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3.2.L Disassembly..

d
To replace the carbon vanes or inspect the pump interior only the dead end [

(- plate opposite the drive shaft end should be removed. Remove the end cap screws, 5
end cap and rotor spacers. In models 1550 and 3040, tha dowel pins may be driven
through with a punch.

N
The bearing and bearing shim will come off with the end plate, but before j

removing the bearing from the end plate mark the face of the bearing, 00 NOT use 7
a sharp instrument, so it can be replaced exactly as removed. Take care not to -

damage the felt se11 washer when removing it. The end plate should be removed
with an end plate puller to avoid damage to the end plate or body surfaces.
Contact the! Gast factory for additional puller information.

With the pump interior accessible, remove the old vanes and insert the new
ones with the beveled edge fitting the bore. Also inspect the interior for
obvious signs of damage.

3.2.5.2.5 Assembly.

Loosen the end cap screws on t5e drive er.d before replacing the dead end plate.
Turn the pump to a vertical posititn, drive end down to permit the rotor to rest
flush on the drive end plate. If necmsary, apply pressure on the dead end of -

the rotor shaft to help contact the drive end. Replace the dead end plate and
bol ts . Tighten every tnird or fourth bolt around the circumference.

Insert the seal washer in the undercut and push the bearing shim and bearing
squarely down to the shaft shoulder with a pusher tool and arbor press. Replace

( the spacers and end cap insuring all paint, dirt, burrs, etc. are removed from
the end cap and surface of the end plate. Insert and tighten the end cap screws..

.

Return the pump to a horizontal position and tighten the end cap screws on the
drive end bringing the rotor back to the original position. Check by hand for
free rotor movement. If the rotor binds recheck the assembly procedure to insure
proper sequence of parts installation.

3.2.5.3 Other Mechanical and Electrical Components.

Th e re.... . . . . . 3 .....a ,... ... nts should ._ , requ.3 . ....... .._...;. . . , . . .

exception of the motor starter ccntact set. Other mechanical and electrical
components should be replaced rather than attempting repairs unless unforeseen
conditions dictate othenvise. Refer to Section IV for reccmmended spare parts list.

3.2.6 Atmospheric honitors

Routine maintenance to be performed cn atmospheric monitor systems consists
mainly of changing filters. Frequency of change will dep2nd on usage (paper
speed, continuous operation, etc.). ,

3.2.6.1 841-1 Continucus Filter Air Sampler. See Figures 3-27, 3-30, and 3-34.

The continuous filter a- sampler will require filter changes on approxi-
mately a monthly basis. li. xact interval will depend upon the filter advance
cycle selected and the numbe. ' fast advances performed.

I j
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CAUTICN

The spent filter may contain radioactive
f material and should be checked by health

physicist prior to removal.

3.2.6.1.1 Filter Change. \

1. Turn off the sample pumping system, isolate the monitor per the valve
sequence table of Figure 3-30, and remove the sampler lid by releasing the spring '

catches. Do not attempt to remove the sampler lid from the system with an oper-
ating vacuum pump.

f -- l* MANUALLY OPER ATED
P BALL VALVE

TO }SOKINETIC
NOZZLE

dl k ('

' 841- 1 U/2 Pb '

jnpHIELO A FIS
b 843-20A O ^/ Ir-

b b |_

i
,

.

To( IootNE

Valve #1
Open Closed

Operate 9

L. .e ce X

Replace Filter X

Return To Sampler 0

Figure 3-30. Air Sampler Valve Sequence Table

2. Remove ~ the takeup spool retaining nut and plate.

3. Remove the filter and place it in a suitable container.

4. Remove the lead shielding block ' om the top of the capstan drum by lift-ing straight up.

_
5. Remove the retaining nut and washer from the supply spool.

743008
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6. Move the filter roll hub from the supply spool to the takeup spool ensur-
ing that it is properly seated in the notch.

7. Place the fresh filter on the supply spool and thread per Figure 3-32.
Insure the filter gauze backing side is toward the capstan before threading. s

8. Insure the filter is properly fixed to the takeup spindle or the spent
filter will not be properly wound during operation. ,

9. Replace the cateup plate, retaining nut, and lead shielding block, being
careful to properly position the lead shielding block with respect to the align-
ment pins, the supply washer, and retaining nut.

10. Operate the fast advance contro'Is until satisfactory filter motion is
observed.

11. Replace the sampler lid, return the valves to the operate position, and
restart the pump.

3.2.6.1.3 Decontamination. t j

It is possible during filter change and from normal use for a small amount of
radioactive material to build up on various parts near the sample inlet and filter
paper. Periodically health physics personnel should survey the interior of the
sampler with the filter removed. If decontamination is required, it should be
performed by persons cognizant of decontaminat an procedu'res and methods. The
unit should not be disassembled unless absolutely necessary for successful de-
contamination and even then, remove as few parts as possible to complete decontamin- )
ation.

3.2.6.2 841-2 Iodine Sampler.

The iodine filter ::hould be charged as required by the iodine ratemeter reading
or standard plant operating procedures.

1? G 9 1 C41+er eksaan

1. Shut down the pumping system ard/or isolate and by-pass the iodine sampler
by sequencing the valves as shown in Figure 3-31.

2. Loosen the 2 bolts fixing the filter holder to the sampler. See Figure
3-33 and remove the holder by turning to the left and pulling straight cut uf the ,

shield.

3. Unscrew the top portion of the filter holder and remove the iodine filter
cartridge.

4. Replace the spent cartridge with a fresh one and reverse the above pro-
cedure to return the unit to service.

3.2.6.2.2 Decontamination.

Contamination of the iodine sampler is very unlikely and if suspected should
- be surveyed by a health physicist. If decontamination is required, follow the steps

3.2.6.2.1 and decontaminate the unit while the filter is removed. Only persons
cognizant of decontamination procedures and methods should attempt decontamination
of the unit.

3-70
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| \\\% |-\ 843-30 \'- \ l \

M \\\ l
s.

4 tr SHIELDED B41-2
w/2"Pb - 3'Pb es (HP-R - 219

Valve Valve Valve
#1 #2 #3

Open Closed Open Closed Open Closed
.

Operate 0 0 X

Isolate X X 0

Removed X X 0
Connection

Return To 0 0 X

Service

Figure 3-31. Iodine Sampler Valve Sequence

3.2.6.3 841-33 Gas Sampler.

The gas sampler used in the atmospheric monitoring system carries the same
sample volume as that of the liquid monitors. The only maintenance which may be
necessary to the gas samplers would be air purge and/or decontamination of the

- .- a : .. . . . . . . gj g 6 .......,.2.u. ,,g...,...,,
_

,

P. 3. . . . ...

If decontamination of the sample volumes becomes necessary they must be pro-
cessed per paragraphs 3.2.3.1.4 step 2 through 10, following shut down and isolation
of the gas sampler per Figure 3-29.

3.2.6.4 844-1 Pumping System.

The pumping system is identical to that covered under paragraph 3.2.4.2 which
should be referred to for maintenance details. Shut down the pumping system and .

isolate the atmospheric monitors per Figure 3-27 prior to performing any pump
maintenance.

3.2.6.5 Local Control Panel.

Maintenance of the local control panel will be limited to indicator lamp replace-
( ment and relay replacement due to contact wear.

749010
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Figure 3-32. Continuous Air Sampler

3.2.6.6 Sample Flow Control System - Automatic Atmospheric Monitor.

The flow cent 71 devices used on the automatic isokinetic atmospheric monitor
are covered in ti.a manufacturers catalog section of this manual. Refer to the
vendors manuals for maintenance details. Also refer to drawing 904549, sheets 1,
2, 3, and 4 and Figure 3-34.

Gas Flow Pump, #AF1-6KX - Hastings
i

Mass Flow Meter, #AHL-10C - Hastings '

Basic Controller, #701 - Gelmac -

Miniature Servo Recorder, #732 - Gelmac .

Servo Amplifier, #A630 - Dahl
Motor Assembly, #SS-250 - Superior
de Power Supply, #762 - Bailey

_ Signal Transmitter, #SC-1300 - Rochester
Signal Transmitter Isolator, #SC-1302 - Rochester
01fferential Switch Catalog - Barksdale ,

i

| '743011
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3.2.6.6.1 Calibration.

Before turning on main power preset the 844-90 control panel as follows:
(f_

1. 844-90 auxiliary moving filter control panel; motor control HAND-0FF-AUTO,

switch to 0FF.
s

2. Advance switch to 0FF.

3. Local power switch to 0FF. ..

3.2.6.6.2 844-90 Control Panel for HP-R-219 In Control Panel 12.

1. Program switch in NORMAL

2. Power switch to ON.

I3.2.6.6.3 844-100 Control Panel - Iodine.

1. Turn motor control switch HAND-0FF-AUTO to the OFF position. '4

2. Turn power switch ON.

3.2.6.6.4 844-90 Auxiliary Moving Filter Control Panel.

1. Turn power switch ON. The automatic monitor is now on except for the
pumping systems which will start after calibration.

3.2.6.6.5 Calibration - Cascade Input.{
After unit is powered up calibrate the c'scade input loop and the processa

variable loop in the following sequence:

1. 'Zero and calibrate the Hastings Gas Flow Probe as outlinec in tne manual
listed in paragraph 3.2.6.6.

NOTE

. . .:...a. S. _ ,. . . . s3 . . _.. . . . . . . _

stack flow probe is not used. See Dwg.
904549, sheet 2 and Figure 3-34.

2. Remove the signal input and signal ground from the stack flow probe,
TB1 #6 & 7, Figure 3-35 a..d calibrate using a dc power supply and a digital
voltmeter-ammeter. Use the calibration sheets in Figure 3-36, schematic drawing
906148, Figure 3-37 and 3-38. After calibration install the signal input to TB1
#6 & 7.

NOTE

This calibration is performed at 500 through
2500 fpm which is the . range of the stack flow.

3. Remove the linearizer output leads from the linearizer TB1 #4 & 5f
(10 - 50 ma). Figure 3-35, 3-37, and drawiag 906148.

3-73
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ITEM PART NO. QUAN.I DESCRIPTION

I 844-35 6 2 FLANGE,MTG.^

4

6 2 844-35-11 1 FILTER RETAINER

3 844-35-12 1 ALIGNMENT NUT' -

!

I /D/l T,__
4 844-35-13 i LOCKING NUTIh \\ ,

5 8412-23 I FILTER CARTRIDGEgy gg gg g g

_ / 6 844 35-14 2 GASKET

.

f - . I. ' \
mI\ \ \

,

1 \
\

- -

\\ \\ \\ \\\ 9 4

| || W N N _T\
| >

W \\ % .

2 5

Figure 3-33. Inline Iodine Filter Assembly

Apply an input signal to the RIS SC-1302 Isolator and calibrate at zero and full
scale. ( 10 - 50 ma). Refer to service manual.

4. After the isolator is calibrated, adjust the 2-pen recorder so that it
tracks this same 10 - 50 ma signal applied to the isolator. Refer to service
manual.

5. After the recorder is calibrated measure the voltage input of the cascade
input on the controller terminal board (on guard rail) pin #6 (+) and pin #4
(conlan).10 - 50 ma should corre pond to 1 to SV. After this cascade loop
is calibrated go to the process v'riable side of the system.

3.2.6.6.0 Calibration Process Input.

1. Zero and check the Hastings Mass Flow Meter as outlined in the service
manual, drawing 904549, sheet #2 and Figure 3-34.

-

2. Remove the 0 - SV input signal from the mass flow meter on signal trans-
mitter #3, a Rochester SC-1300, TB1 #1 (-) a:id TB1 #2 (+). Refer to service manual
and drawing 904549, sheet #2 and Figure 3-37 and using a power supply, calibrate

~-741
749013
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.

the zere and full scale signal of the SC-1300 0 - SV input = 10 - 50 ma output.

NOTE

Leave power supply t+.tached for recorder and
Nisolator calibrations.

3. After the signal transmitter #3 is calibrated (10 - 50 ma), adjust the
're order to track the signal transmitter CV is ' to 10 ma = 0 fpm. SV is =

50 ma = 3300 fpm. Reference service manual, drawing 904549, sheet #2 and Figure
3-37.

4. After the recorder calibration 0 - 3300 fpm, adjust the signal isolator
#2 so that zero and full scale are calibrated using the power supply. Refer
to service manual, drawing 904549, sheet #2, and Figure 3-37 OV = 10 ma trans-
mitter = 10 ma isolator, SV = 10 ma transmitte'. = 10 ma isolctor.

5. After the recorder and isolator are calibrated, me : re the voltage input
of the process variable input on the controller terminal board (on guard rail)
pin #5 (+) and pin #4 (common). 10 - EO ma should correspond to 1 - SV. After

the process loop is calibrated, go to the controller output loop.

3.2.6.6.7 Calibration Output.

1. Place controller in the manual mode, drawing 904549, sheet #2. measure
output of controller as follows:

a) Depress left button marked OPEN and nove the panel meter until it
reaches zero. This should be 4.0 ma measured on controller TB pin !8 (+) & #9 (-)
or 1.0V across Dahl valve operator input. Set controller for 4.0 ma or 1.0V.

b) Depress right button marked CLOSED ard move the panel meter until it
reads 100% full scale, this should be 20 ma on cutput TB or SV measured at
input.

2. Servo amplifier calibration, refer to service manual. Dahl servo ampli-
"-.re. s ~ .. . .a bw -' -' - - . " ' - T ''-".

,

the AUTO position. Adjust tne controller to Ou .2.u i iy n . v w w uc). Ac ussa..

electric valve for the CLOSED position. Adjust the controller to 100% manually
(20 ma output). Adjust Diehl valve for the OPEN position.

3. Calibration is completed. Remove test leads.

3.2.6.6.8 Placing In Service.

1. Using the controller in the MANUAL mode adjust valve output to 50%.

2. Piace continuous filter pump switch in the AUTO position.

3. Place iodine pump switch in the AUTO position. .

4. Start pump from main control panel (panel 12). -

5. After both pumps are running note stack flow in cfm.

3-75
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6. Note sample flow in cfm.

(7. 'ransfer the controller from the MANUAL mode to the AUTOMATIC mode.

8. Sample flow should automatically self adjust to stack flow. Unit is now soperating properly and will automatically compensate for variances in stack flow
and filter build-up.

'

'9. Refer to Barksdale catalog section for pressure switch adjustments on flow
alarms.

.

D

/

.
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4 7d.
.

Victoreen
Description Manufacturer, Model Number, Etc. Part No. Qty.

Detector Victoreen Instrument Div. 1
Check Source "

1
Alarm Horn Edwards 1
Alarm Light Federal 1

4.2.6 Gas Monitor i

Motor Starter GE, 200 line with " Hand, Off, Auto" Switch 1
Relay Square D, KP12, 2PDT 2
H. V. Connector Amphenol, MHV-Bulkhead 1
Terminal Board States,10-Position 3.

3/4" Valve Dynaquip, Full Port, Brass ,,M
Pumping System Victoreen Instrument Div. 844-1 * 1

Lead Shield " 1
Sample Volume 1

"

Detector "-
7

Check Source "
x

4.2.7 Atmospheric Monitt..

4.2.7.1 Atmospheric Momtor - St:mdard f.

I Elapsed Time Meter Hayden 1
Differential Pressure Barksdale 2

Switch
Motor Jtarter GE, CR206BO with 3-C2.68A O.L. Heaters 1
Relay Square D, KP12, 2PDT 6
Terminal Board Statcs, 20-Position 1
Terminal Board States,10- Position 3
1" Valve Dynaquip, Full Port, Stainless 2
1" Valve Inlet P ST " V "??9'' 'd

3/4" Vaive Lynaquig, Full cort, olass a
Moving Filter Victor een Instrument Div. 841-1 1

Sampler w/C
Gas Sampler w, CS 841-33 1

"

Iodine Sampler w/CS 841-2 1
"

Pumping System 844 -1 1
"

Control Panel " (Located in Panel #12) 1
Control Panel " (Located on Local Enclosure) 844-90 1

Flow Control Panel " (Modified for Elapsed Time Meter) 1

Alarm Horn Edwards 1
Alarm Light Federal 1

4.2.7.2 Atmospheric ',Tonitor -Portable J
(

Relay Squarc D, KP12, 2PDT
7430f3
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.-

Victorcen
Description Manufacturer, Model No. , Etc. Part No. Qty.

Relay, Agastat, GPI 9 .

Terminal Board States, 24-Position 2
Terminal Board States,16-Position 2 N

TermicM Board States,10-Position 1
Pressure Switch Barksdale 2

,

Elapshd Time Meter Hayden 1
Recorder Leeds & Northrup - 3 Pen 1
1" Valve Dynaquip, Full Port, Stainless 2

3/4" Valve Dyna ufp, Full Port, Brass 5s
Alarm Horn Edwards 1
Alarm Light Federal 1
Moving Filter Victoreen Instrument Div. 841-1 1

Sampler
Iodine Sampler 842-1 1"

Gas Sampler 841-33 1"

Ratemeter " 842-10 3
Control Panel " 844-90 1

Electrical Panel "

Flow Panel "

4.2.7.3 Atmospheric Monitor - Automatic
-

In addition to those parts under 4.2.7.1, the following are used to complete the
automatic monitor.

Valve Dahl, Electric w/ controller 1
Signal Converter Rochester Instrmnent Systems, SC1300, E/I Cony. 3
Terminal Board States, 9-Position 5
Gas Flow Equipment Hastings 1
Mass Flowmeter Hastings (Probe located in stack) 1

Recorder GE, 2-Pen
Controller GE

4.2.8 Pum ping System, Model 844-1
.

Vacuum F anp Victoreen Instrument Div. 844 -1-6 1

Vacuum I elief Valve " 044-1-0 1

Bushing (Brass) " (3/8 to 1/2 inch) 10-486 1

Brass Tee "(1/2 x 3/4 x 3/4) 10-487 1

Close Nipple (Brass) " (3/4 inch) 10-488 2
3/4" Valve " 10-340 1

Exhaust By-Pass 844-1-12 1
"

Assembly
Exhaust Assembly 844-1-13 2"

Intake Assembly 844-1-11 1
"

Pure Gum Tubing " (3/16 O.D. x 3/14 I.D.) 48 in. '

4-18
, 749020



. ..
- Victoreen

Description Manufacturer, Model No. , Etc. Part No. Qty.

Male Connector Victorcen Instrument. Div. 10-485 1

(Brass)
Vacuum Switch " 844-1-14 1

Vibration Isolator " 844-1-24 1 N
Drive Pulley Std. 844-1-19 1"

V Belt " 844-1-20 1
,

Motor, Std. 844-1-17 1"

Mtg. Base, Std. 844-1-16 1"

Box Conn.-Cable 844-5-1G 1."

Spacer, Shcok Mtd. 844-1-22 4"

4.2.9 Moving Filter Sampler 'Model 841-1

Rectifier (Diode) 52-43 2"

1N2071
" 52-124 2Diode MDA 920A-7
" 716-50 1Check Source Solenoid

Tear Switch Ass'y. 841 -1-65 1"

Solenoid " fM1-1-7 8 1

Take-Up Spool Motor 841-1-79 1"

* Cycling Timer, Cont. 841-1-107 1"

* Cycling Timer, Advance / 841-1-106 1"

"- * Time Switch 841-1-90 1
,

* Located on Electrical Control Panel

4.2.10 Iodine Sampler - Model 841-2

There are no replaceable parts to this unit other than the filter holder. Cocsult factory.
>

..1,2,11 C o c: /T .imi4 A C'a- ' -- ' f a 8 a' od' 9a

Volume Assembly Victoreen Instrument Div. 841-33-28 1

4.2.12 Control Panel-Moving Filter Sampler, Model 844-90

Indicator Light Base Victorcen Instrument Div. 20-48 1

Replacement Lamp 17-54 3"

Fuse: 3AG,3/4 Amp 19-2 1"

4.2.13 Control Panel - Gas Sampler, Model 844-100

Indicator Light Base Victoreen Instrument Div. 20-48 1

Replacement Lamp 17 -54 3"

Fuse; 3 AG, 3/4 Amp 19-2 1"

(
..
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". APPLICATIO N S

The Model 840-1 Continuous Air Particulate Monitor contaminated. These areas includo reactor facilitiesfulfills the very definition of air particulate monitor- in general and especially in the containment and in
ing which is to provide an accurate determination of auxiliary buildings, fuel loading eas, and certainly
the concentration of airborne radioactivity. The Code withir. the exhaust ducts or discharge stack. Acceler-
of Federal Regulations is very specific in stating the ators also produce rad.cactive airt,orne particulates
permissible levels of radioactivity that can be re- by induced activation and processing plants wheres

'

leased into the environment this necessitates moni- nuclear materials are hand ed, machined or stored
toring airborne effluents at the point of their release are also potential sources of airborne radioactivity N
to the surroundings, and should be monitorec. Dependence on air cleans-

ing techniques such as scrubbers, absolute filters.
Besides the legal aspects of releasing activity into etc., in itself is not sufficient, but continuously
the environment, the essentials of industrial hygiene checking the integrity of these techniques with a ,

r* quire continuous monitoring of any area where Model 840-1 Air Particulate Monitoring System re-
there is the slightest chance that the air may be moves any doubt as to their adequacy.

SYSTEM DESCRIPTION
Typical cornponents of a Model 840-1 are: are of usual interest a!so emit beta radiation. This

Model 841-1 Continuous Air Sampler permits the use of the thin beta sensitive plastic
Moce! 843-20 Scintillation Detector Assembly scintillator which reduces shielding requirements
Mocel 844-1 Pumping System arr.,und the detec'.or whife prcviding excellent sensi-
Model 842-10 Ratemeter tivity and dynamic range.

L Model 844-4 Enclosure The Model 844-1 Pumping System is a heavy duty
Model 844-9 Control Panel dry vane system.

The filter tape transport mechanirn programs the Data display for this type of monitoring usually de-
movement of the paper tape and incorporates the mands a logan,thmic readout such as provided by the
popular retrbng capstan technique with an added Model 842-10 Log Ratemeter. A full scale log display
feature of dependable solenoid / ratchet operation in- of cpm nswes me reHaW d unaMed opera-
stead of complicated gear train mechanisms. The tion even dunng large fluctuations in activity levels.
transport tape mechanism is sealed against inhala- The Model 844-4 is a rugged and attractive enclosure
tion leakage during cperation while allowing easy ' hich comes equipped with either casters or skids.
change of filter thre gn a quick cpening cover. The The removat:a standard 19 inch frort panel permits
unit is designed to operate on a continuous basis easy access for servicing or the addition of recordert,
between filter changes (approximitely 30 days based ratemeters, etc.
on 1 11./hr. coeration). f

, 3 (i
The Model 843-20 Scintillation Detector normally supplied as standard equipment, provides a quick
re:ommended for this type of application is equipped positive means of assuring proper functioning of thewith a beta radiation sensitive plastic scintillator. system. Also included as standard is a high and low
Essentially all of the gamma emitting isotopes that flow alarm N a filter failure alarm.

5?kb5Y$N$$ b'b$$$$ 5
| . ,, , -- . a -

a....

b Electrical Power Requirements: 20 amperes,110
J volts a.c., 60 Hz, single phase. (Others available

r.4 on request).
'm ? Air Flow: 10 SCFM.(

D
' ~~k Air Sample Temperature Limits:6 7 b

. 3 %
-

- [N
0*C to 50*C (32*F to 120*F) - Models 843-10B *
8.'3-20 and 81340 detectors,b-O . [.. i g .e e , -55*C to 75*C (-6'F to 165*F)-Mode: 843-4

*

g . 9Q .. t
.

,e -g - ; detector.
:

. -N

(W ~ . . .
**

' . ,f '6 Air Inlet Connecion: 1 in. O.D. tubing (2 c4 cm)..
,.

V.,;.#- *
'

P
.

Air Outlet Connection: 1 in. 0.D. tubirg (2.54 cm).- "
' p ,6 @ \~ n f Shielding: 2 in. lead (5.10 cm). around sensitive ends ' - * "; .A c w of the detector.

'

Q g 3 '.g; [ ~T C M Filter Tape: 3 in wide x 80 ft. long (7.65 cm, 2440e e' a | 0 - cm). Effective collection area - 3 square inches-

p /y
' Q, (19.4 cm')., ]]Q

-

?
6 Mounting: Skid mounts standard, casters optional.

i; j Dimensions: 54 in high, 27% in. ide. 33 in deep (
-1 J

' - v (137.2 cm, 70 cm, 83.8 cm) exc!uding 841-1s ,

[ Continuous Air Samnier. Add 9" for height with.

4 sampler.Model 841-1 Continuous Air Sampler gd
Weight: Appruimately 550 pounds (250 Kg).

HM
| m

. .,.,Oo0'26, . - ' *
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a

. .

.

|3*b
Sy' stem'Sensativlty With Model 8434 ~ hh ~ - --

--~

p:. EstMamma G-M Detectoe -- ryg __ ,

- _ . . - ,

AIR FLOW = to SCFM f j p-- ----. q
I | \' - - _ - - - - . __m r . . . - _ _j M3 4 DETECTOR

| 4 210 RATZ'.tETER/ ( 3 ETA-GA M M A)R_ _ ~ . . . . .
_ . , >// 1 1

-,

'u________a> ,

/ 841 1 CCNTit4UOUS4j j
AIR SAMPLER0

'' f _
1

- - ~~ = - _ - - -

.,,-
4 - )

(.314 Me vi |

/,/ Zrt.396 Mews . Aig . 344.i puup
3
} C-3 ;* !137N si14 Mev)

~~
-- - /,,/, -- h80s@.546_MevlT - ~~2

131 (. sos Mevi Gross Beta-Gamma Air Particulate System/-
--

1 1

/ w90 (2.27 Mev)Y

/ I~340

-j f|_j
- - . ---. _ ._

/ - ~ AIR -

,,// , r________,
'

g 347-20 OETECTOR |*-I
34210 RATEMETER

/---. : _ _.
------T___. | (3 ETA) g

I -- 1

I I
Ii

I 84310 OETECTO% !
.,4 ; y; 0 RATEMETER

d ! l ( ALPHA) g_

0 M IN |04 105 ;;5 'g _ _ _ __ ,,,, _ _ _ j
COUNTS PER MINUTE 3411 CONT'*UCus

alR SAS* 7

I
v4 -+- AI R - 344-: Pu rJP

ystem Sensitivery With Model 843 20' 55 ---
~

J"
-- - Bete & mtHlation Detector - - f

AIRM bddd ; / / Alpha and Beta Air Particulate System'
'

..:
_ _ . _ _ . _ I / /( p.I i l

_

i / / s .
' -- -

-:
._ __=m. % ,- - __ca r----------,

- --

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

y, ..- .
- -

_ __

_ - - -
~f ~ ~ - ~ ,#

, . . _ . ; _ ,_

J ! | " " ^ " ' ''"' ' '" |3 "
_ _ _ , ___

i

#
- i ' ( 6C

] ,,3 | ,/
, Co(.314 Mev)-- 1 I| ( S ETA-C A r.1'.? A)'

i

"--""**"'l95 rL396) L """.1Z
-~ - -b137 at.514 Movig' g E y 841 CONTINUOUSS '' C

- 80kS46 lievG p- 8 E 8- 3f [
'' ~~

131 (.606 Mev)-- j |
- |1, 37 7 -- - - -

; I/ / -

y 343 30 DETECTOR _1 34210 RATEMETER%(2.27 Mev)----I

/ | musvu |Y3 - *
-1-

/-/.
- _ . - . . .__.._.|

a t. - - - - - . , - - - n -= -

,/
j / *

j 8413 0FF.LINE
f f

EFFLUENT SAr.tPLER

0-'l
/ //

_

,

-m - AIR - 3441 P U '.1 P - -

-- ,/ . . _ _......r-____..-__._.__r. _
-- _;y= .

.',
//

~
i '

Combination Beta-Gamma Air Particulatei ;
1

. .q | | Note: Ancient Background Approx.15 com_ and Gamma Gaseous System
-

3
> d d'

ies si ( *[(......COUNTS PER MINUTE .y g

L
2.y.. . ~ g.~

VICTOREEN fr'STRUMENT DIV. of VLN
10101 WOODLAND uVENUE e CLEVELAND, OHIC 44104 VICTC A EEN

Phone: (216] 795-8200 TWX [810] 4218237=

Fem 3196C 1170 Litho in U.S.A. ,



- --

. s. t.m sWe:. E. n = h -
. am

wwp, w_~: ng+ ee.;w~ g....u r1 s,-

.
. , , , . ._4-

e.p, M : o _

;- ,
-

f ?44, a
[g

- - m' $'p', . ., .:.7*
r. ,

%
. .

3 Airborne Particulate Monitoring, lodine Monitoring Ag
. or Both Simultaneously ?t,;sh.'M O Mil.'Ld~. _C."

-c m'm*
4;e. -

( D Shielding Configuration Permits Choice of Detector P. 6 @ f' i M n ;1:, M, w.r..i..
p mg. .~Nc4

.

h...,. c.s. ; c,2;.e . .. .y
Compact, Rugged, and Extremely Reliable M. - - C*

,
. .J 0' - ;$' -

0 Heavy Outy Pumping System [fi?,,eg . & h e.t.~r mi:fjg ~ '
..

' " 'Cl Wide Dynamic Range Available in Log or Linear Display
_._s... - _ l

3 Single Channel Analyzer _ Capabilities foi ledine Monitoring (
_

._

,. -

g% *

..s-_.. y -, 3

I | "

L

%
.. - ,, _. .

-

.- 3._

t n
, I_ ,._

| <
- :

V
P00R0D"u|"bL -- o

'
,

al . - - - - -

.

g,, - gf Y' _ "-

x
- ,,

-
-

.
. - -- ,

| , j i__.._ 2m
- - -- -r

rC$ W # ''
, -

- . . . . . ..y | __

}'[ !
" '

''i-", __

4 = ~j__
, a, . s

.__ , -
- s --

_ . - ' , '' '
_ _ , - _,,u a m .- L., s. - '*:"+'~'*h

-'* a. . u. . h[[ * '
_-

= :.::v 7:::54 +:. : =. :,. m...
' .,e.,-' 2 * *.

_ 1
- . u,; .

- -

-u ,

4*_. , . . n. -

. Y. N *T . T- -

. .g;,h., . ..-- ; -.]'
"' '

, . .-,

.- . :. ,n . . + ~

' * --' . * ' * . 4_ ,

. ., n. . .

IM g --,e - W'', h

*- ''
... L.'.

..n. -

..

1 .' .gem.ep+:?.W - 4. . -<> .;. Q v.y I .W. -

;g; A. v y a'...-.y c . t.4:7. 1 4.. ',.

U.Wv .;p.Q .C'*i:E[-?g & N i -
-

,
. a c3; .. .. v..

^ , $' h . -j
'

s . \ ' O1 --

- ag5:;w .g;-y .x ,

1 7 *- 4hD,,hW:3 .ify|- ~

? . :.5:~B.:M:Tf: F:,
_

.

. v ,.7 E . 5 " '. ..~ .7, u+ '., , .' ' - , .'i', a -
~

5- <- - _-,

. 3 g ~.
'

L'' . M z;-f6. ' 7*-~ 5
_ _ _

_ _a
'^

,

-- N, , .-
4 _ g ;p z:~.,,--r- .-p, .

'

[-. n

. .. ~ . - - . < w -- + .
.

..,,....v -

. . -

X-

7 @ O28



APP LICATIO NS
The Model 840 2 Fixed Filter Monitor is recom- through the filter to acnieve the desired sensitivity.
mended in applications where an air particulate The Model 840-2 when used as an lodine Monitor
monitor is not required to operate around the clock provides the most efficient means commercially

-

(or where it is easily accessible for filter changes. The available for collection and measurement of field
Model 840-2 Fixed Filter Manitor can be used in lodine * The charcoal cartridge provides a collection,

Wce of the Model 840-1 Continuous Air Monitor at efficiency of better than 95% for field iodine. lodine,
\some savings in cost, especially where regular work being a fission product, is readily present in and

shifts make routine changing of filters feasible. The about nuclear reactor facilities and is one of the
cleanliness of the air usue:ly determines the fre- more prominent isotopes requiring special surveil-
quency of filter changes. The Model 840-1 Continu- !ance, such as provided by the Model 840-2. .

cus Air System would be recommended should the With the use of two VICTOREEN ratemeters, one
dust loadings become excessive and frequent filter equipped with a spectrometer, both the gross activity
changes become necessary. An essential requirement and the iodine concentration collected can be
for air monitoring is maintenance of sufficient air flow read out.

SYSTEM DESCRIPTION
The heart of the Model 840-2 system is the iead The extreme ve.satility of the system provides for
shielded filter holder assembly. The unique design - mounting the ratemeter readout in the enc!csure or
of this assembly causes effluent to first flow through remoting it to some cents il control console. For
the filter paper and th9n immediately through a char. gross counting, either the Model 842-20 Linear Rate-
coal Cartridge. The detector is positioned to then meter or the Model 842-10 '.og Ratemeter may be
monitor both the fiiter paper and the iodine cartridge used. When monitzing for a specific isotope, such
simultaneously. The filter is readily changed by as iodine, either of the above ratemeters equipped
hand at desired intervals. The Medel 843 30 Sodium with an analyzer is recommended.
lodide Scintillation Detector in normally supplied for
iodine and gross gamma monitoring. Additional de- Standard features for the system include alarms for

.

tectors, such as,' the Model 843-40 Thin-End Window lert, high radiation, failure, and flow rate to assure
Geiger Mueller Tube Detector, Model 843-20 Thin immediate notification of any abnormal condition.
Plastic 8 eta Scintillation Detector or Model 843-10 Another standard feature is the solenoid operated,

Alpha Detector may be used interchangeably with check source which provides an instant ^eck out
this system. of the system functional status.

A pcsitive displacement dry var'e pumping system is VIctoreen process monitors will continue to operate
,

utilized to provide continuous duty. Excellent sensi. with Ig 3eismic loads in the honzontal and vertical
tivity is achieved in short time intervais with the use planes over tne frequency range of 1-30 Hz.
of up to eight cfm of air flow. The attractive system
enclosure is of a rugged design to meet the most *Fieid iodine as defined by LASL Report LA.3363 is io-
strenuous demands of heavy industrial use. dine released by nuclear reactors and not cells.
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4 volts a.c., 60 Hz, since pnase. (Others available
g on request.

,

? Air Flow: 8 cfm with clean filter.
# T'N Air Sarnple Temperature Limits:s

-

I As'[' J.c 0 C to 50 C (32*F to 120 F) - Models 843-10
-

.
' W 843-20 and 843-30 detectors.

[5 @3$"' '([ -55'C to 75'C (-65'F to 165'F) - Model 843-4
~#

; -f detector.-- '

, , [h Air inlet Connection.1 in. O.D. tubing (2.54 cm).
'

'

p , ; Air Outlet Connection: 1 in. 0.0. tubing (2.54 cm)..

4 Shielding: 2 in. lead (5.10 cm). Around sensitive end
. ..

', .3 of the detector. (4, Pb shielding available on
Y l' M A. ' ' - " Iw request.)' 7-

- W i .** ' * # . j th Filter Size: 2 in. diameter (5.10 cm)..

- "* Y Cartridge Size: 2 in diameter, % in. thick (5.10 cm,.-
' ? .% ' i.c. 1.91 cm).

'

. .j Mounting: Skid mounts standard, casters optional.
- '$ Dimensions: 54 in. high,27% in. wide. 33 in. deep-

/ 2 (137.2 cm, 70 cm, 83.8 cm).
Model 8412 Fixed Filter Sampler % Weight. Approximately 500 pounds (227 Kg).
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INTR'ODUCTION a preamplifier with a dynamic range.of 25 which is suitable
'

. , for pulse height analysis over the energy ranges of 80 kev to
la commercial light water nuclear power reactors, monitoring 2 MeV.
the activities of the reactor coolant process on a continuous
basis can provide extremely valuable information concerning CHFCK SOURCE
fuet elemen? cladding f ailure. Victoreen has designed, f adicated
,d delivered radiation monitoring systems that contmuously Mounted on the outside of the shield assembly is a solen. id-

oterated, 8 uCi,137Cs, check source that checks the opera-zasure the gamma radiation in .t continuously flowing sample
tional integrity of the system. Depressing a pushbuttonaream of primary coolant. The purpose of this system is to
switch on the ratemeter actuates the solenoid which moves thedetect the failure of one or mc'e fuel element claddings by

the gamma emissions of fission products released into the radioactive material into line with a beam port. Actually, two
primary reactor coolant of a light water reactor. beam ports are provided, one to be used while the collimating

lug is inserted in the shield, and the other without the collima-
The sampfer is normally located so that the transient time be. ting plug.
tween the primary coolant and the detector is approximately

READOUT2 minutes. This location is recommended so that the high level
gamma radiation associated with 16N has time to decay to an The output from the detector preamplifier.is -5V peak, which
insignificant level. However, the sampler may be located so is simultaneously fed to two readout davices. One readout
that the transient time is less than 30 seconds it required. The device is a five-decade tog ratemeter with a dnyamic range of
output of the integral preamplifier, associated with the detec* 10 to 106 counts per minute, the other is a linear ratemeter/
tor, is sufficient to drive signals through approximately 1500 analyzer. The loc ratemeter monitors gross activity - all the
feet of intercornecting cable to the linear ratemeter/ analyzer output pulses of the scintillation detector. The ratemeter
and thelogarithmic ratemeter,which are both normally located circuitry iscompletely solid state with a built.in variable powerin the reactor control room. By appropriate selection of the suppiv that has a range from 500 to 2500 volts and is normallyCelta "E" and the Delta "E" Scan pots, the linear ratemeter/ used with this type of dercctor at approximately 1000 volts.
analyzer will monitor specific fission product gamma activity.
The logarithmic ratemeter measures the gross gamma activity In addition to the check source contro;, that is located on the
associated with a ftael cladding failure. Optional dual pen re- ratemeter, the unit also has two radiation alarm s6t points,
corder simultaneously displays the specific fission product one designed to operate as an alert alarm, the other as a high
activity and the gross activity of the primary coolant. In addi- radiation alarm. These are pushbutton type lights on the front
tion to providing comparative indication, the ratemeter and panel. The logic operates as follows. To check alarm set
ratemeter/ analyzer have alert and high radiation alarms and points, switch the Function Selector to the CALSIG. and de-
data logging outputs. press either of the alarm pushbuttons for a meter indication

One advantage of this system, a' comnared to other contem- *

porary schemes, is its location. The unit may be located out- ~ To change the alarm set po'nts, the ratemeter is partially
side of the reactor building for convenient field maintenance. withdrawn from the rack to provide access to the two minia-

is normally located across a demineralizer unit associated ture,15-turn pott used for the alert and high radiation v .ms.
h the primary coolant system. This location allows a suffi- The high and alert alarms are adjustable anywhere on the

..ent pressute drop so that a pumping system is not required. meter scale. Normally, the e alarms are used in a manual reset
in addition, the gross gamma monitoring channel provides an moce; that is, if an alarm condition occurs, tne alarm light
e rtremely fa,st indication of cladding failure. Further, as the will remain on even though the radiation intens;ty causing
activity of the specific fission product being monitored by the condition has subsided. To reset the unit, a green reset button
ratemeter/ analyzer increases, the user is provided with un- is provided on the front panel which, when oepressed, will
deniable evidence of a cladding f ailure as opposed to radiation extinguish the alarm lights in addition to the alarm lights on
associated with tramp uranium. Also, extremely wide dynamic th;. front panel, relay contacts are provided on the back of
range is afforded by use of a collimating plug. the chassis to operate any extemal alarming or enunciating

devices. The green reset light on the front panel also serses
SAMPLE as a Fail / Safe indicator. This light is on at all times during
The Model 841--4P Sampler is of the off line type, with a re- mrmal operation if mode jumper is in "A" position, and off -

movable sample volume, 5 inches of 4 riead shielding around dwing normal operation if mode jumper is in "B position
the radiation detector and an integral preamplifier. The sample I ptional). On the back panel of the ratemeter is a 0 to 10
cell is certified stainless steel, 21/2 inches in diameter and millivolt recorder output and a 0 to 50 millivolt computer out-

.

13/4 inches high and is connected by two 1/2 inch,150 put. The computer output can De changed by moving one end
pound, stainless steel flanges to the sample line. The welding of the jumper for either 0-50 millivolts, 0-1 or 0-5 volts,
is certified to comply with the nuclear piping code. Testing of The comnuter outputs are isolated from the recorder output.
this system includes a hydrostatic test of 300 psig and a dye The time constants of the ratemeter vary from one minute at
penetrate test. 10 counts per minute down to 0.2 seconds at 106 counts per

minute.
Provision is made for cesensitizing the system by approximately
two and one half decades to cornpensate for permanent acti. The brochure cover shows a block diagram of the 840-4P sys-
vity buiM up resulting from long term normal operation. This tem and options.

is accomplished by insertion of a collimating plug between the
sensitiva end of the detector and the sample volume. Refer to The linear ratemeter/ analyzer fits side by side in a 19 inch

the graphs for count rates versus activity and background con- panel with the log ratemeter. The analyzer board has provision

tribution. Figure 1 shows a crcss-sectional view of the sampler for Celta "E" and Delta "E" Scan adjustments, both operating
and detector arrangement. independently. This then presides a means of looking at the

gross activity with the log ratemeter, while at the same time
ggy analyzing the same signal by means of a single channel analyzer

with a 100 kev window, which is adjustable to observe the
w .e radiation detecting element is a gamma scintillation energy of interest. As used in this system, the recorder output

detector utilizing a 11/2 inch diameter by 1 inch thick of each of the ratemeters is fed to one pen of a two pen optional
sodium iodide crystal optically coupled to a ten-stage photo- recorder, thus giving a visual and permanent comparative dis-
multiplier tube, housed in steet. The photomultiplier tube has play of the outputs.

749032



SYSTEM CALIBR ATION properties of this isotope ensure its release under all known
mechandms associated with fuel element ruptures. Also,

The systec1 was calibrated with an isotopic solution of 60Co in 1351 is not plated or absorbed Wo n. val <.orf aces enclosing
water. Two different concentrations were used. The calibra- the reactor cooling system.
tion also was done both v,ith and without a collimating plug.

-Since the isotope of interest was 1351 rather than 60 o, the 2. Gamma-ray spectrometry alicws the .se of instramentationC
ita were corrected, taking into consideration the gamma with minimum ser'sitivity on the order of 10-t Ci/cc ofp
.anching ratios and energies, so that the resulting curve of 1351 in the coolant, yielding trand information on fission

microcuries per cubic i:t itimeter was obtained. The back- product activity well below a 1% gross failed element limit.
ground shown in the sensitivity curve was establis'1ed by using
a Cobalt source located at various points around the shield 3. Gamma ray spectrc, metry ::rovides excellent diser raination
assembly, against background gamma radiation. With the primary de-

tection element properly shielded and located, power

The horizontal scale of the graphs registers the equivalent of a maneuvering background ef fects are negligible.
5 decade log meter; tnat is, ranging from 10 counts per minute

4- OVISIO" for a logarithmic gross activity measurement.

up to 106 counts per minute. To determine the background
contribution, take the intersect between the horizontst lines channel, m.iaddition to a linear single activity measurement
from the background level with the background curve and channel, contributes to read.out diversity and gives trend
read down. This gives the counts per minute versus the back- information or the total gross fission product and non fis-
grouno reading ir. mR/h. sion pr duct activities in the primary coolant.

The microcuries per cubic centimeter of 1351 is interpreted ir 5. W system response time is on the order of six minutes
a similar mar ner. If the ratemeter, for example, is reading at which is acceptable.

,

10,000 counts per minute, or 104, follow that vertical line 6. To guard against saturation, the system sensitivity can be de-
until it intersects with the curve of interest. This will give, creased, with proper collimators.to approximately 100uCi/cc
on the lefthand scale, the concentration equivalent m micrc- of 1351 which is typically in excess of 3rj times higher than
cur es per cubic centimeter of 1351- the expected activity level in the coolant at 1% fuel element

'*U"'-CONCLUSIONS

The 840-.4P system meets the measurement objectives be- 7. The location of the scintillation detector abutting on the
cause of th ' following considerations. enlarged section of the line provides a better measurement

geometry and an arrangement which can be more easily
1. Gamma spectrometre allowsisolated measurement of select- shielded than an installation on the surface of the pipe,

ed isotopes which are high on the fission yield curve, and The geometry and shielding f actors are essential to the sen-
whose presence in the rtactor coolant is a sure sign of fis. - sitivity of the device; better geometry and better shielding
sion product activity in the coolant; e.g.,1351. The physical contribute to a more sensitive instru"se'it.
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A PP LiCATIO N
Area monitoring systems detect and measure am- as labs, hallways and control rooms.
bierit gamma or X-ray radiation. The VICTOREEN 845

.

Area Monitoring System achieves this in and around Monitoring of pulsed beams and residual radiation
nuclear reactors, accelerators, hot cells, irradiators is required around accelerator and irradiator facih-
and other facilities where radiation emitting rnate- ties which means that the detector must respond
rials are handled or processed. The Code of Federal properly to both pulsed and steady state radiation.
Regulations determines limits on radiation exposure. The critical design parameters necessary for a de-

.

Part of Title 10 of the CFR specifically states that tector to achieve this , dual capability have been
persons having in their possession fissionable ma- thoroughly considered m the 845 Area Monitor.

terials must have an operating criticality alarm sys- Additional areas needing area men.toring are beam
tem. The VICTOREEN 845 Area Monitor provides switching yards, target and control areas.
these necessary criticality alarm capabilities. Radiochemistry labs should have at least one detec-
Typically, an area monitoring system will utilize a ter in each room of normal size and several strate-
detector in any locati1n where personnel might pos- gically located in larger open areas. The readout
sibly be exposed to an adverse amount of radiation. c.cnsole itself including the alarm set controls should
For reactor facilities, thue areas consist of the fol- be located in areas under supervisory control. In ad-
lowing: inside and outside the containmert, fuel dition to issuing a warning of increasing and high
storage and handling areas, reactor beam ports, held- radiation levels, the alarm trips can be used to actu-
up tanks, coolant loops, normal working areas such ate interlock devices or other safety features.

SYSTEM DESCRIPTION
The 845 Area Monitoring Sys.em consists of only two unlicensed isotopic source which pivots into place
essential parts: the 846-1 Readout Module and 847-1 to direct ionizing radiation into the ion chambers,
Detector. when the rotary switch on the readout module is in
The detector collects charge caused by incident radi- tne C.S. position. This causes an up-scale reading
ation. This cherge is then conditioned and trans- ver.fying system integnty.

,

mitted via multi-conductor caole ano aispiayed ch in addition to the failure alarm, an alert alarm to
the readout module meter. The meter has a dNI warn of increasing radiation and a high radiation or
scale. The upoer scale covers an eight decade range scram alarm are also included. Both the alert and
of 0.1 to 10' mR/hr and the lower scale can indi- high alarms are non-contacting and are adjustable.
cate any three consecutive decadss within the eight - Each channel of a system has its own individual
decade span. The choice of range to be displayed on power supply.
the meter is selected or changeo by rotating the

+ switch to ALL for the ful! 8 decade display or to any The 846-1 readout module features printed circuit
position markea 102 to 10' for a 3 decade display boards, meter readout, independer.t power supplies,
with a full scale readmg corresponding to the num- and two adjustable non-contacting alarm trips. The
ber selected. Recorder output contmues to track compact module " design allows for six channels of
eight full decades. area monitoring in the space usually occupied oy

five channels while providing a wide 3%-inch meter.
Two checking systems are provided to test the integ- All alarm adustments are located behind the frontrity of the overall system; one continuously and one panel to prevent tampering or accidental changing
on command. The continuous failure indicator will of alarm settings. Th' idependent power supplies
actuate if either ion chamber loses its collecting or for each channel elim?rwte the possibility of losing *
supply voltage, or in case of a line failure. The on other channels of monitoring due to a single power
ccmmand checking system consists of a very small supply failure.

,

Eight tull decade display or a choice of any three.-

consecutive decades from 100 mR/hr fu!! scale to
10' mR/hr full scale are switch selectable on the
front panel. This feature is advantageous because it
is no longer necessary to know the intensity levels
at which the detector will be utilized. Thus, themu

*
k "="mw=O A mnge can be set or changed after installation with-

*
out the need of buying new detectors or readoutn," ~

modules,b,gr 5' 'Tri- / < $ The 847-1 detector utilizes coaxial type ionizatior'O "''':: > kd chambers, air filled to one atmosphere pressure, which,% elimin tes the problem of detector maifunction due0oQ to leakage as experienced by gas filled or pressurizedf
y

_ , chambers. Unique VICTOREEN design, using all,

solid state circuitrv. diminates drift causing elec-
tremeter tubes. The rugged weatherproof detector

@ housing comes equipped with extruded mounting
e @

3 D0 brackets for easy installation.'-51 e hb / c / Certified test data has shown that 845 Area Monitor-
l. = = - =u C-a / ing Systems will continue .to operate with a seismic

=a /"a " "*8 wa,= y== load of 1 G in the horizontal and vertical direction
over the frequency range of 1 - a0 Hz.

.

7M03G



THEORY OF OPERATION
,

thq VICTOREEN 845 Area Monitoring System mea- the ionization current. Thus by definition a measure
sures ion chamber currents by averaging or inte. of the, pulse magnitude is liso a measure of radiation
grating them over a constant recycling time interval. 'ntensity.

g it therefore operates on the principle of a recharging The pulses from the charge sensitive amplifier are
pulse, but instead of measuring pulse repetition rates gated and then amplified by cascaded pulse ampli-

'
of constant magnitude pulses, pulse magnitudes of fiers which in turn, have clipped outputs.
constant repetition rates are measured. This is ac-

These pulses are then summed as current pulses bycomplished by means of a high impedance switch a summing amplifier the output of which is a com-
located between the chamber electrode and the pre- posite pulse whose peak value is related to the radi-
amplifier which closes three times per second for ation intensity in a discontinuous-linear manner. A
three milliseconds. During the open switch interval. peak reading voltmeter reads out the radiation inten-
ionization current charges the chamber capacitance. sity independently for each pulse at I volt per dec-
Upon switch closure this charge is almost instan- ade with linear variation between decades. In addi-
taneously transferred to a capacitor connected in a tion, bias voltages have been incorporated into the
feedback configuration with the preamplifier. The meter reading system so that any thiee decades
resultant pulse at the output of the preamplifier is v ithin the dynamic range can be presented on the
a peak magnitude which is directly proportional to iawer scale.

ACCESSORIES
The 848-4 is a visual and audible alarm which can when single channels are used. The enc!csure can
be mounted adjacent to the detector (847-1) or in be used as a bench top unit or shelf mounted. The
any other convenient location. Tha 848-5 remote 848-1 chassis provides a convenient means for in-
meter is basically the same as the 848-4 alarm but stalling three 846-1 readout modules in a standard
also provides a 3%-inch wide scale,8 decade display 19-inch relay rack. The 848-2 blenk plug-in panel
of the radiation level. The 848-3 is a rugged, attrac- is used when less than three chan is of readout
tive enclosure in which to house the readout module are required.

MODEL 848-8, FIS ") CALIBRATION KIT

The 848-8 Field Calibration Kit provides a quick - Features...
means of checking the calibration of the VICTOREEN e Precise, Accurate Calibrations.
845 Area Monitoring System.

".h
a Safe, Quick Means of Checking System

The 100 me. "'Cs source .is encapsulated .m welded Integrity,
'

stainless stael and secured inside a rotating shield.
It has low and high range positions. The low range o High and Low Range Positions.
provides an incident flux field of about 500 mR/hr. o Encapsulated "'Cs Source and Highly
while the high range provides about 5000 mR/hr. Reproducible Geometry.
Because of the short (less than one second) time
constant of the 045 Area Monitoring System, a few Specifications . . .
seconds of source exposure are all that is needed to

check calibration, and adjust if necessary. Source Activity: 100 me. "' Cesium.
Dimensions: 6%" high,13%" long, 8%" wide (16.8 cm,

,

A copy of your AEC license will be required before 33.6 cm, 22.5 cm) including mounting bracket.
shipment. Net Weight: 24 pounds (11 Kg). .
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S PECIFIC ATIO N S
*

DE ff uTOR 941 Logica $ame as the "High Alarm" on the readout
Rasiation Ostected: Gamma. module.
Type: Coaxial ionization chambers. Temperature Umsts -20*C to 60*C

(-4*F to 140*F).Jir Air filled at atmospherr pressure.
4ange From 0.1 mRlhr to .0' mR/hr. Pressure Umits: 15 psig.
fnergy Dependence ='s% 80 Key to 3 Mey. Humidity Umits: 0 to 100% (weatherproof).
Directaatal Dependence Less than 10% frorn any Mounti.tr: Heavy duty industrial junction box with

direction. Co-60, flanges for wail mountmg.
Circuitry: All solid state. Olmensions: 7 in, high 7 in, wide. 4 in. deep
Temperature Umits: -20*C to 60*C (17.8 cm.17.8 cm.10.2 cm).

(-4*F to 140*F). Weight: 4.65 pounds (2.11 Kg).
Pressure Umsts: 15 psig (special housings availaue

for high pressure requirements).
Humidsty Umits: 0 to 95% (weatherproof).
EJactronic Exposure Ufe: 10'R or 10 hours at full- F 1 MOTE ALARM METER 848 5

scale. VLaal Alarm Red tight 1 in. square. W in. thick
(2.54 cm 1.27 cm).Remote capability: 500 ft. (approximately 150

meters). U.s to 1000 ft. with optional cable (specian. Audible Alarm Loud buz.rer activates with alarm
Connecton AN 310218 IP. light.

Dimensions: 7% in. diametsr,11% in, high (19.7 Logic Same as the "High Alarm" on the readout
cm. 29.9 cm). m dule.

Weight: 5 pounds (2.27 Kg). Meten 3W in. wide with 8 decade display (8.90 cm).
,

Temperature Limits: -20*C tc 60*C
READOUT MODUL'E 8461 (-4*F to 140*F).
Meten 3% in. (8.90 cm) wide. Three (3) and eight (8; Pressure Limits: 15 psig,

decade arcs. Humidity Limits: 0 to 100% (weatherproof).
Ala rss: Failure / Reset Green push button light Mounting: Heavy duty industnal junction box with

which remains "CN" while system is in normal flanges fo' wall mounting,
operation and goes "OUT* if high voltage. signal Dimensions: 7 in. high. 7 in, wide, 4 in. doen
or line voltage fails. Depress to reset ALEAT and (17.8 cm 17.8 cm 10.2 cm).
HIGH alarms. Fai,1 alarm automatica;fy reseta Weight: 5 pounds (2.27 Kg).
when malfunction is corrected. Custproof plug 4n
SPOT relay rated at 5 amperes.115 volts is pro.
vided for operstmg extemal alarm. SINGLE CHANNEL
Alert: Amber push-button lignt that goes "0N" READOJT ENCLOSURE Ti48 3
when radiation exceeds preset level. The level is Application: Sir *g!a channet area momtoring read.
adjustacle. Depressmg the light causes meter out module.-

needle to indicate where the alarm level is set. Construction: Wrap.around, welded steel case, withAlarm adiust is a 15-turn pctentiometer located
behmd the front panel requiring partial withdrawal channel guide for module insertion.

. -
of the module to changw the setting. Dustproof Mounting: Rubber pads for bench or shelf mountmg. g

( -) plug- n SPOT relay rated at 5 amperes.115 volts Oimensions: 4% in. high. 6% in wide,1C% ;n. deep (is provided for operatmg external alarm. (11.4 cm,16.5 cm. 27.4 cm).
High; Red push-button fight that goes "CN" when Weight: 54 pounds (2.49 Kg).
radiation exceeds preset levet. The level is adjust.
able. Depressms the light causes meter needle to RACM CHASSIS 848 4mdicata where the alarm levet is set. Alarm adjust
is a 15. turn potentiometer located benmd tt,e fror.t 3p,g;,,,,,, Multi <hannel area monitonng readeu

""panet requinng partial withdrawal of the modu;e
to change the settmg. Oustprcof plug-in SPOT Const uction: Sheet steel welded to ar'ste steel
relay rated at 5 amperes.115 volts is provided for brackets, with plastic guides for msertion of three
operstmg external alarm. reJdout modules.

gmpiang senas lon chameer pulses are sampiad evenf 0.3 Mountiag: Onlied to fit in standard 19 in. relay
seconds for 0.003 second. rack (48.3 cm).

Meter Response Tims: 3-15 secones depending uoan NmensVs 3% in. M gh.19 in, wide.17 in, deep
signas levet bers road. (8.9 cm. 48.3 cm. 23.0 cml. .

Recorder Output 0 to 10 n V, 20.14 mV. Optional Weigtst: 7% pounds (3.4 Kg).
outputs availa5de tipon request.

Computer Output: 0 to 50 mV. 20.68 mV. Optional
outouts available upon request. BLANK READOUT MODULE PANEL 848 2

Cannectors: Terminal stnp on rear apron for easy AppHcations M in black spacMs) of the rack
chassis.field hookup of detector cable, recorder, com.

puter, external alarms and follow meters. Construct'on Extruded aturHourn frame with
Power Supply: 14.0 volts. =0.1%. bmshed alununum tinish.

' Input Powen 120/240 volts a.c 215% 47 to 65 Hz. Mounting: Simpty slices into the rack chassis.
Dimensions: 3% in. high. 5% in, wioe4 Accuracy: :r10% of decade.

*** ""Circuitry: A!! solid state.
8 *Dime-6 ens: 3W in. high. 5% in. wide. 9 in. deep

(8JO cm.14.4 cm. 22.9 cm).
Weight: 3 munds (1.36 kg).

.

DETECTOR CABLE 848 7
REMOTE ALARM 848 4 Type: 6 Conductor, shielded; Outer insulation water.
Visual Alarm Red light 1 in. square. W i9. thick proof.

(2.54 cm.1.27.cm). Outside Diameten 0.35 m. (0.9 cm).
Audible Alarms Loud bener activates with alarm Temperature Umits: --40*C to 70*Clight. (-40*F to 158'F).

- ewwxe.e .

VICTOREEN INSTRUMENT DIV. of VLN
10101 WOODLAND AVENUE e CLEVER.AND, OHIO 44104 VICTO FIE EN

Phone: [216] 795-8200 TWX [810) 421 G87e .,
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APPL CATION
Area. monitoring systems detect and measure am- lowing; inside and outsice the containment, fuel
bient gamma radiation. The VICTOREEN 855 Area stcrage and handling areas, reactor beam ports,
Monitoring Syste.n achieves this in and around nu. hoid up tanks, coolant loops, normal working areas
clear reactors, accelerators, irradiators and other such as labs, hallways and centrol rooms.
facilities where radiation emitting materials are Monitoring of residua' radiation is required around
handled or proce' sed. The Code of Federal Regula- accelerator and irradiator f acilities. Additionaltbns determines limits on radiation exposure. Part areas needing area monitoring are beam switchingof Title 10 of tre CFR specifically states tha; per- yards, target and control areas.
sons having in their possession fissionable materials
must have an ccerating criticality alarm system. The Radiochemistry labs should have at least ene de-
VICTOREEN 855 Area Monitor provides the neces- tector in each room of normal size and several stra-
sary criticality alarm capabilities. tegically located in larger open areas. The readout

console, including the alarm set contrels, should be
Typically, an area monitoring system will utilize a located in areas under supervisory control. In addi-
detector in any location where personnel might pcs. tion to issuing a warning of hign radiation levels, the
sibly be exposed to an adverse amount of radiation. alarm trip can be used to actuate interlock devices
For reactor facilities, these areas consist of the fol. or other safety options.

SYSTEM DESCRIPT!ON
The 855 Area Monitoring System consists of two causes the meter to indicate where the alarm point
essential parts, the Readout Module a.1d the Detec. is set. Adustment of the alarm set scint is accom-
tor. The detector converts the incident gamma plished by partially withdrawing the module from
radiation into an electrical signal which is trans- its housing and turning a 15-turn potenticmeter. In
mitted to the readout module with a multi-conductor addition to the red high alarm light indication on
cable. Two ranges are available 0.01 mR/hr to 102 the front panel, outputs from a relay are located on
mR/hr or 0.1 mRlhr to 104 mR/hr. Two checking sys- the rear of the chassis to operate external alarms.
tems are provided to test the integrity of the system;
one continuous and one on-command. Each channel (detecter /readcut combination) has its

own independent power supply eliminating possibil-A continuously lit green light on the front panel ind.s- ity of iosing many channels of instrumentation withceles the system is CN and will go cut upon signal
or power failure. The Or -Ccmmand checking system the failure cf one power supply.
consists of a minute amount of radicactivity that The compact modufar sofid state design permits
pivots into ccsition impinging radiation ento the mounting three readout modules in a 19-inch wide'

g sens ng element when the green light is decressed. relay rack chassis only 3% inches high. The rugged
This causes an upscale reading verifying system weather proef detector comes equipped with a mount-

'

integ'ity. ing bracket for easy installation.
In addition to the failsafe alarm light, a red high
radiation alarm light is included on the front panel * Certified test data has shown that 855 Area Moniter-

ing Systems will continue to operate with a seismic
This is a non-contacting adustah!e alarm. Rctating load of 1 G in the horizontal and vertical direction
the front panel kncb to the " Alarm Foint" position over frequency range of 1 - 30 Hz.

REMOTE ALARM /MFTER 858 2 or 158-3

.

DETECTORS 8s71 or 857 2
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THEORY OF OPERATION
VICT6REEN 855 Area Monitoring Systems consist A built in anti-saturation circuit prevents the system
essentially of a naiogen quenched G M tube whose readings from falling off full scale during over-range
pulses dria a multiple pump ratemeter circuit. The conditions..,

output from the pump circuit is a true icg d.c. signal Natural background and check source contribution
- directly related to the radiation intensity. holds the system in the non failure condition. If

The G-M tube is shielded witn appropriate filter ma- for any reason, the system stops responding to radi-
terial to provide the necessary Energy Correction for ation, a failure condition will be indicated on the

conversation of cpm to Roentgen /hr. readout module.

ACC3SSOR!ES
The 858-1 Remote Alarm is a visual and audible provides a rugged, attractive enclosure in which to
alarm which can be mounted adjacent tc the de. house the readout module when single channels are
tector or any other convenie it location. The 858-2 used. The enclosure can be used as a bench top

unit or shelf mounted. The 848-1 chass,is provides,

or 858-3 Remote Alarm / Meter is basica'ly the sama a convenient means for installing three readout mod-
as the 858-1 Remote Alarm but also provides a 3% ules in a standard 19-inch relay rack. The 858-4
inch wide meter scale, five decade visual display of blank plug-in panel is used when :ess than three
the radiation levet. The 848 3 Readout Enclosure channels of readout are required.

MODEL 858-5 FIELD CALIBRATION KIT

The 858-5 Field Calibration Kit provides a quick a,e A

means of checking the calibration of the VICTOREEN p., ,,,,,.4
Model 855 Area Monitoring System. *

s -

A sealed radiation source, in conjunction with re- qws#-N. .#y
producible geometry, assures constant, accurate .a , -

results. ~ M_ * C ' - P_ . .

[:#%;ati:' OMir# " MThe 0.1 mg Ravium Source is encapsulated in a
,

Platinum-Irridium capsule and secured inside a steel !

tube surrounded by a lead shield. hhy'Q
Radiation level one foot from arcf surface of the s%5WN, !

@N4T-$j?5S'unit is less than 1 mR/Pr.
'[:7d.'.kh$?% WJ'

k- W5 :ehk @N r w e &a p?5au
? *?- . | W

hy & m^ J m [,s5,

~

'

( . t

2-

Features . . .
Precise, Accurate Calibrations

Safe, Quick Means of Checking System Integrity n
'

sc. '
Encapsulated 8"Ra Source and Highly Reproducible I'

~ ' " ~ ~ ~ ~ ~ - ~ ~

,5 k ,Geometry -
---- N.''

Scale Reading Approximately 30 mR/hr bh j)'

Individual r'2'ibration supplied with Each Calibrator '

m'-.T ._ b;.M"

g

mNfss Z Z I

h -

M
h Q w h. ?Specifications . . . I iy

Source Activity: 0.1 rrg Radium in a Pfatinum-f rridium I 52U2 ' ' --- ----- N~~Capsuic. ? 9' * - " ~

Dimensions: 44" diameter x 2%" high.(12.1 cm.6.04 cm).
_

~[, '
Net Weight: 7W lbs. (3.4 Kg.) '

_~ w._ ~ . . s - - -,_.g _

JPhenolic Liner for precise positioning of detector.

An A.E.C. license is not required. However, purchasers Singfe Channel Area Monstar }&0kY
in agreerr'ent states may be subject to licensing or reg-
istration requirements.
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*
OETECTORS 8571 or 857 2 Time Constant: 60,6 .6 sec. <a 01.1. I mR/hr
Type: G.M tube. respectively.
Fill: Argon, halogen quenched. Dimensions: 5%* wide. 3%* high,11%* deep'

Rapte: Model 8571 Oetector: 0.01 to los mR/ hr. (14.4 cm, 8.90 cm, 28.3 crr:).
Model 857 2 Oetector: 0.1 to 10d mR/hr. Weight: Approximately 3 pounds (1.36 Kg).

Inergy Dependence: :::15% from 100 Kev to 1.5 REMOTE ALARM 858-1
Visual Alarm: Red light. l* Square, %* thickRadiation Detectedr Gamma. (2.54 cm,1.27 cm).

Tempera'ure Limits: -20*F to 140*F
Audible Alarm Loud buzzer activates with alarm(-29'C to 60*C).

Pasaure Limits 30 psig. - bght.
Logic: Same as the "High Alarm" on the Readout

Humidity Lim.ts: 0 to 100*.. Module.
.

Connector: AN3102181P. Temperature Limits: -20*F to 140*F
*

Detectar Element Life: Exceeds 1000 hours at full- (-29'C to 60*C).
scale or over. Humidity Limits: 0 to 95". (aeatherproof).

Electronic Exposure Life: Approximately 108 Rads. Mounting: Heavy duty industrial junction boa with
DimensWis: 3* diameter,7%* high flanges for wall mounting.

(7.63 cm,18.1 cm). Dimensions: 7* high, 7" wide. 4* deep
Weight: Aporoximately 1 pound (0.45 Kg). (17.8 cm,17.8 cm,10.2 cm).
Mounting: Wall bracket. Weight: 4% pounds (2.15 Kg).
Remote C;pability: Up to 1000 feet.

REMOTE ALARM / METER 858-2 or 858 3
READOUT MODULES 856-1 or 356-2 Range: Model 858-2: 0.01 to 103 mR/hr.
Meter Scale S;ze 3%* (8.90 cm) taut band. Model 858-3: 0.1 to 104 mR/hr.
Alarms: Visual Alarm: Same as Remote Alarm above.

Fail Alarm: A-green pushbutton. light is provided Audible Alarm: Same as Remote Alarm abote.on the front ca.1el. This light is CN during op-
eration and goes out if the signal or power fails. LoIic: Same as Remete Alarm above.
This circuit automatically resets wnen a malfunc- Temperature Limits: Same as Remote Alarm above.
tion is corrected. Oepressing this pushbutton Humidity Limits: Same as Remote Alarm above.
will activate the check source in the detector
causing ar; upscale reading proving the :Mannel Mounting: Same as Remete Alarm above.
integrity. The pushbutton is spring loaded and Dimensions: Same as Remote Alarm above.
will return the channel to normal operation when Weight: 5 pounds (2.26 Kg).
reRased.

. Meter: 3%* wide with 5 decade disolay (S.90 cm).High Alarm: A red pushbutton light is provided Remote Alarm / Meter tracks readout moduleon the front panel. This light weil go CN wnen
meter witnin =2*. of fullscale.the radiation exceeds the preset 'evel. Oepress- -

:.9g this spring !caded button well reset the SINGLE CHANNEL
alarm when the radiation has subsided below the
preset level. The alarm will not reset while the

Application: Single Channel Area Monitoring Read.radiation lev 11 is above the alarm set point.i
our Module.\ The High Alarm level trip point is adjusted by Construction: Wrap.around, welded steel case, wt!Nmeans of a 15. turn potentiometer, located on

the printed circuit board. channel guide for module insertion.
Controls: Mounting: Rubber pads for bench or shelf

mounting*

Rotary Function Switch: "CFF" cosition, shuts off Dimensions: 4%" high, 6%" wide,12" deepall power to the enannel. CPERATE position
puts channel into normal operation. In " ALARM (11.4 cm 16.5 cm,30.4 cm).
PCINT" position meter needle indicates wnere Weight: 5% pcunds (2.60 Kg).
the alarm point is set. The ala m circuit is iso.
lated to prevent the alarm from actuating and to RACK CH ASSIS (8481)
prevent a recorder / computer from tracking the Application: Multi-channel Area Monitoring R
alarm point when switch is held in the " Alarm out Modules.
Point" position. This switch is spring leaded to Construction: 'heet steel welded to angle ste
return to the "CPERATE" position when released. brackets, with plastic guides for insertion of

,External Alarm Contacts; High and fail: 5 amo. three readout modules.
eres.120 volts; SPOT. Mounting: Designed to fit in standard 19 inch

Recorder Output: 0 to 10 mv. Sp.ns f~rve decades relay rack.
(iso'ated from computer output). Dimensions: 3%* high.19* wide,11%* deep

Computer Output: 0 to 50 mv (isciated). (8.90 cm. 48.3 cm 28.3 cm).
Connector: Terminal strip for hookup of detec*.or weight: 7% pounds (3.50 Kg).

.

cable, recorcer, computer, external alarms and /,folicw meters on back of printed circuit boards. BLANK READOUT MODULE PANEL (858-4)
Accessible from front with unit withdrawn from Application: Fill in blank space (s) of the rack
rack. Chassis.

Temperature Limits: 3FF to 120*F Construction: Aluminum frame with black finish.
(0*C to 49'C). Mounting: Simply slides into the rack chassis.

Humidity Limits: 0 95".. Dimensions: 3%* high, 5%* wide
input Power Requirernent: 117/234 volts :::15 % (8.90 cm,14.4 cm).

50/60 Hz. Weights a pound (0.23 Kg).
Power Supplied: +600 volts regulat-d. +22 volts

unregulated, +10 volts regulated. -6.8 volts DETEC 'R CABLE (848 6)
regulated. Type: ti-conductor: outer insulation

Auxihary Power: 15 to 18 volts d.c. battery (stand wate.voof.
'

gby). 300 ma maximum. Outside Diameter: %" nominal (1.27 cm). (hh /
Meter Response: (Approx.) 2.5 sec. for full scale Temperature Limits: -40*F to 158'F '

deflection. (-40*C to 70*C).
'

L~ m.5m;-;.w,

VICTOREEN INSTRUMENT DIV. of VLN
10101 WOODLAND AVENUE . CLEVELAND, DHIO 44104 VICTC AEEN

_ Phone: [215] 7918200 . TWX [810] 421-8287
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P00R M M.Dimensions: 15 in. high,12.5 in. wide,MODEL 8411 CONTINU0US FILTER Shielding: 3 in. lead (7.62 cm)
AIR SA?APLER Inlet Connection: 1 in. (2.54 cm) 0.D. 28 in. deep (38.0 cm, 31.8 cm.

Filter Tape: 3 in, wide by 960 in. long tubing. 71.1 cm).
(7.62 cm, 2440 cm) H.V 70, gauze Outlet Connection: 1 in. (2.54 cm) 0.D. Weight: 140 pounds (63.5 Kg).
back is recommended. tut"ng.

. MODEL 844 2 4 CFM I'
Filter Movement: Samplar Liner: Stainless Steel, remov- \- -

Continuous Moder 1 in./hr. with fast ape for easy decx,temination. Ce. PUMPlNC ,YSTEM.

advance to clear filtering operation signed to cccept 843-30 uamma Capacity: 4 cfm maximum at continuous
of used filter in less than 30 Scintillation Detector. Detector Well duty.
seconds, is not installed when 843-5 Thin Wall

. Beta. Gamma Detector is used. Type: Features an integral % HP,1725
.

ds
"$j a"c uon fix position ar ble u t 2 Internal WiIls: dtainless steel. rm r " $$

/ car ae
hours., Automatic advance Pressure L,mits: 150 psig with well
speed is 7% in./m filter installed.15 psig with 843 5 detector by. pass valve and a vacuum switch.

i pump with a vacuum relief valve: a
in.

Drive Mechanism: Moteness, solenoid installed.
operated capstan. Dirnensions: 14% in. high,15 in. wide. Inlet Connect. ion: % in. (2.22 cm) 0.0.

.

Shietoing: 2 in. (5.10 cm) lead around 25% in. deep (37.5 cm, 38.1 cm. tubing.

sensitive end of the detector. 63.5 cm). Outlet Conneo on: % m. NPT.
Sampling Area: 3 in.8 (19.4 cm2). Weight: 555 pounds (252) Kg. Motor: 0.5 H.P., 60 Hz,115V a.c.
Capstan: 7% in. (19.4 cm) diameter Cantrols: On-Off switch provided on en-

for flat detector face. MODEL 8414 IN.LINE closure or remote panet. If remote

inlet Connection: 1 in. (2.54 cm) 0.D. EFFLUENT SAMPLER operat. ion, a motor starter should be
tubing. specified. Flow control valve at the

Outlet Connection: 1 in. (2.54 cm) 0.D. Sr.risitive Volume: 218 cu. i0. (3570 cc). inlet of pumping system.
tubing. Shielding: 2 in lead (5.10 cm). Dimensions: 9 in, high, 7.5 in. wide,

Dimensions: 7% in. high,11 in w.ce, Mounting: Fits between standard 4 in. 18 in. deep (22.8 cm, 19.0 cm,
17 in. deep (19.4 cm, 28.0 cm, (10.2 cm) pipe flanges. Adapters 45.8 cm).
43.2 cm). available for other pipe sizes. Weight: 50 pounds (22.7 Kg).

Weight: Approximately 110 pounds Detector Well: Stainless steel, remov-
(50 Kg). able for easy decontamination. De-

signed to accept 843-30 Gamma MODEL 844 3 CHECK SOURCE
MODEL 8412 FlyED FILTERI Scintillation Detector.
IODINE SAMPLER Internal Wall: Stainless steel. Type: Soleno.d operated.i

Filter: Pressure Limit: 150 psig. Controls: Pushbutton en the ratemeter.
* *"5 I* "8
*'de,19 m. 22% in.. deep (56.7 cm,27.3 cm,exempt quantity).

high, 10% in. Source: 137 Cr. less than 10 ye (AECParticulat*: 2 in. diameter disc
(5.10 cm).

Iodine: 2 in. diameter, % in. thick
We t o roximately 150 poundscoa cartridge (5.10 cm, MODEL 844-4 ENCLOSURE (SMALL)

/ hielding: 2 in lead (5.10 cm). (4 r Pb Application: Fixed filter system, lodineS
sniefding available upon request)* system, Gnhous Mer Wem or

. MODEL 8441 10 CFM Orf-Line Effluent Monitor.
Inlet Connection: 1 in. (2.54 cm) 0.D.

tubing. . PUMPING SYSTEM Mounting: Skid mount, standard, casters
"'Outlet Connection: 1 in. (2.54 cm) C.D. Capacity: 10 cfm normal operation at

tubing. 1325 rpm,5-10 scfm range. Construction: Heavy duty steel platform.
welded cabinet with removable frontDimensions: 8 in. high, 8 in, wide,15 Type: Features a 1% HP, 1800 rpm

in. deep. (20.3 cm, 20.3 cm, motor, an oil-lessiconstant displace- panel
38.1 cm). ment / carbon vane vacuum pump Dimensions: 54 in. high, 27% in wide,

Weight: Accroximately 150 pounds with a vacuum re!ief valve: a by.cass 33 in. deep (137.2 cm, 70 cm,
(68.0 Kg). valve and a vacuum switch. 83.8 cm).

Inlet Connection: % in. (2.22 cm) 0.D. Weignt: 325 pounds (147 Kg).
MODEL 8413 0FF.LINE E .

Outlet Connection: % in. (2.22 cm) 0.D.
.

EFFLUENT SAMPLER tubing. MODEL 844 5 ENCLOSURE (LARGE)
Sensitive Volume: 191 cu. in. (3130 cc) Motor: 1.5 H.P., 60 Hz,115V a.c.

.

with well installed. 215 cu. in. Controls: On-Off switch provided on en- Application: CemMnaden systems.
(3520 cc) nith 843 5 detector closure or remote pane!. Flow control Mounting: Skid mount, standard, casters
installed. valve at the inlet of pumping system. optional. } g,.
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M kN
Construction: Heavy duty steel platform. Effichey 99 % for less than 0.3 Pressure Limits: 15 psig.'

Welded cabinet with removable front m.cron particles. Humidity Limits: 0 to 100%panel. '

Dimensions: 2 in. diameter (5.10 cm). (weatherprnof).Dimensions: 54 in, high, 43 in, wide
33 in. deep (137.2 cm,109.7 cm' MODEL J412 23 CARTRIDGE Mounting: Heavy duty . dustrial junc.in

83.8 cm). - (IPDIN E) tion box with flanges f ar wall
mounting.Weight: 450 pounds (220 Kg). Type: Activated , charcoal. Potassium Dimensions: 12% in, high, 9% in.lodide f KI), im 'egnated charccal wide, 5 in, deep (31.1 cm. 23.5 cm,

$k "'fe#MODEL 844-6 CAS MONITOR FILTER tecti n.
Type: Crud filter to prevent large can. Eff,iciency: Greater than 95% for field Wei h : Approximately 11 pounds

taminsted particles from entering tne sodine. -

sampler. Dimensions: 2 in. diameter, b in. thick
Efficiency: 50% for 5 micron particles. (5.10 cm,1.91 dn). MODEL 844 9 CONTROL PANEL

Inlet Connection: % in. NPT, female. MODEL 84417 REMOTE ALARM '
gne or us ih on nuous

( Jutlet Connection: % in. NPT, female. Types The 844 17 features audible. Morntoring Systems and features pro.
Dimensions: 5 in. diameter,12 in. :ong visual alarms and the 115V a.c. re. MS'O"g tl e 115 v It.

S

12 7 cm' 30 5 cm)* mote alarm input is cbtained threugn Eg c.. Hz. inp .

interconnecting with 842 Series pumping system control, normal or
Weight: Approximately 10 pounds Ratemeters. fixed program selection cf filter tape

(4.55 Kg). Visual Alarm: '"# '
Red li ht 1 in. scuare*E

g in. tNck (2.54 cm,1.27 cmL tape acvar.ce override as well as a filter
"f0 DEL 844 7 RATEMETER fault iight to indicate end of tape or'

Audible Alarm: Loud buzzer activates torn tape: flow fault light to indicateRACK CHASSIS with alarm light. less of flow, ico low or too high flow.
Application: Mounting the 84210 thru Logic: Same as the "High Alarm" en The panet is designed to be mounted

842 40 ratemeters in a relay rack. the 84210 or 842-20 Ratemeter. In standard 19. inch wide rack opening
Accommodates two side Dy side. Temperature Limits: -20*C to 60*C and is 5% inches high and 8b inches

Constructiom Sheet steel, reinforced (4 F to 140*F). wide,

with heavy gauge brackets. Pressure Limits: 15 psig.
Dimensions: 5% in. high.19 in, wide, Humidity Limits: 0 to 100% MODEL 84410 CONTROL PANEL

-

13.5 in. deep (13.3 cm, 48.3 c n, (weatherproof). The 844-10 Control Panel has been
34.4 cm). Mounting: Heavy duty industrial junc. designed for use with Fixed Filter Air /

Weight: 14 pounds (G.35 Kg). tion box with f!anges for wall lodine and/or Off-Line Effluent Monitor.
mounting, ing Systems and features provisions for

MODEL 844 8 BLANK Dimensions: 12 % in, high, 9% in, control and visual monitoring of the
RATEMETER PANEL wide 5 in. deep (31.1 cm, 23.5 cm' 115 volt, a.c., 60 Hz, input: pumping

12.7 cm). system control: flow fault light to indi.
. cate loss of flow, too low cr too highApplication: Filling up the 844 7 rack Weight: 10% pounds (4.76 Vg). flow. The panel is designed to besis when only one ratemeter is

- ODEL 84418 REMOTE mounted in standard 19.inen wide rack
opening and is 5% inches high byDimensions: 5% in. high, 8% in, wide, ALARM / INDICATOR 8% inches wide.0.5 in. deep (13.3 cm, 21.0 cm, Type: 844 18 features audible-vis .ralI 27 '*I*

alarms and the 115V a.c. remote MODEL 844-14 SINGLE CHANNE-L
MODEL 8412 64 FILTER alarm and remote meter inputs are RATEMETER ENCLOSURE

(CONTINU0US ROLL) "" 'wt 82 ies ate ete . ule."'
Type: Hollingsworth.Vose 70, gauze Visual Alarm: Red light,1 in. square-

backed. % in. thick (2.54 cm,1.27 cm). Conttruction: Wran-arcund, welded steal
i

case with channel guide for module'
Efficiency: 99 % for less than 0.3 Audible Alarm: Loud buzzer activates insertion.micron particles. with alarm light.,

, Mounting: Rubber pads for bench orDi e sioris: 3 n. wide, 80 ft. long Logic: Same as the High Alarm" on shelf mounting.
the 84210 or 842."20 Ratemeter.' -

.

Dimensions: 6% in. high, 9% in, wide,
Meter: 3% in. wide with 8 decade dis. 15 in. deep (15.5 cm, 24.1 cm,

MODEL S412 22 FILTER (DISC) play (8.90 cm). 38.1 cm).
Type: Hollingsworth.Vose 70, gauze Temperature Limits: -20*C to 60*C Weight: Approximately 10 ?cunds

backed. (.--4*F to 140*F). (4.55 Kg). .[
,
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APP LI CATI O N S

The purpose of an in-Line Monitor is essentially the and laboratory drain lines are monitored with in line
same as that of an Off.Line Monitor, which is to pro- systems such as the Model 840-4. The Code of Fed-
vide sufficis'nt verification that the effluent material eral Regulations requires licensees using radioiso- (s

passing through a system is within the maximum
, tapes to record data on radioactive effluents at the Apermissible concentration (mpc) as stated in tae

Federal Code of Regulations. The Model 840-4 ca' point where control is relinquished. The maximum
be used for e,ther l, quid or gaseous effluents as long concentrations that car' legally be tolerated are listedi i

.

in the accompar.ying table. Although, normally usedas the temperature and pressure remain within speci-
fications. Non-corrosive material for all wetted sur- for gross gamma monitoring, the Model 843-30 Scintil-
faces combined with the removable detector well lation Cetector Assembly can be utilized with either
minimizes contamination problems. the Model 842-40 or 842-30 Ratemeter/ Analyzer for
Typically, secondary coolant loops, heat exchangers, single channel analyzing of specific isotopes.

SYSTEM DESCRIPTION

The In-Line Effluent Monitoring System is the sim- (Model 844-3) with which to check system integrity
plest of all VICTOREEN monitoring systsms. The by means of a pushbutton n the ratemeter module.
basic parts of a typical system ire the 841-4 Sam. The ratemeter provides high radiation, alert, and
pier, the Model 843-30 Scintillation Detector Assem- failure alarms as standard features. The ratemeter
bly and a Model 842-10 Log Ratemeter. The Model can bt: remoted to a control console located at any
840-4 is designed to fit directly into a 4 ir.ch diam- distance desirable f om tae sampling point.
eter pipe through the use of standard 4 inch pipe Certified test data has shown that VICTOREEN Prncess
flanges. Adapter flanges are available for coupling Monitoring Systems will continue to operate with a
the In-Line Effluent Monitor to smaller size pipes. seismic load of 1 G in the horizontal and verticalAlso included is a solenoid operated check source - direction over the frequency range 1 - 20 Hz.

c
.p-

~

P00RORBtM

S P E CI FI CATIO N S

Effluent Sample Temperature Limits: Model 843-30
p detector; O C to 50 C (32*F to 120 F).

/ Pressure Limit: 150 psig.,

$6" h N Shielding: 2 in. lead (5.10 cm) standard. Optional
,

gg- 4,r Pb shielding available on request.

.' ~~ @Mk decontamination. Designed to accept 843-30
Detector Well: Stainless steel, removable for easy

'
- '^

Gamma Scintillation Detector.
- Dimensions: Mounts between two standard 4 in. pipe

tg V g g flanges (10.2 cm). Length 18?'s in between flange
,f a.: Ay faces (48.0 cm).

i_.75h
,

4

ishb?h Weight: Approximately 150 pounds (68 Kg) for stand-
Q Cho 8.?-M'|-5gDf15:,%{'J .q1 ard 2 in. Pb shielding.r

i .&- ;
p ""'"T Wg . , A pd

l $ i1A d _. $(g y , 4M|)nai@fb (
'

t
.

{ 'W R 5-

Sampler M90elfi
(With 4 Tr Pb Shielding)
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k TABLE 1-1. .A MONITORS (,
,.

'

Vico El. Dwg.-

Channel Description Local Alarm Readout Detector **
ReL No.

'IIP-R-201 Al Contiol Room None 856-2 857-2
O 50

IIP-R-202 A2 Cable Room 858-3 Mod. 856-2 857-2
50 |

"" # E' " " #*IIP-R-204 A3 858-3 Mod. Ub6-2 857-2Ing Booster Pump Area 904550

actor Coolant Evapor- UIIP-R-205 A4 858-3 Mod. 856-2 857-2ator Control Panel Area 904550

II P-R-20 G A5 Make-Up Tank Area 858-3 Mod. 856-2 057-2
0

" #* " "E e3IIP-R-207 AG 858-3 Mod. 856-2 857-2
Pump Area 904550

a u s cal*

IIP-R-209 A7 RB Evac. 857-2IIandling Bridge-North Local 904550 Common To Evac. Alarm

IIP-R-210 A8
^ ^ " ~

857-2
we a u n s LocalRB Evac.IIandling Bridge-South Local 004550 Common To Evac. Alarm

"IIP-R-211 A9 Personnel Access IIntch 856-2 857-2 Common To Evac. Alarm50

8 -3
IIP-R-212 A10 Equipment IIatch 856-2 857- 2 Common To Evac. Alarmg _ d. 50

n- r nskument Panel
IIP-R-213 All 858-3 Mod. --- ---

0
Common To Evac. Alarm

"
IIP-R-214 A12 Reactor Building Dome RB Evac. 846-1 Common To Evac. AlarmC O

IIP-R-215 A13 Fuel IIandling Bridge None
-

857-2 Readout Unit Is Local'
0

O
9* /

( i 'r

7 -



i si
,

|

Vaste Disposal Storr a
H P-R-218 A14 858-3 Mod. 856-2 857-2 '04 0

^#* E' "*E "" ~
* ""IIP-R-231 A15 856-2 857-2Filter Room 858-1 Mod. 0045SO

8 "' " "II P-R-232 A16 858-3 Mod. 856-2 857-27g

IIP 41-233 A17 -
*

~ ~

45 0AN/A63

ss CorrMor Colo an
IIP-R-234 A18 858-3 Mod. 856-2 857-2

CE/C50A 904550

a r E. urge 858-1 Mod. "IIP-R-3236 A19 856-2 857-2 Common Bridge A2Unit Area 858-3 Mod. 904550

^#* E' ""E" ~
* eet 10IIP-R-3238 A20 856-2 857-2 Common Bridge A2Unit Area 858-3 Mod. 004550

- - --

Han ng cha .a 858-1 Mod. et nIIP-R-3240 A21 856-2 857-2 Common Bridge A2Unit Area 858-3 Mod. 004550

~3

O
C

' >
{ @ /

.. -
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1.3 PROCESS MONITORS.

1.3.1 Unpackagings

1.3.1.1 842 Series Ratemeters. :See Figure 1-11.
s

842 Series Ratemeter, when purchased as part of a monitoring system, are shipped
in Model 844-7 standard 19-inch rack mount chassis mounted in the cabinet in which
they will be used. The majority of the ratemeters will be installed in panel 12. ,

Three ratemeters each will be found in the HPR-223 and 224 portable atmospheric
monitoring cabinets. One ratemeter each will be found in the WTR-3894 and 3895
liquid monitoring cabinets. In each case the ratemeters should be partially withdrawn
from their rack chassis and given a thorough visual inspection to assure no obvious
damage has occurred.

1.3.1.2 843 Series Detectors. *

1.3.1.2.1 843-20 Beta Detectors.

The 843-20 Beta Detectors will be shipped in operating position and will require
no further unpacking.

1.3.1.2.2 843-30 Gamma Detectors.

The 843-30 Gamma Detectors will be shipped loose. There is very little probability
that the detectors will. incur shipping damage and it is not advisable to inspect the
internals. If the outer case of a detector shows obvious signs of distress contact

'

the factory for further instructions.

1.3.1.3 Atmospheric Monitors. See Figures 1-12,1-13, 1-14 and 1-15.

Each atmospheric monitor has been factory assembled on a steel baseplate mounted
on a steel skid. A protective steel enclosure also mounted to the baseplate covers
should be inspected both inside and out for obvious damage. It is not advisable to
disassemble these units to inspact for damage.

,

,,,. v _ ,. . . m o . . . _ , _ , _ _

With the exception of the two portable atmospheric monitors there is an isokinetic
nozzle and mounting plate associated with each atmospheric monitor.

Give the nozzles and pipes a good visual inspection. Ensure that the pipes are
free from sharp bends and kinks and that they are not out of alignment. The nozzles
should be inspected particularly for nicks on the sharp sample inlet edge. The
nozzles should be kept in shock absorbent material until installation.

The automatic isokinetic sampler-channel HPR-219 has in addition to the iso-
kinetic nozzle, a mass flowmeter probe which must also be installed in the plant
vent stack. The probe tip should be approximately 5 feet above the isokinetic
nozzle on the same vertical centerline.

N

- 7@050
1-11



' TABLE 1-i JOCESS MONITORS -j

c Readout- Detector - El. h g.
Channel Descri 'on S mP1er " * "#r

- Ref. Alarm Serial # Serial # No.
.

-

s -

M 4r 842-10 843-20A
Part. 1 Automatic

' 841-1 762 _144
,

^ x 2-30 843
II P-R-219 Iodine 1 htation Vent M iftor 904549 Isokinetic

_ 9 ,8

I 4r 842-10 843-20
f' Gas 1

841-33 743 140

4r 842-10 843-20A
Part. 2 841-1 747 181

H P-R-220 Iodine 2 Control Room .take Duct n n1 84 -2 732 2GG

4r 842-10 843-20 -
Gas 2 841-33 750 166

4r 842-10 843-20A
Part. 3 841-1 738 195

ue Han ng Mg. M 801A & V h 842-30 843-30
IIP-R-221 A Iodine 3 904549

Duct - Upstre. On T'ncl. 841-2 744 222

4r 842-10 843-20
Gas 3 841-33 GG9 177

4r 842-10 843-20A
Par'. 4 841-1 671 276

Fuel Handling Idg. Exh. 801 A & V 4r 842-30 843-30
H P-R'-221B Iodine 4 004549

Duct - Downst :am On Encl. 841-2 748 186

4r 842-10 843-20
Gas 4 841-33 602 225

Q
h .

C
C
O
P /

h * -
,



, ~, s

\ ,.
,

4r 842-10 843-20APart. 5
'- 841-1 756 187

IIP-R-229 Iodine 5 Ilydrogen Purge Duct
n nel 841 2 7G1 254

4r 842-10 843-20
Gas 5

841-33 G70 163.

4r 842-10 843-20A
Part. G 841-1 GG8 180

I B Purge Air Exhaust 801A & V 4r 842-30 843-30
II P-R-225 Iodine G 904549

Duct A On Encl. 841-2 7 34 157

4r 842-10 843-20
GasG

841-33 755 127
..

4r 842-10 843-20A
Part. 7 '

84 1-1 673 123

urge x as A r - -0
904549IIP-R-226 Iodine 7

Duct B On Encl. 841-2 7 64 245

4r 842-10 843-20
Gas 7 .i 841-33 676 215

4r 842-10 843-20A
Part. 8 841-1 741 138

AM. E. Purge Air 801A & V 4r 842-30 843-30
IIP-R-222 Iodine 8 004549

Exhaust - Upstream On Encl. 841-2 i 34 251'

4r - 3-20
Gas 8 ii

841-33 760 178

4r 842-10 843-20A NPart. 9

m(C
841-1 757 168

,
.

Au. g. ;c Ak 801A & V 4r 842-30 843-30
IIP-R-228 Iodine 9 904549

Exhaust - Do - itream On Encl. 841-2 743 263q
4r 842-10 843-30 N

(7 * Gas 9
C ~G 841-33 G58 136

'

b '

.

,,e



( TABLE 1-2. PROC \f 0NITOIiS (CONT'D.) ,

L cal "~ *D*~

Channel Descriptio Sampler Remarks
*- Ref. Alarm Serial # Serial # No.

4r 812-10 843-20A
Part.10

841-1- 743 -182

II P-R-227 Iodine 10 Reactor Air Sampler Lin
n nel 841 2 685 101

4r 842-10 843-20
Gas 10

841-34 6G0 123

^Part. 8 2-10 2018 -
682

a e n - pent
~

288
IIP-R-223 Iodine #" "

n nel 84 -2
677

4r 843-20
Gas -

176841-33
682

Part. -

1584 -1
754

II P-R-224 Iodine 842-30
-

904567 Portable Monitor
d -2 7g

.. 727. . .

"
4r 843-20

Gas ~

185
'

841-33
664

Primary Coolant Let- 842-10
Liquid-1

wn - r ss 4r . - - 3-30
$ MU-R-720 None 904889

r mary an - 842-30
Liquid-2

C down - Iodine 766
-M

M
C-C r0 r0*

. . . - _
,._ _
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. J '

. ,

Intermediate :ool. H O 4r 842-10 843-302 904889IC-R-1091 Liquid-3 Ltdwn. Cir. U-C-1B 841-34 663 178.

.

HO # ~ ~

904889
In Uni 30 2IC-R-1092 Liquid-4 None .

Ltdwn. Cir. U-C-1A 841-34 751 17 3

. -

,

" """ "U *UO * ~ ~

9048892 NoneIC-R-1093 Liquid-5
Cooler Outle 841-33 683 180

.
. , .

904149
r 842-M i 843-2Iqu ut -

. 904889WDL-R-1311 Liquid-6
Plant #2 On WDL 841-33 675 199

Panel
__

"Y""' '" ~

None
* - -

904889DC-R-3399 Liquid-7 -

841-33 678 187 -Ing Water - op A -

__

" "Y "*" ' '8" ~

None 904889
# -

DC-R-3400 Liquid-8 -',

ing Water - op B 841-33 739 198

Nu ar en a sed * - -

904889NS-R-3401 Liquid-9 None
Cooling Wat: 841-33 722 195

-

Dews4r 842-10 906015
. S F-R-3402 Liquid-10 Spent Fual C ling Non 904889 well aaded841-34, 753 il/A

~

Local
# " " "" "~ #

WT-R-3894 Liquid-11 842-10
-

905222
densato Poli :ng On Encl. 841-34

67 3
m

' N
"

Water Treat nt and Con- 801A & V 4r 843-30
WT-R-3895 Liquid-12 '(lensate Poli ng On Enel. 841-34 290 -

50

904149

A1. M d. 4r 842-10 843-202Y WDG-R-1480 Gas-11 Wasto Gas I harge 904863 ' N$4: g On WDG 841-33 733 269
Panel ,

- i



; TABLE l-2. P,' '?SS MONITORS (CONT'D.),

i x -
___

! Vico Local Roadout- Detector- El. Dwg.g"
*

Channel " '" "*E # ""#i Ref. Alarm Serial # Serial # No. -|-
_

,

004149
cay as Tank M M. Mod. 4r 842-10 M 3-20WDG-R-1485 Gas-12 904863Discharge On WDG ,841-33 752 205

Panel

904149

Y "" "" ^' * ~ ~

S04863
*WDG-R-14 86 Gas-13

Dischargo On WDG 841-33 723 161
Panel

n en8 r acuum mP * ~ ~ '

VA-R-748 Gas-14 Non o 004863
Exhaust 841-33 067 146

_-

_

o

.

O

e

s

&

% $*
h
C
C .

C' ..

01 /
.

'

,
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1. 3.1.5 Liquid Monitors. See Figures 1-16, 1-17, ' 4 A ;-19, 1-20 and 1-21.

e The liquid monitor components have been fac. tory a:.o :Aled on a steel baseplate
mounted on a steel skid. No actual unpackaging will be required, however, each
unit should be inspected for obvious shipping damage. It is not advisable to dis-
assemble these units to inspect for damage. A protective steel enclosure has been
furnished with two liquid units. Interior inspection of these units should be complete.

1.3.1.6 Gas Mr . tors. See Figures 1-22 and 1-23.
'

' The gas monitor components have been factory assembled on a steel baseplate
mounted on a steel skid. No actual unpackaging will be required; however, each unit
should be inspected for obvious shipping damage. It is not advisable to disassemble
these units to inspect for damage.

1.3.2 Power Requirements.

1.3.2.1 842 Series Ratemeters. ,

The 842 Series Ratemeters have been factory wired to operate on 120 volts 1 phase,
60 Hz power. Since the ma.fority of the equipment has been factory installed in panel
12, it will not be necessary to individually connect power to edch piece of equip-
ment. The ratemeters shipped as part of an atmospheric monitor or liquid monitor will
be covered under the appropriate section of this manual.

1.3.2.2 843 Series Detectors.

The 843 Series Detectors are powered from the associated ratemeter and require
no separate power connections.

1.3.2.3. Atmospheric Monitors (drawing 904549) and Portable Monitors (drawing 904567

Each atmospheric monitor or portable monitor will require 480 volts, 3 phase, 60 Hz
power. Refe'- to the drawings for individual enclosure details. Each enclosure will
be supplied with 120 volts,1 phase, 60 Hz power from panel 12 via field wiring.

1.3.2.4 Liquid Monitors.

. me wil' req. . /ol ts ' phase, .] Hz power. Refer to drawings
904889 and 905222 for individual unit details.

1.3.2.5 Gas th itors.i

Each gas monitor will require 120 volts,1 phase, 60 Hz power. Refer to drawing
904863 for individual unit details.

1.3.3 Installation p

* '

IN1.3.3.1 842 Series Ratemeters - Panel 12.

All wiring connections external to each ratemeter have been made at the factory
from two terminal strips (TB1 and TB2) on the rear panel of each ratemeter. The
ratemeters are mounted in a 19-inch rack chassis (Model 844-7) which are in turn
mounted in panel 12. Blank panels (Model 844-8) have been installed in the 844-7
rack chassis to cover any portions not being used. With the exception of com?leting
field wiring to panel 12 the ratemeters will need no further installation.

_
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1.3.3.2 842 Series Ratemeters - Monitor Enclosure Mounted.

All wiring connections to each enclosed mounted ratemeter have been made at the (-
factory from two terminal strips (TB1 and TB2) on the rear panel of eac'1 ratemeter to (
the appropriate points within the monitor. Customer connections, if any, are brought
out to customer interface terminal strips in the enclosure. These connections will s
be covered under the installation section for the enclosure.

1. 3. 3. 3 843 Series Detectors. ,

843 Series Detectors are conpatible with 842 Series Ratemeters. Each detector has
been factory calibrated to operate with a specific readout module. Ratemeter/ detector
pairs may be determined by consulting Table 1-2.

I'.3.3.3.1 843-20 Beta Detectors. .

flormally all beta detectors will be shipped in operating posithr.. All cable
connections will have been completed at the factory from the detectors to the customer
interface terminal strips. With exception of wiring between individual monitors and
the 842 ratemeters covered in the appropriate section of this manual, the 843-20
detectors will need no further installation.

1.3.3.3.2 843-30 Gamma Detectors. See Figure 1-34.

Gamma scintillation crystals are fragile and susceptible to shock - be careful.

Gamma detectors will normally be shipped separately and will require installation
in the proper sampler. Consult Table 1-2 for the proper serial numbers of detector / r
ratemeter/ sampler combinations. (x

Gamma detectors are easily installed in the corresponding sampler by removing any
shielding from the detector area of the sampler. Some samplers simply require opening
of the shielding door rather than disassembly. Loosen the hose clamp fastened to the
mounting flange and insert the detector into the well. Ensure that the connector end
of the detector remains outside the well and that the detector is inserted far enough
to seat.

tis. .......; ;. 2

necessary to torque the bolts so tight that future removal will be a chore. Complete
the electrical connections by attaching each of the two connectors on the cable to
its mate on the detector. Replace any shielding previously removed.

Detector wiring will now be complete to the customer interface terminal strips.
With the exception of wiring between individual monitors and the 842 ratemeters
covered in the appropriate section of this manual, the 843-30 detectors will need no
further installation.

1.3.3.4 Atmospheric Monitors.

1.3.3.4.1 Standard Atmospheric Monitors. See Figures 1-12, 1-13, 1-14 and 1- 15.

Tha standard atmospheric monitors are installed by selecting a convenient
locatic and placing the enclosure in that location. flormally, monitors are bolted in

Selection of bolts and mounting hole locations are left to installation super-{g
place.
vision as requirements will vary with locations.

. .
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Following physical placement of the enclosure the sample inlet and outlet lines
c should be connected. Follow the recommendations for isokinetic sample linet, noted in

ANSI Standard 13.1 - 1969 for all sample inlets. Sample outlets may be connected in
the most convenient workman-like manner as the configurations are not critical . At
this time all additional connections, such as flushing inlets or drain lines, should
either be completed or plugged to preclude inadvertent operation. N

The wiring to each enclosure should be completed per the appropriate drawing.
See Table 1-2. -

1.3.3.4.2 Automatic Atmospheric Monitor. See Figures 1-16,1-17,1-18 and 1-19.

The primary difference between the automatic and standard atmospheric monitor
lies in the ability of the automatic unit to sense the velocity of effluent in the
plant vent stack and to adjust the sample flow rate to maintain isokinetic sampling
under varying flow conditions. All installation requirements are similar to those
roted under section 1.3.3.4.1.

1.3.3.4.3 Portable Atmospheric Monitors. See Figures 1-20, 1-21, 1-22 and 1-23.
'

These units require only physical placement in the areas of use and attachment of
an electrical plug compatible with 480 volts, 3 phase, 60 Hz outlets in the area to the
supplied cable. The plug is not supplied. Other than electrical power, the portable
units are self-contained.

1.3.3.4.4 Isokinetic Nozzles. See Figure 1-35.

Table 1-2 will give channel / nozzle number cross-reference so the proper nozzle can
be installed at each sample point. Each nozzle and mounting plate is stamped with the
nozzle number. See also drawing 905109 for nozzle details.

Nozzles must be mounted within the duct or stack to be sampled with the sharp
edge facing the duct flow. Installation should be such that the sample piping and
nojzle do not vibrate during normal duct flow conditions. Nozzle / piping installation
should be in accordance with ANSI Standard 13.1 - 1969.

._,. ......., ... .... .. . ..____.e/ pip.... " ' '- . . . . . . . ..._ . . . . .

details.

1.3.3.5 Liquid Monitors. See Figures 1-24, 1-25, 1-26, 1-27, 1-28, 1-29, 1-30
and 1-31.

The liquid monitors are installed by selecting a convenient location and placing
the baseplate or enclosure in that location. Normally, monitors are bolted in place.
Selection of bolts and mounting hole locations are left to installation supervision as
requirements will vary with locations.

Following the physical placement of the monitor, the sample inlet and outlet lines
should be connected. Additional connections such as flushing inlets and drain lines
should either be completed at this time or the connection points should be plugged to
preclude inadvertent entrance of foreign material.

The wiring to each monitor should be completed in accordance to drawing 904889
or 905222. Refer to Table 1-2.

W3038
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1.3.3.6 Gas Monitors. See Figures 1-32 and 1-33.

The gas monitors are installed by selecting a convenient location and placing the
baseplate in that location. Normally, monitors are bolted in place. Selection of
bolts and mounting hole locations are left to installation supervision as require-
ments will vary with locations. s

Following the physical placement of the monitar the sample inlet and outlet lines
should be connected. Additional connections such as flushing inlets and drain lines

'

should either be completed at this time or the connection paints should be plugged to
preclude inadvertent entrance of foreign material.

The wiring to each monitor should be completed in accordance to drawing 904863.
Refer to Table 1-2.

1.4 CONTROL PANEL 12. See Figures 1-36, 1-37, 1-38 and 1-39.

1.4.1 Unpackaging.

Control Panel 12 will require removal frem the wooden shipping skid to complete
unpackaging. Inspect the internals of the panel to ensure all relays are in place
and properly seated. Also check the recorders for obvious damage.

1.4.2 Power Requirements.

Refer to drawing 905031 for power requirements.

1.4.3 Installation.
-

.

Panel 12 will require bolting to the floor per drawing 904469. Assuming the
foundation has been prepared it is only necessary to position panel 12 properly and
bolt it down.

Electrical power connections should be made per drawing 905031. Grounding con-
nections, in addition to power ground should be made per customer requirements to the

' copper ground buss supplied and installed in panel 12. See drawing 904924.

The following list indicates the equipment to be fielo connectea ana u e e,cw .-.
drawings covering those connections. See also drawing 904924 for terminal board layouts.

Eouicment Electrical Dwo. No.

1) Area honitors 904550
2) Atmospheric Monitors 904549
3) Liquid Monitors 905222
4) Gas Monitors 904863
5) Annunciator Panel 211 905166

The annunciator panel interconnections will he by mean" of factory supplied cables
with connectors on both ends. It will be necessary to ensure that each end of each (cable is connected to the proper connector in both panel 12 and the annunciator panel.
If the connections are not verified, damage to the annunciator logic could result
upon powering up either or both cabinets.

743059
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SECTION II.

%.

OPERATION

& -

2.1 AREA MONITORS.

Pi ')RlPjfi2.1.1 855 Series Area Monitors.

2.1.1.1 General _ Description. See Table 2-1.

An 855 Series G-M Area Monitoring System includes a number of channels, each of
which detects, indicates and initiates alarms in response to radiation.

The readout module / detector combination may be designed for HI, MED or L0 ranges
of activity The HI range covers 1 mR/hr to 105 mR; the MED range 0.1 mR/hr to
104 mR/hr; the L0 range 0.01 mR/hr to 103 mR/hr. In each range the radiation
indication is presented on a 5-decade log meter on the readout module front panel.
Simultaneous meter readouts may be presented at one or more field units and computer
outputs. The recorder outputs are O to 10 mV and the computer outputs may be
connected for 0-50 mV, 0-IV or 0-SV. The computer outputs have been furniched
connected for 0-50 mV output. -

Each readout module incorporates two independently adjustable electronic comparator
type radiation alarm trips. The alarm trips operate an audible annunciator system
and a light on the readout module front panel. Each alarm may be connected to one
or more remote field alarm boxes. Each radiation alarm trip causes a 4 PDT relay

. to energize, which, in addition to controlling the alarm annunciation system, has
contacts available for customer use.-

The readout module front panel controls and indicators consist of the following:
I

- A. The Panel Meter.
.

B. Function Switch - This is the only rotary switch on the front panel. It

turns the module on and off, selects the operating conditions and allows alarm set
poin's to be indicated by the front panel meter.

C. Green Button / Indicator - Green (Fail) light off indicates power is not
available to the module, the module is in the off state or a module or detector
failure. Green light on indicates normal module / detector functioning. Pressing the
green button activates the check source. -

D. Amber Button / Indicator - Amber indicator on indicates alert radiation alarm
trip. Amber indicator off indicates alert radiation alarm is de-ener5ized. Amber
button pressed while function switch ,is et ALARM, displays alert alann set point *

on meter. Button pressed with function switch at OPER. resets the alert radiation -

alarm if the displayed radiation level on the meter is less than the alert alarm set'
point. The alarm reset function is not applicable if the alarm is being operated on
the automatic reset mode.

.

E. Red Button / Indicator -Red indicator on indicates high radiaticn alarm trip.
Red indicator off indicates high radiation alarm is de-energized.' Red button pressed
while function switch is at ALARM, displays high alarm set point on meter. Button
pressed with function switch ct OPER. resets the high radiation alarm if the dis-

fi .
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played radiation level on the meter is less than the high alarm set' point. The
alarm reset function is not applicable if the alarm is being operated in the auto-
-tic reset mode.

. .

2.1.1.2 Performance Specifications.

2.1.1.2.1 Detector / Readout Module.
~

Ranges: 5-decade; 10-2mR/hr to 103mR/hr; 10-ImR/hr to 10 mR/hr; 1mR/hr to4

105mR/hr
Accuracy: Each decade - within +20% of reading

_

Circuitry: Solid state except G-M and HV regulator tubes
Response: Gamma radiation
Energy Dependence: +15% from 100 kev to 2.5 MeV
Direction Dependence? Less than 30% from any direction
Detector Type: Geiger-Mueller (G-M) tube

0Temperature Limits: Readout Module; 320F (00C) to 120 F (49oC). Detector;

-200F (-20oC) to 1400F (600C)
Humidi ty: Readout Module; O to 95%- Detector; 0 to 100%.

Radiation Alarms: Two (2) alarms, ALERT and HIGH, independently adjustable
across the range of the readout module; reset is manual or automatic - jumper selected

Fail Alarm: Non-adjustable; autcmatic reset only
Internal Alarm Relay Contacts: DPDT, 5 ampere resistive at 120V ac
External Alam Relay Contacts:

inductive at 125V dc
-

4 PDT,10 amperes inductive at 120V ac, I ampere
-

Recorder Output: 0 to 10mV, +3%
Computer Output: 0 to 50mV, 0 to IV, O to.5V, +3%

- -
(sInput Power: 120V, 1 phase, 60 Hz; +15%

Internal Power Supplies: +600V de regulated, +16V; +22V de unregulated, +3V;
+10V de regulated, +0.5V; -6.8V de regulated, +0.5V

_ g

Readout Module Terminations: Rear panel teminal strips
Detector Terminations: AN3102-18-1P connector or equivalent
Detector Dimensions: 3 in. (7.63cm) diameter; 6-1/2 in. (16.Scm) high
Detector Weight: 1 pound (0.45 kg)
Detector Mounting: Wall bracket
Readout Module Dimensions: 5-5/8 in. (14.4cm) wide, 3-1/2 in. (8.90cm) high,

11-1/8 in. (28.3cm) deep
Readout Module Weight: Approximately 3 pounds (1.36 kg)
Readout Module Mounting: 848-3 single channel enclosure or 848-1 rack chassis -

2.1.1.2.2 Local Alarm, 858-1.

Visual Alams: ALERT (amber light); HIGH (red light). Both lights are 1 inch
(2.54cm) square and mimic readout module alarm lights

Audible Alarm: Horn which activates with either alarm light
Temperature Limits: -200F (-2900) to 1400F (60aC) -

Humidity Limits: 0 to 95%
Enclosure: Heavy duty industrial junction box with wall mounting flange
Dicensions (not including horn): 7 in..(17.8cm) square; 4 in. (10.2cm) deep
Weight (not including horn): 4-3/4 pounds (2.15 kg)
Alarm Horn Dimensions: 4-1/2 in. (11.4cm) square; 3 in. (7.6cm) deep
Alarm Horn ~ Weight: 1-1/2 pounds (0.68 kg)

- -
-

_.
_
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Z'.1.1. 2 . 3 Local Alarm / Indicator; 858-2 (L0 Range), 858-3 JMED Range).

Visuoi Alarms: ALERT (amber light); HIGH (red light). Both lights are 1 in.

(2.54cm) square and mimic readout module alarm lights
Audible Alarm: Horn which activates with either alarm light
Temperature Limits: -200F (-290C) to 1400F (60cC)
Humidity Limits: 0-95%
Enclosure: Heavy duty industrial junction box with wall mounting flange
Dimensions (not including horn): 7 in~. (17.8cm) square; 4 in. (10.2cm) deep
Weight (not including horn): 5 pounds (2.27 kg)
Panel Meter: 3-1/2 in. (8.89cm) wide with 5-decade display
Alarm Horn Dimensions: 4-1/2 in. (11.4cm) square; 3 in. (7.6cm) deep
Alarm Horn Weight: 1-1/2 pounds-(0.68 kg)

2.1.1.2.4 Single Channel Readout' Enclosure, 848-3.

Application: Houses one area monitor readout module
Mounting: Rubber pads for sitting on bench or shelf
Dimensions: 4-1/2 in. (11.4cm) high, 6-1/2 in. (16.5cm) wide,12-1/2 in. (31.6cm)

deep
Weight (less_ readout module): 5-3/4 pounds (2.6 kg) -

2.1.1.2.5 Rack Chassis, 848-1.

Application: Mounts in standard 19-inch relay rack and accepts up to three area
monitor readout modules

Dimensions: 3-1/2 in. (8.4cm) high,19 in. (48.3cm) wide,12-1/2 in. (31.6cm)
deep

Weight (empty): 7-3/4 pounds (3.5 kg)

2.1.1.2.6 ' Blank Readout Modele Panel , 858-4.
f

Application: Cover blank rack chassis spaces
Dimensions: 3-1/2 in. (8.9cm) high, 5-5/8 in. (14.4cm) wide
Weight:. 1/2 pound (0.23 kg)

2.1.1.2.7 Detector Cable, 848-6-5.

Type: Multiconductor, waterproof outer insulation
Conductors: Refer to engineering drawing 848-6-3
Outer Diameter: 1/2 in. (1.27cm) .

U UTemperature Limits: -400F (-400C) to 158 F (70 C) '7,} JOG |C

2.1.1.3 Start-Up Procedure.

The start-up procedure assumes; th6 unit has been correctly installed including the ,

detector and any field alarm boxes, cabling has been correctly termirated, correct
power is available to the readout module.

A. Rotate the function switch to OPER. The green light should come on and the .

meter should begin giving upscale readings. It may be necessary to activate the
check source momentarily by pressing the green button for the meter to begin indicating.

B. Allow the unit to operate for a few minutes and actuate the check source. See
_

paragraph 2.1.1.5. After the check source reading has stabilized compare it with
,

. .s
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that noted in most recent calibration data sheet. It is normal for radiation indi-
cations on the module front panel meter including those from the check source to

' vary slightly am nd the actual reading. The meter variations should be averaged to
approximate the arrect reading.

,

C. The radiation alarm set points may be adjusted by the procedure in Section III.
See Section III if set point changes are required.

2.1.1.4 Shutdown Procedure.

,
Rotate the function switch to off.

.

2.1.1.5 Design Data and Description. .

2.1.1.5.1 Detector.
"

The 855' Series Area Monitors use Geiger-Mueller (G-M) tubes as radiation detectors. A
G-M tube basically consists of a positive electrode (anode) surrounded by a negative-

. electrode (cathode). The anode is usually a metal wire or rod running down the center
of the tube. The cathode is usually a metal cylinder which actually forms the body
of the tube. Within the tube is a mixture of rare gases and a quenching agent. For
use with the 855, a potential of 600 volts dc is applied between the tube electrodes.

Beta radiation striking the tube will interact with the tube wall liberating ions,
or will liberate ions from (ionize) the internal gas directly. Either interaction is
called a primary event. The potential (600V de) difference between the electrodes
will cause the freed electrons (negative ions) produced by the primary event to be

ionization. The secondary ionization process continues creating more and more. free ,(s,
ccelerated through the gas mixture toward the anode. Some of. the accelerating

' _ alectrons will strike gas molecules causing additional ionization called secondary

electrons (gas amplification) which also accelerate towai d the anode. The large
number of electrons arriving at the anode is sometimes called an avalanch. The
avalanch is a result of the tube gas amplification of the primary event electrons

. accelerating through the gas mixture. The avalanch of electrons arriving at the
anode produce a current pulse at the tube electrodes. The number of current pulses
produced per unit time is proportional to the radiation intensity (number of primary
events per unit time) at the G-M tube. To accept additional primary events, the
ionization within the tube must cease following each current pulse. This action
called quenching is assisted by a gas mixture containing a quenching agent which
serves to reform or heal the ionization paths of the accelerating electrons follow-
ing passage through the gas mixture. The time required for a G-M tube to respond to
a primary event and quench is called dead time. Additiorial primary events cannot be
resolved since they will be masked by the a'ctivities 'al' ready taking place within the
t~ub e.

' -

.

~

It is possible for a G-M tube to be exposed to a number of primary events so great
.

that the tube dead times overlap and the tube cannot recover from one event before
another occurs. This results in continuous conduction of the tube called saturation
(or jaming) and unless special anti-jam circuitry is employed, could cause a radi-
ation reading of zero at the reacout module while very high radiation levels existed

.

at the detector. A zero reading would result because the indicator circuitry counts
culses and a G-M tube in continuous conduction producfs a steady current rather than

series of pulses. The 855 series area monitor readout modules do incorporate anti
. Jam circuitry described in paragraph 2.1.1.5.2. ~

-

- - 7MOGD
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Gamma radiation acts on the G-M tube through Compton ScattSring, Pair Production
of Photoelectric Effect. Any of the preceding processes will cause affected atoms

f' or molecules to give 90 one or more electrons. Since electrons are, by definition,
( beta particles, the tube reacts as described in the preceding paragraph.

The detector assembly includes a radium check source which may be actuated
from the readout module to verify the ability of a channel to respond to radiation.
Under normal conditions it is unreasonable to expect to see an increase in the read-
out module meter reading due to check source actuation if the meter reading prior to
check source actuation is equal to or greater than 2 times the expected check source
reading. -
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Figure 2-2. Detector-Pulsa Schematic and Anti-Jam Circuitry
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%

2.1.1.5.2 Detector Circuitry. See Figures 2-2, 2-3, 2-4, 2-5 and 2-6.
' ~ Pulses from the G-M tube are fed to the pulse amplifier and anti-jam circuit.

The pulse amplifier Q1 is a transistor switch triggered from G-M tube V1. When

743064 2-5-
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2.1.2. 845 Series Area Monitor.
''

. .,

2.1.2.1 General Description. See Table 1-1.

The 845 Series Area Monitor is used to monitor gama radiation levels in the
actor building dome. The 847-1 detector is installed in a special 904120 housing

with stainless steel walls and a 2-inch lead shield for extended radiation level
response. The 846-1 readout module is located in panel 12. The radiation alarm
system of the readout module is connected into the evacuation alarm system. See
drawing 905474.

The radiation level is presented on the readodt module panel meter and also as
recorder and computer outputs from the unit. The recorder output is 0 - 10mV and
the computer output is 0 - 50mV. ''

The readout incorporates two independently adjustable electronic comparator type
radiation alarm trips. The alarm trips actuate the audible annunciator system and a
light on the readout module front panel.

The readout module front panel controls and indicators consist of the following:

A. The Panel Meter.
.

B. Function Switch - This .is the only rotary switch on the front panel. It turns
the unit on and off, selects the ranges to be displayed and activates the check source.

C Amber Button / Indicator - Light on indicates alert radiaten alarm trip.
Button pressed causes meter to indicate alert alarm trip set point.

D. Red Button / Indicator - Light on indicates high radiation alarm trip. Button -

ssed causes meter to indicate high alarm trip set point. ~
-

s

E. Green Button / Indicator - Green light off indicates' a power supply or collector
supply voltage failure. Green light on indicates normal unit functioning. Green
button pressed resets either or both radiation alarms.

. _._
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2.1.2.2 Performance Specifications.

2.1.2.2.1 Detector / Readout Module.

7 2 3Ranges: 8-decade:
0.1mR/hr to 10 mR/hr;7mR/hr

3-decade: 0.1 to 10 , I to 10 ,
10 to 10', 102 to 10 , 105 3 to 10 , 104 to 106

Accuracy: Decade accuracy will be within +10%
Circuitry: All solid state

-

Type of Radiation: Gamma or X-ray
Energy Dependence: +10% from 80 kev to 3 MeV
Directional Dependen7e: Less than 10% from any direction with 60 oC
Type of Detector: Dual coaxial ionization chamber filled at atmospheric pressure
Pressure Limits: 15 psig, for both detector and readout module
Temperature Limits: Detector: -200C to 600C (-40F to 1400F); Readout Module:

0 00 C to 60 C (32 F to 140 F)
Humidity: 0 to 95% for both readout module and detector
Alert Alann: Adjustable trip level, indicated by meter deflection when alert light

is pressed ~

High Alarm: Adjustable trip level, indicated by meter deflection when high light
is pressed

-

Internal Alarm Contacts: One (1) set of Form C (SPDT) contacts rated at 115V de,
5 amperes for each alann: fail, alert, and high

Alarm Level Adjustment: Both the high and low level trip points are adjusted by
means of a 15-turn potentiometer, located on the printed circuit board.

High and Alert Alarm Reset: There are two modes of reset available. The' standard
made is a latching type alarm action with manual reset, reset for either alarm is by
pressing the green (fail) light. The system can be converted to automatic reset by

/ removing a jumper on the readout module printed circuit board. In this made the\
alarms will automatically reset when the radiation levels drop below the trip level
set points /

Fail Indicator: Indicates a failure in the system power supply, the bias supply,
the collector power supply, or loss of power. The indication is by means. of the green
light turning off c.y

Recorder Output': 0 to 10mV, 10.14mV (Qlways indicating the full 8 decades)
Computer Output: 0 to 50mV, 10.68mV (Always indicating the full 8 decades)
Power Supply: 14.0V,110mV
Input Power: 120/240V, 115%, 47 to 65 Hz
Detector Connector: AN 3102-16-1P

,

Readout Module Cor.nector: Rear terminal strip
Detector Dimen:: ions: 7-3/4 in. (19.7cm) diameter,11-3/4 in. (29.9cm) high
Detector Housing Dimensions: 14-3/8 in (36.43cm) high, 21.95 in. (55.73cm) high
Readout Module Dimensions: 3-1/2 in. (8.9cm) high, 5-5/8 in. (14.3cm) deep

allowing 1 inch cable radius
Detector Weight: 5 pounds (2.27 kg) '

Detector Housing Weight: 550 pounds (250.25 kg)
Detector Housing (904120) Mounting: By customer
headout Module Weight: 3 pounds (1.36 kg)

2.1.2.2.2 Detector Cable 848-7.

Type: 6 conductor, shielded; outer insulation waterproof,' Alpha 1254
Outside Diameter: 0.35 in. (0.9cm)
Temperature Limits: -COC to 700C (-400F to 1580F)

QC)OUO
'

'
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2.1.2.3 Start-Up Procedure.
'The start-up procedure assuming the unit has been correctly installed including

the detector; cabling has been correctly terminated, correct power is available to the
readout module.

A. Rotate the function switch to ALL. A nearly fullscale meter deflection will
result which will require several minutes to fully decay. The initial deflection may
cause the radiatien alarms to trip. The alarms should be reset following meter decay.
See paragraph 2.1.2.3.F.

B. The range is selected with the function switch. The ALL position selects
the full 8-decade range which is displayed on the upper (red) arc of the meter.
Positions 102 thru 10/ select any one of six 3-decade expanded ranges. The 3-decade
ranges are read on the lower (black) scale of the panel meter. The number opposite

'the function switch pointer indicates the fullscale value of the 3-decade range
!; elected. Figure 2-17 shows the meter scale. If a function switch pointer indi-
cation of 105 is assumed the. meter indication must be read on the lower black meter
scale arc shown in Figure 2-17.

_.

]3 10' jf a

~
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. ...... m... ... .~, / d | REDj
eLAcx|

Figure 2-17. Meter Scale -

C. The check source may be activated by rotating the ftJncticn suitch to the
po.;; tion labeled C.S. Tr.e meter deflection indicates the actual radiation intensity
of the check source. Upon de-energizing the check soLrce, ';he green pushbutton lignt
should be depressed to avoid activating the alarm (if it is set below the reading of
the check source). Since the check source is an actual response to external radiation,
the recorder outputs will indicate the check source rcadings.

D. The amber alert alarm light will turn on when the radiation intensity exceeds
the preset level. When the amoer light is depressed, the meter pointer deflection
will indicate the value of the preset level. This meter deflection can be read on
any range and will not be indicated at the. recorder outputs.

'E. The red alarm light will turn on when the radiation intensity exceeds the
preset level. The preset level will be indicated by the meter deflection when the red
pushbutton light is depressed. This valus can be read on any range and will not be
indicated on the recorder output. -

F. The manual llarm reset mode is the mode in which the alarms will lock after
they exceed their preset levels. Depressing.the green (fail light) pushbutton light
will reset both alarus. -

G. To switch either or both alarms to the automatic reset mode of operation, a
iper(s) located on the printed circuit board of the readout module must be removed.

m this mode of operation the alarm (s) will trigger when the radiation exceeds the
3preset levels, and automatically reset when. the radiation intensity falls belcw the \.

preset level.
741)OG7.
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2.1.2.4 Shut-Down Procedure

Rotate the function switch to 0FF.

2.1.2.5 Design Data and Descriptions.

2.1.2.5.1 Detector.

An ion chamber detector was chosen because; 1) it has the ability to produce flat
Roentgen response; 2) it has an excellent dynamic range and; 3) there is an absence
of jamming at high radiation intensity levels. Next, a brief explanotion will be given of
how currents are fonaed within the chamber. These currents (by definition) reveal the
radiation intensity in Roentgens per hour.

Figure 2-18 is a basic ion chamber circuit. The outer walls are connected td a high
voltage source which is called the collecting voltage. The center electrode is referred
to as the collecting electrode, and is supported from the walls by guarded insulators.
The guarding serves to prevent any leakage currents (from the high voltage through the
the insulators) from being read at the collecting electrode. These currents are inter-
cepted by the guard ring which by-passes them to ground. Another function of the guard
ring is to. shape the electric field in the region around the collecting electrode.

O

CUARCED INSULATOR
INSULA 1DR CUAHO

,

.

'\ 3" f| .
,

.

: |
i-

I !e,
__

,

9I COLLECTION ,

VOLTAGE
SUPPLY

i

"h I

% CCLLECTING _::-ELECTRODE |
1

'
I

i.
~

.

~
!

l

;

-TM
LIN5utATexcuAnoEo.

:- |NSUL ATO R J GUARD

,

' Figure 2-18. 847-1 Detector Ion Chamber Schematic
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When the chamber is exposed to radiation, one or more electrons are , removed from a number
the gas molecules wi, thin the chamber. The result is the fonnation of free electrons
d mitive charged ions. The behavior of these charged particles depends on the chamber, I

e tric field and type of gas within the chamber. The free electrons drift toward the
electrode making many collisions with the gas molecules, the drift being in ast. .:

rection away from the chamber wall. The positive ions drift in the opposite direction.
e net result of these drifting charged particles is a current flow which can be measured
tween the collecting electrode and ground. The amount of current depends on the amount
charge collected per second, which in turn, depends on the radiation intensity.

- CCLLECTICH VCL TAGE R

A - vvs,
i *

\c

TO
COLLECTIN G /

> AMPLIFIERS
CASCADEC> < -A

\ELECTRODE . .e-

O IMPEDANCE

f .I switch -

h CHAMBER'U" C"*"''" * :5 T1 E e

I CAPACITANCE c P R E AMPLIFIE R }
I o
I

'
I

Figure 2-19. 847-1 Detector Schematic - (',,

/

The 845 system detector is a dual coaxial ion chambc with a' high and low range ion
reent output. The high range covers the highest four decades while tne low range covers
e lowest four decades. The chambers operate synchronously, each output is measured in
like manner. The output ionization currents are measured by averaging or integrating
emm over a constant recycling time interval. Therefore, the magnitude of constant
petition rate pulses are measured. The mechanism chosen to produce these pulses is
scribed in next paragraph.

A high impedance switch is placed between the collecting electrode and a charge
nsitive preamplifier. This switch is normally open, it closes for a duration of 4
lliseconds at a rate of 3 times per second, see Figure 2-19.

During the 3/3 of a second time interval, in which the switch is open, the !anization
rrent I charges the| chamber capacitance to,a value proportional to the radiation -

o
t ensi ty.' When the switch closes the charge is transferred to the charge sensitive
plifier, resulting in a positive pulse at its output, with a cecay determined by the
me constant of R and C. The peak magnitude of that pulse is dependent on the collected
arge and the value of feedback capacitor (C) in the charge sensitive amplifier.
gure 2-20 shows all wave forms and illustrates how the output is derived. .

If C and T are held constant, then the output pulse is directly proportional to the
.

n' ' ion current. Thus, by definition, a measurement of the pulte magnitude is a
a nent of the radiation intensity. Figure 2-21 shcws the block diagram of the ''

mpiete system. Remember that the two chambers operate synchronously, each with the D'
me type of electronic measuring system. Only one chamber system will be discussed.
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Figure 2-20. 847-1 Detector Waveforms

The two guarded cylindrical chambers are arranged with chamber 2 in the center of
~

chamber 1, the collecting electrode of chamber 1, being a cylinder surrounding the ,

tube which holds the smaller chamber 2 in place.

The theory of how the pulses are famed by the high impedance switch, the ion chamber
charged output capacity and the preamplifier has already been preccated. The magnetic
coupling and switch drive block will be described in paragraph 2.1.2.5.2.

The amplifier subsystem function can be detailed in another block diagram as shown
in Figure 2-22. Pulses from the charge sensitive amplifier of the chamber are amplified
by three cascaded pulse amplifiers having gains of nine, ten and ten respectively. Each
of the cascade amplifiers has its output voltage limited or clipped by the diode CR,
the clip voltage level being set at 9.0 volts. The output voltage pulses from each cascade -
amplifier are converted to current pulses by virtue of the series resistor R , theo
resulting current pulses ~ are summed at the summing amplifier. It can be shown* that the
output of the summing amplifier of this type of system is a composite pulse, whose peak
value is related to. the radiation intensity in a discontinuous-linear manner. The gain
of the summing amplifier is adjusted to result in an output pulse magnitude of 1 volt
- - decade of radiation intensity. ,

-

* Reference: 1. Chapman, R.; Rec' order Preamplifier for Displaying Three Decades On One
Linear Scale. RSI 37: 12, 1966.
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Fail . indicator drive Q9 is just a switch which turns the indicdtor on when an

input signal is present. .

i

Regulated 14V supply consists of a series regulating element, Q11 with driver Q10, (~
driver is fed from the differential amplifier Q12 and Q13. Q14 provides a

constant current for Q13. The reference CR14 is temperature compensated by CR12 and
CR13.

2.1.3 Evacuation Alarm System. See ' Drawing 904550, Sheet 11.

The evacuation alarm system consists of three Klaxton type alarm horns plus the
actuating circuitry. The horns may be energized from a pushbutton in the control
room or high radiation alarms from area monitor channels HP-R-209, HP-R-210, HP-R-211,
HP-R-212, HP-R-213, and HP-R-214. The alarm, once actuated by any of the above
means, can be silenced only frcm a pushbutton in the control room. ~

Victoreen has only supplied the alarm horns, pushbutton and drawing 905474 showing
the suggested hook-up of the alarm components and therefore, cannot guarantee the
proper installation or wiring of the evacuation alarm system.
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2.2 , PROCESS MONITORS. . .

*

_.
2.2.1 842 Series Ratemeter. See Figure 2-31.

2.2.1.1 General Description. See Table 1-2.

The842SeriesRatemeterscompriseaportionoftheprocessmonitoringsystem./
The ratemeter is in most cases installed in p~anel 12 although a number of the
ratemeters are field mounted in their res-pectiv = sampler enclosures as noted in
Table 1-2.

6The ratemeters are available with either 5-decade (10 cpm to 10 cpm) log or
linear readouts with or without single channel analyzer optional circuit boards J
installed. Simultaneous mett:r readouts may be presented at one or more field
indication / alarm units. ,

The ratemeters will accept and process input signals from any of the 843 Series
Radiation Detectors; alpha, beta or gamma scintillators; end-window or thin wall
G-M tubes. Signals from the 843 series detectors are processed by the ratemeters to
provide a front panel meter indication, a 0 to 10mV recorder output, a 0 - 50mV
computer output which may be altered for either a 0 to IV or 0 to SV output, two
independently adjustable electronic comparator type radiation alarm trip circuits,
and a fail alarm circuit which indicates channel malfunction.

The radiation alarm trips provide outputs to 4PDT relays which, in addition to
controlling the alarm annunciation system including field alarms, have contacts
available for customer use.

The fail alarm continuously monitors the performance of the channel (ratemeter/
( detector combination) and trips if any portion of the detector . pulse processing,

power supply or analog output circuitry should malfunction. The fail alarm output
is similar to that described above for the radiation al'nms. Note that the fail
alarm trip point is not user adjustable.

Each channel operates from its own integral high and low voltage power supplies.
All controls which may adversely affect the ratemeter operation are located internal-
ly making access more difficult.

Two operational tests have been designed into the ratemeter. A calibration
(CAL) oscillator provides pulses for an electronic calibration of the signal pro-

4cessing circuitry. The CAL frequency of approximately 6 x 10 cprq when routed to
4the ratemeter input, cause a 6 x 10 cpm meter indication from a correctly function-

ing ur.it. A radioactive check source near the detector is actuated.from
the ratemeter front panel causing an ~ upscale response from a correctly functioning
channel.

The 500 to 2500V adjustable high voltage.(HV) power supply provides the required
voltage for operation of the 843 series radiation detectors. The actual HV setting
is determined during factory calibration of each channel.

The recorder and computer output circuitry includes protective devices to
preserve the integrity of the module alarm and indicator functions in the event of
up to 120V ac or de taults occuring on either or both the recorder and computer
output. .

749072
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Plug-in circuit boards have been provided for easy maintenancc-of the ratemeter.
There are three plug-in boards; ratemeter circuit _ board, alarm circuit board and the
optional analyzer circuit board in addition to the mother board which contains the (

wer supply and signal routing components plus connectors for the three plug-in -

..

aards.

The mechanical configuration of the ratemeter allows side by side mounting of two
ratemeters in a standard 19-inch relay rack with a rack chassis adapter. A ~ singl e

ratemeter enclosure is also available. , ,_ _

The ratemeter front panel controls and indicators consist of the following:

A. The Panel Meter - A 4-1/2 inch, 5-decade meter providing either a linear or
logarithmic count rate (counts per minute) scale plus a 0 to 2500V HV scale. The

4count rate output scale also provides a CAL indication mark at 6 x 10 cpm. ,

B. Function Switch - This is the only rotary switch on the front panel. It

turns the ratemeter on and off, allows the high voltage reading to be. displayed on
the meter, allows the CAL signal frequency to be displayed on the meter and allows the
radiation alarm set point-s to be displayed on the meter.

~

C. Check Source Button - Pressing will cause the channel detector to be exposed
'o the check source and an upscale meter reading will result from a properly function-
ing channel. Care should be taken that enough time .is allowed with the button pressed
for the channel to respond to the check source. A sharp upscale meter indication is
not unusual when the button is pressed or released and is caused by inductive ringing
in the check source circuitry.

( ) D. Green Button / Indicator - Green (fail) light off indicates power is not ('dVailable to the ratemeter, the function switch is off, a ratemeter or detactor failurt:
has occurred, or the green indicator lamp has failed. Green light on incicates normal
ratemeter/ detector functioning. Pressing the green button will rese th radiation
alarms if the displayed radiation level is below the alam set points and it
manual alam reset mede has been jumper selected on the alarm circui'. aoard. I h.2

alarm reset function is not applicable if the alams are being operated in the
automatic reset mode.

E. Amber Button / Indicator - Amber indicator on indicates alert radiation alarm
trip. Amber indicator off indicates alert radiation alarm is de-energized. Amber
indicator of.f but alarm relay tripped indicates a failed amber indicator lamp. Amber
button pressed while function switch is at CAL causes the alert alarm set point
to be displayed on the module front panel meter. Note that the alarm set point is

displayed only with the button pressed - CAL is indicated with th'ej button released,.

F. Red Butten/ Indicator - Red indicator on indicates high radiation alarm trip. *
Red -indicator off indicates high radiation alarm is de-energized. Red indicator
off but alarm relay tripped indicates a fail red indicator lacp. Red button pressed
while function switch is at the CAL causes the high alarm set point to be displayed
on the module front panel meter. Note that the alam set point is displayed only
with the button pressed - CAL is ind,icated with thei button released.

'
2. 2.1. 2 Performance Specifications.

2.2.1.2.1 Ratemeter.

Voltage Requirements: 100-130/200-23CV ac, 50 - 60 Hz

7 @ 073-
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Power Consumption: 10 watts s
~

Operating Temperature: 320F (00C) to 1300C (550C)
Dimensions: 5-1/4 in. (13.3cm) high, 8-1/2 in. (21.6cm) wide,13 in. (33.0cm) deepm

Two units can be mounted side by side in a Model 844-7 rack chassis, which in turn,
mounts in a standard 19-in'. (48.3cm) relay racks

Meter:
6Black 10 - 10 cpm, log or linearScales:

Red 0 - 2500V de
Accuracy: +2% of full set.le
Size: 4-1/7 in. (11.4cm)

Front Panel Controls:
Function Switch: 0FF, CAL, HV, OPER. positions
Check Source Button
ALERT Alarm Button / Indicator: amber lens
HIGH Alarm Button / Indicator: red lens .

FAIL Alarm RESET Button / Indicator: green lens
'

Outputs:
Fail, Alert and High alarm trips,1PDT relay contacts actuating 4PDT alarm

transfer relays
Computer: 0 - 50mV, 0 - IV, 0 - SV -

Recorder: 0 - 10mV _

Power Supplies:
High Voltage: regulated, adjustable 500 to. 2500V ac at 100uA
Low Voltage: -0.2V de regulated, +16V de regulated, +25V dc unregulated

2.2.1.2.1.1 Ratemeter Circuit Board,

6Range: 10 - 10 cpm,

( ) Sensitivity: 200mV
- Input Pulse Polarity: Negative (-)

Input Impedance: 120 ohms at SIG. terminals
fDiscriminator Level: 0.2 - 5.5V adjustable

Calibration Oscillator:
.

Repetition Rate: 60,000c
Amplitude: negative (-)pm, nominal

-

6V

,2.2.1.2.1.2 Analyzer Circuit Board.

Sensitivity: 100mV
Input Pulse Polarity: Negative (-)
Resolution: 10usec
Gain: 1 to 6, adjustable
Window Width: 50 mV to integral
Base Line Range: 0 - 5.5V

.

2.2.1.2.1.3 Alarm Circuit Board. *

Accuracy: +5%
Contacts : TPilot duty to activate alarm transfer relays. See paragraph

2.2.1.5.4.1. 5 amperes at 120V ac resistive

2.2.1.3 Start-Up Procedure.

. The start-up procedure assumes; the channel has been properly installed including
, detectors, but with the detector high voltage lead properly disconnected, see 3.2.3,

.2-39
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"2.7. 2.1 General Description.

~ The 843-30 Gamma Scintillation Detector consists primarily of a sodium crystal
-(NaI) scintillation crystal optically coupled to a photomultiplier tube, a preampli-

fier and a metal housing. This detector is operated as part of a channel which also
includes a companion. 842 Series Ratemeter and a sampler which provides shielding and
mounting for the detector.

2.2.2.2 843-20 and 843-20A Beta Scintillation Detectors. See Figure 2-52.

The 843-20 and 843-20A Beta Scintillation Detectors consist primarily of a beta
sensitive plastic crystal optically coupled to a photomultiplier tube, a preamplifier
and a metal housing. These detectors operate as a part of channels which also
include a companion 842 Series Ratemeter and a sampler which provides shielding and
mounting for the detector.

'

2.2.2.2.1 Performance Specifications.

The beta and gamma detector performance specifications are the same except for
the scintillation crystal.

_.

Housing: Weatherproof
Dimensions: 12 in. (30.5cm) long; 2.5 in. (6.35cm) outer diameter
Weight: 3 pounds (1.36 kg)
Photomultiplier Operating Voltage: 500 to 1400V (maximum)
Photomultiplier Operating Current: 100 microamperes (maximum)
Photomultiplier Resolving Time: 3 microseconds

', Pgotomultiplier Output Pulse Polarity: Negative (-)
HV Connector: MHV Series UG 931/U's

Signal Connector: AN3102E-1CS-1P
/Preamplifier:

Operating Voltage: +16V dc
Operating Current: 33 ma de
Input Impedance: 56 kohms
Output Impedance: 9.3 chms
Input Pulse Polarity: Negative (-)
Output Pulse Polarity: Negative (-) s

Signal Level: 0 - 5.5V-peak
~

Gain: Approximately 25
Beta Detector Scintillation Crystal: NE 102; 2 in. (5.08cm) diameter by 0.1 in.

(0.25cm) thick -

Temperature Limits: 320F (00C) to 1200F (500C)
Gamma Detector Scintillation Crystal: Nal; 1.5 in. (3.81cm) diameter by 1 in.

(2.54cm) thick
Temperature Limit s: 320F (00C) to 1200F (500C) gradient must. be less than

400F (100C) per hour

2.2.2.3 Start-Up Procedure.

There are no special procedures for the 843-30 gamma or 843-20, 843-20A beta - .

detectors as they will be used as part of a channel with the companion 842 Series
Ratemeters. Refer to paragraph 2.2.1.3 for start-up of the ratemeter.

7c075~
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2.2.2.4 Shut-Down Procedure. 1.

Same as noted above in paragraph 2.2.2.3 except refer to paragraph 2.2.1.4 for-s

emeter shut-down procedure..(
2.2.2.5 Design Data and Description.

The primary differences between gamma and beta scintillation detectors are in the
crystal structure and the mechanism by which the crystal interacts with various types
of radiation to give off pulses of light.

2.2.2.5.1 Gamma Scintillator. See Figure 2-53.

Sodium iodide (NaI) crystals as used in the 843-30 gamma scintillation detector
emit pulses (photons) of light when photons from radioisotopes. entering the crystal
interact with atoms of +he crystal. The magnitude of the light pulse emitted by the
crystal for a single ra . ation input event is dependent upon the characteristic gamma
energy of the photon eni ing the crystal and which of the following conversion
processes occurs.

.

1) Pair Production - an absorption process for X and gamma radiation .in which- the
incident photon is annihilated in the vicinity of the nucleus of the absorbing atom,
with subsequent production of an electron and positron pair. This reaction will only

occur for-incident photon energies exceeding 1.02 MeV. Energy greater than the 1.02
MeV required is imparted to the pair as kinetic energy which is presented to the
crystal via ionization causing light to be emitted. The position will eventually
combine with free electron (annihilation) and the energy of the two particles, in-
''iding rest energy, is converted into electrcmagnetic radiation called annih.ilation

( ,iation. This process is not very prevalent with photon energies less than 2 MeV. (
,

2) Compton Scattering 'an attenuation process observed for X and gamma radiation
in which an incident photon interacts with an orbital electron of a crystal atom to
produce a recoil electron and a scattered photon of energy less then the incident
photon. The recoil electron causes low energy secondary ionization of the crystal
atoms resulting in Compton Smear.

3) Photoelectric Process - a process by which an incident photon ejects an
electron from an atom. All of the energy of the photon is absorbed and imparts '

,

kinetic energy to the electron. The ejected electron travels an ionization path -

within the crystal resulting in a light output proportional to the incident photon
energy. ,

The photoelectric process is important because the proportional crystal light
output for a given incident photon energy input allows qualitative determinations to
be made of the isotope or isotopes near the sensitive portion'of the detector. Since -

each radicnuclide emits photons of characteristic energies, a device sensitive to the
characteristics of those photon energies may form the basis of either a quantitative
(gross or all energies) indicating system or a qualitative (analyzer or differential)
indicating system. See also the ratemeter section of this manual, paragraph 2.2.1.

~

The scintillation crystal is coupled to the sensitive portion of the photomulti-
plier (PM) tube via a lucite light pipe and optical coupling grease. Photons of

lht from the crystal travel through the light pipe and impinge upon the photo-
, ,.hode of the PM tube where one or more electrons are ejected.

.

.
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3.2.5.2.4 Disassembly.

To replace the carbon vanes or inspect the pump interior only the dead end
plate opposite the drive shaft end should be removed. Remove the end cap screws,'

end cap and rotor spacers. In models 1550 and 3040, the dowel pins may be driven k
through with a punch.

x
Tha bearing and bearing shim will come off with the end plate, but before

removing the bearing from the end plate mark the face of the bearing, DO NOT use
a sharp instrument, so it can be replaced exactly as removed. Take care not to
damage the felt seal washer when removing it. The end plate should be removed
with an end plate puller to avoid damage to the end plate or body surfaces.
Contact the! Gast factory for additional puller information.

With th'e pump interior accessible, remove the old vanes and insert the new
ones with the beveled edge fitting the bore. Also inspect the interior for
obvious signs of damage.

3.2.5.2.5 Assembly.

Loosen the end cap screws on the drive end before replacing the dead end plate.
Turn the pump to a vertical position, driva end down to permit the rotor to rest
flush on the drive end plate. If necessary, apply pressure on the dead end of .

the rotor shaft to help contact the . drive end. Replace tne dead end plate and
bol ts . lighten every third or fourth bolt around the circumference.

Insert the seal washer in the undercut and push the bearing shim and bearing
squarely down to the shaft shoulder with a pusher tool and arbor press. Replace
the spacers and end cap insuring all paint, dirt, burrs, etc. are removed from
the end cap and surface of the end plate. Insert and tighten the end can screws.

_

Return the pump to a horizontal position and tighten the end cap screws on the
drive end bringing the rotor back to the original position. Check by hand for
free rotor movement. If the rotor binds recheck the assembly procedure to insure
proper sequence of parts installation.

3.2.5.3 Other Mechanical and Electrical components.

... ..... ...... ... . ..
. . 'n

.
,

exception of the motor starter contact set. Other mechanical and electrical
components should be replaced rather than attempting repairs unless unforeseen
conditions dictate otherwise. Refer to Section IV for recunmended spare parts list.

3.2.6 Atmospheric Monitors

f.outine maintenance to be performed on atmospheric monitor systems consists
mainly of changing filters. Frequency of change will depend on usage (paper
opeed, continuous operation, etc.).

3.2.6.1 841-1 Continuous Filter Air Sampler. See Figures 3-27, 3-30, and 3-34.

The continuous filter air sampler will require filter changes on approxi-
mately a monthly basis. The exact interval will depend upon the filter advance
cycle selected and the number of fast advances performed.

?M0ti3
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.

CAUTION

The spent filter may contain radioactive
~

material and should be checked by health
physicist prior to removal.

3.2.6.1.1 Filter Change. '

1. Turn off the sample pumping system, isolate the monitor per the valve
sequence table of Figure 3-30, and remove the sampler lid by releasing the spring '

catches. Do not attempt to remove the sampler lid from the system with an oper-
ating vacuum pump.

p I" MANUALLY OPERATED
P BALL VALVE

TO IS0 KINETIC
No:rzlE

' dl k
'

'841-10/2 Pb
4n SHIEL.o \ FIS

843-hoA' O 6r- i

!d$k |i_,
i=

.

To
IODINE

_

.'al ve #1
Open Closed

Operate 0

Isaiate X

Replace Filter X

Return To Sampler 0

Figure 3-30. Ai:- Sampler Valve Sequence Table

2. Remove the takeup spool retaining nut and plate.

3. Remove the filter and place it in a suitable container.

4. Remove the lead shielding block from the top of the capstan drum by lift-
ing straight up.

5. Remove the retaining nut and washer from the supply spool. 7 @ (185,.
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.

6. Move the filter roll hub from the supply spool to the takeup spool ensur-
'

ing that it is properly seated in the notch.

7. Place the fresh filter on the supply spool and thread per Figure 3-32.
Insure the filter gauze backing side is toward the capstan before threading. s

8. Insure the filter is properly fixed to the takeup spindle or the spent
filter will not be properly wound during operation. .

9. Replace the takeup plate, retaining nut, and lead shielding block, being
careful to properly position the lead shielding block with respect to the align-
ment pins, the supply washer, and retaining nut.

10. Operate the fast advance controls until satisfactory filter motion is .
cbserved.

11. Replace the sampler lid, return the valves to the operate position, and
restart the pump.

3.2.6.1.3 Decontamination.

It is possible during filter change and from normal use for a small ar.ount of
radioactive material to build up on various parts near the sample inlet and filter
paper. Periodically health physics personnel should survey the interior of the
sampler with the filter removed. If decontamination is required, it should be
performed by persons cognizant of decontamination procedu'res and methods. The
unit should not be disassembled unless absolutely necessary for successful de-
contamination and even then, remove as few parts as possible to complete y ntamin- )
ation.

3.2.6.2 841-2 Iodine Sampler.

The iodine filter should be changed as required by the iodine ratemeter reading
or standard plant operating procedures.

,o e n , en ,. ru,.,o

1. Shut down the pumping system and/or isolate and by-pass the iodine sampier
by sequencing the valves as shown in Figure 3-31.

2. Loosen the 2 bolts fixing the filter holder to the sampler. See Figure
3-33 and remove the holder by turning to the left and pulling straight out of the ,

shield.

3. Unscrew the top portion of the filter holder and remove the iodine filter
cartridge.

4. Replace the spent cartridge with a fresh one and reverse the above pro-
cedure to return the unit to service.

3.2.6.2.2 Decontamination.

If decontamination is required, follow the steps (y
Contamination of the iodine sampler is very unlikely and if suspected should

be surveyed by a health physicist.
3.2.6.2.1 and decontaminate the unit while the filter is removed. Only persons
cognizant of decontamination procedures and methods should attempt decontamination
of the unit.

, ,n



I t-- - - PA FIS

%F3 | 2,g ,

'

NNx w\
|

-\ 843-30I- - - N \

M \\\
.. - _

4 Tr SHIEl.DED B41-2
W/2"Pb - 3'Pb CN
hP- R - 219 '

Valve Valve Valve
#1 #2 #3

Open Closed Open Closed Open Closed

Operate 0- 0 X

Isolate X X 0

Removed X X 0
Cennection

.

Return To 0 0 X

Service

Figure 3-31. Iodine Sampler Valve Sequence

3.2.5.3 841-33 Gas Sample >.

The gas sampler used in the atmospheric monitoring system carries the same
sample volume as that of the liquid monitors. The only maintenance which may be
necessary to the gas samplers would be air purge and/or decontamination of the
.. _,. . . , . . _ _ _ 2 .. ......u. 4.,4 4,. ; u.. -__..,.,,,g,,,g,,,,,,,,.%. So
...c a- a .

If decontamination of the sample volumes becomes necessary they must be pro-
cessed per paragraphs 3.2.3.1.4 step 2 through 10, following shut down and isolation
of the gas sampler per Figure 3-29.

3.2.6.4 844-1 Pumping System.

The pumping system is identical to that covered under paragraph 3.2.4.2 which
should be referred to for maintenance details. Shut down the pumping system and .

isolate the atmospheric monitors per Figure 3-27 prior to performing any pump
maintenance.

3.2.6.5 Local Control Panel.

Maintenance of the local control panel will be limited to indicator lamp replace-
ment and relay replacement due to contact wear.

749087
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Figure 3-32. Continuous Air Sampler

3.2.6.6 Sample Flow Control System - Automatic Atmospheric Monitor.

The flow control devices used on the automatic isokinetic atmospheric monitor
are covered in the manufacturers catalog section of this manual. Refer to the
vendors manuals for maintenance details. Also refer to drawing 904549, sheets 1,
2, 3, and 4 and Figure 3-34.

Gas Flow Pump, #.iF1-6KX - Hastings j

Mass Flow Meter, #AHL-10C - Hastings :

Basic Controller, #701 - Gelmac i

Miniature Servo Recorder, #732 - Gelmac ;

Servo Amplifier, #A630 - Dahl i

Motor Assembly, #SS-250 - Superior ,

088 (mde Power Supply, #762 - Bailey
Signal Transmitter, #SC-1300 - Rochester y-

Signal Transmitter Isolator, #SC-1302 - Rochester
Differential Switch Catalog - Barksdale ,

!
_ |
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3.2.6.6.1 Calibration.

Before turning on main power prc,at the 844-90 control panel as follows:
,.

1. 844-90 auxiliary moving filter control panel; motor control HAND-0FF-AUTO
switch to 0FF.

s
2. Advance switch to 0FF.

3. Local power switch to 0FF. ,
.

3.2.6.6.2 844-90 Control Panel for HP-R-219 In Control Panel 12.

1. Program switch in N0'1 MAL

2. Power switch to ON.

3.2.6.6.3 844-100 Control Panel - Iodine.

1. Turn motor control switch HAND-0FF-AUTO to the OFF position.

2. Turn power switch ON.

3.2.6.6.4 844-90 Auxiliary Moving Filter Control Panel.

1. Turn power switch ON. The automatic monitor is now on except for the
pumping systems which will start after calibration.

3.2.6.6.5 Calibration - Cascade Input.

After unit is powered up calibrate the c~ scade input loop and the processa

variable loop in the following sequence:

1. Zero and calibrate the Hastings Gas Flow Probe as outlined in the manual
listed in paragraph 3.2.6.6.

.

NOTE

In this sys tc... m . e p - . ; ., . ... ' O ti
stack flow probe is not used. See Dwg.
904549, sheet 2 and Figure 3-34.

2. Remove the signal input and signal ground from the stack ficw probe,
TB1 #6 & 7, Figure 3-35 and calibrate using a dc power supply and a digital
voltmeter-ammeter. Use the calibration sheets in Figure 3-36, schematic drawing
906148, Figure 3-37 and 3-38. After calibration install the signal input to TB1
#6 & 7.

NOTE

This calibration is performed at 500 through
2500 fpm which is the . range of the stack flow.

3. Remove the linearizer output leads from the linearizer TB1 #4 & 5
(10 - 50 ma). Figure 3-35, 3-37, and drawing 906148.

- 713089
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ITEM PART NO. QUAN. DESCRIPTION

1 844-35 G 2 FLANGE,MTG.
s

2 844-35-11 i FILTER RETAINER

3 s
3 844 35-12 i ALIGNMENT NUT

$
\\ \\ g 4 844 35-13 i LOCKING NUT-

I || Y Y
5 8412-23 i FILTER CARTRIDGEgg g gg y y

_ _ /N 6 844 35-I4 2 GASKET

.

\ \
/ /

l

\

\

\

\' /

N Mxxxu
I (>JY b Y-b N

\f \\ \O\ , N

2 5

Figure 3-33. Inline Iodine Filter Assembly

Apply an input signal to the RIS SC-1302 Isolator and calibrate at zero and full
scale. ( 10 - 50 ma). Refer to service manual.

4. After the isolator is calibrated, adjust the 2-pen recorder so that it
tracks this same 10 - 50 ma signal applied to the isolator. Refer to service
manual.

5. After the recorder is calibrated measure the voltage input of the cascade
input on the controller terminal board (on guard rail) pin #6 (+) and pin #4
(comon).10 - 50 ma should correspond to i to SV. After this cascade loop

is calibrated go to the process variable side of the system.

3.2.6.6.6 Calibration Process' Input.

1. Zero and check the Hastings Mass Flow Meter as outlined in the service

hmanual, drawing 904549, sheet #2 and Figure 3-34. "/ 4 0 3 0
2. Remove the 0 - SV input signal from the mass flow meter on signal trans-

mitter #3, a Rochester SC-1300, TB1 #1 (-) and TB1 #2 (+). Refer to service manual
and drawing 904549, sheet #2 and Figure 3-37 and using a power supply, calibrate



.

the zero and full scale signal of the SC-1300 0 - SV input = 10 - 50 ma output.

-

NOTE

%

Leave power supply attached for recordar and
Nisolator calibrations.

3. After the signal transmitler #3 is calibrated (10 - 50 ma), adjust the
rscorder to track the signal transmitter OV is = to 10 ma = 0 fpm. SV is = '

50 ma = 3300 fpm. Reference service manual, drawing 904549, sheet #2 and Figure
3-37.

4. After the recorder calibration 0 - 3300 fpm, adjust the signal isolator
#2 so that zero and full scale are calibrated using d.e power supply. Refer
to service manual, drawing 904549, sheet #2, and Figure 3-37. OV - 10 ma trans-
mitter = 10 ma isolator, SV = 10 ma transmitter = 10 ma isolator.

5. Af ter the recorder and isolator are calibrated, measure the voltage input
of the process variable input on the controller terminal board (on guard rail)
pin #5 (+) and pin #4 (common).10 - 50 ma should correspond to 1 - SV. After
the process loop is calibrated, go to the controli'er output loop.

3.2.6.6.7 Calibration Output.

1. Place controller in the manual mode, drawing 904549, sheet #2. measure
output of controller as follows:

a) Depress left button marked OPEN and move the panel meter until it
. reaches zero. This should be 4.0 ma measured on controller TB pin #8 (+) & #9 (-)

or 1.0V across Dahl valve operator input. Set controller for 4.0 ma cr 1.0V.

b) Depress right button marked CLOSED and move the panel reter until it
reads 100% full scale, th's should be 20 ma on output TB or SV measured at
input.

2. Servo amplifier calibration, refer to service manual. Dahl servo ampli-
fier (located behind blank panels). Turn pcwer on d place operate switch in
the AUTO position. Adjust the controller to 0% manuaily (4.0 ma outp.t). Adjust
electric valve for the CLOSED position. Adjust the controller to 100% manually
(20 ma output). Adjust Diehl valve for the OPEN position.

3. Calibration is completed. Remove test leads.

3.2.6.6.8 Placing In Service.

1. Using the controller in the MANUAL mode adjust valve output to 50%.

2. Place continuous filter pump switch in the AUTO position.

3. Place iodine pump sviitch in the AUTO position.
.

4. Start pump from main control panel (panel 12).

5. After both pumps are running note stack flow in cfm.
7@091'
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6. Note sample flow in cfm.

(7. Transfer the controller from the MANUAL made to the AUTOMATIC mode.

8. Sample flow should automatically self adjust to stack flow. Unit is now soperating properly and will automatically compensate fur variances in stack flow
and filter build-up.

'

'9. Refer to Barksdale catalog section for prt,sure switch adjustments on flow
alarms.

.

.

_ y
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TMI I STANDARD CALIBRATION FIXTURE O

Bact: ground: Binary Counts 9 / 7/ Min. TM =8/9 CPM
~

* Nom. N/A Binary ~,
Source Gross CW Net CMCi \[ CountE " . . ,

(Cal. Sources) ('
133Bn No. /77 .5 O//,7 7/ 2 2 // 9 7/ 4 /90gg
1339a No. & - / ') 's ,05 9769') 7 |g9 g79 g g .,*g

1 .5 /8 ? '' d '/ 2 / 8 ? cQ 9 ') /19 v4137Cs No. /79
137Cs No. 6-/?7 .05 i/W; M. 6/#4F 9;7Cf

(Linearity Sources)

na No. f#A 4'.18 /9f??/ 9 /? ? M / /9,f/ff133

tJ/Pf 9 J'/? r- 909AI133Ba No. #/) .115 |

1339g yo, p 3 ,9943 yg,y g g ,y sj,g , , gy

(Energy Response Sources) "

,

1339 a y o _ O - g_ g 9 cy' p p( 37;, Syggg
137Cs No. fA-A S ,9A M.M Q Rf a ? .?/ W6

_

Co No. g/o - R 8 4''/ 9M| 9 4' ? 9 ') R 4'? '/ O '/60

TMI II S AMPLER //' # /V -) E ?)- 0Lb l i

GROSS CHANNEL - UNATTENUATED
Background: Binary Counts [# Min. <2 = 4'fCPM

Source Nom. N/A Binary Min. Gross CPL, Net C_2 m
,,

(Cal Sources) uCi L/ Cotmts-

1339a yo, y r)9 .5 p;y(79 [ gg(, g gg y,y g73
,

133Ba No. G -/ ? 'l .05 975/ .1 9,? ?/f 9 8 '/5.)
1*i cs No. /79 .5 /$ 7A> / 2. | / 3'r /J/ M9 6GT
137Cs No. G-/77 .05 9'R4# A | ,[' gg- 9 / 9 '/

, Operational Check Source 8
_

,?/ff R 9 /f'r 17 5 / J 1
,

~ ~

. . . Background to .5 mR/hr 137Cs [ CPM
Background to 1.5 mR/hr 137Cs e I/ CPM , ,

,_

. . , -- - -~

GROSS CHANNEL - ATTENUATED
'= UI ' CPMBackground: Binary Counts NTIl Min. 2 '

.

Source Nom. ' N/A Binary .Min. Gross CPM Net CPM(Cal Sources) uCI l/ Counts
1339a yo, / _9 9 ,3- g ggg-77 g g y 7 t, ; . y gg,y.

133Da No. f, - / ','! , ,1 : , 99477 Q ;q c; 39 5: ,9 7_ r ,; ;

13' Cs No. / 9 'r .[ /.7 9 9N' 0| J o n ' : /, {- / 7'. (J 1
'

137Cs No. 6 -/ . '! iT 9 3 // 22 9 C -/. - ;73'
.

, Operational Check Source 3 ? /,0 l p. 9 . .i 3 r9y

.- Background to .5 mR/hr 137Cs I/ CPM , '),
'

*
..

' Bachground to 1.5 mR/hr 137Cs /-/ CPM gggg
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VICTOREEN IN*TRUMENT DIVISION 10101 WOODLAND AVE., CLEVELAND, OHIO 44104a

'

VICTO R EEN | r w o u ri t aisi v o s. n oo . Tw x r a i oi 4 m i-e : s v

CALIBRATION DATA SHEET

PROJECT _ Ip?T- d Customer P.O. No. (-6 /]/
Customer 83rhe 7'/S>r Victoreen Job No. E- 7u" J
Prepared By 8ar [ / ro'/^ Date {/:79/1(~

lANNEL DESCRIPTION fr/ ins;y ly/mi.f lef.{;,:y, (f;j{cj &efy Q' /
*

CHANNEL NO. /1(P /J- VQ C b'*ik |Th0/ySCy(vincf ..

Sampler Model No. 7 97- 9/* _ Serial No. /// / Type 5 //l '/5h/

Detector Model No. ff*J -9/> Ecrial No. #99 Type 6...,.y
Ratemeter Model No. #!'2-jg Serial No. W,(' Type / o

133Ba and 137Cs Calibration Source Serial No. /99
(Operational Check Sourec: Type 63 Approximate pCi 9

VICTOREEN STANDARD PIG CALIBRATION FIXTURE

\ Background: Binary Counts /d8 Min. M = /'>' PCPM_

Source Nom. N/A Binary . r ss CP.N Net CPM . .m.(Cnl. Sources) uCi V Counts

133%b /QT/P 2 / ;' d f /9 4'.( ,'''co std

33nnNo./99 .5 / 4't Mn 2 / 4 / ,: c. , I/ '// s ');

1333 a go , g '7 '/ .05 B/ '2 ~& R S / '? - O S/2f/d
*

137cg yo, j'i, ,5
t Vt; g-ry| 9 pf-9 g y- ;7,< y3 ;.~,

137Cs No.tT-f7') .05 .(~ f?p 1 bi , T' .') .) -] (|9 s--'

Clip Level . ,7 o Yo /d e P.M. High Voltage Of $ e,- L .3
bi .w G ,!ie f.

p{$ Nib
.

o

O

/

N,

p. n
b.dbm

-

R-
-

A Drvision of sHtLLEm4 Lot.E Corporation
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TMI I STANDARD CALIBRA'IION FINTURZ .

Backgrounil: Binary Cotsts 8,/i1 Min. J / = c/'/3 CPM '.
Nom. N/A Einary ,

Source Min. Gross CPM Ne t C P.'.I
pCi \ Counts

_

(Cal. Sources)

133nn No. / Y 'l .5 22S475 9 92 $ 9O2 A '' ? SG
133p,No. /' - j ') '/ 05 7,'q yj y <? ? 3 q j qq cg,
137Cs No. /'/ 7 .5 / 94 S Pa .1 / O .) A ;?.) /k g 94

_

137Cs No. /> -/27 ! .05 9:h/2 Q <r W ' </ 2 f /'
,

(Linearity Sources)

Ba No. NA 4'.18 /'790/ 2 /9 4' (0/ / [/ # M /133
133Ba No. F6 .115| t( .?g'/ a' f p J '/ ,f e O/ f

,

1339a yo, 7. 7 ,094) pgg 9 ,., ,).7,y 7 ;;_3 !,

(Energy Response Sources) ,''

133pg yo_ (/]-) g 9 ;-ry "7,g g !?. - t) 93- gg(;-
13' igg yo, 9-2 g c 3 g'ys ;) <> . 9 j .; Sp pg9

__
Co No. f/:- D \ 8 | '/P ;!?! S i.< / '? '.' / -Yi O iG0

TAU II SAMPLER /'lj/ .S'- 92 4 _
_

GROSS CHANNEL - UNATTENUATED
Background: Binary Counts [[ Min. 2 47 CPM=

Source Nom. 'N/A Binary
n. Gross CPiM Net CPM

. (Cal Sources) u Ci t/ Counts
1339a yo, /!)') ,5 gg 97927 g 9 g q (t,. y .g g g c ry ,

,

133Bn No. 6 -/ ') ? .05 6 9 'f 7 p p i :. / s' . 9 g .< '.'i t ,

DlCs No. /?'7 .5 / f '.) 3Jrj ,1 / V] ga -! j ?.) 3 < c !j
137 Cs.No. <G -? 9 '/ .05 9 2J9 ) 9 g;;g O 'jg -;

'

.,

, Oncrational Check Source 8 | s'? / /,( 2 ,9 /;' f: g y ff, ,
,

~

Background to .5 mR/hr 137Cs 9 CPM...

Background to 1.5 mR/hr 137Cs f) Y CPM ,

__
, ,

. .- ,

.

GROSS CHANNEL - ATTENUATED
- en.Background: Binary Counts d~ n Min. K = d / CPM

.,

/

Source Nom. 'N/A Binary
hIin. Gross CPM Nc; CPM(Cal Sources) uCi / Counts

133na yo, j '/ '/ ,f 92,j'S Q f i <? / 's.C 0 2 , /p 'l
133Ba No. 6 - / '/ '/ | 1C 8 '' 7e.'T R ''<' /J' -? I 94T-

Dl Cs No. / 9 'i |
~~

/0 YY 'A / 3 ' '' '' ' !Si 05'! \,-

137C5 No. 15 '' ' ' |
. V/Y/" '' ' 9/? O / ?I-

, Operational Check Source | 3 '/ ~~ , 7 '/ + '/ O / rh ,'
.

-{(h',.,,.6-
- Background to .5 mR/hr 137Cs . CPM

.

Background to 1.5 mR/hr 137Cs /? CPM / g 4g(Jgg
16

-
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, . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

To Set To 133Ba Peak:
..

100 kev Window Centered On 133Da . 35G MeV Peak. Windo v Width .25 Volu. Center Of.

Window .SD Vola. Uppec Window Limit 1.015 Volts. Lower Window Limit .705 Vohs. Ti
Set-Up Should Center 133Da Peak Exactly In Windov . However, Fin Tuning ?.Iay De Dene
By Adjusting Analyzer Gain Un:ll Maximum Countrate To 133Da Is Obtained.

Source Nominal N/A Dinarv
- 57tn. Gross CPM Not CPM

.

(Cal. Sou rce) pCi V Counts
133 , gn, 779 , f. |gggy7 Q [gg g .7 | gpgg g9
Operationni Check Source f l' | Vfi 2 9"f( | PN

[ Background: Dinary Ccunts [ Min. 7. = /' CPYn m an
137To Set To Cs Peak: ul y.

100kcV Window Centered On 137Cs .GG2 McV Peak, Window Width .25 Volts. Center Of
Window 1.655 Volts. Upper Window Limit 1.78 Volts. Lower Window Limit 1.507 Volts.
This Set-Up Should Center 137Cs Peak Exactly In Wmdow. However, Fine Tuning May Ec
Done By Adjusting Analyzer Gain Until Maximum Countrate To 137 Cs Is Obtained. .

.

Source Nominal N/A Binary .n, r ss CP.M M CW(Cnl . Sourcei uCl V Counts
13I Cs No. /99 t 7" V2 Vff e2 S'D V7J'' V2 C5')_ Operational Check Sourca T r79/ \ 2 7 '? / 9 p f'
Background: Binarv Counts 8 Min. c2 ,C CPM==

To Set ro C0Co Peak:
100 kev Window Centered On G0Co 1.17 McV Peak. Windew Width .25 Volts. Center Of
Window 2.03 Volts. Upper Window Limit 3.055 Volts. Lower Windcw Limit 2. 805 Volts.
This Set-Up Should Center G0Co Peak Exactly In Window. However, Fine Tuning May Ec

k Done By Adjusting Analyzer Gain Until Maximum Countrate To 60Co Is Obtained.<

Source Nominal N/A
Binar;t Min. Gross CPM Not CPM(Cal.Sourec) pCi V Count

O
Co No. /; - / 40 K NB / ? '? S'? 2 /7991 /??9'/_ Operational Check Source 7 /_ "2. / | o.

Back<rround : Dinary Counts / Min. 2 / CPM=

To Set To 13a_3 pg3g . . . .

100 kcV Window Centered On 135I 1.11 McV Peak. Windov ' Width .25 Volts. Center Of' '

Window 2. 85 Volts. Upper Window Limit 2.975 Volts. Lower Window Limit '?.725 Volts.
Adjust Analyzer Gain Until Maximum Countrate To 00Jo 1.17 MeV Peak Is Obtained.

Sourec Nominal N/A Bina . .

r ss CW M CW(Cal. Sourec) uCi V Counts .

G0 Co No. (~-/D W A/M /7927 9- /7129 /7?DI
Bacharound: Binarv Counts / Min. 'l / CPM=

Increase Analyzer Cain Until Net Countrate To 60Co 1.17 McV Peak Is 10"o 1G Less Than
Net Countrate Obtained Above. This Set-Up Should Center 13311.14 McV Peak Exactly

h [/('/7$g) .'' /[/K/ ,In Window.

Sourec Nominal N/A Binar' .

r ss CW M CW(Cal. Source) pCi V Counts ..

. 00Co No. S--/092 ///k fl0 L,t 9 O /$/)VY ///)Vf
Onerational Check Source. I 7 | / 2 / ~,
nachground: Dinarv Countz / Min. 2 / CPM=

-' CPM M80'/[8/T . : , CfBackground .5 mII/hr 13'Cs
Background 1.5 mH/hr 134 Cs j CPM ///J y 17



n o. m i ..2..' t... . . . a L .O 1 c U .-s lid
To Set.To 1%t P.ak: *

-

IN hcV Window Centered On ,"'"En . .':5G 51cV Peak. Window Width .35 Vone Center of.
, , . ,

-

Window . S') Voin.. Upper Windov, i.imit 1. 015 Vults. I. rxcr Window Lim!; .7 t.:5 Vcil.a. ;:
Sct-Up Should Center 133ra Peak I'xactly In WinN. Hwever, Fii.c Timing M y Uc Don .
By Adjusting An:+.zer Gnin Un'il M:e:imum Coun:r.'!c To 133Dn J< Obtained.
- _. - -

Source Nomi.(:d N/A Binary
_ _ _ _

Min. Grocs CPM Net CP'." l_ (Cal. SourcM uCI V Counts |
A Da No. /99 h e[ [.?f?? 0 U$ ' ' S' |f0?[~,

_Siierat.oaal Ch:ch Source } 9 yK I 2 ' f]L
^

i Jg
4 UncIgroun-1: Dinarv Countr. 2 Min. 2 9 CPM |

=

1.7Z To Set To " Cs Peak:
Q 100 hcV Windew Centered On 137 Cs . GG2 MeV Peak. Windov' Width .25 Volta. Conter Of

Window 1 055 Volts. U.oper Window Lin:it 1.78 Volt.a. Lower Window Limit 1. 5:.17 Volts.Z
This Set-Up Sheuld Center 137Cs Peak Exactly In Window. However, Fine Tuninte May DeC Done By Adjusting Analyzer Gain Until Maximtun Countrate To 1d"'' Cs Is Obtained.~

.

M Source Nominal N/A Dinary
'

O (Cal. Sou rce) pCi V Counts .U n . r ss CW
Q _

Q ' ' Cs No . /99 . ,f _ ' V2 ?f;( | Q | V *' 9 9 .: %? ?R. ,

,0;3 rational Check Source i 7 | | 7p'/| ? | 9 y' / 9, /,y
Background: Dinarr Counts / Min. d' / CPM |

=

To Selro G0Co Peak:s

100 heV Window Centered On G0'

Co 1.17 MeV Peak. Window Width .25 Volts. Cen'cr Of
Window 2. 03 Volts. Upper Window Limit 3.055 Volts. Lower Window Limit 2. 305 Volts.
This Set-Up Should Center 60Co Peak Exactly In Window. However, Fino Ttming May i-
Done Dy Adjusting Analyzer Gain Until Maximum Counteate To G0Co Is Obtained.

_

Source Nominal N/A | Dinary 3
! n. r ss CW M CW(Ca!. Sourec) uCi V | Counts

Co No. /C - /J. ^ /W/f /9;??]I j / 9 P'f'9 | /9;?g_''

.,Oe.erational Check Source f I __/ i .1 / | O
} Dackr.:round: Dinarr Counts / Min. .R / CPM=

]
To Set To 1331 Peak: 743038

100 kcV Windovt Contered On 13311.14 McV Peak. Windc,w Width .25 Volts. Center Of
Window 2. 35 Volts, l'pper '.'.' indow Limit 2. 075 Volts. Lower Window Limit 2.725 Volts.
Adjust Analyzer Cain Until M:e:imum Cour.trate To U0Co 1.17 McV Peak Is Obtainc.d.

.
I/A DinarySource Nomi:'ai

N./. Min. Gross CPM N ot C,.P MICal. Sourec) n C..
,,

counts-

Co No. IE/O:15 /1/!/| ' D Y|$ || f/[ l'YS!Y00

Dack:rround: Bin.irt Counts / Min. 2 / CPM
-

=

Increase Analyzer Gain Until Not Countrate To 60Co 1.17 MeV Peak Is 10','c' l'1 Less Than
Net Countrate Obtained '.Me. This Set-Up Should Center 10011.14 MeV Peak Exactly

(o Vj/'f[|-|) .'" /(c) G3 SIS 0}'l l = r |{.In Windav.
, ~ ,.A -|Source Nominal N/A Binary-

h. t C P.b.
-*

. alla. Gross CPL,..

i ? .. . -m c' pC1 V i Counts
e_(Cn!.Soures

GUco ya, | |],,$'I /f_fg | [ j f'f'f
,

'

j' ' f f Qf
O scrational Check Source I f i / I d / c'4

.
I

Ha@g r.iu nd : Itinair rounti. / M in. 11 = ,,f CPM
.,

Certifiad By: h ! 41p.kk,_Dackground .5 mR/hr 1 37Cs,_ I / CPM .

is nackgronna 1.5 mn A:r 107Cs ( x _ _ C PM (au.,utv Ah: um*
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VICTOREEN INSTRUMENT DIVISION 10101 WOCOLAND AVE., OLEVELAND OHIO 44104* *

r VIC'T*O A E E N nuour; ielves-emoo - Tw x teion 4 2i s a e v

.

CALIBRATION DATA SHEET

PROJECT _ 7 /'/ Z .2 Customer P.O. No. C-(J/OR
Customer d hr>r e # /F v victorcen Job No. J'-9 FEZ
Prepared By /J n, Wera /g , Date [/4.? / 90

~~

.-

| |;?;! ,| Old ! b e 0 | f C $ 3 rj C } " !a h b- A / . &I CCHANNEL DESCRIPTION

bi/ /) L ~ /2 - /3 // (O 6fh!)fCHANNEL NO.

Sampler Model No. b2 N SerhNo. kAUE Typc5fi/[[
Detector Model No. f FS -So Scrial No. /79_ Type 6.7,Joh
Ratemeter Model No. T 9,? - /// Serial No. g PJ~ Type j c>o

133Ba and 1 37 Cs Calibration Source Serial No. /77
Operational Check Source: Type hr Approximate pCi 8e

VICTOREEN STANDARD PIG CALIBRATION FDCTURE

/' 4 Min. e71 /S4' CPMBackground: Binary Counts =

Source Nom. N/A Binary
Min. Gross CPM Net CPM . .

,

(Cal. Sources) uCi Counts

/0VTb R / 9 5' M~ /Q 'l fi lVico Std.133Pn l

133Rn No. /M .5 /W%7 Ek. /MW9 /WSSC
133 a No. P/27 .05 # / (**d R $ / (9 9' e7 /1T/9B

137Cs No. l'! ? .5 PW/A 9. PY C/2 74'4'76
137Cs No. 6'i.'il .05 srfrf 2. f f. ,Y Jg.') 9

Clip Level , R6 l/3./ ' r P.M. High Voltage 7d'O [/c/bg

.

.

(
.

%.

F" 23 --
-

wxms__.,__.._.i.



TMI I STANDARD CALIBRATION FIXTURE

Background: Binary Counts NW[ Min. 2d =_2_g4 CPM

** *ISource Min. Gross CPM Net CPM
'

4Ci Counts -,

(Cal. Sources) (
133Dn No. /?7 .5 8 Mo/#/ Q Md38/#/ S 2.7 74
133g3 No, /'-/ 7 / .05 J? ?'/ / A 8 ? 9'// (7?f: /
137cs go, / '; *. ,5 f3 y7t/.- 2 /ga 7yr /.;yspg
137Cs No. /> '/ T/ .05 99?7 R P 79 '/ 96'? '/

pinearity Sources)
133 #/ 4,1g /ypfy q /g y ey fd~ /F'4'/ //f33 go,
133pg yo, p f_7 ,115 g3ng g g g gs; 3734 |
133Ba No. /' Z .0041 // 2 'l '/ N4 #M7 / '? 7,

(Energy Response Sources) ,.

133 '
pg po, d /? - A g ,W7?g , O M 7 pg gggg

137Cs No. fc-n 8 M/19'/I O S / '7 9 # '' / 7 'Ni

G0Co No. 6/ -a | 8 V7 7 '/V| 2 1 5'9 9 ' ? #f 7 S* I 'll0
_ . . _ . . . _ . . . _ . . .

[ [ .'+ ///[TAU II SAMPLER _ _ \A / /? / ~ /F -- / 0//
/

GROSS CHANNEL
Background: Binary Counts RSf Min. 2 = 2.79 CPM

Sourc2 Nom. K/A BinaryD n. r ss C M M CW(Cal Sources) uCi Counts g%

Q 133Da No. / 9 'i .5 RPMM Ik R84 2nd () /19f,R
133Ba No. /; -/ ', 'i .05 <to f n ? 2 4',) /? ;? 3 ? ggi:
137Cs No. ! 'l 'I .5 /2C((; & /''s G.2 )?5 429'
137Cs No. / - s '' '/ .05 '7 M 6' E 9 ,1 9 'e 99Mif"R"" . Operational Check Source 8 9.1 ' J l ;2 9 ':' ! M 'l /f/l?

N/ d A 2A//G[dANALYZER CHANNEL
'

/
-

g 107o Winlow Centered on 133Ba . 356 MeV Peak. Center of Window 4.0 Volts
Upper Window Limit 4.2 Volts. Lower Window Limit 3.8 Volts.
Adjust Analyzer Gain Until Maximum Countrate To 133Ba Source Is Obtained.

Source Nom. N/A Binary-

hun. Gross CPM Net CPM(Cat So irce) uCi V Counts
133Ba No. V"

, Background: Binary Coants V Min. CPM=

107o Window Centered on 131I . 3G4 MeV. Decrease Analyzer Gain Until Net
Countrate Due To 133Ba Source Is 790 *1To Less Than Net Countrate
Obtained Above.

|- Source Nom. N/A Binary
in. Gross CPM Net CPM(Cal. Sourec ) gCi If- Counts

,133na No, ,f-
|

Octianal Check Source V L

Bachground: Binary Counts V Min. CPM L=

. Background to .5 mR/hr DCs MU CPM -

Background to 1.5 mR/br 137Cs 37A CPM r

Certified By: 9b!
24 Quality Ass'ufance



'37[NSMNb s

10101 WOODLAND AVE., CLEVELAND, OHl0 44104VICTOREEN INSTRUMENT DIVISION *

.

\/[C"j"Q FQ EE!\1 p H ou r Ia n el 7 e s.c zoo . ?w x le t ol 4 a s e a e 7
r
'

CALIBR ATION DATA S!!EET .

~~ '

PRbbCT 7/7_T --A Customer P. O. No. -//oS
'

.

Customer 80 r,, e M #21') Victorcon Job No. F -- 7J'~.F#
'

Prepared By dao A N .',' $ 4 >|- Date // F/7 f i-
'

,

.

CHANNEL DESCRIPTION l#dJ7F <$ A f [ .I f C 4 ',f g 6 E
,

,

-|4////; - 8 --'/ff4 hf} '

.'.Cl!ANNEL NO.

Sampler Model No. 79/-88 . Scrial No. //%4 Type // E // -fyf-
Detector Model No. / f''S - J D Serial No. _ _ d 4 9 Type *AN .;
Ratemeter Model No. 9 '/ n -- N Serial No. 789 Type /e.

133Ba and 107Cs Calibration Source Scrial No. /99
, Operational Check Source: Type _ /8I f.- Approximate uCi 7

-.
,

VICTOREEN STANDARD DRUM CALIBRATION FIXTURE

Bachground: Dinary Count hk Min. 2 J~9' CPM=

' Sources *

(Vico Sul.12DI Nom. N/A Binary * -

. Min. . Gross CPM Net CPM
, 8*J Source & Ener;:y pC1 y Counts -

Respo: sc Sources)

Q ~ 120
1 n //95 /|?d.s*l Q /9Q~ / 'c? //

.

\

DuSr l. Ar7 (1 9 ; ? pl 3 pr.g ,p .c f g <' y,
j

"Te . /> / <!.< <9 4 vtO)\ d ,9 V 9.9 9 9 J/ 7.' gD *Cl
C;n , .nn- 999/9 || 97 9/? ?? 7(o

Clip Lovel Q/) (/ /-$ .- P. M. !!!' h Voltage g g n [/c / Q/ ;.

-
-

.

VICTOREEN STANDARu PIG CALIBRATION FIXTURE - I

Background: Binary Counts /f' Min. R /9 CPM=

- Source Nom. N/A Dinary
.n. Cross CPM Net CPM(Cal . Sources) pCi V Counts

.

= e j g g # ' f * d

.'S&_%.<.as .ar c .. <. t .'? O t. I %9ae.~ ,

333Ua.NQ.Dil
"

. r / e~ / .'.' / .- 0 y 4 9' grt -

~
% No.,

fy ] , (),.' fo _. !. (; , j r,* } |
'

f
.

t'":"MT 31bd
m e, ._ _ .. c -,.- 33101

..

.- _
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TM11 STANDARD CALIBRATION FIXTURE ' ''' ~

.. -- . ~

Baclground: Bi.:ary Counts //[ Min. ) // CPM
' ~~

=

9

. Source Nom. N/A 13inary
'

Min. Gross CPM Nct CPM
.

(Cal. Sources) . pCi V Counts
T

-

137 cg yn,,7 y ,5 tj y , (- g /f 7((~4 (- yy y,79
ld' Cs No /,-ht . 05 / </2 < l a ,< V.:?, (~ 4 99'/-

Adann No.]"? .5 / '/ W 2 / 9 V'? / V Ei 'l
NUa No.6-/7'/ . 05

'.f'? 1 :) 934 f) 7
'

*

. ..-

. . .. .

TMIII STANDARD DRUM CALIBRATION FIUURE -
..

'
-. . .. . . .

.__ __ _ .;.._ Bac1: ground: Binary Counts LI[4 Min. (20 =_ f[ CPM _ ,,
_, _

_

_

Source JNom. N/A Binary
*

.

',. (Linearity Sources) in. Gross CP.M Net CPM
;

,

pCi V Counts

90Sr j, g pqf,., yr, g yg,cp z;9 y 94, .7q 7
UUSr .n y ~_ a e,, x 7, ( , . . y .9 g , r.- y ygt 7 7,

.' 'S r , n r.n \ // 71,i L> 0 | //92* //j[' '

'
' '

.| .-
' - -

. . - . - - ,.. . .
. , ,

.

TMI II SAMPLER W6/$ -8 - ,/E# d Of/~

- -
.

.

Background: Dinary Counts /d Min. 52
'~

/2 CPM=

Source - Nom. N/A Hinary-
.

311n. Gross CPM Net CPM(Cal. Sourecs. pCi V Counts

137 s No.igt 5 t/7/)p / Q y9a p ( y'7i)/yC-

14 ' Cs N o.g-j y .ub / 79 | |} g?y/ f t,r / q

A ddBa No./"/1 .5 /2/g 2 / rj f p j 7ff
,' 13'lBa No 6-/ >9 .05 F/1r o q f f- 9 ,y ,9

'

Operational -
-. . .

Checl: Source d j79 < - S. - [( ef 9 g7
Background to .5 mR/hr 1 37Cs I/ CPM
Background to 1.5 mR/hr 137Cs f/ CPM -

(, a- .p s, ,

Certified By: 64/ f n J i L;
.

'
* ' *

Quality hhsuran'cc- - -
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, _ , CALIBRATION DATA SilEET -

-

..
- .~~

.
-

PROJECT 7/-7f' - 2 ' Cu:tomer P.' O. No. C ~8/d 2 -

-
'

Customer 8 //rr < I .#n" Victorcen Job No. 8 ~ 9 [ 8 2.
'

f vA a A Date [-D d - 7f* Prepared By ~m n *

.-,

.

CIIANNEL DESCRIPTION F4 MW 1/E/(7 -

,

CIIANNEL NO. M / 9 -Qgj .. , ' . ' -

, .

'
~~

Sampler Model No. '/f//- 7 3 Serial No. /33 Type d/ ?u~ o / 6Ar
Detector Model No. -(o 7- JA o Serial No. __/ /.> 0 Type _$47A
Ratemeter Model No. 70;' - / O Scrial No. '7 u 7 Type /_e c-

133
. Ba anc! 137 Cs Calibration Source Serial No. / '7 7 - - - - - - - - --- - -- --- - - - ---

, Operational Check Source: Type / ') 7 C s Approximate uCi 7
. -

VICTOREEN STANDARD DRULI CALIBRATION FIXTURE

(, Background: Dinary Counts / Min. 1 = ///) CPM
-

Sources
(Vico Sul.12DI Nom. N/A Binary .

~ ~

Source & Energy , pCi V Counts
- m. r ss C M NetCW

Response Sources) :
1

12D s , // 21 ~

D/J" 2 M/r / 2 o r-
DU5r f./f/f 7'/D~~ l D- $ 2 7 r' % (, '2 C.

"Tc .0/'/C 24//7 D- '20118 2000 7
suCl . jyp gg,qyy ,7 yyyyy gy 7,34,

Clip Level , M 8 N /dr P.M. I!igh Voltage '7 /) O //g/$

'

VICTOREEN STANDARD PIG CALIBRATION FIXTURE '

Background: Binary Counts OM Min. 2 =$1 CPM__

- Source Nom. N/A Binn r ,-
Min. Gross CPM Net CPM

.

(Cal. Sources) pCi V Counts

137 cs u >.in .r \ iscin 2 4cio 7 is c c s c_" cs N.i.G Y')V . o r 527<- 1 G 3 ~; y- ,c2 ry

D % N.o. |'i'l( _ f*
( I '* 3 /607 3 | (, U *

/ (, 2 :s~\ | /'

uu.c in . or Do
--

_

2 p i, ,qy; n

CM 37
k, hd

A Divisson of SHELLER-OLOSE Corporation
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TMII STANDARD CALIBRATION FINTURE - ***

~ ~ '
Background: Binary Counts M7 Min. 7 CPM=

,

Source Nom. N/A Dinarv*

Min. Gross CPM Not CPM
(Cal. Sources) ' . pCi V Counts*

..

10TCs No./'i? .5 4 2 S~33" 1 U '7 1~ ~) .r- O'7fOT
_ AJ' Cs No /;->9? . 05 C., O JJ~ 2 G Lt 7.r GU 4Y-

'

_ Paa No./'F/ .5 / 7 7 c/ 9 i1 / 7 7 r/ /7 / 9'

33DaNo6i 7'] . 05 . qgg g qy 7 q , ,,.,

__

_

.

TMIII STANDARD DRUM CALIBRATION FIXTURE
- . .

. _ .
.

..

_ . . . . _ . . . _ . . . . . . - _ . . . Binary Counic h 6 4/hkIn. 2 Mb CPMBachground: =
.. _ _.______. _ . _ _ _ . __ .

,,

Scurce ' Nom . N/A Binary*

Min. Gr ss CPM Net CPM* (Linearity Sources)
.'

,

pCi V Counts,

9CSr 1.3 'E33fGp p 5]]; g (,, Tjgp 3 o
WSr . o tt 2 T 7.5 G a 2 l' 9 J' 6 2 5 'I ' S
WSr ,oog j / og a0 | / /3o /p6Yj.

"

; -

. ..

' ' **- - - -
,

.-.-. -. . .
. . .

,

TMI II SAMPLER [/ ~~/I- 8/9 [$4,c )
.

.

Background: Binary Counts /[ hiin. 2 / /~' CPM
''

=

, .

Source . "om. N/A Hinary .Min. Gross CPM NetCPM*

(Cal. Sources? pCi V Ccunts

- 137 Cs No.jg7 .5 Lpyy.2.f- 2 Lj 7(_, 9 < ~ L4 yt_, y o
04 Cs Kog., r)7 05 C.4 3 y 2 (, a ~g p C.ap2

AddBa No./'/7 .5 /7go r> /77O /7Gf
133Ba No.C-/27 . 05 9 G 'l .0 9 ' (, 4 7 r4,

'

Operational -. . .

Chech Source ~337 -2 } ') '/ - ..] y ')
Bachground to .5 mR/hr 137 Cs . el CPM
Background to 1.5 mR/hr 137Cs E CPM -

.

Certified By-[[r UI /j.,../ ,. .
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VICTOS:tEEEN enon e. laisi v e s e m oo = TwxIs'ol*28==*7,.

i
, , , CALIBRATION DAT, A SilEET

.

PRb.bCT 7/1._h_. O' Cuctomer P. O. No. [ / //) '?
"~''

Customer E 'tra f At
'

O Victorcan Job No. f-2C70
* Prepared By [ m [ - e_ S b . ~'--

. Date $'- [ 6 - 7 .- . -

' '
'

,

..
,

-

$
-

CHANNEL DESCRIPTION M8A D/d bO5 e. / #U8 'dI /7#0/ A ,~

.CIIANNEL NO. /-/ / [ .2 O I c)f] _. '. .'
'

M' ' Sampler Model No. T// /- 3 3 Scrial No. /AO Typc o EA'4/~ f 6.]f% Detector Model No. 7b 7 - 2 0 Serial No. _ / .2 ~/ Type /7/ .7'A-& Ratelneter Model No. *rb t - / o Scrial No. 7 f 5~ Type 406--
- . . Da and 107 Cs Calibration Source Scrial No. -/ 7 7 -- - -- - -- ~

M
C ' Operational Check Source: Type d'" CJ Approximate uCI f

. -

,

C#g VICTOREEN STANDARD DRUM CALIBRATION FIXTURE
D Bachground: Binary Counts YY Min. )/ CPM=(A Sourecs

(Vico Sul. l?91 Nom. N/A Binary * -

n. r ss CP.M NetCWSource E: Encr;;y pCi V Counts
Response Sourecs) j

129; , jj g r J 2 74 9. /2 7g // p y
vuSr I./f Ae T 7/ y 2. 77/9 r 6 Oo

.
,

"Tc . o l'/C Moo ? .2 1 .2 > o s '7 .2 '-/ 9.? Y"Cl -

, gn, 2 yap a ~79 , ,,, ,. ,, g

Clip Lovel , e7 d I/e //r P.M. I!igh Voltage f ~7 C |/r;/@

VICTOREEN STANDARD PIG CALIBRATION FLXTURE .
-

-

Background: Binary Counts /6 Min. M / d CPM=

- Source Nom. N/A Dina r3-
(Cal. Sources) pCi V Counts lin. Cross CPM Not CPM

.

cg g,,,,y,, | , f7
yy3 y. .2. ,,3.

i c, u.,n-m . o r c z.o : =. c _. , ,., : ;, u
( . .h NA. /'/"| .r /O 77 : 77, 7 7 7yg;L

''I53 NO " |' g 0- j { $ $f 2 f h [| | |}
N_' 's *

- pW 51

ciTl3
. o m o ., .. m m ... % . . 7 @ 105 .

.
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TMII STANDARD CALIDRATICN F1XTURE - * * '

Background: Dinary Counts O Min. 7 CPM
'' '

=
,

Source Nom. N/A Binary
*

311n. Gross CPM Net CPMpCi V Counts(Cal. Sources) ,

..

137Cs No/94 .5 QT 9 S'T A U f f f f' l-/ r 9 "7 7
_ ut cg yog. 9 , c5 S,7y ,1 (, , , yn &/cp.

Mnu Nojn .5 fr]O A / 1- 7 o /r/3
Ua Non , T/. 05. y gg p g ,.7

TMIII STANDARD DRUM CALIBRATION FIXTURE ,-, _ , ,

Bachground: Dinary Counts b d f bin. .h O = _ l/ S CPM , _ , ,,, '
'

,- -
. .,

Source Nom. N/A Binary
.n. r ss CPM Not CPM~. (Lincarity Sources) pCi V Counts, _

.

D St /. 3 709).c 2 773937- y975g9
W3r M .e <(co y s. I A y o o ce a7yGS

._

#ST
.

.602 ' liiu7 2. 0 | | / / 4/ /O G X..

a
.. .

.r . -

.' . -
-

. _. -
. . .

..

TMI II SAMPLER d@ /? e7 J. F [;]ff
,

_/.*

M [7 CPMDinar' Counts /3 Min.
~

Background: f =

.

Source . Nom. N/.\ 13ina ry.

Min. Cross CPM Not CPM(Cal.. curecs p Ci V Counts

C s N o./ !) Q .S l.ff)(, / h 4/fjg| Qf~ f y 7137

w Cs Nuf.,'yi .05 G r q '.s y G | 9 y' G i T S-
2Da No./'ff .h / f 7G. 7 If7C / f~ D ')*

,

. 133Ba No.4-#/ . 05 C/ O C/ 2 e/ o ce Z76_
~

Operational . _ .

Check Source M42 -M.. 7. ' ;2 . ) 4/ 9a .

Background to .5 mR/hr 137 Cs 2 CFM
Background to 1.5 mR/hr 137Cs ( CPM -

.A
A

- Certified Dy:k/ .5 e .L_.,t- y
'.

. - 6 4 M ,.m 4 d.'.s .

52 - -
' *

'

' Quality Aphuranec'
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VICTOF: TEEN enoas::::. 7.s..noo . Tw x teioi 4 ieas?,6
CALIBR ATIO.i DAT!. SilEET

. .
,

~ .. .

PROJECT TNJ'd Cu::tomer P. O. No. [ '- h//) ,7'

N#/7,f N/fae.- Victorcen Job No. 8 - MJ'MCustomer '

Prep: ired By iw4 . 44$nd Date N - d 7 - / .S~ '

f.,
.

/-

.

.

: CHANNEL DESCRIPTION 88'ICIM NUS [4/ t6/~ /EX.' M4/C 8/ /
,

/7 8- 2 - 2 3 d hf)f),CIIANNEL NO.

Sampler Model No. k e// - 3 i Serial No. /j 7 Type CIEL ///E [Gg
Detector Model No. (( 4/ 3 - 2 0 Serial No. C / S'" Type B E T/4
Ratemeter Model No. X42-/C Scrial No. di 7 6 Type L oo

133*

Ba nnd 137 Cs Calibration Source Serial No. . #* / 2 7 .
'

, Operational Uhecle Source: Type 'd D S
.. ,_,

Apprcximate uCI X
. .

J
(VICTOREEN STANDARD DRUM CALIBRATION FIXTURE

Bachground: Binary Counts klo Min. 1 N CPM=
C.d.(' Sourecs---

Z (Vico Stri. 1291 Nom. N/A Binary ~

7"J"
-

.

M2n. ; Gross CPM Net CPM* Source & Encrgy pCi V Coun's
g Response Sources) j
C"~3
& 120 |

i f, //9f /.2 '/L 2- /.1 /2-. //f$
'

L DUSr I. /('If 9 4 3 5~~ 'L S' ? E5 2 :~E 4"Tc 2, 0 / Yi DVo 29 i .'L |2 sic d':1 2 do 93
,/20 7 S/CD S. 7 S~/ S~4 7f/ o 4l

Clip Level 2 # V5 M J' P.M. Iligh Voltage 290 h//g
__ _

.

VICTOREEN STANDARD PIG CALIBRATION FIXTURE 2

Dackground: Binary Counts / Min. b = / I CPM

Source Nom. N/.\ Binary
(Cal.Scurces} pCi V Counts .Tii n. Gross CPM Net CPM

.

.

_ Cs 'Cr'f)? | . C* 9'[R 90 %
I 37

/A S > 90 2/Q y
_Cs N. n (* '!'d . n :~ 4 : .o d G_ p,2cy t x,1 g (

( _.TL;c.a_.ya. m I .c me :- , .c y 3 f_.u
-

na go - -

,
,- X-6'l X $,-' * -

2.29 7 /|
<-

d] 53

A DMsseiof amm8E Corporatiori - 7hh[h7
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TMII STANDARD CALIBRATION FLXTURE
. ' ' .

' '

..

Background: Dinary Counts 21 Min. ) .. .
'

2. L CPM=
.

. Source Nom. N/A Binary-

?.L.n. Gross CPM Net CPM,

(Cal. Sources) . pC1 y Counts

1 37C s N o ./'- ? .5 1J 7 .5 / V S W73/ 2' W? ~' 9 h
_ AJ'Cs Nof'-)2 .05 (s 6 </r .1 6, f, ch '~ /Gis-

AUJ :a No./7 ; .5 / f o ~7 A /Ro7 /77'II

DaNob- 'i . 05 3 cjg y q i,tg
*

.

TMIII STANDARD DRUM CALIBRAT:ON FLXTURE
-~. .

Back-round: Dinary Counts N3 Min. 1U= CPM
_. ,,

, ,, , _ , _

. ..

Scurce Nom. N/A Hinary-

Min. Gross CPM Net CPM- (Linearity Sources) pCi V Counts,.

.

00Sr /3 7/(,,933 1 7'/4 7y ( '//f, f f 3
'

"SY 0V 274G 2 ,29 h r 9 A % (2/.2. .

'' *S t . w, 2. //;? 2.9 ja //.33 ft)glo~

't
~*

-

* '
--

-
. .. ... .

. . ..
..

. .. .

.

[(,g)P00ROPN:t
^

TMI II SAMPLER M,# '/F - h E'[
'-

.

Background: Binary Counts 2. [ IIn. 2_ 2 5' CPM.

.

Source . Nom. N/A Binary
.n. Gross CP.M Net CPM(Cal. Sour' esc s pC1 V Counts

137 s No.jpg 5 4/[4 f ? ~2- 4./ .'~~f, ? 7 <-/f*(,73C-

1 0' C s N o g .;1 <,. .05 /, d<=: y % G d '? ;/ f .:/ /, 9

kkDa No./'/1 .5 /2f// 2
,' 133Ba No.< M .05 E7't 2.

- / 8 // / 7$G
V .1 F 9c3

Operadonal -.. - .

. . /C hChech Source, /33 1 / 8 '3'

Bachground to .5 mR/hr 137Cs 4/ CPM
Background to 1.5 mil /hr IU7Cs $ CPM -

.

'

54 - - --
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VICTOREEN n ouailmisives ezoo = T*xisiol**'82*7[
. .. .- CALIBRATION D.\T_A SilEET .

. -
*

> *
~~ ' .. -

.

PROJECT 7M.Z~ - J Customer P. O. No. C-8/M 7
'

'

Cttstomer /70pn # $2"/F<M Victorcon Job No. E - L' 5~d
*

* Prepared By [( /> 4 ,2 4 / vd o'd Date 'I -2f - I 5 * i., .

/.

.

/fEACT6R /JA.Of, /prA? St/wlDe LIN,ECllANNEL DESCBIPTION-

CIIANNEL NO. A[M R - "d 7 [[~ y) ' '' '

Sampler Model No. kl[/ .5' 5 Serial No. /2[ Type 4ff[ /g Qg
Detector Model No. 9 t,/ 3 - 2 0 Serial No. /22 Type _IS E T,fl,

Ratetnoter Model No. G V 2. - /O Scrial No. 45O Type /- 0 4
J.133Da and 137 Cs Calibration-Source Scrial-No. - " /-7 7 - - -

~'# 7Operational Check Source: Typo E .S Approxim te uCi 8 -

VICTOREEN STANDARD DRUM CALIBRATION FIXTURE . [
Bacl:Tround: Dinary Counts IO. Min. ,2 20 CPM=,

(
Sources

(Vico Stri. 1291 Nom. N/A Binary hetCNn. ssSource & Energy pCi V Counts
Responce Sourecs) |

129
1 // ''. C~ ||S 7 $ UG? //f?

'

OUSr I. /fR1 72/V 2. ?! ? / 6 59 2. y* E.

U Tc , 8/W 23 9/ o | c2 S3q/a 2 5 g </ o'

, /p 76J V T S 7 o .1 +|V 70.279'
C;ip Level ,24 I/,, //' r P.M. Iligh Voltage 6.2S" Vp /d r

.

VICTOREEN STANDARD PIG CALIBRATION FIXTURE 2

Background: Binary Counts N1 Min. d '2 2- CPM=

Source Nom. N/A Binary .Min. Gross CPM NetCPM(Cal. Source.s) pCi V Cottnts
.

I3ICsN?/7I i S'~ f|6 /02- ) l& f /c L t/'(, o y e
Cs : GL.L -M 'Of 6 714 ,2 6 2 9 t,/ ( :. '2I ?"Un N. odin 5- /578 4. /s73 / .r c;U'st:n Nu.G-J';i

-

.c.
,.- - O l' l/ (, A - 9/ G 779

'*

/
- gn, a ss

ce3 a
743.109m. ., . m _ .. ,

-
.. . - _ _ _ _ - _ . . - _ . . - . - _. -- . .
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TMI1 STANDARD CALIBRATION FIXTURE * ~'' ~

' ' '
. .... . . ..

Background: Binary Counts /2 Min. 1 /,1 CPM=

Source Nom. N/A Binary-

Min. Gross CPM Net CPM(Cal. bources), Ci V Counts.

T
- 137cg go,7 m .5 f,/gg y p. % VC 7 9. 2. 4/79/O

Adl Cs nob /r? . 05 f f6 6 '2- 6 .r4 4 /-, S 5-u8-

AJJ za No./C 9 .5 / C L, ' ~ . ' - / f7 7 h / 2 6, Vs

S5u Non-/77.05. ,q.9 q *Q. 79gq 9y7, ,

- . ..

TMIII STANDARD DRUM CALIBRATION FIXTURE ,

Bachground: Binary Counts df/ Min. __ 2 U =... d S
'

CPM
. . . .-. _ ...

Source Nom. N/A Binary
-

(Linearity Sources) Bla.n. Gross CPa. Net CPM.

a,. ,

pCi V Counts t

90Sr i.2 73 s'[/o 2 7M s/o 73 C s*% '
U0Sr ,o y A f /.5 5- L .2. 9 / 5 I ~ 2909O. ''

?USr a co X // 7// g0 e //9/ // O h' ,

'. -

, : . .

-

. .
- -

. .. . .. .... .

1 J
'

--

TMI II SAMPLER [[ - /# -~ fOh a(/ -

s.
'

.

-

d "e - 1 ,.2 5 , CPM
s .

..

Background: Binary Counts Min. =

.
-

Sourec . Nom. N/A Binary.
.

SItn. Gross CPM Net CPM
*

(Cal. Sources. pCi V Counts'

Cs No./9 .- .5 | Uy29j| 2 t-,f 5 0 2 '-/137 I4 $C $~f
-

AJ'Cs No p' gpr, ,05 , t, g $" 2, f , f. y j ', f, (, j ()
,

AJJBa No./01' .5 /2/V l / 8/ y / 73j
'

. 13 3 Da No . 7-/ ".' .05 4,53 2- R .T 3 Y .2 (
Operadonal . -.. . .

Check Source /N[ - y /[ . /_.$~f
Bachground to .5 mR/hr 1 37Cs A CPM
Background to 1.5 mR/hr 137Cs 4' CPM -

.

'I' OdM ./56 .

Certified By:' Quality Absurance
.

,

-- - - --
'

I
*

-

,

.

749110
'

,
,

.

, , . - - * - - - = = = - - -==.---i= . . .- - . . .. . . . -
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VICTOREEN INSTRUMENT DIVISION 10101 WOODLAND AVE., CLEVELAND OHIO 44104= *

VICTC AEEN ewouc:Ini.i,es..:oo . T w x I.ioi 4 3..:e,

QLIBRATION DATA SHEET
'

PROuECT 'T/C c7 Customer P.O. No. C -d /S 2
Customer 8&n r N /NgC Victorcen Job No. 8- 9, (~ Ed

Prepared By / IwIm'

_ Date 7~/o-7/'

CHANNEL DESCRIPTION 07/97.,Z 4// VE/M

CHANNEL NO. H /" /? 2/9 f/'a bica/a ic), =;/&p
/1n,; p/ct:,[g[/irSampler Model No. 74'/-/ ~ /./ 7b Serial No. / 7.7 Type 4

Detector Model No. I u J - 2.0 A Serial No. /99 Type /7 (7A
Ratemeter Model No. 7/s.2-/ O Serial No. 76,1 Type /o6

133Ba and 1 37Cs Calibration Source Serial No. /77
Operational Check Source Type /J 7 c. ; . 'Approxirante pCi 7 . . . . .

VICTOREEN STANDARD DRUM CALIBRATION FLXTURE

Background: Binary Counts /d Min, d /d CPM=

Sources f f/C-e -

[ (Vico Std. N Nom. N/A Binary
Min. Gross CPM Not CPM -

Source & Energy pCi V Counts
Response Sources)

I r //7f 7$ d 7 $2. f (o
90 r , / J~ /_ r 74/ '/ 1 Y t/ 7 78/

~

S
_

DUTc ,4/W 24'3 9 .2 ?- + /~ f | M .v .7
36Cl ./9o 7 / 4/ .A J 7 /4 R | 7/4 6 |

Clip Level _ #/) (/o /de- P.M. High Voltage $ 7 0 l/. /,9 |
,

VICTOREEN STANDARD PIG CALIBRATION FIXTURE

Background: Binary Counts f' Min. d' T CPM=

Source Nom. N/A Binary
Min. Gross CPM Met CPM(Cal. Sources) uCi V Countr

137cs No, j 'j!/ ,y j g j g t_, x / g f,g <./ j g f't .y
-

~-

137 Cs No. 6-/') ? , O J~ /96 7 c"? / 9 4 e/ / 7 ( //
133ga No, j 9 ': , 3~ p p i; A yac 23 7

~

~

133Da No, g -19 / . c s' *? % / 2 2 y/ .2 f c
.

( .

PMR ME'@ _s,

.

~

m,m
min_ _.,_ _ . _ ._



TMII STANDARD CALIDRATION FIXTURE

2 M 7Background: Binary Counts Min. CPM=
,

Source Nom. N/A Binary Min. Gross CPM Net CPM [)[ Cal. Sources) pCi V Counts (
137Cs No. /99 1 .5 2CU 7G .) DG N 7 C R G f+ C 'l_*

.JICs No. A-/')9 .05 Jf73 D *I .t" Y 7 3 C '7 G\

D3Ba No. /'i9 .5 '7 ] O d2- 326 3 3 .5'

133Ba No. /5-/"/l .05 o 7 'C d- #7G tj C -? j

TMI II STANDARD CALIBRATION DRUM - PLACED INSIDE SAMPLER

Background: Binary Counts / M/ Min. P- O /7 CPM=

Source Nom. N/A Binary Min. Gross CPM Net Ci)M(Linearity Sources) pCl V Counts .

90 r /. D- 7700 & c2 71oo C 7 7 99.]_S
DOSr 0V .2]. ] / .2. .5 / 6 / .,1 / D Y

'
'

00Sr . . O o D- / f / 'I 2o / .2 / /4 ?
._ _ ._,....__. . _ . _ _ _ _ _ . . . . . . .. . . . . .

_
_-

TMI II SAMPl.ER M A ~/7 - f/ / 9 [ /#7/[/c.7/.:ddj
Background: Binary Counts /8 Min. E- /8 CPM=

.

Source Nom. N/A Binary Min. Gross CPM Net CPM /(Cal. Sources) pCI V Counts ()137Cs No. /97 _ .5 2 C .T 7 7 2 |2 C r 7 3 2GT67 L
137Cs No. (s-/M .05 7 7 .2 7 3 l 3727 7Y/7

,1339a yo, 799 .5 7y/ 2 Ju/ J .7 /
133Ba No. 4-/M .05 u dr '7 2 // 3 7 / ,/ 77

_

Operational
Check Source ]g g 7g (g8'

-

Background to .5 mR/hr 137Cs [ CPM
Background to 1.5 mR/hr 137Cs /F CPM

bj\ E 01U'4'.tl(f-
*

Certified Pyf
Quali$ Assur!mee

. .

~

P00RBRM A
4

.

. .

62 -

749112.

-

.
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VICTOREEN INSTRUMENT DIVISION = 10101 WOODLAND AVE., C'J.VELAND. oHID 44104 *

_ VICTOREEN enour:: ierves-ezoo = w x t e i o n 4 2 3. . = e >

3

.

CALIBRATION DATA SHEET

PACJECT _ MZ-O
Customer P.O. No. ( -~6/<'J4

Customer 8.7 /- a e # / />F Victoreen Job No. [~I/d~g(?

Prepared By Mo /d rM/re, b Date //R / hf
.

Sl~f 7'Z$// $/5//T - ZostigeCHANNEL DESCRIPTION /

CHANNEL NO. Nk "AJ ~ A/9f.Io!!rs) -

Sampler Model No. 7V/-3 Serial No. /I///7 Type It [// e
Detector Model No. #6 '~ _'?4 Serial No. /99 Type _6_JeoA[
Ratemeter Model No. f f",7 - S o Serial No. 7R4 Type /_ a ,,

133Ba and 1 37 Cs Calibration Source Serial No. /N
Operational Check Source: Type h4 Approximate pCi 7,

.

VICTOREEN STANDARD PIG CALIBRATION FDCTURE

Background: Binary Counts fP Min. 2= fPCPM
Source Nom. N/A Binary

Min. Gross CPM Net CPM - .(Cal. Sources) uCi Counts

Vico Std.133P1 -|<2 K'Ad 9 /Re? A 5 /2 'lLT13 g yo _ /79 _g 1 / yy g 93 p /W g q- ,;7:7<j yg .

133Ba No. 4-/7 / .05 4/78/ d 2 / f/8 / A /.?9S
#

137 Cs No. /Tl .5 @d 9 20 A P { 9 O f) RK /10
137Cs No. 6-/7'jf .05 6.9 ( .' s 63Sa d~/ (')

Clip Level .#4 [/ /df P.M. High Voltage kJ# [4/dr
.

.

*

P00RORBEL
'

. .

- .

pm 749113 .gg 85

A Division of SHttE*cLost Corporaten '



. _ .- . . . . - . . - -.

ThH I STANDARD CALIBRATION FIXTURE

Background: Binary Counts //P7 Min, o74 =//# CPM

Source Min. Gross CPM Net CPM jC C

(Cal. Sources) k

133pg_yo, /99 .5 c?Q??ff |2 g q ? 7g 9 M95W
13?ga no. V/97 .05 39??[ a :19 9').c $9462

' ??137Cs No. / .5 /3 'ld/A N / 9 '/ 6/ 2 |0 '| ?Il'l'

137Cs No. / P / 7 '/ .05 9#/f Q 9 9 9J~ 9/A7
(Linearity Sources)

pa yo_ s'A 4,1g jpyp p g Q 7997 p g g jgejpgp133

133Ba No. -f' /7 .115 (#19 ,2 cI.S? 4 x DS( l

133Ba No. F' % .0041 8f 92 4A 70~7 / f'/

(Energy Response Sources)
.

Ba No. 6/F--A 8 Sta M 0 3 ( 0 /x' Sd'994133 /

137Cs No. dA ' G. 8 .9 / f 7 d 2 9/ d9A $ /J/)[
60 o No. s P ~ .'t 8 V 9 C '>' Li 9 f r '/ '7 9 9 i\C b

.,

Thu II SAMPLER _ _ _ ///-4''- 9/J D.? <||w ]
GROSS CHANNEL

Background: Binary Counts [9 Min. 2 = [2 CPM''
Source Nom. ' N'/A Binary hiin. Gross CPM Net CPM(Cal Sources) uCi Counts

1339a yo, /99 ,5 ppyp g pW 4 7, 92 LjJgQ ,
133Ba No.6 -/ 9 '/ .05 /.7 0 +'t d /4 7 '/ /8 279U Cs No. / ')'/ .5 6'/799 K / 9 f V'/ 49 904|
137Cs No. 6 ~ i ' ' 'i .05 frn ci 0 if 719 / 'l t) 1/i,

, Operational Check Source 8 8 f/ 0 :? 3 P/9 9 7Ml ,,

ANALYZER CHANNEL,

133 a .356 MeV Peak. Center of Window 4.0 Volts10% Window Centered on B
Upper WJndow Limit 4.2 Volts. Lower Window Limit 3.8 Volts.
Adjust Analyzer Gain Until Maximum Countrate To 133 a Source is Obtained.B

# ** !^ "U Min. Gross CPM Net CPM(Cal. Source) pC1 Counts
133ga yo, j99 ,[ / t)(f,y ,Q f <j ,(g s) / *, f .~q

| Background: Binary Counts O Min. # Q CPM=

10% Window Centered on 131I .3G4 MeV. Decrease Analyzer Gain Until Net

33Ba Source Is 7% *1% Less Than Net Countrate es.g'1"ACountrate Due To 4

/ldff)(R9fo') = /[if.QQ .

'Obtained Above.

| Source Nom. N/A Binary
Min. Gross CPM Net CPM(Cal. Source ) pCl Counts

133ga yo, j99 _ \(- j(q 79 [] /3,L3 3 f,( Q Q |
Operational Check Source f y/7 A </ //P | < 7/k)Background: Binary Counts / Min. , 2 / CPM=

. Background to .5 mR/hr 137Cs k CPM *i 4
Background to 1.5 mR/hr 137Cs ( CPM !/'

Certified By: M /Nl, /i

86 .
Quality Ahsurance
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VICTOREEN INSTRUMENT DIVISION 10101 WOODLAND AVE., CLEVELAND, OH10 44104= *

VICTCREEN en on:: t aisi 7 e s.e z oo = Tw x isici 4 mi-e n s ?

CALIBRATION DATA SHEF.T
_

- PROJECT M7Z-2 Customer P.O. No. [ - 8 /4 S.
Customer 8in c YA 0p. Victoreen Job No. h f} f 2 |%2

'

Prepared By M_ /' .~#e _ Date 7 .2 - 7 .f'1

CHANNEL DESCRIPTION AE/fCM Aul6, /%/M E E X. N C7'A 1-

CHANNEL 50. , Nf f '' .2 D S' ' (|bi.bja hbc) jg,jg fqk.

Sampler Model No. Tu /- / - 4 9 Serial No. I I/ Type ,/Z7/ ro b[6
Detector Model No. Tu7-:2oA Serial No. / 7o Type B o,O

~

Ratemeter Model No. Tu 2 -/ n Serial No. CC T ' Type Lo4

133Ba an'd 137Cs Calibration Source Serial No. / 7 '7
--- ---Operational Check Source Type /7 7 cc Approximate pCi 7

_

VICTOREEN STANDARD DRUM CALIBRATION FLXTURE

Background: Binary Counts /3 ' Min. 2 /3 CPM=

Sources crf h.
~

(- (Vico Std. N Nom. N/A Binary Min. Gross CPM Ne't CPMSource & Energy pCi V Counts
Response Sources)

1
I .//7C b7 .7 67 f~#

90Sr . /f /f" l 7G3 A '7 s 7 7ra
99Tc . 4 /W 12 9442. .:L 2 u 4/ ;2. 2 u ;!(/ |
36Ci , /sg Gq Gp ' R & 9 & 2. (, q t., cy )

Clip Level . e? (/ /A /-/Iy P.M. High Voltage '7 0o Va/ b |
.

VICTOREEN STANDARD PIG CALIBRATION FLXTURE
.

Background: Binary Counts $ Min. b b CPM=

Source Nom. N/A Binary
Min. Oross CPM Net CPM(Cal. Sources) uCi V Counts

137Cs No. / 9 ') .T / 5~% '7 T 2 / 5~ ? 7 Y / S' T '7 L
- 137Cs No. (5-/' ', , 0 ;' / T 7 3' 2 / T3 K / E .7 <~A.

133Ba No. /Y/ . S' /03 :- |G] | T 'I
133Da No. 6 ~ / '.", ,or 2, ) & , ~ - ). *) (i. .L 7 o

.

(

_

i -.

PfT-

75-

7h.9.1.).Ib
A Dmsion of SHELLEA<. LOSE Co,poration '

-s



. . . . . - - . - - - . . . -

.

TLH I STANDARD CALIBRATION FLi~TURE

Background: Binary Counts /O Min. /O CPM=
,

Source Nom. N/A Binary LIin. Gross CPM Net CPM
.(Cal. Sources) uCi V Counts
137Cs No. /99 6 .5 2 T 7 2 cr 2 2. r ") ,) Cf ?f9/q
137Cs No. 6-/'?? .05 2333 .'2, J3 2 3 ~33/3
133Ba No. /77 .5 '3 T G A 3 74 17C
1339a yo, g-j9'j .05 f7; 3. r3/ r2/ y

TMI II STANDARD CALIBRATION DRUM - PLACED INSIDE SAMPLER

Background: Binary Counts /M 7 Min. SC / /~ CPM=

Source Nom. N/A Binary Min. Gross CPM Nc* CPM(Linearity Sources) uCi V Counts
-

.

DO r I /, 3 F 0 3 '7 4 2 To 79 v To F 79S

90Sr .c4 L JL/u .2. 23 u 4' 2.779
'

.

__ _ .
90Sr 00% 13 7 C ~1 0 |JT |3 */

--

/// '/7 - OS,[' !M/-[j cp /g-[c)'TMI II SAMPLER

Background: Binary Counts /A Min. S /2. CPM=

Source Nom. N/A Binary Min. Gross CPM Net. CPM(Cal. Sources) 4Ci V Counts
137Cs No. /77 _ .5 1 293// d i 2. 4 7 / / 2. 9 .'2 S S
137Cs No. (C~/99 .05 J T2 0 2 1 7?Lu 3i /R
133Ba No. / C'/ .5 39O A 374 ~7 7 'f
133Ba No. /3-/'/'/ .05 T' G G 2. J' C C .P. fy I

'

~
Operational
Check Source 7A 2 A G0

Background to .5 mR/hr 137Cs [ CPM
Background to 1.5mR/hr 137Cs /f CPM

-

r)7 4 1,_f Lg, j '4
., .m ,,,

Certified Ey:g(_ Quality Wssurarice

t.

-

.

.

76 '

743116
..
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VICTOREEN INSTRUMENT DIVISION 10101 WOODLAND AVE.. CLEVELAND. OHIO 44104= *

VICTOREEN enour;: ist7esesco . twxtoici4mi ==,
f
i

CALIBRATION DATA SHEET

PROJECT D77 - S Customer P.O. No. C -// /S2
_

[y n ; '/'-An " Victorcen Job No. E- 9J C-Customer

Prepared By Tem,. bha , Date 7- / - 7 f~

CHANNEL DESCRIPTION AhiCM A- Od, N'''TN MI''I/''II 0 8
CHANNEL NO. h'P- A .2 2 C (A2Vbino&!c) /)p,jitfjfh-)~

Sampler Model No. 7 l./ / - 1 -av Serial No. /I7 Type ['1r /GMa[g
Detector Model No. 7u3- 3 o A Serial No. /J3 Type /3 e 7 ,4

~

Ratemeter Model No. 7u;-/o Serial No. 677 Type t_ , a

133Ba and 137Cs Calibration Source Serial No. d? / ~7 7
Operational Check Source Type / J 7 e c ' Approximate pCi T

_

VICTOREEN STANDARD DRUM CALIBRATION FIXTURE

Background: Binary Counts /7 Min. c2 /3 CPM=

Sources 44Tc
'

(Vico Std. #I Nom. N/A Binaryi
f Min. Gross CPM Net CPM .Source & Energy pCI t Counts

Response Sources)
IU I ,//')r 7C D 7& GJ
90 r .M/F ?/T 2 7/? T o f-S

DSTc d/Vi D /J J n 3 ouso Su/7 1

36CI . /2 n RET 2~ r y 'I T 2 f- |
*

Clip Level _ , S ,1 M1/?',f P.M. High Voltage 6 9a S'f
,

VICTOREEN STANDARD PIG CALIBRATION FLXTURE

Background: Binary Counts 3 Min. .2 3 CPM=

Source Nom. N/A Binary
Min. Gross CPM Net CPM(Cal. Sources) uC1 V Counts

137Cs No. /'2'/ 5- / T T/ f 4 /XY/f /77/3
-

,

137Cs No. 4~/7'/ . O S~ 2/u7 :t 2/ a T :: I u .,"

133B1 No. /99 . r~ 9 7.9 3 232 2 O t/
133Ba No. 4 ' / / '/ . O J' 2 e? ;1 .7 .~. G ,2. i ; 79

'

-

"m .wap
A Sivikn of & HELLER-CLCSE Corporation



_

TMII STANDARD CALIBRATION FIXTURE

Background: Binary Counts /O Min. S
'

/d CPM=
,

Source Nom. N/A Binary LIin. Gross CPM Net CPM I
(Cal. Sources) uCi V Counts (
137Cs No. /7 7 i .5 ; /~e/ f C J- 2f99C 2 r '/ T 4

137Cs No. 4-!9 'i .05 '] T 3 4r D 7%34 3 % D zJ
133Ba No, / Vi .5 |

-

~3 .3 r 's ~J D r 3 j j-

1339a no, ,(-/' </| ,05 gua p 34u TJ4 1
j

TMI II STANDARD CALIBRATION DRUM - PLACED INSIDE SAMPLER

Background: Binary Counts /2 Y Min. .O O
'

/ .7 CPM=

Source Nom. N/A Binary Min. Gross CPM Net CPMEm, earity Sources) uCi V Counts .

DOSr I. 3 7UD % 0 & ~7 u k T O 7 Q u ''7
90Sr .oy D. / A O R 2 /2 o 2"/o7
90Sr . oo p fir T 30 / / lo I03

-. - . . . . . . . . .. . . . . . . . _ ..

N/~A'-2C!f/AebjC.q|a,{e)
-

- _,:=

$ '

TMI II SAMPLER

Background: Binary Counts /O Min. 1 /O CPM=

.

Source Nom. N/A Binary hIin. Gross CPM Net CPM /(Cal. Sources) uCi V Counts (137Cs No.19') _ .5 RGU49 'l R C /> ? 'I 2 G4 E9 '

137Cs No. 6-/7? .05 3766 2 '376;6 |37I(
'

133 a No. / 'Fl .5 ~] 7 O '2 37 6 3A0B
133Ba No. /;--/?'/' .05 44 7 A .2 O 70 L/ ( 2.

"
Operational
Check Source [U A [4 /-/ 4.

Backgrotmd to .5 mR/hr 137Cs f CPM
Background to 1.5 mR/hr 137Cs 8 62 CPM j

Certified Ey: k /. u |
Quality .%suranbes

.

P00RORBLul

. L- -

.

he e

78
.

.
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VICT0REEN INSTRUMENT DIVISION 10101 WOODLAND AVE., CLEVELAND, OHl0 44104. *

VICTC AEEN enou r,in t el v o s e zoo = twxteioi4 $===7

['
CALIBRATION DATA SHEET

PROJECT 7/8 -2 Customer P.O. No. C- M/Sd-

Customer /$//PA e p / fop Victoreca Job No. 8 rjgg}
~

Prepared By b bbm '

Date / - / 7 - 7 f'

CHANNEL DESCRIPTION lhdc 70 X Surib!A cr /4 i /f T A '18 P /!"P

CHANNEL NO. /-/ / /r- D. 2 ? facTEC((LATE) fto.:;y ,,.7y
Sampler Model No. K4./ /- / - Li n Serial No. / U T Type /0 rf.7er//a[c 'Detector Model No. B u 3 .2. o A Serial No. / 't 2 Type 8s7A.

Ratemeter Model No. Ku:t -/ O Serial No. ' /4/ 9 ' Type Z e t.

133Ba and 1 37Cs Calibration Source Serial No. / 77
ApproximaEpCi FOperational Check Source Type /77': -

VICTOREEN STANDARD DRUM CALIBRATION FIXTURE

Background: Binary Counts /b Min. /$ CPM=

Sources

( (Vico Std.129[ Nom. N/A Binary
Min. Gross CPM Net CPMSource & Energy pCi V Counts

Response Sources)

A 'I ,//"/J~ W S W ]9
90Sr _ fd~~/T 4 /// 2 9/6' T9 6

'
,

BUTc, . . G/ Lt d e? U 7 9 % .'J u 3 9 2 .u .2 ]
36C1 ,/do X 0 .2 C. .2. 3 o 2 C, |To/o |

-

Clip Level O 2 d Yo/[J P.M. High Voltage $ J2 o Vo/dJ#

VICTOREEN STANDF) PIG CALIBRATION FLXTURE
Background: Bi .y Counts 9 , Min. k f CPMw .

Source Nom. N/A Binary.

Liin. Gross CPM Net CPM(Cal Sources) uCi V Counts
137Cs NO. /9 'l ,f 2 'T 7 .2. A / ') l' 7 2. / 7 W- 137 Cs No. /; - / 'i ') 0r .2 > 13 2 r ') .7 i) J~ C.//
133Ba No. / 9 '/ .f ~1 T 9 cl. A h c/ u i' d
133Ba No. /' / / '/ .o, 77/ .2 33/ 322

' "

i

- P00RORi@l1
~

79-

.

A DMsion of SHELLEuLost Corporation '

743110
-

-

. _ . . . _



.

TMII STANDARD CALIBRATION FLXTURE

b _ __ Min. D- f CPM -Back, round: Binary Counts =
,

Source Nom. N/A Binary LIin. Grcss CPM Net CPhI
(Cal. Saurces) pCi V Counts
137cs yo, /97 ,5 7s,,2 n g .,2 Jogog Jo,0 y 7,

137Cs No. G-/'/7 .05 379 T 3798 37Me .

133Ba No. / 9 'l .5 ^3 f / .2 3f/ 3 u'S,

133Ba No. 6-/9'/ .05 f3 7 .1 f37 fA9

TMI II STANDARD CALIBRATION DRUM - PLAbED INSIDE SAMPLER

Background: Binary Counts O Min. 2 f.) T CPM=

uce Nom. N/A MW Min. Gross CPM Net CPM
(Linearity Sources) uCi V Counts .

90 r /2 7 G & Y .'L 2 7 C N 84 76 N 'JuS

: $ C.90Sr ,o4 22]C 2 " .)- 3'

90Sr . D 0 .2 1 /// 7 pu ! I:. IO4

_-

8/> -A'-2R f [ [O/,-[/C#[ die)TMIII SAMPLER

Background: Binary Counts 6 Min. 2 b CPM=
,

'

Source Nom. N/A Binary Min. Gross CPM Net CPM '

(Cal. Sources) pCi V Counts .

137Cs No. /9') __
.5 .'2 l l f u 2- 2CC(.U 2 C C. ? T

137Cs No. (;-/'17 I .05 _3ud2 2 I ') 4/ S .2 3 7@ f
133Ba No. /79 .5 366- 2 to C ?oo
133Ba No. f'-/7'i .05 5'D t / 2 S' .L t.; .r/ 6o

Operational
Check Source 7 y*

7M I

Background to .5 mR/hr 137Cs [ CPM
137Cs /7 CPM

'Background to 1.5 mR/hr

Cel tied Ey: Y i / ./ .
Quality \Absurance

.

*

P00R BRIGINAL

.
t. .

W
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.
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VICTOREEN INSTRUMENT DIVISION 10101 WOODLAND AVE., CLEVELAND OHIO 44104=

VICTOPIEEN e w o a c. i a i e 17 e s.. = oo = rw x le ioi 4 ai.e 2 e vg
CALIBRATION DATA SHEET

PROJECT 7 / 7 Z ~~ d Customer P.O. No. 6-6///2
Customer /$// /M S @ 8AF. Victoreen Job No. 8ifQ

[ h s'P PPrepared By Nu dbi'Prin Date
/ '

CHANNEL DESCRIPTION Nd?E[vh 8// , #75 EX, 8/tcd /kf
CHANNEL NO. N/2 ~k ~~c'l |} [ Zodiste -

Sampler Edel No. #4'/ 2 Serial No. ///4 Type Ter# ho(,
Detector Model No. [P$-S /, Serial No. f r7 Type & ,w, n
Ratemeter Model No. 95'W-6d Serial No. '7 94/ Type Z{i

133Ba and 137Cs Calibration Source Serial No. /77

(Operettional Chect: Source: Type /I4 ' Approximate pCi ef

VICTOREEN SThNDARD PIG CALIBRATI,0N FIXTURE

ff CPM,- Background: Binary Counts 9# Min. .7 =

Source Nom. N/A Binaly
AIin. Gross CPM Net CPM - .(Cal. Sources) pCi V Counts

Vico Std. 133Ra |9 22 9 $ /27A$ /A 'l7 Y
in 133nn No. / 9 'l .5 / VA WW .9 / YJ 9 9.C l'//) 7tm-

;-
133 a No. 6-/?71 .05 0 /if/ 7 9 2 / ( / '? J////fB

*

137Cs No. I'!9 .5 ?? 9'f/ R s'~ ? Y/ 99[V1/

3' 137Cs No.6-/77| .05 E2$ 2 , rJ f 'l S/ff
;} Clip Level '80 ke/dr P.M. High Voltage ftTO [A /[(

'

s
=
L.

~ - ~

eo*e.e e.

t =
.

~

.

O ,9 ,

A DMaion of saturn-cLost Corastim



'"LH I STANDARD CALIBRATION FIXTURE *

Background: Binary Counts /[8/ Min. 20 = //f CPM
Source Min. Gross CPM Net CPM

_ C Co
(L,al. Sources) ()

133na No. /99 .5 005f90 0 005 07A 0 d[949
133na No. &-f 9 7 .05 3 94'p) 3 3 7 yc13 37 AM
137cs yo, 19? .5 /33 700 g / 3 3 fr'p A /32 (3 y
137Cs No. 6 ~/77 .05 20B 2 8 ffd ? 979

(Linearity Sources)
133Ba No. 84 4'.18 /98JN 2 / 28 R O'E /78 87//

133Ba No. # /7 .115 xIB 79 2. sf#'N' F M/
133Ba No. i:' Z .004i 8 // 92 0/r tp fp- f ff

'

(Energy Response Sources)
133Ba No. 6A -2 8 NfF/7 2 8,I8 /8 8#8@
137cg yo, p? -) g gj p;, ; 9 | pg ,^. 3 / p' 79

GO o No. SE-) 8 | If?37; y y 7 3 -| c- yy a p /C

TAU II SAMPLER _ _ /f' d ' d - e7, 2 f }, ,

GROSS CHANNEL 3,

Background: Binary Counts /[7 Min. !? = j u f CPM#

Source Nom. 'N7A Sina / Min. Gross CPM Net CPM(Cal Sources) aCi V Count V
1339a yo, fy7 ,5 /p{typ[ p ja 4 *yW ja[p77 q

~
133Ba No. X-/99 .05 /93r? 2 / Y ?fy /9 /fn
13tCs No. / 9 9. .~ 5 99 Gd4 $' 99 sid V 92 VU-

137Cs No. /C-/77 .05 I ff 6''tW 2 '/ 4' 4' ? 'l2 99
, Operational Check Source 8 i 9 o (/ .? 9 06/ ? F9'21

,

.

ANALYZER CHANNEL
,

133 a .356 MeV Peak, Center of Window 4.0 Volts
,

107o Window Centered on
*

B
Upper Window Limit 4.2 Volts. Lower Window Limit 3.S Volts.

-- Adjust Analyzer Gain Until Maximum Countrate To 133 a Source Is Obtained. .B
~

Source Nom. ! N/A Binary... ..

Min. Gross CPM Net CPM(Cal. Source) uCi V Counts'

1339a yo, /97 ,g /99jj g '/9 c9 // /7ppgr
'

Background: Binary Counts 4 Min. S 4 CPM=

10?o Window Centered on 1311.364 MeV. Decrease Analyzer Gain Until Net
Countrate Due To 133Ba Source Is 7?o alto Less Than Net Countrate

f / /o9 0J~} ( ff )' ::: /{()g/_

Obtained Above,

| Source Nom. N/A Binary
Min. Gross CPM Net CPM(Cal. Source ) p C1 V Counts

133Ba No. / 7 '/ .,F /f9f/ 2 /sF'9V/ /ff7'/j
Operational Check Source

f_| / F 9|fl R /9#F / F 9*r ,

Background: Binary Counts
_

9 Min. 2 9 CPM h_.=

! !. Background to .5 mR/hr 137Cs W CPM
__

O M'. # ./[gBackground to 1.5 mR/hr 137Cs /// CPM / .,

Certified By: $ 7 l$t
100 *

Quality Ahsurance . OO.,sM,,, . , ,
t
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VICTOREEN INSTRUMENT DIVISION '0101 WOODLAND AVE., CLEVELAND. OHIO 44104= *

g VICTOREEN e n o u r i s m i .17. s.a z o o . Tw x is ioi 4 m i-e n e v

,

.

.

CALIBRATION DATA SHEET
_

PROJECT __ 7/77 ,2 Customer P.O. No. [-S/')Q
Customer 4/en J- % d'oe. Victoreen Job No. 8-7d~f(
Prepared By /)n ), d-b oi,Eh Date [h/. C

-

/ <

.

CHkNNEL DESCRIPTION Akkili&rf A/]]. EK /Jtet B
CHANNEL NO. N /' ~ N i? a -,

</issc)
Sampler Model No. # (//- li Se. ial No. ///,'l Type .Z'o //ec
Detector Model No. rP*'/ S -- 7-) Serial No. J KJ ~ Type 6 n/,,eng
Ratemeter Model No. ,f 9 9 ,94 Serial No. 96 9 Type /_v,

133Ba and 137 Cs Calibration Source Serial No. /99
g - . Operational Check Source: Type Ac) Approximate pCi T

VICTOREEN SThNDARD PIG CALIBRATION FDCTURE.

Background: Binary Counts //)( Min. d /y,(CPMv
_

Source Nom. N/A Binary
Min. Gross CPM Net CPM- .

,

(Cal. Sources) pCi Counts ..

~

Vico sta.133Pa /0 PVI) 0 |0 7 5') /0 9 h'133p g yo _ (99 _5 fyygg7 9 jyVggg ) y79 7')
', 133B a No . 6 -/ 7'- .05 d / f(tf 4 0 / #c'f 2 / M/

137Cs No. /97 .5
^~

#7 AIO f #7 f(4 97 M4-
..

137Cs No. 6*|99L .05 {.2 r)4 2 C009 - C/0 2

N.' Clip Level 90 b /df P.M. digh Voltage 7Jf h/dgf

.

P03RDRIEL
<

.

-

101'gp .

aada . 743123,

A Diviseori of SHELLEft-CLOBE Corpora?m '



.

TMI I STANDARD CALIBRATION FIXTURE '

Background: Binary Counts //fd[ Min. 80 = //f/ CPM
!^Source Min. Gross CPM Net CPM '

C C
(Cal. Sources) ~ ~ ~ ~ ~ ~

(
133pg yo_ /99 .5 Q N G VE Q eW $ $ Vf QQQ/f7133pg yo. 6-/99 .05 39 yrt 9 9 ? Vfd .?9295
137Cs No. / 9 '/ .5 /37739 2 /39757 //79(t( .

'

137cs yo. G /9'/ .05 qgr4 g F234 94?g

(Linearity Sources)
13'tBa No. 84 4'.18 /79/49 0 / 7'P/6 2 / Mod /133E a No. # /J .115 , r# 94 R ,F41O We( V '

133Ba No. # 7 .004] [7.791 AJ S89 /?7
(Energy Response Sources) *

.

133pg yo, g/7 ,9 g ggjgg 9 .g(fy[( pggg 9
1

137Cs No. JP-2 8 ') / V9N 9 '? / V 92 ') / 3 //
60Co No. SR-2 8 ! 9 0 // / 9 9// U? f)D/ a 1 /

,M/ - /7 ,S 9 4 fZi//g-)STMI II SAMPLER

GROSS CHANNEL si
Background: Binary Counts / <~ f Min. 9 = /d' CPM

_ _ - Source Nom. 'N/A Binary
AIin. Gross CPM Net CPM. (Cal Sources) uCi Counts ''

133ga yo, /9r; ,S ffyya g /fy y ygp /3 Ligg
'

*

133Ba No. /[-/9 '/ .05 4. /go / 1 2/cr1/ a/S77W Cs No. /?? .5 9,( 7% V 9d TA A 9C f/2!
137Cs No. G -/97 .05 Y999 2 V f 3 'r 96Sm

'

, Operational Check Source 8 ' /4 (59 ,7 /o(f9 /4 U~0Ji .
ANALYZER CHANNEL.

10%' Window Centered on 133Ba .356 MeV Peak. Center of Window 4.0 Volts
*

Upper Window Limit 4.3 Volts. Lower Window Limit 3.8 Volts.
Adjust Analyzer Gain Until Maximum Countrate To 133 a Source Is Obtained.B

7 Source Nom. N/A Binary
.

hiin. Gross CPM Net CPM(Cat Source) uCl Counts..I'
. 133Ba No. /79 ,f , f /S 9# 2 2 /fi">'B | 9/9 0 57'; , Background: Binary Count.; /? Min. 9 7 CPM=

'

10% Window Centered on 131I .364 MeV. Decrease Analyzer Gain Until Net
Countrate Due Tc 133Ba Source Is 7% *1% Less Than Net Countrate ,3

@ /Q3f)(f N ) /f7 g.
Obtaincd Above. ' '

| Source Nom. N/A Binary
hiin. Gross CPM Net CPM(Cal. Source ) pCi Counts

.133Ba No. /'/'/ .f //f(~7 # /K; 4 '/ /ftsd~Operational Check Source f ;? Jof 4 D //0J' R 0 'hBackground: Binary Counts (2 Min. R 2 CPM (=
~

Background to .5 mR/hr 137Cs 8[ CPM- ^ p [J/~~

Background to 1.5 mR/hr 137Cs // V CPM !NO , *

Certified By: [ bl s /d ,
-

102 Quality A$urance
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VICTOREEN INSTRUMENT DIVISION 10101 '".,oulAND AVE., CLEVELAND. OHIO 44104=

- VICTOREEN enous,lai.Ives.. co . Tw x le i oi 4 = i. 2 2. ,
-

CALIBRATION DATA SHEET --

PROJECT _ [/'/ 7 c.7 Customer P.O. No. 6 -6 /g)
Customer /3 4/rn ( ;d /foc' Victorcen Job No. E '/s-J'y
Ptspared By |}0), $~$ ree'Iti Date d~~/G 5 | ') C

,

CHANNEL DESCRIPTION UM/7 7 M S N /F @ !/'.'6 2 ZA/E/

CHANNEL NO. NP ~/Y- 0 2 9 d.'|/he)
' Sampler Model No. ;PV/-2 Serial No. M d Type .7/ ./,h.;.,
Detector Model No. #9"3 -L) Serial No. /9/ Type 4.;m
Ratemeter Model No. # </') -@~ Serial No. # C ~ Type 4o,

133Ba and 137 Cs Calibration Source Serial No. / f I''
/(Operational Check Source: Type [ '' Approximate pCi f'

VI TOREEN STANDARD PIG CALIBRATION FLTI'URE

Background: Binary Counts ,4'// Min. $2 = //d CPM.(
Source Nom. N/A Binary

in. C: oss CPM Net CPM - .

.
(Cal. Sources) pCi V Counts

Vien sta.133P1 /A f ?/ 0 /099/ /2 ')C/133pg yo_ 799 _g 799 99g g / y y 99,; 7 yg [ig
133B a No . 6-/ '"? .05 #/S9Y 2 9 / '? ' 4 .7 / .7('/
137 Cs No. /77 .5 fJa?? 4 G C d 'l 7 W 93 5137Cs.,0.6 /7/( .05 4'/<)'d 2 d'/99 9'79'/

Clip Level e #/1 //o //f P.M. High Voltage PJ O //o/t'r
'

.

PODR OPdBINAL
.

~. .( ~:
,

749125
__

70T 103-

taiJ dS
A Division of $HEWLOBE Corporation '

.



TMI I STANDARD CALIBRATION FIXTURE -

Background: Binary Counts 8 8d E Min. '2 = d/ CPM
. _

"^
Scurce Min. Gross CPM Net CPM

, C C
#(Cal. Sources) ;

1339a go_ /99 .5 ppnngg g Q Q97ff Q /WW
133Ba No. 6 -/99 .05 '79 F9M 2 M37'/8 '? P49

_

137cg yo, /99 .5 /3/gp/ g /3/ W3 / jg/ con
137Co No. /$ -/ 7 '/ .05 /T 9U 2 999# F' 73 9

(Linearity Sources)'
133na No. #A 4.18 /234 Y/ a / ?2 C V ' /? Vin?
133Ba No. # /) .115 o' ?d4 ''t C '? / - #d '/. f~ l

133Da No. WT .0043 V2 211 90 92 3 /9/_

(Energy Response Sources)
1339 g go _ , 7p -p g ggggg g sq({yf- Sg 999
137Cs No. ,DC-2 8 326'33 ? 99 93-9 80262
60 o No. C/: - 8 Y'7,' 3 ' A P J 'i '! V? ?O -C

,

TMI U SAMPLER
__ M / f-- // ,. '' 7 (7; / 5-.-) )

GROSS CHANNEL
Background: . Binary Counts 9 VAF' Min. 2 =2Ih? CPM

Source Nom. 'N/A Binary hiin. Gross CPM Net CPM(Cal Sources) pCi V Counts
'

1339a yo, /79 .5 /VS999 Q /Vf?y9? /?FCYA )
. 133Ba No. 6 '?'/ .05 77074 2 d 8 9 '94 O 2 P'C

ld(Cs No. /77 .5 f/ FK' 1 F/fVI 9/ (/E
137Cs No. 15 - l'i'i .C5 KO i' n R dd Y0 Y909'

'

, Operational Check Source 8 // ? '/ .C d //2 V8 '// 4 / 9i .
ANALYZER CHANNEL.

133 a .356 MeV Peak. Center of Window 4.0 Voltsl'6o Window Centered on B
7 pper Window Limit 4.2 Volts. Lower Window Limit 3. 8 Volts.
" Adjust Analyzer Gain Until Maximum Countrate To 133 a Source Is Obtained.B

.

Sot' . ce Nom. N/A Binary
1\iin. Gross CPM Net CPM(Um ocurce) uCi V Counts !

1339a yo, jy9 ,g /gWq g /g9sfq | 7 9 y g.y
| Background: Binary Counts /.J Min. 9 / /) CPM=

10?o Window Centered on 1311. 364 MeV. Decrease Analyzer Gain Until Net
Countrate Duc To 133Ba Source Is 7?o *1?o Less Than Net Countrate

(/ f V$ 7)'(' [3 fj,' .= / 7/ ff "jiq3J2G
'

,
obtained Above.

| Source Nom. N/A Binary
Ai Gross CPM Net CPM(Cal. Source ) pCi V Counts

1 B1.33 a No. / 9 'l ,J |/9/70 0 /9/93 /O'/s SO
Operational Check Source f | S r9,; ') | 9 f.T o S f- ? ()

V CPM
_

Background: Binary Counts V Min. D (=

~ Background to .5 mR/hr 137Cs i''' CPM !! !h- a/.

!
,

Background to 1.5 mR/hr 137Cs //.( CPM j,
, .,

Certified By:f ? d- 1?i7.- /1
104 Quality Absthrance'
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PROCESS RADI ATION MONITORING C A LIBR ATION D ATA

'

i 6 samnler Sampler

: Channel Monitor Type Detect ' Discrim. High Cal. Source Not Cal. Source Net ' Date ol'
No. Type De tect. Counting Level Voltago and CPM and CPM Cal .

Mode (Volts) (Volts) Serial No. Serial No. Reading

DC-R-3400 offline Liq Gamma Gross .20 830 133Ba #177 231575 137Cs #177 133612 5/21/75

Dd-R-3399 offline Liq Gamma Cross .20 700 133 Ba #177 226945 137Cs #177 134878 5/20/75
IG-R-1091 Offline Liq Gamma Gross .20 775 133Ba #177 223491 137Cs #177 134673 5/22/75
IC-R-1092 offline Liq Gamma Gross .20 600 133Ba #177 210229 137Cs #177 137121 5/20/75

IC-R-1093 _ Offline Liq Camma Cross .20 790 133Ba #177 230352 137Cs #177 133737 5/21/75.

~

Gross un-
133MU-R-720 Failed Fuel Gamma attenuated .20 780 Ba #177 220615 137Cs #177 139033 5/28/75,

Gross
133 a #177 225815 137HU-R-720 Failed Fuel Gamma attenuated .20 780 B Cs #177 137659 5/28/15

Analyzer buco#G1002
MU-R-720 Failed Fuel Gamma unattenu- N/A N/A set to 135 1 16048 5/29/75ted Peak

Analyzer buCe#G-1002
MU-R-720 Failed Fuel Gamma attenuatec N/A N/A set to 135 7 15967 5/29/75 -

_. Peak

NS-R-3401 Offline Liq Gdmma Gross .20 710 133Ba #177 214690 137Cs #177 134024 5/15/75
SF-7 -3402 Offline Liq Camma Cross .20 700 133Ba #177 233843 137Cs #177 135882 5/14/75
WDL-R-1311 Offline Liq Gamma Gross .20 750 133Ba #177 219967 137Cs #177 125423 5/22/75

Wr R-3894 Offline Liq Gamma Cross .20 720 133Ba #177 220196 137Cs #177 134300 8/12/75
133ITT-R-3895 Offline Lin Gamma Gross .20 710 Ba #177 222119 137Cc #177 133200 5/23/75

'

VA-R-748 Offline Gas Beta Gross . 20 575 137 133CS #177 44209 Ba #177 1500 6/27/75
_

!~
O f * , ,

.

..,

e
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PROCESS RA DI ATIO N MONITORI NG C A LIB R ATIO N DATA' [N

Sampler Sampler
'Channel Monitor Type Detect Dis,crim . High Cal. Source Not Cal. Source Net Date of

No. Type De tect. Counting Level Voltage and CPM and CPM Cal .-

Mode (Volts) (Volts) Serial No. Serial No. Reading

137WD -R-1480 Offline Gas Beta Cross .20 600 Cs #177 47014 133Ba #177 1715 6/19/75

WD'G-R-1485 Offline Gas Beta Gross .20 750.c 137Cs #177 45721 L33Ba #177 1593 6/30/75

WDG-R-1486 Offline Gas Beta Gross .20 495 137Cs #177 41960 133Ba #177 1222 6/19/75

137 133ilP-R-219 'Jffline Gas Beta Cross .20 700 Cs #177 47410 Ba #177 1765 6/26/75
t!oving Fil-

137IIPPR-219 ter Parti- 10/1 Beta Gross .20 630 Cs #1/7 26563 133Ba #177 331 7/10/75
culate,

|
133

| LIP-R-219 Iodine Gamma Gross .20 750 Ba #177 88413 137Cs #177 67930 6/12/75

llP-R-219 Iodine Gamma Analyzer N/A N/A 133Ba #177 16352 6/12/75
-

Set to 131
,

Peak,

137llP-R-220 offline Gas Beta Gross .20 660 Cs #177 46986 133Ba #177 1665 6/25/75 *

| ttoving Fil-

IIP-R-220 ter Parti- 10/1 Beta Gross .20 705 137Cs #177 28335 133Ba #177 380 7/3/75
culate

IIP-R-220 Io ine' Gamma Gross .20 750 133Ba #177 137458 137Cs #177 80903 6/11/75
133IIP-R-220 Iodine Gamma Analyzer N/A N/A Ba #177 15379 6/11/75
set to 131

7,

Peak-

ilP-R-221A Offline Gao Beta Gross . 20 680 137Cs #177 45532 Ba #177 1531 6/23/75
~ 133

Moving Fil-
137IIP-R-221A g g arti- 10/1 Beta Gross .20 _620 Cs #177 25028 133Ba #177 293 7/11/75 |

D' )+,

J ,s
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PROCESS RA DI ATIO N MONITORING C A LIBR ATION DATA

Sampler Sampler
3;.hannel Monitor Type Detect Discrim. High Cal. Source Net Cal. Source Not Date of |

*
No. Type De tect. Counting Level Voltage and CPM and CPM Cat .

Mode (Volts) (Volts) Serial No. Serial No. Reading

IIP'R-221A Iodine Gamma Gross .20 775 133.la #177 154952 137cs #177 37563 6/11/75-

133IIP-R-221A [odine Gamma Ana13rer N/A ' N/A Ba #177 19318 6/11/75
set to 131 7
Peak

133IIP-R-221E offline Gas Beta Cross .20 660 137Gs #177 48533 Ba #177 167'i 6/23/75
efoving Fil-

L3311P.-R-221 h ter Parti- 10/1 Beta Cross .20 560 137Cs #177 21104 Ba #177 309 7/16/75
<_ u s t e

37llP-R-221B Iodine Gamma Cross .20 790 Ba #177 167243 Cs #177 93525 6/9/75

IIP-R-221B lodine Gamma Analyzer .N/A 'N/A 133Ba #177 21637 6/9/75
Set to 131 7
Peak

137llP-R-222 Offline Gas Beta Gross .20 550 Cs #177 48004 133 Ba #177 1603 6/26/75
floving

137IIP-R-222 Filter Part -10/1 Beta Gross .20 550 Cs #177 34287 133Ba #177 542 6/30/75
iculate -

133 137IIP-R-222 Iodine Gamma Cross .20 700 Ba #177 116895 Gs #177 65905 6-3~-75
l>JBa #177

IIP-R-222 Iodine Gamma Analyzer .N/A N/A Set to 131 1 17501 6/3/75
Peak

133IIP-R-223 Offline Car Beta Gross .20 700 137Cs #177 43263 Ba #177 1437 6/17/75
Moving Fil-

137IIP-R-223 ter Parti- 1 /1 Beta G'ross .20 690 Cs #177 23531 133Ba #177 282 7/8/75
'

culate ,

E [ }
|

.

's.,
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PROCESS RADIATIO N MONITORING C A LIBRATION D ATA ?.

t*

Sampler Sampler
fChannel Monitor Type Detect Discrim . High Cal. Source Net Cal . Source Not Date of .

ho. Type De tect. Counting Level Voltage and CPM and CPM Cal .-

Mode (Volts) (Volts) Serial No. Serial No. Reading
_

llP-R-223 Iodine Gamma Cross .20 700 133Ba #177 119626 137Gs #177 G6299 6/13/75

IIP' R-223 Iodine Cama Analyzer N/A N/A .133Ba #177 14661 6/13/75-

Set to 131
7

Peak

IIP.-R-2 24 Offline Gas Beta Gross .20 580 137Cs #177 42551 133Ba #177 1444 6/27/75 f
floving Fil- -

133IIP-R-224 ter Parti- 10/1 Beta Cross .20 630 137Cs (177 22567 Ba #177 262 7/8/75
culate '

137!!P-R-224 Iodine Gamma Gross .20 650 Ba #177 122938 Cs #177 71697_ 6/13/75 '

IIP-R-224 Iodine Gama Analyzer N/A N/A 133Ba #177 16490 6/13/75
Set to 131

IPeak

137IIP-R-225 offline Gas Beta Cross .20 570 Cs #177 45148 Ba #177 1523 6/26/75

g 137 133HP-R-225 10/1 Beta Gross .20 700 Cs #177 29299 Ba #177 378 7/2/75,r

culate *

133HP-R-225 Iodine Gama Gross .20 800 Ba #177 136217 137,,, #177 714gs 6/5/75

HP-R-225 Iodine Cama Ahalyzer N/A N/A Ba #177 15977 6/5/75
1311set to,

Peak

137 133IIP-R-226 Offline Gas Beta Gross . 20 790 Cs #177 45673 Ba #177 1786 _6/27/75 -

I
:

' Ii
. ,

'
.
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PROCESS RADIATION MONITORING C A LIBR ATION DATA b

Sampler Sampler
iChannel Monitor Type Detect Discrim. High Cal. Source Net Cal. Source Net Date of

,
No. Type De tect. Counting Level Voltage and CPM and CPM Cal .

Mode (Volts) (Volts) Scrial No. Serial No. Reading

11 I-R-226 Moving Fil- 137 13310/1 Beta Cross .20 690 Cs#177 76489 na 0177 320 7/1/75-

-

ter Parti-

5 culate

1llP-R-226 Iodine Gamma Gross .20 725 Ba #177 134328 Cs #177 76812 6/4/75

IIP- R-226 Iodine Gaima Analyzer N/A N/A Ba #177 19665 6/4/75
1311set to

Peak

IIIP"R-227 Offline Gar Beta Gross .20 625 Cs #177 '48059 Ba #177 1789 6/25/75
,

"8 133:!P-R-227 10/1 Beta Gross .20 620 Cs #177 26658 Ba #177 300 7/17/75p,

culate
__

137IP-R-227 Io' dine Gamma Gross .20 850 Ba #177 148546 Cs #177 P1615 5/28/75

IP-R-227 Io' dine Gamma Analyzer N/A N/A Ba #177 17169 5/28/75
1311set to-

.' Peak
*

IP-R-228 0[flineGas Beta Cross .20 675 Cs #177 48064 Ba #177 G15 6/25/75137 133

137
IP-R-228 Mo,ving Fil- 10/1 Beto Gross .20 700 Cs 31848 374 7/3/75

ter Parti-
~

,

,

ctilate -

Ghoss .20 690 Ba #177 142078 Cs #177 80007 6/2/75133 137
IP-R-228 Iodine Gamma

,

[ (
- ,

.

*
- ,, -
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PROCESS RADI ATION MONITORING C A LIBR ATION DATA

sampler Samnier
Channel Monitor Typo Detect Discrim. High Cal. Source Net Ca!. Source Net Date of3

'

No. Type De tect. Counting Level Voltage and CPM and CPM Cal .-

Mode (Volts) (Volts) Serial No. Serial No. Reading

17315 6/2/75flP F-228 Iodine Gamma Analyzer N/A N/A Ba#17{y13Set to ,

'

Peak
,

137 133
llP R-229 offline Gas Beta Gross .20 610 Cs #177 47195 Ba #177 1543 6/23/75 :

I M ying Fil- 137 133
ilP R-229 10/1 Beta Gross .20 720 Cs #177 28956 Ba #177 396 7/2/75 |

*
ter Parti- ;

.

culate

137 '

llP-R-229 Iodine Gamma Gross .20 760 Ba #177 144565 Cs #177 81913 6/6/75

IIP-R-229 Iodine Gamma Analyzer N/A N/A Ba #177 17307 6/6/75

Set to I
, ,

Peak*

.

9

|
-

.

:

.

$

'

.i

:.
,

|
.

P |

~

/,



r-~

(

.

e

APPENDIX II

TMI II CALIBRATION PROCEDURE PECULIARITIES

.

\
.

(
t

's -

743133
.



.

TMI II CALIBR ATION PROCEDURE PECULI ARITIES

Many more calibration sources and fixtures were supplied to TMI IIx

(
,

than are normally supplied by Victorcen to calibrate process radia- \

tion monitor systems. Many of the sources and fixtures are used

for specific purposes (linearities, energy response, etc.) and are

not used in the general point source calibration of the system.

Using the Calibration Data sheets in Appendix I and the informa-

tion about the calibration sources and fixtures, the procedures for
,

these "special purpose" calibrations are self-explanatory. In

instances where further clarification is needed, it will be given in

this section.

The general point source calibration M the TMI II system is the

same as the general point sou,rce calibration given in Section III,

with a few peculiarities. These peculiarities will be noted and

explained here.

A. Liquid Monitors

General point source calibration of all TMI II Liquid Monitors

is identical to the procedure in Section III.

B. Iodine Monitors

The point source is to be attached to the charcoal filter cart-

ridge and the filter holder is to be placed in the sampler as

explained in the steps below:

1. Remove the filter holder and existing charcoal filter.

2. Tape the point source to the center of a clean charcoal

filter so that the printed side of the source will be

pointing away from the detector face.
'

3. Place the charcoal filter in the holder so that it is

properly retained.

11 6 *;g|jJ,[M



4. Position the detector so that the detector face is 1/4 inch

back from the lip in the sampler tube. A jig is supplied

to be used from the filter holder end for this purpose. The

lip is a stop which positions the filter holder.

5. Place the filter holder in the sampler. It is to be inserted

as far in as possible without removing the red rubber circular

gasket around its perimeter or tightening the thumb screws.

C. Primary Coolant Letdown Monitor (MU-R-720)

This monitor contains a 3 inch lead plug which is used to attenuate

the count rate when high level activity is present. In the sampler,

all point source calibration was done both with the plug inserted

and with the plug removed.

The point source is to be attached to the detector face with the

source holder,and the detector is to be inserted as far down as
-

y possible into the sampler.

The high voltage is set by the gross channel ratemeter pot Ril5.

(Ratemeter that does not contain the analyzer switch). For purposes

of reference let this Ratemeter be designated as Ratemeter #1. The

high voltage pot on the ratemeter containing the analyzer switch is non-

functional since it receives its input pulses from the other Rate-

meter. For purposes of reference let the ratemeter be designated

as Ratemeter #2. If correlation of gross count rates registered

by both meters is desired, the gross discriminator on ratemeter #2

can be varied until the gross count rate of ratemeter #2 agrees

with the gross count rate of ratemeter #1. This procedure does

nothing to alter the analyzer setting of ratemeter #2. However,

all gross count rates should be read from ratemeter #1, and

ratemeter #2 should remain in the analyzer mode to monitor plant

effluent radiation. 117

7dO1M
.



D. Gas Monitors
.

General point source calibration of all TMI II gas monitors is

identical to the procedure in Section IV. )'

,

\

E. Particulate Monitors
,

General point source calibration of all TMI II particulate

monitors is identical to the procedure in Section III. A scribe

mark is provided on the detector. The detector is properly

positioned when the scribe mark is aligned with the aluminum
.

retaining ring. The detector is also properly positioned when

it is aligned as shown in Section IV.

The linearity calibration is to be done with the TMI 11 Standard

Calibration Drum (contains the Sr-90 sources) placed inside the

sampler. The following procedure is to be followed:

1. Remove the filter pa'per from the existing Capstan.
)

( 2. Take the background counts with the Capstan in place.

3. Remove the Capstan and install the TMI II Standard Calibration

Drum on the mounting spindle.

4. Take count rates to each source, being particularly careful

that each source is centered with respect to the detector

face . A dot is scribed on the Calibration Drum that lies on

the center line of each source.

If a beta detector in any of the particulate monitors is to be

replaced, it may be recalibrated to the Sr-901.3 pCi source

with the TMI II Standard Calibration Drum placed inside the

sampler. The average count rate of all the particle Monitors

supplied to TMI II to the Sr-901.3 pCi source with the TMI II

Standard Calibration Drum placed inside the sampler was

- 73,517 + 4.4% at one standard deviation (10) on 7/8/75.

118
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Factory Point Source Calibration (For Field Calibration see Manual Section III){

NOTE:

All pertinent data generated during the factory calibration is re-

corded on a Victorcen Standard Calibration Data Sheet (Appendix I). (,
On a multi-channel system, critical parameters for each channel are

tabulated on a Victoreen Process Radiation lionitoring Calibration

Data Table (Attachment II) . This data vill be used by the customer

to maintain the NES traceability on all future calibrations.

1 Beta Scintillation Detector (843-20)

Four area sources are used to calibrate the beta detector. These

sources are attached to a Capstan assembly (shown in Figure 10) to

simulate the geometry of the moving particulate _ filter sampler. The

99Tc, 129 , 90Sr, and C1. The 1 source provides7 35 129four sou w are

the traceability to NBS.

1.1 Requirements -

,

a. Beta source Capstan assembly with 4 area sources.

k b. Counter / scaler

c. Oscillator (
d. Pulse generator

e. Oscilloscope
.

f. Victorcen Standard Geometry, Model 844-36
.

.

g. Customer's Serialized Button Sources

h. !!asking Tape

1. Calibration Data Sheet

1.2 Discriminator and IIigh Voltage Adjustment

a. Connect the detector to be calibrated to the LCRM. Pa ord

the serial numbers of the detector and LCIct, as well as all

other pertinent data on the front of a Calibration Data Sheet.

b. Place the beta detector in the test figure, and install the I

source Capstan. Position the detector such that the foil
*

window is 3/16" from the center of the sources. gr. .

120
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.

c. Turn all equipment on and allow 15 minutes for varm-up and

'' stabili::stion. (1
d.Uhile the equipment is warning up, compute the net count rate

90 r source using the equation presented below, andof the S

the data from Table 4.

N = N e Mt)o

where N = present count rate )
No = count rate at time of factory calibration

e = base of natural logarithms
,

A = 0.693+Tg (See Table 4 for Tg ) |
't = elspsed time (yrs.)

.

.

.

e %

9

U,-

.
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Table 4: Beta Calibration Sources |

Isotope Th (Half-life) t Count Pate
f o

129 7
7 y,7 x gg yrs 1200 cpm

90
Sr 27.7 yrs.

6
Cl 3.08 x 10 yrs. 75, 177 cpm

Tc 2.12 x 10 yrs. 24, 217 cpm

129 99NOTE: Due to the long half-life of I, 36C1, and Tc, the N
o

count rats can be used for calibration purposes.

e. Remove the detector input signal and High Voltage cables.

f. Connect an oscillator and pulse generator to the input of

the ratemeter as shown in Figure 4. Adjust the signal

input to: .

' 5
pulse rate - 10 ,

'

pulse polarity - negative

pulse amplitude - 0.200 + 0.002 volt

pulse width - 1.0 psee
_

g. Adjust the Discriminator level control, R3, so that the

'

O.2 volt negative pulses are just counting. The ratemeter

will now discriminate against all pulses lower than 0.2 volt.

NOTE: This is the final setting of R3. Record this value

on the channel Calibration Data Sheet.

h. Remove the test equipment from the LCRM and reconnect the-

detector and High Voltage cables.

i. Place the Function Switch in the H.V. position.

j. Adjust the irV adjust, RilS, for an indication of 500 vde on,.

7''t 33.1.1_
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the front panel meter.
.

NOTE: This is not the final IIV setting but is simply a starting

Ipoint for the calibration.

h. Place the Function Switch in the OPER position.

1. Position the I source attached to the source capstan toward

'

the sensitive end of the Beta Detector making sure the source and

the crystal are centered. Assure the center of the source is 3/16"

from the foil window. -

m. Connect a Counter / Scaler between the junction of R14 and R18 or TP7 on
.

the log ratemeter card and ground. Adjust the scaler for a 2 minute

time base.
.

n. Assuming a 50 cpm background count rate, adjust the High Voltage

using Rll5,* until a count rate of 1250 cpm is measured on the

Counter / Scaler. *

.

o. Remove the source from the detector and take a 2 minute count of
, /

- the actual ambient background.
.

*

p. Compute the sum of the measured background count rate plus 1200 cpm

from the 'I source. Replace the 'I source over the active end of
~

the detector.

q. Fine tune the HV using Ril5, for a gross count rate equal to the
,

sum computed in the previous step. Record this value on the Cali-

bration Data Sheet.

NOTE: Required accuracy is + lt of the net source count rate.

r. Remove the source capstan and thke a 2 minute background count..

-

Record this value on the Calibration Data Sheet.

s. Compute the net count rate of the I by subtracting the back-

ground (step r) from the gross count rate (step q). The net count
,

,

A-

rate must be 1200 pm +1%. If the accuracy is not within +1%, %s,
, ,

repeat steps q through s.

* g)j ,W124
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1.3 Energy Response Check _ fixture and position the
a. Replace the source capstan on the test

.r

Sr source over the active end of the detecto .90
m on the Calibration - .

.

b. Take a 2 minute count and record the gross cp
'

Data Sheet. background measured in
.

h
c. Compute the net epm by subtracting t e d net epm

The allowarde tolerance of the measurestep 3.1.2.r.
Record the gross and net cpm

6to the anticipated epm is 1,4.

on the calibration data sheet.
iW gg

36C1 area source.
d. Repeat stcp a through c for the

99Tc area source.
e. Repeat step a through c for the

se check. If the

f. Observe all data taken in the energy respon
repair of the detector is required.

1,6% tolerance cannot be met, Record the HVsition.*

g. Place the Function Switch in the H.V. po.

in the appropriate
_

. value indicated on the front panel meter This is the final high

locations on the Calibration Data Sheet.
voltage adjustment.

ition.

h. Place the Function Switch in the OPER pos
(Standard Geometry)

Calibration of Eccondary Button Sources

1.4 _ 14 1 Standard Geometry %m
_ i fixture

~~--

' a. Remove the detector from the beta calibrat on
i

try, Model

and install it in a Victoreen Standard Geome
844-36. junction of R14h

b. With a Counter / Scaler connected between t ed take a 2 ninute
or TP7 on the ratemeter cord and croun ,

and R18 Record thisy

count of background in the standard geometr .

value on the Calibration Data Sheet,
d rd geometry and

c. Slide open the source holder on the stan a

125
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90
insert the customer's serialized Sr. button source,

with the blank side towards the detector.

d. Take a 2 minute gross count of the90Sr
source and record (?

this value on the Calibration Data Sheet. Compute the net

count rate by subtracting the background (from step b) and

record this value on the data sheet.

DOe. Remove the Sr source. t

.

f. Repeat' steps b thru e in the customer's standard geometry

' o obtain cross calibration data.r
,

.

g, Remove the detector from the standard geometry and install,

it in the sampler. All accessories, i.e., operational

check sources and shielding, must be in the operating posi-

tion. -

..
.

1.4 v2 Sampler Geometry
.

a. Gross Gascous"

( NOTE: Use this procedure for a beta detector which is (
used to monitor gross gaseous activity, i.e., no partic-

ulate filter.

1.) The detector must be installed in the sampler with all

associated accessories in place.

2.) With a Counter / Scaler connected between the junction of

R14 and R18 or TP7'on the rntemeter card and ground take a

2 minute background cour_t and record tae value on the

Calibration Data Sheet.
*

90*

3.) Attach- the seriali=ed Sr button source to the active

end of the detector as shows in Finure 5, or' by using the
~

plastic source cup, with, the blank side of the source
'

.

*

.towards the detector. Place.the detector in the sanpler,

. L

126
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Record this
4.) Take a 2 minute count of gross cpm.

Compute the
value on the Calibration Data Sheet. 2)
net count rate by subtracting the background (step

Q
and record this value on the data sheet. *

90 r button source from the detector.S
51) Remove the

6.) With the detector in the sampler, depress and hold
r

the check source pushbutton on the ratemete .
d

7.) Take a 2 minute count of the check source activity an
record the gross epm on the Calibration Data Sheet.X wan

}to

Subtract the background (step 2) from the gross epm

find the net cpm and record this value on the data
Release the check source pushbutton when the

sheet.

2 minute count is completed.
d

8.) Remove the test instrumentation from the LCICf, an
secure the detector in'the sampler.

9.) Calibration completed.'

b. Moving Particulate Filter QIodel 841-1)
Use this procedure for beta detectors employed on

NOTE:

moving particulate filters, Model 841-1.
h all

1.) The detector must be installed in the sampler wit
, .%%w

filter paper

accessories in place, except remove the f'

and capstan. ion of
2.) With a Counter / Scaler connected between the junct

d

R14 and R18 or TP7 on the ratemeter card and groun ,
d the value on

take a 2 minute bachground count and recor

the Calibration Data Sheet.

127 _,
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90Sr button source to the active3.) Attach the serialized

andatthedetectorasshowninfigure5,orbyusing(
,

plastic source cup provided with the cystem, with the

blank side of the source towards the detector. Place

the detector on the sampler.

4.) Take a 2 minute count of gross epm. Record this value

on the Calibration Data Sheet. Compute the net count

rate by subtracting the background (step 2) and' record
*

this value on the data sheet.

90Sr button source from the detector.5.) Renove the

6.) With the detector in the sa=pler, depress and hold the

, check source pushbutton on the ratemeter.

7.) Take a R minute count of the check source activity

- and record the gross epm on the Calibration Data Sheet

\
'- Subtract the background (step 2) from the gross cpm to

find the net cpm and record this value on the data

sheet. Release the check source pushbutton when the

2 minute count is completed,

8.) Remove the test instrumentation from LCRM.
.

9.) Replace the filter capstan and filter paper.-

10.) Calibration completed.

c. Fixed Particulate Filter (Mddel 841-2)

NOTE: Use this procedure for a beta detector employed
,

in a fixed particulate filter sampler, Model 841-2.

.

*

~

749146
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1.) The detector must be installed in the sampler with

all associated accessories in place.

2.) Remove the filter and gasket from the filter holder.
, .

3.) With a Count?r/ Scaler connected between the junction of '

R14 and R18 or TP7 on the ratemeter card and ground,
-

l

take a 2 minute background count and record the va ue.

on the Calibration Data Sheet.
.

4.) Center the serialized.90Sr button source on the end of.

d
the filter holder assembly with the blank side towar s MOs%kggg

Attach the button source to the filterthe detector.
holder by placing two sns11 pieces of tape on the edge

,,,,

of the source and over the top of the filter assembly

(or use double sided tape) as shown in Figure 5 or

place the source in the plastic cup and over the end of
Do not cover source Gith tape, as it

the detector.s

will attenuate the beta emission.\ --
S.) Place the filter holder into the sampler and secure it

with the thumb screws.
Record this value on

6.) Take a 2 ninute count of gross epm.
Compute the net count rate y ; 5 % % % % % % % ;:p. w y. m

the Calibration Data Sheet.

by subtracting the background (step 3) and record this
.

.

value on the data sheet. _

90Sr button source from the detector.7.) Remove the
in

8.) Replace the gasket on the filter holder and insert

the sampler without the filter paper.

9.) With the detector installed in the sampler, depress

and hold the check source pushbutton on the ratemeter.

10s) Take a 2 minute count of the check source activity and74S147
record the gross cpm on the Calibration Data Sheet.

129
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Subtract the background (Step 3) from the gross epm to find

the net epm and record this value on the data sheet. Release

the check source pushbutton when the 2 ninute count is con- (
plated.

11. Remove the test instrumentation from the LCR'!.

12. Calibration completed.

1.5 Linearity Source Check (Ootional)

NOTE: Linearity sources are provided only upon specific request
90

of the customer. Three Sr buttonssources of varying -

activities will be used.

a. Remove the detector from the sampler and install it in a

Victoreen Model 844-36 Standard Geometry,

b. Connect a Counter / Scaler between the junction of R14 and R18,

or TP7 on the Log ratemeter card, and ground.

90
's c. Place the highest activity Sr source in the standard geometry,

(' Cblank side up. Take a 2 minute count and record th'e count rate.

d. Repeat Step e using the medium activity source.

e. Repeat Step c using the small at activity source. Count the source

for 6 minutes. Compute the count rate by dividing the binary

counts displayed on the Counter / Scaler by one-half of the

counting time (ie.,3)
.

f. Remove the sources from the standard geometry and take a 10

minute background count. - Compute the count rate by dividing the

binary count by 5.

g. Replace the detector on the sampler assembly.-

h. Compare the measured results, taking into account the radioactive

decay of the line -ity cources, with the actual activity of the

The chan..el cust be linear within 115*'. of the epm /sources. ,

L
~

pCi/cc (source efficiency) f acrot.
12 0 743148.
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cintillation Detector Nodel 8/.*3-30) librate the
a button source is used as a factory standard to ca

This source, through an isotopic effluent
,

,

'tilation detectors. /

ation, provides NBS traceability.

Requirements
. _ _

133Ba Button Source
a. Victoreen Standard

b. Victorcen Standard Geometry, Model 844-36 f. -,u+.
. , ,,,

c. Counter / Scaler
.

f#M'he%uamd. DVM

e. Oscilloscope -

.

f. Alligator Clip Jumper
- .

g. Oscillator

h. Pulse Generator
-

1. Oscilloscope

Customer's serialized button sources
.

d.
'

/ ,

. Masking tape
-

.m =*..i

,

1. Calibration data sheet

2.2 Discriminator and High Voltage Adjustment
h LCRM. Record

a. Connect the detector to be calibrated to t ed LCP21, as well as all
the serial numbers of the detector an [~ - - - %

ibration Data Sheet.
other pertinent data on the front of a Cal

d Geocetry

b. Place the gac=a detector in the Victorcen Scandar
.

Model 844-36. for varm-up and
c. Turn all equipment on and allou 15 minutes

.

stabilication.

.

O g

t
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.

- d. While the equipment is varming up, compute the net ,,

133count rate of the Ba factory button source using the

equation and data presented below:

-0.693t/N=Ne To

where N = present count rate

N = clapsed time (years)
,o

t = date of initial calibration = l-1-/6o

T. = half life of isotope = 10.7 years
1

e. Remove the detector input signal and high voltage cables.

If the LCRM contains an analy=er board 1: must be bypassed
.

*
by placing the analy=er card and place a ju=per across pins

'

L and K on J2 on th'e main board.

(1s

.

.

.

.

7G150
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t e e -

f. Connect an oscillator and pulse generator to |Adjust the signal input4
the ratemeter .ns shown in Figure

l '

tos'

5'

pulse rate - 10 cp , #

pulse polarity - negative
0.002 volt

pulse amplitude - 0.200 +

pulse width - 1.0 psec R3, so that the 0.2 _ - , - %

l

g. Adjust the Discriminator level contro ,
The ratemeter will

volt negative pulses are just counting.
than 0.2 volt. pg

now discriminate against all pulses lower
d this value

'

This is the final cetting of R3. Recor
,

_NOTE:

on the channel Calibration Data Sheet.
1 and reconnect the

h. Remoue the test equipment from the LCM
CRM in the Gross :4cde

detector and High vnitagc cables. Leave the L
ition,

i. Place the Function Switch in the H.V. pos
R115, for an indication of 700 vdc

j. Adjust the HV adjust,
.

i -

.

on the front panel meter.
~~--

i ly a

This is not the final HV setting but is s mp
I

'

NOTE:

starting point for the calibration.
ition

k. Place the Function Switch in the OPER.pos -

~

into _ r%%

Ba factory button source, blank side up,
.

133
1. Place the y

the source holder on the Standard Geometr .junction of R14 and n13

m. Connect a Counter / Scaler between thed Adjhst the scaler
or TP7 on the log rate:eter card and groun .

for a 2 minute time base. adjust the High
n. Assuming a 100 cpm background count rate,nt rate of

Voltage using Rll5, until the computed net cou
.

h C ounter/
Da source plus 100 cpm is measured on t e 013151the

'- Scaler.
133 ,

yn .:.; _ . .. .

- . , ;,.,
-, - Ws;a .

.
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o. Remove the source from the detector and take a 2 minute count

of the actual ambient background.

p. Compute the sum of the measured background count rate plus'

the ccmputed net count rate of the Ba source. Replace

the Ba source in the Standard Geometry.
,

q. Fine tune the HV using Ril5, for a gross count rate equal

to the sum computed in the previous step. Record this value
!

on the Calibration Data Sheet:

NOTE: Required accuracy is i 1% of the net source count

rate.

r. Remove the source from the standard geometry and tche a '
- .

2 minute bach::round count.
Record this value on the Calibration Data Sheet.

s. Compute the net count rate of the Ba button source by*

.

subtracting the, background (step r) from the measured gross cou:-
-

rate (step q). The net count rate must equal that value co

puted in step d with a tolerance of i 1%. If the accuracy-

is not within that specified, repeat steps q through s.

t. Leave the detector in the standard geometry for the field

button source calibration, acetion B.2.3.1.

2. 3 Calibration of Field Button Sources

NOTE:,The LCRM must remain in the Gross Mode for this section.
2 3 1 Standard Good.etry.

.

a. Install the gamma scintillation detector in the
4

Victoreen Standard Geometry, Model 844-36.

b. With a Counter / Scaler connected between the junction

- of R14 and R18 or TP7 on the ratemeter card nnd grdund, t.

a 2 minute count of background in the standard geometry.

Record this value on the Calibration Data Sheet.

c. Slide open the source holder on the standard geometr

and insert the customer's serialized 1330a button
7dM 52
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.

taurce, with the blank side towards the detector.

133d. Take a 2 minute gross count of the Ba source and

'
record this value on the Calibration Data Sheet.

Compute the not count rate by subtracting the bach-

ground (from Step b) and record this value on the

data sheet.

c. Remove the 133Ba source and install the 137Cs source

in the same manner.

137 s source.f. Repeat Step J for the C

g. Remove the detector from theVictoreen . standard geometry

and instala it in the custemtr's standard geometry.

Repeat Steps b thru f. -

.

*
.

-
.

.

2.3.1 Sampler Geometry

\ a. The detector must be installed in the sampler uith
.

all associated accesscries in place. The LCRM should

remain in the GROSS code if it contains an analyser

function.

b. With a Counter / Scalar connected betueen the junction
i

i

of R14 and R18 or TP7 on the ratemeter card and ground,

take a 2 minute bachground count and record the value on the

Calibration Data Sheet.

c. Attach chel33Da source with the blank side of the source

towards the detector to the sensitive end of the detector

and piace the detector in the sampler. Take a 2 minute

count of gross epm. Record this value on the Calibration
.

.

Sheet. Compute the net count rate by subtracting the

background (Step b) and record this value on the data sheet.

743rd.'s
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133 137d. Remove the Ba button source and install the Cs

button source on the detector in the same manner.

137e. Repeat Step d for the Cs source.

f. Remove the 137Cs button source from the detector.

g. With the detector in the sampler, depress and hold the

.

check source pushbutton on the ratameter.

h. Take a 2 minute count of the check source. activity and

record the gross epm on the Calibration Data Sheet.

Subtract the background (Step b) from the gross eps

to find the net cpm and record this value on the data

sheet. Release the check source pushbutton when the .

2 minute count is completed.

2.4 Linearity Source check (Occional)
,

.

NOTE: Linearity sources are provided only upon-specific request

of the customer. Th'ree 133Ba button sources of varying

activities will be used.s

a. Remove the detector from the sampler and install it in a

VICTOREEN Model 844-36 Standard Geometry.

b. Connect a Counter / Scaler between the junction of R14 and R18,
.

or TP7 on the Log ratemeter card, and ground.

133Ba source in the standardc. Place the highest activity
.

geometry, blank side up. Take a 2 minute count and record
.

the count rate.

d. Repeat Step c using the medium activity source.

e. Repeat Step e using the smallest activity source. Count the

source for 6 minutes. Compute the count rate by dividing the

binary counts displayed on the Counter / Scaler by one-half of the

counting time (ie. 3) . '

( _
.
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f. Remove the sources from the Standard Ceccetry and take a

10 minute background count. Compute the count rate by
'

s dividing the binary cour.t by 5.

g. Replace the detector on the sampler assembly.

h. Compare the measured results, taking into account the

radioactive decay of the linearity sources, with the actual

activity of the sources. The channel must be linear uithin

+ 15% of the epm /pci/cc (source ef ficiency) factor.

2.5 Analyzer Calibration.

NOTE: In many cases, an Analyzer function is included in a

LCRM to enable it to be used to monitor a specific .

'

Isotope. Isotopic calibration of the analyzer should be

performed in accordance with Section A.7.

2.5.1 Iodine Analy=er Calibration

'

NOTE: An Iodine Analycer is adjusted to respond to the

i 364 Kev photopeak of 131 This adjustment is made1
,,

133using the 356 Kev photopeak of 33,

n. Place the LCRM in the Analyzer mode by one of the

following methods:

1.) place the CROSS / ANALYZER switch in the AMALYZER

position
or

2.) remove the jumper across pins L and K on J2 and

install the analyzer board.

133b. Attach the customer's serialized Ea button source.

to the active end of the detector or by using the plastic |

source cup, then place the detector in the sampler.

u

i*
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c. Connect an oscilloscope to monitor the output cf the

linear amplifier of the analyzer (T?302 and CND). {
Adjust the analy cr gain control. R334, until the 356

I

kev, photopeak of the 133 a source is approximately 4.0D

.

volt (positive pulse)'

d. Connect a DVM between TP304 and ground to measure

the upper window level. Adjust the " delta E" control

R323, for an indication of 4.2 1 0.02 vde.

e. Connect the DVM between TP303 and ground to measure-

the lower window level. Adjust the " delta Y" potentio-

meter, R313, for an indication of 3.8 1 0.02 vdc.

f. Connect an oscillator and pulse generator to the input

of the LCRM. Adjust the input signal for: I.

I
-

S10 epmCount rate:

.

Pulse Width: 1 ;tsee

Pulse Polarity: Negative

Pulse Amplitude: Minimum

g. With the LCIOt in the analyzer mode, gradun11y increase

the input pulse height while observing the response of'

the front panel meter and the output of the linear

amplifier on the oscilloscope. The front panel meter

should indicate downscale except when the input height

133is within the 10% window of the Ba. If the uindow width

appears less than or greater than the desired value, or
'multiple windows are observed, readjustment or repair

of the analyzer is required.*

s

h. Remove the test equipment and reconnect the detector.
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meter, carefully adjust the analyzer gnin, R334, for a

133Ba 356 kev(' maximum, or peak count rate from the

. photo-peak. This will require only a small adjustment
,

on R334. Allou several minutes for the reading to
.

stabilize.

j. Connect a Counter'Scalor at the junction of R18 and

R14 on TP7 on the rateneter card, and ground. Take

a 2 minute count of the count rate and record this

value on the Calibration Data Sheet.

k. Reduce the value recorded in Step h by 7". While
.

monitoring the output count rate with the Counter /

Scaler, decrease the analyzer gain (CCW reduces gain).
,

until the, count rate decreases to within 1.0% of the

computed value. Record the final reading on the

calibration Data Sheet.

1. Remove the 133Ba button source and take a 2 minute
_.

background count. Record this value on the Calibra-

tion Data Sheet.

m. Reinstall the detector in the shield assembly.

'

Install a clean charcoal filter.,

n. Depress the check source button and hold. Allow -

time to stabilize, then take a 2 minute count. Record

the value on the Calibration D +ta Sheet, then release

. the check source button.

o. Calibration completed.

.

\.
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2.5.2 Analyzer Calibration for any other Energy Peak

(.08 to ~2 MeV) |,

Theanalyzergaincanbeadjustedsuchthatarangeof.08-(2

MeV corresponds to the instrument voltage range of .2 - 5

volts. Figure 7 is a plot of this energy verses voltage

relationship. Once the analyzer gain has been adjusted

so that this energy - voltage relationship has bece

obtained, an analy:cr " window" of any desired width can

be centered on any energy peak within this rangd. De-
.

termination of voltage values for the vindou center and

discriminators for a desired energy peak and vindou

vidth can be obtained. directly fron Figure 7 or calculated

~
- from the slope of th'e " straight line" relationship. The

slope was adjusted to 2.5 volts /MeV .in Section 3.2.2,

the high voltage adjustment. ('
_

a. Perform the High Voltage adjustment in accordance with

Section B.2.2.

b. Obtain a point source whose energy peak is identical to

or as close as possible in magnitude to the energy peak to be

analyzed, in order to minimize error resulting from
s

interpolation using the graph of Figure 7.
.

c. Attach the source to the active end of the detector

with tape or by using a plastic source cup, and

place the detector in the sampler.a

d. -Connect an oscilloscope between TP302 on the analyzer

board, and ground. Adj us t the scope to display posi-

tion pulses. A cc=plete spectrum of peaks will appear .

t ,,.

.
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along with the point source characteristic i
u

due to Compton scattering.
d

e. Using the point-slope equations, determine the desire
'

*

pulse height (in volts) to be set for the point sor.rce
|

,

characteristic photo-peak.
Co,

Calculation of the pulse height for the
NOTE:

1.117 kev photopeak, is presented as an example.

Y" *" *V
TP302 MeV .

,

2.925 volts=
IV =

TP302 r

f. Adjust the analyzer gain, R334, until the top of the

desired peak in set at die voltage derived in Step e.

The gain of the analyser is now approximat61y set.

g. Calculate the upper and lower discriminator settings
Most windows are

based on the , desired window width.
k

set to a width of 100 kcV| centered on the energy pea

width of 10% of the voltage at which the energy\

or a

peak is r.at.
An example of the calculations for both the

NOTE:

100 kev, window and the 10% window is presented
v

b below:

100 kev Window
I '

.100 MeV100 kev | =

(2.5 Volts /MeV)I.= .25 Volts
( .100 MeV)

.125 volts=
.25 volts

Center of window = 2.925 volts (previously calculated)
2.

Lower Discriminator = 2.925 Volts
.125 Volts =2.80 Volt

5 Volt
Upper Discriminator = 2.925 Volts + .125 Volte=3.0

s
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-

10% Uindow

Center of Window = 2.925 Volts (previously calculated)
"N

(2.925 Volts)X(10/2) = 0.14625 Volts (( -

Lover Discriminator = 2.925 Volts - 0.14625 Volts =2.78 Voh
Upper Discriminator - 2.925 Volts - 0.14625 Volts = 3.07 Vc[1t;

h. Connect a DVM-becueen TP304 and ground and adjust the

upper window level using R323, for the value computed in

step g + 0.02 V dc. ! Record the voltage value on the
I

Calibration Data Sheet.

1. Connect the DVH between TP303 and ground and adjust the

lower window level using R313, for a value computed in

Step g + 0.02 V dc. Record the voltage value on the

Calibration Data Sheet. '

j. Connect an oscillator and pulse generator to the input
.

of the LCRM as shown in Figure 4. Adjust the input
( signal for:

o

5Count rate: 10 epn

l'Pulse Uidth: 1psec.
|
!Pulse Polarity: Megative !

Pulse Amplitude: Minimum '

k. With the LCRM in the analyzer mode, gradually increase
,

the input pulse height while observing the response tZ

the front panel meter and the output of the linear

amplifier on the oscilloscope. The front panel meter

should indicate dounseale except uhen the input pulso.

height is within the 10% window of the button source.
,

|If the vindow width appears less chan or greater than the I

desired value, or multiple vindors are observed, re- (
s

,

adjustncnt or repair of the analy::er is required. 'pg)1[ff
1. Remove the test equipment and reconnect the detcetor.,

142
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m. The energy peak has been approximately centered in the

windou uith Steps d through 1. Fine tuning the gain to

, ''s
achieve a maximum count rate from the energy peak assures

(
,

that the peak is exactly centered in the vindow and that
Tothe correct energy-voltage relationship is'obtained.

fine tune the gain, alternately increase and decrease

the analyzer gain, R334, slightly until the maximum

count rate to the point source energy peak'is obtained
"~***"#

as indicated by the rateneter or scaler. Record this

value on the Calibration Data Sheet,

m. If the energy peak to be analyzed is identical to the
'

point source peak already utilized in setting the gain

and windou settings, the calibration is complete. If not,.

Steps d through j assure the gain has been properly

adjusted and that the energy versus voltage relationship
( .

I

*
.

O

e

O
D

o
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.

\
has been obtained. Determine the center of the

q

's voltage window for the energy peak to be analyzed {
and calculate the upper and lower discriminator settings

as illustrated by the previous examples. Set the upper

and lower discriminator as' described in step h and 1.

The window is now properly set to analyze the desired

energy peak. Record the upper and lower discriminator

voltages if different from step g. Take a 2 minute

count of the calibrntion source supplied with the systed

and record the gross eps on the Calibration Data Sheet.

2.,13 " Delta E" Scan Calibration

a. Remove the detec*.or from the shield assembly and install

it in a Victoreen Model 844-36 Standard' Calibration
.

Geometry. Place a Co button source in the source

_
holder of the 844-36.

b. Connect channel A of a dual trace oscilloscope to the

signal input terminals of the ratemeter.

c. Adjust the scope controls for a Co energy display so

I

. that the 1.17 and 1.33 MeV energy peaks are observed.

d. Adjust the high-voltage adjustment, R115, so that the.

i
1.17 and 1.33 MeVi energy peaks occur at 2.95 and 3.25

volts on the scope respectively.

e. Connect channel B of the oscilloscope across the

aperture network (TP304 and TP303) on the analyzer
.

plug-in board (scope GND lead to TP304).

NOTE: Scope must float with respect to G:!D.

f. Set the aperture for 140 k'eV |(350 millivolts) on the
.

scope by adjusting the " Delta E" control, R313.

[44 7dN3Ne
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h. Turn the gain control, R334, on the analyzer board

to the extreme CCW position, then CN slowly for

\ maximum deflection on the meter of the 1.17 hteV peak.
.

i. Turn " Delta E" scan control to 66.5% on the dial and

observe the 1.33 BdeV peak. Repeat steps h and i if
i

necessary to correct for interaction.

j. Replace the Co source with a Ba button source,

k. Set the aperture for 40 kev (90 millivolts) on the scope

by adjusting the " Delta E" control R313.

1. Set the " Delta E" Scan control to 18.3% on the dial.

m. Adjust the calibration control, R337, and observe a.

,

maximw3 deflection of the meter of the 0.335-0.380 MeV

peak.

( n. Turn the " Delta E" Scan control slowly toward 4%

(80 kev) on the dial and observe the 80 kev energy peak.

Re-adjust R337 as necessary for maximum deflection on the

meter of the 80 kev; energy peak at precisely 4% on the

dial.

' o. Since there is some interaction between the adjustments,,

it may be necessary to repeat steps f through m. '

p. Remove the Scope Leads. Calibration completed.

3 Geiger-Mueller Detectors

,
3.1 Requirements

a. Counter / Scaler ,

b. Electrostatic Voltmeter, range 0-2000 V de f
137 i

c. Cs button source e

.

d. 5 cycle semi-log graph paper

-
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3.2 Procedure

a. Set the High Voltage adjustment, Ril5, to the extr.>:ae

counter-clochwise position (minimum high voltage). }
'

b. Connect an electrostatic voltmeter between the junction

of R126 and terminal point 36 on the power supply board,

and ground (refer to Victorcen Drawing No. 842-10-50 f.n

the LCRM manual) .

CAUTION: Use extreme caution when connecting the voltmeter;
I

potential of approximately 500 V de is present.
I

c. Connect a Counter / Scaler between the junction of R14 and

R18 or TP7 on the log ratemeter card and ground. Adjust'thre

scale for a 2 minute tim 2. base.

d. Place a Cs source in close proximity with the G-M . tube,
'

and secure it in place with tape if necessary.
N

CAUTION: Do not dent or puncture the tube while attaching (,
"

the source.

e. Using 5 cycle semi-log graph paper, plot a curve of high

voltage .'s. counts per minute at intervals of 25 volts,

over a range from minimum HV to the maximum value given

in Table 5.
.

f. On the graph, identify the " knee" and the " plateau". Adjust

the high voltage to a value 50 volts above the " knee", on.

the plateau. If the HV value is.not within the range speci-

fied in Table 5 for the type of G-M tube being used, reject
.

the tube and install a replacement, then repeat this pro-

cedure,

g. Record the count rate of the Cs source and high voltage.
I

\, *
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h. Remove the test equipment and button source.

i. Measure and record the backgro md count rate on the

t' Calibration Data Sheet.
t

\ j. ' .dibration completed.-

Detector Tvpe Nominal HV Value Maximum HV |

18509 550 - 650 volts 800 volts
18550 550 - 650 800

912 850 - 950 1100
1B85 i 650 - 750 900

Table 5: G-M Tube Adjustment Data

.

.

.
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APPEhDIX IV

RFPORTS OF PRIMARY EFFLUENT CALIBRATIONS

.

-

NOTE: This appendix describes calibration procedures

performed at the VICTCMEN plant to verify performance

of the various kinds of monitors. It is not intended as an

instruction for field calibration. For field calibration

procedure, see the end of Section III in the body of the manual.

.

'
n
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Each design which is a part of a standard Victoreen product line

receives at least one primary effluent isotopic calibration. If I'

-

the monitor being supplied to the customer is an existing design,

it has already received a complete isotopic calibration as described

in A below. A calibration of the monitor supplied is performed

only upon customer request. Calibrations performed at the

request of TMI are described in B below.

Linearity checks for each detector are made with a group of calibra-

ted point sources. For ''ats reason only one concentration of the
.

isotope or isotopes used in the calibration is necessary.

A. Factory Effluent Isotopic Calibration
|

1 Licuid Monitars .

C.3
~

Using nuclides having single, closely spaced double, or widely

g'
separated gamma lines, a smooth curve of response per unit

activity versus energy (response or efficiency curve) is

empirically determined for a given type of gamma detector in the

specific sampler geometry. Solutions of Cobalt 57, Barium 133

or Iodine 131, Cesium 137, and Cobalt 60 are normally used. A

calculation of liquid self-absorptien from Xenon 133 gas data

is used to complete. the low energy portion of the response curve.

1.1 Requirements

a. Electronic Counter / Scaler
.

b. Peristaltic Pump and Flexible Rubber Tubing

c. Co, Bh or I, Cs, Co solutions or other

required solutions

[ . .

'

e.
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e, 1.2 Procedure

NOTE: A point source calibration, using Victorcen's

standard Ba-133 point source and Victorcen's
.

standard geometry, Model 844-36 is to be performed

immediately prior to the effluent calibration to
.

assure proper response te radiation. Refer to Section B.2

f-r the point source calibration procedure.

a. Pump demineralized water into the sampler volume until it

is entirely filled.
.

.iOTE:For offline and inline Monitors, liquid is to be pumped

directly into the sampler volume. For snewplow Monitors,
.

liquid is introduced directly into a pipe which simulates the

in-service pipe line, and the active end of the detector is

to be placed 1/4 inch back from the pipe boundary.

b. Connect a Counter / Scaler between the junction of R14 and R18 or TP7

on the log ratemeter card and ground. Count the ambient background

for a time period sufficient to reduce the background counting

error to a statistically insignificant value.

c. Compute the ambient background count rate. -

d. Empty the water from the sampler volume. .

e. Pump the nuclide solution into the sampler volume until it is

completely filled.

. f. Record the counts due to the nuclide solution (gross counts) with

a Counter / Scaler for a time period sufficient to reduce the count-

ing error to within the desired tolerance.

(
s .
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g. Compute the gross count rate.

h. Compute the net count rate due to the nuclide solution '

by subtracting the ambient background count rate from

the groes'. count rate.

i. Empty the nuclide solution from the sampler volume.

-j. Thoroughly deconta.tinate the sampler volume with soap

and water.
.

k. Calculate the response of the detector (efficiency) by -

dividing the net count rate by the concentration. The

units of the calculated efficiency are in (counts per

ninute)/(microcuries per cubic centimeter) , abbreviated

as (CPM)/(pCi/cc) .

1. Repeat the procedure for the next nuclide solution.

m. After calibration to all nuclide solutions is complete,

k- decontaminate the sampler volume until the background

count rate inside the sampler approaches its initial

value.

NOTE: For monitors also utilizing single channel analy=ers. Section

1.2 is to be followed with the analy=er window set .

to the desired window width.

2 Fixed Filter Ioding.;gy ,tg

An Iodine 131 :# ev4 .. constructed which simulates the collection

- distri5ution of the charcoal g;;rtridge used in the sampler. A 10$.

,

voltage window is set on the '164 Mev peak and the response

( efficiency) is determined. A multi-c :ar aalyzer is usually used

in addition to the procedure presented below to insure that the
C

131s
- window is centered on the I peak. '
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2.1 Requirements

a. Electronic Counter / Scaler

( b.131I volu=e source4

'c. Digital Volt Meter

d. Oscilloscope

2.2 Procedure

NOTE: A point source calibratien using Victoreen's standard

.
Ba point source and Victoreen's standard geometry,

Model 844-35 is to be performed immediately prior .to

the effluent calibration to assure proper response to

radiation. Refer to Section B.2 for the point source

calibration procedure.

a. Remove the charcoal cartridge from the holder assembly

and replace it with the I volume source.

b. Position the ratemeter switch or jumper so that the rate-

meter is counting in the analyzer mode,

c. Connect an oscilloscope to monitor the output of the linear

amplifier of the analyzer (TP302 and GND) . Adjust the

analyzer gain control, 2334,.until the I .364 Mev photo-

'

peak is approximately 4.0 volts.
.

d. Connect a DVM between TP304 and ground to measure the upper

window level. Adjust the " delta E" control R323, fpr an

indication of 4.2 1 0.02 vde.

c. Connect the DVM between TP303 and ground to measure the lower

- window level. Adjust the " delta Y" potentiometer, R313, for

an indication of 3.8 1 0.02 vdc.

f. While monitoring the count rate on the front panel metu ,

(
carefully adjust the analyzer gain, K'34, for a maximum, or

' ~ peak count rate from the I .364 Mev photo-peak. This will.

require only a small adjustment on R334. Allow several
,

isa
7491.70.
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minutes for the reading to stabilize.

g. Connect a Counter / Scaler between the junction of R14 * and

/ R18 gr TP7 dn the log. count ratemeter card and ground. Record

the counts to the I source (gross cor.its) count for a

time period sufficient to reduce the counting error to

within the desired tolerance.

h. Compute the gross count rate.

i. Remove the I source from the holder assembly and replace

the assembly.

j. Count the ambient background for a time period sufficient

to reduce the background counting error to a statistically

insignificant value.

k. Compute the ambient background count rate.

1. Compute the net count rate by subtracting the ambient back-

ground countrate from the gross count rate. g

m. Calculate the response of the detector (efficiency) by

dividing the net count rate by the source activity. The

units of the calculated efficiency are in (counts per minute)/

(microcuries) , abtr,eviated as (CPM)/(pCi) .

n. Calculate the efficiency in units of (counts per minute /
.

minute)/(micoeuries per cubic centimeter) , abbreviated as

(CPM /M)/(pCi/cc) using the following formula:
S = 2.83 x 10 FE

.

Where:

. S is the efficiency expressed as (CPM /M)/(pCi/cc)

F is the flow rate in standard cubic feet per minute (SCFM)

E is the efficiency calculated in step m.
4 3

2.83 x 10 is a conversion factor converting cubic feet (ft )

( 3-
- to cubic centimeters (cm )
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3 Cas Monitors

For monitors with gamma detectors Section C.1 is followed and calcula-

I' tions are performed to account for absorption differences between air

and water media. The response per unit activity versus energy (response

or efficiency curve) is determined from these results.

For channels with beta detectors, nuclides having single significant

beta emissions of known maximum energy are used to determine the re-

sponse per unit activity versus energy. Krypton 85 and Xenon 133

gases are normally used to determine two points on the response curve.

The remainder of the curve is determined from relative responses to
,

Iodine 129, Technetium 99, Chlorine 36 and Strontium 90-Yttrium 90 area

These area sources are also 'used in calibration of the parti ~sources.

culate monitors Section C.4 and the beta factory point source calibration.

3.1 Requirements '.
/ a. Electronic Counter / Scaler
\

-

b. Peristaltic Pump and Flexible Polyethylene Tubing

c. Plastic Bottle with Steel Plungers.

d. 85Kr and Xe Gas Ampoulee.

3.2 Procedure

NOTES: 1) A point source calibration using Victoreen's standard
1291 source is to be performed immediately prior to the

effluent cal.tbration to assure proper response to radiation.

Refer to B.1 for the point source calibration procedure.

2) If more than one monitor is to be calib' rated, the monitors

may be connected in series with one another.

a. Determine the total volume of the complete calibration set-up.

( 7dO172,
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b. Connect a Counter / Scaler between the junction of R14 and R13 or TP7

on the log count ratemeter card and ground. Count the ambient':back-

ground counting error to a statistically insip,nificant value. .,

c. Compute the ambient background count rate.

d. Attach the gas ampoule to the steel plunger on the bottle lid.

Screw. the lid on the bottle until a tight seal is formed.

e. Break the gas ampoule by striking the steel plunger with a hammer.

This forces the plunger further into the bottle, breaking the ampoule

against the bottom of the ~ottle. Tighten the rubber gland aroundo

the plunger to assurei a tight seal between the plunger and ~ the bottle.

CAUTION: To check for gas leaks, frequently monitor the

calibration area with a survey meter.

f. Pump the gas through the system. Observe the scaler readings

until a stable reading is obtained. This assures that the gas

is thoroughly and eveisly mixed throughout :he system.

*
g. Turn off the pumping system and record the counts due to the gas

1(gross counts) with a Counter / Scaler. Count for a time period

sufficient to reduce the counting error to within the desired

tolerance. .

h. Compute the gross count rate.
.

1. Compute the net count rate due to the gas by subtracting the

ambient background count rate from the gross count rate.

j. Purge the system until the background count rate approaches its

initial value,

-

k. Calculate the concentration of the gas by dividing the ampoule

activity by the volume of the system. -

4
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1. Calculate the response of the detector (efficiency) by dividing

the net count rate by the concentration. The units of the

t' calculated efficiency are in (counts per minute)/(microcuries per

cubic centimeter), abbreviated as (CPM)/(jiCi/cc) .

m. Repeat the procedure for the next gas ampoule. *

NOTE: For gas monitors whose geometrics are such tha't they cannot

be practically simulated (Detectors placed directly into
ducts and vents) the response in a standard geotaetry

.

is found as in Section C.3.~ Calculations are then performed

using these results, geometrical differeneds, and' air absorption

to determine the response (efficiency):

4 Moving Filter Particulate !fonitor

Nuclides having , single significant beta emissions of known maximum

energy are used to empirically decernine a smooth curve of response per

unit activity versus energy (response or efficiency curve). Area
f sources of Iodine 129, Technetium 99, Chlorine 36, and Strontium 90-
(

Yttrium-90 are used. These sources are the sane sources used in the

beta factory point source calibration, Section B.1 and are attached to a
Capstan.

4.1 Requirements

4.- Electronic Counter /. Scaler
6 90 O

b. I, Tc, C1, and Sr - Yr Area Sources attached to

Capstan

4.2 Procedure
129NOTE: A point _ source calibration using Victorcen's standard 7

,
source is to be performed inmediately prior to the effluent

calibration to assure proper response to radiation. Refer to

Section B.1 for the point source calibration procedure.

s .
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.

a. Remove the filter paper from the existing Capstan assembly

leaving the Capstan in place.

b. Connect a Counter / Scaler between the junction of R14 and

R18 or TP7 on the log count ratemeter card and ground. Count
.

the ambient background for a time period sufficient to re-

duce the background counting error to a statistically in-

significant value,

c. Compute the a:rbient background count rate.

d. Remove the existing cipstan and install the capstan contain-

ing the mounted sources.

e. Record the counts to each source (gross counts), being parti-

cularly careful to center each source with respect to the

detector face. Count .for a period of time sufficient to re-

duce the counting error to within the desired tolerance. *

,

f. Compute the gross count rate.

g. Compute the net count rate by subtracting the ambient back-

ground countrate from the gross countrate.

h. Calculate the response of the detector (efficiency) by dividing

the net count rate to esch source by the source activity. The

units of the calculated efficiency are in (counts per minute)/

(microcuries) , abbreviated as (CPM)/(yCi) .
71. Calculate the efficiency to each nuclide in units of (counts

per minute)/(microcuries per cubic centimeter) , abbreviated as
'

(CPM)/(pCi/cc), using the following formula:

S=3
2

'

..

s..
-
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Where:

[~ S is the efficiency at equilibrium (after an elapsed time pf tup. '

hours from start-up at a Capstan speed of one inch per hour) ex-

pressedas(CPM)/(pCi/ce)

E is the efficiency calculated in h

V 'is the volume of air which flows through the sampling area during

the time the filter paper moves a distance equal to the length of

the sampling area and is calculated as follows:

6V = (1.7 x 10 )FL
C

Where:
.

F is the flow rate in standard cubic feet per minute (SCFM)

L is the length of 'he active Capstan collection area int .

/ inches
(
' C is the Capstan speed in inches / hour

1.7 x 10 is a conversion factor converting cubic feet

hours ((f t ) (hr.))to cubic centimeter minutes ((cm)3 (Min.) -

5 Fixed Filter Particulate Monitors

Nuclides having single significant beta emissions of known maximum- -

energy are used to empirically determine a smooth curve of regonse

per. unit activity per unit time versus energy (response or efficiency

curve).

,

Area sources of Iodine-29, Technetium-99, Chlorine-36, and Strontium-90 -

Yttrium-90 are used. These sources are 1.75 inch diameter circular filter

papers made to fit exactly into the filter holder.

,
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5.1 Requirements

m a. Electronic Counter / Scaler

b. 129I, 99Tc, 36C1, and Sr 90Yr Circular Sources.90 <
'

- .

5.2 Procedure

NOTE: A point source calibration using Victoreen's standard
129 I source is to be performed immediately prior to the

effluent calibration to assure proper response to radiation.

Refer to Section B.1 for the point source calibrat. ion

procedure.

'a. Remove the filter paper from the filter holder. Insert the

filter holder in place.
.

b. Connect a, Counter / Scaler between the junction of R14 and'

,

R18 on TP7 on the log count ratemeter card and ground.

Count the ambient Background for a time period sufficient to

reduce the background counting. error to a statistically in- _1
g

significant value.

c. Compute the ambient background count rate.

d. Insert the source in the filter holder and record the counts

to each source (gross counts). Count for a time perico

sufficient to reduce the counting error to within the desired

tolerance.

e. Compute the gross count rate.

f. Compute the net count rate by subtracting the ambient back-

ground count rate from the gross count rate.

g. Calculate the response of the detector (efficiency) by dividing

the net count rate to each source by the source activity. The

units of the calculated efficiency are in (counts per minute)/,-
~

l .'
'n (microcuries), abbreviated as (CPM)/(pCi)..

160 7413177
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.

h. Calculate the efficiency to each nuclide in units of

(counts per minute / minute)/(microcuries per dubic centi-

meter), abbreviated as (CPM /M)/(pCi/ce) using the follow-
! ing formula:

S = 2.83 x 10 FE

Where:

S is the efficiency expressed as (CPM /M)/ pC1/cc).

F is the flow rate in standard cubic feet per minutes

(SCFM)

E is the efficiency calculated in g.

2.83 x 10 is a conversion factor converting cubic feet

(f t ) to cubic centimeters (cm)3 .

/

(L -

'
t,

4
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B. Customer Requested Calibrations

1 Liquid Effluent Calibrations

(Victoreen Model 841-30 Samplers with 843-30 Gamma Detectors)^

\, A point source calibration, using Victoreen's standard Ba-133 point

source, was performed prior to the effluent calilration on each channel

to assure proper response to radiation. Tne point source calibration -

procedure for gamma monitors is described in Section V.

. It was required per specification that the-

countrates to Cs-137, I-131, and Co-58 solutions be obtained for monitors

WDL -R-1311, WT-R-3894, and WT-R-3895.

EFFLUENT SOLUTIONS

Cs-137, I-131, Co-58, and Co-60 solutions were used to calibrate the

monitors. The Co-60 solution, though not required by the specification,

was utilized so that a typical response curve could be generated based

/ upon data derived from these calibrations.
(
t.

The Cs-137 solution was formulated by diluting.a nominal concentration

of commercially available Cs-137 with demineralized water. A 51 01 milliliter

sample was taken for assay. The assay consists of comparison of countrates

between Victoreen's standard Cs-137 solution and the sample. Victoreen's

standard Cs-137 solution is catalogue number LST 7, standard number 32, -

obtained f r Tracerlab and is traceable to N.B.S. standards. Documentation data

for *.is is included in Section I'C. The assay was performed on 8/13/75 and the

concentration was determined as 2.86 x 10 pCi/cc i 5.8%. + 5.8% is the over-

all error and is the sum of a systematic error of 4.4% and a random error of

1.4% at 2.0.

The I-131 solution was formulated by diluting an N.B.S. traceable con-

centration obtained from New England Nuclear with 6 liters of demineralized
,

I

water.

'162
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Documentation data is supplied in SectionIX. The diluted solution

~4
concentration at 3:30 P.M. on 8-14-75 was 1.53 x 10 J1Ci/cc 1 3.9%. 1 3.9%

(. is the overall error and is the sum of a systematic error of 2.4% and a randen

(
x , error of 1.5% at 3 cP.

The Co-58 solution was formulated by diluting an N.B.S. traceable con ~

centration obtained from New England Nuclear with 6 liters of demineralized water.

Documentation data is supplied in SectionIX. The diluted solution concentration

on 8-15-75 was 9.29 x 10~ j2Ci/cc i 4.4%. 1 4.4% is the overall error and is
the sum of a systematic error of 3.2% and a random error of 1.2% at 3 v.

The Co-60 solution was formulated by diluting a nominal concentration of

commercially available Co-60 with domineralized water. A 5 1 01 milliliter
sample was taken for assay. The assay consists of comparison of countrates

between Victoreen's standard Co-60 solution and. the sample. Victoreen's

standard Co-50 solution is catalogue number LST-6, standard number 141, obtained

from Tracerlab and is traceable to N.B.S. standards. Documentation data for

') this is includad in Scctionl%. The assay was perfor=ed on 8-15-75 and the

concentration was determined as 5.63 x 10~ pCi/cc 18.5%. 8.5% is the over-

all error and is the sum of a systematic error of 5.0% and a random error of

3.5% at 2 0'. Table 2 below lis:s the concentration and asscciated errors for

each solution.

Table 2.

Nuclide $N date Syktematic Overall
" *

-rror rror r.rror

Cs-137 2.86 x 10 8-13-75 11.4% at 2 0- 4.4% 5.8%

~

I-131 1.53 x 10 8-14-75 11.5% at 3 0 2.4% 3.9%
3:30P.M.

~

Co-58 9.29 x 10 8-15-75 11. 2 % at 3 o- 3.2% 4.4%
~

Co-60 5.63 x 10 8-15-75 13.5% at 2 o' 5.0% 8.5%

,_
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CALIBRATION PROCEDURE

Demineralized water is introduced into the sampler volume before each

calibration and the background counts are taken with a scalar counter. The

background counts por minute are determined. The water is completely drained

from the sampler volume and the nuclide solution is pumped into the sampler

volume until it is entirely filled. Counts due to the nuclide solution are

then taken with a scalar coun.er and the gross countrate is determined. The

net countrate due to the nuclide solution is calculated by subtracting the

background countrate from the gross countrate. The nuclide solution is then

completely drained from the sampler volume and the volume is thoroughly decon-

taminated with soap and water. The procedure is repeated for the next
-

nuclide solution.

After calibration to all nuclide solutions is complete, the sampler

volume is decontaminated as thoroughly as possible until the background

'

countrate inside the sampler approaches its initial value.
,

f

( RESULTS'

The results of the effluent calibration for each monitor channel are

presented in Table 3 below..

A random error- (counting error) is incurred in' determining the ccuntrate

to the nuclide solution inside the sampler, volume. This random error is 1.1%

at 2 S. A systematic error results from errors incurred through experimental

technique and procedure. This systematic error is it. The overall error in

Table 2 is the sum of the overall error of the nuclida concentration plus the

random and systematic errors stated above.

Efficiency is defined as (counts per minute)/(microcurie; per cubic

contimeter) and is abbreviated as CPM /(pCi/cc).

( s-
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Table 3

Net
Countsi

(
N Monitor Solution Per

_

Channel Nuclide Concentration Minute Efficiency Overall
Number Solution (nCi/cc) (CPM) CPM /(pCi/cc) Error

~

WT-R-3894 Cs-137 2.86x10 26,076 9.11 x 10 1 7.9%

I-131 1.53x10~ 19,101 1.24 x 10 1 6.0%

Co-58 9.29x10~ 13,291 1.43 x 10 1 6.5%
~

Co-60 5.63x10 10,617 1.88 x 10 i 10.6%
~

W-R-3895 Cs-137 2.86x10 25,877 9.04 x 10 1 7.9%

I-131 1.53x10~ 19,035 1.24 x 10 1 6.0%

Co-58 9.29x1d" 13,374 1.44 x 10 1 6.5%

Co-60 5.63x10~ 10,549 1.87 x 10 1 10.6%

WDL-R-1311 Cs-137 2.86x10 26,406 9.23 x 10 1 7.9%

I-131 1.53x10~ 19,147 1.25 x 10 1 6.0%.

[ Co-58 9.29x10~ 13,644 1.46 x 10 1 6.5%,

Co-60 5.63x10~ 10,677 1.89 x 10 i 10.6%

The average efficiency of the three monitorc to each nuclide is given

in Table 4 below. Fig'tre 1 was derived from this table and other acquired

calibration data. Figure 1 states efficiencies as a function of energy

normalized to 100% gamma intensity. (one gama per disintegration) .

TABLE 4

Average Efficiency
Nuclide Solution CPM /(uCi/cc)

Cs-137 9.13x10 1 7.9%

I-131 1.24x10 1 6.0%

Co-58 1.44x10 1 6.5%
,

( Co-60 1.88x10 1 10.6%
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!!ODEL 841-30 SERIES 4 'Tl" SHIELDED OFF-LINE EFFLUENT SAMPLERS
~

WITH MODEL 843-30 GAMMA SCINTILLATION DETECTOR
SENSITIVITYVS.,GAMMAENERGY*{

AT: { ; ,,_

1 GAMMA PER DISINTEGRATION | (
'

GROSS COUNTING WITH .2 VOLT BASELINE SET ON: '

133Ba FOR POINT SOURCE CALIBRATION I,
I -
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E. SUMMARY AND CONCLUSION

C. The required effluent calibrations were completed by Victoreen.

The efficiencies obtained for each monitar to a specific nuclide are in

close agreement and within acceptable tolerance. These results along with

other acquired calibration data enabled a typical response curve to be

generated. This curve may be utilized to find efficiencies to any nuclide

for this type monitor.

.
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2 Gaseous Effluent Calibrations r

s ~
(Victoreen Model 841-30 Samplers with 843-20 Beta Detectors)

129 99 36
A point source calibration, using Victorcen's standard I, Tc C1,

90and Sr 9 Sr area sources, was performed prior to the effluent calibra-

tion to assure proper response to radiation. The point source calibra-

tion procedure for beta dcccctors is described in SectionV .
~

It was required per specification that the count rates to three

activitylevelsofKr-85andtwoactivitylevelsofXe-13.kheobtainedfor

the following monitors.

VA-R-748 IIP-R-219 11P-R-227

WDG-R-1480 IT-R-221B IT-R-228

WDG-R-1485 IIP-R-225 IT-R-229
~

| WDG-R-1486 IT-R-226

The monitors were grouped as shown belou. Monitors within the same

gren' vere connected in series.

>

Groun 1 Group 2 Grou- 3

VA-R-748 IT-R-225 IIP-R-219

UDG-R-1480 IIP-R-226 IIP-R-22111

UDG-R-1485 HP-R-227 IIP-R-229

- UDG-R-1486 IT-R-228

'
i .
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,
AMPOULE ACTIVITIES

Kr-85 and Xe-133 gas were used to calibrate the monitors. Three ampoules- s
/i

_
of Kr-85, each at a different activity level, were used for each group ofs.

monitors. One am o m ' e of Xe-133 was used for each group cf monitors. The low

level Xe-133 concentration was obtained by breaking the Xe-133 ampoule in a

closed volume, withdrawing a calculated portion of that closed volume with

a gas tight syringe and injecting the desired low level activity.into the system .'

The Kr-85 ampoules were procured from New England Nuclear and assayed at Victoreen.
.

The assay consists of comparison of countrates between Victoreen's

standard Kr-85 ampoule and the ampoules used. Victoreen's standard Kr

ampoule is standard Reference Material 4235-14 traceable to N.B.S. standards.

Refer to S,ection IX . for documentation. The activity of the ampoules at the

date of assay and percentage error at 2F are shown below.

.

s

Kr-85
I Date. Percentagede

Activity A Ey E## # "U

(nC1) 2&

Group #1 (VA-R-748, WDG-R-1480, WDG-R-1485, W7; R.1486)

.115 11/21/73 113.2% ,1.40 11/21/73 1 8.6%
31.8 11/21/73 1 7.5%

Group #2 (HP-R-225, HP-R-226, HP-R-227, HP-R-228) -

.115 11/21/73 i 13.2%
1.30 11/21/73 1 8.6%

33.0 11/21/73 1 7.5%

Group #3 (HP-R-219, HP-R-221B, HP-R-229)

.115 11/21/73 113.2%
1.28 11/21/73 1 8.6%

33.6 11/21/73 1 7.5%

L
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The Xe-133 ampoules were procured and assayed by Union Carbide Corp.,'

Oak Ridge National Laboratory. Refer ro Section II for documentation.

The activity of each ampoule on the date of assay and the percentage

error are presented in the table below. The percentage error was obtained

from telephon* concersations with Oak Ridge National Laboratories (ORNL) .
#ORNL indicated that the percentage error is approximately 125% at 20.

133Xe Date Percentage
&mooule of Error at

~

A~ctivity Assay 2&
(pC1)

.

Group 41 (VA-F-748, WDG-R-1480, WDG-R-1485, WDG-R-1486)

1.57 8/14/75 11:40 A24. +25%

Group #2 (HP-R-225 HP-R-226, HP-R-227, HP-R-228)

1.35 8/14/75 11:40 A.M. 125%

Group #3 (HP-R-219, HP-R-221B , HP-R-229)

1.62 8/14/75 11:40 A.M. 125%

CALIBRATION PROCEDURE

During calibration,each sampler within the specified group is connected

in series to a pumping system. The pumping system consists of a peristaltic

pump and a plastic bottle which holds the gas ampoules. This bottle, whose

volume, including the valves, has been previously determined by liquid dis-

placement is capable of being connected in series with the system or sealed off

from the system. The ampoules are fastened to steel plungers which pass through

rubber glands in the top of the bottle. The volume of the rest of the system

is determined by' standard sampler dimensions and dimensions of the various

connecting lines.

/ k
t .
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The procedure for calittating to three different activity levels of Kr-85

will be presented in the following paragraph.

' ' Background counts inside the samplers are taken with a scalar counter. The

background counts per minute are determined. The ampoules are placed in the bottle,

which is connected in series with the system. The lowest activity ampoule is broken,

and the gas is circulated through the system. Ratemeter readings are observed until a

stable reading is obtained for each sampler. The gas is now thoroughly mixed through-

out the system. Counts due to the gaseous effluent concentration are then taken with

a scalar counter and the gross countrate is deterni.ned. The procedure is desig.cd

such that the ampoules can be broken, in order of lowest to highest activity, without

purging the system of gas from the previous ampoule. The intermediate activity ampoule

is broken and circulated through the system immediately after the gross countrate due

to the low activity ampoule has been determined. Ratemeter readings are observed until

a stable reading is obtained for each sampler, and the gross countrate is *etermined

~

with a scalar counter. After the gross countrate due to the low plus intermediate

( activity has been determined, the high activity ampoule is broken and circulated through

the system. Ratemeter readings are observed until a stable reading is obtained for each

sampler and the gross countrate is determined with a scalar counter.

Gross countrates to the (1) low level activity (2) low level + intermediate level

activity and (3) low level + intermediate activity + high level activity hc.ie been
,

determined.
.

Net countrates at each interval of the experiment are calculated by subtracting

the background countrate frem the gross countrate. The concentration at each interval

is obtained by directly su= ming the ampoule activities and dividing by volume of the

system. The eff3ciency (CPM /(pCi/cc)) is obtained by dividing the net countrate

by the concentration at each interval. After the calibration is complete, the system

is purged until the background countrate approaches its initial value.

(
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The procedure for calibrating to Xe-133 at two different activity levels will

be presented below. Backgroand counts inside the sampler are taken by a scalar

( count er. The background counts per minute are then determined. The ampoule is pl .

in the bottle anc the bottle is closed from the system through a valving arrangement.

The ampoule is broken in the bottle and sufficient time is allowed for the gas to

diffuse evenly throughout the bottle. A 50ml sample is withdrawn from the bottle by

a Hamilton Gas tight Syringe. The 50ml sampler is injected into the system and

circulated through the system. Ratemeter readings are observed until the countrate

has stabilized. Countrates due to the gaseous effluent concentration are then uken

with a scalar counter and the gross countrate is determined. The Xe-133 left in the

bottle is then released and circulated throughout the system. Ratemeter readings are

observed until a stable reading is, obtained for each sampler, and the gross countrate

is determined. The net countrate at each interval of the experiment is calculated by

subtracting the background countrate from the gross countrate. The concentrations

are calculated by dividing the activity at each interval of the experiment by the

" ' volume. The activity injected by the 50ml syringe can be calculated from the volume

of bottle and the activity of the ampoule broken in the bottle. The efficiency

(CPM /(pci/cc)) .is determined by dividing the net countrate by the concentration.

After the calibration is ecmplete the system is purged until the background countrate

approaches its initial value.

DATA AND CALCULATIONS-.

Table 1 contains the following:

(1) The date of the calibration.

(2) The volume of each system.

(3) The effluent concentrations. The concentration is obtained by decaying the

activity of the ampules given in Section B of this report and dividing the

ampoule activity, er sum of ampoule activities where applicable, by the volume.

( A half life of 10.7 years is used for Kr-85 and a half life of 5.27 days is u

for XE-133.

7431.69
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(4) The net countrates obtained at each concentration.

'N (5) The efficiency expressed as counts per minute per micro--

k
curies per cubic centimeter (CPM /(pCi/cc)). The ef ficiency

is obtained by dividing the net countrates by the con-

centration.

(6) The mean (average) of each set of efficiencies.
,

(7) Twice the unbiased standard deviation of the mean expressed

as a percentage of the mean efficiency. This is abbreviated

by 20f

Further information and details concerning the effluent

calibration not included in this report may be obtained

upon request at Victoreen.

.

(' L
(

-.

.

(
~
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Mean Twice th.
Date Effluent Net of Standard
of Voluge Concentration Countrate Efficiency Efficiencies Deviatiori

Channel No. Calib. (CM') (uCi/cc) (CPM) (CPM /(pCi/cc)) (CPM /(nCi/cc)) 20/
m

i val #1 Kr-85 (Low activity ampoule)

-6VA-R-748 8/27/75 19823 5.17 x 10 400 7.73 x 10 6.75 x 10 +37%
-6WDG-R-1480 8/27/75 19823 5.17 x 10 399 7.71 x 10
-6WDG-R-1485 8/27/75 19823 5.17 x 10 389 7.52 x 10

WDG-R-1486 8/27/75 19823 5.17 x 10" 378 7.31 x 10

HP-R-225 9/2/75 20066 5.10 x 10~ 257 5.04 x 10

HP-R-226 9/2/75 20066 5.10 x 10~ 266 5.21 x 10
-6HP-R-227 9/2/75 20066 5.10 x 10 263 5.16 x 10

'

HP-R-228 9/2/75 20066 5.10 x 10~ 270 5.29 x 10
-6HP-R-219 9/12/75 15901 6.43 x 10 486 7.56 x 10

HP-R-221B 9/12/75 15901 6.43 x 10' 50 7.87 x 10
~'

HP-R-229 9/12/75 15901 6.43 x 10 503 7.82 x 10

Interval #2 Kr-85 (Low activity ampoule + intermediate. activity ampoule)

VA-R-748 8/27/75 19823 6.81 x 10" 5525 8.11 x 10 7.46 x 10 + 26.1%
'

WDG-R-1480 8/27/75 19823 6.81 x 10" 5346 7.85 x 10

1-1485 8/27/75 19823 6.81 x 10" 5373 7.89 x 10

Wou-R-1486 8/27/75 19823 6.81 x 10" 5230 7.68 x 10

HP-R-225 9/2/75 20066 6.27 x 10~ 3934 6.26 x 10

HP-R-226 9/2/75 2006G 6.27 x 10 4031 6.42x107
~

HP-R-227 9/2/75 20066 6.27 x 10" 3944 6.29 x 10
~

HP-R-228 9/2/75 20066 6.27 x 10 3870 6.16 x 10

HP-R-219 9/12/75 15901 7.79 x 10~ 6519 8.36 x 10
~

HP-R-221B 9/12/75 15901 7.79 x 10 6683 -8.58 x 10

HP-R-229 9/12/75 15901 7.79 x 10" 6601 8.47 x 10

Q,
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Mean Twice the
Date Effluent Net of Standard
of Volume Concentration Countrate Efficiency Efficiencies Deviation

3Channel No. Ca Eb. (CM ) (pCi/cc) (CPM) (CPM /(pCi/ce)) (CPM /(pCi/cc)) 20'

I .terval #3 Kr -85 (Low activity + intermediate activity + high activity ampoules)

-
-3'748 8/27/75 19823 1.50 x 10 133672 8.92 x 10 8.09 x 10 114.2s

WDG-R-1480 8/27/75 19823 1.50 x 10~ 130391 8.70 x 10
,

~

WDG-R-1485 8/27/75 19823 1.50 x 10 130050 8.67 x 10
~3WDG-R-1486 8/27/75- 19823 1.50 x 10 126346 8.43 x 10

HP-R-225 9/2/75 20066 1.52 x 10~ 110922 7.28 x 10
-3

HP-R-226 9/2/75 20066 1.52 x 10 114804 7.54 x 10
~

HP-R-227 9/2/75 20066 1.52 x 10 112632 7.41 x 10
~

HP-R-228 9/2/75 20066 1.52 x 10 114673 7.53 x 10
~

HP-R-219 9/12/75 15901 1.96 x 10 157140 8.02 x 10 *

HP-R-221B 9/12/75 15901 1.96xlb~ 163096 8.33 x 10
~

HP-R-229 9/12/75 15901 1.96 x 10 160478 8.19 x 10

* Interval #1 Xe-133 (Activity from 50 m1 syringe)
~4VA-R-748 9/15/75 17319 1.02 x 10 4628 4.52 x 10 4.37 x 10 117.6%
~4WDG-R-1480 9/15/75 17319 1.02 x 10 4581 4.48 x 10

WDG-R-1485 9/15/75 17319 1.02 x 10 4692 4.60 x 10

WDG-R-1486 9/15/75 17319 1.02 x 10 4838 4.73 x 10
~4

f -R-225 9/4/75 17532 1.00 x 10 3905 3.90 x 10

'( ~4-226 9/4/75 17532 1.00 x 10 3890 3.89 x 10

HP'-R-227 9/4/75 17532 1.00 x 10 3900 3.90 x 10
~4HP-R-228 9/4/75 17532 1.00 x 10 3907 3.90 x 10
~

HP-R-219 9/11/75 13397 6.23 x 10 2900 4.65 x 10

HP-R-221B 9/11/75 13397 6.23 x 10~ 2991 4.80 x 10

HP-R-229 9/11/75 13397 6.23 x 10~ 2932 4.70 x 10
* Cal. done at 4 :00 P.M. on 9/15/75,1:00 P.M. on 9/4/75, 3:00 P.M. on 9/11/75
Volume of the bottle is 2403 CM3 -

* Interval #2 Xe-133 (Total activity of ampoule)

-3VA-R-748 9/15/75 19823 4.39 x 10 190608 4.34 x 10 4.26 x 10 114.7%
~

WDG-R-1480 9/15/75 19823 4.39 x 10 190351 4.33 x 10
~

WDG-R-1485 9/15/75 19823 4.39 x 10 193599 4.41 x 10

WDG-R-1486 9/15/75 19823 4.39 x 10~ 197531 4.49 x 10
~

HP-R-225 9/4/75 20066 4.33 x 10 165874 3.83 x 10
~

HP-R-226 9/4/75 20066 4.3's x 10 168331 3.88 x 10

HP-R-227 9/4/75 20066 4.33 x 10~ 168437 3.89 x 10
~

HP-R-228 9/4/75 20066 4.33 x 10 171583 3.96 x 10

[[ -219 9/11/75 15901 2.58 x 10~ 116356 4.50 x 10

L d-221B 9/11/75 15901 2.58 x 10~ 121671 4.71 x 10
~

HP-R-229 9/11/75 15901 2.58 x 10 117622 4.55 x 10
* Cal. done at approximately 4:00 P.M. on 9/15/75, 1:00 P.M. on 9/4/75, 3:00 P.M. on 9/11/75

7431d.
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RESULTS

-

For evaluation of the uncertainties in the data a precision of i 20'

(95: confidence level) expressed as a percentage of the mean was chosen.

This range encompasses most random variations that can occur about the

mean.

The precisions stated in Table 1 are results of (1) the precision

of the activity of the ampoule as stated in Section B of this report (2) the

counting error encountered in obtaining net count rates and (3) the precision

of the calibration measurements. The contribution of each of the errors

to the total error is known. Houever, since the statement of each uf

these separate errors is not necessary in evaluations of the data, a

complete breakdown will not be presented in this report.

From the data obtained and the stated precisions, an average effic-

1ency for this type gas conitor, to Kr-85 and Xe-133 will be obtained.

Linearity of response to differing concentrations of each nuclide for

each channel will also be shoun.

Since the precision for Kr-85 is the best for Interval #3 the mean

value obtained from this data will be used as the average efficiency to

Kr-85. The mean efficiency from Table 1 for Kr-85 Interval 93 is

8.10 x10 C?M/(pCi/cc) i 13.8% c: 20'. This value can be used an an

average efficiency to Kr-85 for a monitor of this type.

There is linearity of response between Intervals #1. 42, and #3 for each

channel and betueen the mean efficiencies of each Interval. This has been

confirmed for each channel by multiplying the efficiency by the stated

precision and observing if the limits overlap. An examnle for channel

VA-R-748 will be presented below. Graphing though not necessary in re-

cognizing if the channels are linear, enables linearity to be more casily

observed. A plot for channel VA-R-748 will be presented as an example.
..

176
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f Channel VA ".-748

Upper Lower
Efficiency Precision Limit Limit

* Interval #1 7.73 x 107 1 36.6% 1.05 x 308 4,90 x 107

Interval #2 8.11 x 107 1 26.2". 1.02 x 108 5.98 c 107

Interval 03 8.92 x 107 ~ i 13.8% 1.01 x 108 7.68 x 107

.

.

(

.

.

_

(
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Since the precision for Xe-133 is the best for Interval #2 the

(
mean value obtained from this data will be used as the average effici-

ency to Xe-133. However, since the ampoule activity error is greater

than the error given in Table 1, the ampoule activity error of + 25%

at 20'should be used for determining the limits of precision for the

average value. The mean efficiency from Table 1 for Xe-133 Interval #2

is 4.26 x 107 CPM / (pci/cc) . The average efficiency to Xe-133 for a monitor

of this type is therefore 4.26 x 107 CPM /(pCi/cc) + 25% at 20'. There

is linearity of response between Incervals #1 and #2 for each channel

and between the mean efficiencies of each interval. This has been con-

firmed for each channel by multiplying the efficiency by the stated

precision in Table 1 and observing if the limits overlap. An example

for VA-R-748 has already been presented in this report which illustrates

(' ' this method for Kr-85.
(

A response curve which has been generated from experiments utili=ing-

nuclides in addition to Kr-85 and Xe-133 is presented on the following

page. .The average efficiencies *.o Kr-85 and Xe-133 obtained from the

gaseous calibrations done for TMI 7.I agree within the prescribed tolerances

to the values derived from'this curve. This curve can be.used to derive

efficiencies of this type Offitne Cas Monitor to any desired nuclide.

(
'

-

_
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SENSITIVITY VS. EXIMUM BETA ENERGY OF GA5 EFFLUENTS

- MODEl. 841 30 (477 5HIEt.D) OFF_LINE SAMPLER SERIES
WITH LODEL 843-20 SETA SCINTILLATION DETECTOR

AT ATMOSPHERIC PRES 5URE )*
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CONCLUSION

The required gaseous effluent calibrations were performed by.

Victoreen. The efficiencies to Kr-85 and Xe-133 obtained for each

channel, and the average efficiencies obtained for Kr-85 and Xe-133 are

stated in the report. A response curve which has been generated from

experiments utilizing nuclides in addition to Kr-85 and Xe-133 has

been included. The average efficiencies to Kr-85 and Xe-133 obtained

from the TMI II gaseous calibrations agree within the prescribed

tolerances to the values derived from this curve. This curve may be

utilized to determine efficiencies to any nuclide for this type monitor.
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MEANING AND USE OF ENERGY RESPONSE CURVES

f.

The energy response curve for a radiation monitor is a plot of the

response of a monitor's detector to a normalized nuclide activity or

concentration at each energy over a selected energy range. The

detector's respoase to a normalized activity or concentration at a

certain energy or for a certain nuclide is often called its efficiency.

The Abscissa. of the energy response curves consists of a range

of energy values. The ordinate of the energy resic.se curve consists

of the detector's response to a normalized activity or concentration

over the given energy range. Units used for ordinates and abscissas

for monitors that Victoreen supplies are listed below.

List of abbreviations:

CPM Counts per minute=

r
i J2Ci Microcuries=

CC = Cubic centimeters

MinutesM =

MeV Million electron volts=

.

Ordinate Abscissa
. _ . _ ___ Units Units

. .

Liquid Monitors (CPM)/. (JuCi/cc) MeV
.

Gascous Monitors (CPM) / (pCi/cc) MeV

Moving Filter Particulate
i

|
Monitors (CP?!)/(pCi/cc) MeV

_ __ Fixed Filter Particulate
t

!!onitors (CP:f/FI)/( Ci!cc) MeV |

Iodine Monitors (CPM /M)'/ (pCi/cc) MeV
,-. -

('
'
~

743199
_
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Response curves are nencrated fron efflucnt isotopic calibrations.

A series of data points is detemined fron these calibrations. The

response curve is generated fron these data points and response

characteristics found in standnrd scientific literature.

Nuclides having single, closely spaced double, or videly seoarated

gama lines are used in the generation of gamma energy resnonse curves.

These curves are normalized to 1pCi/cc at 100% gamma intensity over

the energy range. With this type of curve it is possible to predict

the response of the monitor for any gamma emitter if the energies and

intensities of the gaena enissions fron the nuclide are knoun. The

following formula is used.

(Re ) I + (Re ) ! + (Re ) IR (Re ) I= =

1 1 2 2 n r. n n
,

.

Overall efficiency of the monitor to the nuclideR =

Re = Efficiency to the nth gramma in the decay scheme of energy en

at 100% intensity'

Ini - Intensity of the gamma emitted at energy e. (Expressed as a

*decimal)
- Nuclides having single beta enissions of known maxinum energies

are used in the generation of beta energy response curves.

These curves are normalized in the same manner as the gamma energy

response curves. To determine the beta efficiencies of the nuclide, the

beta emissions and intensities must be found. The same formula pre-

sented for finding ganna officiencies is used with substitution of these

values.

b

743200220
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The following is an example in which the garna efficiency of a

Victorcen standard offline liquid monitor to Mn-56 is found.

k,. * Normalized
Efficiency

Corresponding for each
Mn-56 Intensity energy read
Gacna of each from energy.

Energies enerav response curve

7.847 997. 8.6 x 10 CP!!/(uCi/cc)
71.811 29% 8.8 x 10 CPM / (pC1/cc)
72.110 15% 3.9 x 10 CPt/( C1/ce)

Using the formula,

7 7 7(S.6 x 10 ) ( 99) + (3.8 x 10 ) (.29) + (8.9 x 10 ) (.15)R =

1.24 :. 108 CPM / (pci/cc)R =

* NOTE
.

Due to continuous equipment redesign, these values may differ

somewhat from those read off the supplied response curve.

.
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.

The energy response curve included for the Gas Effluent Monitors is-s

applicable to all TMI II gaseous monitors.-

The energy response curve included for the Moving Tape Particulate

Monitors is applicable to all TMI II particulate monitors if the values read

from the curve are divided by 10.

The energy response curve included for the Liquid Effluent Monitors is

applicable to all IMIII licuid monitors except MU-R-720.

The energy response curve included for the Failed Fuel Monitor is applicable

to MU-R-720.

.
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SENSITIVITY V5. 8MXIMUM BETA ENERGY OF GA5 EFFLJENTS
MODEL 841-30 (47r SHIELD) OFF_LINE SAMPLER SERIES *

WITH MODEL 843-20 BETA SCINTILLATION DETECTOR .

AT ATMO5PHERIC PRES 5URE
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NOTE: OlVIDE VALUES 8Y 10 FOR TMI 1. MOVING TAPE PARTICULATE SAMPLERS WITH P .3-2A DETECTORS
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YlCTOREEN MODEL 841-1 MOVING TAPE PARTICULATE SAMPLER WITH
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MODEL 84-2 BETA SCINTILLATION DETECTOR
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| SENSITIVITY V5. MAXIMUM BETA EN ERGY AT 8.5 SCFM
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MODEL 8hl-30 SERIES h Tr SHIELDED OFF-LINE EFFLUEUT SAMPLERS
WITH MODEL 843-30 GRSA SCL"TILLATION DETECTOR.
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GROSS CCUUTING L'ITH .2 VOLT BASELINE SET ON'
133Ba FOR POIUT SOURCE CALIBRATION [
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FAILED FUEL SYSTEM:
SAMPLER 840-4P
DETECTOR 843-30
RATEMETER/ANALY2ER 842-20 OR 842-40
WINDOW SETTING 100 kev

[~ SENSITIVITY IN CPM +1pCi/cc at 1 GAMMA PER DISINTEGRATION
" LOW" SENSITIVITY POSITION (WITH ATTENUATOR)
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()Efficiency of Fixed Filter Iodine Monitors to g

\
.

1.24 X 109 (CPM / Min)/(pCi/cc) at 1 CFM

Efficiency is directly proportional to the flow rate. For flow rates other than
Acma1 w1 CFM, multiply the value by

15 M

* NOTE: Factors such as collection efficiency at higher flow rates, humidity and

temperature can alter values computed for higher flow rates.

.
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PROCESS R ADI ATIO N MONITORING S ENG ITIVITY DATA

Min. Detect. Con.'

Channel Monitor Inches (1) (2) Type De tect. Efficiencies Backgrounds (pCi/CC) Max . De*

No. Type Lead Flow Pipe De tect. Counting Ref. (3) Inharent M.-/hr Total CPM to GPM equal Con . (pCi
Rate Dia. Mode Isotope Efficiency CPM thh CPM equal bkg C .L < at 106 CF

Liquid C iannels

7 104 1.5 143 1.6x10-6 1,3xio-2
DCR-3400 Liguid 3 Gamma Cross Cs-137 9.13xt0

00R-3399 Liquid 3 Gamma Gross Cs-137 9.13x1G 160 1.5 193; 2.1x10-6 1.1x10-27

1.1x10-27 106- 1.5 132 1.5x10-6__ iIISR-3401 Liquid 3 Gamma Cross CS-137 9.13x10

ICR-1093 Liquid 3 Camma Gross Cs-137 9.13x10 183 1.5 213 2.3x10-6 1.1x10-27

WDL-1311 Liquid 3 Gamma Gross Cs-131 9.13x10 239 1.5 309 3.4x10 1.1x1027 6

SFR-3402 I h id 4 Gamma Cross Cs-137 9.13x107 71 5 131 1.4x10-6 1.1x10-2

ICR-1091 Liquid 4 Gamma Gross Cs-137 9.13x107 143 5 186 2.0x10-6 1.1x10-2

7
ICR-]O92 Liquid 4 Gamma Cross Cs-137 9.13x10 137 5 177 1.9x10-6 1.1x10-2

}QR-3fi94 Liquid 4 Gamma Gross Cs-137 9.13x10 74 5 94 1.0x10-6 1.1x10-27

WTR-3895 Liquid 4 Gamma Gross Cs-137 9.13x10 76 5 93 1.0x10-6 1,1xio-27

(1) Flow rate is applicable only to particulate and iodine monitors and is expressed in CFM.
M

(2) Pipe diameter is applicable only for Snowplow type monitors.=

(3) Efficiency is expressed as (CPM)/(pCi/CC) for gaseous, liquid, and moving filter particulate monitors.
Efficiency is expressed as (CPM /M)/(uCl/CC) for fixed filter particulato and todine monitors.'dr

,
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ta PROCESS RADIATION MONITORING S ENS ITIVITY DATA
PJ

, | Min . De tect. Con .
:hanne; Monitor Inches (1) (2) Type De tec t. Efficiencies Backqrounds (pCl/CC) Max. Detect
No. Type Lead Flow Pipe De tec t. Counting Ref. (3) Inherent ifc/hr Total CPM to GPM equal Con . (uCi/CC

Rate Dia. Mode Isotope Efficiency CPM fg2 CPM equal bkg C .L < at 106 CPMt

iquid C, iannels
Cross Un-

JR-720 Liquid 5 Gamma attenuate.1 I-135 1.37x107 68 5 148 1.0x10-5 7.3x10-2
Gross 3

4 1UR-720 Liquid 5 Gamma ittenuated I-135 4.47x10 56 5 119 2.7x10-3 2.2x10.

Analyze 1
UR-720 Liqqid 5 Camma Unattenu- I-135 3.0x10 1 5 2 6.7x10-6 3.35

ated

i Analyzer
3' UR-720 Liquid 5 Gamma attenu- I-135 3.5x102 1 5 2 5.7x10-3 2.85x10

__ _
ated

.

1

I

q (1) Flow rate is applicable only to particulate and iodine monitors and is expressed in CFM.
s'n
C (2) Pipo diameter is applicable only for Snowplow type monitors.
N
'b*
N (3) Efficiency is expressed as (CPM)/(uCi/CC) for gaseous, liquid, and moving filter particulate monitors.

Efficiency is expressed as (CPM /M)/(uCi/CC) for fixed filter particulate and todine monitors.

0 0'.
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PROCESS R ADI ATIO N MONITORING S ENS ITIVITY DATA

,
,

Min. Detect. Con.
Channel Monitor Inches (1) (2) Type De tect. Efficiencies Backgrounds (uCl/CC) Max . Oc

No. Type Lead Flow Pipe De tect. Counting Ref. (3) Inherent ;f.-/hr Total CPM to GPM caual Con . (pC
Rate Dia. Mode Isotope Efficiency CPM nhh2 CPM ecual bkg C .L . at 106 C

Gas Chan ;cis

11PR-220 Gas 3 Beta Gross Kr-85 8.10x107 21 .5 22 2.7x10-7 1.2x10-2

IIPR-221A Gas 3 3cta Gross Kr-85 8.10x107 13 .5 15 1.9x10-7 1.2x10-2

11PR-224 Gas 3 Beta Cross Kr-85 8.10x107 17 .5 18 2.2x10-7 1.2x10-2

. VAR-748 Gas 3 Beta Gross Kr-85 8.10x10 16 .5 17 2.1x10-7 1.2x10-21

,' llPR-221P Gas: 3 Beta Gross Kr-85 8.10x107 14 1.5 17 2.1x10-7 1.2x10-2

IIPR-229 Gas 3 Beta Gross Kr-85 8.1'Ox107 14 1.5 15 1.9x10-7 1.2x10-2

L llPR-225 Cas 3 Beta Cross Kr-85 8.10x107 13 1.5 18 2.2x10-7 l'.2x10-2

IIPR-226 Gas 3 Beta Gross Kr-85 8.10x107 25 1.5 27 3.4x10-7 1.2x10-2

7 -7 -2'

IIPR-222 Cas 3 Beta Gross Kr-85 8.10x10 11 1.5 171 2.1x10 1.2x10

7
"

ta Gross Kr-85 8.10x10 40 1.5 44 5.4x10-7 1.2x10-2IIPR-228 Cas 3 -

.

(1) Flow rate is applicable only to particulate and lodine monitors and is expressed in CFM.

h. (2) Pipe diameter is applicable only for Snowplow type monitors.
O
N (3) Efficiency is expressed as (CPM)/(uCi/CC) for gaseous, liquid, and moving filter particulate monitors.

Efficiency is expressed as (CPM /M)/(pCi/CC) for fixed filter particulate and lodine monitors.
I
i
f p a
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w PROCESS R A DI ATIO N MONITORING S ENS ITIVITY DATA
Y

Min . De tect . Con .,

;hannel Monitor Inches (1) (2) Type De tect. Efficiencies Backgrounds (uCl/CC) Max . De tect !
No. Type Lead Flow Pipe De tect. Counting Ref. (3) Inherent II.-/hr Total C P M to GPM equal Con . (pCi/CC

Rate Dia. Mode Isotope Efficiency CPM Ak CPM equal bkg C .L . at 106 CPM
_

as Chan iels

DCR1480 Cas 3 Beta Cross Kr-85 8.10x107 12 1.5 13 1.6x10-7 1.2x10-2

18 1.5 21 2.2x10-7 1.2x10-27Kr-85 8.10x10DCR1485 Cas 3 Beta Cross -

l

DCP.1486 Cas 3 Beta Cross Kr-85 8.10x107 13 1.5 16 2.0x10-7 1.2x10-2

IPR-223 Cas 3 Beta Cross Kr-85 8.10x107 17 1.5 22 2.7x10-7 1.2x10-2
,

|PR-227 Cas 3 Peta Cross Kr-85 8.10x107 25 1.5 29 3.1x10-7 1.2x10-2 -

7IPR-219 Cas 3 Beta Cross Kr-85 8.10x10 ' 15 5 32 4.0x10-7 1.2x10-2

(1) Flow rate is applicable only to particulate and iodine monitors arid is expressed in CFM.

(2) Pipe diameter is applicable only for Snowplow type monitors.

(3) Efficiency is expressed as (CPM)/(pCi/CC) for gaseous, liquid, and moving filter particulate monitors.
Efficiency is expressed as (CPM /M)/(pCi/CC) for fixed filter particulate and lodine monitors.

F#
'f 0 Q.
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PROCESS R ADI ATIO N MONITORING S Et!S ITIVITY DATA

Min . De tect. Con .
,

3hannel Monitor Inches (1) (2) Type De tec t. Efficiencies Backgrounds (pCf/CC) Max. Detect
i No. Type Lead Flow Pipe De tect. Counting Ref. (3) Inherent tic /hr Total CPM to GPM equal Con. (pCi/CC
| Rate Dia. Mode Isotope Efficiency CPM Ahh CPM equal bkg _

C .L . at 106 CPM
articulate Chann :Is Eff icien :ics r nd Min. Detect. C an. are iased on at elapsed :ollect on tine of 15 mioutes

12 9 .5 17 1.6x10-Il 9.1x10-7I

PR-220_ Part. 2 8.5 Beta Gross Cs-137 1.09x10
i

!PR-221A Part. 2 8.5 Beta Gross Cs-137 1.09x10 14 .5 21 1.9x10-ll 9.1x10-712

'PR-2 24 Part. 2 8.5 Beta Gross Cs-137 1.09x1012 14 .5 19 1.7x10-Il 9.1x10-7

PR-221B Part. 2 8.5 Beta Gross Cs-137 1.09x1012 15 1.5 39 3.5x10-11 9.1x10-7

ll -6
IPA-229 Part. 2 3.5 Beca Gross Cs-137 4.48x10 14 1.5 36 8.0x10-11 2J2x10

' IPR-225 Part. 2 8.5 Beta Gross Cs-137 1.09x10f2 12 1.5 30 2.8x10-Il 9.1x10-7

IPR-226 Part. 2 8.5 Beta Gross Cs-137 1.09x10 10 1.5 32 2.9x10-Il 9.1x10-712

IPR-222 Part. 2 3.5 Beta Gross Cs-137 1.09x10 17 1.5 33 3.0x10-ll 9.1x10-712

12
IPR-228 Part. 2 8.5 Beta Gross Cs-137 1.09x10 12 1.5 29 2.6x10-Il 9.1x10-7

'

12
'IP R-223 Part. 2 8.5 Beta Cross cc-137 1.09x10 11 1.5 31 2.8x10-Il 9.1x10-7
,

I

(1) Flow rate is applicable only to particulate and iodine monitors and is expressed in CFM.

h. (2) Pipe diameter is applicable only for Snowplow typa monitors.
O .

(3) Efficiency is expressed as (CPM)/CuCl/CC) for gaseous, liquid, and moving filter particulate monitors.
g; Efficiency is expressed as (CPM /M)/(uCl/CC) for fixed filter particulate and iodine monitors.

'
U
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w. PROCESS R ADI ATIO N MONITORING S ENS ITIV7TY DATA
$

Min . De tect. Con .
hannel Monitor Inches (1) (2) Type De tect. Efficiencies Backgrounds (uCl/CC) Max. Detect
No. Type Lead Flow Pipe De tect. Counting Ref. (3) Inherent !!g/hr Total CPM to CPM equal Con . (pCi/GC)

2Rate Dia. Mode Isotope Efficiency CPM f$$ CPM equal bkg C .L , at 106 CPM
irticul ite Chann 21s Ef1 1cien :ies t r.d flin. Detect. Can, are lased on ai clipsed :ollect ion ti ae of 15 m nutes

'R-2 27 Part. 2 8.5 Beta Cross cs-137 1.09x1012 6 1.5 24 2.2x10-Il 9.1x10-7

11'R-219 Part. 2 7.5 neta Cross cs-137 9.61x10 10 5 70 7.2x10-Il 1.0x10-6

.

__

(1) Flow rate is applicable only to particulate and iodine monitors and is expressed in CFM.

(2) Pipo diameter is applicable only for Snowplow type monitors.
L3

fJ (3) Efficiency is expressed as (CPM)/(uCi/CC) for gaseous, liquid, and moving filter particulate monitors. .

h Efficiency is expressed as (CPM /M)/(uCi/CC) for fixed filter particulate and iodine monitors.

f .O O'.

-

.
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PROCESS RADIATION MONITORING S ENS ITIVITY D ATA

Min . Detect. Con.
Channel Monitor Inches (1) (2) Type De tect. Efficiencies Backgrounds (pCl/CC) Max . De tec

No. Type Lead Flow Pipe De tect. Counting Ref. (3) Inherent fc/hr Total CPM to CPM eoual Con . (pCi/Ct
Rate Dia. Mode Isotope Efficiency CPM (dh2 CPM equal bkg C .L < at 106 CPM

Iodine C iannels Bfficiencies ind II n. Dete<:t. Con, a re based on an elai sed colle : tion t ime of 8 Ilrs. and 99% collec tion
Efficiency to I-13]

12 -12IIPR-220 Iodine 2 8.5 Gamma Analyzer I-131 5.06x10 2 .5 39 7.7x10 1.9x10-7

12IIPR-221A Iodine 2 8.5 Ca::ina Analyzer I-131 5.06x10 5 .5 44 8.7x10-12 1.9x10-7

1211PR-224 Iodine 2 8.5 Gamma Analyzer I-131 5.06x10 4 .5 43 8.5x10-12 1,9xio-7

IIPR2211; Iodine 2 8.5 Gamma Analyzer I-131 5.06x1012 3 1.5 117 2.3x10-Il 1.9x10-7

llPR-229 Ioditie 2 3.5 Gamma Analyzer I-131 2.08x1012 3 1.5 123 5.9x10-Il 4.6x10-7

12IIPR-125 Iodine 2 8.5 Gamma Analyzer I-131 5.06x10 4 1.5 115 2.3x10-Il 1.9x10-7

IIPR-225 Iodine 2 8.5 Gamma Analyzer I-131 5.06x1012 2 1.5 116 2.3kl0-Il 1.9x10-7

12IIPR-222 , Iodine 2 8.5 Canna Analyzer I-131 ' 06x10 3 1.5 119 2.4x10-ll 1.9x10-7

IIPR-228 Iodine 2 8.5 Gamma Analyzer I-131 5.06x1012 2 1.5 122 2.4x10-Il 1.9x10-7

12IIP R-7 21 Indine 2 8.5 Ganna Analyzer T-131 5.06x10 7 1.5 123 2.4x10-Il 1.9x10-7

(1) Flow rate is applicable only to particulate and iodine monitors and is expressed in CFM.

(2) Pipe diameter is applicable only for Snowplow type monitors.

(3) Efficiency is expressed as (CPM)/(pCl/CC) for gaseous, liquid, and moving filter particulate monitors.
j Efficiency is expressed as (CPM /M)/(uCi/CC) for fixed filter particulate and iodine monitors.

M
'w
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| PROCESS R ADI ATIO N MONITORING S ENS ITIVITY DATAg

M

Min . De tect . Con .
Channel Monitor Inches (1) (2) Type De tec t. Efficiencies Backgrounds (pCl/CC) Max. Detect

No. Type Lead Flow Pipe De tect. Counting Ref. (3) Inherent tic /hr Total CPM to ( 'PM equal Con . (pCi/CC

| Rate Dia. Mode Isotope Efficiency CPM r;hh2 CPM equal bkg C .L . at 106 CPM

Iodine C4iannels Cf ficier :ics md flin. Detec t. Con. a re based .on an clar sed colle : tion t me of 8 llrs. and 99% collec : tion

if ficier cy to I-131

IIPR-227 Iodine 2 8.5 Gamma Analyzer I-131 5.06x10 4 1.5 120 2.4x10-11 1.9x10~712

flPR-219 Iodine 3 7.5 Gamma Analyzer I-131 4.46x10 1 5 18 4.0x10-12 2.2x10-712

.

(1) Flow rate is applicable only to particulate and iodine monitors and is expressed in CFM.
%I
Q (2) Pipe diameter is applicable only for Snowplow type monitors.
CO
73
pI (3) Efficiency is expressed as (CPM)/(uCt/CC) for gaseous, liquid, and moving filter particulate monitors.
CD Efficiency is expressed as (CPM /M)/(pCi/CC) for fixed filter particulata and iodine monitors,

r o o'.

,



rh n nol tjo: g 9R. 2 ;3 I , e/N, Date: i //ef71
.

,

9DSa rnier Serial flot Octcctor Scrial lio: 4M' Ratenieter Serial lio: MCr

.

Discriminator Setting , 2_ Final li.V.
g ,. ,
[

EI,_ISTA110ARDCALIBRATI0tlFIXTUREs

B vt:<1round: Binary Count itinutes = flet CPM /Y3

[, Source [Ei6ectedtietCount Gross CPM tiet CPM
l33 '

Ra -flo . 177 i P9 329 f 5-f /f'/
,, _B -flo . 138 3 59fel 333773

133 Ba-ilo. 192 ;t&78/9 2676 Y
37

Cs -!!o .1177 772 ~7 ~16 8'f/
137 Cs-tio. 138 2S 17/1 2 S 7 /ef T
I37 Cs -ilo . 192 99JVy 99'/0/
.ti'TGV M'5T0t4SE

,_ ,50]!RCES

133 __

Ila-flo. SR2

Cs_-!!o. SR2
c _

QQR"ji OR 1k N
*

o FUU1 Uit J naL> Co flo. SR2
-

_ _ _ _

CllMl:lCL SAMPLER

Boclground: Binary Count Minutes = flet CPM SJo
~~ 50urce Expected 'let Count bross CPM I liet CPM
L33
,_, _Cn -flo . 17 7 igr f+/z. ig ritz

Un ~}lo . 138 ^3 o (,9 f, ~5 62 4 6
.133 a tr/ o (,(o

Ba-ilo. 192 .O c G _' C stro63 6
ISI Cs -jlo. 177

} P' 3 p r y 7 9'8'
137 C s,-[io,. 133 2 ?/04 4 2 fro 6 M,

13l
_ ,C s -flo . 192 N g/ 7 94/f- 7

A*, f t.Y_ZER CHArtilEL Window set at 3.8 to 4.2; lodine centered at 4.0V

Ba c %round: Binary Count flinutes = CFi1 2 7@219
7 Source " lei E6 Pear.ed Gli- _0esired 93a _ Actua l C. il ,j_ net Ci T__,

13 ha -flo . 177 O /TO :Lt;/ r ;. 4 3 Y O | R 6 WS 2 4 Vf d
'

~ j b$-i. 192 o z ? 5 o y Trot 4 2.3 / f 409 d i Y o ffr / ,__ _.--

Ctah~$ource Final Reading 3foy_m
Ser r<.mned by: /M Approved b : _b6s.hfds_W_M_..
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Ch onel flo: y p. R. 2 i 1 643 Date: , /u t-~

- ..

Sami:ler Serial flof /33 Detector Serial lio: 14 0 Ralemeter Serial ilo: 75/3
Discriminator Setting , 11 Final H.V.

, Tit!-l STAf!DARD CAllBRATIGil FIXTURE

Bach round: Binary Count itinutes1

'tet CPM .2 : 0=

,_S o_u r c e ~I'xpected flet Count Gross CPM
133

_ flet CPM
t a,-flo. 177j

133
_ f c a- / rY7/

Ba -flo. 138 r ra v -tr/ Y
3
_Ba -flo . 192 : /W o 2 43o

137 Cs-flo. G177
c./ c / y i y y g/

137 Cs-ito. 138 22 c 7 2of7
I3I __

Cs -fin. 192
' Hl:Rhy~Ri W0!iSE ;je99 t 7 36- 9

-

._ S..O.URC E S
133 _

Ca__fio. SR2
~

Cs, .Ilo. SR2
ir r.n in 'n|Bg n .-

3,.p.n.SR2 'l l n J R lill1 M L
CHNIHEL SAMPLER

Bachjround : Binary Count Minutes = flet CPM

l o_urce e.xpected Net Count orass CPM I Net CPM
u

133
,

Ca-!;o. 177
; 7 o F- / r c/ 7

131 ~

_ '_D q-ilo . 138 f 9 y 4, / 2f-J-
033 Ba-flo. 192

223/ 2 o74
137

Cs -Jip . 177
} y v v 9- 7 v '/ 3 2 6_

137Cs-flo. 133 2196 / 9 e r'
f,37, CG-!!o. 192 / f-(,2 3 / & Y6 7.-

NIALY7.ER CHAMi:EL Window set at 3.8 to 4.2; Iodine centered at 4.0V

Ba cl:around: Binary Count Minutes = CFM

S cur r.e \"iFdine Peaked (PM DesireJ 93a L ActuaFC?M _ _ het Ci -
'

;
_

I 3 I"a..-No . 177 !
'

. , . . --

N2,$o._.192
__

M0

urce Final Readir, J _-C!mct:
.___ _

yo'

Perf'maed by:
_ , , , , _ .,,,_ _ _ _ _ Approved by. /t [ , 4[rfdC4'v '*. /

?q. 40



. . . . . . . .
- . _ . . -. .... :

Channel flo: 4 p. e- o , P.,+ Date: tho /pr-

Samoler Serial ?!o: / 7-1 Detector Scrial lio: ,v s Ratemeter Serici No: 762-
r Discriminator Setting , ~1 Final H.V.
i,

.

Tt1I-I STAtlDARD CALIBRATIO! FIXTURE

Saci: ground: B i na r/- Count 7o Minutes to = tiet CPM 7
.

Source Excected flet Count Gross CPM tiet CPM
133 Ba -flo. 177 3o? 3 o 7-
133

Ba-No. 138 3 o .r' 2 9 Tr

133 Ba-Mo. 192 4 10 6c3
137

Cs -No. 4177 24073 4 c 4f_
137 Cs-No. 138 f73 $~ M
137 Cs -flo. 192 / c, 4 /7 /o 4 7 o
tdlDihY~GTP0 iSE
,__ SOURCES

133
Ba-flo. SR2

~

'Cs-Mo. SR2
, ,L_ _ , , . . . .

[20Co-flo SR2 i j ,

CHAtlNEL SAMPLER

Background: Binary Count /33' Minutes to = Net CPM / 9'

Source txcected :let Count aross CPM net CPM
133

Ca-flo . 177 3oy 2yo
i33
. __ _C a -flo . 138 g r3 231
133i Ba-Ho. 192 f f'/' 5~ W
137 Cs-flo. 177

[ _
c r/0 7 ,15 073

137 s-No. 133 fY7 5'3 LC

I37
._ Cs-Mo. 192 frr4 7774

A!!Al.YZER CHAN!!EL Window set at 3.8 to 4.2; Iodine centered at 4.0V
m e. <v.3 4
e ' t aW A.

Backqround: Binary Count Minutes = CFM

Sou rc.e Iodinc Peaked CPM Desired 932 Ac tu aT~C.:ij__ ;_ :4et ci--- __. _ j
-- 13 Ca-Ho. 177 I

'
'

y--
| h,ect:pa-l!u. 192 i i
C $ource Fina1 Readi g 4 0 eg n //tr/7g

_ _ _ _ _ .

Ferr med by: g ' _ _,- _
,

a Approved b : ._ f(I,4'g?d ?i ._. _, "

_, f

. ._ _ _ _ Pi M



.1
.

.

.

_U.M l ' ' [ P!!5 L .. .L l'|L L' t . n-

, allEET-

i Chanim! |lo: M ,$r/- no c,ro,, Date:
'

< ampler Serial flo: Detector Scrial |io: c26'O Raten:eter Serioi iiu: 6
'

Discrirninator Setting D. Final li.V.,

,1fJt -1, STAfl0ARD CAllBRATI0il FIXTURE

B v.frtround: Binary Count itinutes , = flet CPM iso

~ 'xoccted tiet Count Gross CPM__ Source E

(33
_ tiet CPM

t tla -flo . 177 / 8 W Cf | / ff W6/
133

Ba-!!o. 138 /f7733 /# 7GO3
133 Ba -flo . 192 2 7 f&Yo S777/Oi

Cs-flo. $177
/ 3 /7G7 /3/jff

137 C s-jl.o . 138
7 7 7 fo 77 z,2 o

I3I CS -Ilo . 192
' !f RGi 4~ETToitSt c/ m *f 9 f W8(., f-

.

50tJRCES

133 _ _ _ _

f,3a, _flo. SR2
_.ui sa'

.

Cs,-J!o. SR2 )
t yri. -

9.~.I5 0 - bS2 _.. _ . . . _ . _

CHA!!!!EL SAMPLER

Bathyround: Binary Count Minutes = tiet CPM 5'I
Source txcected liet count oross CP!1 I itet CPM

13;'0a -flo . 177
, /B $ p 's 7 . / fe s 7p 3

[ 3'n a -JIo .
"

138
_ _ _ _ t 9 / 4 3 r- / 7 /Jf'/

'133 Ba-No. 192 278W 2 7P 342'-
III

Cs -jio . 177
,

/ 5 5 y;: 4 / 5 3 3 7 :-
137_Cs-No,. 133 p o e, a t /r o f4/J
137 Cs flo.192
A eo/So3 /0/f9'?

AtlAl.y7.CR CHA!!!;EL tlindow set at 3.8 to 4.2; Iodine centered at 4.0V

turtqround: B i n > >- . C n:m t. Itinutes = CFM

Sc;irte _ lodinDTaked Cru _ Desired 934 | Actual Gii _ set Ci C _j.

1:J ua -|lo. 17 7
|r . , - -

'l ' # Da -flo . 192 .

-

1( f. ~.; C tc.o re n F , .n l G% g ggg n py,,jf g,t{p yf. p p ,90tsi d )
_ _ . _ _



u', t . ' 1 I"b L. . .L it:L L. . n AEET.

''
Citannel flo: e g. /7. n o A < k y. Date:,

/
! faTalcr Serial !!o: Detector Scrial lio: 28d Ratemeter Serioi ilo: 766

'

i

Discriminator Setting ,, 7 - Final H.V.
. _ _

_ lilt...I STAft0ARD CALIBRATI0ft FIXTURE

By-tqround: Binar,- Cmmt itinutes = fie t CPM r T 7. t

. ._.S..o_u r c e ~ Expected flet Count Gross CPit tiet CPM
I33 Ba -flo. 177 /f Gof f / Pf 74f'

Ba-flo. 138 / F ? // $~ t 9V983
133 Ba-flo . 192 R77TU7 2 7 7 "P 75-

3?
Cs -tsu. (1177 i S / S y ?- i z goo

137 Cs-No. 138 '7 9'/71 7?5 W
137 Cs -flo . 192 9enr5 c776o/.fil'rfGY"RTSFONSE

SOURCES

133 _ . _ . _ _

!ia, ,flo. SR2 -

I "Cs_,Ilo. SR2
nnnn p ng y N 9 |

3'3 Co flo. SR2 1

CHAf:!!EL SAMPLER

Bachground: Binary Count Minutes = fiet CPM cc
]~ ource txcected Net Count Gross CPT. Ilet CPM
L 3'Ca -!!o . 177,1 / c. 5 y 4 0 / (r 7 5 o P '

Ca-tto. 138
__ /6 9f, 2r /frf.173

'I Ra-No. 192 -, yyy ; 7pof7
137 Cs -f!o . 177

f 5 3 /,;/ / > J p68'

137 cs-no, 133 p,y,7 g.py,y
137

_ cs-rio. 192 /0/562. /0/3#7

A!!Al.YZER CHAT:::EL[:-is5-) ,v , . J ., .
' C T-T o - % -io o z. '

w , JM . z r vec ' c ,, /.,, J . + x&J "oc. ( 2 7uv ac. s: x.775'vec)
Background: B ina ry Cn m t. '

tiinutes = CFM v 7!pp/-',t3
},', $ourte dce A.r.v3 '15d ine Pea ked CPfl Des i re d t oL{fc tua l i"?M_ _;__ net CTI I

-

fir!" c 1997 (c . la. ) 590 ? | 0 90 5~ Y

( 3.. be _ __

10/%Y '1/33 9839 905*3 G' e

.CMct: 6urce Final Reading .So ~~ '1
T'er ' 'mned by : /,gM g //ff f.nra n ze ' h N 'II U M '"~ -' '



, . . . . . ij b L . . . L t " L '! ,, JiiEET.
,,

'
Chinnal flo: to p L - 9. C // Date: T /2/hr
Siroilci Serial fo:

| Detector Scrial fio: k Ratemeter Serial No: d7
,

! Discriminator Setting e Z- Firial it.V.
..

,1_jil,.I STAtiDARD CALIBRATI0tl FIXTURE

Bath round: Binar,' Count tiinu tes1
flet CPM /07=

',

'[_.sgree ~60ected net Count Gross CPM tiet CPM
~

.

l]].Ba,-po. I77
__

/79 7/o / 7e60_3
Ba-Ito. 138 /6&W3 /(of8 M

133 Ba-No. 192 2 2d5 74 X 7d V:? G
13
. .. Cs.-po . f)17 7

/ p t-n f ,o ;z /_g_2 9
137

,C,s,-jl,o. 138 (ffC7Y 6 7f_f 7I37 Cs-fin. 192
41'rnW ~RT.''S70NS E

9 7 T / u" 92247$

, ._ ..SpjJRC E S
,

131 . _ _ _ _ - _

_,0a,,ito. SR2
.

-

-
111 .

Cs-llo. SR2
i e. me en,n.,. . _ ,

! 3 '?,q. SR2
__ 1 J |w F

_C_HA.!!'IEL SAMPLER
--

Backgrnund: Binary Count Minutes _ tiet CPM / f f'-=

~~~~55Iirc e txcected Net Count bross CPT1 1- .c 1
l33

Ca-no. 177 /S 3 uvfr (&37/] -

Ga,-flo . 138 /J-d /AJ /8CV7J'',

:133 Ba-No. 192
-r y e v 7a ;:' 7 '?'J/ 9'.

\U
C s -]Io . 177

/ :2 t/ yr/ p 7 7 u-. u S -- ._
137Cs -tio. 133 7 4' y 9 4/ 7uJz9
L37

C s -flo . 192
, '7 '/F% 7 99449

,A,f!Al.YZER CHANMEL Window set at 3.8 to 4.2; todine centered at 4.0V

Ba c htround : Binm> Cmutt Minutes CFM, , _ _ , , _
=

_. 'bj g2,'bl .

-
~]SQii te __ljyjjii7eiked CPM

_ Desired E |_Actuai~C7I,1. Net Ci C _ 'I..
u na..tto. 177 t

.y'"a-Ho. 192
-

.

'

t.. chm.t?$0iirce Final R5itiilnq ,yeso ~~

-

I'i i ' m ncd by: ,

S. !N / I ' # # " ' 'g h Annrn'ir4 ''



.. ...c.
__

c. Channel flo: to D 6-- /f - / V8C Date: / / bay [7f
.

f
'

e ni.nler Serial r:o: Octector Serial fio: ;G9
Ra temeter Serial Ho: _J

(, Discriritinator Setting aD Firial H.V.
.-.

lfII-I STAtt0ARD CALIBRATI0il FIXTURE

Bact m cond: Binary Count flinutes ilet CPM 27=
.

~ 'xpected tiet Count Gross CPf1 tiet CPM
I Source E

L33 Ba -flo . 177,

7 yu ;;- / g- i
133

Ba -flo . 138

3 Ba-flo. 192 2 7 u </ 2J/7.

I
Cs -?lo. 4177 zy vfy0 4ry B / _3

137
-

Cs-ilo. 138 -

!37 Cs -flo. 192 / 7 '/3 C / 79'03.tifRGY RESP 0tiSE
SGURCES

[33 _ _ _-__.

_ Bit-flo. SR2
I3I _ -__.

Cs-Ilo. SR2
i

<

\ 02 Co-!!o. SR2
,3,n mn a 31 rg

glA!!:lEL SAMPLER

Background: Binary Count _ Minutes tiet CPM VP=

-'~S ou rc e txcected lie t Count. bross CPT1 I i;et CPM
'

t,",Da-lio. 177
-

/ u:2 r /377
I

;,

. "___t' a.. .tio . 138
133t BbNo. 192 2291 12 Y '/

i

1.1/ s-j!o. 177C
</ 4 70 T- W6f 7

_

137C s-tio. 133

L37
. _Cs-rio. 192 I7326 /7%78

fi!ALY7.ERCHAN:EL Window set at 3.8 to 4.2; Iodine centered at 4.0V
' Background: Bina m Count Minutes CFi4 */43Z$=

; T, ,5[tiI't e _ll_33jnePeahedyM Desired 93, 1 Actual f?M _ net Ci C___{
'

I m:n -tio . 177 |
-

'

{i;'ci.$ourceFinalReading,,/gp
..

"a 1:o. 192
Ct .J _ _ _ _,

"hi 'umed by: ,g gw d_ ,p 7 Approved b,u (l,/ YO.d(SCL C



Chanimi flo: HP fztr Af Date: / 7./u/y r ( r et '> = / //y/yr),

. . - .

c.awirr Serial flo:' /[f/ Detector Scrial lio: /ff C Ralemeter Serial No: 4 6_ f_

(,_
Discriminator Setting eL Final li.V.

_,

T!!!-I STAtt0ARD CALIBRATI0fl . IXTURE

Gadqicund: Binary Count itinutet = fiet CPM / 7 J'
:

] c_urce ~Liected tiet Count Gross CPM riet CPM .
_

Iffua-flo. 177
__

yo6 3 2/r
133

Ba-ilo. 138
_ ___

yi7 Iw/2

133 Ba-i:o. 192
_ fo 3 / 4 to a/g "

[37_Cs,-Jio. 4177
,z t.;> o 7 W 427

k3_7Q.s -ilo . 138 ;e7 f3k
I37 Cs-No. 192

/0 'r3 7 /o vz 4 34y '/OiDhiY'fESii:lSE0

.__.50fRCES
133

--

-_

Ha-flo. SR2

, Cs,-JIo. SR2
,,_ _ . , , ,,

[f9-!!c.SR2
_

l J_ , . _

CHA!!!!EL SAMPLER

Baciq1round : Binary Count Minutes = flet CPM f c. r-
^30urce txcected tiet Count uross CPM i ilet CPM
l 3 '7 ICa-flo . 177

| y r :- 2.P 7
133

_

,_Ca_-Ho. 138 4 73 3of
:133 Ba-No. 192 (, s- 6 fe y / O ''f
13? s-jio.C 177 .c 7 rs- > c y #4
137, C s-!!,0. 133 7 4 c, r fr
(37 Cs flo.192

// o -e 9 //dI' 9 f'

AllAl.YZER CHAmlEL Window set at 3.8 to 4.?, Iodine centered at 4.0V

74322GBa c):qrcund : Binary Count M.inutes = u rl
..

_ , _ ,

.

( ' , ,h o?I.e __jjdjy'e l'eaked CPM Desired 93., j ___ Ac tua l C?H_g i4e t Ci ''. _{
- CI':a-r:o. 177 i

___

'

{l[cck$ourceFinalRe' ding
' ya-Mo. 192

1Ci, m
Ter r'w'ned by:

..
' , , _ , _ _ _ /r. proved b . _.

.
OJQ 9,'g , ,f

.- -. .. .. .---. - --. -. ... ..._-. . . - . . -



. . . . _ .

c. Ch.umol flo; pp.R.itr r , et. Date: ||19/78
Str.nler Serial fic:' Octector Serial lio: ,ep Ratemeter Serial ilo: 73,

Discriminator Setting ba Final H.V.. . ~
;.

.

Titi-1 STAllDARD CALIBRATI0tl FIXTURE

Eac t:r1round: Binary Count flinutes = flet CPM f 7 (,
'
.

,,, Source Expected Net Count Gross CPM Net CPM -

L33Ha -flo . 177 17 c i 7 i vy[r1/

. Ba -flo. 138

133 Ba-flo . 192 er99rY 7 r M/ P'
I[Cs_-ilo. 6177 2, r-- 1- - r% -
137,C.s.-ilo . 138

!37

l
- r ,C [mCs -Ilo . 192 #

' i rnr.f fESTONSE
SnilRCES

- 133 - . - . _ _

Ba-No. SR2
'

.

Cs ,tio. SR2 m ang gI,
___ ,

U Co r:o. SR2.

.

CHAffilEL SAMPLER

Background: Binary Count ,, Minutes = Net CPM /(, T

7 0urce Excetted Net Count tross CPM l Net CPMi

Ca-flo . 177 //,1007 / 6P89'f'
133

.

.. Da -flo . 138

'I
_ Ba _ilo._192 _ :2 s Y G/[r 22"<* u r f
IU

C s -llo . 177
~

137Cs-No. 133

L37Cs ilo. 192

A'!AI.YZER CHANNEL Window set at 3.8 to 4.2; Iodine centered at 4.0V
- - - '

, ,4 3[d A.,,s,,
s

Bacl:qr und: Binary Count _ . , _ Minutes = CFM V

I - - -Source - - - - - - -"IEdiiEWiked LPM Desired 93. L Actu6f CPH n Wet Ci".l__^ jy ...

13:Da -flo. 177 ;;'.'3 8 3 0 u ,7 y,'-

1 22)4 7- ~ '''^ Y _ _
' Da-:!o. 192 gr,&G9{ h3Eli~$ource Final 5dading

39/o2.-
_t -9 " r '' " __ _ .. r " -

C 7,00, ' ' ' ' '

7'Pn "onned by: #, M' Approved bj; 4-k[ big 0~_... .'

_ ____r _s ie
. -.. ._ _ . _ _ ... - .- - . -



.

( inimal tio: n p./P.225' gas Date: f/, [/f r.

.
. ' *

Sa aler Serial tio _ /2 0 Detector Scrial fio: iz 7 Ratemeter Serial Fio: 75~d'
Discriminator Setting iD Final H.V.

.._

.Ti (-l SMNDARD CALIBRATI0il FIXTURE,

Bactqround: Binary Count Minutes = flet CPM a4

-~5.o_urce ''Expic ted flet Count Gross CPM flet CPM,

l3]Ha-flo. 177
.

_ /3s sr / 32 Er
[33
_ Ba-flo. 138
133 8a,-ilo. 192 2/33 2 /o 7
L37 gg_qgo_ g;77 a.3,,, 9,3 y,, y
137

.-._

Cs-Plo . 138

I37
. Cs -flo. 192 / /, ? 7 r fg 99

'ifl![RGY RESP 0ilSE
.__ SpjlRCES
[33 _ _ _ .

Ba-flo. SR2

' 3'' Cs, ,lio . S R2
_

~

- - - - - -Co-Un. SR2 )
3 i

,,o, w.,.,

CHAN!!El. SAMPLER

Background: Binary Count Minutes = Net CPM 7r

~ Tobrce txcected tiet Count bross CPM flet CPM
'

*

Ca-Mo. 177
/3 cr /3yo

_.- .a_.flo . 138c

:133 Ba-iio. 192 2 / Vr 2. I: 3
137 '

. . -. C.s. llo . 177 9 2.44 o 4243T_

_

137
Cs.M.o 133

[37 -No. 192 / 6 P':' 6 /68'd/
AllAl.Y7.ER CHANNEL Window set at 3.8 to 4.2; Iodine centered at 4.0V

Backgrouno: Binary Count Minutes = CFM N
r.eurte ledi G' heated CPM 1 Desired 93.. L ActuaTC0M ;_ det CiI _ .'

-

IE!;a-!!o. 177 I '

' ',' y a,-!!o . I 9 2
_ ._

;':cck $ource Final Reading
i

t
C .kd

__
._,_ _

ferrotmedby: J Approved by: ,_ (fM1@,g_, ,
'

. , , , , , _ _ , _
.

/ /r 8f



. _--

ChMuel flo: W- 6 f. 2. 2. C P-d Date: 12 /zo/7 fri2 - ///r/79-)
.

SFr.iiler Serial flo:' /Tr7 Octector Scrial fio: /23 Ratemeter Serial lio: 679
Discriminator Setting . 7_ - Final H.V.

(~T
%
+ Tfl[-l STAft0APO CALIBRATI0tl FIXTURE

Bacimround: Binary Count Minutes = flet CPM 3 d 'r z - /5)
Scarce dipected tiet Count Gross CPM |

1

l33
_ tiet CPf1

_ Ha-flo. 177 2 73 2 ~7 5
L33
,_ Ba-flo. 138

f r, 7_ 7- J 7
133 Ba-flo . 192 5- 6 t' 3 0

!37
Cs-flo. 6177 245'rt ;2 Vf/ ?

137._ _C.s,-il.o . 138 r3 7 t3u
II

-

Cs-flo. 192 $ 1793 9 y r c'
.lif ftGi RESP 0tlSE -

SollRCES

133 __

Ba-flo. SR2
I

Cs-flo. SP2 w mis esmns 1

fC{o-flo.SR2,

_
_ =

CHAT!!!El SAMPLER.-

Background: Binary Count Minutes = flet CPM - (rez-u)
-~50ijrce Excected liet Count bross CPM | ilet CPM
L31

' G a -flo . 17 7 3o7 277
[33 .

..C. a -flo . 138 z s-s- :t 3-c
1331

.._Ba :f o._.1. 92 - 5J o 569. .

13? s-flo. 177C p s oir- ; roo ?

137 s__-ti_o133 8 72 8'V_ _C_

137 g3_rlo . 192 RV 770 #17C1

AtlAI.YZER CHA!!!!EL Windca set at 3.8 to 4.2; Iodine centered at 4.0V
743229BacMrcund: Binary Count Minutes = CFil___,

'- h@ye _lhifePeakedCPM __ Desired 93., L Ac tua l'~CY,i_, _ n e t C' ~~ ____ {
'

lu -!!o.177a

Ija-!!o. 192
.___

[io:<-li $ource Final 'scading _ _ _ _ _
4

C 3p'

Jer <;raed by: _ __ _1 Approved bp ,_ ( G d'd rte, M _, '-
r

____

f P?. 87



. _ _ .

."
. . . . _ .--.

c. Clonnel flo: sep,,12z7 P. , ? Date: y /6 [y p
Savnler Serial flo: /PC/ Octector Scriai lio: /[ Ratemeter Serial No: 7[9
Discriminator Setting ,D^

( Final li.V.
.

\

]]1I. l STAf1DARD CALIBRATI0tt FIXTURE

Bacl rtround: Binary Count 11inutes = flet CPM
s.

.,_ Source Ext.'cted tiet Count Gross CPM fiet CPM '

l33, Ja-flo. 177 33r ,f9
- Ba-ilo. 138 32 r 3o7

13 Ba-flo . 192 G // r t S''
137

Cs_-jlo_. 3177 ; y S 5-0 : y[r y/
137 Cs-ilo. 138 637 6z/

13[?Cs -No,._1f 2 / of 7 3 /o /J 7
' fil RGY RESPONSE.

SOURCES
~

133 _

Ba -fic . SR2

Cs-llo. SR2
( i

.';0
Co t!o. SR2- .

e era nnitt M 11

.CHAft!!EL SAMPLER %I [h h|dd ;ML

Background: Binary Count Minutes = f{et CPM RV
~ Source txcected Net Count bross CPM i flet CPM
L 3'1

Ca-rio. 177 r37 r47
t ",,"l a -flo . 138 y7p 5 .r- V
1331 B_ a-Ho._192 ~7 13 767
i3? s-Mo. 177 22ft/ 22f.rf. C. . .- . .

,

,137 ._s. _tio 133
'

t
. - 74 f 7W

l37,, Cs-flo. 192 9 2 Yo t /4

MIAl.Y7.ER CHAtir!EL Window set at 3.8 to 4.2; Iodine centered at 4.0V

743230Backorcund: Binary Count fl.inutes = wel. - .

Souyte ~~l Icdine Peakeu LPM Desired 93., EctuaTCPM j_ Net Ci T___, {
b)|Da -flo . 177 I |

- . . _
'

| %:f a-no.
192

_1C c t: Source Final Readint 3-0
___-

'bn 'u"ttd by: '_ , , o__
, _ Approved by: ._/ (,(,h'2cCrgif,,/,.

.



. _ _ _ - - - va w. ix ip H 7 t 19 , - |//Y/7&l
_

--

. .
,

e,ataler Serial flo:- /d~7 Octcctor Scrial lio: 2. /( Ratemeter Serial i;o: /DC
Discriminator Setting ,L Final H.V.

.

, . ' . _lHI-I STAtt0ARD CALIBRATIOil FIXTURE

' , Badornund: Binary Count tiinutes flet CPM 7o 07ez- a i .)=

Source Expected tiet Count Gross CPM flet CPM
'
'

L33
_H a -flo . 177 trro /4Po

133
Ba-ilo. 138

. ir3o / 'I & C
'N' Ba-flo. 192 2. '2. / P t. I 17
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Victoreen
Description Manufacturer, Model Number, Etc. Part No. Qty.

'

Detector Victoreen Instrument Div. 1
-

Check Source "
1,

Alarm Horn Edwards 1 s
Alarm Light Federal 1

4.2.6 Gas Monitor s

Motor Starter GE, 200 line with " Hand, Off, Auto" Switch 1
Relay Square D, KP12, 2PDT 2
H. V. Connector Amphenol, MHV-Bulkhead 1
Terminal Board States,10-Position 3
3/4" Valve Dynaquip, Full Port, Brass 5
Pumping System Victoreen Instrument Div. 844-1 1

Lead. Shield "
1

Sample Volume 1
"

Detector " -
1

Check Source "
1

4.2.7 Atmospheric Monitor

4.2.7.1 Atmospheric Monitor - Standard

('' Elapsed Time Meter Hayden 1
(, Differential Pressure Barksdale 2

Switch
Motor Starter GE, CR206BO with 3-C2.68A O.L. Heaters 1
Relay Square D, KP12, 2PDT 6
Terminal Board States, 20-Position 1
Terminal Board States,10- Position 3
1" Valve Dynaquip, Full Port, Stainless 2
1" Valve Inlet Dynaquip, VFB25A1 ~

3/4" Valve Dynaquip, Full Por*., Brass 5
Moving Filter Victoreen Instrtt.ent Div. 841-1 1

Sampler w/CS
Gas Sampler w/CS 841-33 1

"

Iodine Sampler w/CS 841-2 1
"

Pumping System 844 -1 1
"

Control Panel (Located in Panel #12) 1
"

Control Panel "
(Located on Local Enclosure) 844-90 1

Flow Control Panel (Modified for Elapsed Time Meter) 1
"

Alarm Horn Edwards 1
Alarm Light Federal -

1

4.2.7.2 Atmospheric Monitor -Portable ggg},

(
'

_

Relay Square D, KP12, 2PDT 6
1

4-17
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Victoreen
Description Manufacturer, Model No. , Etc. Part No. Qty.

aclay . Agastat, GPI 9 .

' Terminal Board States, 24-Position 2
Terminal Board States,16-Position 2 N

Terminal Board States,10-Position 1
Pressure Switch Barksdale 2

'

Elapsed Time Meter Hayden 1
Recorder Leeds & Northrup - 3 Pen 1

1" Valve Dynaquip, Full Port, Stainless 2

3/4" Valve Dynaquip, Full. Port, Brass 5
Alarm Horn Edwards 1

Alarm Light Federal 1

Moving Filter Victorees Instrument Div. 841-1 1
Sampler

Iodine Sampler 842-1 1"

Gas Sampler 841-33 1"

Ratemeter " 842-10 3

Control Panel- " 844-90 1

Electrical Panel " *

Flow Panel "

4.2.7.3 Atmospheric Monitor - Automatic
.

- In addition to those parts under 4.2.7.1, the following are used to complete the
' automatic monitor.

Valve Dahl, Electric w/ controller 1
Signal Converter Rochester Instriunent Systems, SC1300, E/I Cony. 3
Terminal Board States, 9-Position 5
Gas Flow "quipment Hastings 1
v - m - -- u,, , e u ,, e m % i nn, +a w -+- ,.i-s ,

Recorder GE, 2-Pen

Controller GE

4.2.8 Pumping Syska, Model 844-1
.

Vacuum Pump Victoreen Instrument Div. 844 -1-6 1
"Vacuum Relief Valve 944-1-9 1

Bushing (Brass) " (3/8 to 1/2 inch) 10-486 1

Brass Tee "(1/2 x 3/4 x 3/4) 10-487 1

Close Nipple (Brass) " (3/4 inch) 10-488 2

3/4" Valve " 10-340 1

Exhaust By-Pass 844-1-12 1"

Assembly
Exhaust Assembly 844-1-13 2"

( , Pure Gum Tubing
hitake Assembly 844-1-11 1"

(3/16 0.D. x 3/14 I.D.) 48 in. '- "

743200-
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Victorcen
Description Manufacturer, Model No. , Etc. Part No. Q ty.

N Male Connector Victorcen 'nstrument. Div. 10-485 1

(Brass)
'

Vacuum Switch " 844-1-14 1

Vibration Isolator " 844-1-24 1 N
Drive Pulley Std. 844-1-19 1"

V Belt " 844-1-20 1
,

Motor, Std. 844-1-17 1"

Mtg. Base, Std. 844-1-16 1"

Box Conn.-Cable 844-5-16 1."

" 844-1-22 4Spacer, Shcok Mtd.

4.2.9 Moving Filter Sampler 'Model 841-1

Rectifier (Diode) 52-48 2"

1N2071
" 52-124 2Diode MDA D20A-7
" 716-50 1Check Source Solenoid

Tenr Switch Ass'y. 841-1 65 1"

Solenoid " 841-1-78 1

Take-Up Spool Motor 841-1-79 1"

* Cycling Timer, Cont. 841-1-107 1"

* Cycling Timer, Advance 841-1-106 1"

( * Time Switch " 841-1-90 1

* Located on Electrical Control Panel-

4.2.10 Iodine Sampler - Model 841-2

There are no replaccable parts to this unit other than the filter holder. Consult factory.

4.2.11 Gas /Liauld Samoler - Model 841-33

Volume Assembly Victoreen Instrument Div. 841-33-28 1

4.2.12 Control Panel-Moving Filter Sampler, Model 844-90

Indicator Light Base Victorcen Instrument Div. 20-48 1

Replacement Lamp 17-54 3"

Fuse: 3AG,3/4 Amp 19-2 1"

4.2.13 Contral Panel - Gas Sampler, Model 844-100

Indicator Light Base Victoreen Instrument Div. 20-48 1

Replacement Lamp 17 -54 3"

Fuse; 3 AG, 3/4 Amp 19-2 1"
,

,

4-19
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HASTINGS GAS FLOW PROBE,

TABLE OF CONTENTS

1.0 INTRODUCIION. 1 6.0 VELOCITYPROFILE 6.

1.1 General 1 6.1 Average Velocity 6
1.2 Uses 1 6.2 Insertion Depth for Unity K Factor 7g1.3 Principle of Operation 1 63 Velocity Traverse of Stack 7

2.0 INSPECTION 1 7.0 OPERATINGINSTRUCTIONS 8,
2.1 Input. Output Connectiors 1 7.1 Density Factor 8.

2.1.1 Probe 1 7.2 Volume Flow and Mass Flow 8
2.1.2 Power Converter 2 7.3 Gas Density 9.

2.2 Probe Output 2
211 Zero 2 8.0 PURGE GAS 9

-

2.2.2 Output Signa 2-

9.0 ACCURACY 9*

3.0 PRELIMINARYOPERATION 2 9.1 Accuracy of Probe - 9
, 3.1 Ecetrical 2 9.2 Zero Shifts 9

3.1.1 Zero Adjust 2 93 Readout 10
3.1.2 Position Effect 2 9.4 Ambient Temperature .10' 3.13 Direction of Flow 2 9.5 Velocity Profila 10
3.1.4 Overflows 2 9.6 Insertion Depth 10

3.2 Pneumatic 2 9.7 Density Factors 10_
3.2.1 Purge Connection 2 9.8 Overall Accuracy 10
3.2.2 Range Adjust 3
3.2.3 Zero Adjust 3 10.0 OPITONAL EQUIPMENT 10
314 LeakCheMy 3 10.1 Power Converter 10

*

- 3.3 TypicalProblems 3 10.2 Meter Readout 10
1 33.1 Installing Probe Backwards 3 10.2.1 Dimensions 10'
v 33.2 FalseZero 3 10.2.2 Standard Meters .10

3.33 Effect of Leaks 3 10.2.3 Alarm Meters - 11
33.4 ValveSetting 4 10.3 Voltage to Current Converter 1133.5 Purge Gas Pressure Variations 4 10.4 Voltage to Pneumatic Converter . . 11

10.5 Explosion. proof Housings 11
4.0 PREPARING FORINSTALLATION 4

4.1 Moanting 4 * 11.0. TROUBLESHOOTING _ 11-'
4.1.1 Probe Mcunting 4 11.1 Troubleshooting Guide 11
4.1.2 Purge Manifold Mounting . 4 11.2 Cr.L~ C.u... 1:.
4.1.3 Power Convert-r Mounting 4 11J Estimated Accuracy 12

'

4.2 Electrical Cor.nections .- 4 11.4 Inspection ofInstallation 12
-

411 Cable Conductor Size 4 11.5 Probe Fouling 12
4.2.2 ElectricalShielding 4 11.6 Fouling of the Purge Manifold .- 12

-
4.2.3 ElectricalNoise 5 11.7 E!:ctricalProblems 12

11.7.1 Test Points 13
5.0 ACIUALINSTALLATION 5 11.7.2 ElectricalSchematic 14

5.1 Bectrical and Pneumatic Adjustment! 5
S.I.1 Electrical Connections , 3 Typical Calibration Curve . AFI.1K 15

TYP cal Calibration Curve . AFI-6K 165.1.2 Electrical Zero 5 i
-

5.1.3 Purge Connections _L 5
5.1.4 Purge Range Adjust 3 Velocity Profile Charts (Blank) 17
5.1.5 Purge Zero Adjus' 5

5.2 Alignment and Positioning 5
5.2.1 Aligning the Probe 5

( 5.2.2 Positioning.the Probe 5
.

*

743233,



._ .- - . . . . . .

pv.-

!' '

Specification Sheet No. 513A
W TELEDYNE

C HASTINGS-RAYD ST
_

HAMPTON. VIRGINIA 23661 (804) 723-6531. g

HASTINGS GAS FLOW PROBE MODEL AFI-SERIES-

FOR MEASURING vel.OCITY OF WET AND DIRTY GASES '

T- { m' ' ' DW.
RANGE: 0-1000 fpm OR 0-6000 fpm-,.

_-
__

-

' ' N' A DEPENDABLE, NON-CLOGGING FLOWMETER'

FOR CONTAMIN ATED GAS LINES.--

1 FEATURES Purge gas is injected into the tubing in an
arrancement which forms a pneumatic bridge.

* CONTINUOUS PURGE PRINCIPLE
~

At zero line velocity, the bridge is balanced so,

e NO EXPOSED SENSORS or WIRES that no flow occurs through the sensing portion of
e pge gas eQausts oW MeLOS10N PRO TYPE H U ING

+0-5 VOLT 0-C OUTPUT SICNAL /r openings equally at the probe tip.
[ *PROVIDES LONG LINE TRANSMISSION As flow across the tip occurs, a differential

CAFABILITy pressure is developed, unbalancing the bridge
* RE.'.*0TE: RECORDING, CONTROL, ALARM, and causing a small amount of purge gas to flow

INDICATION - through the sensing section. Purge gas still
* PURGE WITH AIR, Nr OR PROCESS GAS exhausts out both openings, but now they are
* CHOICE OF TWO RANGES: 0-1000 or 0-6000 fpm s|ightly unequal. The thermo-electric sensors

measure the shift in temperature gradients
i GENERAL along the heated portion of the tube which are
'

The Hastings Gas Flow Probe is the result of related to the main gas flow creating the dif-
"

nearly two decades of experience in dealing with ferential pressure at the tip.
difficult to-measure, corrosive, or irfiammable Since the purge gas is continuously exhausting

.t the main line, it prevents the main line gasingases. Using a unique Hastings thermal prin-
ciple with continuous purging, the measured gas om entering the probe and prevents fouling.

'

~ " " "does not come in contact with the internal parts '

of the probe. Thus plugging, fouling, con.
7.-y----k- - - - - , - - , , , ,' densation, corrosion, etc., are no longer prob- r2r : m << --mo; g
' l - - % - = - X-- -)I l-''*

lems. _

stees ror au pm is unternaa ano external) / c-H
! ij--| i1

{ ,.p,,.,,,,
e, e;

through which any gas flows. Solid-state circuitsi '
, , , , ,' are buiit into the explosion proof type housing ( -! o.u= =stsc e s

and require only connection toa 24 volt d-c power R Itao, <

: source and remote read out. The output signal of '[ l', a nN w,c m

(- 0-5 volts may be connected to any remote data '

J| 3py nmo,,1,ologging device, meter, recorder or readout / k
desired. The purge gas required is quite small ;) g g,, sp,

.,c oo m o
:.P, v.and normally is less than 30 cu.f t./ hr. The probe | 'u* ==$ 5t=5oa5

' " " ' ' "

L, may also be used without the purge system in . , , . . . . . .r ms .v,x
relatively clean and dry lines where plugging is , as t~wsrs aro

not a problem. '17,"EL,: ,,, .., ,
.

** o, o o,
PRINCIPLE OF OPERATION- '

*Coas**tS$sO8s

CONTINUOUS PURGE MODE "'' g 3
. The probe is constructer' with two openings at - 3-

- the probe tip. These opctings are connected - 9 k $,"c
together by an internal stainless steel tube. A --

3' '2s ',
7portion of this tube is heated and thermo electric )- -**c-

_ sensors measure temperature gradients along -- (
the wall of the tube, external to the flow stream. CONTINUCUS PURGING PRINCIPf E of OPER ATION

-

743240,
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PURGE GAS REQUIREMENTS SELECTION CH ART
Regulated, clean dry air, nitrogen or process

Model Air Range
gas may be used as the purge gas. Consumption

AFI1K 01000 fpm

[m is less than 30 standard cu. ft./ hr. at a pressure
AF1-6K 0-6000 fpm

approximately 15 psi above the static pressure of (Above indudes: Probe, Purge Manifcid, and curve ofthe line being measured. Since such a small
Air vems 0 5 m .-amount is flow,ng into relatively large lines, thei

percentage of air added fc the whole is in-
, ggggggg gggg s

significant, if inert gases are desired, nitrogen is
recommended. Model ADC 2 115 v. a</24 v. d-c power converter -

Model ADC 3 230 v. a-c/24 v. d-c power converter ,

PURGE MANIFOLD Meter 241-419 45 voit meter for remote readout
included with the probe is a purge gas Meter 24-1-420 45 voit meter relay single point control

balancing manifold built into a weatherproof Meter 241-421 0 5 voit meter relay double point control
-

conduit type enclosure. This may be mounted
anywhere near the probe. It includes two valves
for balancing the bridge and zeroing the probe. SPECIFICATIONS , , ,

POW E R : 24 v. d-c ( * 4 v.) @ 22. m.
POWER CONVERTER uTPuT: o-s . o c. 4 m. < m. l.

PURGE G AS: AF1 tK 5 cfhAn optional 24 volt d.c converter is offered for t Fi 4c so c'n
ther installations where 24 vdc is not available. oiu E N sio,[P,','oC#',$.''f over.i
Built into a Crouse Hinds explosion-proof type wien a" u s~ o.o. wana
housing and rated at W amp, it is available for M'aE~o'[,",",'I.' 7,U',','"s7e'e[i.',' '''
use f rom either 115 volt or 230 volt a-c lines. ait parts in contact with sas

HOU$1NG: Crouse-Hinds Type
CALIBRATION c """ "5 5 ' " 5"^' " """'":",*',*',7,",""'7"''''''c,,

Calibration is related to the gas density and the M ANIFOLD CONNECTIONS: W" O.D. Tubing to Prone, W' NPY to
,

velocity profile. ""'""''5""'Y

Velocity = K, K V,No INSTALLATION2

where
K, = Velocity Profile Factor; typically .8 The probe is supplied with a compression seal

~

K2 = Density Factor: V .075 / ga= aensity fitting for easy installation. The fitting has a 1%"
i Viso = Velocity from probe calih ation curve NPT male thread that will easily connect to a ( k

1% female threaded gate valve. It may be (. r-__.

Example: What is the full scale (5 volt) range of mo nted in any position if used in the purge
m 'an AFI-6K when measuring stack gas having a

dens,ty of .092 lbs./ f t.? The purge manifold is connected to a regulatedi
gas supply at 10-30 psig. The manifold should be '

Velocity = Ki K2 VINO Connected to the probe by means of '/s" O.D.
(.8) ( V .075/ .092 ) (6000) tubing.

[
=

4333 fpm Electrically, 2 wires from the probe are i=
"

TYPtr Ai r* a i e rs o. a t t ry; et io. su t- required for the 24 v. d-c input power, and 2 wires
Ive .. ' ,ie v. S .,;, , ;. ;o th ' ' '

~.

5 ~

f
'

--
.

s + r4 ~

i.u ' 4(/) '
i r'

& km b '_ ,"

!"h' ' I t
J

@3 /
. M *# - I --

. - S] Ii ~j i
-

qn La
z ,/ , ;-.

~

*~

,

,a A"-$ av.as -- a
~ ''~~'

F OUTLIN E DIMENSIONS AF1-SE RIES
.|)

Lierature Availab;e upon request:
.

3 |
*

Hastings Vacuum Gauges Catalag No. 3000

O N'5""8' "d''d G'uge spec. sheet ma 340s
Hastings Gauge Iube Accessories spec. Sheet No. 352
Hastings Vacuunt Gauge Itefe*ence Tubes spec. Sheet 'to. 353A"'

0 Hastings Asr Meters Cataset No. 4000 -

H,,,,,, y ,,, no,,,,,,, ,,, c,,,, c,,,,,, 3 ,. 3ocoO I 2 3 4 5 6 ,
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- 1.0 INTRODUCTION
. .

1.1 GENERAL - The Hastings Gas Flow Probe is thelresult of nearly two decades of experience in measuring
r corrosive and flammable gues. It uses a uniquej Hastings patented thermal purge principle so the
[g measured gas does not come m contact with the internal parts of the probe and plugging, fouling,

,

condensation, and corrosion are no longer problems.

I
The probe is constructed entirely of stainless steel for all parts (internal and external) through which
any gu flows. Solid-state circuits are built into an explosion-proof' type housing and only require
connection to a 24 vole d-c power source and a remote readout. The output signal of 0-5 volts d-c,

I (4 m2) may be connected to a remote data logging device, meter, recorder, etc.
|

,

1.2 USES - The Hastings Gas Flow Probe has been used in a variety of applications. Although originally
designed for monitoring stack emissions in the pctrochemical inda:ry, its inherent reliability in,F extremely wet, corrosive, and particle-laden gas e.nissions makes .. useful in other types of stacks,
including those in power plants, cement factories, and paper mills. Ir can be used to adjust an iso-
kinetic sampling system or to supply data to a computerized gas analy .. 3 system. A common use,,
in refineries is to control the rate of steam injection to promote niore effective burning of gases in the
flares. It is 91so being used in feeder lines to monitor the various sources of emissions.-

+ + + + purge gas1.3 PRINCIPLE OF OPERATION - The probe is ap3
constructed with two openings at the tip. d+ APa7 _'These openings are connected by an internal I ~ ~ ' u mo w
stainless steel tube. A portion of this tube is

j @ |.,
, meter 6P,* 6P
,

heated and thermo-electric sensors measure
2'

\ aP,. aP.
temperature gradients along the wall of the : sensors! i |

""**"'5"'

tube external to the flow stream. Purge gas is \ K,/ #*"

injected into a pneumatic bridge arrangement. \ n ''- m e m
- At zero velocity the bridge is balanced so that 'f h'/ O *'"* So

no flow occurs through the sensing portion of
( f p * AP;

' '

the tube and the ourge gas exhausts equally -

T r - ,.k,, J ,-.
'

is

through' both openings at the probe tip. AP APg..s_.
'

~ * _ f.LS DseaWSTS osto,

When there is fic.w in the mam line (Figure 1) dj M '*** %",C,
a differential ressure is developed across the O O line

*
o, . o,'

openings at e tip, unbalancing the bridge )[ AP (t
; and causing a small part of the purge gas to . _

flow through the sensing section. Purge gas rigure 1 c0NTINUOUS PURGE PRINCIPLE
still exhausts through both openings, but the"

nte o f #- ' --" ' ' '" ' ^ - '" mthe. nrge gas is continuously exhausting~ r.rn o - - -

into the main une, it prevents tne mam une gas trom entermg the prcbc and thereby prevents fouling
of the probe.

Thermo-electric sensors measure the shift in temperature gradients along the heated portio'n'of tie *o.qnon
tube and the shift is related to the main gas flow creating the differential pressure at the tip.L

7 0 INSPECTION

-

Several preliminary checks on the Hastings Gas Flow Probe should be made to insure that it has been
received in good working order.

INPUT OUTPUT
'

2.1 INPtJr - OUTPUT CONNECTIONS POWER 24vnc 5 vnc SIGNAL
@' @* ' *2.1.1 PROBE - Place the probe on a work- ,

,~

bench and connect it to a 24 i4 vole d-c,

( M - Model ADC.2 Power Convertrr.% amp power supply such as the Hastings
~ b @ -

_

Connect
- ' a 0 5 volt d-c meter to 'he output terminalst

(see gute2).
Figure 2. PROBE CONNECTION BOX.,

- -1-
_
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|

'

2.1.2 POWER CONVERTER - The Hastings Model ADC-2 24 v >lt d-c Power Converter requires 115 volts,
60 Hz at. 0.1 amps. The 5 vole d-c SIGNAL terminals are simply tie points for connecting the cable
coming from the probe. The output signal can therefore be couted directly to the readout, if desired. '~

{ 2.2 PROBE OUTPUT

2.2.1 ZERO - Turn the power supply ON. The initial transient output signal from the probe will drive
the indicating meter off scale several times and then stabilize at less than 0.5 volts after 2 or 3 minuits.
Block off the openings in the probe tip and purge raps with pieces of masking tape to eliminate any
output caused by air movements. Allow 30 minutes for warm-up before making zero adjustments.,

,,

.

2.2.2 OUTPUT SIGNAL - Remove the tape from Emin

die probe and blow into the upstream opening. I'm adjustment -

,

The cutput should increase, indicating that the adjustment -,.-C ; dome cover
probe is in good working order. '

| , ,

-|33- c2rcuit
3.0 PRELDfINARY OFERATION C::|f, Probe i I g

K connection
boxIt is recommended that the Hastings AFI-Ceries g housing

Gas Flow Probe be set-up and operated before - I,
installation to familiarize personnel with problems fM L l
which may occur due to improper installation pro. O alignment, d N purge taps
cedures. directica

,

T
'" *3.1 ELECTRICAL - Connect the probe to a 24 volt d-c -

power supply and to a 0-5 vole d-c indicator as
cescribed in section 2.1. Turn the power supply -- probe
ON and allow 30 minutes for warm-up. barrel

probe tip
3.1.1 ZERO ADJUST - Block the openings in the openings

( probe tip and the purge caps to eliminate shifts in ( ('upstre.un downstream-

output which may be caused by drafts. Set thes ' '

output to .00 .02 volts d-c by adjusOng the ZERO vigure 3 -GAS FLOW PRODE
potentiometer (Figure 3).

-

3.1.2 POSITION EFFECT - Pick up the probe and rotate it through several planes. . The output may
change momentarily due to air moving mside the probe, but once the probe is stationary m any one
position the output should be .00 .1(T volts. Any slight chan2e in output due to a change in position
can be eliminated by setting the zero adjust with the probe in the desired position. -

.3.' ' 7IRECT'ON OF Fm - Re .a :he tace ircm tue op ing ir. i. crch .~ _..l '.:. ., p....
mto tne upurcam opening. The output shoEld increase as the velocity of air goihg into the probe
mcreases.

Blow gendy into the downstream opening and the output should decrease (become negative) and then .
increase and become positive again. Reverse flow indications will always be lower than indications

-for the same flow in tne procer direction. The probe must be installed so the flowing gas approaches
the probe from the upstream side.

3.1.4 OVERFLOWS - If the probe is exposed to a sudden large increase in the velocity of the main
stream, such as zero to full scale, the output may momentarily increase to a value greraer than 5.0 volts. -

s

However, it will drop to the correct value in less than one minute.

3.2 PNEUMATIC -The Fhstings Purge Manifold is a pneumatic system used to balance the flow of purge .

gas through the probe. M g2/Q

3.2.1 PURGE CONNECTION - Connect the Hastings Purge Manifold to a 10-20 psig regulated source_

of clean dry purge gas. The air purge rates required for an AFI-IK and AFI-6E are about 2 scfh and
_

20 scfh, respectively. Connect the RANGE' tap on the purge manifold to the RANGE purge tapk~

(upstream) on the probe. If the purge mutifold is located less than 20 feet from the probe,1/8" O.D.
_._ tubing is satisfactory, but if the distance is more than 20 feet 1/4" O.D. tubing should be used. (See ~

Figure 4).
t.

. .

M W
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~ '

3,.2.2 RANGE ADJUST - Close off the zero taps on the purge manifold, and the downstream purge tap*

on the AFI-6K. Close off the upstream opening in the probe tip with tape and fully open the ZERO
valve. Adjust the pressure regulator so there is sufficient pressure to drive the probe output to
5.0 vde (normally 15 psig). This adjustment

p ts not crit: cal, but does set a h,mtt on the * A RANGE valve is inuuded in the Model MP-1K,

velocit that can be measured at the probe Purge Manifold. Refer to the instruction sheet in
- tip be ore hne gas starts entermg the probe. the cover of the Purge manifold before making

NOTE: When the pressure is being adjusted adjustments.
the output may rise above 5.0 volts d-c, but l ~ '~ ~ |~~1
will stabilize in about one minute. Remove AFI. | | regulator
the tape from the probe tip. EERO g s

3.2.3 ZERO ADJUST - Connect 'the ZERO
[ outlet on the purge manifold to the down- " "

stream tap on the probe. Ad'ust the ZERO
.

valve for zero output from t e probe, and E
~

2" ""

the pneumatic bridte will be balanced. Open- @ I /
~

~

ing the valve further may cause the output / filter and
==-

to become negative, then return to a FALSE E P"fS'
e ZERO and start increasing in a positive Q lines water trap / air

' direction (see Figure 5). Blow very gently supply
on the upstream opening in the probe tip. ON
If a TRUE ZERO has been estabbshed the C Mgure 4. PURGE CONNECTIONS,

( . output will immediately increase. If aQ'

FALSE ZERO has been established, the out- C1., M It ng n t be psible e open the oclw
put will become rtegative. Tan the valve en udt t ccuse a fc!m rero on mme models
gently to be sure the stem is seated securely. 5

The probe is now operational. 4_ [
^

3.2.4 LEAK CHECKING - Check all connections for 3 '

leds by applying a sos.p solution to the connection {2 J \ l !!! and watching for a stream of bubbles. Check for ;
\ M rdt,ue~~,

leaks with the openings in the probe tip taped closed. E 1 ~zero r
; S- N\ g zero
: 3.3 TYPICAL PROBLEMS - Although the probe is now &0
'

completely operable it is suggested that the following -1

problems be deliberately created so their effect on 0 3 6 9 12 15

the output signal may be more easily and quickly re- Number of turns of zero valve
cognized if they should occur during installation or-

agur. s-TRUE ZERO AND FALSE ZERO
operation. --

, _ _ . . . _ . . . , _ , . .. _. ..

3.3.1 INSTALLING PROBE BACKWARDS - Blow into the upstream opening in the probe tip from a
distance of about 6", first very gently and then vigorously. The output should immediately increase in a
positive dkection by a small amount (about 0.5 vole d-c) and then to a much higher value (1 to 5 volts
d-c depending on the velocity created). Repeat this procedure at the downstream opening in the

- tip. The output should immediately become negative (about -0.5 vole d-c) and then become positive.

If the probe is installed backwards the output will always be low, indicating a lower velp.cip@N3an
actually exists in the stack. N e

3.3.2 FALSE ZERO - Open the ZERO valve slowly until the FALSE ZERO is reached (see Sec. 3.2.3
and Figure 5). Blow very gently into the upstream opening and the output will become negative.

_ Blow vigorously and the output will indicate a positive, but low value. The results are almost identical
to those described in Section 3.3.1 for a backward probe installation. Return to the TRUE ZERO
setting.

3.3.3 EFFECT OF LEAKS - Loosen the fitting on the RANGE purge tap of the Probe until a smallleak_ . _

The output will be negative for very small leaks and positive for larger leaks. Tighten theoccurs.
I

RANGE tap fitting and loosen the fitting on the ZERO tap of the probe untilit leaks. The output~-
will be sositive regardless of the size of the leak. Tap or wiggle the tubing at the fitting. In all prob-
ability t se leak rate will be erratic which would appear as instability in the output signal under normal
operating conditions. When such leaks exist, it is very 30ssible that they will vary in magnitude,

~ with ambient temperature or other changing environmenta conditions. Tighten all fittings to remove
- leaxs.



_. . . _ _ . _

3.3.4 VALVE SE'ITING - Close the ZERO valve slightly so the output increases to about +0.5 volt-

d.c. After the output stabilizes tap the ZERO valve soundly. The output may change slightly, but
additional rapping will not cause further changes once the valve stem has seated. If the purge manifold .

is subjected to vibra' tion the valve setting may change. Once the valve is set it is a' dvisable to lock it
in place with a locking compound such as Glyptal or war.

{
-

'

3.3.5 PURGE GAS PRESSURE VARIATIONS - With the output still about + .5 volts d-c, change the
puzge gas regulator pressare 1.1 psig. The output will change approximately 0.1 volt, indicating th'at
the output signal wt'il vary if pressure regulation is inadequate.

4.0 PREPARING FOR INSTALLATION *

4.1 MOUNTING

4.1.1 PROBE MOUNTING - Since the probe banel must be inserted through the st2c.h into the gas
~

stream, it is necessary to install suitable entrance fittings (see Figure 6). A compression fitting having
1 1/4" NPT. threads is provided with the probe and can be screwed directly into a suitable tap in the.
line. Some users prefer to include a 1"I.D. gate shutoff valve to seal off the line. When the probe is -

mounted in a horizontal position as shown in figure 6 it is sometimes necessary to provide additional'

support at the housing. If a choice is available
it is better to instalf the probe in a vertical L 47" 1 .'position so any liquid that might collect in the gate p
probe can drain. However, with continuous purg- valve <'
ing such condensation is not normally a problem.

Q[
AFI. a

4.1.2 PURGE MANIFOLD MOUNTING -The purge
_ i

Manifold should be mounted as close to the proce - N - <

has practic:1 in a location that makes periodic lectrical J-

adjustments convement. Most users mount it nduit + Isupportto the probe or close to the base of thenext
bracket 4 -

stack. A regulated (15 psig) source of clean, dry m:::E
air for other ource au)is renuired. and 2 Alter and Figure 6. PROBE MOUNTING DETAILS"""~

k((liqu'id trap should"be' indiled in flunt of the
regulator since particles or liquids can foul the Of
valve and cause erratic indications and shifts in Q |

4.. deep.

output. The purge lines should be flexible enough T ,1/8" NPT'

to ren.ove the probe from the line for periedic Ct|||'| 8 i
_ , , _ _ _ _ ,

-

zero checks without disconnecting the purge lines D,h | |
(see Figure 7). Q Et i 3 1 g<..

4.1.3 ' POWER CONVERTER - Mounting the ADC- b i!" h| ' "

be-

location near the probe, or it can be mounted '"T 1/8" NPT
' ~~'~

* '

-remotely if allowances are made for voltage drops
(see Figure 8 and Section 4.2.1, Cable Conductor Figure 7. PURGE MANIT''LD
Size ).

*~ ~

g,

4.2 ELECTRICAL CONNECTIONS - Several factors "

should be considered when installing and connect-
-

-

b bo
ing wiring between the various components. ,7"'

%" NPT
4.2.1 CABLE CONDUCTOR SIZE - No.18 con- 24 VDC SVDC

,/ 4M"
/

-

duccors should be used for carrying the 24 vde
supply voltage between the power converter and
the probe. If the transmission lines are 500-1000

ffeet long, No. 14 conductors should be used. _

The conductor size is determined by the voltage GND L.1 NEUT 23/8"
_

drop in the cable between the power converter @ @ @
'-and the probe, since tb minimum allowable "',

voltage at the probe is 20 vde. Figure 8. POWER CONVERTER (s

4.2.2 ELECTRICAL SHIELDING . Normally cables should not be run in the same conduit with
wires carrying high transient or high frequency currents such as those powering solenoid valves or

'~

motors. if conduit is not used the cable should be shielded, and if electrical noise is excessive
%

the 24 vdc input and the 0-5 vde output should be shielded separately (also refer to section 4.2.3). r
t_

-4-
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*

'4.2.3 ELECTRICAL NOISE - In areas of high electrical noise z small change in output may occur when
the dome cover is removed from the probe. A .47 mfd capacitor connected between the + 24 vdc
terminal and the housing (case-ground) will usually eliminate this problem. The capacitor can bec-

| installed in the probe terminal connection box.-
s

3.0 ACTUAL INSTALLATivN
N

After all of the preliminary checks outlined in Section 3.0 have been made and the preliminary
[ installation work outlined in Sec: ion 4.0 has been completed, locate the probe at the installation
| site but do not insert it into the stack. ,

5.1 ELECTRICAL AND PNEUMATIC ADJUSTMENTS
-

.

'

5.1.1 ELECTRICAL CONNECTIONS - Connect the 24 vole d-c power input leads and the 0-5 volt
d-c signal output leads to the probe terminal connection box. Apply power so the probe can be,_

{ warming up.

5.1.2 ELECTRICAL ZERO - After the probe has been on for 30 minutes the output should be zero
with both openings in the probe tip closed. Adjust the output to zero if necessary, and replace,

the dome cover.

5.1.3 PURGE CONNECTIONS - Connect the surge lines to the arobe, set the regulated pressure to 10-20
psig and check for leaks, tapping fittings and lines briskly while enk checking.

5.1.4 PURGE RANGE ADJUST - Remove the tape from the downstream side of the probe tip. Bloch
off the zero taps on the probe and on the purge manifold. Adjust the purge pressure slowly until the,

output reaches about 5 volts d-c (section 3.2.2)

5.1.5 PURGE ZERO ADIUST - Reconnect the zero taas and remove the tane from the nostream one.n-'( ing in the probe tip. The output should drop about 40% for an AFI-1 C, c'r about ISTu for an AFI-6!C.'

'' The probe tip can be shielded from air currents-

,

downstreamwhen settmg the zero by placing the tg' in a y
deep cup with the tip openings at least 1/2 from $

,
J

s
the walls of the cup. Open the ZERO valve slowly

,-
-

until a TRUE ZERO is reached (see Section 3.2). I /

To insure thatfy on the upstream opening of the(E
ou actually have a TRUE ZERO, I I| blow very gent '3 f

'

_

probe tio. If the autout goes Wve * FALSE I
as be _ - t and' must- iw me-.-.-. j. 1

. ..
-

3[ -

5.2' ALIGNMENT AND POSITIONING
anow ' s? /,ups*: cam

side view
5.2.1 ALIGNING THE PROBE;-Insert the probe in ====.J -~

' he stack and align the tip so that the line gas % MU d4b
~

t

approaches the upstream opening of the probe Q
f' tip. The arrow on the probe barrel will facilitate % y $,

this alignment. k J I/ d -

,a* /'

}
.-

h '| '
Slowly rotate the probe 90 . Notice that there / 3
is no appreciable change for the first 15 and th - % MT $

'

the output starts dropping rapidly, almost reaching 3, y"
I zero at 90 roution. If the probe becomes

, ,
- -L - D $ ' -misaligned b 0

will be low.y n ore than 15 , the output signal $
Return the probe to the proper k ' 'g

alignment. end viewv
,

Figure 9. PROBE ALIGNMENT

5.2.2 POSITIONING THE PROBE - Insett the probe into the center of the stack or to the point of,,,

Average Velocity.,

-

-5-
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..

E.0 VELOCTITPROFILE

'Ihe VOLUME FLOW through a line or stack is equal to the AREA x VELOCITY. However, the
velocity at various points across the diame.er of a stack is not a constant so it is necessary to determine

-

/S the AVERAGE VELOCITY. Measuring the variation in velocity across the diameter of the stack is g
i known as VELOCITY TRAVERSE and the plot of ( ,_velocity versus diameter is known as a VELOCITY

_ , -

PROFILE. The velocity variation depends on many
y ,,, _

N
factors, including Reynolds number, upstream and
downstream disturbances, stack surface, etc. It is : " ' " -

therefore most difficult to accurately predict the - omo - s

AVERAGE VELOCITY in any installation with - o.rr.o- - +

out making an actual velocity traverse.*
_ ,,

Normally, the probe is placed at the center of the *- " *'3-*

stack and the indicated velocity is multiplied by, a o 88a : -

factor (K ) to convert Center Velocity to Average _

t ai4eo .-.
Velocity. This factor is typically about .82 but u n, .a
should be empirically determined for each system ~

by performmg a velocity traverse. The probe can ,

,

also be inserted in the stack to a position that makes f-gs'
Ki unity. - // N A---

//e'b-DY.
6.1 AVERAGE VELOCITY . The average velocity is //[[/ [N M( -determined by dividing the area of the stack into

concentric rings of equal area and measuring the ['
g

' s
\-.

[ } \ t-
velocity in the center of each ring on either side of

i% 3 W ( s. ---'i rTilithe pi e. The AVERAGE VELOCITY is then the
.g

'the velocity readings taken divided by thesum o s__e
number of readings. A typical velocity traverse N, s '<,- .

( {c
,s

would consist of ten velocity reading (see Figure 10). '

- + gj
b* \CCNCENT C RmGs SECCND TRAVERSE

Find the average velocity and the K i actor, and $,',7)3['**'
f '

plot the velocity profile for the installation
described in Figure 11

Figure 10. TRAVERSING METIIOD "

Me 10 P. . . m.u..mw. we ma. (- r -. .....

(Eq.1) DEPTH = (Diameter Ratio) x (Diameter) = (.026) x (36 " ) = .9 "

Step 2: Measure and record the Velocity at the 10 insertion depths previously determined (equal area
- points) across the diameter of the stack: ,

Step 3: Measure and record the Velocity at the center of the stack. -

Step 4 Determine Normaliaed Velocities for each of the 10 readings in step 2: I

(Eq. 2) NORMALIZED VELOCITY = Measured Velocity = 810 fom . 65 etc. *~

Center Velocity 1250 fpm

1_.

'_ *Spink, L.K. Principles and Practice of Flow Meter Engineering 9th ed. Norwood, Mass. Plimpton
Press 1967. Pg 50-53

_
,

"

Owner, E. and Pc.nkhurst, R.C., The Measurement of Air Flow 4th ed. Londen: Pergamon Press -

1966. Pg 117 L



Step 5: Plot the Velocity Profile:,.

* *
. .

STACK DESIGNATION E4ST F/#RE, . .

!(-S
STACK DIAMETER 36" DATE /-20-72

PROBE SER. NO._/g6 BY ycj]
'

s
=, e >+ 2.o ,

c4 OM C> t9 E-* \
c4 O H% f4 E-* HHe

H Ed C$ H 6 l O *=s s
8 d= 30% $O4 g

k $ b| \H Z [4 td c4 O> 0 \
, . .

O HQ E> = g g.

m.6 ,

|.026 9' 8/O .65 0;

.caz 3. 0 " 960 77 e:

$ .144 5. 3 " /050 84 N.4
\'

. 2 7 ?. 8. t " //30 90 y
).342. /2.3* /.2/0 .97 M

.45n 2 c. 7* /2co .9S cb2 (g
. 77*. I 27. 9'' //4A 91 '~

'. FE4 f 30. ?" tcSo h 24 M
.9tn f 33.l* 975 .78 0 , , , , y
. 9 74 | 55./" ! 795 ./4

'

CENTER VELCCITY /250 FPM (3J
'

AVERAGE VELCCITY /050 FPM (6J
K FACTOR .M [7J *.- 3

..

lj INSERTION DEPTH d.3" (K nl) [sfy

Figure 11. VELOCITY PROFILE CURVE

Step 6: Determine the Average Velocity, Vs.

E = E E Measured velocity 810 + 960 +.. ..+ 79 5(Eq. 3) 1030 fpm, =

a 10 10
'

a . .. ._ . . , _.,. ....

(Eq.4) K1 = AV'f8?' V*I CitV= E =.82-

Center Velocity 1250

i

'. Step 8: Determine INSERTION DEP1'H for Unity K1 Factor (K1 = 1)

a) Determine Normalized Insertion.De*ath for a Normalized Velocity equal to the K f1 actor
determined in Step 7 (.82) using Ve'locity Profile curve.

b) Normalized Insertion Depth = .12 Diameter
743248

c) Insertion Depth = (.12) X (36") = 4.3"

6.2 INSERTION DEPTH FOR UNITY K FACTOR - Observe caution in attempting to insert the probe tog

the point of Average Velocity (Unity K j Factor). It can be seen from the Velocity Profile curve that
~

a small error in inserting the probe to the Average Velocity point will result in large velocity errors,
( whereas a large error in inserting the probe to the center will not cause serious velocity errors. The

center. method is therefore preferred.-

.

6.3 VELOCITY TRAVERSE OF STACK - Make a velocity traverse of the line or stack and dercrmine the
velocity prof.!c and the K factor as illustrated in the above example. (See pagel7for Profile Charts.)

i 1
" -7-
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7.0 OPERATING INSTRUCTIONS-

It is assumed that the probe is installed in the center of the stack and is transmitting a 0-5 volts d-c ggnal

signal and the AVERAGE VELOCITY in the stack.y to determine the relationship betseen the voltage
-to some remote monitoring station. It is necessar

'

/.1 DENSITY FACTOR, K2 - The average velocity ( V ) in the stack is a function of the velocity profde -

factor K , the gas density factor (K ) , and the indicated velocity (Vind)-1 2 s

(Eq. 5) V = (K ) X (K ) X (Vind) "
i 2

,

K AVERAGE VELOCITY
1= CENTER VELOCITY -

densiev of AIR @ STP conditions(Eq. 6) K.2 = density of GAS @ ACTUAL conditions
m

.075 lbs/Fe* f'.

(ystd Of C25) 528 Pm
. ,

460 + Tm 29.92 -
,

Tstd = 68 F (528 R absolute) T = gas temperature in Em

P = gas pressure in inches of Hgbtd = density of gas at STP nt

Pstd = 29.92 inches of Mercury -

Vind = Velocity obtained from the voltr.ge calibration curve -

EXAMPLE:
{

,

't- '

What is the average velocity in a stack flowing Propane at 200 F and 29.54 in. o(Hg if the output signal0

for an AFI-6K is 2.00 volts d-c? The density cf Propane at STP is .117 lbs/fr. Assume the velocity
profde factor K has been determined to be .82.

1

(.075) .075 '
K2= = .90=

f(29.54/29.92) \ .092(.117) . (528/660) .

w

Vind = 2.00 volts d-c 1000 fpm (from canor.u:fon curves)=

.

V,yg = (K ) - (K ) . -(Vind) = (.82)-(.90)-(1000 fpm) = 738 fpm1 2

7.4 VOLUME FLOW AND MASS FLOW - Ncrmally' the desired indication is either Volume Flow at actual %

flowing condition Qact, Volume Flow referred to stir.lud conditions Qstd, r Mass Flow M .
i

.

a) Qact = (Vayg) x (AREA) %

528 Pmb) Q = (Q,cg) .. ,

460 + Tm 29.92

c) M = (Qstd) * (Ystd) (Qact) * (Yact)or

EXAMPLE: "

What is the Actual Volume Flow, Standard Volume Flow, and the Mass Flow in the previous example, k,"

if the stack diameter is 36" ID? '-

Area = 'd (3.14) (3 ft.)* "= 7.07 ft.=
4 4 L

-8-
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*' '

a)- Qact = (738 fpm).(7.07 ft J = 5218 CFM
^

b) Qstd = (5218 cfm). 528 , 29.54 = 4121 SCFM
660 29.M

'

c) M = (4121 scfm) (.11"lbs/ft ) = 482lbs/ min or

M = (5218 cfm) (.0924 lbs/ft) = 482 lbs/ min N

f 7.3 GAS DENSITY - It is necessary to know the DENSITY of the gu in the stack to calculate the actual
J velocity. If gas mixtures are present a densitometer can be used to obtain the actual velocity. In '

practice the density of a gas mixture is usually estimated from knowledge of the expected composition
I of the mixture. Since the density correction for the mixture appears under the radical sign in the

velocity equation, the uncertainty in velocity is always less than the uncertainty in density.
'

'

EXAMPLE: If the density of a gas mixture is estimate'd to be .100 lbs/ft 10% what is the un-
certainty in velocity? Assume Ki = .82 and Vind = 1000 fpm

.

'

.093 lbs/ft VYmix (-10%) =
oeg '(-10%). = (.82) ( g/075/.090) (1000) = 749

'
Ymix .100 lbs/ft V (.82) ( y.075/.100) (1000) = 710= =

aug
#

Ymix (+10%) = .110 lbs/ft V .g (+10%)= (.82) ( V.075/.110) (1000) = 677g

The uncertainty in velocity due to the t10% uncertainty in the density of the gas mixture is only 30 to
40 fpm or approximately 5%.

* ^ " URGE GAS
\

'Ihe Hastings AFI Probe is calibrated with an air purge. While air is usually the most convenient and
economical gas to use, it is possible to use other gases. Nitrogen can be used instead of air with no
change in calibration. Gases such as Methane, Propane, or Natural Gas may also be used but the

- original air calibration curve is no longer applicable. Although it is not possible to multiply the air purge
*

curve by a constant factor to obtain the purge curve for some other gas, Figure,12 shows several typical
calibration curves for purge gases other than air. Changing the purge gas only changes the relationship
between the output voltage and the indicated velocity, so calculadon of factors K i and K ,is unaffected.,

7
Consult the factory for additionr.1information on purge gases.

9.0 ACCURACY
. ?g[ air purge

The calibrated accuracy of the Hastings Gas Probe ,8 /
4is 2%, but overall accur ;y is determined by the /b[ methane o'rcombined parameters of the total system, such as /. '

. zero stability, the accuracy of the readout, am- 8 /'
natural gas

|
-

,

bient temperature changes, velocity profile, probe Ty g ,' ggalignment, density estimates, etc.

g2
'/

.

9.1 ACCURACY OF PROBE - The accurac of the
probe calibration is 2% ( .10 volts) o the full o
scale output voler.ge. Since the velocity vs voltage

fcurve is non-linear, the velocity tolerance must .I
'lic determined for each segment of the curve.
For example, .10 volts represents a velocity AIR VELOCITY

- tolerance of 50 fpm at 1000 fpm (2.00 volts), o -

bu: represents 150 fpm ac 2500 fpm (4.00 volts). o 2000 4000 6000
' Figure 12. PURGE GASES

9.2 ZERO SHIFTS - The high sensitivity of the probe at low velocities tends to accentuate small zero drifts.
A 5% shift in zero results in less than 2% error for velocities above 1000 fpm, assuming the shift was=

caused by purge imbalance and not by electrical components.

-9- ygr;[}r..
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9.3 READ-OUT - Typical panel or test meters used to read the 0-5 volt output signal are accurate to I to 23 ~

n of F.S. High quality recorders or digital voltmeters are accurate to about 0.5% Devices used to convert
the 0-5 volt output to either a current or pneumatic signal also contribute some error.

.

9.4 AMBIENT TEMPERATURE -The probe will operate satisfactorily at ambient temperatures of-30 F to
A + 120 F but the electrical zero will shift approximately 5% over this range. However, if the aero is ad- r
1 justed seasonally the shift is generally eliminated. (

9.5 VELOCITY PROFILE - The velocity profile factor is typically .82 for fully developed turbulent flow iii
a long, straight, relatively smooth pipe. Such ideal conditions rarely exist in ty ical stacks so the
velocity profde factor could vary from .50 to .95 and must be determined accurate for each installa- "

tion. Flat or skewed profdes are not un' common and it is also possible for the pro e to change some '
what with flowrate. It would therefore be advisable to travers: the stack at typical high and low
velocities. -

9.6 INSERTION DEPTH - The placement of the probe in the stack is important. It can be seen from the
typical profile in Figure 11 that a positional error of 1" at the center of a 36" stack would cause ,

a velocity error of ap ruximately 0.5% However, at the Average Velocity location the 1" positional
|error would cause a ve ocity error of about 5%

.

9.7 DENSITY FACTORS - There will be some error in determining the density of the gas. If .he density is .-

simply estimated this error could be appreciable. However, the resulting velocity error is much less than
the original density error.

e

9.8 OVERALL ACCURACY - It is impossible to put an accuracy figure on stacks in general. However, with
care a good installation should be able to achieve accuracies witnin 5% '

10.0 OPTIONAL EQUIP 31ENT

-

The following optional equipment may be used with the AFI-Series Gas Flow Probe.

7.1 POWER COh*VERTER - The ADC-2 and ADC-3 are power converrers whi.it anvert 115 voirs, 50-60
Hz to 24 volts d-c (ADC-2), or 230 volts,50-60 Hz to 24 volts d-c (ADC-3). Ahhough the output may be( '
be as hi~h as 23 volts, it is re ,ulated to .5 volts for line voltage variat% of 10% of the specified input.
A sur;;e ' niting circuit is included to protect against transiann k. the a-c line.

.

The power converter is constructed in a Crouse-Hinds typ FDC-12 condulet box (see Figure 8).

10.2 METER READOUT - The meter readouts available are 0-5 volts d-c,1000 ohm / volt, 1% indicators.

10.2.1 mMENSION3 - The following dimensions apply to both the standard meters and *5 c~ rel

.

meters. The meter illustrated is a double-point control meter (Figure 13).
w.

- 4.71" max ~ * 1.39"
'

5.50" max 2.82" i. 01" dia.

t,$'-- / 1
- - - -

-"
.

_ _ _ .
=> - - cg" F

S' 'f "

@4 IId4.27" max 4 3
- - ' 2.79" max _ b p

t i a t ( i ) -4-- L

.

* ' " " * *O O IE -

, j"

f 00" + .01"LM I "
.

Lmechanical zero no. 20,4 places , - 4.00" .005
. __ __. _ . _ u

FI;ure 13. METER Di31ENSIONS
{:.

- .

10.2.2 STANDARD METERS - The standard meter (type 24-1-419) is furnished with 0-5 volt linear "

scale and an air velocity scale in feet per minute (Figure 14).

M)M. ~
-10-- L
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FEET PER MINUTE
W10.2.3 ALARM METERS - The single 2ou

o[g\\gi\ k I I | 1 f ///// f jg!/// [['0H
alarm meter-relay (type 24-1420) and su. 4o00

r the double alarm meter.rcia (24-1-421)
have one or two adjustab c cet-points #

l( which control a 125 volt a-c(25 vole d-c)
ggggg}} |f[j777

2 35 amp SPDT relay. The meter-relay 1
-

4
operates on 115 volts, 50-60 Hz at 10 0 volts g s
watts. Each alarm meter is furnished $7
with a 0 - 5 vole linear scale.

'

FEET. PER MINUTEy

400 600 -

\\\\ \\\\ lll II //

{ O VOLTS
5.

10.3 VOLTAGE TO CURRENT CONVERTER - The Figure 14 - TYPICAL DTAL FACES
Model CC-20 Voltas
the 0-5 volt d-c outh;e .o Current Converter acceptsno. 8 screws,4 places. Gru' met with0.56" ID,

'r

from the probe and converts
it to a 4-20 ma current signal. The converter requires t F , places. f

2
a 115 volt a-c power source, and provides isolation Fa ^

between the input and output signals. Other current / d L6"
I output ranges available are 1-5 m2 (CC-5), and 10-50 5.0" x 3.625" centers f

'^

ma (CC-50). See Figure 15. j y
) I' '

--+ 1.6" '.

h 7.3"rmx. 1! .- 5.75" rmx --.

|' Figure 15 - VOLTAGE TO CURRENT CONVERTER
+ VOLTAGd TO PNEUMATIC CONVERTER. Thes.

Model CC.20 PM Voltage to Pneumatic Converter mou..ung holes to clear . 5 e' m
is a combination of the Voltage to Current Converter no.10 screws,4 places sufply

* '" '

(section 10.3) and a Current to Pneumatic Converter. '

The 0-5 volt d-c signal from the probe is conveeted MO b
'

-
O

j first to a 4-20 ma signal, and then to a 3-15 pstg O o fC2"

signal. (See Figure 16). O O outputd oi,,
-

@''NPD~* "

' vacteristic a the
*

8.5" CC-20pneumatic Converter: g e'-

!. . Cl !
Supply pressure............................. 20 p sig, 2 psig

| Pne umatic o utpu e . ................................ 3-15 psig h h
u

O O .-

Reproducibility.............. ........... 0.2% of full scale - O_L-
Calibration aecuracy.-................... %% o f full scale

u

Supply pressu e eftect .......................less than 1% 9.75" -

| Ambient temperature limits ..............-40 to 180 F 10.5" =
-

-

Figure 16 - VOLTAGE TO PNEUMATIC CCNVERTER

I - 7F(g g
'

heidit.8 7/8"

_ 10.5 EXPLOSION. PROOF HOUSINGS - Any a tional
I ,,, { gg g;

equipment can be housed in . Qouse-Hin type
,

9 ;~
'

GUB-03 cxplosion. proof housing ' Figure 17). Any 4g'
'

equipr.ent in thic type housing will have the suffix
EX. added to the model ninnber. y g

h 11"
~

Figure 17. EXPLOSION-PROOF IIOUSING
_
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11.0 "IROUBLESHOOTING

11.1 TROUBLESHOOTING GUIDE ,

'ncuh!e GM Ref - c-
Velocry indicition Sure as for highirxii-( ' nome Geck R-ference low cation,plus probe tip (-,

No output signal input power (24vd c).. 2.1, 4.2,11.7 not a!!gned 5.2

Readout _._ 10.2 False zero 3.2.3 s
Wiring 2.1, 4.2 Intermittent Dirty or moist purge
Insufficient velocity opemien ps 3.2.1, 11.6 m
for indication Calibration curve W 4.2 '

Electronics 11.7 lbutir:gofprobe 11.5
Sensing element 11.7 gm g,7 ,

Velocity indication Velocity calculations. 6.0, 7.0
high Accuracy .9.0 Unstable zero Leaks in purge system. 33.3

Probe placement. ..S.2 63 Unregulated purge. 33.5 -

. Velocity profile _ 6.0 Dirty cr moist purge
Not using air for gas . .... 3.2.1, 11.6
purge gas . 8.0 Pneumstic shifts ... .. 3.2.1, 3.2.4, e
Leaks in purge system 3.3.3 Electronic noise . 4.2

Zero valve cetting.. 3.2.2, 3.23 Drafts in stad
,

11.2 CALCULATIONS - When the calculated How differs from the expected flow, re-examine all the
terms used in the Bow equation (sections 6 snd 7), being sure that the values used are correct for
the particular stack and conditions. -

11.3 ESTIMATED ACCURACY - The accuracy of the flow obtained from the flow equation can best -

be shown by a hypothetical example.

Example: Assume that the optput signal from the probe is 3.G0 voks and density of the gas mixture (,
_

is estimated to be .141 lb:/ft 55 Also assume the stack diameter to be 36" 1" and K1 =.82 3%
(Taken from velocity profde measurements). What is the worst possible error?

At 3.00 volts output the velocity indicated by,the probe would be 1570 t 70 fpm, or about t 4%% i

The cross.;ectional area of the stack is 7.07 fe~ 5%E K, is calculated to be .73:2%E The worst
possible error is the sum of the individual errors, or 20%% ~

A more realistic value for the c. .ag error would be the RMS of the sum of the errors. or about 4%1
-

If the calculated flow differs from the expected flow, then the expected flow should also b: re-
examined to be sure that the same density, area, etc., were used. If the calculated and expected

'

flow rates still differ greatly reexamination of the flow equations, then a general inspection of the
probe installation and operation should be performed. g'db.'}

11.4 INSPECTION OF INSTALLATION - Check the following items, referring to the appropriate sections. '-

1. Alignmen t o f the p rob e in th e stack ...................................... .. ........... .... . ..... .. ........ se c t io n 5. 2.1
2. Insertion depth to obtain ccnter velocity or average velocity ................................... .. seetion 6.0
3. Adjustment of purge pressure, zero valve, connectio t of purge lines .. .. .................... . section 3.2

. . . . 4. Cgn_nection of electricci cables, including inspection for loose or shorted connectionc..section 4.2 e

5. 24 vole d.c inpue ( 24 volts d-c) ae probe housing .............................. .................... se ction 11.7
6. Probe output at probe housing and at monitoring station ..................................... .... section 11.7

,'

11.5 PROBE FOULING . The continuous p rging of the probe normally prevents the line gas from
,-

entering the p obe. In the case of very irty gases a deposit will sometimes build up on the outside
.

of the prnbe tip snd eventually close the openings in the probe tip. (
Should fculing occur the probe can be cleaned with steam or with a suitable solvent injected at the --

- - -purge caps.-In case of severe blockage a wire can be inserted into the openings in the probe tip. The
wire will-not normally go past the purge taps due to the intern.d turns, but no damage will occur *

should the wire negotiate these turns. I_
1>_



' 11.6! FOULING OF THE PURGE MANIFOLD - Unfiltered or moist purge gas can cause fouling of the
zero valve in the purge manifold. Excessive moisture in the purge lines can freeze and block the
lines completely. Although the purge lines are pressurized, the pressure is only a few inches of water,

-

which is insufficient to clear the lines.
(m
g If the valve should become clogged, it can be cleaned by removing the nuton the valve, liftine the
j panel, and carefully unscrewing the valve stem. Wipe the stem with a clean cloth, Bush with a soYvent, s

and carefully replace all the parts.'

~

11.7 ELECTRICAL PRGBLEMS - The electrical circuit has a conformal coating of epoxy to protect it
! from corrosive atmospheres and to provide added safety in hazardous environments. Electrical trou-

,

bleshooting is therefore limited to the measurement ofinput and output characteristics.

With the probe in the stack and the purge ON, the input voltage should be 24 4 velts d-c at the
probe, and the output voltage should be between -0.5 and +5.00 volts d-c. Disconnect the output
Icads to the remote readout and the output at the probe should not change. Ifit does chan5e check

{- for a grounded positive. output lead or a low resistance (less than 2000 ohms) across the remote read-
out leads.

With the prebe removed from the stack and the purge OFF, the following readings should be obtained
'

,from the test points on the printed circuit board inside the probe housing. Remove the dome cover
from the probe (in a afe environment), and locate the 10 test points on the board. See Figure 18.

r crTEST TEST,

' POINT TO POINT READING o =
a: w REGULATION
ra 4
" U1 2 24 4 volts d-c (same as

cower inout termimds) PC 194 9
MODULE

3 4 17.5 volts a-c (SkHzi, ,
'- Sou re wave) /'

( CFC
6 7 .5 to +5 volts d-c l coil

(Same as output) y

8 case output should increase to $
"

+6 to +7 volts d-c "
! *e

7 case output should decrease to o *AMP,
.,

- __ e . t..a . a .-.
.,

| :3 a
i

The electrical output. from the probe is obtained " g8 yj{{# y
'

g
from thermocouples attached to the outer wall of _ ,

I the sensing element. The following measurements I L ', I U D$
! will verify that the sensing portion of the probe is [ f [ \ h,

e.
-h

Intact. n g: oo ;: M

p n H p., m oW H- o
gygg n*o w,+ o t '< rG

/ cwown n on
FOINT TO REACBG oo5 4 ,y+4

- see o as

| 10 case -4.5 mvdc (power ON) @@@ W A4or
-3.5 mvdc (power ON)8 case-

9 case -2.5 mvdc (power ON) Figure 18. CIRCUIT MODULE

{ 10 case 2.0 ohms (powerOFF)
2.0 ohms (powerOFF) The zero adjust trim potentiometer should change9 caseL

-

8 case,( 2.0 ohms (powerOFF) the output (under no Bow conditions) about 2
volts on cither side of zero as the potentiometer

The above voltages may vary by 20.5 mvde, but is adjusted from one end to the other.x
- the reading at test point 8 must be between the

readings at test points 9 and 10. The resiscive 'llie current from the 24 volt power source should'

values may vary by 11 ohm. be 250 ms 50 ma.
-

-13-
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. Mass tiow with r. correction for changes of temperature Hastings Line r N1 ass Flowmeters operate on unique par-,

k. and pressure. enred* thermal principle whhh depends on the mass riow of,

. Accurate to within 1*'. of range. the gas and its heat capacity to change the temperature along
* Unear 0-5 volt d-c signal. a heated conduit. This temperature change is measured by an,

j + Transmits over long distances. external arrangement of thermocouples and does not require
-

* Starts at zern. No pero shdt due to position of transducer,
types of gas or ime pressure. any delicate sensing elements or projections into the flow.

* Rugged transducer with no moving parts. low pressure drop stream. For higher flow ranges the heated riow conduits are
and rrsy be installed at a remete location. installed in a flow dividing network which unlizes a lam

* Transducer available m brass wr Monel,
NIM type panels available. LOf1g Life f thj;,,,g

- *

Hastings Linear Flowmeters do not reauire any perioGc main.Oescription tenance under normal operating condmons with clean gaset
j Hastings Linear 51.ns Flowmeters operate on a unique elec. Na damace will occur from the use of liquid schents, over-

trical principle which measures the true mass riow without cor- flows or moderate oserpressures.L

rections or compensations for the temperature and pres 3ure of M (Nuclear Instrument Ntodule)is a standardized panelthe gas., mounting arrangement devised by the AEC. A frame 3% *The riowmeters are ideal tor o e with integrators. totalizers. 19" wide will mount up to 3 of these modules side-by side.t[' and recorders due to the linear electrical 9gnal. Circuits are of If less than three are utilizeo. blank panels 511 the unused space.sohd state construction. Output isi0.5 volt'd-c to high impedance The frames 5t standard 19" instrument tacks.
( wices and the signal can be transmitted over long distances Hastings NINI packages conform to the NINI mountingth no low or accuracy.

standards but do not have NINI electrical connectors on the\_ The remote transducer is constructed of nickel plated 5 raw.
- N1onel family alloys and solder. Nfodels with all N!onel family rear. The Hastings transducer cable connector and power

alloys witri siher brazed ceramic seals are available for measur- cords may be adapted by the customer to NINI types if desired,
., ing flow rates of corrosive gases.

The flowmeters start at zero and no rezeroing is required
when changing gaset

*uanvr.crured under one or rnore e s. and F creien Parents and Puents Pendin6
_
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Specifications T GAS CONVERSION FACTORS FORIndicator Dimensions: 7% * x 54 " x 5% ", approx. 6 lbs.
HASTINGS LINEAR FLOWMETERS

Power: 115 voit a-c. 50/ 60 cycle.15 watts, or 130 volt a-c. D wwww Au sea e o mue Hump conven.on raccom -

*Eenical cata: cmers meomual50/ 60 cy lc as selected from chart. M[%
-

' ables: 8 ft. power and transducer cables supplied. Longer | 0*T,75,'** | coy,vyo,,oas e
3,, , a,, c

N 4 cables for transducers to 100 ft. optional at time of -

ACETYLENE | .67 KYDROGEN | *l.03 ' [
a AIR *l.00 HYDROGEN N lOutput: 0-5 volts d-e into a load of 2.000 ohms or greater. "The

signal is available at binding posts along with readout AMMONI A .77 CHLORIDE 1.01

indication. ARGON I *l.43 HYOR0 GEN _

Acct racy: = l'*o of range for 20ro variatio.. 'ri pressure and 7'"' ARSINE | 76 ,

BROMINE I '38 HYDROGEN SULFIDE 1 85temperature.
=2r~o cf range over entire press;. ire and temperature IS08UTANE i 31
ratings. j""=== BUTANE .30

KRYPTON | 1.39
Linearity: = % c~o of range. BUTE.*lE 1 .34

METHANE I * 69Repeatability: % c*o of range. CARBON DIOXIDE * 73
'

|. " 'Calibrations: Direct < reading for air. Scales are available for
CARBON MONOXIDE I *1.00

oxygen. nitrogen. hydrogen or carbori monoxide
CHLORINE I '5 -*

at no additional cost. Other gases at extra cost. NITROGEN | *1.02

TRIFLUORIDE ' * 45 NITROUS OXIDE i .75 t.

Pressure Rating: 0.1 psia ta 250 psig. High pressure units for
1.000 psig available with the ALL-Senes only. CYCLOPROPANE I 52 0xYGEN 1 -97

PENTABORANE I .15Preuure Drop: Less than 6 inches of water at fullscale tiow Dl80RANE | 5s

for all ranges except 010 sccm which is ETHANE I ! [- - n PENTANE I .22

10" H 0. ETHENE - |

-

PHOSPHINE l 79

Temperatur-- Gas temperature up to 100* C. Ambient for (ETHYLEN E) i .ti3 PROPANE | .32

f.transducer and indicator. 0-40* C. ETHYLEN E 0x10E I 60 SILAN E I .53
Response Time : ? sec. to 67eo of reading. FLUORINE 1 .93 SULFUR DIOXIDE I 70 '-

FREON 11 I .36 SULFUR |

Selection Chart FREON 12 | * '6 HEXAFLUORiDE I .23 4
'.-

TUNGSTEFREON 13 1 4,

Range Model Model Transducer
,

FREON 14 I
seem 115 volt 230 voit Brass Monel - 11 EON 22 I * 43 HEXAFLUORICE I .23

URANIUM |

' '

~ ([0-5 ALL-5 EALL-5 H-5 H-SM
.

TREON 114 i * 22 WATER VAPOR I 80' 0-10 ALL-10 EALL-10 H-10 H-10M
|u_

0-50 ALL-50 EALL-50 H-50 H-50M HEllUM | *l.43 XEfiON | 1.37

0-100 ALL-100 EALL-100 H-100 H-100M g,,mei . pic m.ter Att.ig. a.ioco scen in air wouia ce
0-50') ALL-500 EALL-500 H-500 H-500M 1c00 x 1.43 . i430 seem at fun scaie in Hei.um.
0-1.000 A LL-1 K EALL-1 K H-tK H-1 KM
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'' INSTRUCTION MANUAL
'' ALL , AHL , EALL , EAHL- Series

'
1.0 Receiving and Inspection:

1.1 Damage in Shipment:,

'
Carefully unpack the Hastings Linear Mass Flowmeter and'

inspect it for any obvious signs of damage due to ship-
ment. Immediately advise carrier who delivered the ship-

f. ment of any suspected damage.

1.2 packing List:

I The basic flowmeter consists of three separate parts;-

l'
l. The power supply (ALL, AHL, EALL, EAHL)
2. . The transducer (H-50, H-100, etc.)

I 3s The connecting cable (NF-8-NM, etc.)

Optional equipment or accessories will be listed as part
'

of the model number or listed separately on the packing
[. list. (Sec. 9.0 - Options and Accessories)
.

1.3 Mechanical Zero:

It is necessary to' check the mechanical zero on the meter
since it is sometimes disturbed in shipment. Adjust the
black mechanical zero screw on the front of tne meter un-
til the meter pointer is directly over the zero mark on
the dial face. (This section does not apply to mcdels

'
- with recordars or digital meters.)

l.4 power Source:'

. Connect the power supply to a 115 volt ( 10%) 50-60 Hz
line. (The prefix "E" indicates that the power supply

( is to be connected to a 230 volt ( 10%) 50-60 Hz line.)
-4 Connect the power supply to the transducer by means of

the NF-8-NM cable. hhen the flowmeter is first turned
on the meter pointer will go off-scale in one direction
ahd then off-scale in the opposite direction before set-
tling to a steady indication.-

r 1.5 Electrical Zero:

Close off the INLET and OUTLET connections on the trans-v

ducer with the protective plastic end caps shipped on
the transducer. If the meter does not indicate zero flow,
adjust the "ZERO" potentiometer (R-9) located on the front

,_

panel until the meter indicates zero flow. (Do not confuse
g the'"ZERO" potentiometer with the " Mechanical Zero" screw
I on the meter).
t_

l.6 Indication of Flow:

f Remove the end plug or end cap from each end of the trans-
t. ducer and blow air into the inlet side. The meter pointer

should move upscale indicating the flowmeter is in good
\ working order and ready for installation.

- 749264
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2.0 Installation Instructions: J~

'
2.1 Transtucer: -{,

2.1.1 Orientation of the Transducer: >-

The transducer may be mounted in any position, as N

long as the direction of gas flow through the trans-
ducer is from "IN" to "OUT" as marked on the trans-

'

ducer base. '-

,

2.1.2 Mounting the Transducer:
,,

There are two 1/4-20 threaded holes 3/8" deep in the
bottom of the transducer that can be used to secure
it to a mour. ting bracket, if desired. When the ,

transducer is used in combination with an L- Series j
Laminar Flow Element (LFE) the LFE should be supported I

instead of the transducer to prevent undue strain
on the connectors between the transducer and the LFE.
Standard pipe support rings er pipe hangers are usu- u
ally satisfactory for supportivo the LFE.

2.1.3 Inlet and Outlet Connections:
'

Table I below describes the inlet and outlet connect- '

ions for all standard transducers. If it is necessary
to reduce the pipe size or install an elbow on either
side of an L' Series Laminar Flow Element, it is e

recommended that a straight length of pipe 12" in
length he connected directly to the LFE before con-

(r_necting a smaller diameter pipe or an elbow.

TABLE I - TRANSDUCER CONNECTIONT,

TRANSDUCER PIPE LAMINAR PIPF. OR '-

TYPE SIZE FLOW FLANGE SIZE
ELEMENT I

k.
H-5 1/8" NDT F L-5 1" NPT

I H-10 1/8" NPT F L-10 1 1/2" NPT
"H-50 1/8" NPT F L-25 2" NPT

H-100 1/4" NPT F 3" ASA *

L-50
H-500 1/4" NPT F ange a

H-lK 1/2" NPT M L-100 150 b F ange
H-5K 1/2" NPT M

6" ASA -

L-200H-10K 3/4" NPT M 150 lb Flange

H-50K 3/4" NPT M
-

-

.

(_;
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2.1.4 Sealing the Threaded Connections:
'

'

Many users find that Teflon tape is an excellent
sealant for most applications, but any sealant
material compatible with the flow system is ac- s
ceptable. Caution must be exercised during as-
sembly and disassembly of t'ae threaded connections.

to prevent shreds of the sealant or Teflon tape .

from entering the flow line whera they could
block the small passages in the meansducer.

.,
'

The use of 0-ring sa=1 2naectors on the trans-
ducers with female threads is often more con -
venient for many low pressure applications. -

.

2.1.5 Checking for leaks:

Check the transducer connections for leaks by
'~ pressurizing the line to the operating pressure

(not to exceed 250 psig except on special models),
and applying a diluted soap solution to the pipe

- joints. Any gas escaping from the pipe joints
will cause a continual stream of bubbles.

.

2.2 Filters:

If the flow stream carries particles large enough to
block the small passages inside the transducer (ap-
proximately .02" ID) a filter should be installed in
the flow line on the inlet side of the transducer.

- 2.3 Cables:
_

2.3.1 Description:

A standard 5-conductor 20 gauge shielded 8-foot..

long cable (NF-8-NM) is normally shipped with
each standard model and is used for connecting
the power supply and the transducer.,

"
. ? . ' C:hla . " -

__ _ _ ,_ _

The cable length can be extended to 25 feet with-
- out changing the calibrat.'.on of the flowmeter

by more than t1% of the ra'.ed full scale flow.
Cables longer than 25 feet will cause the in-

_ dicated ficwrate to be lower than the actual
flowrate and recalibration may be required.
(See Section 7.0 for calibration procedures).

_ 2.3.3 Cable Conductor Size:

. If cable conductors larger than #20 are
used, the connecting cable can be extended to

- greater lengths without having to recalibrate
the flowmeter. Table II shows the relationship
of the conductor size to the maximum cable

_ length that can be used without changing the
calibration by more than 1% of full-scale.

7@200s
-
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TABLE II - CABLE CCNDUCTOR SIZE
fx

(FConductor (wire) size Maximum length'

in connecting cable without recalibration

#20 25 feet -

#18 40 feet
'

#16 G5 feet
'

#14 100 feet

2.4 Power Supply:

2.4.1 Mounting:

The standard housing for the power supply is a
small metal cabinet, 7 3/4" x 5 3/4" x 5 3/4",
which can sit on a table or desk or can be ,

mounted securely on a bracket or rack-panel.
Optional housings, such as a " NIM" type module,
rack-panel, chassis, etc., are described in

'Section 10 with details for mounting.

2.4.2 Electrical Connections:

Connect the power supply to the transducer with
the connecting cable (Sec. 2.3) and connect the
AC line cord to a suitable power source (Sec. 1.4). 6

2.4.3 Mechanical Zero Check:

('

.
With the power supply "OFF" check to be sure the
mechanical zero has not been disturbed during in-
stallation (Sec. 1.3).

2.4.4 Electrical Zero Check: w

Turn the power supply "ON" and allow 20 minutes
for the flowmeter to warm up. Stop all flow*

through the transducer and check the electrical
zero. CAUTION: CO NOT ASSUME THAT ALL METERING
VALVES WILL cv..; LIT LT SHUT CFF FLCW. E T_ M A
SLIGHT LEAF. AGE THROUGH A VALVE WILL CAUSE AN b
INDICATION ON THE METER WHICH WILL FALSELY APPEAR
TO BE A ZERO SHIFT. If necessary, adjust the
"ZERG" potentiomcter (R-9) located on the front
panel of the power supply until the meter in-

-

dicates zero.

3.0 Using the Hastings Linear Mass Flowmeter:
_

3.1 Warm-up Time:
i

When the flowmeter is first turned on, the meter in-
dicates off-scale in one direction and then in the -

opposite direction before settling to a stable indi-
cation. The flowmeter indicates the mass flow t3%
of full-scale in about 5 minutes, but should be al- _

lowed to warm up for 20 minutes to achieve maximum (
L--'' accuracy.

I
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('- 3.2 Response Time: '/ ,

The response time to a change in flow is logarithmic and f.
fs approximately 5 secs. for a 67% change and 20 secs. .s'
for a 99% change. Pneumatic imbalance in the associated
plumbing will often cause the response time to appear,

longer due to the additional time required for flow to ,

stabilize in the system.-

3.3 Mass Flow Units: -------

I

L The unit of mass flow used for the models ALL- and EALL-
mass flowmeters is the "stEndard cubic centimeter per

m -'nute" (SCCM). It is the volume occupied by a given.

( c ss of gas at a specified temperature and pressure known
as standard conditions (STP). These conditions are de-

. fined as 20*C (68"F) and 760mm of Hg (14. 7 psia) . The
unit of mass flow for the Model AHL- Utss flowmeters is
the " standard cubic foot per minute" (SCFM), and the unita

of mass flow for the Model EAHL- maos flowmeter (230 volts,
50-60 Hz) is the " standard liter per minute. " To con-,

[ vert to other units of mass flow multiply the mass flow
rate of the gas by the density of the gas at standard ,

e conditions.
)
.

Example: What is the equivalent mass flow in grams
per minute of 100 SCCM of air?

,

l-
- Solution: The density of air at 20*C and 760 mm of

2
- Hg is .00121 gm/cm .

3 3(100 std cm / min) x ( .0 0121 gm/cm ) =0.121 gm/ min.-

{ 3.4 Special Factory Calibrations:
,

All Eastings Mass Flowmeters are calibrated for air un-"

Les s : "' _ ^ - - " ~ ' - ' ^ ' ' '

j ra.nge or for a gas other than air are clearly indicated
by the meter dial face on standard models, by the recorderm

scale on recorder models, or by special comruents or
curves in the manual if no indicator is included.'

3.5 Gas Conversion Factors:-

The Hastings Linear Mass Flowmeter can be used for many
different gases as long as the gas is compatible with
the materials (f construction, and remains in a gaseous--

state during the measuring cycle. No electrical edjust-
j ments are necessary when using the gas conversion f actors

so the original calibration is undisturbed.s.

i

L
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3.5.1 Flowmeters Factory Calibrated for Air: I

|s
/ A flowmeter originally calibrated for air can be
' used for other gases by using the Hastings Gas ,

Conversion Factors on sheet C-194C of this manual.
Simple multiply the dial face indication by the N

appropriate gas conversion factor (K).
-

Example: What is the actual flow rate of Helium ,

when the air dial face indicates 50 SCCM?
Solutivn: From sheet C-194C the gas conversion' ,-

factor for Helium is 1.43.

Actual flow = meter reading x (K)
'

= 50 SCCM x 1.43
'= 71.5 SCCM of Helium

3.5.2 Flowmeters Factory Calibrated for a Special Gas:
'

If the Hastings Linear Mass Flowmer.ar is calibrated
for a gas other than air , it may also be used to
measure the flow rates of many gases. The flow rate
will be equal tc the meter reading multiplied by '

, .

the ratio of the gas conversion factors.

Example: What is the actual flow rate of Carbon
Dioxide through a flowmeter calibrated ,_

for Helium, if the meter reading is 96 SCCM7

. - Solution: Flcw of CO2 (meter reading) fo# (~=
r

73
(96 SCCM)=

1.43

= 49 SCCM ,

3.5.3 Theoretical Conversion Factors:

A theoretical conversion factor can be obtained
for gases not listed in the table by determining

~

the racic of ;he heat capaci:y of air to ehe h _;

{capacity of the gas in question. Both valdes of
heat capacity (Cp) should be obtained at approximately u

the normal operating temperature and pressure of
the gas , normally 20 C and 760 mm Hg.

Example: What is the cJnversion factor (K) for Necn? -

Solution: K (Neon) = Heat cap. of Air @ STP
deat cap. of Neon @ STP

-

.291 cal / liter *C=

.210 cal /11ter *C
= 1.38 7t} 3,3@ ' '

-

3.5.4 Gas Mixtures:
,

If a mixture of gases is used and the percentage _

by volume of each gas is reasonably constant, a
conversion factor for the gas mixture can be ob- (_ ,,

s-

tained.
-6-
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E "K (mix) =

'l (a) a (b) Cp(b)9 + * ****

f
where

\K = conversion factor'

Cp(a,b...)-

heat capacity of gas a,b...at constant2
' '

pressure

V(a,b,...)
F

percent of gas a,b,...=

From section 3.5.3

I 9 " } 9 "
' etc.l K(a) Cp (a) b Cp (b)

= K =
'

Therefore:,

9 "K (mix) =
'

V(a) Co (air) + V(b) Cp (air) + ...
Ka Kb,

|

1
. =

g+g. -
.

K can be obtained from C-194C for many gases.

Evample: What is the conversion factor for a mix-
ture of 20% Hydrogen, 40% Argon, and 40%

._
Oxygen?

P Solution:
K (mix) =

~

Va ,Vb_ +...
Ka _Kb

f. 1- .
,, ,, . . ,. .- . , - -

'

' = 1.13[
3.6 Output Signal:

i The two output terminals on the back of the power supply
L provide a 0-5 valt d-c signal for recording or operating

auxiliary equipment such as totalizers or converters.
The output si nal is linear with respect to mass flow and7,

L, has a sensitivity equal to the rated full-scale flow rate
divided by 5.00 volts d-c.

[ Example: (A) What is the output sensitivity of an ALL-lK?
(B) What is the flow rate for a 2.71 volt output?u

Solution: (A) Sensitivity = rated flow
; rated output
L-

= 1000 SCCM
i 5.00 volts d-c

" = 200 SCCM/ volts d-c
*

-7-
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w (B) Mass Flow = output x sensitivity

(I (2.71 volts d-c) x=

(200 SCCM/ volt d-c) s
= 542 SCCM

I
3.7 Accuracy:

,

The accuracy of the flow indication is 21% of full scale
for the output signal and 2% of full scale for the~ meter ,

reading. O

'

Example: What is the accuracy of a 70 SCCM indication for
an EALL-100? .

Solution: Output Signal (Accuracy) = 3.50 .05 volts (
(70 1 SCCM)

.

Meter Reading (Accuracy) = 70 2 SCCM

3.8 Repeatability:

The repeatability over a six-month period is 1/2% of |
full scale for the output signal and tl% of full scale
for the meter, assuming the flowmeter is operating in a
normal manner in a clean system. Under reasonably con-
stant conditions a repeatability of 1 to. 2% of INDICAT-
ION can be expected on a day-to-day basis.

( 3.9 Over-range: I

- The flowmeter has an output signal which is directly '

proportional to mass flow and linear to 1% of full scale ,

from zero flow to the normal full-scale flowrate.

The flowmeter can be used to measure flow rates higher -

than the rated full-scale flow, but the output signal
normally becomes non-linear above 5 volts d-c. A cali- (
bration curve for volts d-c vs flow can be made for -

outputs up to 10 volts d-c. At some point above 10 volts
d-c the output will no longer increase as the flow in- |

creases. The flow rate required to produce this condition (
is several times the normal full-scale flow rate. Once
the flow is reduced to the proper level the flowmeter will
again indicate mass flow correctly. The flowmeter will
not be damaged by excessive flow rates as long as the -

pressure in the line does not exceed the pressure rating
for the transducer.

4.0 Pressure Effects:
_

4.1 Standard Transducers:
'The Hastings Linear Mass Flowmeter can measure mass flow

accurately with no corrections necessary for a variation
in line pressure of one psia (= .068 ATM) to 250 psig
( 18 ATMS). Mass flow indications are accurate with down- -

stream pressures as low as 100 pHg ( . 00 01 ATM) , but the (
upstream pressure must be much higher because of the in- Lm-
crease in pressure drop across the transducer (see Sec. 6.0).

_g_
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4.2 High Pressure Transducers (Optional) :

[ The Hastings H-Series Monel 'rransducer can be obtained
pressure-rated to 1000 psig for the ALL- and EALL- Series

,

flowmeters. When it is used at pressures above 250 psig
,

Nthere may be both a zero shif t and a calibration shif t.
These shifts can be minimized by installing the trans--

{
ducer in a horizontal position (lying on its side) and

'setting the zero while the transducer is at zero flow'

under pressure. Normally, the calibration will be off-

I by no more than 5% of full scale (the indicated flow will
be lower than the actual flow) with most of the error
occuring above 500 psig,

m
- 5.0 Temperature Effects:
l.

5.1 Ambient Temperature:

5.1.1 Transducer:

In order to maintain accuracies of 1% of full scale
with changes in ambient temperature it is necessary,

) to keep the temperature of the base of the trans-
ducer between 10*C and 50 C. (The temperature of-

the base is normally about 10*C above ambient due
to internal heat.) There are two 1/4" -20 bolt

-

', holes in the base to facilitate mounting the trans-
ducer to an external heat sink. The maximum ambient
temperature range of the transducer is -30*C to

|4
+120*C, but calibration shifts up to t20% may occur
at these extremes.

,

5.1.2 Power Supply:e

. The power supply can be operated over an ambient
temperature range of 0*C to 60*C without causing

[ a shift in calibration of more than cl% of full
scale. Since this error is primarily a zero shift,
it can be eliminated by adjusting the flowmeter
ZERO potentiometer at the given operating temperature.

[, 5.2 Gas Temperature:

The Hastings Linear Mass Flowmeter measures mass flow ac-
[ curately with no corrections necessary for gas temperatures
e of 0*C to 40*C. For gas temperaturas of -100*C to 200*C

the error in the mass flow indication will be less than
5% of full scale if the temcerature of the base of the

[ transducer is kept within 2d C of the ambient temperature.
When using the AHL- series and EAHL- series flowmeters it
is recommended that both the laminar flow element and;
the Type H-3M transducer operate at the same temperature.,,

NOTE: The Hastings Linear Mass Flowmeter measures GAS
flow. Do not let the temperature and/or pressure of the

L gas reach a point that would cause the gas to change to
a liquid state or erroneous indications will result.

7d3272_ g _.m
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6.0 Differential Pressure:

6.1 Typical Pressure Drops:
-

f

The typical differential pressure drops (DP) across the c-
Hastings H-Series Mass Flow Transducer are given in s
Table III. The table is based on full-scale flowrates
of air at 20*C and 760mm Hg, with the flowmeter in oper- -

ation. ,
,

TABLE III - TYPICAL PRESSURE DROPS
'

Trancducer DP ("H 0) @ Transducer DP ("H O) @2 2

Type F. S. Flow Type F. S. Flow 19
|H-5/H-5M S L-5/H-3M 4 -

H-10/H-10M 10 L-10/H-3M 4
*

H-50/H-50M 1 L-25/H-3M 5

H-100/H-100M 1 L-50/H-3M 4 ,

H-500/H-500M 3 L-100/H-3M 4
H-lK/H-lKH 1 L-200/H-3M 4 '

H-5K/H-5KM 2 /'
H-10K/H-10KM 2
H-50K/H-50KM 4

I. - - . -

L.
6.2 Changes in DP with Changes in Line Pressure:

{'I-The typical differential pressure drops listed in Table
III are for operation at atmospheric pressure. As the

- line pressure changes, the differential pressure drop
for the same flow rate will also change.

6.2.1 Increases in Line Pressure: '-

The differential pressure drop across the trans- r
ducer will decrease proportionally as the absolute [-
line pressure increases.

- . . . . . . . . .... . -- ....------a u. .. . .

[.
.

transducer at 67 psig?

Solution: From Table III the DP for an H-500 at
atmospheric pressure is 3" H 0. The2

DP at 67 psig will be: -

DP = DP. (@STP) Pressure (Standard)
Pressure (Actual)

3" H2Ox 14.7 osia
~

=

14.7 + 67.0 (psla)

.54" H O J= 2

.

M
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6.2.2 7ec eases in Line Press ~re:u
/ ,T

As the absolute line pressure decreasen the DP( ,

increases. The relationship noted in Section 6.2.1-

holds true until the DP becomes a significant part s
of the total absolute line pressure. When this
occurs the relationship becomes more complex but
the effect is still the same. The change in DP s,

does not affect the accuracy of the mass flow in-
. dications, but it causes a change in the minimum

upstream pressure necessary to force a given amount
of flow through the transducer.

6.3 DP Increase Due to Fouling of the Transducer:,

A DP measurement across the transducer can often provide
good indication of fouling inside the transducer. Thee

values given in Table III are typical and may vary as,

' much as 50% for any given model. However, an increase
in DP of two or three times the typical value is defin-'

itely an indication of fouling. When checking for changes
,

in DP the flowmeter should be in operation at or near
standard conditions of 20*C and 760mm Hg in order to re-
late the measured DP to those listed in Table III. If
there is an indication of fouling, refer to Section 8.1.

7.0 Calibration Instructions: .

- The Hastings Mass Flowmeter has been carefully inspected and
( calibrated at the factory before shipment and will give long

and reliable service. The calibration is very stable and re--

calibration is seldom necessary. Should it be i.ecessary to
recalibrate the flowmeter, the following procedure will be of
assistance:

1. Connect the power supply to the proper power source
(Section 1.4).

J
2. With the power "OFF" adjust the mechanical zero

. . . . . - _ . . _. . _.
.

.
3. Turn the power supply "ON" and allow 20 minutes for

warm-up.

4. Set the " electrical nero" (Section 1.5) .
~

5. Connect the inlet side of the transducer to a well-
regulated air source and the outlet to a reliable
flow reference such as the Hastings Mini-Flo Calibrator.

'~ 6. Adjust the flow to a value slightly less than its
.?ull-scale range. Measure the flow rate with the
reference flow standard and compare it with the meter

- indication and the 0-5 volt d-c output.

CAUTION: Most flow standards are volumetric devices
and must be corrected for temperature and prescure to

- - standard conditions of 20 C and 760mm Hg. This cor-
rection often amounts to several percent at normal

J
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room temperaturos and pressures and should not be

{ 's neglected. - <

7. If it is necessary to correct the output at the -

recorder terminals, do so by making a small adjust- s
ment with the " GAIN" potentiometer located on the
circuit board inside the power supply.

8. If it is necessary to correct the meter indication '

to agree with the flow standard, do so by making a
small adjustment with the " METER" trim potentiometer y

located en the circuit bc ard inside the power supply.

-

METER GAIN

\ /

\ /'
es na

.

IksN

8.0 Maintenance: . i
8.1 Transducer:

3.1.1 Cleaning: {
''

Wits n*nnar care in install.ation and use the trana-
ducer will require little or no maintenance. Should
the small passages in the transducer become part-
ially clogged they can bc cleaned with any suitable
solvent such as acetone, toluene, etc. and/or blown
out with clean air under moderate pressure (up to
250 psig). -

NOTE: If solvents are used for cleaning the trans-
ducer, sporadic indications may occur when it is
returned to service until the liquid solvent hac -

completely evaporated from the passages in the trans-
ducer.

8.1.2 Damage to the Transducer:

The transducer can be checked for internal electrical 1

_
damage by disconnecting the cable and using an ohm-

. meter to measure resistances at the 6-pin connector.
~

' L i
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f ' "W
Internal repairs to the transducer are not recom-

( T mended and should only be done at the factory.
Attempting to remove the transducer cover or thes

nut on the connector may result in irreparable
damage to the transducer. The table below is for N'

determining whether or not some damage has occured,

and is not to be used as a guide for repairs.
s..

TABLE IV - TRANSDUCER CONTINUITY CHECK

PIN TO PIN RESISTANCE NO CONNECTION TO

A D < 10 B, C,E, or F
't B C < 50 A, D, or F
( B E < 200 A, D, or F

F BASE 00 A, B, C, D, or E
-

'
8.2 Power Supply:

[ The power supply is very stable and should require little
or no maintenance. An occasional check of the mechanicals

and electrical zeroes may be required, but any changes
in calibration due to these factors will be small under

f normal operating cc7ditions.

If it is necessary to return the flowmeter for repair,
-

- please return the transducer, power supply, and cables

[( to Teledyne Hastings-Raydist with a statement describing
the problem experienced.s ,

9.0 Options and Accessories: ) I f H)
9.1SincleandDoublePointRelayControllerb:=0j}-

9.1.1 Description:

f Single point control flowmeters heve the letter
'C" preceding the model number and double point

.. .._ __.... .__. . . _ . _ _ . . . . . _ . _ _ ..

the model number (CALL- or DALL-) . Both models ,
include an optical meter relay providing continuous
reading and "ON-OFF" control. There is a control

[ terminal strip at the rear of the single control
indicator and two control terminal strips, identifiedu

as " LOW" and "HIGH", at the rear of the double
control indicator. Each terminal strip is connected

_ to a set of load relay contacts operated by the
indicator control circuit. The relays are rated
to handle up to 115 volts a-c at 5 amps into a

{ resistive load or 230 volts a-c at 2.5 amps.

Flowmeters with relay control meters are available
in several style packages, such as a sloping front
cabinete a U-shaped chassis, or a " NIM" type module.

"

The control markings will be similar on each type-

( of package and a special hook-up drawing will be
v

-13- N5 8
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.

included, if necessary. double _

9.1.2 The single control circuit and both of thecontrol circuits function in the same manner.
When

d relay
long as the (~cpower is applied to the indicator the loa

'

will be in a de-energized condition as djust-

meter needle is on the low flow side of the aUnder this condition the load
s

h on-

relay contacts are positioned as marked on t e cable control arm. cindicator,

trol terminal strip at the rear of the"NC" meaning Normally ,

"NO" meaning Normally Open, When the meterC " meaning Common. l

needle is on the high flow side of the controthe load relay is energized and the loa
,.

Closed, and " d l

(The Normallyset point,
relay contacts reverse posicica. Closed
Open concact "NO" closes and the NormallyThe relay remains energized

-

hiaher flow
contact "NC" opens.)as long as the meter needle indicates aShould a loss-

rate than the control arm wet point.of power occur the load relays de-energize an
-

d re-

turn to their normal positions. f the

The control arms are adjustable over 100% ometer scale but the two control arms on thedouble e
I

inadver- "

control cannot cross over each other andsetpoints.
tently reverse the " LOW" and "HIGH" c

" preceding the9.2 Recor'egs,:
Recording flowmeters have the letter "R {!and ERALL-).

,

( model number (RALL , -

Model
Except for special orders the recorder is a9.2.1 Specifications:-

4" strip chart recorder having the following I

These specifications apply onlyGE-520, u/ficwmeter
specifications.to the recorder and not to the recorder

(65 ft. chartccmbination.
Chart Speed................ 15"/hourruns for 52 hrs.)

.

S.)
Pen Speed..................

1 sec (0 to F.
3/S" wide x 65' long ,

Chart Size................. 4(4" Calib. Wi lth)
i i ions

Chart Markings.............
0-100% with 2% D v s -

15 watts
Power.......................

115 volts a-c;
d r F.S.,

Ac c ur acy . . . . . . . . . . . . . . . . . . .
1/ 2 % o f rec o r e

Movement -

der F.S
De ad B and . . . . . . . . . . . . . . . . . .

1/ 3 % o f re cor (
Movement L

.

9.2.2 Output Signal: Supply
The Hastings Linear Mass Flowmeter Power '

( -14-
_
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fits into a. space. inside the fhfkrder to form a single package.
A 0-5 volt d-c output signal is available at terminals 13 (+)
and 14 (-) on the back of the recorder. The 5 volt d-c output

lh from the flowmeter is reduced to 2.5 mv d-c through a voltage(jy divider network before being applied to the recorded. The
recorder scale is in mass flow units and the chart paper is
normally 0-100% linear. To convert chart readings to flow N

multiply the chart reading by the full-scale flow rate.

Example: What is the flow rate for a chart reading of 68%
'

for an RALL-5K?'

Solution: Flow = Chart readings X F.S. Flow Rate
.68 x 5000 SCCM=

= 3400 SCCM
9.2.3 Controls:-

!

The power switch and ZERO adjustment for the flow-
meter power supply are located on the front panel of the power
supply. There are two power switches on the recorder, one for'

the chart drive and one for the recorder electronics. Both
,.

switches are located on the right hand side of the recorder

r chassis and can be reached by sliding the recorder chassis out .
about 6 inches.'

9.2.4 Maintenance of Recorder:

The attached recorder manual will be of assistance
if problems arise. We advise contacting your local G.E. service
representative if repairs are necessary.-

J 9.3 Totalizers:

9.3.1 Description:
,

| The Hastings Mass Flow Totalizer is an e'.ectronic
device which, when used in conjunction with a Hastings Linear'

Mass Flowmeter, will accumulate the total mass ficw of a gas
over a period of time.

Specificatiens3 (For Totalizer Only)e a.
securacv- (25 c and 115 volts a-c) 9c5 e.C

.. . . . --. ...a - - . . .

_ Voltgge Change < .06 %/g% F.S.
.0

0-50 C Amhient Change C F.S.

Count Rate: (Full Scale)
Standard: 5,10,50,100 counts / Min.-

Field Selectable by Customer

Power: 115 volts a-c, 50-60H:, 10 watts
_

b. Circuit: j

The circuit for the totalizer is a voltage to frequency
converter which produces a pulse rate accurately and linearly
proportional to the 0-5 volts d-c input signal. The pulse
rate is set at the factory on standard units for 5,10,50 and

_ 100 counts / min. Any of the four ranges can be selected by the
customer at any time by changing a jumper on the back panel.

k- Normally ranges are 5 cpm for a 5 range or 50 cpm for a 50,

-

500, Sk or 50k range. Ten cpm would be used for a 10 rangq
v i ho 7 8

- ts -

k.-
. L_ _
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and 100 cpm for a 100, ik or 10k range. Other count rates up
to 1000 counts / min. are available on special order. -

Connection of jumper for different full scale count rates for
standard ranges is as follows: (

BACK PANEL BARRIER STRIP

PIN TO . PIN STD. COUNT RATE *SPECIAL COUNT RATE
~~

5 4 100 Counts / Min. Counts / Min. c
5 3 50 counts / Min. Counts / Min. ,

5 2 10 counts / Min. Countu/ Min.
5 1 5 Counts / Min. Counts / Min.

r

*0n special count rates a tag attached to the back panel will
also. list connections and count rates.
See Section 9.3.3 for determining sensitiv.4.ty of totalizer whan p-
changing count rates. |

c. Counter: '.
The pulses from the totali:er circuit are accunmiated

by a six-digit electro-mechanical. counter. The counccr re-
cycles automatically at 999,999 or can be manually reset to
zero at any time. [

t

9.3.2 Mounting.
The Hastings. Mass Flow Totalizer is normally packaged

in a " NIM" type module. The front panel of the module is
8.72" x 5.40" and the module is .2.25" deep overall. The
totalizer package is portable and is suitable for table,

- bench-top, panel or, rack-mounting. ;

( e
9.3.3 Using the Tctalizer:

Connect the line cord to a 115 volt 50-60 Hz supply and F

turn the totalizer on. Connect the 0-5 volts d-c output i
signal from the Hastings Linear Mass Flow meter to the bind-
ing posts on the rear of the totalizer module, being care- g

ful to observe polarity . Do not ground either incut terminal. \
'

As the output from the flowmeter varies the totalizer count
~

.11 w . . _ , ... di; pr:p :ticr.. Thc tr t:1 r --h -

c c ... .s c.._ _ :.__s d o_ ci..2 c c. t.. a .- '. e r e _ 2 : : a . . t. . a cat __

flow for that period by determining the sensitivity of the L
flowmeter / totalizer ;cmbination. The sensitivity is the
f"''.-scale flow rate (flow rate at 5 volts d-c) of the flow-

ar divided by the full-scale count rate of the tota 3izer. _

Example: An ALL-10 Flowmeter is used with a TR-100P
Totalizer. Over a period of 7 hours a total of

-13,500 counts has accumulated on the counter.

a) What is the sensitivity for the totalizer ]
when used with the ALL -107 -

b) What is 1:he total ficw indicated by the
13,500 counts? ' . - ' gv

,

-
-

c) What is the average flow rate over the 7
( hour period? (_ 7.s

-16- -
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r
$(' *

_.

Solutio.nr a) The full' scale flow rate for the
- ALL-10 is 10 SCCM. The full-scale

count rate for the totalizer is 100
( counts per minute (indicated by,s

"100" in the model number TR-100P). s
Sensitivity = F.S. flowrate

F.S. countrate
}

'= 10 sccm*

100 counts / min .
,

I 3.1 std em / count=

b) The total flow indicated by 13500 counts
9 is

Total Flow = total counts x sensitivity
= 13500 counts x .1 std

I cm / count3

3= 1350 std cm,

c) The average flow rate over the 7 hour,

I period is the total flow divided by
the time.'

Average Flow = Total Flow.

Time
3= 1350 std cm

i
_. 7 hrs x 60 min /hr-

!.( = 1250 stC cmi
420 min

f = 3.2 std cm / min3

,' If a special gas is used with the flowmeter (other
than that for which it was originally calibrated),
refer to Sec. 3.4 to determine the new full-scale
flow rate for the special gas. Once the full-scale'-

. flow rate _for the special gas is obtained, it may
- - lx3 used with the equations above to determine the

L sensitivity of the totalizer in std. cm / count.3

9.3.4 Maintenance:

f The totalizer is all solid-state and is designed
" for a long life expectancy and no maintenance is

recommended. Should the totalizer or counter need,

repair return them to Teledyne Hastings-Raydist with,

a statement describing the problem.-

9.4 Digital Panel Meter:

9.4.1 Specifications for digital panel meter:..

Power - 115 volts 10%, 50-60 Hz, 6 watts

_

Operating Temperature Range - o*C to + 55'C

- -17-
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Readin'g Rate - 5 readings /sec. Typical ~

Temperature Co-effecient - .003% of full su_ a per ,_
,

'C change. j

Ambient Operating Tempe.uature - 0 'C to 50 'C
-

'Storage Temperature - -40*C to + 7 5' C'

Step Response Time - less than 300 ms
,

9.4.2 Description:

a) Packaging:

The digital panel meter is normally packaged
with the ficwmeter power supply in a " NIM" ,.

type module (Sec 10.1) . When the flowmeter is
ordered as a chassis unit the digital panel
meter must be mounted separately.

(
b) Panel cut-out for separate mounting of digital |

'meter

h 3.924" '

.I 3.90"
-

PANEL CUT -0UT ns
682, (

,'
L

u.,

|

4.25"4.OS" '

1

j'-r

l-) 7 O ' ' '
?.m 5

~' @
.750"

-.

~

9.4.3 Using the digital pane 1 meter:

a) Calibration Adjustments:
~

Zero and full-scale (span) adjustments are
accessible at the front of the meter by removing _

the front bezel.

NOTE: These adjustments are only for the digital (
panel meter and should not be confused with the L
flowmeter calibration adjustments. :j,3g|f31

b) Over-range:
_

~

The digital panel meter indicates an over-range ((,
for all indications greater than 1999. When the

-18- l_
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meter is over-ranged the lighted numbers all
flash on and off in unison (NOTE: the meters

indications vs. mass flow becomes non-linear,

'

above the specified full-scale flow rate.
See Sec. 3.9). N

Example: An NALL-500 .nay indicate as high as
"

1999, but above an indication of 500 ,

[ it no longer reads flow directly.

c) Negative signals:

If the input signal is negative, the meter
displays a minus sign to the left of the numer-
ical display.,

e d) Mass Flow units:-

[ The meter indicates the output from the flow-
meter and is calibrated to read directly in

3mass flow units (std cm / min, lbs/hr, etc.),
which are noted on the front of the meter.

e) Maintenance:

The digital panel meter has been carefully
tested and calibrated and should require no

. teriodic maintenance other than adjustments for
zero and full scale (span). (Sec. 9.4.3a).

\ Should the digital panel meter need repair
~

return the meter, flowmeter, and cables to
Teledyne Hastings-Raydist with a statement
describing the problem.

10.0 Miscellaneous drawings

10.1 " NIM" Modulp Dimensions
. . ,

10.2 Cha:C.s Dimensions
'

10.3 Recorder Dimensions
- 10.4 Mass Flowmeter Schematic HA-9751

10.5 Conversion Factors C181A

10.6 Gas Factors C194C

.

~

74SZ80

l~
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CONVERSION FACTORS AND EGUIVALENTS |
'

__

VOLUME, WEIGHT, MASS, AND PRESSURE

TO CONVERT FROM SYMBOL TO SYMBOL MULTIPLi BY
*tmospheres atm feet of H O 'HO 33.92 2

( inches of Hg "Hg ~29.9-

kilograms /sq. cm. kg/cm2 1.03.-
'

~

millimeters of Hg mm Hg 7.60 x 10+2s
pounds /sq. inch psi 14.7

Cubic centimeters cm cubic feet ft3 3.53 x 10-5d
,

cc cubic inche in3
6.10 x 10 6

2L s-

3cubic meters m 1.00 x 10-
liters 1 1.00 x 10-3"

Cubic feet ft3 cubic centimeters em3 2.83 x 10+4
'

cubic meters m3 2.83 x 10-2
|

liters 1 28.3 3

Cubic meters m3 cubic centimeters cm3 1.00 x 10+6
'

cubic feet ft3 35.3
I. cubic inches in3 6.10 x 10+4
I liters 1 1.00 x 10+3

Grams gm b.ilograms kg 1.00 x 10-3,

pounds ib 2. 20 x 10-3
'

Inches of H O " h;0 millimeters of Hg mm Hg 1.872
0 40C. pounds /sq. inch osi 3.61 x 10-2

Kilograms kg grams gm 1.00 x 10+3h

pounds 1b 2.20 -

" te rs 1 cubic centimeters cm3 1.00 x 10+3'

( cubic feet ft3 3.53 x 10-2
cubic meters m3 1.00 x 10-3_-

$ Millitorr mtorr atmospheres atm 1.32 x 10-D
(Microns of Hg) u Hg miliimeters of Hg mm Hg 1.00 x 10-3
Pounds /sq. inch psi atmospheres atm 6.80 x 10-2

lb/in2 feet of H O 'H0 2.312 2
inches of H O "HO 27.7 *

2 2
inches of Ha " Hg 2.04

l millice u . m. .a Ha...
''

Torr torr atmospheres atm 1.32 x 10-3 l

(te llimeters of Hg) mm Hg bars bar 1.33 x 10-3i
,

inches of Hg " Hg 3.94'x 10-2
. inches of H O " H2O 5.36 x 10-I2

microns of Hg u Hg 1.00 x 10+3
millibars mb 1.33

,
millitarr mtorr 1.00 x 10+3

1 pound AIR (STP) occupies 13.30 cu. ft. = 376.5 liters .. m

1 cu. ft. AIR (STP) weighs 0.752 lbs. = 0.03411 Kg. = 34.11 gm. 7'l N U'''
..

1 pound-mole of ideal gas (STP) occupies 385 cu. ft. 3

1 gram-mole of ideal gas (STP) occupies 24.0 liters @ 20 C.0

0STP = STANDARD TEMP. AND PRESSURE = 20 C (680F) and 760 mm Hg (29.92" Hg). a g5 l

TELEDYNE HASTINGS-RAYDIST h-

Hampton, Virginia 23661
Phone: (804) 723-6531 g-

-j Printed in U.S.A. * CORRECTION
- March, IP4 g C1818

1 cu. ft. AIR (STP) weighs .0752 lbs.

__ _ __ _ _ _ . _ .
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GAS CONVERSION FACTORS FOR HASTINGS LINEAR MASS FLOWMETERS- .

r-
I

HASTINGS HASTINGSI. CONVERSION CCNVERSION
' NAME OF GAS SYMBOL FACTOR t NAME OF GAS SYMBOL FACTOR t
..

ACETYLENE CH .67 HELIUM He *1.432 2 s

AIR *l.00 HYDROGEN H *l.03
2

'

, AMMONIA NH DROGEN CHLORIDE hcl 1.013
.

ARGON A *1.43 HYDROGEN FLUORIDE HF 1.00

ARSINE ash .76 HYDROGEN SULFIDE HS .85
'

3 24
'

BROMINE Br .88 ISOBUTANE CH 12 4 10 *

e

BUTANE CH ON h 1.394 10 .

BUTENE 1 CH .34 .MHAE CH * .694 g 4
f
( CARBON DIOXIDE CO * 73 NEON Ne 1.382

.

CARBON MONOXIDE CO *l.00 NITRIC OXIDE I:0 1.00

CHLORINE Cl .85 NITROGEN N *l.022 2

' ClF .45 NITROUS OXIDE NO .75RIDE
. 3 2

( ICLOPROPANE CH 2 OXYGEN 0 * .973 6 -

2
*

DIBORANE BH .50 PENTABORANE B "9 .15._ 26 5

ETHANE ~ CH 6 n-PEN M E CN 22 6 S 12
.

.

CH .69 PHOSPHINE PHENE) 24 *
3

E"'"'?LE"E 0:* ~ ;E C H[ *5O T~^ '
~

2
.

FLUORINE F .93 SILANE SiH .682 4

_ FREON 11 CCl F .36 SULFUR DIOXIDE SO O3 2
.

SULFURFREON 12 CCl F * 36
2 HEXAFLUORIDE SF . 21,.

6
'

TUNGSTEN
- F REON-13 - - - CClF .42 HEXAFLUORIDE WF .233 6

URANIUM- FREON 14 CF .48
4 HEXAFLUORIDE UF *

6

F REON - 2 P --- - - -- CHClF * 43 WATER VAPOR HO .802 2
.

-
~'

'

_

CREON 114 CClF * 22 XENON ~

~~ ~ Xe l.372
.

( mpirical data; TELEDYNE HASTINGS-RAYDIST t Multiply Air scale
' s others theoretical Hampton, Virginia 23661 by correction factor

Phone: 804-7?3-6531
, Print.ed in U.S.A. ('1bNbS

February, 1974 Cl?4D



- -- . .- .

n.
d

-

-A%_ _, -,>/N,E-

ud
!. - HASTINGS-RAYDIST specification sheet No. 520

.

t
.MPTON. VIRGINIA 23661 (804) 723-6531.

s

HASTDNGS K ND-RO cal.DBRE O2..

i MINIMUM SIZE--MAXIMUM ACCURACY
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FEATURES: CAllBRATOR INCLUDES:
-- . e Accuracy 0.25% THREE JAllBRATED VOLUME STANDARDS

. NBS Traceability 10 cc,100 cc,1000 cc, each with 10 equal divisions
. - - . . CompactCarrying Case ANER0!D BAROMETER BBD 3 FILM SOLUTION

. Portable--Non Electric THERMOMETER STAND AND FITTINGS-

, - - - - - * S t Up Time 5 Minutes STOPWATCH CAR 8YING CASE

( INSTRUCTION MANUAL WITH CONVERSION DATA-

N/ FOR TEMPERATURE AND BAROMETRIC PRESSURE
NBS TRACEABILITY CERTIFICATE

'

'~/41 3 2 $'

_ . _ . _ . _ . . _ - . .- _ ._
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Na'stinCs Mini.Flo Calibrator is a complete
-

'

compact unit for laboratory or on site
calibration of flowmeters. The calibrated "

voluma*. Larometer, thermometer, stopwatch.
___ . _

film solution and all necessary accessories -
s

am provided. Total weight including the gg. k
- carrying case is approximately seven

pounds. 1000 cc s
The principle of operation is a volume ' ' - - ~ ~~

,

900redisplacement method where a thin liquid
~ ' -' ~ ~ ~

"

film similar to soap film rises in a calibrated s

standard. It i:; suitable for use with gases 800 c:
which are not hazardous or which do not
react with glass or water. 700 cc

_

Three cuibrated s'3nda-ds with volumes
of 10 cc,100 cc and 1000 cc each divided

_ 600 :
~ ~-

into 10 equal parts allow the user to calibrate e,
over the range of 0.1 cc/ min to 2000 cc/ min. 500 : e- - [_

The NBS Traceability Certificate included
in the manual is applicable to the three -400 cc m
calibrated volume standards. The furnished
commercial type barometer, thermometer 3C0c r --e
and stopwatch are normally adequate for
precise volume displacement flow calibration. c gggym '

Assembly of the calibrator takes less
than five minutes. Calibrated volumes can g-- 10C e c 73

'

be interchanged without dismantling the unit.
"

. -- - - ,

w 0 -
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-

Hastings Vacuss Ganges Catafor No. 3:03 '_
Hastings McLeod Gange Spec. Sheet No. 343 'n-

Hastings Cauge Tube Accessories . $;es. Sheet No. 352 e- - i'

llastings Vacv:m Gauge Reference Tutes Spec. Sheet No. 353A
' ', '

Hastings Air 4!sters Catalog he. 4033 NJ i
Hastings Mass Flowmeters for Cases ... Catalog No. 5033 1, _

Hastings Calibrated Gas Leaks Spec. Sheet No. 934C - g. 3

,

_
' .- , j

f, L- a

i
I

.

i | .

-1

HASTINGS MINI FLO Call 8RATOR '

MODEL H8M.1 $460.00 *

Price Subject to Change Without Notice i -- J. _ . . - - . . - - - - - - - -

FOB: Hampton, Virginia
Terms: Net 30 Days - -

-

Stand with Calibrated Volume

[d.3b3
-

-
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