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QA involves all those planned and systematic
actions necessary to provide adequate confidence
that a faclility will perform satisfactorily and safely

IN service.
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Environmental Monitoring Elements
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Environmental Monitoring Planning
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Standards, Limits and Guidance
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Standards, Limits and Guidance
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Environmental Monitoring Program
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Types of Sources
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Fermilab Example- MERL
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MERL

Fermilab Example




MERL- Neutrons Detector

Aluminum Jacket
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for Source Holder
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or neutron detection, the MERL has a DePangher long counter.
or measurements of neutron spectra outside the shields use a se
onner spheres.
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MERL- Muons and Charged Particles
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Muon Telescope

A telemetry system relays information on beam parameters to
the MERL.

A 3 x 3 Nal (Tl) scintillator is used with a multichannel analyzer
to detect gamma rays.
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Supplement to MERL
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Chipmunk

A stationary rad. Monitor
(developed at Fermilab)

TE 1on chamber (n,g,cp)
Stable indoors &
outdoors

Used both beam-on and
beam-off

About 250 installed on
site
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Another Example of Real-time Site
Monitoring

BOUNDARY MONITOR LOCATIONS

RBO03 RBO4 RBOS

A network of prompt radiation monitoring stations around the JLab
boundary.



Monitoring Program
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Environmental Monitoring Program
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Prompt

Fields
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ransient offsite sources.
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Argon lon Chamber
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Passive: TLDs with or without Bonner Spheres
Active: Long counter
Snoopy or WENDI

Bonner Spheres with Lil(Eu), SHe or BF,,
detectors

T 3" 10" 7o 12* + Pb
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Prompt Radiation Fields- neutrons
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Prompt radiation fields- neutrons
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for r greater than about 20 meters:

F(r) = 4;?2 (1— e‘”’”)e'”’

a = 2.8 an empirical buildup factor,

mis the corresponding buildup relaxation length (56
meters)

/I is the effective interaction length (meters).
F~ (r) the fluence (1/m?)
Q is the number of neutrons emitted by the source (1/m?).
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r2f(r) (n/1012p)
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Muons per cm2 per E12 Protons
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Muons per cm2 per E12 Protons
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APQ Stack
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AP0 Stack Air Flow Measurements
40CFR60, Appendix A, Method 1 requires at least 8 point

Stack Diameter= 10 inches
Stack Area = 0.55 ft2

Probe offset1 due to connector= 0.B125 in

Probe offset? due to connector=  1.09375 in

Total distance
points |  points on Probe Flow Rate
Paoint eDiameter | (in) (cm) (in) Velocity (fpm)| (CFM)
1 3.20% 0.32 0.8 1.41375 1040.71 567.65
2 10.50% 1.05 2.7 2.14375 1040.41 567.48
3 19.40% 1.94 4.9 3.03375 1040.04 567.28
4 32.30% 3.23 8.2 4.32375 1039.50 566.99|
*5 50.00% 5 12.7 6.09375 1038.76 566.58
- B 67.70% 8.77 17.2 7.86375 1038.02 566.18
7 80.60% 8.06 20.5 0.15375 1037.49 565.89
8 89.50% B.95 22.7 10.04375 1037.12 565.69
9 96.80% 9.68 24.6 10.77375 1036.81 565,52
: . Average(CFM) 566.58
* supplementary point, not required by regulation. Stand.Dev.= 0.80}
' ' Stand.Dev.= 0.14%
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Electrical Quick Removal
Connector Fasteners

Stainless Steel

Inlet/outlet
Lead Shield
GM
Detector
¢——— Aluminum Case
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Proton & heavy ion accelerators versus electron accelerators
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flowmeter

55



VA %

Make sure beam conditions are stable
Connect triple-bubbler to stack

Set flow rate

Start pull through pump

Run for a set time

Measure concentration of tritium
Record beam parameters for the run

56



/" 90
Volume of air used= flow rate x time
HTO activity= sum( bubbler liquid x HTO concentration)

Calibration factor

HTO Concentration in stack air = HTO activity / Volume of air used
Notes:

» May need catalyst to convert HT, T2 to HTO
upstream.

» Environmental issues of tritium sorption and
desorption:

» Beam on releases
» Beam off releases

57



58



59



9%

BS

60



61



62



DCG for
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Radionuclides in Water
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