consistent with respect to the size limitations for input to the desorber. 



Ms. Lynda Priddy 
November 18, 1994 
Page Six 

Response 1 

Williams concurs with this comment. 

Comment 2 

Page 23, the discharge conveyor has been deleted from trailer 1. Indicate which trailer the 
conveyor will be located at. 

Response 2 

The discharge conveyor will no longer be included with Trailer 1 or the other five primary 
trailers. The discharge conveyor will be shipped separately. 

Comment 3 

Page 31, the drive for the feed belt has been revised to reflect half the horse power of what was 
originally proposed, though the feedrate projected and the size of the belt and hopper has not 
changed. Provide data reflecting Williams experience with failure or breakdown of this feed 
system with this smaller size drive and the originally proposed size drive at the feedrates 
proposed for this project. If the failure or breakdown frequency is greater with the smaller drive 
the larger drive should be substituted. 

Response 3 

The drive for the feed belt on TP U 4 is actually an 8.9 horsepower variable speed drive. 
The belt drives are designed for site specific characteristics and conditions. Currently, 
TPU 4 is in use at a Superfund site in New Jersey and the feed system has not 
experienced any failures or breakdowns. Additional data reflecting Williams' experience 
with failure or breakdown of the feed system with the smaller size drive versus the 
originally proposed size drive is not available, though it is very similar to the one 
originally proposed and in use on TPU 3. However, by the end of the current project, 
Williams will have knowledge of its performance. 

Comment 4 

Page 31, based on the revised dimensions of the desorber is the estimate of 20 minutes solids 
residence time still expected to be reflective of the system? 

Response 4 

The internal drum dimensions for TPU #4 are the same as those for TPU #3. Therefore, 
the estimated solids residence time in the desorber remains unchanged. 



Ms. Lynda Priddy 
November 18, 1994 
Page Seven 

Comment 5 

Drawing 4ABS, it is not clear that this is a complete PID for the revised quench/scrubber 
system. For example, as depicted there is only one pump feeding the quench system. Since a 
number of conditions related to the quench relying on this pump can result in AWFSO's (i.e., 
loss of water, high quench tower outlet temperature, etc.) additional pumps would be expected 
as part of this system (previous design had 3 pumps feeding the quench). A similar comment 
can be made concerning the acid scrubber system which previously had two main headers 
bringing in water while the system now proposed has only one header 

It should be confirmed that the Drawing 4ABS is complete and the system should be updated to 
assure adequate redundancy/backup to minimize AWFSO's. 

Response 5 

There are four pumps feeding the quench/scrubber system of TPU 4. One pump supplies 
city water to the quench, one pump (P27) supplies water to the scrubber packing, and 
two pumps (P28 and P32) recycle water to the quench. The scrubber system on TPU 4 
has only one main header bringing in water instead of the two headers for TPU 3. The 
scrubber vessel for TPU 4 consists of a single chamber, while the TPU 3 scrubber 
consists of two scrubbing chambers. 

Williams has incorporated these responses into the work plan where applicable. All revisions 
have been marked accordingly so that they are easily identifiable. 

Sincerely, 

WILLIAMS ENVIRONMENTAL SERVICES, INC. 

< „ 
Project Engineer 
GTW:pc 

cc: Z. Lowell Taylor 
Mark A. Fieri 
George Harbour 
David Eagleton (Burlington Environmental) 
Bruce Sheppard (Burlington Northern Railroad) 
Paul Meeter (Weston) 
Rick Roeder (Washington State Dept. of Ecology) 
John Gilbert (USEPA) 
Job File 0365 
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