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3.2.3.; 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, th~ dowel pins may be driver

through with a punch.

The bearing and bearing shim will come off with the end nlate, 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 se1l washer when removing it. The end plate should be removed
with an end plate puller to avoid damage to the end plate or bcdy surfaces.
Contact the! Gast factory for additional puller information.

With the pump inte~ior accessible, remove the old vanes and insert the new

ones with the beveled edge ritting the bore. Also inspect the interior for
obvious signs of damage.

3.2.5.2.5 Ass~mbly.

Loosen the end cap screws on t"e drive erd before replacing the dead end plate.

Turn the pump to a vertical positicn, drive end down to permit the rotor to rest
flush on the drive end plate. If necs sary, apply pressure on the dead end of
the rotor shaft to help contact the drive end. Replace the dead end plate and
bolts. 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 ena can 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 OQOther Mechanical and Electrical Compunents.

TR Ml ionstin pas wawii Dy’ s wmelilS RIS . 255 ./ VIR - . savrnispiwiipde B

exception of the motor starter cuntact set. Other mechanical and electrical
components should be replaced rather than attempting repairs unless unforeseen

conditions dictate otherwise. Refer to Section IV for reccmmended spare parts list.

3.2.6 Atmospheric Monitors

Routine maintenance toc he 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 & sampler will require filter changes on approxi-
mately a monthly basis. Ti xact interval will depend upon the filter advance
cycle selected and the numbe. ~ fast advances performed.
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CAUTICN

The spent filter may contain radicactive
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 1lid by releasing the spring

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

/— I" MANUALLY OPERATED

BALL VALVE
TO 1SOKINETIC
NOZZLE
*1
841-1w/2 Ph
4n SHIELD FlS
B A& pA
r- 843-20A O |
' \?.LE' |
i
= - E;:S::\\>s::a {
]
To
Icoing
Valve #1
Open Closed
Operate 2
PRS- : o
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 1ift-
ing straight up.

5. Remove the retaining nut and washer from the suppIy spool.

'vA900E
3-69



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

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

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

9. Replace the taveup 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
observed.

11. Replace the sampler 1id, return the valves to the operate position, and
restart the pump.

3.2.6.1.3 Decontamination. PUUR UleNAl

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 cognivant of decontaminat )n procedures 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 lodine Sampler.

The iodine filter chould be char,ed as required by the iodine ratemeter reading
or standard plant operating procedures.

792 &2 1 Filetaw Mhanan

1. Shut down the pumping system a d/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;;3]gnd 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 k\r
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 un<t.

. ¥43009
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w/2"P

b- 3'Pb on

HP-R-219

Valve
#1

Valve
#2

Open Closed Open Closed Open Closed

Operate 0 0
Isolate X X
Removed X X
Connection

Return To 0 0

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
itors. The only maintenance which may be
air purge and/or decontamination of the

sample volume as that of the liquid mon
necessary to the gas samplers wpulq be
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If decontamination of the sample voiumes becomes necessary they must be pro-
cessed per paragraphs 3.2.3.1.4 step 2 through 10, fo'lowing shut down and isolation

of the gas sampler per Figure 3-29.

3.2.6.4 844-] Pumping System,

The pumping system is identical to that covered under paragraph 3.2.4.2 which
etails. Shut down the pumping system and
isolate the atmospheric monitors per Figure 3-27 prior to performing any pump

should be referred to for maintenance d
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 tec conta

ct 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 cont 71 devices used on the automatic isokinetic atmospheric monitor
are covered in t.e manufacturers catalog section of this manval. 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, #\F1-6KX - Hastings

Mass Flow Meter, #AHL-10C - Hastings

Basic Controller, #701 - Gelmac

Miniature Servo Recorder, #732 - Gelmac

Servo Amplifier, #A630 - Dahl

Motor Assembly, #SS-250 - Superior

dc Power Supply, #762 - Bailey

Signal Transmitter, #SC-1300 - Rochester

Signal Transmitter Isolator, #SC-1302 - Pochester
Differential Switch Catalog - Barksdale

S ; 343011
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3.2.6.6.1 Calibration.
Before turning on main power preset the 844-90 control panel as follows:

1. 844-90 auxiliary moving filter control panel; motor control HAND-OFF-AUTO
switch to OFF.

~
2. Advance switch to OFF.
3. Local power switch to OFF.
3.2.6.6.2 844-90 Coptrol Panel for HP-R-219 In Control Panel 12.
1. Program switch in NORMAL
2. Power switch to ON. P”””
3.2.6.6.3 844-100 Control Panel - lodine. 0”/6/”4[
1. Turn motor control switch HAND-OFF-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 cascade input loop and the process
variable loop in the following sequence:
1. :Zero and calibrate the Hastings Gas Flow Probe asoutlinec in tne manual
listed in paragraph 3.2.6.6.
NOTE
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,
TBl #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 TBI1
#6 &4 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
(1IC - 50 ma). Figure 3-35, 3-37, and drawiag 906148.
3-73
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PART NO.

QUAN.! DESCRIPTION

ITEM
|
(s ) .
3

3
-~ - )

| YA
NS N "

844-35-6

844-35-11

844-35-12

844-35-3

841-2-23

844-35-14

2 | FLANGE, MTG.
! FILTER RETAINER
| ALIGNMENT NUT

| LOCKING NUT

2 GASKET

» 5 v/ o A s o

Figure 3-33. Tnline lodine Filter As

sembly

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.

manual.

Refer to service

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

(common). 10 - 50 ma should corre pond Lo 1 to 5V.
is calibrated go to the process v'riable side of the

3.2.6.6.5 Calibration Process Input.

system.

After this cascade loop

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 - 5V 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

V45013

3-74
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the zerc and full scale signal of the SC-1300 0 - 5V input = 10 - 50 ma output.

NOTE

Leave power supply z*tached for recorder and
isolator calibrations. h

3. After the signai transmitter #3 is calibrated (10 - 50 ma), adjust the
re-order to track the signal transmitter CV is = to 10 ma = 0 fpm. 5V is = "
50 ma = 3300 fpm. Reference service manual, d-awing 904549, sheet #2 and Figure
3-37.

4. After the recorder calibraticn 0 - 3300 fpm, adjust the signal isolator
#2 so that zero and full scale are calibrated us;ing the power supply. Refer
to service manual, drawing 904549, sheet #2, ani Figure 3-37 OV = 10 ma trans-
mitter = 10 ma isolator, 5V = 10 ma transmitte* = 10 ma isolc®or.

5. After the recorder and isolator are ca ibrated, me-: ‘re the voltage input
of the process variable input on the controlle- terminal board (on guard rail)
pin 25 (+) and pin #4 (common). 10 - £0 ma should correspond to 1 - 5V. After
tha 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 204549, 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 cor 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 5V measured at
input.

2. Servo amplifier calibration, refer to service manual. pahl servo ampli-
-lcl ‘...-_._q ;)Q. . . W p ’ e T -—._ e, ."A:“k &4
the AUTO position. Adjust the controller to s wiciuaily (=.v e wuepdl . AUGUS.
electric valve for the CLOSED position. Adjust the controller to 100% manually
(20 ma output). Adjust Diehl valve for the QPEN position.

3. Clalibration 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%.
Piace continuous filter pump switch in the AUTO position.

g ‘~
3. Place iodine pump switch in the AUTO position. \\ »
: g

s

Start pump from main control panel (panel 12).

After both pumps are running note stack fiow in cfm. Q%\%

3-75
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6. Note sample flow in cfm.
7. ‘ransfer the controller from the MANUAL mode to the AUTOMATIC mode. (T
8. Sample flow should automatically self adjust to stack flow. Unit is now
operating 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,

78 74900
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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
Alarm Light Federal 1
4.2.6 Gas Monitor
Motor Starter GE, 200 line with "Hand, Off, Autc' 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 ’ 4
Pumping System Victoreen Instrument Div. 844-1 ~ 1
Lead Shield " 1
Sample Volume " 1
Detector " 1
Check Source " L
4.2.7 Atmospheric Monitc. P0
4.2.7.1 Atmospheric Monitor - St ndard 0” 0”/6/” A ,

( Elapsed Time Meter Hayden l 1
Differential Pressure Barksdale 2

Switch
Motor Starter GE, CR206BO witn 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 Inlot Traamstny TrEROSAY 1
374" Vaive Uynaguip, rul Fors, oiass )
Moving Filter Victoreen Instrument Div, 841-1 1
Sampler w/C

Gas Sampler w, CS i 841-33 1
lodine Sampler w/CS o 841-2 1
Pumping System y 844-1 |
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 )
Alarm Light Federal 1
4.2,7.2 Atmospheric “Monitor -Portable

{
Rela K

y Square D, KP12, 2PDT ';14:)0f9

4-17




Description

lelay
Terminal Board
Terminal Board
Termioa! Board
Pressure Switch
Elapsed Time Meter
Recorder
1" Valve
3/4" Valve
Alarm Horn
Alarm Light
Moving Filter
Sampler
Iodine Sampler
Gas Sampler
Ratemeter
Control Panel
Electrical Panel
Flow Panel

Manufacturer, Model No,, Etec.

Agastat, GPI

States, 24-Position

States, 16-Position

States, 10-Position
Barksdale

Hayden

Leeds & Northrup - 3 Pen
Dynaquip, Full Port, Stainless
Dynayuip, Full Port, Brass
Edwards

Federal

Victoreen Instrument Jiv,

n
"
"

"

4.2,7.3 Atmospheric Monitor - Automatic

Victoreen
Part No.

841-1

842-1

841-33
842-10
844-90

Qty.

T R R R R R R

e

In acdition to those parts under 4.2.7.1, the following are used to complete the

automatic monitor.

Valve

Signal Converter
Terminal Board

Gas Flow Equipment
Mass Flowmeter
Recorder
Controller

Dahl, Electric w/controller

Rochester Instrument Systems, SC1300, E/I Conv.

States, 9-Pusition
Hastings

Hastings (Probe located in sizck)

GE, 2-Pen
GE

4.2.8 Pum ’ing System, Model 844-1

Vacuum F imp

Vacuum I elief Valve

Bushing (E~ass)

Brass Tee

Close Nipple(Brass)

3/4" Valve

Exhaust By-Pass
Assembly

Exhaust Assembly

Intake Assembly

Pure Gum Tubing

4-18

Victoreen Instrument Div,
”
" (3/8 to 1/2 inch)
"™1/2x 3/4 x 3/4)
" (3/4 inch)

n

"n

"

"

" (3/16 0.D, x 3/14 1.D.)

844-1-6
944-1-9
10-486
10487
10488
10-340
844-1-12

844-1-13
844-1-11

- oW

(e S G S S

2
1
48 in.

PN

~

e
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Description

Male Connector

Manufacturer, Model No., Ete.

Victoreen Instrument Div,

(Brass)
Vacuum Switch "
Vibration Isolator 2
Drive Pulley Sid. it
V Belt "
Motor, Std. "
Mtg. Base, Std. o
Box Conn.- Cable »
Spacer, Shcok Mtd. i

4.2.9 Moving Filter Sampler- Model 841-1

Rectifier (Dicde) -
1N2071
Diode MDA 220A-7 -
Check Source Solenoid .
Tear Switch Ass'y. =
Solenoid "
Take-Up Spool Motor "
*Cycling Timer, Cont. v
*Cycling Tiiner, Advance 5
*Time Switch "

*ocated on Electrical Control Panel

4.2.10

There are no replaceable parts tc this unit other than the filter holder.

--4.2.11

Volume

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

Todine Sampler - Model 841-2

Cac /T innmiA Cremnlae | WF~2.1 041 90

Assembly Victoreen Instrument Div,

Indicator Light Base Victoreen Instrument Div.
Replacement Lamp -
Fuse: 3AG,3/4 Amp ”

4.2.13

Control Panel - Gas Sampler, blodel 844-100

Indicator Light Base Victoreen Instrument Div,

Replacement Lamp

Fuse; 3

AG, 3/4 Amp "

P

Victoreen

Part No., Qty.
10-485 1
844-1-14 1
844-1-24 1 N
844-1-19 1
844-1-20 1
844-1-17 1
844-1-16 1
844-5-16 1
844-1-22 4
5243 2
52-124 2
716-50 1
841-1-65 1
841-1-78 1
841-1-79 1
841-1-107 1
841-1-1086 1
841-1-90 1
Copsult factory.
841-33-28 1
2048 1
17-54 3
19-2 1
2048 1
17-54 3
19-2 1
4-19
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3 Motorless, Jam Proof, Fiiter Tape Transport Mechanism
3 Choice of Filter Tape Speeds
3 Capable of Either Continuous or Step Advance Operation

3 Extra Heavy Duty Pumping System

3 Modular Components Provide Maximum Versat.uty

N
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APPLICATICNS

The Model 840-1 Continuous Air Particulate Monitor
fuifills the very definition of air particulate monitor-
ing which is to provide an accurate determination of
the concentration of airborne radioactivity. The Code
of Federal Regulations is very specific in stating the
permissible levels of radioactivity that can be re-
leased into the environment; this necessitates moni-
toring airborne effluents at the point of their release
to the surroundings.

Besides the legal aspects of releasing activity into
the environment, the essentials of industrial hygiene
require continuous monitoring of any area where
there is the siightest chance that the air may be

contaminated. These areas include reactor facilities
in general and especially in the containment and in
auxiliary buildings, fuel loading eas, and certainly
withir, the exhaust ducts or discharge stack. Acceler-
ators also produce rad.oactive airtorne particulates
by induced activation and processing plants where
nuclear materials are handied, machined or stored
are aisc potential sources of airborne radioactivity
and should be monitorec. Dependence on air cleans-
ing technigues such as scrubbers, absolute filters,
etc., in itself is not sufficient, but continuously
checking the integrity of these techniques with a
Model 840-1 Air Particulate Monitoring System re-
moves any doubt as to their adequacy.

SYSTEM DESCRIPTICN

Typicai cormponents of a Model 840-1 are:

Model 841-1 Continuous Air Sampler

Moce! 842-20 Scintillation Detector Assemtly
Mcgel 844-1 Pumping System

Model 842-10 Ratemeter

Made! 844-4 Enclosure

Model 844-3 Control Pane!

The filter tape transport mechanism programs the
movement of the paper tape and incorporates the
popular rot-ung capstan technique with an added
feature of dependable solenoid/ratchet operation in-
stead of compiicated gear train mechanisms. The
transport tape mechanism is sealed against inhala-
tion leakage during operation while allowing easy
change of filter thro gh a quick cpening cover. The
unit is designed to operate on a continuous basis
between filter changes (approximately 30 days based
on 1 in./hr. operation).

The Model 843-20 Scintillation Detector normaily
recommended for this type of application is equipped
with a beta radiation sensitive plastic scintillator.
Essentially ail of the gamma emitting isotopes that

Y s

S e e T
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G N S S S

are of i:sual interest also emit beta radiation. This
permits the use of the thin beta sensitive plastic
scintillator which reduces shielding requirements
around the detec.or while providing excellent sensi-
tivity and dynamic range.

The Model 844-1 Pumping System is a heavy duty
Ary vane system.

Data display for this type of monitering usually de-
mands 3 logarithmic readout such as provided by the
Mode! 842-10 Log Ratemeter. A full scale log display
of 10% cpm insures the reliability of unattended opera-
tion even during large fluctuations in activily levels.

The Model 844-4 is a rugged and attractive enclosure
“hich comes equipped with either casters or skids.
The removat ‘2 standard 19 inch frort panel permits
@asy access for servicing or the addition of recorders
ratemeters, etc.

The Model 844-3 solenoid operatcd check source,
supplied as standard equipment, provides a quick
Positive means of assuring proper ‘unctioning of the
system. Also included as standard is a high and low
flow alarm -~4 a filter failure alarm.

~

. POOR ORIGINAL

Electrical Power Requirements: 20 amperes, 110
voits a.c., 60 Hz, single phase. (Others available
on request).

Air Flow: 10 SCFM.

Air Sample Temperature Limits:
0°C to 50°C (32°F to 120°F) — Models 843-10
843-20 and 213-30 detectors.
~55°C to 75°C (-6.°F to 165°F)— Mode! 843-4
detector.

Aii Inlet Conne. ion: 1 in. 0.D. tubing (2 534 cm).

Air Qutlet Connection: 1 in. 0.D. tubirg (2.54 cm).

Shielding: 2 in. lead (5.10 cm), around sensitive end
of the detector.

Filter Tape: 3 in. wide x 80 ft. long (7.65 cm, 2440
cm). Effective collection area — 3 square inches
{19.4 cm?).

Mounting: Skid mounts standard, casters optional.

Dimensions: 54 in. high, 27% in '~ide, 33 in. deep
(137.2 ecm, 70 ¢m, 283.8 cm) excluding 841-1
Continuous Air Sampler. Add 9” for height with
sampler.

Weight: Apprcximately 550 pounds (250 Kg).
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= Airborne Particulaie Monitoring, lodine Monitoring
or Both Simultaneously

———
o ‘

(_ 3 Shieiding Configuration Permits Choice of Detector “ S
Compact, Rugyed, and Extremely Reliable

Ve vy - g
”

3 Heavy Duty Pumping System

3 Wide Dynamic Range Available In Lov or Linear Display

ad Single Channel Analyzer Capabilities foi lcdine Monitoring g
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APPLICATIONS

The Model 84L-2 Fixed Filter Monitor is recom-
mended in applications where an air particulate
monitor 1s not required to operate around the clock
or where it is easily accessible for filter changes. The
Model 840-2 Fixed Filter Manitor can be used in
p'ace of the Model 840-1 Continuous Air Menitor at
some savings in cost, especially where regular work
shifts make routine changing of filters feasibie. The
cleanliness of the air usuzlly determines the fre-
quency of filter changes. The Model 840-1 Continu-
ous Air System would be recommended should the
dust loadings become excessive and frequent filter
changes become necessary. An essential requirement
for air monitoring is maintenance of sufficient air flow

SYSTEM DESCRIPTION PUDR OleNA‘.

The heart of the Model 840-2 system is the iead

shielded filter holder assembly. The unique design -

of this assembly causes effluent to first flow through
the filter paper and then immediately through a char-
coal cartridge. The detector is positioned to then
monitor both the fiiler paper and the iodine cartridge
simuitaneously. The filter is readily changed by
hand at desired intervals. The Model 843-30 Sodium
lodgide Scinullation Detector in normally supplied for
iodine and gross gamma monitoring. Additional de-
tectors, such as, the Mode! 843-40 Thin-End Window
Geiger Mueller Tube Detector, Model 843-20 Thin
Plastic Beta Scintillation Detector or Model 843-10
Alpha Detector may be used interchangeably with
this system.

A pusitive displacement dry vare pumping system is
utilized to provide continuous cuty. Excelient sensi-
tivity is achieved in short time intervais with the use
of up to eight cfm of air flow. The attractive system
enclosure is of a rugged design to meet the most
strenuous demands of heavy industrial use.

through the filter to achieve the desired sensitivity,

The Model 840-2 when used as an lodine Monitor
provides the most efficient means commercially
available for collection and measurement of fieid
lodine*. The charcoal cartridge provides a cellection
efficiency of better than 95% for field iodine. lodine,
being a fission product, is readily present in and
about nuclear reactor facilities and is one of the
more prominent isotopes requiring special surveil-
lance, such as provided by the Model 840-2.

With the use of two VICTOREEN ratemeters, one
equipped with a spectrometer, both the gross activity
and the iodine concentration coilected can be
read out.

The exireme ve,satility of the system provides for
mounting the ratemeter readout in the enclosure or
remoting it to some centiyl control console. Fer
gross counting, either the Model 842-20 Linear Rate-
meter or the Model 842-10 '.og Ratemeter may be
used. When monituring for a specific isotepe, such
as iodine, either of the above ratemeters equipped
with an analyzer s recommended.

Standard features for the system include alarms for
alert, high radiation, failure, and flow rate to assure
immediate notification of any abnormal condition.
Another standard feature is the solenoid operated
check source which provides an instant ~“eck out
of the system functiona! status.

Victoreen process monitors will continue to operate
with 1g seismic loads in the horizontal and vertical
planes over the frequency range of 1-30 Hz.

*Fieid indine as defined by LASL Report LA-3363 is io-
dine released by nuclear reactors and hot ceils,

SPECIFICATIONS

. . sweimehont 20 X o ..
volts a.c., 60 Hz, sing'e phase. (Others available
on request.

Air Flow: 8 cfm with clean filter,

Air Sample Temperature Limits:
0°C to S0°C (32°F to 120°F) — Modeis 843-10
843-20 and 843-30 detectors.

—55°C to 75°C (—63°F to 165°F) — Model 843-4
detector.

Air Inlet Connection. 1 in. 0.D. tubing (2.54 cm).
Air Qutlet Connection: 1 in, Q.D. tubing (2.54 c¢m).

Shieiding: 2 in. lead (5.10 cm). Around sensitive end
of the detector. (4» Pb shielding available on
request.)

Filter Size: 2 in. diameter (5.10 cm).

Cartridge Size: 2 in, diameter, 3% in. thick (5.10 cm,
1.91 cm).

Mounting: Skid mounts standard, casters opticnal.

Dimensions: 54 in. high, 27%2 in, wide, 23 in. deep
(137.2 ¢m, 70 cm, 83.8 cm).

Weight. Approximately 500 pounds (227 Kg).

% 4902
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" INTRODUCTION

Isi commercal light water nuclear power reactors, monitoring
the activities of the reactor coolant process on a continuous
basis can provide extremely valuable information concerning
fuel elemer* cladding failure. Victoreen has designed, facricated
7d delivered radiation monitoring systems that continuousiy

rasure the gamma radiation in @ continuously flowing sample
«iream of primary coolant. The purpose of this system is to
derect the failure of one or mc-e fuel element claddings by
the gamma emissions of fission products released into the
primary reactor coolant of a light watar reactor.

The sampler is normally located so that the transient time be-
tween the primary coolant and the detector is approximately
2 minutes. This location is recommended so that the high level
gamma radiation associated with 16N has time to decay to an
insignificant level. Howevor, the sampler may be located so
that the transient time is less than 30 seconds if required. The
output of the integral preamplifier, associated with the detec:
tor, is sufficient to drive signals through approximately 1500
feet of intercornecting cable to the linear ratemeter/analyzer
and the logarithmic ratemeter, which are both normally located
in the reactor control room. By appropriate selection of the
Deita “E"” and the Delta “E Scan pots, the linear ratemeter/
analyzer will monitor specific fission product gamma activity.
The logarithmic ratemeter measures the gross gamma activity
associated with a fuel cladding failure. Optional dual pen re-
corder simuitaneously displays the specific fission product
activity and the gross activity of the primary coolant. In addi-
tlon to providing comparative indication, the ratemeter and
ratemeter/analyzer have alert and high radiation alarms and
data logging outputs.

One advantage of this system, a* compared to other contem-
porary schemes, is its location. The unit may be located out-
side of the reactor building for convenient field maintenance.

i1s normally located across a demineralizer unit associated

h the primary coolant system. This location allows 3 suffi-
.ent pressure drop 50 that a pumping system is not required.
In addition, the gross gamma monitoring channel provides an
extremely fast indication of cladding failure. Further, as the
activity of the specific fission product being monitored by the
ratemeter/analyzer increases, the user is provided with un-
deniable evidence of a cladding failure as opposed to radiation
associated with tramp uranium. Also, extremely wide dynamic
range is afforded by use o! a collimating plug.

SAMPLE

The Model 841—4P Sampler is of the off-line type, with a re-
movable sample volume, 5 inches of 4 7 lead shielding around
the radiation detector and an integral preamplifier. The sampie
cell s certified stainiess steel, 2-1/2 inches in diameter and
1-3/4 inches high and is connected by two 1/2 inch, 150
pound, stainless steel flanges to the sampie line. The welding
is certified to comply with the nuciear piping code. Testing of
this system includes a hydrostatic test of 300 psig and a dye
penetrate test.

Prowvision is made for cesensitizing the system by approximately
two and one-half decades to con.pensate for permanent acti-
vity build up resulting trom long term normal operation. This
is accomplished by insertion of a collimating plug between the
sensitive end of the detector and the sample volume. Refer to
the graphs for count rates versus activity and background con-
tribution, Figure 1 shows a cross-sectional view of the sampler
and detector arrangement.

"TECTOR

.. -@ radiation detecting element is a3 gamma scintillation
detector utulizing 3 1:1/2 inch diameter by 1 inch thick
sodium iodide crystal opticaily coupled to a ten-stage photo-
muitiplier tube, housed in steel. The photomuitiplier tube has

a preamplifier with a dynamic range. of 25 which is suitable
for pulse height anaiysis over the energy ranges of 80 keV to
2 MeV.

CHECK SOURCE

Mourited on the outside of the shield assembly is a solen 1d-
oparated, 8 uCi, 137Cs, check source that checks ‘he opera-
tional integrity of the system. Depressing a pushbutton
switch on the ratemeter actuates the solenoid which moves the
radioactive material into line with a beam port. Actually, two
beam ports are provided, one to be used while the collimating
plug is inserted in the shield, and the other without the collima-

ting plug.
READOUT

The output from the detector preamplifier is =5V peak, which
is simuitaneously fed to two readout devices. One readout
device is a five~decade log ratemeter with a dnyamic range of
10 to 106 counts per minute, the other is a linear ratemeter/
analyzer. The loc ratemeter monitors gross activity - all the
output pulses of the scintillation detector. The ratemeter
circuitry 1scompletely solid state with a built-in variable power
supply that has a range from 500 tc 2500 voits and is normally
used with this type of detector at approximately 100C voits.

In agdition to the check source controi, that is located on the
ratemecter, the unit also has two radiation alarm set points,
one designed t0 operaie as an alert alarm, the other as a high
radiation alarm. These are pushbutton type lights on the front
panel. The logic operates as 7ollows. To check alarm set
points, switch the Function Selector to the CAL.SIG. and de-
press either of the alarm pushbuttons for a meter indication
of alarm set points.

To change the alarm set po'nts, the raterneter is partially

withdrawn from the rack to provide access to the two minia-
ture, 15.turn potc used for the alert and high radiation &' . ms.
The high and alert alarms are adjustabie anywhere on the
meter scaie. Normally, theze alarms are used in a manual reset
mode; that 15, if an alarm condition occurs, the alarm light
wiill remain on even though the radiaticn intensity causing
condition has subsided. To reset the unit, a green reset button
is provided on the front panel which, when cepressed, will
extinquish the alarm lights. In addition to the alarm lights on
thy front panel, relay contacts are provided on the back of
the chassis to operate any external alarming or enunciating
devices. The green reset iight on the front panel also serves
as a Fail/Safe indicator. This light is on at all times during
normal operation if mode jumper is in A’ position, and off
dunng normal operation if mode jumper is in ‘B’ position
(optional). On the back pane! of the ratemeter is a 0 to 10
millivolt recorder output and a O to 50 millivolt computer out-
put. The computer output can be changed by moving one end
of the jumper for either 0=50 millivoits, 0=1 or 0=5 voits.
The comnuter cutputs are isolated from the recorder output.
The time constant: of the ratemeter vary from one minute at
10 counts per minute down to 0.2 seconds at 108 counts per
minute,

The brochure cover shows a block diagram of the 840—4P sys.
tem and options.

The linear ratemeter/analyzer fits side by side in a 19 inch
panel with the log ratemeter. The analyzer board has provision
for Delta “"E” and Delta “E” Scan adjustments, both operating
independently. This then prouides a means of looking at the
gross activity with the log ratemeter, while at the same time
analyzing the same signal by means of a single channel analyzer
with 2 100 keV window, which is adjustabie 0 observe the
energy of interest. As used in this system, the recorder cutput
of each of the ratemeters is fed to one pen of a two-pen optional
recorder, thus giving a visual and permanent comparative dis-
play of the outputs.
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SYSTEM CALIBRATION

The systecn was calibrated with an isotopic solution of 80Co in
water. Two different concentrations were used. The calibra-
tion also was done both vwiith anc without a collimating piug.
Since the isotope of interest was 1391 rather than 50Co, the

'ta were corrected, taking into consideration the gamma

anching ratios and energies, so that the resulting curve of
mICrocuries per cubic crtimeter was obtained. The back-
ground shown in the sensitivity curve was established by using
a Cobalt source located at various points around the shield
assembiy,

The horizontal scale of the graphs registers the equivalent of a
5 decade !og meter; that is, ranging from 10 counts per minute
up to 106 counts per minute. To determine the background
contribution, take the intersect between the horizont:! lines
from the background level with the background curve and
read down. This gives the counts per rninute versus the back-
grouna reading ir. mR/h.

The microcuries per cubic centimeter of 1351 is interpreted ir
a similar marner. If the ratemeter, for example, is reading at
10,000 counts per minute, or 104, follow that vertical line
until it intersects with the curve of interest. This will give,
on the lefthand scale, the concentration equivalent in micre-
cur'es per cubic centimeter of 135]

CONCLUSIONS

The B840-4P system muoets the measurement objectives be-
cause of th: foilowing considerations.

1. Gamma spectrometr - allows isolated measurement of select-
ed isotopes which are high on the fission yield curve, and
whose presence in the reactor coolan® is a sure sign of fis-
sion product activity in the coclant; e.g., 1351, The physical

SCINTILLATION
v DETECTOR/PRE-AMPLIFIER

L sieLo

REMOVEABLE SAMPLE
VOLUME WiTH SHIELD

]r LEAD Aﬂlm\bﬂ.\

= ‘c
Model 841-P Sampler With Model 843-30 Detector In Place
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properties of this isotope ensure its release under all known
mechaniims associated with fuel eiement ruptures. Also,
1351 is not plated or absorbed .10 m.atal “urtaces enclosing
the reacter cooling system,

. Gamma-ray spectrometry allcws the use of instr.mentation

with minimum sersitivity on the order of 10— *uCi/ce of
1351 in the coolant, yielding tr2nd information on fission
product activity well below a 1% gross failed elemint limit.

. Gamma-ray spectrometry Srovides excellent discr rination

against background gamma radiation. With the primary de-
tection element properly shielded and located, power
maneuvering background effects are negligible.

. Provision for a logarithmic gross-activity measurement

channel, in addition to a linear single-activity measuremant
channel, contributes to read-out diversity and gives trend
information or the total gross fission product and non-fis-
sion product activities in the primary coolant,

. The system response time it on the order of six minutes

which is acceptable.

. To guard against saturation, the system sensitivity can be de-

creased, with proper collimators, to approximately 100uCi/ce
of 1351 which is typically in excess of 20 times higher than
the expected activity level in the coolant at 1% fuel element
failure.

. The location of the scintillation detector abutting on the

enlarged section of the line provides a better measurement
geometry and an arrangement which can be more easily
shielded than an installation on the surface of the pipe.
The geometry and shielding factors are essential to the sen-
sitivity of the device; better geometry and better shielding
contribute to a3 more sensitive instru’ 1ent,

Process Radiation Monitor Installation
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EMONITORINGESYSTEM

3 Seismic Tested and Proven Rugged

3 L.aividual Power Supplies Allow Independent
Operation of Every Channel

3 Eight Decade Display Plus Choice of Any Three
.onsecutive Decades From 0.1 to 10" mR/hr

d Completely Interchangeable Detectors and Readouts
3 Selection of Range After Installation
22 Fixed Fast Response On All Ranges
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APPLICATION

Area monitoring systems detect and measure am-
biedt gamma or X-ray radiation. The VICTOREEN 845
Area Monitoring System achieves this in and around
nuclear reactors, accelerators, hot cells, irradiators
and other facilities where radiation emitting mate-
rials are handled or processed. The Code of Federai
Regulations determines limits on radiation exposure.
Part of Title 10 of the CFR specifically states that
persons having in their possession fissicnable ma-
terials must have an operating criticality alarm sys-
tem. The VICTOREEN 845 Area Monitor provides
these necessary criticality alarm capabilities.

Typically, an area monitoring system will utilize a
detector in any location where personnel might pos-
sibly be exposed to an adversr amount of radiation.
For reactor facilities, these areas consist of the fol-
lowing: inside and outside the containmert, fuel
storage and handling areas, reactor beam ports, hcld-
up tanks, coolant loops, normal working areas such

as labs, hallways and contro! rooms.

Monitering of pulsed beams and residual radiation
is required around accelerator and irradiator facili-
ties which means that the detector must respond
properly to both pulsed and steady state radiation.
The critical design parameters necessary for a de-
tector to achieve this dual capability have been
thoroughly considered in the 845 Area Monitor.
Additional areas needing area moritoring are beam
switching yards, target and control areas.

Radiochemistry labs should have at least one detec-
tor in each room of normal size and several strate-
gically located in larger open areas. The readout
console itself including the alarm set controls should
be located in areas under supervisory control. In ad-
dition to issuing a warning of increasing and high
radiation levels, the alarm trips can be used to actu-
ate interlock devices or other safety features.

SYSTEM DESCRIPTION

The 845 Area Menitoring Sys.em consists of only twe
essential parts; the 846-1 Readout Module and 847-1
Detector.

The detector collects charge caused by incident radi-
ation. This charge is then conditioned and trans-
mitted via multi-conductor cable ana aispiayed on
the reacout module meter. The meter has a diru
scrle. The upper scale covers an eight decade range
of 0.1 to 10" mR/hr and the lower scale can indi-
cate any three consecutive decadss within the eight
decade span. The choice of range to be displayed on
the mater is selectad or changea by rotating the
switch to ALL for the full 8 decade display or to any
position markea 107 to 107 for a 3 decade display
with a full scale reading corresponding to the num-
ber selected. Recorder output continues to track
eight full decades.

Two checking systems are provided to test the integ-
rity of the overail systein, one continuously and one
on command. The continuous failure indicator will
actuate if either ion chamber ioses it; coilecting or
supply voltage, or in case of a line failure. The on
command checking system consists of a very smalil

unlicensed isotopic source which pivots into place
to direct ionizing radiation into the ion chambers,
when the rotary switch on the readout module is in
the C.5. position. This causes an up-scale reading
ver.fying system integrity.

in addition to the failure alarm, an alert alarm to
warn of increasing radiation and a high radiation or
scram alarm are also included. Both the alert and
high alarms are non-contacting and are adjustable.
Each channel of a system has its own individual
power supply.

The 846-1 readout module features printed circuit
boards, meter readout, independer.t power supplies,
and two adjustable non-contacting alarm trips. The
compact module ‘design allows for six channels of
area monitoring in the space usually occupied oy
five channels while providing a wide 3%-inch meter.
All alarm adustments are located behind the front
panel to prevent tampering or accidental changing
of alarm settings. Th- depencent power supplies
for each channel elimriute the possibility of losing
other channels of monitoring due to a single power
supply failure.

Eight full decade display or a choice of any three
consecutive decades from 100 mR/hr fuil 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, the
range can be set or changed after installation with-
out the need of buying new detectors or readout
modules.

The 847-1 detector utilizes coaxial type ionization
chambers, air filled to one atmosphere pressure, which
eliminates the problem of detector maifunction due
to leakage as experienced by gas filled or pressurized
chambers. Unique VICTORZEN design, using all
solid state circuitrv ciminates drift causing elec-
trometer tubes. The rugged weatherproof detector
housing comes equipped with extruded mounting
brackets for easy installation.

Certified test data has showr that 845 Area Monitor-’
ing Systems wiil continue to operate with a seismic
load of 1 G in the horizontai and vertical direction
over the frequency range of 1 — 30 Hz.

“39036
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THEORY OF OPERATION

Ihg VICTOREEN 845 Area Monitoring System mea-
sures ion chamber currents by averaging or inte-
grating them over a constant recycling time interval.
it therefore operates on the principle of a recharging
puise, but instead of measuring puise repetition rates
of constant magnitude pulses, puise magnitudes of
constant repetition rates are measured. This is ac-
complished by means of a high impedance switch
located between the chamber electrode and the pre-
amplifier which closes three times per second for
three milliseconds. During the open switch interval,
ionization current charges the chamber capacitance.
Upon switch closure this charge is almost instan-
taneously transferred to a capacitor connected in a
feedback configurction with the preamplifier. The
resultant pulse at the output of the preamplifier is
a peak magnitude which is directly proportional to

the ionization current. Thus by definition 3 measure
of the pulse magnitude is 1so a measure of radiation
intensity,

The pulses from the charge sensitive amplifier are
gated and then amplified by cascaded puise ampli-
fiers which in turn, have clipped outputs.

These puises are then summed as current pulses Dy
a summing amplifier the output of which is a com-
posite puise whose peak value is related to the radi-
ation intensity in a discontinuous-linear manner. A
peak reading voltmeter reads out the radiaticn inten-
sity independently for each pulse at 1 voit per dec-
ade with linear variation between decades. In addi-
tion, bias voitages have been incorporated into the
meter reading system so that any th.ee decades
vithin the dynamic range can be presented on the
\Jwer scale.

ACCZSSORIES

The 848-4 is a visual and audible alarm which can
be mounted adjacent to the detector (847-1) or in
any other convenient lozation. The 848-5 remote
meter is basically the same as the 848-4 alarm but
also provides a 3%-inch wide scale, 8 decade display
of the radiation level. The 848-3 is a rugged, attrac-
tive enclosure in which to house the readout module

MODEL 848-8, FI© )

The 848-8 Field Calibration Kit provides a quick -

means of checking the calibration of the VICTOREEN
845 Area Monitoring System..

The 100 me, '*’Cs source is encapsulated in welded
stainless steel and secured inside a rotating shieid.
It has low and high range positions. The low range
provides an incident flux field of about 500 mR/hr.
while the high range provides about 5000 mR/ hr.

Because of the short (less than one second) time
constant of the 845 Area Monitoring System, a few
seconds of source exposure are all that is needed to
check calibration, and adjust if necessary.

A copy of your AEC license will be required before
shipment.

when single channels are used. The enclosure can
be used as a bench top unit or shelf mounted. The
848-1 chassis provides a convenient means for in-
staliing three 846-1 readout modules in a standard
19-inch relay rack. The 848-2 blank plug-in panel
is used when less than three channgls of readout
are required. }

CALIBRATION KIT

Features... &

e Precise, Accurate Calibrations. /,o

9 Safe, Quick Means of Checking System
Integrity.

o High and Low Range Pasitions.

9 Encapsulated '*’Cs Source and Highly
Reproducible Geometry.

Specifications.. ..

Source Activity: 100 mc, '*’Cesium.

Dimensions: 6%4” high, 13%” long, 8%" wide (16.8 cm,
33.6 cm, 22.5 cm) including mounting bracket.

Net Weight: 24 pounds (11 Kg).

TA9057

Single Channel Area Monitor




3200C-9-72

SPECIFICATIONS

DETECTOR %47

Raciation Detected: Gamma.

Type: Coaxiai ionization chambers.

d: Air filled at atmospherr pressure.

Range: From Q.1 mR/hr to .0’ mR/hr.

“nergy Dependence: =' ,% 80 Kev to 3 Mev.

Directivaal Dependence: Less than 10% from any
direction, Co-60.

Circustrr All solid state.

Temperature Limits: —20°C to 60°C
(=4°F to 140°F),

Pressure Limits: 15 psig (special housings available
for high pressure requirements),

Humidity Limits: O to 95% (weatherproof),

Electronic Exposure Life: 10°R or 10 hours at full
scale.

Capability: 500 ft. (approximately 150
meters). Uy to 1000 ft. with optional cable (special).
Connector: AN 3102-18-11.
Dimensions: 73 in. diameter, 11% in. high (19.7
cm, 29.9 cm).
Weight: S pounds (2.27 Kg).

READOUT MODULE 8461

Meter: 3% . (8.90 cm) wide. Three (3) and eignt (&)
decace arcs.

Alasrs: Failure/Reset: Green push-button light
which remains “CN™ while system is in normail
cperation and goes “OUT™ if high voltage, signal
or line voitage fails. Depress to resat ALEAT and
HIGH alarms. Fail alarm automatically resets
when maifunction is corrected. Dustproof plug-in
SPOT relay rated at 5 amperes, 115 voits is pro-
vided for operating external alarm.

Alert; Amber push-button light that goes “ON"
when radiation exceeds preset level. The level is
adjustable. Depressing the light causes meter
needle o indicate where the alarm level s set.
Alarm adjust s a 15-turn potentiometer ocated
Dehind the front panel requiring partial withdrawal
of the module to change the setting. Dustproof
plug-n SPOT relay rated at 5 amperes, 115 voits
'S provided for operating external alarm,

High: Red push-button light that goes “ON" when
radiation exceeds preset level. The level is adjust-
able. Depressing the Iight causes meter needie to
indicate where the alarm level is set. Alarm adjust
1s a 15-turn potentiometer iocated behing tre front
panel requinng partial withdrawal of the moduie
to change the setting. Oustproof plug-in SPOT
relay rated 3t 5 amperes, 115 voits is provided for
opessting external alarm,

$ “pling Rave lon chamber puises are sampied ever: 0.3
saconds for 0.003 seconc.

Meter Response Time: 3 — 15 seconds depending upon
signal level being resd.

Recorder Qutput: 0 to 10 V¥, =0.14 mV. Optional
outputs availahie upon request.

Camputer Output: 0 10 50 mV, =0.68 mv. Optional
outbuts available upon request,

Connectors: Terminal strip on rear apron for easy
field hookup of detector cable, recorder, com-
puter, external alarms and Tollow meters.

Power Supply: 14.0 voits, =0.1%.

Input Powen 20/240 voits a.c., =15%, 47 to 65 Hz

Accuracy: = 10% of decace.

Circuitryr Al solid state.

Dime=cions: 3% in. high, 5% in. wide, 9 in. deep
(830 cm, 14.4 cm, 22.9 cm).

Weight: 3 pounds (1.36 Kg).

REMOTE ALARM 848.4

Visual Alarm: Red light | in. square, ¥ in. thick
(2.54 cm, 1.27.cm).

Audible Alarm: Loud buzzer activates with alarm
hgnt.

VICTOREEN INSTRUMENT DIV. of VLN
10101 WOODLAND AVENUE « CLEVELAND, OHIO 44104

Phone: [216] 795-8200

Logic: Same as the “Migh Alarm” on the readout
module.
Temperature Limits: —20°C to 60°C
(—4°F to 140°F), C
Pressure Limits: 15 psig.
Humidity Limits: O to 100% (weatherproof).
Mounting: Heavy duty industrial junction box with
flanges for wail mounting.
Dimensions: 7 in. high, 7 in. wide, 4 in. deep
(178 cm, 17.8 cm, 10.2 cm).

Weight: 4.65 pounds (2.11 Kg).

FSMOTE ALARM METER 348-5

Vicaal Alarm: Red light, 1 in. square, ¥ in. thick
(2.54 cm, 1.27 cm),

Audible Alarm: Loud Duzzer activates with alarm
light.

Logic: Same as the “Migh Alarm™ on the readout
module.

Maten: 3% in. wide with 8 decade display (8.0 cm).

Temperature Limits: -20°C 1 60°C
(—4°F o 140°F).

Pressure Limits: 15 psig

Humidity Limits: O to 100% (weatherproof).

Mounting: Heavy duty industnal jurction box with
flanges for wail mounting.
i i 7 in. migh, 7 in. wide, 4 in. deep
(178 cm, 17.8 cm, 10.2 cm).

Weight: S pounds (2.27 Kg).

SINGLE CHANNEL

READOJT ENCLOSURE 3548-3

Application: Single channel area monitoring read-
out module.

Construction: Wrap-around, weided steei case, with
channe! guide for module insertion.

Mounting: Rubber pads for bench or shelf mounting.

Dimensions: 4% in. high, 6% in. wide, 103 n. deep
(11.4 cm, 165 em, 27.4 cm).

Weight: 5% pounds (2.49 Kg).

-

RACIK CHASSIS 848-i

Applicatier  Muitichannel area monitoring ruow”&

modules.

Construction: Sheet steel weided to angle steel
brackets, with plastic guides for insertion of three
readout modules.

Meuntiag: Orilled to @it in standard 19 in. relay
rack (48.3 cm).

Rimensicrs: 33 in. hgh, 19 in. wide, 17 in. deep é&
(8.9 cm, 48.3 cm, 28.0 omi.
Weight: 7% pounds (3.4 ¥g), &/5

BLANK READOUT MODULE PANEL 848.2

Application: Fill in black spaceis) of the rack
chassis.

Construction: Extruded alurnum frame with
brushed aluminum tinish.

Mounting: Simply siices into the rack chassis,

Dimensions: 3% in. high, 5% in. wige
(8.90 cm, 14.4 cm).

Weight: % pound (0.23 Kg).

DETECTOR CABLE 848.7
Type: 6 Conductor, shieided; Outer insulation water-
proof

Outside Diameter: 0.35 in 0.9 cm).
Temperature Limits: —40°C to 70°C

(~==40°F to 158°F).
A.W/'J'et";).'.";’ L
VICTOREEN
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APPLICATION

Area. monitoring systems detect and measure am-
bient gamma radiation. The VICTOREEN 855 Area
Monitoring Syste:n achieves this in and around nu-
clear reactors, accelerators, irradiators and other
facilities where radiation emitting materials are
handled or procersed. The Code of Federa! Regula-
tions determines limits on radiation exposure. Part
of Title 10 of the CFR specifically states tha: per-
sons having in their possess.on fissionabie materials
must have an cperating criticality alarm system, The
VICTOREEN 855 Area Monitor provides the neces-
sary criticality aiarm capabilities,

Typically, an area monitoring system will utilize a
detector in any lecatiun where personnel might pos-
sibly be exposed to an adverse amount of radiation.
For reactor facilities, these areas consist of the fol-

lowing; inside and outsige the containment, fuel
stcrage and handling areas, reactor beam ports,
hoid-up tanks, coolant loops, normal working areas
such as labs, hallways and control rooms,

Monitoring of residua’ radiation is required around
accelerator and irradiator facilities. Additional
areas needing area monitoring are beam switchifig
yards, target and control areas.

Radiochemistry labs should have at least one de-
tector in each room of normal size and several stra-
tegically located in larger open areas. The readout
console, including the alarm set controls, should be
iocated in areas under supervisory control. In addi-
tion to issuing a warning of high radiation levels, the
alarm trip can be used to actuate inteslock devices
or other safety options,

SYSTEM DESCRIPTION

The 855 Area Monitoring System consists of two
essential parts, the Readout Module and the Detec-
tor. The detector converts the incident gamma
radiation into an electrical signai which is trans-
mitted to the readout module with a multi-conductor
cable. Two ranges are available 0.01 mR/hr to 1O?
mR/hr or 0.1 mR/hr to 104 mR/hr. Two checking sys-
tems are provided (3 test the integrity of the system;
one continuous and cne on-command.

A continuously lit green light o the front panei indi-
cales the system is ON and will go out upon signal
or power failure. The On-Command checking system
consists of a minute amount of radicactivity that
pivols into position impinging radiation ontg the
sens.ng element when the green light is depressed.
This causes an upscale reading verifying system
integrity.

In addition to the failsafe alarm light, a red high
radiation alarm light is included on the front panel.

This s a non-contacting adustable alarm. Rotating
the front panel knob to the “Alarm Foint” position

REMOTE ALARM/MFTER 858-2 or 363.3

Ccauses the meter to indicate where the alarm point
is set. Adustment of the alarm set point is accom-
plished by partially withdrawing the module from
its housing and turning a 15-turn potentiometer. In
addition to the red high alarm light indication on
the front panel, outputs from a relay are located on
the rear of the chassis to operate external alarms.

Each channel (detectcr/readout combination) has its
own indegendent power supply eliminating possibii-
ity of iosing many channels of instrumentation with
the failure of ane power supply.

The compact modular solid state design permits
mounting three readout madules in a 19-inch wide
relay rack chassis only 3% inches high. The rugged
weather-proof detector comes equippec with a mount-
ing bracket for easy installation.

Certified test data has shown that 855 Area Monitor-
ing Systems will continue to operate with a seismic
load of 1 G in the horizontal and vertical direction
over frequency range of 1 — 30 Hz.

N

DETECTORS 857.% or 857.2

S
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REMOTE ALARM

READOUT MOUULES
856-1 or 856-2

RACK CHASSIS (848.1)

BLANK READOUT
MODULE PANEL
(858 4)
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THEORY OF OPZRATION

VICTGREEN 855 Area Monitaoring Systems consist
essentially of & haiogen quenched G-M tube whose
puises drive a multiple pump ratemeter circuit. The

output from the pump circuit is a true lcg d.c. signal
directly related tc the radiation intensity.

The G-M tube is shielded witn appropriate filter ma-
terial to provide the necessary Energy Correction for
conversation of cpm to Roentgen/hr.

A built-in anti-saturation circuit prevents the systam
readings from failing off full scale during over-range
conditions,

Natural background and check source contribution
holds the sysiem in the non-failure condition. If
for any reason, the system stops responding to radi-
ation, a failure condition will be indicated on the
readout module.

ACC:E330RIES

The 858-1 Remote Alarm is a visual and audible
alarm which can be mounted adjacent t¢ the de-
tector or any other convenie 't location. The 858-2
or 858-3 Remote Alarm/Meter is basica'ly the same
as the 858-1 Remote Alarm but also provides a 3%
inch wide meter scale, five decade visual display of
the radiation level. The 848-3 Readout Enclosure

MODEL 852-5 FIELD CALIBRATION KIT

The 858-5 Field Calibration Kit provides a quick
means of checking the calibration of the VICTOREEN
Model 855 Area Monitoring System.

A sealed radiation source, in conjunction with re-
producible geometry, assures constant, accurate
resuits.

The 0.1 mg Rauium Source is encapsulated in a
Platinum-lrridium capsule and secured inside a steel
tube surrounded by a lead shield.

Radiation level one foo* from arn' surface of the
unit is less than 1 mR/Fr.

Features ...
Precise, Accurate Calibrations
Safe, Quick Means of Checking System Integrity

Encapsulated **Ra Source and Highly Reproducible
Geometry

Scale Reading Approximately 30 mR/hr
Individua! C2libration supplied wiih Each Calibrator

Specifications . . . ’

Source Activity: 0.1 mg Radium in a Platinum-Irridium
Capsuie.

Dimensions: 43" diameter x 2%” high.(12.1cm.6.04cm).

Net Weight: 7% Ibs. (3.4 Kg.)
Phenclic Liner for precise positioning of detector.

An AEC license s not required. However, purchasers
11 agreement states may be subject 1o liceniing or reg-
IStraion requirements.

provides a rugged, attractive enclosure in which to
house the readout module when singie channels are
used. The enclosure can be used as a bench top
unit or she!f mounted. The 848-1 chassis provides
a convenient means for installing three readout mod-
ules in a standard 1%9-inch relay rack. The 858-4
blank plug-in panel is used when ‘ess than three
channels of readout are required.

Single Channei Area \10#.,tor';:d‘:)()“1




VLA 0.7

SPECIFICATIONS -

DETECTORS 857.1 or 857.2

Type: G-M tube.

Fill: Argon, halogen quenched.

Range: Model 857-1 Detector; 0.01 to 10 mR/hr.
Mode!l 857-2 Detector: 0.1 to 10¢ mR/hr.

!mutz Oependence: =15% from 100 Kev to 1.5

Radiation Detscted: Gamma.

Tempera’ure Limits: —20°F to 140°F
(~=29°C to 50°C).

Piesaure Limits: 30 psig.

Humidity Limits: 0 to 100%.

Connector: AN3102-18-1F, .

Detector Element Life: Exceeas 1000 hours at full-
scale or over.

Electronic Expesure Life: Approximately 10* Rads.

Dimensi~as: 3" diameter, 7" high
(7.63 cm, 18.1 cm),

Weight: Approximately | pound (0.45 Kg).

Mounting: Wall bracket.

Remote Cinability: Up to 1000 feet.

READOUT MODULES 856-1 or 356-2

Meter Scale Size: 3%2" (8.90 cm) taut band.

Alarms:
Fail Alarm; A green pushbutton light is provided
on the front pasel. This light is ON during op-
eration and goes out if the signal or power fails.
This circuit automatically resets wnen a maifunc-
tion is corrected. Depressing this pushbutton
will activate the check source in the detector
Causing ar. upscale reading proving the zhannel
integnity. The pushbutton is spring lcaded and
will return the channel to normai cperation when
releaseq.
High Alarm; A rzd pushbutton light is provided
on the front panel. This light wiil go ON when
the radiation exceeds the preset 'evel. Depress.
Ag this spring !caded Outton will reset the
alarm when the radiation has subsided beiow the
preset level. Tre alarm will not reset wniie the
ragiation level is above the alarm set point.
The High Alarm level trip point is adjusted by
means of a 15-turn potentiometer, located on
the printed circuit board.

Cantrols:
Rotary Function Switch; “OFF” position shuts off
3ll power to the channel, “OPERATE" position
puts channel into normal operation. In “ALARM
POINT™ position meter needle indicates where
the alarm point is set. The alarm circuit is iso-
lated to prevent the alarm from actuating and to
prevent a recorder/computer from mcmnx the
alarm point when switch s held in the “Alarm
Point” position. This switch is spring lcaded to
return to the “OPERATE" position when rejeased.
External Alarm Contacts; High and fail; 5 amp.
eres, 120 voits; SPOT.

Recorder Output: O to 10 mv. Spans five decades
(isolated from computer output).

Computer Output: O to 50 mv (isclated).

Connector: Terminal strip for hookup of detector
cable, recorder, computer, external alarms and
foilcw meters on Back of printed circuit boards.
Accessible from front with unit withdrawn from
rack.

Temperature Limits: 32°F to 120°F
10°C to 49°C).

Humidity Limits: 0-95%.

Input Power Requirement: 117/234 voits =15%,
50/60 Mz,

Power Supplied: +600 voits regulated, +22 volts
unregulated, + 10 voits regulated, —6.8 voits
regulateg.

Auxil Power: 15 to 18 voits d.c. battery (stand-
by, ma maximum.

Meter Response: (Approx.) 2.5 sec. for full-scale
detiection.

VICTOREEN INSTRUMENT DIV. of VLN
10107 WOODLAND AVENUE « CLEVELAND, OHIO 44104 | VICTOREEN

Phone: (216]) 795-8200

Time Constant: 60, 6 6sec.a Ol 1.1 mR/hr
respectively.

Dimensions: 5%” wide, 312" high, 111" deep
(144 cm, B.90 cm, 28.3 cm).

Weight: Approximately 3 pounds (1.36 Kg).

REMOTE ALARM 85841
Visual Alarm: Red light, 1" square, %" thick
(2.54 cm, 1.27 cm).
Auldlblo Alarm: Loud buzzer activates with alarm
gnt.
e ?omo as the "High Alarm” on the Readout
ule.
Temperature Limits: —20°F to 140°F
(=29°C to 60°C).
Humidity Limits: 0 to 95% (weatherproof),
Mounting: Heavy duty industrial junction box with
fianges for wal! mounting.
Dimensions: 7" high, 7" wide, 4" deep
(178 cm, 17.8 cm, 10.2 cm).
Weight: 43 pounds (2.15 Kg).

REMOTE ALARM/METER 858-2 or 858.3
Range: Mode! 858-2; 0.01 to 10? mR/hr.
Model 858-3; 0.1 to 10¢ mR/hr.
Visual Alarm: Same as Remote Alarm above.
Audible Alarm: Same as Remote Alarm abore.
Logic: Same as Remote Alarm above,
Temperature Limits: Same as <emote Alarm above.
Humidity Limits: Same as Remote Alarm above.
Mounting: Same as Remcte Alarm above.
Dimensions: Same as Remote Alarm above.
Weight: 5 pounads (2.26 Kg).
Meter: 34" wide with 5 gecade display (8.30 cm).
Remote Alarm/Meter tracks readout module
meter within =29% of fullscale.

SINGLE CHANNEL

Application: Singie Channe! Area Monitoring Read-
out Module.

Construction: Wrap-around, welded steel case, with
channel guide for module insertion.

Mounting: Rubber pads for bench or sheif
mounting.

Dimensions: 4V2” high, 612" wide, 12” deep
(11.4 em, 16.5 cm, 30.4 cm).

Weight: 53 pounds (2.60 Kg).

RACK CHASSIS (848.1) &

Application: Muiti-channel Area Monitoring REEGY
out Modules.

Construction: Theet steel weided to angle st &
Drackets, with plastic guides for insertion of
three readout modules.

Mounting: Oesigned to fit in standard 19 inch &
relay rack. ,o
Dimensions: 3%” high, 19” wide, 11" deep
(8.90 cm, 48.3 cm, 28.3 cm). /,/49
Weight: 7% pounds (3.50 Kg). é

Application: Fill in blank space(s) of the rack
chassis.
Construction: Aluminum frame with black finish.
Mounting: Simply slides into the rack chassis.
Dimensions: 3%” high, 5%" wide
(8.90 cm, 14.4 em).
Weight: .2 pound (0.23 Kg).

DETEC™ "R CABLE (848.5)
Type: ti-conguctor: outer insulation

wate, poof.
Outside Diameter: ¥:* nominal (1.27 cm). ';4 :)042
Temperature Limits: —40°F to 158°F

(=40°C to 70°C). x

Nt I e A
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BLANK READOUT MODULE PANEL (858-4) %/;/
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MODEL 841-1 CONTINUQUS FILTER
AIR SAMPLER

Filter Tape: 3 in. wide by 960 in. long
(7.62 cm, 2440 cm), H-V 70, gauze
back is recommended.

Filter Movement:

Continuous Mode: 1 in./hr. with fast
advance to clear filtering operation
of used filter in less than 30
seconds.

Step-Advance Mode; Counting tine
on fixed position variable up to 24
hours. Automatic filter advance
speed is 7% in./min,

Drive Mechanism: Motcriess, solenoid
operated capstan.

Shielging: 2 in. (5.10 cm) lead around
sensitive end of the etector.

Sampling Area: 3 in.? (19.4 cm?),

Capstan: 7% in. (19.4 cm) diameter
for flat detector face.

Inlet Connection: 1 in. (2.54 cm) O.D.
tubing.

Outlet Connection: 1 in. (2.54 cm) 0.D.
tubing.

Dimensions: 7% in. high, 11 in. w.ge,
17 in. deep (194 cm, 28.0 cm,
43.2 cm).

w-(. ht:K :,ppmimatcly 110 pounds

'AODEL 841-2 FIYED FILTER/
IODINE SAMPLER

Fiiter:
Particulat*; 2 in. diameter disc
(5.10 cm).
lodine; 2 in. diameter, 3 in. thick
charcoal cartridge (5.10 cm,
1.91 cm).
‘ Shielding: 2 in lead (5.10 cm). (4 » Pb
snielding available upon request).
Inlet Connection: 1 in. (2.54 cm) Q.D.
tubing. .

Outlet Connection: 1 in. (2.54 cm) C.D.
tubing.

Dimensions: 8 in. high, 8 in, wide, 15
in. deep, (20.3 cm, 20.3 cm,
38.1 cm).

Weight: Approximately 150 pounds
(68.0 Kg).

MODEL 841-3 OFF-LINE
EFFLUENT SAMPLER

Sensitive Volume: 191 cu. in. (3130 cc)
with well instailed. 215 cu. in.
{3520 cc) with 843-5 detector
installed.

-
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Shielding: 3 in. lead (7.62 cm).PUGR

iniet Connection: 1 in. (2.54 ¢cm) Q.D.
tubing.

Qutiet Connection: 1 in. (2.54 ¢cm) O.0.
tut 'ng.

Samplar Liner: Stainless Steel, remov-
able for easy decurntamination. De-
signed to accept 843-30 Gamma
Scintillation Detector. Detector Well
is not installed when 843-5 Thin Wall
Beta-Gamma Delector is used.

Internal Walls: stainless steel.

Pressure Limits: 150 psig with well
installed. 15 psig with 843-5 detector
instailed.

Dimensions: 14% in. high, 15 in. wide,
25% in. deep {37.5 cm, 38.1 cm,
63.5 cm).

Weight: 555 pounds (252) Kg.

MODEL 8414 IN-LINE
EFFLUENT SAMPLER

Sznsitive Volume: 218 cu. i.'. (3570 cc).

Shielding: 2 in lead (5.10 cm).

Mounting: Fits between standard 4 in.
(10.2 cm) pipe flanges. Adapters
available for other pipe sizes.

Detector Well: Stainless steel, remov-
able for easy decontamination. De-
signed to accept 843-30 Gamma
Scintiliation Detector.

Internal Wall: Stainiess steel.

Pressure Limit: 150 psig.

Dimensions: 22% in. high, 10% in,
wide, 19 in. deep (56.7 cm, 27.3 cm,
48.3 cm).

Wtiggt: Approximately 150 pounds
(68.0 Kg).

MODEL 844-1 10 CFM
PUMPING SYSTEM

Capacity: 10 c¢fm normal operation at
1325 rpm, 5-10 scfm range.

Type: Features a 1% HP, 1800 rpm
mator, an oil-less/constant displace-
ment/carbon vane vacuum pump
with a vacuum relief valve; a by-pass
valve and a vacuum switch.

Inlet Connection: 73 in, (2.22 c¢m) 0.D.
tubing.

Outlet Cannection: 73 in. (2.22 cm) 0.D.
tubing.

Motor: 1.5 H.P., 60 Hz, 115V a.c.

Controls: On-Off switch provided on en-
closure or remote pane!. Flow control
valve at the inlet of pumping system.

£
——

“-. (With 4 v Pb Shielding) =, .

CRIGINAL

Dimensions:
28 in. deep (38.
71.1 cm).

weight: 140 pounds (€3.5 Kg).

MODEL 844.2 4 CFM
PUMPING SYSTEM

Capacity: 4 cfm maximum at continuous
duty.

Type: Features an integral ¥ HP, 1725
rpm metor and oii-less/ constant dis-
placement/carbon vane vacuum
pumg with a vacuum relief valve; a
by-pass valve and a vacuum switch.

Iniet Cannection: 7 in. (2.22 cm) O.D.
tubing.

Qutiet Conner:‘on: % in. NPT,

Mo’or: 0.5 H.P.,, 60 Hz, 115V a.c.

Controls: On-Off switch provided on en-
closure or remota panel. If remote
operation, a3 motor starter should be
specified. Flow control valve at the
inlet of pumping system,

Dimensions: 9 in. high, 7.5 in. wide,
18 in. deep (22.8 c¢m, 19.0 cm,
45.8 cm).

Weight: 50 pounds (22.7 Kg).

, 12.5 in. wide,
cm, 318 cm,

MODEL 844-3 CHECK SOURCE

Type: Solenocid operated.
Controls: Pushbutton on the ratemeter.

Source: 137 C= less than 10 «c (AEC
exempt quantity).

MODEL 844.4 ENCLOSURE (SMALL)

Application: Fixed filter system, iodine
system, Continuous filter system or
Off-Line Efluent Monitor.

Mounting: Skid mount, standard, casters
optional.

Construction: Heavy duty steel platform.
Welded cabinet with removable frent
panel.

Dimensions: 34 in, high, 27% in. wide,
33 in. deep (137.2 cm, 70 cm,
83.8 cm).

Weight: 325 pounds (147 Kg).

MODEL 84<.5 EMCLOSURE (LARGE)

Application: Combination sys‘ems,
Mounting: Skid mount, standarg, casters
optional. L £y A
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Construction: Heavy duty stee! platform.
Weided cabinet with removable front
panel,

Dimensions: 54 in. high, 43 in. wide,
33 in. deep (137.2 c¢m, 109.7 cm,
83.8 cm). -

Weight: 450 pounds (220 Kg).

MODEL 844.6 GAS MONITOR FILTER

Type: Crud filter to prevent large con-
taminated particles from entering the
sampler.

Efficiency: 50% for 5 micron particles,
Inlet Connection: 3 in. NPT, femaie,
Jutiet Connection: 3% in. NPT, female.

Dimensions: 5 in. diameter, 12 in. long
12.7 em, 30.5 cm).

Weight: Approximately 10 pounds
(4.55 Kg).

MODEL 844.7 RATEMETER
RACK CHASSIS

Application: Mounting the 842-10 thry
84240 ratemeters in a relay rack.
Accommodates two side by side.

Construction: Sheet steel, reinforced
with heavy gauge brackets.

Dimensions: 5% in. high, 19 in. wide,
13.5 in, deep (13.3 cm, 48.3 cm,
34.4 cm).

Weight: 14 pounds (6.35 Xg).

MODEL 344-8 BLANK
RATEMETER PANEL

Application: Filling up the 844.7 rack
chassis when only one ratemeter is
used.

Dimensicns: 54 in. high, 8% in. wide,
0.5 in. deep (13.3 cm, 21.0 cm,
1.27 cm).

IMODEL 841-2-64 FILTER
(CCNTINUOUS ROLL)

Type: Hollingsworth-Vose 70, gauze
backed.

Efficiency: 99% for less than 0.3
micron particles.

Dimensions: 3 in. wide, 80 ft. long
(7.65 cm, 2440 cm),

MODEL 841-2-22 FILTER (DISC)

Type: Hollingsworth-Vose 70, gauze
backed.

Efficiiacy: 99% for less than 0.3
micron particles,

Dimensions: 2 in. diameter (5.10 cm).

MODEL 341-2-23 CARTRIDGE
{(I7DINE)

Type: Activated charcoal, Potassium
lodide (KI), im, egnated charcoal
optionally available for Methol lodide
(CH,!) detection.

Efficiency: Greater than 5% for field
iodine,

Dimensions: 2 in. diameter, % in. thick
(5.10 cm, 1.91 cm).

MODEL 844-17 REMOTE ALARM

Type: The 844-17 features audible-
visual alarms and the 115V a.c. re-
mote alarm input is obtained through
interconnecting with 842 Series
Ratemeters.

Visual Alarm: Red light 1 in. square,
¥ in. thick (2.54 cm, 1.27 cm).
Audible Alarm: Loud buzzer activates

with alarm light.

Logic: Same as the “High Alarm” on
the 842-10 or 842-20 Ratemeter.
Temperature Limits: —20°C to 50°C

(4°F to 140°F).

Pressure Limits: 15 psig.

Humidity Limits: O to 100%
(weatherproof).

Mounting: Heavy duty industrial ;une-
tion box with flanges for wall
mounting.

Dimensions: 12% in. high, S% in,
wide, 5 in. deep (31.1 c¢m, 23.5 cm,
12.7 em).

Weight: 10% pounds (4.76 ¥3).

MODEL 844-18 REMOTE
ALARM/INDICATOR

Type: 844.18 features audible-visual
alarms and the 115V a.c. remote
alarm and remcte meter inputs are
obtained through interconnecting
with B42 Series Ratemeters,

Visual Alarm: Red light, 1 in. square,
Y2 in. thick (2.54 cm, 1.27 cm).
Audible Alarm: Loud buzzer activates

with alarm light.

Logic: Same as the “High Alarm” on
the 842-10 or 842-20 Ratemeter.
Meter: 3% in. wide with 8 decade dis-

play (8.90 ecm).
Temperature Limits: —20°C to 60°C
(=—4°F to 140°F).
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Pressure Limits: 15 psig.

Humidity Limits: 0 to 100%
(weatherproof).

Mounting: Heavy duty industrial junc-
tion box with flanges far wall
mounting.

Dimensions: 12% in. high, S% in,
wide, 5 in. deep (31.1 c¢m, 23.5 cm,
12.7 cm).

w.ight: Approximately 11 nounds
(5 Kg).

MODEL 844.3 CONTROL PANEL

The 844-9 Control Panel has been de-
signed for use with Continucus Air
Monitoring Systems and features pro-
visions for control and visual monitor-
ing of the 115 volt, a.c., 60 Hz. input;
gumpmg system control, normal or
ixed program selection of filter tape
transport mechanism with manual fiiter
tape acvarice override as well as a filter
fault (ight to indicate end of tape or
torn tape; flow fault light to indicate
lIcss of flow, 0o low or too high flow.
The panel is designed to be mounted
in standard 1S-inch wide rack opening
and is S¥ inches high and 8% inches
wide,

MODEL 844-10 CONTROL PANEL

The 844-10 Control Panel has been
designed for use with Fixed Fiiter Air/
lodine and/or Off-Line Effiuent Monitor-
ing Systems and features provisions for
control and visual monitoring of the
115 volt, a.c., 60 Hz, input; pumping
system control; flow fault light to indi-
cate loss of flow, too low or too high
flow. The panei s designed to be
mountad in standard 19-inch wide rack
opening and is 5% inches high by
8% inches wide.

MCDEL 844-14 SINGLE CHANNEL
RATEMETER ENCLOSURE

Application, Single channel ratemeter
module.

Conctruction: Wran-around, welded stea!
case with channel guide for module
insertion.

Mounting: Rubber pads for bench or
shelf mounting.

Dimensions: 6% in. high, 9% in. wide,
15 in. deep (15.5 cm, 24.1 cm,
38.1 cm).

Weight: Approximately 10 sounds
(4.55 Kg).

40014
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3 System Versatility Through Use of Modular Components

R

3 Removable Detector Well for Easy Gamma
» Decontamination

a3 Dynamic Range to 10®° CPM in Either Linear
cr Log Display

a Ease of Maintenance Through Use of Plug-In Printed
Circuit Boards
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APPLICATIONS

Theé purpose nf an In-Line Monitor is essentially the
same as that of an Off-Line Monitor, which is to pro-
vide sufficiont verification that the effiuent material
passing through a system is within the maximum
permissible concentration (mpe) as stated in tie
Federal Code of Regulations. The Modei 840-4 ca~
be used for either liquid or gaseous effiuents as long
as the temperature and pressure remain within speci-
fications. Non-corrosive material for all wetted sur-
faces combined with the removable detector well
minimizes contamination problems.

Typically, secondary coolant loops, heat exchangers,

and laboratory drain lines are monitored with in line
systems such as the Model 840-4. The Code of Fed-
eral Regulations requires licensees using radioiso-
topes to record data on radiocactive effluents at the
point where control is relinquished. The maximum
concentrations that car legally be tolerated are listed
in the accomparying table. Although, normally used
for gross gamma monitoring, the Model 843-30 Scintil-
lation Cetector Assembly can be utilized with either
the Model 842-40 or 842-30 Ratemeter/Analyzer for
single channel analyzing of specific isotopes.

SYSTEM DESCRIPTION

The In-Line Effluent Monitoring System is the sim-
plest of all VICTOREEN menitering systems. The
basic parts of a typical system re the 841-4 Sam-
pler, the Model 843-30 Scintillation Detector Assem-
bly and a Model 842-10 Log Ratemeter. The Mode!
840-4 is designed to fit directly into a 4 irch diam-
eter pipe through the use of standard 4 inch pipe
flanges. Adapter flanges are available for coupling
the In-Line Effluent Monitor to smaller size pipes.

Also included is a soienoid operated check source -

Sampler
(With 4 ™ Pb Shielding)

(Model 844-3) with which to check system integrity
by means of a pushbutton cn the ratemeter module.
The ratemeter provides high radiation, alert, and
failure alarms as standard features. The ratemeter
can be remoted to a control console located at any
distance desirable from %.e sampling point.
Certified test data has shown that VICTOREEN Process
Monitoring Systems will continue to operate with a
seismic lcad of 1 G in the horizontal and vertical
direction over the frequency range 1 — 30 Hz.

- r ’
SFECIFICATIONS

Effluent Sampie Temperature Limits: Mode! 843-30
detector; 0°C to 50°C (32°F to 120°F).

Pressure Limit: 150 psig.
Shielding: 2 in. lead (5.10 c¢m) standard. Optional
4 Pb shielding available on request.

Detector Well: Stainless steel, removable for easy
decontamination. Designed to accept 843-20
Gamma Scintillation Detector,

Dimensions: Mounts between two standard 4 in. pipe
flanges (10.2 cm). Length 18% in. between flange
faces (48.0 zm).

Weight: Approximately 150 pounds (68 Kg) for stand-
ard 2 in. Pb shielding.

«3904%6
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. System Sensitivity To Liquid Effluent with *
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{ TABLE 1-1.  .A MONITORS -
Channel X:;o Description Lecal Alarm| Readout Detector EL’:’”" Remarks
Sheet 1
HP-R-201 | A1 | Contiol Room None 856-2 857-2 904550
) Sheet 1
HP-R-202 | A2 | Cable Room 868-3 Mod. 856-2 857-2 904550
Reactor Bldg.-l:.‘.mer. Cool - . y Sheet 2
HP-R-204 | A3 tog Boseter Pump Arves 858-3 Mod. | Bb6-2 857-2 904550
Reactor Coolant Evapor- : Sheet 2
NP-R-900 | M6 ator Control Panel Area 085-2 N, —s wr-2 904550
Sheet 3
HP-R-206 | A5 | Make-Up Tank Area 858-3 Mod. 856-2 r5T7-2
904550
Intermediate Cooling Sheet 3
HP-R-207 | A6 Pump Area 858-3 Mod. 856-2 857-2 904550
904150 At 12 Fuel 856-2 Sheet 4 | Readout Unit Is Local
RP-R-0| A7 Handling Bridge-North 55 Evec. Local s 904550 | Common To Evac. Alarm
904150 At 12 Fuel 856-2 Sheet 4 | Readout Unit Is Local
#P-R-E101 AP Handling Bridge-South 55 Bwe. Local -2 904550 | Common To Evac. Alarm
858-3 Mod. Sheet 5
HP-R-211| A9 | Personnel Access Hatch 858-1 Mod. 856-2 857-2 904550 Common To Evac. Alarm
858-3 Mod. |- Sheet 5 :
HP-R-212| A10 | Equipment Hatch 858-1 Mod. 856-2 857-2 904550 Common To Evac. A'arm
HP-R-g13] Ata | -Cove Instrement Panel | 53 Mo, - - Seet € | nosmon To Evae. Alerm
Area 904550
" 847-1 In 904120 Sheet 6
HP-R-214| A12 | Reactor Building Dome RB Evac. 846-1 Containment | 904550 Common To Evac. Alarm
~ 856-2 Shes' 7
- ™ & ’
HP-R-215| A13 | Fuel Handling Bridge None Sacmad 857-2 904550 Readout Unit Is Local

Vi e
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Waste Disposal Stor: ' Sheet 7
HP-R-218 |A14 Sean 858-3 Mod. 856-2 B857-2 904550
Aux. Bldg. Sump Tan). 856-3 Mod. Sheet 8
HP-R-331 MIS| riter Boom 858-1 Mod,[ 2062 e 904550
Access Corridor Colu.an Sheet 8
HP-R-232 |Al6 AT/A61 858-3 Mod. 856-2 857-2 904550
Access Corridor Coliinn Sheet 9
HPAR-233 |A17 AN/A63 868-3 Mod. 856-2 857-2 904550
Access Corridor Col:: nn Sheet 9
HP-R-234 |Al8 CE /C50A 858-3 Mod. 856-2 857-2 904550
Reactor Bldg. Purge 858-1 Mod. Sheet 10
HP-R-3236|A19 e A 858-3 Mod. 856-2 857-2 904550 Common Bridge A2
Aux, Bidg. Fxchange 858-1 Mod. Sheet 10
HP-R-3238|A20 S Bma 856-3 Mod. 856-2 857-2 904550 Common Bridge A2
Fuel Handling Excha 858-1 Mod. Sheet 11
HP-R-3240(A21 Unit Area 858-3 Mod. 856-2 857-2 904550 Common bridge A2
-F_';
\é‘
e
&) /



1.3 PROCESS MONITORS.
1.3.1 Unpackaging
1.3.1.1 842 Series Ratemeters. See Figure 1-11.

Wy

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 1 thorough visual inspection to assure no obvious
damage has occurred.

1.3.1.2 843 Series Detectors. ' | PUUR UR'GINA'.

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 atmospneric 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.

T B % A Yaut 2 T I

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.

An050
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TABLE 1-2  QROCESS MONITORS
Vico == Local Readout- | Detector -| El.Dwg
Ch : t
mamel Ref. A, Alarm Sampler Serial # Serial # No. Romarks
4 842-10 | 843-20A
Part. 1 841-1 762 144 Automatic
. 801A & V 4n 842-20 | 843-30
HP-R-219 |lodine 1 |Station Vent M .itor On Encl. |841-2 720 148 904549 Isokinetic
4r 842-10 | 843-20
Gas 1 ii-a8 743 140 Sampling
an 842-10 | 843-20A
Part. 2 841-1 747 181
801A & V 4 842-30 | 843-30
HP-R-220 |lodine 2 | Control Room  .take Duct On Enel. |841-2 732 266 904549
s s 47 842-10 | 843-20
- 841-33 759 166
4 842-10 | 843-20A
Part, 3 841-1 738 195
Fuel Handling 'dg. Exh. 80lA & V 4w 842-30 | 843-30
HP-B-22IA [10de 3 | Dot - petre. On Fncl, |841-2 744 222 "
4 842-10 | 843-20
Gas 3
as 841-33 669 177
4 842-10 | 843-20A
Par*,
art. 4 841-1 671 276
: Fuel Handling |dg. Exh. 801A & V 4r 842-30 | 843-30
HP-R-221B | lodine 4 | f et - Downs! am On Encl. |841-2 748 186 g
. ar 842-10 | 843-20
841-33 662 225




e1-1

4x 842-10 | 843-20A
Part. § - 841-1 756 187
801A & V 4n 842-30 | 843-30 )
-R-229 |lodine 5
HP-R-2 lodine Hydrogen Purge Duct On Encl. | 841-2 761 254 904549
g ree 842-10 | 843-20
841-33 670 163
4x 842-10 | 843-20A
Paxt. § 841-1 568 180
RB Purge Air Exhaust 801A & V| 4n 842-30 | 843-30
HP-R-225 llodine 6 | et A On Encl. | 841-2 734 157 o
i ar 842-10 | 843-20
841-33 755 127
ar 842-10 | 843-20A
. ¥ 841-1 673 123
RB Purge Air Exhast 801A& V in 842-30 | 843-30
HP-R-326 |lodine ¥ | oot B On Encl. | 841-2 764 245 00560
ey ir 842-10 | 843-20
A 841-33 . 676 215
. & ar 842-10 | 843-20A
art. 841-1 741 138
A Aux, Bldg. Purge Air 801A& V 4r 842-30 843-30
NP-B-R0E hedied Exhaust - Upstrcam On Enci. | 841-2 34 251 v Qt
. | ax 842-10 | 843-20 (1
- 841-33 760 178 =
=t o h in 842-10 | 843-20A ]
' 841-1 757 168 ==
Aux. Bldg. P e Alr BOIA & V| 4r 842-30 | 843-30 \Ga
HP-R-228 |lodine 9 | b haust - Do . itream On Encl, | #41-2 743 263 — =2
s 4 842-10 | 843-30 M~
- 841-33 658 136
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TAPLE 1-2, PROC

VIONITOE S (CONT'D.)

Vico Local Readout- | betector- 1 El, Dwg.
Channel Rel. Descript:: Alarm Sampiexr Serial # | Serial # No. Remarks
ax 842-10 | 843-20A
e 3% 841-1 743 182
801A & V| 4r 842 30 |843-30-
HP-R-227 | lodine 10| Reactor Air Sampler Line On Encl. | 841-2 685 191 904549
in 842-10 |843-20
Ges 16 841-34 660 123
Local
Part. “tl 8i3-10 (ThaiTA
682 -
Movable Monitor - Spent 801A& V| 4r Local | o.4 a9 '
HP-R-223 | lodine 842-30 904567 Portable Monitor
Fuel Area On Encl. | 841-2 671 288
. N
841-33 — 176
Part s sli(;c-allo ) |843-20A
841-1 o 158
Movable Monitor - Aux 801A & V| 4n Local 10,9 30
-l =2" » -
HP-R-224 | lodine | p oo iy O 84:.2;30 IR 904567 | Portable Monitor
Gas d» BI;(;c-allo 843-30
841-33 . 185
Primary Coolant Let- 842-10
Liquid-1 4 : _
MU-R-720 down = Gross None 34129 . i 8‘220” 904889
' Liqaid-2 Primary Coolant Let- 842-30
qa down - lodine 766
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S1-1

B e a i P el i sy Sl e L G Rk TR f
&lntermedlate ool, uzo 4 842-10 843-30
IC-R-1091 [Liquid-3 |\ cir.  U-C-1B None 841-34 663 178
L [Intermediate ool. Hp0 ) 4 B42-10 843-30
IC-R-1092 |Liquid-4 | ;00 Cir. U-C-1A “as 841-34 751 173
lIntermediate ool, H,O i 842-10 843-30
“R- " « Hy
IC-R-1003  [Liguid-$ | oler Outle Wone 841-33 683 180
904149
Liquid Effluc - Al. Mod. i 842-10 ) 843-30
WDL-R-1311jLiquid-6 1, ., 4o On WDL | 841-33 675 199 904000
Panel
Decay Heat ( »sed Cool- = 4x 842-10 | 843-30
DC-R-3399 |Liquid-7 ing Water - op A . | None Sid-d8 o pt 904889
g _a |Decay Heat ¢ 1sed Cool- in 842-10 | 843-39
DC-R-3400 |Liquid-8 ing Water - op B None bl 23 it i 904889 o
Nuclear Serv es Closed in 842-10 843-30
NS-R-3401 |Liquid-9 lcooling Wat None S41.58 bl i 904889
e ) dr 842-10 | 906015 Detectar
SF-R-3402 [Liquid-10|Spent Fuzl C ling None 841-34 753 N/A 904889 |well aidded
t‘iater Trea—l nt and Con- | 801A & V 4 Local 843-30 ~°
WT-R-3894 |Liquid-11{, ‘ 842-10 905222
nsate Pol! ng On Encl, | 841-34 o 151 S
Water Treat nt and Con- | 801A & V 4w Local 843-30 Q
WT-B-? 0% Nagna-i3 idensate Poli ng On Encl, | 841-34 3-19 290 v % o
750 - —
L 904149 =
WDG-R-1480/Gas-11 aste Gas I  harge Al. Mod. iw 842-10 | 843-20 N‘h,
' ¥ On WDG | 841-33 733 269 e
Panel -
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TABLE 1-2, P

88 MONITORS (CONT'D.)

- —

Vico Local Readout-| Detector- | El. Dwg.
Camet | ms sl Alarm | SamPler | corial# | Serial# | No. Remevhs
904149
k Decay Gas Tank 1A Al. Mod. | 4x 842-10 |843-20
WDO-R-1000000-13 | neachiorge On WDG | 841-33 752 265 o
Panel
904149
Decay Gas Tank 1B Al Mod., ix 842-10 |843-20
waG-R ““*0“"3 Discharge On WDG | 841-33 723 161 i
Panel
Condenser Vacuum Pump iw f42-10 |843-20 .
VA-R-748  [Gas-14 | MO Nore g s . 904863
A4
a3
-
&
-
%
¢l /
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1. 3.1.5 Liquid Monitors. Sece Figures 1-16, 1-17, *-1R. .-19, 1-20 and 1-21.

The liquid monitor components have been factory as.«.wled on a steel baseplate
mounted on a stee! skid. No actual unpackaging will be required, however, each
unit should be inspected for obvious shipping damage. It is not advisable to Jis-
assemble these units to inspect for damage. A pratective steel enclosure has been
furnished with two liquid units. Interior inspection of these units should be complete.

1.3.1.6 Gas Mov.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
shculd 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 facto~y wired to operate on 120 volts 1 phase,
60 Hz power. Since the majority of the equipment has been factory installed in panel
12, it will not be necescary to wndividually connect power to edach piece of equip-
ment. The ratemeters shipped as part of an atmospheric monitor or liquid monitor will |
be covered under the appreopriate 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) arnd Portable Monitors (drawing 904567

Each atmospheric monitor or portable monitor will require 480 volts, 3 phase, 60 Yz
power. Refer 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. . /0lts ' phase, .J Hz power. Refer to drawings
904889 and 905222 “or individual unit details.

1.3.2.5 Gas Mwmitors.

Each gas monitor will require 120 volts, 1 phase, 67 Hz power. Refer to drawing
904863 for individual unit details.

1.3.3 Installation PcnR u;uGlNAl
1.3.3.1 842 Series Ratemeters - Panel 12. i

A1l 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 comnleting
field wiring to panel 12 the ratemeters will need no further installation.

T AN0NY



3.3.3.2 842 Series Ratemeters - Monitor Enclosure Mounted.

A1l wiring connections to each enclosed mounted ratemeter have been made at the
factory from two terminal strips (T81 and TB2) on the rear panel of eac" 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
be covered under the installation section for the enclosure.

2.3.3:.3 843 Series Detectors. .

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

1.3.3.3.1 843-20 Beta Detectors.

Normally all beta detectors will be shipped in operating position. 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 Detectcrs. 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 samplier. Consult Table 1-2 for the proper serial numbers of detector/
ratemeter/sampler combinations. (;
N

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.

5 , B . it

necessary to torque the belts 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.

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

place. Selection of bolts and mounting hole locitions are left to installation super-\\_

vision as requirements will vary with locations. .

1-18 e 330057



Following physical placement of the enclosure the sample inlet and outlet lines
should be connected. Follow the recommendations for isokinetic sample lines 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 1-16.

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. I)(](][‘ (}I{I{;lhl'\l.

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
nc.:zle do not vibrate during normal duct flow conditions. Nozzle/piping installation
should be in accordance with ANSI Standard 13.1 - 1969.

R T o i AN OSSR SRS TR | . | - el

details.

1.3.3.5 : giquid 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.

FAB00L8
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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. -
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 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 from the wooden shipping skid to complete
unpackaging. Inspect the internals of the pan2l to ensure all relays are in place
and properly seated. Also check the recorders for obvious damace.

1.4.2 Power Requirements.

Refer to drawing 905031 for power requirements. P““R “R\G\“A\.

1.4.3 Installation.

C

" 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 instalied in panel 12. See drawing 904924,

The foliowing list indicates tne equipment to be {ielu conuected and wis cievei ivus
drawings covering those connections. See also drawing 904924 for terminal board layouts.

cquipment Electrical Dwg. No.
1) Area lonitors 904550
2) Atmospheric Monitors 904549
3) Liquid Monitors 805222
4) Gas Monitors 904863
5) Annunciator Panel 211 805166

The annunciator panel interconnactions will be by mean~ of factory supplied cables
with connectors on both ends. It will be necessary to easure 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. (\A

PLRANS
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SECTION I:

.
- -

OPERATION

v POOR ORIGINAL

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 tc radiation.

The readout module/detector combination may be designed for HI, MED or LO 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 LO 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 r.adout module front panel.

Simultaneous meter readouts may be presented at one or more fieid units and computer
outputs. The recorder outputs are 0 to 10 mV and the computer outputs may be
connected for 9-50 mV, 0-1V or 0-5V. The computer outputs have been furni. hed
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 POT 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:
A /
A. The Panel Meter.

B. Function Switch - This is the only rotary switch on the front panei. [t
turns the module on and off, selects the operating conditions and allows aiarm 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 indicate. alert radiation alarm
trip. Amber indicator off indicates aleri radiation alarm is de-energized. Amber
button pressed while function switch is ot ALARM, displays alert alarm 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 applmcable if the alarm is being operated on
the automatic reset mode.

E. Red Button/!ndicator'-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 at OPER. resets the hﬂqh radiation alarm if the dis-
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ﬁlayed 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. C

2.1.1.2 Performance Specifications.
2.1.1.2.1 Detector/Readout Module.

SMRRanges: 5-decade; 10-2mR/hr to 103mR/hr; 10-lmR/hr to 104rR/hr; 1mR/hr to
10°mR/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

- Temperature Limits: Rezdout Module; 320F (0OC) to 120°F (490°C). Detector;

-20°F (-200C) to 140°F (600C)

Humidity: Readout Module; 0 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: OPDT, 5 ampere resistive at 120V ac

External Alarm Relay Contacts: 4 PDT, 10 amperes inductive at 120V ac, 1 ampere
inductive at 125V dc Sl

Recorder Output: 0 to 10mV, +3%

Computer Output: O to 50mV, 0 to 1V, 0 to 5V, +3%
Input Power: 120V, 1 phase, 60 Hz; +15% C
Internal Power Supplies: +600V dc regulated, +16V; +22V dc unregulated, +3V; .

+10V dc regulated, +0.5V; -6.8V dc regulated, +0.5V"

Readout Module Terminations: Rear panel terminal strips

Petector Terminations: AN3102-18-1P connector or equivalent

Detector Dimensions: 3 in. (7.63cm) diameter; 6-1/2 in. (16.5cm) 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 chanrel enclosure or 848-1 rack chassis

2.1.1.2.2 Local Alarm, 858-1.

Visual Alarms: ALERT (amber 1ight); HIGH (red 1ight). 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 (-290C) to 1400F (66<C)

Humidity Limits: 0 to 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): 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) B (ié
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Z7.1.1.2.3 Local Alarm/Indicator; 858-2 (LO Range), 858-3 (MED Range).

Visual 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 (-299C) to 1400F (600C)

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 horrn): 5 pounds (2.27 kg)

Panel Mater: 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 (2.5 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 Module Panel, 858-4. /

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 -
Temperature Limits: -400F (-400C) to 158°F (76°¢) 0 O3 4] 13

2.1.1.3 Start-Up Procedure.

The start-up procedure assumes; thé unit has been correctiy installed including the
detector and any field alarm boxes, cabling has been correctly terminated, 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

*\
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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 a-s ~d4 the actual reading. The meter variations should be averzged to (T—
ipproximate the .urrect 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 dc) difference between the electrodes
will cause the freed electrons (negative ions) produced by the primary event to be

ccelerated through the gas mixture toward the anode. Some of the accelerating (i ,
2lectrons will strike gas molecules causing additional ionization called secondary
ionization. The secondary ionization process continues ¢reating more and more free
electrons (gas amplification) which also accelerate toward 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-i tube to respond to
a primary event and quench is called dead time. Additional primary events cannot be
resolved since they will be masked by the activities already taking place within the
tube. . : : ' '

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 jamming) and unless special anti-jam circuitry is employed, could cause a radi-
ation reading of 2ero at the readout module while very high radiation levels existed
at the detector. A zero reading would result because the indicator circuitry counts
nulses and a G-M tube in continuous conduction producés 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. » -
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Gamma radiation acts on the G-M tube through Compton Scattering, Pair Production
of Photoelectric Effect. Any of the preceding processes will cause affected atoms
or molecules to give p 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

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
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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 gamma radiation levels in the (:‘
ictor building dome. The 847-1 detector is installed in a special 904120 housing

~ith stainless steel walls and a 2-inch lead shield for extended radiation level

response. The 846-1 readout module is located in nanel 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 readout 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 - S50mV. -

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 radiati~a 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 (l ’
»ssed causes meter to indicate high alarm trip set point. ’ .

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.

|AREA MONITOR
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Figure 2-16. 845 Series - Model 846-1 Readout Module
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2.3.2.2 Performance Specifications.
2.1.2.2.1 Detector/Reado t Module.

Ranges: 8-decade: O0.1mR/hr to 107mR/hr; 3-decade: 0.1 to 102. 1 to 103,
10 to 10", 102 to 105, 103 to 106, 104 to 107mR/hr
Accuracy: Decade accuracy will be within +10%
Circuitry: AIll solid state -
Type of Radiation: Gamma or X-ray
Energy Dependence: +10% from 80 keV to 3 MeV ‘
Directional Dependence: Less than 10% from any direction with 60Co
Type of Detector: Dual coaxial ionization chamber filled at atmospheric pressure
Pressure Limits: 15 psig, for both detector and readout module
Temperature Limits: Detactor: -200C to 600C (-4OF to 1400F); Readout Module:
0°C to 60°C (32°F to 140°F)
Humidity: O to 95% for both readout module and detector
Alert Alarmn: Adjustable trip levei, 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 dc,
5 amperes for each alarm: fail, alert, and high
Alarm Level Adjustment: Both the high and low level trip points are adjusted by
means of a 15-turn potentiometer, locatad on the printed circuit board.
High and Alert Alarm Reset: There are two modes of reset available. The standard
mode 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 mode 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 cof power. The indication is by means of the green
light turning off L

Recorder Output: 0 to 10mV, +0.14mV (Qlways indicating the full 8 decades)

Computer OQutput: 0 to 50mv, +0.68mV (Always indicating the full 8 decades)

Power Supply: 14.0V, +10mV

Input Power: 120/240V, +15%, 47 to 65 Hz

Detector Connector: AN 3102-16-1P

Readout Module Cornnector: Rear terminal strip

Detector Dimensions: 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

keadout 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
Qutside Diameter: 0.35 in. (0.3cm)
Temperature Limits: -320C to 709C (-40°F to 158°F)
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2.1.2.3 Start-Up Procedure.

The start-up procedure assuming the unit has been correctly installed including (f
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 radiaticn 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-d§cade range which is displayed on the upper (red) arc of the meter.
Positions 10¢ 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
selected. 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. .

THE viGTORAeN NG

Figure 2-17. Meter Scale ’ <;.\.

C. The check source may be activated by rotating the functicn switch to the
pu.ition labeled C.S. The meter deflection indicates the actual radiation intensity
of the <hack source. Upon de-energizing the check source, the 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 readings.

D. The amber alert alarm light will turn on when the radiation intensity exceeds
the preset level. When the amber 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 *he red
pushbutton light is depressed. This value can be read on any range and will nut bLe
indicated on the recorder output. :

F. The manual ¢iarm reset mode is the mode in which the alarms will lock after
they exceed their preset levels. Depressing the green (fail 1ight) pushbutton light
will reset both alarmus.

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.
»u this mode of operation the alarm(s) will trigger when the radiation exceed: the (\_
preset levels, and automatically reset when the radiation intensity falls below the

preset level. _
749067

X,

2-20



2.1.2.4 Shut-Down Procedure -
Rotate the function switch to OFF.

2.1.2.5 Design Data and Descriptions.
2.1.2.5.1 Detector. -

An jon 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 formed within the chamber. These currents (by definition) reveal the
radiation intens‘ty in Roentgens per hocur.

Figure 2-18 is a basic ion chamber circuit. The outer walis are connected to a high
voltage source which is czlled the collecting voltage. The center electrode is referred
to as the collecting eiectrode, 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 ardund the collecting electrnde.

? ‘
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'Figure 2-18. 847-1 Detector Ion Chamber Schematic
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wWhen the chamber is exposed to radiation, one or more electrons are removed from a number
the gas molecules within the chamber. The result is the formation of free electrons _
d p~<itive charged ions. The behavior of these charged particles depends on the chamber, ‘
-] tric field and type of gas within the chamber. The free electrons drift toward the <7
si. < electrode making many collisions with the gas molecules, the drift being in a
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 coliecting electrode and ground. The amount of current depends on the amount
charge collected per second, which in turn, depends on the radiation intensity.

~ COLLECTION VOL TAGE & _

™ TO
COLLECTING —D <G ik (__(> CASCADE
ELECTRODE ———o— wo— | AMPLIFIERS
e
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0 IMPEDANCE
SWITCH

|
19N CHAMBER 1 CHARGE
.'L CHAMBER SENSITIVE
r CAFRCITANCE PREAMPLIFIER
l

- v <T7

Figure 2-13. 847-1 Detector Schematic . (\ .

. /

The 845 system detector is a dual coaxial ion chambe - with a' high and low range ion
rrent output. The high range covers the highest four decades while tne lTow range covers
e lowest four decades. The chambers operate synchroacusly, 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
1liseconds at a rate of 3 times per second, see Figure 2-19. '

During the }/3 of a second time interval, in which the switch is open, the .onization
irrent I, charges the chamber capacitance to a value proportional to the radiation
jtensity. 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 conctant of R and C. The peak magnitude of that pulse is dependent on the collected
iarge 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 directl: proportional to the
,n*  “jon current. Thus, by definition, a measurement of the pulce 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 operzte synchronously, each with the O
ume 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 guafded 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 formed by the high impedance switch, the ion chamber
charged output capacity and the preamplifier has already been prez2nted. 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,, the
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-1inear 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.; Recorder Pfeamp]ifier 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 indicitor on when an

input signal is present. ' N , -
Regulated 14V supply consists of a series regulating element, Q11 with driver Q10, (j |
. 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 brawing 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 511enced only from a pushbutton in the control room.

Victoreen has only supplied the alarm horns, pushbutton and drawing 905474 showing

the suggested hcok-up of the alarm components and therefore, cannot guarantee the
proper installation or wiring of the evacuation alarm system.

R L LT
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Figure 2-31. 842 Series Log Ratemeter
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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.

The 842 Series Ratemeters comprise a portion of the process monitoring system. |
The ratemeter is in most cases installed in panel 12 although a number of the
ratemeters are field mounted in their respectiv> sampler enclosures as noted in
Table 1-2. '

The ratemeters are available with either 5-decade (10cpm to 106cpm) log or
linear readouts with or without single channel analyzer optional circuit boards )
installed. Siuultaneous meter 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 1V or 0 to 5V output, two
independently adjustable electronic comparator type radiation alarm trip circuits,
and a fail aiarm 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?rms. Note that the fail
alarm trip point is not user adjustable.

Each channel operates from its own integral high and low voltage power supplies.
A1l 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-
cessing circuitry. The CAL frequency of approximately 6 x 104cpm when routed to
the ratemeter input, cause a 6 x 10%pm meter indication from a correctly function-
ing urit. A radicactive check source near the detector is actuated from
the r?temeter 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 dc taults occuring on either or both the recorder and computer
output. .

CRO07R
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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
aptional 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 (ﬂ
Jards.

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 single
ratemeter enclosure is also available. '

The ratemeter front panel coutrols 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
count rate output scale also provides a CAL indication mark at 6 x 104cpm.

B. Function Switch - This is the only rotary swiich 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 points to be displayed on the meter.

C. Check Source Button - Pressing will cause the channel detector to be exposed
+n 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 (;
available to the ratemeter, the function switch is off, a ratemeter or det:ctor failur
has occurred, or the green indicator lamp has failed. Gpeen light on incicates normal
ratemeter/detector functioning. Pressing the green button will res»* th radiation
alarms if the displayed radiation ievel is below the alarm set points Ind it

manual alarm reset mcde has bezn jumper selected on the alarm circui. woard. Ik2

alarm reset function is not applicable if the alarms 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 off but alarm relay tripped indicates a failed amber indicator lamp. Amber
button pressed while function switch is at CAL causes the alart 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 the|button released.

F. Red Button/Indicator - Red indicator on indicates high radiation alarm trip.
Red ‘indicator off indicates high radiation alarm is de-energized. Red indicator
of f but alarm relay tripped indicates a fail red indicator lamp. 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 alarm set point is displayed only
with the button pressed - CAL is indicated with the button released.

2.2.1.2 Performance Specifications.
2.2.1.2.1 Ratemeter. _ (;_ (
Voltage Requirements: 100-130/200-23CV ac, 50 - 60 Hz

74907
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Power Consumption: 10 watts ~,

Operating Temperature: 320F (0°C) to 1309C (55°C)

Dimensions: 5-1/4 in. (13.3cm) high, 8-1/2 in. (21.6cm) wide, 13 in. (33.0cm) deep
Two units can be mounted side by side in a Mode! 844-7 rack chassis, which in turn,
mounts in a standard 19-in. (48.3cm) relay rack

Meter:

Scales: Black 10 - 105cpm, log or linear
Red 0 - 2500V dc

Accuracy: +2% of full scile

Size: 4-1/2 in. (11.4cm)

Front Panel Controls:

Function Switch: OFF, 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
Qutputs:

Fail, Alert and High alarm trips, 1PDT relay contacts actuating 4PDT alarm
transfer relays )

Computer: O - 50mV, 0 - 1V, O - 5V .

Recorder: 0 - 10mV .

Power Supplies:
High Voltage: regulated, adjustable 500 to 2500V ac at 100uA

Low Voltage: -'.2V dc regulated, +16V dc regulated, +25V dc unregulated
2.2.1.2.1.1 Ratemeter Circuit Board,

Range: 10 - 105cpm

Sensitivity: 2COmV .

Input Pulse Polarity: Negative (-)

Input Impedance: 120 ohms at SIG. terminals
Discriminator Level: 0.2 - 5.5V adjustable
Calibration Oscillator:

Repetition Rate: 60,000cpm, nominal
Amplitude: negative (-) 6V

2.2.1.2.1.2 Analyzer Circuit Board.

Sensitivity: 100mV

Input Pulse Polarity: Negative (-)
Resolution: 1Qusec

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: %52
Contacts: (Pilot duty to activate alarm transfer relays. See raragraph
2.2.1.5.4.1. 5 amperes at 120V ac resistive ! iy

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,
i
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2.2.2.1 General Description.

The 843-30 Gamma Scintillation Detector consists primarily of a sodium crystal
(Nal) 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
Signal Connector: AN3102E-1£5-1P
Preamplifier: 4
Operating Voltage: +16V dc
Operating Current: 33 ma dc
Input Impedance: 56 kohms
Qutput Impedance: 9.3 chms
Input Pulse Polarity: Negative (-)
Output Pulse Polarity: Negative (-)
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 (09C) to 1200F (500C)
Gamma Detector Scintillation Crystal: Nal; 1.5 in. (3.8lcm) diameter by 1 in.
(2.54cm) thick
Temperature Limits: 320F (00C) to 1200F (50°C) gradier.t musi be less than
409F (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.




2.2.2.4 Shut-Down Procedure. "o

. Same as noted above in paragraph 2.2.2.3 except refer to paragraph 2.2.1.4 for 2~
emeter shut-down procedure. L

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 whicli 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 (Nal) 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 rz. ation input event is dependent upon the characteristic gamma
energy of the photon en. 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 (he 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-

*uding rest energy, is converted into electromagnetic radiation called annihilation
jation. 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 jonization 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 jonization 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
tht 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. QE}
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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
through with a punch.

L

The bearing and bearing shim will come off with the end plate, but berfore
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 ~emoved. 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 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 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
bolts. iighten 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 tov a horizontal position and tighten the end cap screws on the
drive end bringing the rotor back to the original positinan. <Check by hand for
free rotor movement. If the rotor binds recheck the ussembly procedure to insure
proper sequence of parts installation.

3.2.5.3 Other Mechanical and Electrical vomponents.

1 -

excéﬁiioﬁuaf'fhé ﬁdfor‘stérter cbntéct set. Other mechanical and electrical
components should be replaced rather than attempting repairs unless unforeseen
conditions dictate otherwise. Refer to Section IV for recummended spare parts list.

3.2.6 Atmospheric Monitors
foutine maintenance to be performed on atmospheric monitor systems consists
mainly of changing filters. Frequency of change will depend on usage (paper
speed, 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 regiire filter changes on approxi-

mately a monthly basis. The exact interval will depend upon the filter advance
cycle selected and the number of fast iadvances performed.

739083
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CAUTION

The spent filter may contain radivactive
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 tc remove the sampler 1id from the system with an oper-
ating vacuum pump.

.

I" MANUALLY OPERATED

BALL VALVE
TO ISOKINETIC
NOZZLE
Y
841-1w/2 Pb
| gnsuELd FIS
r-\ 843-20A |
! |
[ cs
) &E‘L |
' |
To
IopinNg
alve #1
Open Closed
Operate 0
isuiate 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 1lift-
ing straight up.

5. Remove the retaining nut and washer from the supply spool. '« 19085
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€. 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. \

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 skielding block, being
careful tc 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 moticn is .
cbserved.

11. Replace the sampler 1id, 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 amount of
radioactive material to build up on varinus 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 procedures 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 ““\‘tami n-
ation.

3.2.6.2 841-2 lodine Sampler. ?“““ “?\\Yl\

The iodine filter should be changed as required by the icdine ratemeter reading
or standard plant operating procedures.

9 Hn e n 9 CiVeaw MPhanmn

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 fiiter 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. Rerlace the spent cartridge with a fresh one and reverse the above pro-
cedure to .eturn the unit to service.

- \'.."H .
3.2.6.2.2 Decontamination. 150N

Contamination of the iodine sampler is very unlikely and if suspected should
be surveyed by ¢ health physicist. If decontamination is required, follow the steps
3.2.6.2.1 and decontaminate the unit while the filter is remcved. Only persons
cognizant of decontamination procedures and methods should attempt decontamination
of the un-t.

c
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4 1t SHIELDED 841-2
wW/2"Pb - 3'Pb ON

&

HP-R~-219
Valve Valve Valve
#1 #2 #3

Operate 0 0 X

\
- N
Connection \\\

Return To 0 0 X Q
Service

Figure 3-31. lodine Sampler Valve Sequence

3.2.0.3 841-33 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

seoma® o - i mivamen ma e Jwdbdabad L camanmad adba yalua ecanvanrinn Can

v - W=&T.

ol

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
maintienance.

3.2.6.5 Local Control Panel.

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

3908
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Figure 3-32. Continuous Air Sampler

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, #.\F1-6KX - Hastings

Mass Flow Meter, #AHL-10C - Hastings
Basic Controller, #701 - Gelmac
Miniature Servo Recorder, #732 - Gelmac
Servo Amplifier, #A630 - Danl

3.2.6.6 Sample Flow Control System - Automatic Atmospheric Monitor.
|
|
|
|
|
|
|
|

Motor Assembly, #SS-250 - Superior v m g 2
dc Power Supply, #762 - Bailey /33088 (
Signal Transmitter, #SC-1300 - Rochester N

Signal Transmitter Isolator, #SC-1302 - Rochester
Differential Switch Catalog - Barksdale




3.2.6.6.1 Calibration.
Before turning on main power pre.2t the 844-90 control panel as follows:

1. 844-90 auxiliary moving filter control panel; motor control HAND-OFF-AUTO
switch to OFF.

~N
2. Advance switch to OFF.

3. Local power switch to OFF.
3.2.6.6.2 844-90 Control Panel for HP-R-219 In Control Panel 12.

1. Program switck in NORMAL

2. Power switch to ON. PB“R BR‘G‘NAL
3.2.6.6.3 844-100 Control Panel - lodine.

1. Turn motor control switch HAND-OFF-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 cascade input loop and the process
variable loop in the following sequence:

1. ‘Zero and calibrate the Hastings Gas Flow Probe asoutlined in the manual
listed in paragraph 3.2.6.6.

.

NOTE

ot dle o

in this sysSteum i@ Pu. yo wywees a0
stack flow probe is not used. See Dwg.
904548, sheet 2 and Figure 3-34.

-

2. Remove the signal input and signal ground from the stack flcw probe,
TB1 #6 & 7, Figure 3-3% and calibrate using a dc power supply and a digital
voltmeter-ammeter. Use the calibration sheets in Figure 3-36, schematic drawing

90L 148, Figure 3-37 and 3-38. After calibration install the signal input to TBI1
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 TBl #4 & 5
(10 - 50 ma). Figure 3-35, 3-37, and drawing 906148.
7AY0N9
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1QUAN.| DESCRIPTION

ITEM| PART NO.
| 844-35-6
2 | 844-35-
3 | 844-35-12
4 | 844.35-3
5 | 841-2-23
6 | 844-25-14

2 FLANGE, MTG.
| FILTER RETAINER
| ALIGNMENT NUT *

| LOCKING NUT

2 GASKET

N \}\\Z\[\\ Y/

- -

2

Figure 3-33. Inline lodine 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.

manual.

S.

is calibrated go to the process variable side of the system.

Refer to service

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
(common). 10 - 50 ma should correspond to 1 to 5V. After this cascade loop

2.2.6.6.6 Calibration Process Input.

1.
manual,

- &

Zero and check the Hastings Mass Flow Meter as outlined in the service
749090\
Remove the 0 - 5V input signal from the mass flow meter on signal trans-

mitter #3, a Rochester SC-1300, T81 #1 (-) and TB1 #2 (+).
and Grawing 904549, sheet #2 and Figu~e 3-37 and using a power supply, calibrate

e S e

drawing 904549, sheet #2 and Figure 3-34.

Refer to service manual

\
| | FILTER CARTRIDGE
|
i
|
|
\

3



the zero and full scale signal of the SC-1300 0 - 5V input = 10 - 50 ma output.

NOTE

Leave power supply attached for recordar and
isolator calibrations. ~

3. After the signal transmit .er #3 is calibrated (10 - 50 ma), adjust the
recorder to track the signal tran:nitter OV is = to 10 ma = 0 fpm. 5V 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 isolater
#2 so that zero and full scale zre calibrated using :=e power supply. Refer
to service manual, drawing 904529, sheet #2, and Figure 3-37. OV = 10 ma trans-
mitter = 10 ma isolator, 5V = 10 ma transmitter = 10 ma isolator.

5. After 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 - 5V. After
tre process loop is calibrated, go to the controlier output loop.

3.2.6.6.7 Calibration Qutput.

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

a) Depress left button marked OPEN and muve 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 and move the panel meter until it
reads 100% full scale, th’s should be 20 ma on output TB or 5V measured at
input.

2. Servo amplifier calibration, refer to service manual. pahl servo ampli-
fier (located behind blank panels). Turn pocwer on - I plice operate switch in
the AUTO position. Adjust the controller to 0% manua:iy (+.0 ma outpwt;. Adjust
electric valve for the CLOSED position. Adjust the controller to 100% manually
(20 ma output). Adjust Diehl valve for the OPEN position.
3. Caiibration is completed. Remove test leads.
3.2.6.6.8 Placing In Service.
Using the controller in the MANUAL mode adjust valve output to 50%.
Place continuous filter pump switch in the AUTO position.

1.
2.
3. Place iodine pump switch in the AUTO positicn.
4, Start pump from main control panel (panel 12).
5

After both pumps are running note stack flow in cfm.

19091
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6. Note sample flow in cfm.
7. Transfer the controller from the MANUAL mode to the AUTOMATIC mode.

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

9. Refer to Barksdale catalog section for pre.sure switch adjustments on flow
alarms.

i 74909

¢

(
X
-



POOR ORIGINAL

" o - - q# !
3 =1 MANUALLY OFERATED |
- INLET 1"0.0. TuSE t BALL VYALYE .
-ﬁh------db A 844- 35
ISOKINETIC PART BRAB

;T SAMPLER SAMPLER
2 8oy 801A

ALl fLicTmie L \

Yiboeits oaoss

Ay

SR A yeamlh- . =l

CAsLe OV culvencn—-.-l l

SYACK VELOCITY MRADOUT ~b

VELOCITY LOG 70 LNEAR | | =\ '

REACOUT i FEET PER i< 1=l

MiNUTE ||
PROCESS vARIABLE

CASCADE COmTROWLLA | to

| N
R e L‘_—<-\\<‘3-=° N

|
!
|
|
| -~ STALX VvLLOCITY OUTPUT
B%s | W
TO com
ELICTRIC mOoTOR - | = |
OPEAATED vALUE PATER L AN SHILLDED 841-2 |
AND POSITIONER | w/2"Pu-3"Pe ON
LouTLET 4-4)—{(_\ W n :
F&RTvse i pere e | } ~ o= STACK SAMPLER VELOCITY QUTPUT
S SPLACE METER STACK 4.20ma oA 5.50 ma FLow
. J' OaY vANE - SAmoLE | TO COMPUTER sgi‘v":“
|460vac 6onug vitoarry | 1!
Pk e | IN FOM | |
M. I Gi3
|
CABINET ASS'Y | 47 SHIBLOED | TOTALIZER
904534 | peats 841-373 3P |
|
| - l
: *\ 843-20 :rp———————-— —— '
| N \ )
1 Iy \ \\\\ THRATTLE
i = o VALVE
| - |

—— e — —

—_— - )
-_‘-’— P— it

AR, i Lt o L A e i
J 1 L 1 Lo L [
. 460VAL /3 ‘
STATION VENT MONITOR o—— ,
HP-R- 219 (PG1-1) : :

ISOKINETIC NOZZLE, I
PARTICULATE GRAB SAMPLER ., %
PLANT 100INE MONITOR WITH ‘
CONSTANT 1.00 S.CFM. I0DINE
SAMPLE FROM SAMPLE LINE. l

Figure 3-34. Station Vent Monitor HP-R 219 (PGI-1) —
F39093

3-77




..

TMI I STANDARD CALIBRATION FIXTURE

Loy

Bncl:-;roimd: Binary Counts 2/2/ Min._J7 =2/% cPM
. Nom. | N/A | Binary ) =
Source «Ci Clounte Mir}. Gross CPM | Net CFM
(Cal. Sources)
133pa No, /77 5 (7227/] 2 2/72 2%/ 124701
133pa No, £ -/77 .05 271 2 27607 | 37 o4
137¢cs o, /77 5 [2736 7 & 23938387 /27 %
137¢cs No, G=/27 05 7470 d QLrsy [ THT
(Linearity Sources)
133p, o, #A 4.18 L7527 2 1223871 W8 sss |
°Ba No, ¥ ,115 JLAO 2 LR L 52
I38aNo, * T . 0042 Yiia2| 27 49 227
(Energy Response Sources)
133pa No, T2 8 25891 2 2 ";",: I 24 _3
1370¢ No, (=g S 22 4542 Ja 0%\ &
r 60Co No. (2= 8 $29:4 2 ¥9 9aal 47729

TMI I SAMPLER

4= =230-

GROSS CHANNEL - UNATTENUATED

POOR ORIGIAL

Background: Binary Counts £ Min. & = 5./ 7 CPM (
Source ™ Nom. N/A | Binary » 1 i wae
(Cal Sources) uCi V4 Stonis Min. Gross CPM | Nei CPM
133pa No, /77 .5 23229 2 23052 12961F
133Ba No. G-=/77 .05 275751 Z5/E | 289D
seiCs No. /27 .5 7297071 & | 73 A BYRVNTTER
137CsNo. G-/77 .05 a5 3. Ps i,& 7,99
Operational Check Source 8 S F i ‘4L 21 7.}
Background to .5mR/hr 137Cs 8 CPM T
Background to 1.5mR/hr 137Ccs {4 CPM .
GROSS CHANNEL - ATTENUATED . ., -
" Background: Binary Counts J4 Min. 2 = J4 CPM
Source Nom.| N/A Binary . .
(Cal So arcci) uCi v Counia Min, Gross CPM | Net CPM
's) 3 s . )
133paNo. /7 = ';IJV g2/l A | A3/ 1 4S5
133Ba No. /H=/7" ol 273771 2 29 g“?i F2.re/
137¢s No. /',)"/ Ay 777 Tl 2 PR TR VN ¥
137Cs No. (/. L O 7 AN & c d ’.‘*/‘ u o & X
Operational Check Source | 3581 4 9 7 2 0
r;. i . . .
. Background to .5mR/hr 137Cs /  CPM }; AET £ &
Background to 1.5 mR/hr 137 -/ }( L W11y
= groun 1 Cs / CPM L(.\ '4‘)().)‘4




VICTOREEN INTTRUMENT DIVISION . 10101 WCODLAND AVE., CLEVELAND, OHIO 44104
VICTOREEN] PHONE: 218l 7950200 . TWxisiolaz1-8297

CALIBRATION DATA SHEET

PROJECT T =3 Customer P,O. No. (=¢ /12

Customer Lorrne ¥ Pr Victoreen Job No, £ = .77

Prepared By __ Jupr S Zrmajn Date - /97/2.0"

et — n

CHANNEL DESCRIPTION /fr/mary Coolart Leldsivn (F2iled Fael )= Chanra/

CHANNEL NO. _MUY-p—=730 W EA ﬁha/yzerfvir'cé
Sampler Model No. 5y /=& — Serial No. /s Type o e ",.'-',';. {
Detector Model No. F7i-32n Serial No. _2 27 Type £ omp o
Ratemeter Model No, FLd=39 Serial No. 244 Type / 4z
137 72
133pa and Cs Calibration Source Serial No. /77
\Operat.iona.l Check Source: Type /77 C\L Approximate uCi s

e

VICTOREEN STANDARD PIG CALIBRATION FIXTURE

Background: Binary Counts /02 Min. _J = _/.)5CPM
Source Nom. N/A |Binary . Te
(Cal, Sources) | uCi Yl T Min., |Gross CP) |Net CPM! .
yigo sid 133n, Za5€et 2 L2068 | £244
'BaNo. /77 5 27624 2 VAT SRV bd AW L
1?313:1 No.4-"%%1 .05 220 2 AL 3 -9 /257
137¢e No, 2 7F 5 o w A F2.52:1 F1445
137¢cs No. £-/7% .05 2.9 & S 223 Jr2—
Clip Level 20 Veltc P.M. High Voltage 7 4 Tns
: R
Crads Crsare /

POOR ORIGINAL
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THMI I STANDARD CALIBRATION FIXTURT

Eackground: Binary Couxts /2 Min, 24 52 CPM -
' Nom. | N/A | Binary ey : . '
S ‘ . " L L2
ource LCi N4 Counta Min Gross CPM | Net C X.
(Cal.Sources)
133ps No, /77 W5 243274 2 223 9% |2°70£51
13333 No, £-/27 ! .05 2252/ 3 32.C3/ 1| 292/
1370s N K A L5127 2 L5722 380 \/>2070
137¢s No, =777 .05 ?r7<1 2 G &5t 9254
(Linearity Sources)
1,3?13&0. A 4,18 22282/ 4 IDx L9/ L’”"*.’f.‘.‘
195pa No, * £ 115 AT 4 Lare 1 e/
99pa No, .7" — . 004 G723 92 2T /7|
(Energy Response Sources) )
133na No, $/7-2 8 272751 2 25290 BT
137cs No, Tyv -: 5 c2374 4 2, 2751 34 /8%
-- GOCO No. (/:—‘;; 3 y(;;\?/ & & 2R/ ¥ ) 5.4/
TMI I SAMPLER _ /-2 =-007 . P““R BR\B‘NA\-
GROSS CHANNLL - UNATTENUATED _ :
Background: Binary Counts g/j Min. = 14{ CPM (
Source | Nom, ‘\'/A Binary . .

(Cal Sources) uoi v/ Covnke Min. | Gross CPM | Net CPM
1338aNo. /U7 .5 2% 2 | 929 e v|dagory
133pa No, (5-/97 . 05 9 721 2 QA7) T )| ATE Y
19(Cy No. /97 .S 4 3 gl 2 VadEASAVIDYTL
I37cs No. =777 .03 gl 7 il | oisy
Operational Check Source 8 3/ o 2 /5K WY
Background to .5mR/hr 137Cs % ¥ cpMm
Background to 1.5mR/hr 137cs__ 2~ CPM

GROSS CHANNEL - ATTENUATED . - zps

Background: Binary Counts S/ Min, £ = ¢ / CPM

Source Nom.| N/A | Binary :

(Cal Sources) uCi 1~ | counts Min. | Gross CPM CPM
133pa No. /77 sl 2372 QA | Adurnze2 125 /37
133RaNo, < -77Y 2 3T R PN Y 225
157es No. 7Y o & Y% 2 KA = h /2L B¢
137Cg No, 5=/ Y gLy P/ &y
Operalional Check Svurce 255 F 257 2oy

P o ) R
Background to .5 mR/Ar 137Cs . CPM L 1

Background to 1,5 mR/hr 137cs 7+ /< __CPM



ToSctIo“‘BnI‘c"

100 keV Window Centered On 13332 | 336 MeV Poa
Upper Window Limit 1.0
Set-Up Should Centar 1305a Peak Exactly In Window,

Window . 8§89 Volis,

R

-—

L‘.S.

5V

Window Width
Lower Window
llovwever,

Limit .7

Fin2 Tuning

«25 YVoils Contor Of

6o Volis,

a2y Na

- i

Doag

2y adjusting Analyzer Gain Until Maximum Countrate To 13902 Is Obtained.
Source Nominal | N/A Binary .
] Min, iros M| Netl X3 ¢
(Cal, Sourea) pCi L9 Counts J1n Gross CPM | Net CPa
133pa 0. /27 s 62207 | 2 | g2327 lepraz
Operation:l Cheelt Source 5 i ¥&s | 2 vrd | S
;_ Backzround: Biunary Counts [ Min, < = CPI»PmN

To Set To 137Cs Peak:

100 keV Windew Contered On 13705 . 662 MeV Peal:.
Upper Window Limit 1,78 Volts,
This Set-Up Should Center 137Cs Peak Exactly In Window. However, Fine Tuning

Window 1,655 Volts.

Window Width .25 Volts. Centey OF

Lower Window Limit 1,537 Volts.

niay Be

Done By Adjusting Analyzer Gain Until Maximum Countrate To 137Cs 1s Cbtained.

Source Nominal | N/A Binary ) ~ o o .
(Cal. Souree) ot [ 8~ | counts | Min. | Gross CPM| Net CPM
1¥870s No. /29 _aJ §2 %01 & YRYeiT %235y
Operaticnal Check Source g 772/1 & 77/ 2L
Background: Binary Counts < Min. el = ¥V CPM

To SetTo ¢%Co Poak:
100 keV Window Centered On GOCO 1.17MeV Peak. Windew Width .25 Volts. Conter Of
Window 2.93 Volts., Upper Window Limit 3. 035 Volts. Lower Windew Limit 2. 805 Vol

s,

This Set-Up Should Center 60Co Peak Ex
Done By Adjusting Analyzer Gain Until Maximum County ate To

xactly In Window.

However,
°°Co Is Obtained,

Fine Tuning May Be

|~ Source Nominal | N/A | Binary | .| i

(Cal, Sourece) uCi - Coubba Min. | Gross CPMI| Net CPM
Ocono. G-s203 L/ ro%al 2 | /27 L0087
_Opeorational Check Source 5 -/ =. 7 { o
Baclkground: Binary Counts / Min. 2 = / CPM

To Set To 1391 peax: :
100 keV Window Centered On 1391 1,14 MeV Peak. Window Width .25 Volts. Center Of =~ °
Window 2, 85 Volts. Upper Window Limit 2.975 Volts. Lower Window Limit 2.725 Voits.

69 0 1,17 MeV Peak Is Obiained.

Adjust Analyzer Gain Until Maximum Countrate To

Source Nominal | N/A ‘ Bina y ) . _ |
(Cal. Source) uCi V' | cCounts | Min. | Gross CPM| Net CPM ‘
n 4
60co No. (/213 | A /79221 & | /72: 7 | /7737
Background: Binarv Counts / Min, 2 = / CPM

Increase Analyzer Gain Until Net Countrate To 80¢s 1.17 MeV Peak Is 107 21T Less Than
Net Countrate Obla.ncd Abo'.e. This Set-Up Should Center 1351 1,14 MeV Peal: Exactly

In Window, 7/( /72 5 ) = /33 - “lrlr)c_-'g
Source Nominal | N/A Binary :
o~ “r: 5 5 v \d y
(Cal, Source)  uCi % I Min, Gross CPM| Net CPM
SOcoNo. (6 =/227] A leoug| 2 | J4p5d |\ frpss
Operational Check Source. | & y W 1 Z A
Background: Binary Counts '/ Min, Z_ = j cPM B
Background .5mR/hr 187¢cs S crat /6,33 ‘/“}; = o\ 7
iy i S — e s = — " q-’
Backiround 1.5mit/hw 137Cs _ 7 CcPM /57538 :
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To SetTo 1-'-‘:! ta Doak:
10 ".g,\ \\- liO\\ (\..1':'.ul On 2993 RE IO TAY 1’\.«.?\

Vindow , 82 Vuite, U
. ’ - b ‘Ses .

Set-Up Ghouid Center 13513 Peak xactly

Ry Adjusiing Anul

SRR TG

L

Window

Window Widuh |
imail 1,015 Velts.,
In Window,:

".‘ ""Is C(""" 4 \u.

Lower Windew Limit 765 Voluis, 4

Kovwe ver, Fine "Tuni; 1§ Pag ﬂl‘s
zer Gain Until Mavimum Counirate To 33%pa 1< Obtuined.

Be Do

-

"'wrce \orm 1.! -,‘Z A Bimrx‘ o
’ = " . 5 S > ‘\ \:I\‘: "‘. l
 {Cal, Source) ] L\.l L Counis Min Grocs CEM\ | ) A !
nn ! - . . e -
1”]3:‘.‘\'0. /,/7 : g ;{;”]7”. [7 {c o 7 ;.'f‘-?r.;
Operationil Chzek Sovree ; '~: ' . x&- 1 2 Z A 2Lz
Bacliground: Linavy Counts £ Min, - 5 = 7 CIM

—— _.......L.

To Set To

137Cs Peali:

100 e\ Window Centered On 137Cs . 662 AV Pesk,
Window 1.655 Volie,
This Set-Up Shculd Centey 137Cs

Window Width .25 Volts
Upper Window Limit 1,78 Volia,
Peak Exactly In Windew,
Done By Adjusting Analyvzer Gain Until Maximwun Countyate To 19705 1s Om:unw.

.Conter Of

Lower Wincow Lhnu 1.927 Yolis.

However,

Fine Tuning *zay De

!
Source Nowninal | N/A | Binary

: . “ | Min, 08 Al Net cpat
{Cal. Source) pCi - Counts Soss GEN| Kew CT2 !
"7 . - - ~ “ y ..l
vios o, /Z{? sl ZZ? -, A Y 72, !
_Cperational Checi Source | F K ‘f’ /)2 f//’/ | 2.7 1
Backqround: Dinary Counts 2 Min. 2 =_/ CIM i

To SeiTo GOCo Peal:

.
*

100 IV
Window 2,93 Volts.

' Window Ceatered Or 0Co 1.17 MeV Peak.
Upper Window LImit
TLis Sct-Up Should Center 60Co Peak Exacily In Wiadow,
Done By Adjusting Analyzer Guain Until Maximwn Counteate To “O¢o Is Obtained.

Vindow Width .25 Volts, Centor Of
Lower Window Linit 2. 803 Volts,

3. 035 Volts,

However, Tine Tuning ?.:a\"'(

Source Nominal | N/A | BDinary | __ i 2ol o v ’
_L‘...“. Boosr o e Q:/ i. _g’;._.:_\'___ alin, Gross Cp.\f‘ not CBur ;
i ccCo No. ('jJ*" Wik L2257 & 22277 | ra25¢ |
{ Qouiational Cheek Source | £ L /12 Z = ]
| Bac 5\21'..‘;..4.] Linary Countis o Min, & = s CPM |

p—

To Scl To 13991 peak:

100

Window 2, 85 Volts,
Acjus! Analyzex

Cpapor
Cain Until

keV Window Centeved On 1991 1,14 MeV Peak.
VWindow Limit 2,975 Volts,

I 0 "
Muximum Couatrate To ¥“Co 1.1

Window

Low

v

Width .25 Volts,

f
s
-~
Fa

R4S

Center Of

* Window Limit 2,723 Voits.,
hMeV Peak Is Obtained.

: FF - |
Source Nomiral N/A | Binavy _— .
MY - 3 > \ \' : o {
(Cal. Souree) l wCi L Vg j ——— Min | Gross CPM| Ne: CP3 !
Ocono. f-rgii | p/d 23251 2 | /2240 | 1727
Background: Binarv Counts / Min 2 = / CPM

Increase A

nalyzer Gain Until Not Countrate To 0Co 1,17 Mev

Peak Is 105 217 Less Than

Net Countrate Obtnined | iuw This Set-Up Should Center 1951 1,14 MeV Penk Exaetly
-— - e d
In Window, ( 7(/’/‘ 4 /{0 7 /§d33 /J'§’¢{7,- » 755
- \ ¥ / T ‘]1""“—;' v J?"*“V ' —_"
s X azad l hemisal | 320 1 Bmar g | Gross cm Net cpy
ACal, Sourca) 3 T4l cf‘x i Counts .
Sl f \
M c . = - o Z 5 7
GUco No, ! 1Z’ - ! . ! / ;5_4_’;{;‘-" I - LS f V/-_.{,__/_/_'
Operationul Checek Source, | ﬁ‘i | o /i d Z F B
Background: Loy Counts / Min, L# = _/ CPM
Background .5 mR/mr 137¢s __:_.{_ Cri Certifisd J\" "'-t"o | LY
IR Background 1.5 mR My 137¢s <_ cPM (Quality :\:‘.\.&t*
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VICTOREEN INSTRUMENT DIVISION @ 10101 WOCDLAND AVE., CLEVELAND, OHIO 44104 .

P VICTOREF.N PHONE [218) 7958200 - TWx[e10l ¢e2t-8287
CALIBRATION DATA SHEET
PROJECT THZ Customer P.O. No. £ -0/ 2
Customer ﬁ urs ¢ 9"ﬁ & Victoreen Job No. é ‘7(’4".’(
Prepared By /7,. J ¥, enig _Date /0 /00T
—— 5

| CHANNE!, DESCRIPTION Ligail Waste O/scds sry€ Ploat Mo, 2

CHANNEL NO. el = R-/3U (fovf £/
Sampler Model No, fé’/' ?\? Serial No. /f/ ‘A Type )< /,-.- A
Detector Model No. AT EELD Serial No. _/ ¥ Type %Z.nn,d
Ratemeter Model No. __ 42 =~ /7 Serial No. g 7. Type & o5
133pa and 137Cs Calibration Source Serial No. /7?7
Operational Check Source: Type 797 o Approximate uCi 5
VICTOREEN STANDARD PIG CALIBRATION FIXTURE
Background: Binary Counts Pl Min. 2 = /2/CPM
Source Nom. N/A | Binary .
(Cal, Sources) uCi hanias Min. |Gross CPM |Net CPM
. 133 /28274 2 /38271 227109
Ba No, /27 5 22275 KN V842 2 TEIVITEEL
1333 No, 4=/77] .05 2/ 654 4 2/ L4551 21077
137ce No, /77| .5 ¥L/al 2 LY 6/2| ZYY7L
137¢cs No. S, % .05 oo 2 1 /el J239
Clip Level o A0 I/, /% ¢ _ £.M. High Voltage N2 V. (irds
pOCR IRGIRAL
(
: :E 23 -
a.g -
A Division of SHELLER-GLOBE Corporation ’;"‘1 9099




TMI I STANDARD CALIBRATICON FIXTURL

POOR ORIGINAL

Background: Binary Counts Y28 Min._ 27 = 2{/CPM
Nom. | N/A Binary ! . .
¥ h34

| Sourcc.: 4Ci Counts Min. | Gross CPM et CP

(Cal. Sources) \
133na No, /727 5 gasp/yl 2 12337/4 22 %5
133pa No, A£=/77 .05 389971 & 2597/ I252 7
137¢s No, /07 5 RIRYT & 1| 222 5 | /39894
137¢es No. 5 =/77 .05 27 & Yo g3

~<inearity Sources)

133pa No, # 4 4,18 L2290 @ | /&Y 295 | 725141

I3%8aNo, 70 | 115 S120l o S3% | /30 ]

BaNo, 7 o . 0041 43751 47 427 I27
(Energy Response Sources)
133p2 No, J/7-2 - L7276 € 3£ 729 J65°%5.
137cs No, (/2 =4 8 2/ FIN ¢ 3, 799 | 2/ 9%
60Co No. A -3 B ¥27%71 2 Y2991 47257
TMI II SAMPLER W ol = R= )2/ (L,,V/j
7

GROSS CHANNEL

Background: Binary Counts 237 Min. _2 = 2 77CPM
Sourc2 Nom.| N/A | Binary ; . .

(Cal Sources) uCi Casinds Min. Gross CPM | Net CPM
133pa No. /7’ .5 2003941 A | 2RA2224 1277547\
133Ba No, 4=/, .05 prazl 2 a2 /52 5? o9
157¢Cs No. (24 5 /25462 & LRSS ELR V112920

Cs No, 4=:""% .05 P& & 9 49% ? P2
Operational Check Source 3 22 2 i 24 A4
: oxL ~ At Applicail
ANALYZER CHANNEL P LEIES /2
10% Wir Jow 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 G:in Until Maximum Countrate To 133Ba Source Is Obtained.
- Source Nom.| N/A | Binary : . y
Cal So-rree) uCi % Counts Min, Gross CPM | Net CP:\I_
H';Ba No, -
e Min, = CPM I

Background: Binary Counts

10% Window Ceatered on 1311 , 364 MeV. Decrease Analyzer Gain Unt:l Net
Countrate Due To 133Ba Source Is 7% 1% Le- s Than Net Countrate

Obtained Above,
| - alsf’;;f:ce) l‘gf Ntﬁ - g;':‘:z Min. [ Gross CPM [|Net CPM
13354 No. e ]
Cia ~"tional Check Source s
| Backyround: Binary Counts 7 Min, = CPM
9 “49100

Background to .5mR/hr 137Cs
Background to 1.5mR/hr 137Cs

24

i

CPM

ol
77 _CPM g 4
Certified By: % Z [TQ{-—J

Quality A?s‘iugancc



~

10101 WOODLAND AVE., CLEVELAND, OHID 44104

Twxier10la21.-8287

VICTOREEN INSTRUMENT DIVISION .

PHONE (28] 7985:-€6200 -

CALIBRATION DATA SHEET

[vicToR=EEN

PROJECT 7027 =2 Customer P, O, No. _ = 2/19
Customer LR J A% ¥ 20 Victoreen Job No, & — D~r2 .

" Prepored By Lon Arasscrhzy-  Date {7/?4 - : ToA
CHANNEL DESCRIPTION WASTE GAS DIZCAARGE ' .
CIIANNEL XO, Was =2 /750 (63{) S

Sampler Model No. __ FY/ - 92 Serial No. __A//A Type J. 5/ iee o
Detector Model No. £ 27 =24 Serial No. J4 9 Type 2. .
" Ralemeter Model No, £ 45 =/7 Serial No. 23 Type _/ xr

227 S

133133 and 137Cs Calibration Source Serial No. o
Approximale uCi £~

. Operational Check Source: Type 777 /e

VICTORELEN STANDARD DRUM CALIBRATION FIXTURE

Background: Binary Counts S Min._ 2 = "% cpu

]
= Sourcicg:; ‘
z (Vico Sul, +49] Nom. | N/A | Binary . . .
u—u Sourcs & Enorzy ,uCi Y Bt Min, .Gross CPMI Net CDPM
.E?: Responsc Sources) ;
| 1?91 1//7\-( JL""&’L]- Q /9 (\s"- . /t: /1;-
% Usr AL 2228l 2 7235 LIy
:";Tc‘ LLYL 2703 & Y 722 R TAE
= - | ; , s :
Q. L300 22%:9 & 229/7 | 77 L0

élip Level X V2 [ P.M,. High Voltage & 55 o {5

YICTOREEN STANDARw PIG CALIBRAI'ION FIXTURE - ’ ) .
Background: Binary Counts o ol Min. _ & = /& ¢pPMm
Source Nom. [ N/A | Binary .
(Cal. Sources) uCi v Coowty Min., Cross CDPM nNet CPM
___l o ey, 20 - LS ) 9 {’/."-\\‘" ? ) &L "’"'j o
-—;I’.f..f‘.-:;_f\'-u'-’-_"_;" WY 0] £ 2&¢ K90
SaNe. il T =i ¢ 4 22
L_.l'a.“ "...\..-_L- & 5 / L. /.l / ) [T P A
IR NU sae '
-1 0(7‘/;1 . B ( &/ r/ l"/. 7 7/

A Division of SHELLER-GLOBE Corporation

vau101.

31




TA1 1 STANDARD CALIBR ATICN FIXTURE

TMI II SAMPLER

WG 72 = /572

Backgrounu. Binary Counts /& Min, £ = /< CPM
Source Nom. N/A | Binary )
) h . N ¥ M
(Cal. Sources) . pCi \/ Caunts Min Gross CPM Net CPM
1370s Nos2p .5 ¥2c1 3 Y2 KP¥29
- 2970 No 4122 .05 Pa % e AT Xe 6 727
R WI Xz FA XS LL& 7
'L L. Dl:l. .\O G‘rr/ 0\) . ’ L’? : J 7lg€ j/ 7
TMI II STANDARD DRUM CALIBRATION FIXTURE o
. Background: Binary Counts (" 44 Mig. 4 < 0 = __y CPM
|” Source Nom.[N/A | Binary . ,
(Linearity Sources) | uCi | Counts Min, Cross CPM Net CPM
S%sr 43 Zoarpsd 2 | _parey? | 9499/
b 28 E X2 29 £ A.Z.n.;_
~vsr a0 221 22 | L1253 LLLE

008 Ongy

Backgr ound Bm:u‘; Counts /2 Min. _XZ = _ /2 CPM
Source | - Nom. N/A | Binary , D )
(Cal. Sources uCi v | counts | Min Gross CPu Net CPM
137Cs No.oq .5 ¥259£ | 2 Y2021 Y70/1%
29TCs Nos—rpp .05 £v9/ 2 6 L2/ £ 5LT
4d9913a NO./)“ . / ?{6’ 2 fl 242 / C’[Q’-
1338a Nog+9 .05 71 L 4. s 729
Operational 8 " .. ) - -
Check Source 17 i--2 P T - JS£7
Background to .5mR/hr 137¢Cs L/ CPM
Background to 1.5 mR/hr 137¢s L/ CPM E

32

- o~

Certified By: /\ g

- E’ / ,;f ; 1

Quality W¥surancc
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VICTOREEN INSTRUMENT DIVISION ® 10101 WOODLAND AVE,, CLEVELAND, OHIO 44104

VICTOREEN PHONE (2161 7985-8200 s TwWx|ei10laz1-8287

CALIBRATION DATA SHEET

PROJECT VP v 2 il Customer P. O, No. (. =0/ 2

Customer Rurre 3= Ppe Victoreen Job No, __ & -9y £ 2 :
" Prepared By ﬁf“-— Loncoofe on Date (; ot~ I iy & ) o

' CHANNEL DESCRIPTION Y 7ATZL2N VEMT

cuaxNeLxo. AR 2/ 9 féa\rj

Sampler Model No. 74 /- 73 Serial No /7.7 Type 0/“'4/~° Gg g
Detector Model No, Y& J7- 2 0O Serial \o g Type £°7 4
Ratemeter Model No. 742 -/ Serial No. 7 ¢/ 2 Type 4 e
131}33 ana 137¢s ca libration Source Serial No /7. P aom - ———
. Operational Cheek Svuree: Type [37 C¢ . Amn oximale uCi T
VICTOREEN STANDARD DRUN CALIBRATICON I'I\'I‘bl‘u. WUR_—URIEI.NA[
Background: Binary Counts / / 0 Min, = J//0 CPM

Sources !
(Vico Sul, 129 ,Nom. N/A | Binary
_|Source & Encray | KCi v Coun's
Response Sources) 1

Min, ;.Gross CPM Net CPM

129, 2280 Yy 12 Ve 12,0~
gr L2t 2717 | 2 £§7 25 £ 625
iéj'g WZ7: 2411F | 2 20118 24 00 7
Cl Wy TL | 2 149 i 74 T 24
ClipLevel . 27 Vistée P.M. High Voltage _7 0 O [/ /Fr

VICTOREEN STANDARD PIG CALIBRATION FIXTURE

Background: Binary Counts o A Min. 2 = 22 CPM
Source Nom. | N/A | Binary .

(Cal. Sources) uCi \/ P N— Min, Gross CPM Net CP)M
13‘(‘\ NN L// . .S- L///77 "J L*G / L/ ( ?I
RNt ¥s 52 7% ) G o ; 1 a2 F

'Tlin.\ogn,_ - J 47 | = / Lzs 7 ] G 2

"Na No.67 - " 5
A N7 | p o 520 | < 120 29 ¥ |
=L E 37

¥49103



TMI l STANDARD CALIDRATICON FINTURE

i el e« e

T

(

Back,_, ound: Dinary Counts __2 7 Min, £ = 2 7 CPM
~ Source J . Nom. N/A | Binary | ... 0
(Cal. Sources) . uCi ‘/ Counta Min, Cross CPM Net CPu
| 337¢cs noyr .5 w3l 2 ly903 o 47 ¢co%
- Cs No 4477 .05 Lu24 1 2 ol 75 Cw 4 %
%ﬁ:«No/P' .S l'7_3ﬂ 2 1229 [7 / 2
| W )3:1.;06‘/'7?..05. 7% | 2 97 ¢ B
TMI I "TA.\'DAI’.D DRUM CALIBRATION FIXTURE .
' " . e e v *J
Baclground: Dinary Counts_47 C &t Min, 20 = 4 cpa
Source o (Nom. [ N /A Binary : =
(;.inearizy Sources) | uCi | v~ Counts Min. aross CPM Net CPM
9Csr 1,3 0266 | 2 |TI336C 733220
JUSr o4 27756 | 9 Z793 ¢ 23973
SUSr reN J 13wl 22 L NENZ 0% Y
TMI I SAMPLER fa-R=3s9 (G gAQZ
Backgxound Bmar; Counts /S Min. 2 = /4 cpM
Source - om. - { N/A | Binary , _ -
(Cal.Sourécs uCi v Cousts Min, Cross CP)M Net CPM
137Cs No. 0% .5 yau25 | 2 L7u2 & &y o
I37Cs Ro,.-py .05 cy3 7 k-, Guz 7 L2
4998Ba No. /2T .2 /7 %0 2 1230 | 76 5
1338a Nog-477 .05 964 | .2 G b4 9 L&
Operational g : - = .
Check Source ' .23 7 I - 227 1229
Background to .5mR/Mr 137Cs X CPM
Background 0 1.5 mR/hr 137Cs 5 CPM - ' .
Ccrlmed By: ’\' ('\ Sy, \}

38

Quality Uk-su trance

«aAu104
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: Prcp.'-rcd Ry 7’ ,Z. -

VICTOREEN INSTRUMENT DIVISION

»

10101 WOODLAND AVE,, CLEVELAND, OHIO 44104

Twx [a10) a21.8287

CALIBRATION DATA SHEET

VICTOREEN PHONE (218]798-8200
PROJECT ZMZT~ 2
Cusiomer ﬂl/‘pj‘ ot /OJLO

.-_‘_ e .

Customer P. O, No. __ ( =~/ /4.9
Victoreen Job No, £ =D~ 52 .
Date (- : - 75

| CHANNEL DESCRIPTION K EALT I/ BLos, Parce £x. 04(6_7‘ A )

)
[~
<o

LN

[ =
=
.

Sampler Model No.
Delector Mocdel No.
~ Ratemeter Model No,

1338&1 and 137¢Cs Caliby ation Source Serial No.

_ Operational Check Source:

Type

37 Cor

CUANNELNO. M 2 ff- 22 & QG&J‘]
FL /=23
YLI-2 2
Y&2-72

Serial No,
Serial No, _ /2 7
Serial No, _77 5 T)pc LoG

/20

LZZ =~

Approximate uCi

£

VICTOREEN STANDARD DRUM CALIBR -\'I'IO\' FIXTURE

7 7  eru

Background: DBinary Counts 7 '/ Min. J’) =
Sourcig,.;
(Vico Sul, 149] Nom. | N/A | Binary : . .
|source & Energy uCi v Posinta Min, .Gross CPM Net CPM
Response Sources) l
129, 2] 1276 | 2 12 7¢ /!9 7
*sr WZ¥Xs S7/9 | % 777/ G 7 Co
gél'c 2178 25007 | 2 |25 00 7 24 90 §
- L3d 925222 | 2 75220 75 /4 /
Clip Level __ 29 V./7 ¢ P.M. High Voltage _ ™ 70 V) /¢
VICTOREEN STANDARD PIG CALIBRATION FIXTURE : ,
Background: Binary Counts __/ & Min. 2 = /(€ cpm
Source Nom. | N/A | Binary [
(Cal. Sources) uCi | v | coumts [ Min Gross CP)M Net CP)M
[ 17cs s 0] b5227 | 2 l\yrro7  |arzia
m‘(‘c NogY7M .o :“ 245 ] = G g3 9 70
_1.3:;!}:' NoLLZ| . L& 77 2 f ds 7 5 /& €/
. "".’l No = b ——
| b;.fi,c; |29 | 2 729 7 /2 4
:JE‘"E
’;’:13105

A Division of SHELLER-GLOSE Corporation

Type 0Ff L2 £ar
Type F» 7~ A

Sl



L

'I'MI 1 STANDARL CALIDR-\UCV FIXTURE

"y s --

-

TMI II SAMPLER

4 ad? s Bl K K v

- POOR gppp 'NAl

(Lac)

Background Dinary Coums /7 Zin, 2 = /7 cPM
Source . Nom. N/A | Binary :
(Cal. Sources) . pCi ‘/ Counta Min, GCross CPM Net CPM
1370 xoy2) .5 gsycs| A |\ysve5 |9 72
S Cx Nog-17 .05 es 221 = ll2F el it
| 293 a Nos") .5 |£7¢e 2 /£ 20 | L1
Y T ' ' ' :
| PN ubimned iflidos Yew | 2 |1 Tey F &7
TMIII ST A.\D ARD DRUM CALIBRATION FIXTURE o .
. Background: Binary Counts Lﬁ ¢ 5 Min. &0 = L/j CPM
. .
Source Nom. |;:/A | Binary '
(Linearity Sources) | uCi | % | Counts | Mib- Gross CPM Net CPM
90gy / 2925 2 77292 792 %%9
JUSr o & < (¢ | 2. s X009 7
OVEr 602 1ii7 | 2o [/l & (o € 7

Background: Binary Counts / 3 Min. po) / Z cpm
VS.ourcc - Nom. - | N/A | Binary . .
(Cal. aurces uCi o Counts Min, Cross CPM Nei CDPM
137Cs No. /7 .5 Yrie) | S |ysrrc0 45 14T
ISTCS RO G- 17 .00 /95 2 G/9% G/ ¥Ts
L VR WA /£ 7e | 2 157 ¢ 123
I1338a No.S-J77 .05 909 | 2 9 0 < A
Operational | a e y ) - .
Check Source Ao 2 D o e - o} .o T
Background to .5mR/hr 137Cs = CFM
Background to 1.5 mR/hr 137Cs \ CP) ’ , _
. CCX tified Dy: )t\ ¢ l‘if L_,/ oy 4 o
52 5 . Quahly}g&ur‘mcc

74510

C

(

C



»
VICTOREEN INS/TUMENT DIVISION ® 10101 WOGCDLAND AVE., CLEVELAND, OHID 44104

PHONE |2:68)788-8200 -

CALIBRATIO.. DATA SHEET

Cuctomer P. O. No. C:Q/d - |
Victorcen Job No. &= = pd-g} 3
.‘é e 7= ;-S— p . "

rTwxlerolaz: 8287

VICTOREEN

PROJECT

Customer

Date -

A’Mc/m RBLEE, Pursr Ex. bacr 4

24 (Gas) A
Serial No. 27 Type oFF /./m: Gas

CHARNEL DESCRI P‘I'IO;

CUANNEL X0, A2 P- 2 - =

A Division of SHELLER-GLOBE Corporation

Sampler Model No. Sefl ~ 22
Detector Model No, _ g&/2-20 Serial No i / .S Type P:. [
Ratemeter Model No, % 2 =/ & Serial r\o. L T i Type _L o«
33352 ana 137¢5 calibration Source Sexial No. /77 L -
. Operational Cheek Source: Type ics Appreximate uCi /
d
&=L VICTOREEN STANDARD DRUM CALIBRATION I'L\TURE
E Baclkground: Binary Counts 17/ o Min. 2 = 1/ é crn
—_—= Sourcic?.'é
a-':‘(Vico Sid, 449 Nom. | N/A | Binary ’ . g
Q.#Sourcc & Encray uCi v Counts Alin, .Cross CPM Net CPM
o Response Sources)
§ = L2048 /252 | 2 1252 (125
| T W7 2637 2 gb25 25
301 c W7 25039 | 2 QL4027 2404
5 L0 25755 2 | rs/es oy
Clip Level _o 89 Vs /e P.M. HNigh Voltage 750 ‘/é [fs
VICTOREEN STANDARD PIG CALIBRATION FIXTURE : , ‘
Back;round: Binary Counts / ? Min. Z = / g/ CPM
Source Nom. | N/A | Binary i
(Cal, Scurces) #Ci v | Counts Min, Cross CPM Net CPM
137 - e = - ,
- ‘(t:~ JZ': < 4/.5:45; = 4/,::3 de, A/_gg_z
8 o>V Qs :_‘_D Z o LAY Lol & a -
1.1“.“'\""""l ‘ AR A= (S 75 /(76
” i 1 \U el o '. - 2
| ot IR gan | - 225 g/
BB
vA9107



TMI I STANDARD CALID

ATION FINXTURE

3 . " N
Backgroun(‘ Binary Counts 2 2 Min, A = 2 72— CcPM
Source ~ Nom, N/A | Binary | ... .
(Cal. Sources) . uCi v Coknia il Cross CPM Net CPM
13ce No /P .5 . y73,9| & 72/ &7 296
AdTes ook .03 Ceds) X YA Lha .
|29 No 7t .5 /507 | & 2807 U”L

TMIII "TA.\DARD DRUM CALIBRAT ON FIXTURE

20 = LT cPM

c

. Baclground: Dinary Counts ﬁ’?j M!n. o
n Scurce Nom.|N/A | Binary . L
(uneari‘y sources) IJCI ¥ Counts Min, Cross CPM Net CPM
90sr /2 7e 520 2 72682 :’ /4 782
?081° 08 28Ac7] 2 RY (o8 e B o/2
9UST oo 2 229 JoO praeE X 3 poEAA Q
TMI O SAMPLER 2 =2=-535 (((Ga IGiNAl'
. - s X
Background: Binary Counts A ( Mln. _2—_ = 2SS cPM
1 Sburcc " . Nom. N/A | Binary )
(Cal.Sour&:es uCi v Sininie Min, Cross CPM Net CPM
137Cs No,p7| .5 YSEiH T | ¥ 562 5672
ISTCS NoZ-47 .05 szl L L=« PG
1308 No. /71 .o 777/ ;2 /LY 1726
1338a No/ % .03 92% | . 2 r ¥4 Gec 2
Operational ' Lo . - o
Check Source! /323 |- a 323 - /0 @
Background to .5mR/hr 137¢Cs </ CcPM
Background to 1.5 mR/hr 137Cs 2 CPM

C

Certificd By ‘LT, (4
Qu:uitg Assux anc.

54 - -

- . O VA9108
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VICTORFEIN INSTRUMENT DIVISION = 10101 WODDLAND AVE., CLEVELAND, OHIO 44104

VICTOREEN PHONE: [216]798-8200 ® Twx|ei10)azi-8287
CALIBRATION DATA SHEET

-

PROJECT 7/ -2 Customer P. 0. No. =0/ 2,
Customer ﬂ.l[/‘ a® }ﬂzvﬁ ) Victoreen Job No., é ‘ 2,',”.2‘ P v
7. . & - o="3
" Prepared By ﬁ//m 21/ (f_/.z 4 7>-J) Date -2 - 735 . £
. / .

' CHANNEL DESCRIPTION /954670& 040G, ATR SANPLER LZ‘//E
CHANNEL X0. 4P~ R - 22 r i £ & av) iy
Sampler Model No. 54//- "3 Serial No. / 7S TypedFE| F"/E GQf
Detector Model No. __ ¥ &/ ¥ — 2 0 Serial No 5 8 Type /S £7 L
" Ratemeler Model No, g $2 - /»  Serial No. Z 2o Type _L o0&
# 7 7

—-133133 and 137Cs Calibration Source Sa rial No.
Operational Check Scurce: Type (&7 -8 Appx oximate uCi

VICTOREEN STANDARD DRUM CALIBRATION FINTURE PWWAl

Backzround: Binary Counts 72 Min, 2 = O CDh

Sourtir;sg I
(Vico Sul, 449] Nom. | N/A | Binary N .
Source & Enerzy | pCi v | Counts Min. »Gross CP) Net CPM
Response Sources)

129, WA /Re2 | % /ReT7T |\ /97
st | A/ TR s 5.7 | 9ies
;GTL Lﬁ/-fé 39/0 2 23970 22 S0

- 2220 72y T A& | 50348 70279

‘u

M. High Voltage &25 V, /£ ¢

C;ip Level a2l Vs /Fe

VICTOREEN STANDARD PIG CALIBRATION FIXTURE

Dackgrouxxd: Binary Counts 2 L Min, 2 = 22 CPM
Source Nom. | N/A | Binary : |
(Cal. Sources) uCi " Counts Min, Cross CD)\ Net CPM
"= o - -
1376, 2] Y2l 2 Yl /02 ‘/( 0
il T AT X 22941 _Z 629 Y ':
n'in\o y2id RS /873 ~ s 87 2 /., :‘/
BT NG/l < 2 : e
. c 33 /6 | A 2/ G 27 %

I3 T3 55

A Division of SHELLER-GLOBE Corporation




TMI 1 STANDARD CALIBRATION FINTURE

e

56

r

Ccrtifxod By A

\71<t

('

nackzround Birary Counts / 2 Min. 2L = /Z cr™
Source Nom, N/A | Binary
. Min, E A Net 3
(Cal. Sources) . pCi \/ Counts e wrees P "L
13704 no, /8 .5 ys322| 2 5952 | /5870
- Cs No.oV:? .03 5 el | 2 b $lob (a ?-_:T
| 13“1‘-5_,_0 /"'/ .5 /56 i /€7 & /569
TMI IO "TANDAI’.D DRUM CALIBRATION FIXTURE .
' o ’ v s ; : e
. Background: Binary Counts 53 / Min, .28 = _£57 crM .
Source . Nom. | N/A |' Binary _ T
(mneuity Sources’ uCi (9% Counts Min, Gross CPM Net CPM
90sr /.3 73$&/0) 2 | 7226 570 | P28 oy
2OSr 24 el/ss5] L 2 /88 29070 ‘
9057 00 0 717/ | 20 77 77 0 b ( \
- )
) URIGINAl
TMI IO SAMPLER A/ ~2—- 227 /
” - -
Background: Dm:u'} Counts o = Min. 2 = 25 cpm
Source . Nom, N/A | Binary , . !
(Cal. Sources uCi v Counts Ain, Cross CPM Net CPM
137Cs No. sl .5 /7294 2 /509 /7! §o 57
491Cs Noro ) L 03 £ ‘A _?§ A {~ /: 2.0 b/ 0
Ndm.\o/ S /il% P YK 4 (12
13384 No.” .05 953 - e 2 o €
Opetauonal : o - . -l
Check Source| . L/ 1] f/ - '2— /¢ ‘/ “ s /
Background to .5 mR/hr 137Cs & CPM
Backgrouad to 1.5 mR/hr 137Cs & CPM

Quahty 'Assurance

749 110




VICTOREEN INSTRUMENT DIVISION * 10101 WOODLAND AVE., CLEVELAND, OMID 44104

VlCTanBN PHONE |(218] 79858200 - TWX[810]l 4218287
CALIBRATION DATA SHEET
PRC.ECT 7ML =2 Customer P.O. No. _ (2 =0/2.)
Customer [2irn s )"-/;?706 Victoreen Job No, =" A

Prepared By / ff%, F ar.as

Date /~/0-2."

CHANNEL DESCRIPTION J7ATLZN VENT
cHANNELNO. H A K 2/ (Porticufite)

/?I; U .;ﬁj /:/_'./ » ,f‘

Sampler Model No. J&/=/~= 4/ 7). Serial No. /7. _ Type géc'é/g,o/;{;

Detector Model No. J& =20
Ratemeter Model No. Zy2-/0

13334 and 137Cs Calibration Source Serial No.
Operational Check Source Type /J 7 ¢ = .

Serial No, /<« Type P74
Serial No. 7 2 2. Type Loo

(/27
7

Approxiraate uCi

VICTOREEN STANDARD DRUM CALIBRATION FIXTURE

Background: Bina:y Counts__ /§ Min. £ = /& cPM
Sources 77/¢ 1
(Vico std. ¥297 Nom. N/A Binary : ,

Source & Energy 4Ci N Cornts Min.| Gross CPM| Net CPM

Response Sources)

- 2L ; 2 2 7.2 Ll
90gy o A7 “ /7 - | T w7 ?-E
99T¢ « B 7L 2459 K] 24~ 24
36C1 230 7] A | & [ 7ie2 2/2¢& 1

10 /.77 |

P.M. High Voltage

Clip Level I Vo /t.r

VICTOREEN STANDARD PIG CALIBRATION FIXTURE

Background: Binary Counts S~ Min, X = S~ __cem
! Source Nom. N/A Binary . .
. uCi s P Min Gross CPM | *let CPM
37Cs No. A7 ot LISsg | 2 [FS585 Y |1 ¢5%7
37Cs No. 5=/97 | .0 & [96 7 = /96 /7 EL
43Ba No, /%7 o 5 2 =R 4 - - < & i
L33Ba No, 4£-/77/|.e S 2 2/ 2 2 7/ ” /&
== POOR ORGINAL
e

A Division of SHELLER-GLOBE Corporation

TAGLLL




62

TMI 1 STANDARD CALIDRATION FIXTURE

Background: Binary Counts 7 Min, 2 - 7 CPM
Source Nom. N/A | Binary ! 5
Cal. Sources) uCi v _Counts Min G;oss CPM | Net CP)
Cs No, /7% 25 2Ly 7¢ 2% 2276 |ALEL d
-”CsNo 6277 .05 2532 |2 o I ke g 3L 76
aNo. /7) .5 220 12 13392 -
BaNo. 5~/%7 .05 4z¢ 17 14772 429 1

TMI Il STANDARD CALIBRATION DRUM - PLACED INSIDE SAMPLER

Background: Binary Counts / j </

Min, 20 = _/J cpm

3"“:‘“ “"“L" N‘/,“‘ 2m Min. | Gross CPM | Net cPM
(Linearity Sources) ounts

20gr T 71206 | o 7300¢C 77972
908y X /€7 | o2 </ 6L/ 2/%/_.[_
903y N ,002. 1273 20 /| 2/ /16Y

TMI I SAMPLER

K2R -

| ﬂ?r?f/u/ fc

Background: Binary Counts / ﬁ Min. i = /0 CPM
Source Nom. N/A . Binary :
c — uCi v - Min. Gross CPM Net CPM
Cs No, /7 .5 2¢L 73 [ 2 2C 27 12edsC7
137Cs No. 55-/27 .05 2727 e S 727 Jr/7
1-ﬁBaNo. 77 .5 T/ & T ed / r i
1338a No. £-/77 .05 x| 2 L 37 L/ 77
Operational .
Check Source - 9 77 2 70 G o
Background to .5mR/r 137cg £ opm
Background to 1.5 mR/hr 137Cs CPM

Certified By X7 LT fin f‘/

N

Quali‘y Assurance

POOR ORIGINAL

249112
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VICTOREEN INSTRUMENTY DIVISION * 10107 WOODLAND AVE., C' EVELAND, OHIO 44104

VICTOREEN PHONE: [216]7985-8200 & TWx[e10la21-8282

CALIBRATION DATA SHEET

PaCJECT //7Z =2 Customer P.0. No. ([ =7/)2
Customer /Zz_; ac % /ore Victoreen Job No. é - 2;,"5’&
Prepared By /24 s Rrachesin Date {, e T Ny
e T

CHANNEL DESCRIPTION S 7A 720N VENT = Zodise
CHANNELNO. __ A= = 2/7 (Zsive) .

Sampler Model No. 7, - 3 Serial No. 42/5 Type 7 r £ ~
Detector Model No. £33 79 Serial No. /2 Type Sumin
Ratemeter Model No. £ 92~ 74 Serial No. 729 Type _Lpa
v
133pa and 137¢Cs Calibration Source Serial No. /29
Operational Check Source: Type /3‘?/77 o Approximate uCi b i

S —
————

VICTOREEN STANDARD PIG CALIBRATION FIXTURE

Background: Binary Counts 7 Min. 2 = Z9cpm
Source Nom. N/A |Binary -
(Cal, Sources) uCi Counts Min, |Gross CPM |[Net CPM/| .
133 /2224 9 L2228 | /2725
}3gjﬂm /291 5 27g75] 2 N/ 34 hvvay]
133pa No, A/7%4 .05 2092/ 2 AL Y2/ | /%55
137cs No, /271 5 RLA70| 2Laep | QLI
137¢cs No. 4-/771 .05 J2448] & S ALG J742

Clip Level o258 Vs _P.M. High Voltage _2y Vo /&s

POOR ORIGINAL

TR 749113 .

A Division of SHEL ER-GLOBE Corporatic n »




TMI I STARDARD CALIBRATIOXN FIXTURE

Background: Binary Counts /£ <7 Min. 7 =/4% CPM
Nom. | N/A | Binary
Source uCi Counts Min.| Gross CPM | Net CPM P
(Cal. Sources) Kf
133pa No, /07 5 &777.;\7'] 2 12372752 | 230560
13°g4a No, 4297 .05 J72741 3 B¢ 9h L I745 %
137¢s No, /77 N -] /376/&] d 2327 572 /37«59
137¢cs No, G-/77| .05 9244 2 7395 2737
(Linearity Sou.rces)
33Ba No, 4,18 [2323p)| QA | /2% 336 | /2Yps2]
Wm#" // ,115 224 2 L 23 % AT
Ba No, = Z , 0041 O IS 7 Fd & i
(Energy Respouse Scurces)
133p2 No, JA-A 8 344481 2 L 045 | 3529
137C§J\’9. S5 : 8 274724 - KT AT 27544
r 80Co No. o/ -a 05y . LY

T™MJ I SAMPLER

GROSS CEANNEL

j///-//-w/ (Zodive PUOR u

ENAL

Background: Binary Counts a7 Min. 2 = £ JCPM’
Source Nom.| N/A | Binar .

et B s uCi pei uﬁs’_’ Min. | Gross CPM | Net CPM |
133pa No. /77 .5 Sevzd 2 | oo | Q2923 ).
133Ba No.= =77 " .05 222%£]  J 49 7257 /3 279
157cs No. /77 .5 67997 & £ 277 &7 <34
137Cs No. , G =/ .05 peil @ Y 29/ ik
Operational C Chec" Source 8 95/ L 9 #r7 IRETS

ANALYZER CHANNEL

10% Window Centered on 133Ba . 356 MeV Peak. Center of Window 4.0 Volts
Upper Window l.imit 4.2 Volts.
Adjust Analyzer Gain Until Maximum Countrate To 133Ba Source Is Obtained.

Lower Window Limit 3.8 Volts.

Source Nom.| N/A | Binary .
Cal Source | uCi Counta Min, Gross CPM Nc:_CPM
I3%Ba No. / '; 7 . 22042 L |\ 27682 | /7 76!
Background: Binary Counts 2 Min, 2 = 92 CPM |

10% Window Centered on 1311 , 364 MeV. Decrease Analyzer Gain Until Net

Countrate Due To 133Ba Source Is 7% %1% Less Than Net Countrate : 739114
Obtained Above. /765?/{ P35h)= /76922 s
| Source Nom.| N/A | Binary
(Cal, Source) uCi Counts Min. GrossYCPM Net CPM
I3%BaNo. /77 ANs a2l AV 7535 V2 A0D)
Operational Check Source [ Y/91 A &/ ¥ 7
Background: Binary Counts / Min, & = / CPM
- IR = 7
Background to ,5mR/hr 137Cs .5 CPM .ié_?_:%—,é;;"z—“‘ o7 /d
Background to 1.5mR/hr 137¢cs . 5 CPM ‘: e
YL L
Certified By f\ { ’T//h.*
Qualit Ass ‘ﬁrance

86
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VICTOREEN INSTRUMENT DIVISION = 10101 WOODLAND AVE., CLEVELAND, OHIO 44104 .

VICTOREEN PHONE: [21¢]7935-8200 @ TWxI(810l421-8287

CALIBRATION DATA SHEERT
PROJECT AT ~2 Customer P.O. No. _( =0 /32
Customer Locos F0 Victoreen Job No. E=DS72

Prepared By _&;_[L«-z-w Date 7-2- 75

————

CHANNEL DESCRIPTION AEACTIR LLAOG, LURGE EX, D4C A -
CHANNELNO. _HP K -224" ~(futicil>le) Vevin Fitten

Sampler Model No. Y¢/~s- 4 70 SerialNo. _/ ¥/ Type , /
Detector Model No, 7o ?72-2,4 Serial No. / X o _Type L~
Ratemeter Model No. _%//2 -/» Serial No. &€Cc & Type Lo é

13382 and 137Cs Calibration Source Serial No. /7 7

-~ —---Qperational Check Source Type /2 ? ¢¢ Approximate uCi ¥

VICTOREEN STANDARD DRUM CALIBRATION FIXTURE

Background: Binary Counts [/ J Min. £ = _/3 CPM
Sources 9¢ /¢ ’ 3
(Vico Std. 5 Nom. N/A Binary . i Cg—
Source & Energy uCi v Somnta Min. Cross CPM | Net CPM
&Response Sources)
_— L22C €7 2 ¢ 7 s
90gr AL | 7¢3 2 163 752
99T¢ O/ 5 2442 2[R 2429 |
36C1 v, g ca [ 2 ¢ 96 A 749 |
Clip Level __, 20 /s /4 ¢ P.M. High Voltage _ 7 vo0 Vp/Fe |
VICTOREEN STANDARD PIG CALIBRATION FIXTURE
Background: Binary Counts Q Min, N = G CPM
Source Nom. N/A Binary .

Cal Sources) LCi v Couite Min.| Gross CPM | Net CPM
137Cs No. /7" N /15%7% ol /S R78 75 %722
137Cs No. (57", s | X7 % 2 ! T3 % ] T3

33Ba No. /77 o /1 aJ - | 97 /[ Y7

33Ba No. (5~ | ,e& 276 o o 7 G 270

POCR ORIGINAL
e - 75
EXLS 749115

A Division of SMELLER-GLOBE Corporation




Background: Binary Counts /O Min. 2 - /o0 CPM
Source Nom. N/A | Binary : . .
£l Sourvas) »Ci Counts Min. Gross CPM | Net CPM
Cs No. /97 .5 25229 | 2 1253279 (25377 ]
137Cs No. £-/%7 .05 2725 [ 2 3223 33 /3
133Ba No. /77 .5 1¥eé 2 J %4 27c
1398a No. £ -/77 .05 S 7/ 2 =27 2/
TMI I STANDARD CALIBRATION DRUM - PLACED INSIDE SAMPLER
 Background: Binary Counts /47 7 Min. 20 = /J cpum
Source Nom. N/A Binary . w o
(Linearity Sources) | uCi Vv Counts i Soen CIN Ne; s
908y e 0394 | & ¥O 79 o 0.9
90sr . Y 2T | 2 | 23« 2224
| 90sr 00 e FET RN /32
TMI O SAMPLER Z2 =22 f Lart cslate
Background: Binary Counts /2 Min. & = /2. cPM
Source Nom. N/A | PBRinary : N
(el Toucnnns uCi v Oounts Min. ! Gross CPM t.et. CPM
i3705!\’0./2’7 .5 293// 2 242 // 29 397
137Cs No. /5v77 .05 2272y | 2 7% 2l Jt /2
9Ba No. /7 .5 290 |2 292 7378
133Ba No. /5-/7 7 ,05 W of ¥ W JZ¢ STy |
Operational
Check Source . T | 2L 7 & o
Background to .5mR/hr 137¢s £ __ CPM

76

TMI I STANDARD CALIBERATION FIXTURE

Background to 1.5mR/hr 137Cs __ / Zﬁ CPM

v o N ¥l 3
Certified Py:‘,’\/’: -".\-‘bﬁ - Sy '1

Quality Wssurance

POOR ORIGINAL

749116



VICTOREEN INSTRUMENT DIVISION * 10101 WOODLAND AVE., CLEVELAND, OHIO 44104 .

VICTOREEN PMONE [2161795-0200 & Twxlsiolazi.-0287
CALIBRATION DATA SHEET
PROJECT 7 /97 =2 Customer P.O. No. (=72 /72
Customer ‘ﬁ srog 0= Victoreen Job No, & — 9\5",{"1

Prepared By 725—\- /va\;«‘fr.t-/-— Date 7-/-75

e — e e ———
CHANNEL DESCRIPTION AEALTIR [f-L6. FPARGE EXIAI T 04T 3
CHANNEL NO. 4P-g -22¢ ([ farticuete) /7,.,,':/ Filter

Serial No. / 57 Type .ZLL.C_/[J {2

Sampler Model No. T i// -1 -aT
Detector Model No. _Jwl-20 » Serial No. 223 Type _L -7 A
Ratemeter Model No. 74 2-/» Serial No. &7 9 Type tLec

133843 and 137Cs Calibration Source Serial No. #* /7 7

Operational Check Source Type /37 » ¢ Approximate pCi <

VICTOREEN STANDARD DRUM CALIBRATION FIXTURE

Background: Binary Counts /7 Min. & = /3 CPM
Sources 44 71¢ ’
(Vico Std, ¥29 Nom. N/A Binary S

Source & Energy uCi v Sounts Min.| Gross CPM | Net CPM

'Response Sources)

— Wi 7 € 2 7 ¢ G 3
90gr I/ C 7/ % J ¥/1 Ko~
99T¢ Yz 2430 ot e Sin 277
36Cl1 ’ L2 rxy = 2= 323 i R il

Clip Level Q7 Varc P.M. High Voltage __ & 9¢  A-r |

VICTOREEN STANDARD PIG CALIBRATION FIXTURE

Background: Binary Counts ____ 3 Min. 2 = J CPM
Source Nom. N/A Binary "

(Cal, Sources) uCi v Counte Min, Gross CPM | Net CPM

L37Cs No. /7% | , & 123151 2 IERTEEVESTE

L37Cs No, /4~-97 | .0 5 2y 2 2/ w3 20"

133Ba No. /77 N & J.2 2 2J 2 229

133Ba No. {~/77| .05 242 2 292 279 |

it

POOR CRIGINAL

A Nivison of SHELLER-GLOBE Corporation

77

249817



78

TMI I STANDARD CALIBRATION FIXTURE

Background: Binay Counts __ /] © Min, _ 2 = _ /o CPM
. pry | BV ain. | Gross ey | Net cex

Cs No. /27 N ' 2Ir99¢ | & 25996 27 734
137Cs No. 5~7 1 .05 Jt34 | 2 ? % 34 7% 2c/ |
133Ba No. /7" .8 Sar 2 F2S 2 r
133Ba No. 477 , 05 S e 2 sS4z f24 1

TMI I STANDARD CALIBRATION DRUM - PLACED INSIDE SAMPLER

Background to 1.5mR/hr 137Cs __ 2 J CPM

Background: Binary Counts _/ J &/ Min,. 2¢ = _/7 CPM
Source Nom. N/A | Binary .
(Lioearity Sources) | uoy v Counts Min, Gross CPM Net CPM
¢0sr l. 7 Fi2t,%0 | & | Twuwyo y TR
90Sr 0L 2/a0 | =2 2/20 2/ 07
90sr . 002 JIL£ S 2o /| / & | 03
TMI I SAMPLER L= 224 (%4 late)
.
Background: Binary Counts /| @ Min, _ oA -/ 0 _cem
Source Nom., N/A | Binary , . :
Cat Seoscn uCi Vv Counts Min. Gross CPM Net CPM
i3'7Cs No. /07 .5 26099 | 2 2¢¢ 729 | 2ey¢1
137Cs No. /4-/77 .05 37 66| A 376 ¢ 175 ¢
133Ba No, /29 .5 2@ 12 Nz 320
Ba No. /;=/77 .05 L I7ZX 3 g 70 L ca
Operational 8
Check Source iy -~ &, Y &
Background to .5 mR/hr 137Cs “ CPM

g -y
Certified By:ﬁ? STl i\

Quality Jssurance

POOR (RIGINAL

YA

C



VICTOREEN INSTRUMENT DIVISION .

10101 WOODLAND AVE., CLEVELAND, OHIO 44104

VICTOREEN PHONE: [216]795-8200 & Twx|siola21-8287
CALIBRATION DATA SHEET
PROJECT 7 /1L =2 Customer P.O. No. C = //12
Customer Lprp c § Lo Victoreea Job No. AW

Prepared By .&&_Mgﬂm__-_

Date J-/7- 7 5

CHANNEL DESCRIPTION N74c/o /2 Lortprn e

——

CHANNELNO. &) Ar- X2 / //;7//7.'614475/

AIR Ssnste Lime

”0-1: Vs /ffp

Sampler Model No. f&//-/ = & 7 Serial No. _/ Yﬂ Type [jgr‘f icd Qa’c
Detector Model No. & 3-204 Serial No. |22 Type [2-7 A4

Ratemeter Model No, ¥4/ -, &

133p3a and 137Cs Calibration Source Serial No.

/ /7

Serial No. 24/ ¢ Type L:¢ &

Operational Check Source Type /7 7 - Approximate—pCi 3
VICTOREEN STANDARD DRUM CALIBRATION FIXTURE
Background: Binary Counts X Min. 2 = /£ cpm
Sourcesi 297
(Vico Std. *“°I'7,| Nom. N/A Binary

Source & Energy uCi v Bounts Min, Gross CPM | Net CPM
esponse Sources)

e LIAL | o2 S5 79
90sr Nvis 9 /& < 2,4 79 ¢
99T¢e L O/%6 J& 7T 2 2437 2427
36C1 /32 ¥02¢C ok, 302 ¢ Tore |

clip Level O + 20 Vy/Fs

P.M. High Voltage

G 2o /ts)

- VICTOREEN STANDAT™ ) PIG CALIBRATION FIXTURE

Background: Bi .y Counts g Min. 2 = 9 cpm

Source Nom. N/A Binary
Cal Soure LCi v Counts Min.| Gross CPM| Net CPM
STCsNo. /97 | , 5 2 ’'%7 - 1 &/ 32 127777
37Cs No. 5-/771] .0°F 2 2 T3 - @ & JF J ey
33Ba No. /7? o ¥ 259 o r 9 AN
L33Ba No. /~~, %% .0 — o 2 332/ 322

e PﬂﬁR ﬁ 79

A Division of SHELLER-GLOSE Corporation

749110
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TMI I STANDARD CALIBRATION FIXTURE

)

Back, round: Binary Counts Min. & =_§Y¥ cpm —
Source Nom. N/A | Binary i
Cal. Sources) uCi Ve Chaude Mif Grecss CPM | Net CPM
CsNo, /77 o5 72029¢ | 2 22 ( JOI XX
137Cs No. G-/77 .05 3797 32798 13290
1333a No. /77 .5 { ! 12 1357 3473
133Ba No. 577 .05 TS L2 1839 Fa9
TMI II STANDARD CALIBRATION DRUM - PLACED INSIDE SAMPLER
' Background: Binary Counts _J O Min. 2¢ = % cPM
Source Nom. N/A | Binary
(Linearity Sources) | uCi v Counts —, e CEM ibiion
90sr VAE Jeer | 2|76 & 82| /.274
90Sr .0 & 2221 =% | &) G o s T
t S0y . 00 - /1// 3 2 ¢ F ] D&
TMI 0 SAMPLER ___ /77 =K —~237 { Larbicalste)
Background: Binary Counts C Min. 2 =_C _cpm
Source Nom. N/A | Binary
Cal. Sources) uCi v Y Min. Gross CPM Net CPM
5-37Cs No. /77 .5 2(Cew | X 12Ccles €T
137Cs No. 5-/77 .05 /62 - 24 2.2 329 &
BaNo. /77 .5 BoC | 2 20 & 200
133Ba No. 15-/77 .08 S0 |7 | r2e 7/ 6
Operational
Check Source . 7 A 7 & E 7

Background to .5 mR/hr 137Cs 4 cPM
Background to 1.5mR/r 137Cs __ /¥ — cPMm

/)? /\ & e ‘
Ceu ‘ified Py:/k > e ftend 'ﬂ
Quality ‘Assurance

- POOR DRIGINAL

v49120
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VICTOREEN INSTRUMENT DIVISION * 10101 WOODLAND AVE., CLEVELAND, OHIO 44104

VICTOREEN PHONE: [216]17935-8200 & TWX(810]l421-8287

CALIBRATION DATA SHEET

PROJECT Z8r~2 Customer P.O, No. (C=0//2

Customer L rns & fe Victoreen Job No. & 'ty ¢ §

Prepared By Zop S éﬁ’r‘?/'@ Date [/ / J: D~

S cne—

CHANNEL DESCRIPTION AR eactyr /4y, “rrje S, Qact A

CHANNEL NO. LL-R =82 Zodine _ :

Sampler M.del No. £ /2 Serial No. _A//A Type _Zzirpe
Detector Model No. ﬁ’i—‘? 4 Serial No. / 7 Type Lfarmsa
Ratemeter Model No. ¥a=39 Serial No. 7724 Type 2y

133pa and 137Cs calibration Source Serial No. __/ 77 ;

\Operational Check Source: Type /95 [ nd Approximate uCi &

VICTOREEN STANDARD PIG CALIBRATION FIXTURE

Background: Binary Counts 75 Min. _ 2 = &7 CPM
Source Nom. N/A |Binary :
(Cal, Sources) uCi V' |coun Min, |Gross CPM |Net CPM .
133 sraga9 4 22222 | /2020
aNo /7271 .5 Y0478 9 /%2935 VY0gy
[133Ba No, £-/77 .05 2,572 2 /72| A 418
137cs No, 1771 .5 £22¢/1 & F172v/ | £1£4%3
237Cs No. 5 /77) .05 N2¢3 & L2732 S/8S
Clip Level « 8o Vo/ éﬂ( P.M. High Voltage S0 V/ts

POOR ORICINAL

L5

-

: Soi3 | 7412 >

A Division of SHELLER-GLOBY Corporstion




™I I STANDARD CALIBRATION FIXTUKE

Background: Binary Counts___ /4 3/ Min._d ¢ = /57cpm
Nom. | N/A | Binary
Source uCi Counts Min.| Gross CPM | Net CPM
(Cal. Sources) .
133n3 No, /27 5 Q24823 2 1306872 189499
133 =127 .0 \?/ﬁ’”’J 27932 | 37259
137¢cs No, /77 > I2F8001 2 /33 o0 /37437
13 cs No, & /77 05 FY0l 2 A 797
(Linearity Sources)
g_gmo. #A 4,18 (23259 2 \/233%Y /2208
BaNo, # /2 115 oY 2 N 9', Iy
I8 No. = 7 . 0041 JFxsal ar 27% a7
(Energy Response Sources) :
133pa No, A =R _8 A eCwad I 20872 | 45350
1370s No, JA -2 8 /820 2 2/ 23~ NI B
60co No, S~ -2 8 23721 2 ¥7 372 | &728¢

TM™MI I SAMPLER

WD oAl e LRl

GROSS CHANNEL

. POGR ORIGINAL

Background: Binary Counts 7L va Min
Source Nom.| N/A | Sinary ; . l

(Cal Sources)  4Ci V4 Counu:a' Min Gross CPM | Net CPM
133Ba No. /77 8 Ve AN IR W IR 2RV S
133Ba No, /£ -/77 .05 22957 2 22357 | 19/5F
29iCsNo. /2% .5 27 €851 & 77 éi‘/ 03 ¥251
137Cce No. /5-777 .05 & il A W o4& Y207
Operational Check Source 8 Po&/sl L2 9 06/ QP72

ANALYZER CHANNEL

10% Window Centered on ~33Ba . 356 MeV Peak. Center of Window 4.0 Volts

Upper Window Limit 4.2 Volts.
Adjust Analyzer Gain Until Maximum Countrate To 133Ba Source Is Obtamed

" Lower Window Limit 3.8 Volts.

Source Nom.! N/A | Binary .
Cal Source) uCi v Counts | Min. | Gross CPM | Net CPM
I3%BaNo. /77 25 (734 ) 2 2732/ 220,
Background: Binary Counts 4 Min, 2 = K CPM

10% Window Centered on 1311 , 364 MeV. Decrease Analyzer Gain Until Net
Countrate Due To 133Ba Source Is 7% %1% Less Than Net Countrate

Obtained Above, (//?o /( g3h) =600

Source Nom.| N/A | Binary . "

{Cal. Souroe) uCi [ Panis Min. | Gross CPM [Net CPM
BBaNo. //7 M X7l F WS 77NV LAS 71
Operational Check Source s> | /85l & P it B e R
Background: Binary Counts & Min, & = % CPM | .
Background to .5mR/hr 137Cs 77 _cPm 2(~ (577 =~ ./7

Background to 1.5mR/hr 137Cs _/// CPM

100 .

/6J’

Certified By: f\ b/

Quahtv A ss‘(zrance oy

o« wy
g l.,-’.'.-‘-d“
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VICTOREEN INSTRUMENT DIVISION * '0107 WOODLAND AVE., CLEVELAND, OHIO “104

VICTOREEN PHONE: [216]795-3200 & Twxl810l421-8287
CALIBRATION DATA SHEET
PROJECT 777 =2 Customer P,O. No. (;"0["1
Custumer Lurns ¥ A2¢ __ Victoreen Job No. £ =7/ g
Prepared By //5//7(-

oo SFres’n Date

CHANNEL DESCRIPTION A kk/'//‘&// K?/,/ . Ex. Pact £

CHANNEL NO. W 7 it e T E [L line)
Sampler Model No. E4l= Serial No. A/] Type Z /ir-
Detector Model No. ), %) ‘.?//‘ Serial No., 2 Type Sainmra
Ratemeter Model No. _ £ & 2 =21 Serial No. % Type Aeq

133pa and 137Cs Calibration Source Serial No. /2 7
poafor-
Operational Check Source: Type /J‘?ﬁgl

Approximate pCi g

——
L ——

= VICTOREEN STANDARD PIG CALIBRATION FIXTURE

Background: Binary Counts /28 Min. & = /2 { CPM
" Source Nom. N/A |Binary -
(Cal, Sources) uCi Counts Min., |Gross CPM |Net CPM > ‘
ﬂg.m_ii‘m Vi¥az N £22%2 | 12992
aNo, /777 N o ot I ) V2 24 Ak LYY 22
133 L5705 /588 2 U Fe S| 205
137cs No, /771 .5 21280l 2 £7 200 | 2704
137¢s No. 5-/57 .05 229 & as91- /2
Clip Level o2 Valts _P.M. digh Voltage _ 274 U4/Ar
[ i 101
. ES1E] 749123

A Division of SHELLER-GLOBE Corpora*ion :
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.TMI I STANDARD CALIBRATION FIXTURE

Background: Binary Counts /4 74 Min. J2 _=/4/ CPM
Nom.| N/A | Binary | .
Source uCi Conta Min.| Gross CPM | Net CPML
(Cal.Sources) g
133pa No, /77 .5 22351 2 |8223%¢ 1224278
133pa No, £&-/27 .0 27%4 2 2254 | 27295
137 /97 5 /3299399 Q £397 927143757
137¢s No, G=/77 05 v SvA RN 7276 9927
(Linearity Sources)
13%a No, #' A4 4,18 [2%753) Q |\ /9%/62 \/P%04/
aNo, # /) ,115 J229] & L0230 ££ 9]
Ba No, = 7 . 0041 2227| &2 I3 227
(Energy Response Sources) ’
133pa No, /A -2 8 as5/sxl 2 25/P8 25027
1370 No. S22 8 2/ 4% :1 27457 0'3//
60Cco No. T4 -2 g oy &0 37/ 0.5

TMI I SAMPLER

Jé%-,'ﬂ" 29é

GROSS CHANNEL

S

(ol POBR (}RlGINA

Background: Binary Counts Min. _9? = AcscPM
Source Nom.| N/A | Bin

(Cal Sources) P Counte | Min. | Gross CPM | Net cle
133Ba No. i .5 L3%7%gal 2 | /34472 1/353TA
133Ba No. /5 -/9 7 .05 2159/ 2 2/.02/ | a/279
I37CsNo. /77 .5 747¢6] 3 76 9545 | DEg/2
137Cs No. (5 -/77 .05 o241 2 & 2oy L
Operational Check Source 8 LS 3 /0 £.79 /AT oSt

ANALYZER CHANNEL

10% Window Centered on 133Ba . 356 MeV Peak. Center of Window 4.0 Volts
Upper Window Limit 4.2 Volts. Lower Window Limit 3.8 Voits.

Adjust Analyzer Gain Until Maximum Countrate To 133Ba Source Is Obtained.

Source Nom.| N/A | Binary
Source) LCi Consas Min, Eoss CPM | Net CPM
1338a No. 171 N 2/3481 9 137552 /299
Background: Binary Counts s Min, 2 = J _CPM

10% Window Centered on 1311 ,364 MeV. Decrease Analyzer Gain Until Net
Countrate Due T 133Ba Source Is 7% #1% Less Than Net Countrate

3942
Obtained Above. (2/207)( 999 )= /% D54 YADLL
Source Nom.| N/A | Binary .

(Cal. Source ) uCi Chouste Min. ! Gross CPM |[Net CPM
13382 No. YN e L7547 & Vi / j
Operativnal Check Source ¥ Qo471 2 P EN - 0 { '
Background: Binary Counts 2 __Min, & = 4 __CPM ),

I i 9 .‘. ~ e~ -
Background to .5mR/r 137cs _ ZF  cpum (TN /Yo = » 7/(/)
Background to 1.5 mR/hr 137cs /7 9 ¢ // Y _CPM PRASAS

-

Certified By /\ REZ P N
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VICTOREEN INSTRUMENT DIVISION = 10101 "_JULAND AVE.,

CLEVELAND, OHIO 44104

VICTOREEN PHONE: [218]7995-8260 . TwX[e10]l421-1287
CALIBRATION DATA SHEET
PROJECT 7T - Customer P.O. No. C =0 (i
Customer Lury r ¥ Ao Victoreen Job No. _ & =756
Prepared By ST resss Date o [R5/
P

CHANNEL DESCRIPTION N EACTVR BL06. ATp SArnLE LIN,E

CHANNEL NO.

“Sampler Model No.
Detector Model No.
Ratemeter Model No.

133B3 and 137¢s Calibration Source Serial No.
\Operational Check Source: Type

£ r=-R-229(Zs. //(zc’)

FY/-2 Serial No. _#/A Type _Z:/ ..
F«d- Serial No. Z‘ Type __é_.y,,; 3
P dida T3 T a

Serial No. 7"~ Type
/57 7

Approximate uCi g

[

A,
¥

- —

—————

VICTOREEN STANDARD PIG CALIBRATION FIXTURE

Background: Binary Counts 24 Min. 2 = /3 CPM
Source Nem, N/A | Binary "
(Cal., Sources) uCi V4 Co Min. C~oss CPM |Net CPM| . -
ﬂg.mﬁk Q2 2 | szasgor | /20
a No. J?? 5 Y7920 & LR FTMYLIZT74
1\3, Pt ] .05 2/77 2 e Wl e 275 QY
137 /77 5 fJa22 3 $.5297 1 F% 423
137Cs 0. 6‘/’/'/L .05 /04 2 /79 4794
Clip Level PR-D N ¥k Xy

P.M. High Voltage Py Vo/{ ¢

PGGR ORIGINAL

7A91CO
103
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TMI I STANDARD CALIBRATION FIXTURE

Background: Binary Counts <32 5 Min._2 =23F/cprm
s Nom. | N/A | Binary
b - Scurce uCi v Cisunta Min. Gross CPM | Net CPM
(Cal. Sources) | 4/'
133pa No, 277 N 2 22054 2/?23“}
133 &-/i7 1 .05 22g94 a2 | #7592 2FL52
137¢s No, 779 .5 L2/827 2 \ /3 FI) |\ /43/L4p
137¢¢ No, 56=/7Y ,05 F2551 2 IS5 AV AW
(Linearity Sources)
133pa No,  #A  _4.18 [F4%/| 2 | /82 5% /22 ¥/0]
——i—:gM‘ =) ,115 w224 3 Nk IR S 071
Ba No, & 7 .0041 Y22l 22 a2 s
(Energy Response Sources)
133p2 No, £2-2 8 344041 2 2§50 | 2£97%
137 f2-2 g8 | 2422 7 9 Mz 23242
. 60Co No. .7/ - 8 737 $38 ¥72.
TMI I SAMPLER 2= (Tilie) PBUR GR‘GENA[
GROSS CHANNEL ,
Background: Binary Counts 0455 Min. § =d 7.7 CPM
Source Nom.| N/A | Binary
(Cal Sources) uCi v Counts Min. Gross CPM | Net CPM
133gaNo. /77 .5 /Y2971 2 LYy 727 /97574
133Ba No. 5= 77 .05 29234 @ 272231 225
137cs No. /97 .5 £/ 57 & Fl/57L e/ £/
137Cs No. 5-/7/ .05 Re 2, R 2L YPnq
Operational Check Source 8 /22 751 & 172 vy S/ N2 A

ANALYZER CHANNEL

1% Window Centered on 133Ba . 356 MeV Peak. Center of Window 4.0 Volts
T pper Window Limit 4.2 Volts. Lower Window Limit 3.8 Volts.
"Adjust Analyzer Gain Until Maximum Countrate To 133Ba Source Is Obtained.

Sov.ce Nom.| N/A | Binary o
Ll sOUTCE) uCi v Caints Min. | Gross CPM | Net CPM
BaNo. /77 s Lexvdl 2 | /E747 LE2YET
Background: Binary Counts ) Min, 2 = /g CPM

10% Window Centered on 1311 , 364 MeV. Decrease Analyzer Gain Until Net
Countrate Due To 133Ba Source Is 7% #1% Less Than Net Countrate

Obtained Above. ('/fﬁ’é'yj’ ( 73 L= /77 v 719126
| Source Nom.| N/A | Binary
(Cal, Source) uCi ) Counts "3 yiosanilncionl Gouhuio
8BaNo, /77 "y /72/77] 2 /2/723 L0La 7]
Operational Check Source g 2.C7%i1 2 J I e 20974
Background: Binary Counts % Min. ¥ = > _CPM (_
774 2= /7/dd =
Background to .5mR/hr 137Cs i) " cPM ik ‘;7///‘. il = . /7-1
Background to 1.5mR/hr 137Cs_//7 _CPM 7 '
Certified By: ‘\ A, o
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PROCESS RADIATION MONITORING CALIBRATION DATA T~
Samnler S.-mplet;
' Chanrel Monitor Type Detect | Discrim. High Cal. Source| Net | Cal. Source | Net ' Date of
No. Type Detact. | Counting] Level Voltage and CPM and CPM Cal.
Mode olts) (Volts) | Serial No. Serial No. Reading
DC-R-3400  [0ffline Liq| Gamma Gross .20 830 133ga #177  [231575 [137cs #4177 133612| 5/21/75
DC-R-3399 loffline Liql Gamma Gross .20 700 133pa #1177 [226945 |137cs £177 134878| 5/20/75
IC-R-1091  |0ffline Liq| Gamma Gross .20 775 13384 #1177 [223491 [137¢cs #2177 134673| 5/22/75
IC-P-1092  [0ffline LquLama Cross .20 600 133pa #1177 [210229 [137¢s #1727 137121 5/20/75
IC-R-1093  |0ffline Liql Camma Gross . .20 790 133, #177  |230352 |137¢cs 1177 133737 5/21/75
Cross un- 133
MU-R-720 Failed Fuel| Gamma attenuate .20 780 L Ba #177 220615 |137¢cs #177 139033£ 5/28/15
. Cross
MU-R-720 Failed Fuel| Gamma attenuated .20 780 133pa 177 |225815 [137¢cs 4177 137659 5/28/75
Analyzer Ucotc1002
MU-R=720 Failed Fuel| Gamma unattenu~| N/A N/A set to 135; |16048 5/29/75
ted Peak
_ Analyzer 5Ucc#c-1002
MU-R-720 Failed Fuel] Gamma attenuated N/A N/A set to 135; |[15967 5/29/75
= Peak
NS-R-3401 __ |0ffline Liq| Gdmma Gross .20 710 a 9177 __ |214690|137¢cs #177  |134024] 5715775
SF-7-3402  (0ffline Liq Camma Cross .20 700 1334 9177 |233843|137¢s #177 135882] 5/14/75
WDL-R-1311 [0ffline Liq Camma Gross .20 750 1333, 2177 219967 |137¢cs #177 125423 5/22/75
: ]
WT-R=3294  |0ffline Liql Camma Cross .20 720 133pa #1277 220196 |137¢cs #177 134300 8/12/75
\T-R-3895  [0ffline Liq GCamma Gross .20 710 133pa 9177 |222110[137¢e #177 133200 5/23/75
VA-R-748 0ffline Gas| Beta Cross .20 575 137¢cs #177 44209 13352 0177 1500 6/27/75

601
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PROCESS RADIATION MONITORING CALIBRATION DATA'
Sampler Sampler
- Channel Monitor Type Detect 1 Discrim.| High Cal, Source| Net | Cal. Source | Net | Date of
. No, Type Detect, | Counting] Level Voltage and CcPM and CPM Cal.
Mode | (Volts) (Volts) | Serial No. Serial No. Reading
WDG-R-1480 bffline Gas|Deta Cross .20 600 13705 1177 |47014 [133pa 177 1715 |6/19/75
WDG-R-1485 pfiline Gas|Beta Cross .20 750" 137cs 177 45721 |133pa #2177 1593 |6/30/75
WDG-R-1486 _ Dffline Gas|Beta Gross .20 495 137¢cs #177 41960 [133Ba #177 1222 |6/19/75
iP-R-219 _ Pffline Cas|Beta Cross .20 700 137¢s 9177 47410 ['33Ba 177 1765 |6/26/75
. Moving Fil-
HP=R-219 ter Parti- |10/1 Beta| Gross .20 630 13705 9177  |26563 [133pa #2177 331 |7/10/75
‘ culate
HP=R-219 Iodine Gamma Gross .20 750 133p, 1177 |88413 |'37cs 9177 L67930 6/12/75
HP-R-219 Iodine Gamma Analyzer | N/A N/A 133g, #1177 |16352 6/12/75
’ Set to 131T
Peak
HP-R-220 Lgffline Gas| Beta Gross .20 660 137cs 9177 |46986 |133Ba £177 1665 | 6/25/75
[Moving Fil-
HP-R-220 ter Parti- | 10/1 Beta| Gross .20 705 137cq 4177 |28335 |133Ba 1177 380 |7/3/75
culate
HP-R-220 Todine Camma Gross .20 750 133pa 177 |137458|137¢cs #177 80903 | 6/11/75
HP-R-220 Todine Garma Analyzer N/A N/A 133ga 1177 15379 6/11/75
set to 131I
Peak
iP~R-221A |Offline Cad Beta Gross .20 680 137cs #177 45532 (13382 #177 1531 | 6/23/75
Moving Fil- 137 313
iP-R-221A  [ter Parti- | 10/1 Beta| Gross .20 620 cs £177  |25028 13331 #177 293 | 7/11/75
B N !
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PROCESS RADIATION MONITORING CALIBRATION DATA
Sampler Sampler :
“wannel Monitor | Type Detect | Discrim.| High Cal. Source| Net | Cal. Socurce | Net | Date of 7.
No. Type Detect. | Countin Level Voltage and CPM and CPM Cal.
Mode (Volts) (Volts) | Serial No. | Serial No. Reading
WP-R-221A__|rodine Gamma Gross .20 775 13m0 1177 154952 [¥7¢s 1177 7563 |6/11/75
HP=R-221A  [fodine Camma Aualyzer | N/A  N/A g, 1177 19318 6/11/75
set to lJl;
Peak
HP-R-22ik __ Pffline Gas|Beta Gross .20 660 137cs #177__ |48533 {3%pa 2177 1677 |6/23/75
Moving Fil- 133
HP~R-221 1 ter Parti- |10/1 Beta| Gross .20 560 137¢q 9177 21104 Ba 1177 309 |7/16/75
= . .ate
133 137
HP~R-221D Iodine Gamma Gross 2 20 790 Ba #177 167243 Cs 177 93525 |6/9/75
PP-R-221B  |iodine Camma Analyzer | N/A N/A 133p, 4177 |21637 6/9/75
Set to 131
Peak
WP-R-222  |offline Cas| Beta P .20 550 3700 1177 48004 [133pa #177 1603 | 6/26/75
Moving . 137
HP-R-222 Filter Part}-10/1 Beta| Gross .20 550 3ce 1177 |34287 [133pa 177 542 | 6/30/75
iculate
' : 133 137 ,
HP-R-222 Iodine Gamma Gross .20 700 Ba #177 [116895| " ’'cs #177 65905 |6-3-75
P 13352 3177
HP-R-222 Iodine GCamma Analyzer N/A . N/A Set to 1317 [17501 6/3/75
Peak
{P-R-223 0ffline Gad Beta Gross .20 700 137cq 2177 |43263 |133pa 1177 1437 | 6/17/75
Moving Fil4 ' 137
1IP-R-223 ter Parti-| 10/1 Beta| Gross .20 690 ce 1177  |23531 |133pa 177 282 | 7/8/75
culate )
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PROCESS RADIATION MONITORING CALIBRATION DATA

YAU130

Sampler Sampler
~Channel | Monitor | Type Detect 1 Discrim.| High Cal. Source| Net | Cal. Source | Net | Date of
tio. Type Detect. | Countin Level Voltage and CPM and CPM Cal.
Mode | (Volts) (Volts) | Serial No. Serial No. Reading
NP-R-223 Todine Gamma Gross .20 700 133pa p177 119626 !37cs #177 6299 16/13/75
HP-R-223 Todine Camma Analyzer | N/A N/A 133pa 1177 14661 6/13/75
" Set to 131 T
Peak
HP-R-224 __ Ppffline Gas|Beta Gross .20 580 137¢cg m177 | 42551 [133Ba #177 1444 _|6/27/75
Moving Fil~ 133
HP-R-224 ter Parti- | 10/1 Beta| Gross .20 630 137cq ¢177 22567 [*77Ba 9177 262 |7/8/75
: Lcuiate
UP-R-226  |todine Comma Gross .20 650 1" ma 1177 [122038 [137cs 1177 |r1697 |6r13/75
HP-R-224  |lodine Camma Analyzer | N/A N/A 133p, 1177 | 16490 6/13/75
: Set to 131
Peak
: : 137 133
HP-R-225 j0ffline Cas| Beta Gross .20 570 Cs 177 465148 Ba #177 1523 | 6/26/75
HP-R-225 l“°““3 FL14 10/1 Beta| Gross .20 700 B7ce 0177 |29299 {*%pa 1177 278 | 712775
ter parti- ' ;
culate
HP-R-225 Io&ine Gamma Gross .20 800 133Ba #177 176277 137ps #1177 23495 | 6/5/75
HP-R-225 Iodine Gamma Analyzer _N/A N/A 1338a #1177 15977 6/5/75
set to 131
Peak
HP-R-226 __ |0ffline Gas| Beta Gross .20 790 YWes 1177 |as673 |"8a 0177 1786 | 6727775

-——
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PROCESS RADIATION MONITORING CALIBRATION DATA e
Campler Sampler
- Channel Monitor | Type Detect 1 Discrim.| High Cal. Source|] Net | Cal. Source | Net | Date of
No. Type Detect. | Countin Level Voltage and CPM and CcPM Cal.
Mode | (Volts) (volts) | Serial No. Serial No. Reading '
F-R-226  Moving Fil4 10/ Betal Cross .20 690 137ce0177  besss | 13%pa 0177 320 | 7/1/75
) ter Parti-
culate
' 133 137
[HP-R~-226 Iodine Gamma Gross .20 725 Ba #177 34328 Cs #1177 76812 6/4/75
LP‘R-ZZG Iodine Gamma Analyzer N/A N/A 1338a 1177 19665 6/4/75
. set to 131
Peak
‘ 1137 133
P-R-227 Offline Gad Beta Gross .20 625 Cs #177 i8059 Ba #177 1789 6/25/75
IP-R-227 Moving Fil4 .4,y Beta Gross .20 620 37ce 1177 beess | 133pa 0177 300} 7/17/75
ter Parti-
culate .
. - : 133 137
HP-R-227 Iodine Gamma G;oss .20 850 Ba #177 148546 Cs #177 ”1615| 5/28/75
1P-R-227 Iodine Camma | Analyzer | N/A N/A 13382 1177 h7169 5/28/75
' : set to 1311
Peak
: 137 133 .
HP-R-228 Offline GCag Beta Gross .20 575 Cs #177 8064 Ba #177 A5) 6/25/75
{P-R~228 Moving Fil{ 10/1 Bettl Gross .20 700 1370: 31848 374} 7/3/75
ter Parti- '
éulate
- 133 137
HP-R-228 Iodine Camma Cross .20 690 Ba #177 (142078 cs #177 80007| 6/2/75

gll
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PROCESS RADIATION MONITCRING CALIBRATION DATA

“39132

Peak

i Sampler Sampler
Channel Monitor | Type Detect | Discrim.| High Cal. Source| Net | Cial. Source | Net | Date of
No., Type Detect. | Countin Level Voltage and CPM and CPM Cal.
Mode (Volts) (Volts) | Serial No. Serial No. Reading
lup-p-228 Todine Gamma  |Analyzer | N/A N/A 13380 0177 7315 6/2/175
. Set to 1311
: Peak
; 137 133
HP-R-229 Pffline Gas| Beta Cross .20 610 Cs #1177 7195 Ba #177 1543 | 6/23/75
frp-R-229 Hoving Fil1 10/1 Betaf Gross .20 720 1370e 1177 peose | 13%sa 177 396 | 7/2/75
ter Parti- .
culate
hiP-R-229 Lodine Gamma___ | Gross .20 760 1335, 9177 haases | 37ce 1177 | 81913 6/6/75
' .
FP-R-229 Iodiae Gamma Analyzer N/A N/A 1330 1177 17307 6/6/75
Set to 1311
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TMI II CALIBRATION PROCEDURE PECULIARITIES
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IBRATION PROC RE P [
Many more calibration sources and fixtures were supplied to TMI II
than are normally supplied by Victoreen 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 ~f the TMI Il system is the
same as the general point source 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. lodine 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 charcnal 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 k

properly retained.

16 Y15334



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 hoider.
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 attenuaté
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

possible into the sampler.

The high voltage is set by the gross channel ratemeter pot R115.

(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. 1 kbt 117
7AGLIS



D. Gas Monitors

General point source calibration of all TMI II gas monitors is

identical to the procedure in Section [V, ( )
E. Particulate Monitors

General point source calibration of all TMI II parrticulate

monitors is identical to the procedure in Secticn III. A scribe

mark is provided ou 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 II 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. C \
3. Remove the Capstan and install the TMI I 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-90 1.3 uCi source
with the TMI IT Standard Calibration Drum placed inside the
sampler. The average count rate of all the particle Monitors
supplied to TMI II to the Sr-90 1.3 uCi source with the TMI II
Standard Calibration Drum placed inside the sampler was &

73,517 + 4.4% at one standard deviation (1 G) 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 Victoreen Standard Calibration Data Sheet (Appendix I). (:
On a multi-channel system, critical parameters for each channel are
tabulated on a Victoreen Process Radiation Monitoring Calibration

Data Table (Attachment II). This data will be used by the customer

to maintain the NBS traceability on all future calibrations.

1 Beta Scintillation Detector (343-20)

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 particula;e filtér sampler. The
four sou -s are 99Tc, 1291, 905:. and 33C1, The 1291 ﬁource provides
the traceability to NBS.

1.1 Requirements

a.Beta source Capstan assembly with 4 area sources. <;
b. Counter/scaler

¢. Oscillator P““R uR\G‘NA\-

d. Pulse generator ‘

e. Oscilloscope

f. Victoreen Standard Geometry, Model 844-36

g. Customer's Serialized Button Sources

h. Masking Tape

i. Calibration Data Sheet

1.2 Discriminator and ligh Voltape Adjustment

a. Conncct the detector to be calibrated to the LCRM. PR ord
the serial numbers of the detector and LCRM, as well as all
cther pertinent data on the front of a Calibration Data Sheet.
b. Place the beta detector in the test ficure, and install the (\.‘

source Capstan. Position the detector such that the foil

window is 3/16" from the center of the sources.

. CAGIGs
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All beta gas detectors are initially factory calibrated : .
in this fixture to Victoreen's Standard 1-129 source. All '
beta particulate detecters are initially factory calibrated

in this fixture to Victoreen's Standard Tc-99 Source.

Count rates to I-129, Tc-99, Sr-90, and C1-36 are taken in

this fixture to check energy responses.

Figure 10. Victoreen Standard Drum Calibration Fixture

1VNI3II0 ¥00d
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c.Turn all equipment on and allow 15 minutes for warm-up and
stabilization.
d.Vhile the equipment is warming up, compute the net count rate

of the 90sr source using the equation presented below, and
the data from Table 4.

N = Nge (A0 é

where N = present count rate
N, = count rate a* time of factory calibration

e = base of natural logarithms
A= 0.693+Ty (See Table 4 for Ty )
t = elapsed time (yrs.)

pOOR ORIGINAL
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Table 4: Beta Calibration Sources |

Isotope T‘i (Half -life) €, Count Rate
1291 1.7 % 107 yrs 1200 cpm
908: 27.7 yrs.
36C1 3.08 x 10s yrs. 75, 177 cpm
” d:12 = 10s yrs. 24, 217 cpm

2
1 9I 36

NOTE: Due to the long half-life of ¢ Cl, and 99?:. the No

count rate 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: -
pulse rate - 10s cpm.
pulse polarity - negative
pulse amplitude - 0.200 # 0.002 volt
pulse width - 1.0 psec
g. Adjust the Discriminator level control, R3, so that the
0.2 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 HV adjust, R1l1lS5, for an indication of 5720 wvdec on

Yan1ial
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the front panel meter.
NOTE: 1%his is not the final HV setting but is simply a starting
point for the calibration. (T

k. Place the Function Switch in the OPER position.

1. Position the 1291 source attuched to the source capstan toward
the sensitive end of the Seta 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 Rl4 and nis or TP7 on
the log ratemeter card and ground. Ad3just the scaler for a 2 minute
time base.

n. Assuming a 50 cpm background count rate, adjust the High Voltage
using R115," until a count rate of 1250 cpm is measured on the
Counter/Scaler. )

©. Remove the source from the detector and take a 2 minute ccunt of (;
the actual ambient background.

p. Compute the sum of the measured background count rate plus 1200 cpm
from the 1291 source. Replace the 1291 source over the active end of
the detector.

q. Fine tune the HV using R115, for a gross count rate equal to the
sum Ecnputod in the previous step. Record this value on the Cali-
bration Data Sheet.

NOTE: Required accuracy is :’lﬁ of the net source count rate.
. r. Remove the source capstan and take a 2 minute background ~ount.
Record this value on the Calibration Data Sheet.

s. Compute the net count rate of the -

91 by subtracting the back-
ground (step r) from the gross count rate (step g). The.net count
rate must be 1200 :pm +1%. If the accuracy is not within +1%, i\,
repeat steps q through s.
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1.3 Energy Response Check

a. Replate the source capstan on the test gixture and position the

903: source over the active end of the detector.

. Take a 2 minute count and record the gross cpm on the calibraticn
pata Sheet.

c. Compute the net <pm by subtracting the packground measured in
step 8.1.2.%. The allowakle tolerance of the measured net cpm
to the anticipated cpm is +6%. pecord the gross and net cpm

on the calibration data sheet.

4. Repeat step a through ¢ for the 36C1 area source. [P —

e. Repeat step a through ¢ for the 99Tc area source.

¢. Observe all data taken in the energy response check. If the
+6% tolerance cannot be met, repair of the detector is required.

.g. place the Function switch in the H.V. position.' ge-ord the HV
value indicated on the front panel meter in the apptopriate
locations on the calibration pata Sheet. This is the ginal high
voltage adjustment.

h. Place the Function Switch in the OPER position.

1.4 calibration of Secondary Button Sources (standard Geometry)

1A .1 standard Geometry

‘a. Remove the detector from the beta calibration fixture e
and install it in a Victoreen standard GeometIy: Model 1
844-36.

b. With a Counter/Scaler connected betwesn the junction of Rl14
and R18 or TP7 on the ratemeter curd-and eround, take 2 2 minute
count of packground in the standard geometxy . Record this
yalue on the calibration pata Sheet.

c. Slide open the source holder on the standard geometry and

49343 -
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d.

jnsert the customer's serialized ~USr- button source,

with the blank side towards the detector.

Take a 2 minute gross count of the?05r  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.

Remove the 905: source, \
Repeat steps b thru e in the cu;taner's standard geometry
t-, obtain cross calibration data.

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 42 Sampler Geometry

Gross Gaseous

NOTE: Use this procedure for a beta detector which is (i

used to monitor gross gaseous activity, i.e., no partic-

ulate filter.

1l.) The detector must be installed in the sampler with all
associated accessories in place.

2.) With a Counter/Sca}er connected between the junction of

Rl4 and R18 or TP7 on the ratemeter card and ground take 2

2 minute background court and record t.e value on the
Calibration Data Sheet.
3.)Attach the serializea 905, button source to the active
end of the detector as shown in Figure 5, or by using the
plastic source cup, with the blank side of the source

towards the detector. Place.the detector in the sampler °
T2
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4.) Take a 2 minute count of gross cpm. Record this

value on the calibration Data Sheet. Compute the
pet count rate by subtracting the background (step 2)

and record this value on the data sheet.

51) Remove the 90gy button Source from the detector. )
6.) With the deliectoT {n the samplet, depress and hold

the check source pushbutton on the ratemeter. |
7.) Take a 2 minute count of the check source activity and

record the gross cpm on the calibration Data Sheet.

gubtract the background (step 2) from the gross cpm tO
gind the net cpm and record this value on the data

sheet. Release the check source pushbutton when the

2 minute count 4s completed.
g8.) Remove éhc test 1nstrumentacion from the LCRM, and
secure the detector in the sampler.
9.) Calibration completed.
b. Moving Particulate Filter (Model 841-1)
ggr_‘;_:_l!u this procedure for beta detectors employed on

moving parciculate filters, \odel 841-1.

1.) The detector must pe installed {n the sampler with all
accessories in place, except remnove the filter paper ,
and capstan.

2.) wWith a Counter/Scaler connected between the junction of
R14 and R18 or TP7 on the ratemeter card and ground,
take a 2 minute background count and record the value on

the Calibration pata Sheet.

127

49145 s




3.) Attach the serialized 20Sr button source to the active
and at the detector as thown in figurs 5, or by using (T
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 cpm. 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.

5.) Remove the 20Sr buttcn source from the detector.

6.) With the detector in the sampler, depress and hold the

, check source pushbutton on the ratemeter.

7.) Take a 2 minute count of the check source activity
and record the gross cpm on the Calibration Data Sheeﬁ(;
Subtract the background (step 2) from the gross cpm to
find the net cpﬁ and record this valu; on the data
sheet. Release the check source pushbutton when the

& 2 minute count is completed
8.) Remove the test instrumentation from LCRM.
v 9.) Replace the filter capstan and filter paper.
10.) Calibration completed.
¢ Fixed Particulate Filter (Héd§1 841-2)
NOTE: Use this procedure for a beta detector employed

in a fixed particulate filter sampler, Model 841-2.

749519
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L)

2.)
3.)

4.)

5.)

6.)

7.)

8.)

The detector must be installed in the sampler with

all assoclated accessories in place.

2emove the filter and gasket from the filter holder.
With a Count~r/Scaler connected between the junction of
Rl4 and R18 or TP7 on the ratemeter card and ground,
take a 2 minute background count and record the valu;
on the Calibration Data Sheet.

Center the serialized 905y putton source on the end of
the filter holder assembly with the blank side towards'
the detector. Attach the button source tO the filter
holder by placing two small 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 {n the plastic cup aﬁd over the end of
the detector. Do not ccver source with tape, as it
will attenuate the beta emissicn.

Place the filter holder into the sampler and secuie it
with the thumb screws.

Take 2 2 minute count of gross cpm. Record this value on
the Calibration Data.Sheet. Compute the net count rate
by subtracting the background (step 3) and record this
value on the data sheet.

Remove the 905y button source from the detector.
Replace the gasket on the filter holder and insert in

the sampler without the filter paper.

9,) With the detector {nstalled in the sampler, depress

100)

and hold the check source pushbutton on the ratemeter.
Take a 2 minute count of the check source activity and

record the gross cpm on the Calibration Data Sheet.
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Subtract the background (Step 3) 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 com=- (T
pleted.

11. Remove the test instrumentation from the LCRM.

12. Calibration completed.

1.5 Linearity Source Check (Ootional)

NOTE: Linearity sources are provided only upon specific request

of the customer. Three J0Sr button.sources of varying
activities will be used.

a. Remove the detector from the sampler and install it in a
Victoreen Model 844-36 Standard Ceometry.

b. Connect a Counter/Scaler between the juncticn of R14 and R18,
or TP7 on the Log ratemeter card, and ground.

c. Place the highest nctiQity 99sr source in the standard geometry,
blank side up. Take a 2 minute count and record the count rate. (;

d. Repeat Step ¢ using the medium activity source.

e. Repeat Step ¢ using the small -t 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.timc (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 assecmbly.

h. Compare the measured results, taking into account the radiocactive
decay of the line- ity sources, with the actual activity of the
sources, The chan.el must be linear within 4 157 of the cpm/

PCi/cc (source efficiency) fac.oi.
120
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ecintillation Detector (Clodel 8£3-30)

a button source is

{

~ (1lation detec

-ation, provides HBS

Requirements

b.

Ce

used as a factory standard to calibrate

the

tors. This source, through an {sotopic effluent

traceability.

Victoreen Standard 133ga Button Source

Victoreen Standard Geometry, Model 844-36

Counter/Scaler

d. DVM

£.

Oscilloscope
Alligator Clip J

Oscillator

h. Tulse Cenerator

i.

Oscilloscope

_ Cus

__ . Masking tape

1.

22 Discriminato

umper

tomer's serialized button sources

calibration data sheet

r and High Voltage Adjustment

a. Connect the detector to be calibrated to the LCRM. Record

the serial nurbe

other pertinernt

b. Place the garma

c. Turn all equipment on and allow 15 minutes for warm-ub and

Model 844-36.

atabili:a:ion.

rs of the detector and LCRM, as well as all
data on the front of 2 calibration Data Sheet.

dutector in the Victoreen grandard Geonetry

I R T S
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d. While the equipment is warming up, compute the net

133

count rate of the Ba factory button source using the

equation and data presented below:

M= N e '0‘693:/Tk

vhere N = present count rate
N, = elapsed time (years)
to = date of initlal calibration = 1-1-/6
Ta' = half life of isotope = 10.7 years
e. Remove the detector input signal and h’‘gh voltaze cables.
If the LCRM contains an analyzer board i: must be bypassed
by placing the analyzer card and place a jumper across pins

L and K on J2 on the main board.

743150
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¢. Connect an oscillator and pulse generator to the

the ratemeter as shown in Figure 4. Adjust the signal input
to:

pulse rate = lcpcpn

pulse polarity = negative

pulse amplitude = 0.200 * 0.002 volt

pulse width - 1.0 psec

g. Adjust the piscriminator level control, Rr3, so that the 0.2

volt negative pulses are just counting. The zatcnetot will

now discriminate against all pulses lower than 0.2 volt.

NOTE: Thls is the final setting of R3. Record this value
on the channel Calibration pata Sheet.
h. Remoue the rest equipment from the LCRM gnd reconnect the
detector and Eigh ynltage cables. Leave the LCRM in the Gross Mode
{. Place the Function switch in the H.v. position.
j. Adjust the HV adjust, rR115, for an i;dication of 700 vdc
on the front panel meter. .
ggggi_This is not che f£inal HV getting but is simply a o
starting point for the calibration. |
k. Place the Function switch in the OPER position.
1. place the 1338a factovy button source, blank side up, into
the source holder on the standard Gecmetry.
m. Connect 2 Countar/Scalex petween the junction of R14 and n1s
or TP7 on the lof ta:cmg:er card and ground. Adjust the scaler
for a 2 minute time base.
n. Assuming a 100 cpm packground count rate, adjust the High
voltage using RL15, until the computed net count rate of
133

the pa source plus 100 cpm is measured on the C sunter/

Scaler.
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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 (T

the ccmputed net count rate of the 133Ba source. Replace

the 1333: source in the Standard Geometry.
q. Fine tune the HV using R115, for a gross count rate equal
to the sum computed in the previous step. Record this value
on the Calibration Data Sheet: '
NOTE: chui:ed accuracy is + 1% of the net source céunt
rate. h
r. Remove the source from the standard geometry an& tzke a e

2 minute bacliground count.
Record this value on the Calibration Data Sheet.

s. Compute the net count rate of the 1333a button source by
.subttacting the background (step r) from the measured gross cour
rate (step q). The net count rate must equal that value cocl
puted in step 4 with a tolerance of + 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 calibrat.on, section B.2.3.1.

2.3 Calibration of Field Button Sources

NOTE: The LCRM must remain in the Gross Mode for this section
=24 .1 Standard Geonetry

a. Install the gamma scintillation detector in the
Qictoreen Standard Geometry, Model 844-36.

b. With a Counter/Scaler connected between the junction
of Rl14 and R18 or TF7 on the ratemeter card and 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 geometrf\_
and insert the customer's serialized 177Da button

7A152
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2.3.1

d.

£.

gource, with the blank side towards the detector.
Take a 2 minut: gross count of the 1338; source and
record this value on the Calibraticn Data Sheet.
Compute the nct count rate by subtracting the back-
ground (from Step b) and record this value on the
data sheet.

Remove the 133Ba source and instali the 137¢s source
in the same manner.

Repeat Step J for the 137Cs source.

Remove “he detector from theVictoreen standard geometry
and instai. it in the customer's standard geometry.

Repeat Steps b thru £, - L =

Sampler Ceometry

a.

b.

c.

The detector must be installed in the sampler with

all associated accesscries in place. The LCR! should
remain in the CROSS mode if it contains an analyzer
function.

With a Counter/Scalar connected betueen the junctioﬁ

o% F1l4 and R18 or TP7 on the ratemeter card and ground,
take a 2 minute baclground count and record the value on the
Calibration Data Sheet.

Attach thel3¥Ba source with the blank side of the source
toyards the detector to the sensitive end of the detector
and p.ace the detector ia the sampler. Take a 2 minute
count of pross cpm. 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.

YAD1LO3
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d. Remove the 1333& button source and install the 137Cs
'button source on the detector in the same manner.

e. Repeat Step d for the 137¢cs source. (T

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 ratemeter.

h. Take a 2 minute count of the c'eck source activity and
recocrd the gross ¢pm on the Calibration Data Sheet.
Subtract the background (Step b) from the gross cpm
to find the net cpm and record this value on the data
sheet. Release the check source pushbutton when the 3

2 minute count is completed.

2.4 Linearity Source Check (Oontional)

NOTE: Linearity sources are provided only upon specific request
of the customer. Three 13383 button sources of varying
activities will be used. (l
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.
c. Place the highest activity 13382 source In the standard
gcanctry..blank side up. Take a 2 minute count and record
the count rate.
d. Repeat Step ¢ using the medium activity source.
e. Repeat Step ¢ 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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£. Remove the sources from the Standard Cecmetry and take a
10 minute background count. Compute the count rate by
dividing the binary court by 5.

g. Replace the detector on the sampler assembly.

h. Compare the measured results, taking into account the
radicactive decay of the linearity sources, with the actual
activity of the sources. The channel must be linear within
+ 15% of the cpnl)xcﬂcc (source efficiency)factor.

2.5 Analyzer Calibration

NOTE: In many cases, an Analyzer function is included in a
LCRM to enable it to be used to menitor a specific s
Isotope. Isotopic calibration of the analyzer should be
performed in accordance with Section A.7.
2.5.1 Iodine Analyzer Calibration
NOTE: An Iodine Anélyzer is adjusted to respond to the
364 Kev photopeak of 1311, 1This adjustment is made
using the 356 Kev photopeak of 13333.
a. Place the LCRM in the Analyzer mode by one of the
following methods:
1.) place the GROSS/ANALYZER switch in th; ANALYZER
position
or
2.) remove the jumper across pins L and K on J2 and
install the analyzer board.

b. Attach the customer's serialized 13333 button source

to the active end of the detector or by using the plastic

source cup, then place the detector in the sampler.

39150
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d.

f.

Connge: an os.illoscope to monitor the output <f the
linear amplifier of the analyzer (T®302 and GND). (T
Adjust the analyzer gain control, R334, until the 356
keV photopeak of the 133Da source is approximately 4.0
volt (positive pulse).

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 #+ 0.02 vde.

Connect the DVM between TP303 and ground to measure

the lower window level. Adjust the "delta Y" potentio-
meter, R313, for an indic;Eion of 3.8 + 0,02 vde.
Connect an oscillator and pulse generator to the input

of the LCRM. Adjust the input signal for: {

‘ !

Count rate: 105cpm

Pulse Width: 1 rsec '
Pulse Polarity: Negative
Pulse Amplitude: Minimum

With the LCIM in the analyzer mode, gradually increase

the input pulse height while observing the response of

the front panel meter and the output ;f the linear
amplifier on the oscilloscope. The front panel meter
should indicate downscale except when thé input height

ts vithin the 107 window of the 133Ba. If the window width
appears less than or greater than the desired value, or
nultiple windows are observed, readjustmint or repair |

of the analyzer is required. (_.

Remove the test equipment and reconnect the detector.
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k.

1.

m.

0.

meter, carefully adjust the analyzer gain, P334, for a
maximum, or peak count rate from the 13355 356 keV
photo-peak. This will require only a small adjustment
on R334. Allow several minutes for the reading to
stabilize.

Connect a Counter ’Scaler at the junction of R18 and
Rl4 on TP7 on the ratemeter card, and ground. Take

a 2 minute count of the count rate and record this
value on the Calibration Data Sheet.

Reduce the value recorded in Step h by 7%2. While

A monitoring the output count rate with the Counter/

Scaler, decrease the analyzer gain (CCW reduces gain)
uncil the count rate decreases to within 1.07 of the
computed value. Record the final reading on the
calibration data Sheet.

Remove the 133Ba button source and take a 2 minute
background count. Record this value on the Calibra-
tion Data Sheet.

Reinstall the detector in the shield assembly.
Install a clean charcoal filter.

Depress the check source button and hold. Allow

time to stabilize, then take a 2 minute count. Record
the value on the Calibration N:ta Sheet, then rélease
the check source button.

Calibration completed.
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2.5.2 Analyzer Calibration for any other Energy Peak

(.08 to 2 MeV) !
The analyzer gain can be adjusted such that a range of .08 -( 2
MeV corresponds to the instrument voltage range of .2 = §
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 been
obtained, an analyzer "window" of any desired width can
be centered on any encrgy peak within this rangé. De=-
termination of voltage values for the window center and
discriminators for a desired energy peak and window
width can be obtained directly from Figure 7 or calculated
from the slope of the "straight line™ relationship. The
slope was adjusted to 2.5 volts/MeV in Section B.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
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,
d. TConnect an oscilloscope between TP302 on the analyzer
board, and ground. Adjust the scope to display posi-~

tion pulses. A ccaplete spectrum of peaks will appear

%

TADI0S



along with the PO

due to Compton scattering.

a. Using the point -slope equations, determine the desired

pulse height (in volts) to be set for the point sovrce \

characteristic photo-peak.

NOTE: Calculation of the pulse height for the 6°CO,

1.117 ke\]_ photopeak, is present

ed as an example.

v = (1.17 MeV) (2.5 volts)

02  e——
TP3 MeV
Vep302 © 2.925 volts

£. Adjust the analyzer gain, R334, until the top of the

desired peak is set at che voltage derived in Step €.

The gain of the analyzer is novw apprcximately set.

g. Calculate the upper and lower discriminator settings

pased on the desired window width. Most windows are

set to a width of 100 keV '\ccntered on the energy peak

or a width of 108 of the voltage at which the energy

peak is so%.

NOTE: An example of the calculations for both the

100 keV.window and the 10% window is presented

below:

100 keV' window

100 keV | = .100 MeV
(.100MeV) (2.9 volts/MeV) = .25 Volts
.25 Volts = .125 Volts

2

Center of window = 2.925 Volts (previously calculated)

Lower Discriminator = 2.925 Volts -

Upper piscriminator = 2.925 Volts +

.125 Volts=2 .B0 Volt

.125 volta=3.05 Volt

141
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h.

i.

.

1.

10Z Vindow

Center of Window = 2.925 Volts (previously calculated)
(2.925 volts)x(10/2)

0.14625 Volts -
Lower Discriminator = 2.925 Volts ~ 0.14625 Volts =2.78 Vol
Upper Discriminator = 2.925 Volts = 0,14625Volts = 3.07 volt.
Connect a DV between TP304 and ground and adjust the

upper window level using R323, for the value computed in

step g + 0,02 V’dc.chcord the voltag; value on the
Calibration Data Sheet.

Connect the DVI between TP303 and ground and adjust the

lower window level using R313, for a Valuo computed in

Step g + 0.02V dc. Record the voltage value on the
Calibration Data Sheet.

Connect an oscillator and pulse generator to the input

of the LCRM a; shown in Figure 4. Adjust the input <;
signal for:

Count rate: loscpn

Pulse Vidth: 1 psec.

Pulse Polarity: Megative

Pulse Amplitude: Minimum
With the LCR!M in the analyzer mode, rradually increase
the input pulse height while observing the response -
the front panel meter and the ocutput of the linear

amplifier on the cscilloscope. The front pancl meter

should indicate dovmscale except vhen the input pulse

height is within the 102 window of the button source.

If the vindow width apprears less chan or greater than the
desired value, or multiple windovs are observed, re=- (.
adjustment or repair of the analyzer is required, ';4:)1{,0

Remove the pogr equipment and reconnect the detector. |



The energy peak has been approximately centered in the
window with Steps d through 1. Fine tuninpg the gain to
achieve a maximum count rate from the energy peak assures
that the peak is exactly centered in the window and that
the correct energy-voltage relationship is obtained. To
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 ratemeter or scaler. Record this
value on the Calibration Data Sheet.

1f the energy peak to be analyzed is identical to the
point source peak already utilized in se:tinz the gain
and window settings, the calibra:ion is comple:e. If not,
Steps d :hrough 3 fssure the gain has been properly

adjusted and that the energy versus voltage relationship




has been obtained., Determine the center of the
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 i.
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 calibration source supplied with the systen

and record the gross cpm on the Calibration Data Shcat.

2. 33 "Delta E" Scan Calibration

a.

144

Remove the detec*or from the shield assembly and install
it in a Victoreen Model 844-36 Standard Calibration
Geonotry: Place a 63Co button source in the aource.
holder of the 844-36.

Connect channel A of a dual trace oscilloscope to the
signal input terminals of the ratemeter.

Adjust the scope controls for a 6OCO energy display so
that the 1.17 and 1.33hdeVienergy peaks are observed.
Adjust the high-voltage adjustment, R115, so that the
1.17 and 1.33MeV;.enazgy peaks occur at 2.95 and 3.25
volts on the scope respectively.

Connect channel B of the oscilloscope ;cross the
aperture network (TP204 and TP303) on the analyzer
plug-in board (scope GND lead to TP2304).

NOTE: Scope must float with respect to GND.

Set the aperture for 140 keV (350 millivolts) on the\b

scope by adjusting the "Delta E" control, R313.
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h. Turn the gain control, R334, on the analyzer board
to the extreme CCW position, then 7% slowly for
maximum deflection on the meter of the 1.17 MeV peak.

i. Turn "Delta E" scan control to 66.5% on the dial lnd.
observe the 1.33 MeV peak. Repeat steps h and i if
necessary to correct for Lnﬁnraction.

j. Replace the 6OCo source with a 1338: button source.

k. Set the aperture for 40 keV (90 millivolts) on che 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 cbserve a
maximum 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.

©. 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 dc ;
c. 137Cs button source

d. 5 cycle semi-log graph paper
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3.2 Procedure

a. Set the High Voltage adjustment, R11l5, to the extr. e
counter-cloc“wise 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 Victotood Drawing No. 842-10-50 in
the LCRM manual).
CAUTION: Use extreme caution when connecting the voltmeter;
potential of ilapproximtcly 500 V dc is present.
c.‘Cbnnoct a Counter/Scaler between the junction of R14 and
R18 or TP7 on the log ratemeter card and ground. Adjust the
scale for a 2 minute tima. base.
d. Place a 137Cl source in close proximity with the G-M tube,
and secure ié in place with tape if necessary.
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 vs. counts per minute at intervals of 25 volts,
over a range from minimum HV to the maximum value given
in Table S.
£. On the graph, identify the "knee" and the "plateau”. Adjust
the high voltage to a vulue S0 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 137Cs source and high voltage.

. ~ C

146 ‘
' YAD164



h. Remove the test equipment and button source.
. W H.asuxc‘lnd record the backgrond count rate on the
Calibration Data Sheet.

j. *.libration completed.

Detector Tvpe Nominal HV Value Maximum HV
18509 550 -~ 650 volts 800 volts
18550 550 - 650 800

912 850 - 950 1160
;pgs 650 - 750 900

Table 5: G-M Tube Adjustment Data

(AN160
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APPENDIX IV
REPORTS OF PRIMARY EFFLUENT CALIBRATIONS

NOTE: This appendix describes calibration procedures
performed at the VICTCKLEN 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.
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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 ( )
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 caubration: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 ‘.us season only one concentration of the
isotope or isotopes used in the calibration is neczssary.

A. Factory Effluent Isotopic Calibration ;

1 Liquid Monitors L
Using nuclides having single, closely spaced double, or widely (;

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 Iodii.e 131, Cesium 137, and Cobalt 60 are normaliy used. A
calculation of liquid self-absorpticn from Xenon 133 gas data
is used to complete the low energy portion of the tospons; curve.
1.1 Requirements
a.Electronic Counter/Scaler
Y. Peristaltic Pump and Flexible Rubker Tubing
57 133 131, 137 60

e Co, Ba or ; 48 Cs, Co solutions or other

required solutions
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1.2 Procedure

NOTE: A point source calibration, using Victoreen's

standard Ba-133 point source asnd Victoreen's

standard geometry, Model 844-36 is to be performed
immediately prior to the effluent calibration to .
assure proper rosponic t. radiation. Refer to Section B,2
f.r the point source calibration procedure.

Pump demineralized water into the sampler volume until it

is entirely filled,

JOTE:For offline and inline Monitors, liquid is to be pumped
directly into the sampler volume. For gnowplow Monitors,
1liquid 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.

Coanect a Counter/ Scaler between the junction of R14 and R18 or TP?

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.

Compute the ambient background count rate.

Empty the water from the sampler volume.

Pump the nuclide solution into the sampler volume until it is

completely filled. ‘

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.

151

749168



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 gross.count rate.
i. Empty the nuclide solution from the sampler volume.
j. Thoroughly decontaminate the sampler volume with socap
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
minute) /(microcuries per cubic ce?timeter), abbreviated
as (CPM) /();Ci/cc) :
1. Repeat the procedure for the next nuclide solution.
m. After calibration to all nuclide solutions is complete, (l
t decontaminate the sampler volume until the background
count rate inside the sampler zpproaches its initial
value.
NOTE: For monitors also ﬁtili:inq single channel analyzers. Section
1.2 is to be followed with the analyzer window set

to the desired window width.

2 Fixed Filter Ioding . cor
An Iodine 131 :© .c¢< .+« *nnstructed which simulates the collection

distritation of the charcoal sartzidge used in the sampler. A 102
13 '

voltage window is set on the 164 Mev peak and the response
(efficicncy) is determined. A multi=-c . aalyzer is usually used
e in addition to the procedure presenced below to insure that the (\,
- 131

window is centered on the I peak.
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2.1 Requirements
a.Electronic Counter/Scaler

b.1311 volume source

‘ceDigital Volt Meter
d.Oscilloscope
2.2 Procedure

NOTE: A point source calibraticn using Victoreen's standard
1338& point source and Victoreen's standard geometry,
Model 844-36 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 1311 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, R334, until the 1311 .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, for an
indication of 4.2 + 0.02 vde.

e. 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 + 0.02 vde.

f. While monitoring the count rate on the front panel mete.,
carefully adjust the an%lyzer gain, K"3, for a maximum, or

131

peak count rate from the I .364 Mev photo-peak. This will

require only a small adjustment on R334. Allow several

waa170 PP




154

k.

1.

minutes for the reading to stabilize.

Connect a Counter/Scaler between the junction of R14 ° and

R18 ¢r TP7 on the log.count ratemeter card and ground. Record(j_

the counts to the 131

I source (gross cov.ts) count for a

time periocd sufficient to reduce the counting error to

within the desired tolerance.

Compute the gross count rate.
131

Remove the 1 source from the holder assembly and replace

the assembly.

Count the ambient background for a time period sufficient

to reduce the background counting error to a statistically

insignificant value.

Compute the ambient background count rate.

Compute the net count rate by subtracting the ambient back-

ground countrate from the gross count rate.
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), abht.eviated as (CpPM)/ ().xci).

Calculate the efficiency in units of (counts per minute/

minute) / (micocuries per cubic centimeter), abbreviated as

(CPM/M)/(}:Ci/cc) using the fonllowing formula:

S= 2.83 x 104FE

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.

2.83 x 10415 a conversion factor converting cubic feet (ft3) (\—

to cubic centimeters (cma)

749371
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3 Gas Monitors

For monitsrs with gamma detectors Section C.l1 is followed and calcula-
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 icaon 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 Strontium90-Yttrium 90 area

sources. These area sources are also used in calibration of the partis

culate monitors Section C.4 and the beta factory point source calibraticn.

3.; Requirements "L
a. Electronic Counter/Scaler
b. Peristaltic Pump and Flexible Polyethylene Tubing
c. Plastic Bottle with Steel Plungers. |
d. sskr and 13BXe Gas Ampoules.

3.2 Procedure

NOTES: 1) A point source calibration using Victoreen's standard

1291 source is to be performed immediately prior to the

effluent calfbration 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 calibrated, the monitors
may be connected in series with one another.

a. Determine the total volume of the complete calibration set-up.

L 385 e
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C.

d.

£.

Connect a Counter/Scaler between the junction of Rl4 and R18 or TP7
on the log count ratemeter cavd and ground. Count the ambient'back-
ground counting error to a statistically insignificant value.
Compute the ambient background count rate.
Attach the gas ampoule to the steel plunger on the bottle lid.
Screw the lid on the bottle until a tight seal is formed.
Break the gas ampoule by striking the steel plunger with a hamer;
This forces the plunger further into the bottle, breaking the ampoule
against the bottom of the pottle. Tighten the rubber gland around
the plunger to assure a tight seal between the plunger and the bottle.
CAUTION: To check for gas leaks, frequently monitor the

calibration area with a survey meter.
Pump the gas thrcugh the system. OUbserve the scaler readings
until a stable reading is optained. This assures that the gas
is thoroughly and evenly mix;d throughout :he system.
Turn off the pumping system and record the counts due to the gas
{gross counts) with a Counter/Scaler. Count for a time period
sufficient to roduce the counting error tc within the desirnd
tolerance.
Compute the gross count rate.
Compute the et sounc rate due to the gas by subtracting the
ambient background count rate from tine gross count rate.
Purge the system until the background count rate approaches its
initial value,
Calculate éhe concentration of the gas by dividing the ampoule

activity by the volume of the system.

YRUAD
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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
calculated efficiency are in (counts per minute)/(microcuries per
cubic centimeter), abbreviated as (CPH)/ngi/cc).

m. Repeat the procedure for the next gas ampoule. :
NOTE: For gas monirors whose geometries are such that they cannot

be practically simulated (Detectors placed directly into

ducts and vents) the response in a standard geometry

is found as in Section C.3. Calculations are then performed

using these results, geometrical'differencés, 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 determine a smooth curve of response per
unit activity versus encrgy (response or efficiency curve). .Area
sources of Iodine 129, Technetium 99, Chlorine 36, and Strontium 90~

Yetrium-90 are used. These sources are the same sources used in the

beta factory point source calibration Section B.l and are attached to a
Capstan.

4.1 Requirements
a. Electronic Counter/Scaler

1291. 99Tc, 36 90 90

b. Cl, and “"Sr = “"Yr Area Sources attached to

Capstan

4.2 Procedure
NOTE: A point source calibration using Victoreen's standard 12?1
source is to be performed immediately prior to the effluent

calibration to assure proper response to radiation. Refer to

Section B.l for the point source calibratiom procedure.
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b.

Remove the filter paper from the existing Capstan assembly
leaving the Capstan in place.

Connect a Counter/Scaler between the junction of Rl4 and
R138 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.

Compute the ambient background count rate.

Remove the existing @pstan and install the @pstan contain-
ing the mounted sources.

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- |

c

duce the counting error to within the desired tolerance. (

Compute the gross count rate.

Compute the net count rate by subtracting the ambient back-
ground countrate from the gross countrate.

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)/
(microcuries), abbreviated as (CPM)/().xCi) .

Calculate the efficiency to each nuclide in units.of (counts
per minute)/(microcuries per cubic centimeter), abbreviated as

(CPM)/(}.;Ci/cc), using the following formula:

S =VE

2




Where:

S 1s the efficiency at equilibrium (after an elapsed time pf twp.
hours from start-up at a Capstan speed of one inch per hour) ex-
pressed as (CPM)/(};Ci/cc)

E 1is the efficiency calculated in h ‘

V 1s 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 culculated as follows:

ve=(1.7x105m
¢

Where:

F 1i: the flow rate in standard cubic feet per minute (SCFM)

L is the length of the active Capstan collection area in
inches

C is the Capstan speed in inches/hour

1.7 & 106is a conversion factor converting cubic feet

hours E(f:3) (ht.)]to cubic centimeter minutes [(cm)3 (Min.) J

5 Fixed Filter Particulate Monitors

Nuclides having single significant beta emissions of known maximum-
energy are used to empirically determine a smooth curve of res-onse

per unit activity per urnit time versus energy (response or efficiency

curve) .

Area sources of Iodine-29, Technetium-99, Chlorine-36, and Strontium-20 -~

Yttrium-90 are used. Thesz sovurces are 1.75 inch diameter circular filter

papers.made to fit exactly into the filter holder.
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5.1 Requirements
a. Electronic Counter/Scaler

b, 129y 99, 3¢y, ana °

sr - 2%r Circular Sources. (T—'
5.2 Procedure
NOTE: A point source calibration using Victoreen's standard
1291 source is to be performed immediately prior to the
effluent calibration to assure proper response to tadiation;
Refer to Section B.l for the point source calibration
“procedure.
a. Remove the filter paper from the filter holder. Insert the
filter holder in place.
*r b Connecc.a_Counter/Scaler between the junction §£ R14 and
R13 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- (:,'
significant value.
¢. 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 perica
sufficient to reduce the counting errcr 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 minutc)//

(microcuries), abbreviated as (CPM)/QpCi). \\'
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h. Calculaée the efficiency to each nuclide in units of
(counts per minute/minute)/(microcuries per dubic centi-
meter), abbreviated as (CPM/M)/SPC1/cc) using the follow-
ing formula:

S = 2.83 x 10°FE
Where:
S 1s the efficiency expressed as (C?M/M)/‘yCi/cc)
F 1s the flow rate in standard cubic feet per minutes
(SCF)
E 1s the efficiency calculated in g.
2.83 x 106 is a conversion factor converting cubic feet

(£t3) to cubic centimeters (cm)3.
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B. Customer Requested Calilrations

1 Liquid Effluent Calibrations

(Victoreen Model 841-30 Sampiers with 843-30 Gamma Detectors) (
A point source calibration, using Victoreen's standard Ba-133 point
source, was performed prior to the effluent calllration 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, 1-131, Co-58, and Co-60 solutions were used to calibrate the
monitors. The Co-60 solution, thouch not required by the specification,
was ucilized so that a typical respouse curve could be generated based
upon data derived frum these calibrations. (;
The Cs-137 solution was formulated by diluting a nominal concentration
of commercially available Cs~137 with demineralized water. A 5+.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:- . Tracerlab and is traceable to N.B.S. standards. Documentation data
for * .is is included in . Section IX. The assay was performed on 8/13/75 and the
concentration was determined as 2.86 x 10-4‘pCi/cc + 5.8%. + 5.8% is the over-
all error and is the sum of a systematic error of 4.4% and a randem error of
1l.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

water.
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Documentation data is supplied in Section IX, The diluted solution
concentration at 3:30 P.M. on 8-14-75 was 1.53 x 10-4.pc1/cc + 3.9%. + 3.9%
is the overall error and is the sum -f a sy;tematic error of 2.4% and a random
error of 1.5% at 3 &

The Co-58 solution was formulated by diluting an N.B.S. traceable con-
centration cbtained 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 > uCi/ce + 4.4%.  + 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 &.

The Co-60 solution was formulated by diluting a nominal concentration of
commercially available Co-60 with demineralized ater. A 5 + .0l milliliter
sample was taken for assay. The assay consists of comparison of countrates
between Victoreen's standard Co-60 solution ané the sampla. Victoreen's
standard Co-50 solut.on is catalogue number LST-6, standard number 141, obtained
from Tracerlab and is traceable to N.B.S. standards. Documentation data for
this is includod in SactionIX. The assay was performed on 8-15-75 and the
concen*ration was determined as 5.63 x ].0-5 nCi/cc + 8.5%. 8.5% is the over-
a.l error and is the sum of a systematic error of 5.0% and a random error of
3.5% at 2 @. Table2 below lis:s the concentration and asscciated errors for

each solution.

Table 2.

Nuclide Ciasgygg?tion date R;:::: Sygggg%tic OvEggé%

Cs-137  2.86 x 10°  8-13-75  +l.4v at 2 & a.4% 5.8%

1-131 1.53 x 10 8-14-75 +1.5% at 3 © 2.4% 3.9%
3:30P.M.

Co-58 9.29 x 10°° 8-15-75 +1.2% at 3 O 3.2% 4.4%

Co-60 5.63 x 10> 8-15-75 +3.58 at 2 & 5.0% 8.5%

749180
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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 (f—
background zounts per minute are determined. The water is completely drained
from the sampler volume and the nuclile solution is pumped into the sampler
volume un‘il it is entirely filled. Counts due to the nuclide solution are
then taken with a scalar cou:.er and the gross countrate is'dotermincd. The
net countrate due to the nuclide sclution 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 deéon-

taminated with soap and water. The procedure is repeated for the next
nuclide solution. L

After calibration to a;l nuclide solutions is complete, the sampler
volume is decontaminated as thoroughly as possible until the background
countrate inside the sampler appréaches its initial value.

RESULTS (

The results of the effluent calibration for each monitor channel are
presented in Table 3 Dbelow..

A random error  (counting error) is incurred in' determinins tha ceovntrate
to the nuclide solution inside the sampler volume. This random error is 1.1%
at 2 ©. A systematic error results from errors incurred through experimental
technique and procedure. This systematic error is 13. The overall error in
Table 2 is the sum of the overall error of the nuclid: concentration plus the
random and systematic errors stated above.

Efficiency is defined as (counts per minute)/(microcuries per cubic

centimeter) and is abbreviated as CPM/(uCi/ce).
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Table 3

Monitor Solution
Channel Nuclide Concentration
Number Solution (nCi/cc)
WI-R-3894 Cs-137 2.86x10"7
I-131  1.53x10 ¢
Co-58 9.29x10™°
Co-60 5.63x10>
Wi-R-3895 Cs-137 2.86x104
1-131  1.53x10™%
Co-58 9.29x10™>
Co-60 5.63x10™°
WDL-R-1311 Cs-137 2.86x10
I-131 1.53x10"% |
Co-58 9.29x10™°
Co-60 5.63x10°

Net
Counts
Per
Minute
(CPM)
26,076
19,101
13,291
10,617
25,877
19,035
13,374
10,549
26,406
19,147
13,644

10,677

Efficiency Overall
CPM/ (pCi/ce) Error
9.11 x 10’ + 7.9%
1.24 x 10° + 6.0%
1.43 x 10° + 6.5%
1.88 x 10° + 10.6%
9.04 x 10" + 7.9%
1.24 x 10° + 6.0%
1.44 x 10° + 6.5%
1.87 x 10° 4+ 10.6%
9.23 x 10 + .7.9%
1.25 x 10° + 6.0%
1.46 x 10° + 6.5%
1.89 x 10° + 10.6%

The average efficiency of the three monitors to each nuclide is given

in Table 4 below.

calibration data.

normalized to 100% gamma intensity.

TABLE 4

Nuclide Soluticn

Cs~-137

I-131

Co~-58

Co~60

Average Efficiency

CPM/ (uCi/cc)
9.13x107 + 7.9%
1.24x10°  + 6.0%
1.44x10° + 6.5%
1.88x10°  + 10.6%

Figure 1l states efficiencies as a function of energy

(one gamma per disintegration).

Fignre | was derived from this table and other acquired
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