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A COMPUTERIZED PLUTOMIUM LABORATORY-STACK MONITORING SYSTEM
Ronald G. Stafford and Robin K. DeVore

University of California, Los Alamos Scientific Laboratory
Los Alamos, New Mexico

ABSTRACT

The los Mamos Scientific Laboratory has recently desicned and constructed
a Plutonivmm Pescarch and Develerment Facility to moet design critoeria inposcd
by the Un’ted States Er2rgy Rescarch and Development Administration. A
primary objcctive of the design criteria is to assure ciwvirommental protection
and to reliably monitor plutonium ciflucnt via the ventilation exhaust systoms.

A state-of-thie-art facility cxhaust air monitoring system is described
which establishcs near ideal cornditions for cvaluating plutonium aCtJ.V.l.ty
in the stack ecfflv nt. Total and static pressure scnsing manifolds are incor-
paratoed to measurc average velocity and intograted total discharge air volume.
These datz arc lcr]gcd at a camruter which receives instrument data through
a multiplex scanning ay.,tcn

A muiltipoint 150L1nct1c sampling assconbly with associated instrumentation
is desoribexd. Contimious aitv moLitors bave been dosigned to sanple from the
isckinctic sanpling assembly and tran.mmit both instantancous and integrated
stack colilucent cencontratien data to the comuler and various cathoade ray
tubo displavs. The continuous alr monitors olso serve as roum cir nonitors
in the plutonium facility with the primary obicctive of timely cvacuaticn of
personnel if an above tole. ance airbwrne plulonium concentration is detectod.
Scvaral contimcus air moritors are incorporated in the ventilation systom Lo
assist in identification of release problom arcas.

INTROLUCTION

The Ios Alrmos Scientific Inboratory (LASL) Piutonium Research and Dovelop—
ment Faeilily has been designoed ad consbiuctad to meet the Unitad States Energy
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tscarch and Development Administration criteria for new facilities handling
dlogram qudrtitics of plutonium.l The operationil facality consists of a
iingle structure containina plutonium rescarch laboratory arcas constructed
0 meet requirenents for containment under design accident conditions.

To mect the basic requircements for monitoring exhaust flow and concentration
>¢ radicactivc materials discharged to the environment f£fram the plutonium
arocess arcas, a state of the art flow monitoring and isokinetic stack sampling
system is incorvorated within the exhaust air stacks. All process cxhaust.fram
the glovebo lines and air bleed off £rom laboratory amd mechanical areas is
discharged through two esscntially identical exhaust air plemms and stacks.

The stack air sampling system consiscs of flow conditioning equipment,
velocity sensing probes, isokinctic air sampling praobes, plutonium coiinunoas
air monitors, and camputer transmitter devices.

SYSTEM AND FACILITY DESCRIPTION

The LASL Plutonium Research amd Development Fucility consists primarily
of an Administration Building, Cold Support Building, and Plutcnium Operations
Building. The Plutonium Opcrations Building is approximately 81 meters by 86
meters with ground and basament levels. Plutonium laboratories are located in
the ground level camplex and ventilation equipment in the basement. Threne
ventilation zones are incorporatoal. Zone 3 is the bascment area anxd is freoe
of radioactive contamination. Zone 3 is 0.25 cm of water negative to the outside.
Zone 2 is 0.25 cm of water more negative than Zene 3 ard is camprised of the
main laboratorie:s on the ground level floor. Gloveboxes are used within the
plutonium laboracories to handle plutonium materials asscciated with rescarch
and devclopment activitics. Glovebox atmospheres®are identified as Zowe 1
ard arec 1.5 cm of water nogative with respect to the laboratory roams. Each
ventilation zone has its own ventilation cxhaust system; however, before air is
discharged to the aimcspher2, all ventilation systems are cambined in a cammon
plemum and stack for each half of the building.

Each exhaust stack incorporates air processing elenents designed to establish
a flat velocity profile at the flow mcasurement and isokinetic sample withdrawal
cross-secticnal plane. The developrvnt of this flat velocity profile simplirics
obtaining rcprosontative air sample” from a multipoint sampler as required in
American Naticnal Standard (xl.ud( Lo Samriing Airborne RadioactLive Matcerial in
Muclear Facilitios, N13.1-19694 since all points in tie sample withdrawal plane
are at the samc velocity.

Stack air flow conditioning is mrovided by three asscemblics (Fiqure 1) which
produce soquentially air flow straightening, a parabolic velocity profile, amd
finally, flat velocity profile. The air flow straightening scction consists

JUNI'I‘ED STATES ENFRGY RESENRCH AND DEVELOPMINT ADMINISTRATION, Gonoeral
Design Criteria for Plutomium Facilities, ERDA Manual Chapter 6301, Part II.
Septarher 17, 1974. .

2ANSI Standard N13.1-1969, Amcrican National Standards Institute, Inc.,

1430 Broadway, New York, NY 10C18. /



of stainless steel honcveonb parnllel cells mounted in a heavy gauge duct
casing. This soction reduces turbulent air flow without attamting to
corrcct velocity variaticons.

The velocity profile suppression is produced by a similar stainless
stecl h *c.can'- ccll section mounted in the duct casing stream of the
stialghlening scction. The ratio of the honeycomb cell wall to ccll cross
sectic u‘ area is a,Jo'o..L:'ntc]y 32 to 1, thus higher velocitics are suppressed
more than lower velocitics since the velocity frictional lesses are a function
o the squarc of the velocity.

The final air processing station is the flat velocity profile section
which Jevelopes an ideal, nearly flat, non-rctating valocity profilc for
isckinetic sampling. The honeveamb cell depth for this section is greater at
the center than the outer periphery so that higher centesline velocities are
further suppressad into a profile which is of uniform velocity rarallel to the
saple plane. Pressure drop through the three soctions of honeycanb is
approxirately 1.9 cm of water at a stack velocity of 11.22 m sec

The velocity measuring and isokinetic sampling probes are located at a
plane irmcdiately downstream of the flat profile development section. Stack
air velocity ard volume is muasured by an array of independent multipoint
total ard static pressure sensors.

A differential pressure transmitter rclays velocity pressure through a
mltiplea systom to a Data General Eclipse S/200 Camputer. Average air
velocity, volure, and integrated discharge volume is logged by the carputer
amd d*cplaync‘ cn four cathode ray tube (CRT) or remotc display locations in the
facility.

A sixtcon point sample withdrawal unit (Figure 2) is inccrporated in the
velocity pressure sensing section and is camprisced of a scries of stainless
steel isokinetic pvnl 'os arrangad to extract ocual sample volumes. Since non-
wniform particie sive distribution and .:ctivity concentration through the cross |
section of the stack could occur, a multipoint: sarple withdrawal systom is
incorporatad to represent the average camposition of the stack effluent.

A multiprobe sampling systom is desiemed in accordance with standards of
the Arcrican Naticnal Standards Institute anl, in fact, incorporate mere sampling
points thon recomonded in the Standard.  Witlki-awal of a ropresenlative sample
fram a stock revpires proper placrent of a sufticient mibcr of sampling
probes with adoquate vosign of samle entry tubec. Prior to installation, the
velocity at cach isckinetic pozzle was measurerd wirile the hoader was subjocted
to the desiqm sanple rates.  Variations bofween individual nozzle £low rates
with the aveiage header flow of 4.72 X 107 ‘m'sec™! wore less thon + 5%.

Acrosol studics to characteorize malerial loss in this sampling systom as a
function of particle size at the designed sanpling rates arce prcsently unxiler
investigaticn.

A total of 4.72 X 10" m3s oc ~1 is contimiously t,'\mp]cd through the isokinetic
sarpling unit with 3.78 x 107 ms0e™! Lo a fixed head air sempler for subscauent
analysis and 9.44 X 10~ “m'sec™ 1 to the continuous air monitor (CGWM). An
cergoncy single probe battery operated sampler is installod ad will aato-
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matically opcrate for cight houvrs, if any rortion of the primary sampling
' system fails. The battery opet: ated encrgency sanpling systom will operate
at a flow rate of 2.36 X 107 “m"sec™.

[ 3

The CAM (Fiqure 3) corsists of an air sample head which ut'lizes a
25 mm diameter rxmbrane filter, a solid state silicon diffuscd junrtion type
detestor with a face surface area of 490 mm* and two single channel pulse
height analvzers. Resolution of the ccntirmcus air moniter is highly dependent
upcn the type of filter modium used to collect the air sample. Millipore Tyne
8% filter medium (5.0 um pore size) has proven effoctive for alpha continuous
air monitors due_to its high collection efficiency and surface dep051t.1.on
charactcnstlcs

me pulse height analyzer is specific for plutonium alpha energies and
the other for nmatural radon-thorun daughter alpha encrgies. The lower plutonium
windar threshold is set at 4.8 MeV with a window width of 1 MeV allowing
similtancous detection of Pii-238 and Pu-239. The upper window is adjustable
to allow detection of 5.95 MeV radium-A alpha particles. Investigations reveal
that approximately twn percent of the radium-A alpha particles undergo energy
degradation sufficient to result in detoction in the lower plutonium window;
therefore, this detection allows automatic background radon-thoron subtracticn.
Each CAM has lccal analysis capabilitics through two log circuits associated
with the single channzl analyzers. The local analysis capability is used to
sound a local alarm and notify the computer of this alarm by a switch closure
outmut charnel fram the instrument to the camputer. The CAM is provided with
two pulse outpiut channels relayed thrcugh a multiplex scanner to the central

camputcr,

During norrmal operations, the computer will calculate the corrvected counts
per nimite every 30 seconds. This data is available for display at remote
CRT units at any time. If a local alarm is gencrated at the instrument, a
switch closure notifies the camputer which initiates interrogation of the associated
pulse channels cvery 15 scconds any? pc.rforms the necessary computations to
display plutonium airborne concentration in dlscntlgr..tl.ons per minute per
cubic meter.

There are approximately 125 continuous air monitors in the new Plutonium
Facility, all of which are connccted to the camputer. Continuous air mornotors
serve two distinct purposes in the facility; first to detect above normal room
air plutonium concentrations which require cvacuation of personnel fram the
imodiate arca, amd second, “to provide information concerning ventilaticn svstem
and stack plutonium corcentrations. Ficure 4 shows the plutonivm facility
laboratorics and associated r1oom air continuous air monitors. A continuous air
monitor is located at everv laboratoryv exhaust register in the plutonium facility.
Again, the primary purposce of 1hese instrunernts is Lo notify pessonnel of high
airborne plutonium concentrations; howover, they also are helpful in carly
notification of high ventilation systom piutonium concentrations which could rcssult
in stack relcascs from the facility.

3A1ph'.l Alr Monitor, Technicel Manual, Eberiine Instrument Corporation,
Santa Fe, Maw Mcxico.



= . ates + ne half of the building ventilation sy:stem with
associate) canmuou. air monitor~. Outsicde make-un air cnters the facility
throws,.. .. . & ... crcv . arti alate Air - .'L'P.?\) filter to the building
corricors ana infiltrates throush doors ir .© individual laboratorics. Adr
is +hon erhiourted from the labx:atories throu 5h two banks of HEPA [i 1tcrs
whor~ 907 A% s~ ajr is re~ircu’:tcd back tc the laboratories and 10% bled
off + - -7 acre thro sh two additional banks of HEPA filters. A small
Guiciiae (5. ..cimatelv .94 misec™!) is also ramved and dried to supply air
 tn rlgrheeoe whore plutonium is handled. Air exhausted fram Pu-239 glove-
el aw s ..oored through threce stages of HCPA filters and four stages for
‘ru~238 giuveoox exhaust. Process or glovebox air is not recirculated prior
to being exiiausted. All cffluent air fram cach half of the building is cambincd
into a ~ommon plenum before being releascd to the atmosphere. Contimious
Air Monitors arc supplicd in venti'atior system duct work at strategic
ivcations to provide informat.ion wiich cafi"define the source of plutonium
relccse. All laboratory and cxhaust duct contimous air monitors transmit data
tn the computm for interrer .. . '+ o, -~ral alarm is identified, the camputer
pegins intcrrogating the assc.uat. a ke s, © channels every 15 seconds, camputes
the change in concentration rfor each 15 Second period, logs the information
in a disk file, and displays the new data at all CRT's. If the alarm lasts for
less than four 15 second scans, the camuter identifies this data as a calibration
run and stores the information in a disk file for subsoquent retrieval. The
camputer also deletes the local alarm if a calibration has been identified. I
the alarm is maintaincd for four or mor» 15 second scans, the computer accepts
the data as a valid local alarm and transmits an alarm signal to the Health
Physics Office, Control Room, and Management Office. It w111 then calculate
and log the crange in airborne concentration (in uCi mi~!) as a function of
time. After the change in concentration for subsecquent scans returns to
zero, the camputer will log the total integratea activity (in pCi) collected
on the continuous air monitor filter and v+ "1 then r~turn to normal 30 second
scans. A continuous air monitor is consiuercd as a non—functional unit if the
caputer reccives less than three counts €rom the upper background window
during a one minute period. An instrument failure is identified by an alarm
cordition at all CRT terminals. The alarm condition persists until the unit is
either rcpaired or ra.oved from the system.

Releasce of plutonium to the enviromment from cither stack is detected
cither by a local logarithmic circuit at the continuous air monicor instrument
relaying an alarm condition to the camputer, or by the detection of above
toleranc» platonium as detemined by the pulse output analyzed at the camputer.
Plutonium ofrinent alarm corditions are presently sct at 3.6 X 10 ~° jCi of
plutonium collectlud or the mombrance filter as determined by the computer. This
activity ropresents a plutonium concontration of 4.4 X 10 ~!'? pci mi™!
averaged over 24 hours. After an alarm conditionr is registercd by the computor,
an update nrde switchies thn data scanning intervals from 30 seconds to 15
seconds. Information supplicd in the update mode allows computer detormination
of the actual airborme concentration (in disentiqgrations per minute por cubic
meter) as a function of time. The integratoed conmiralion is then continuously
gm"-‘md alu L..L‘:pL]}'LI‘ oa CRT units as concontra! ion released to the atmosphoere
in )i ml 7" a3 a function of time. This avail.ible dati provides irformaticn for
managerent. docisions leading to camlete bui lding ventilation shut. diwn to avoid
unaccoptable atmospheric releascs.

Stack contimious air monitor filters arce changed cach morning at 8:15 a.m.
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- 4t 8:10 a.in., ti:c comguter averaces the provious ton scans and camputes
the average efflucent plutonium cencentration for the previous 24 hours.
This data is storcd and accrrmlated in a disk file for subsc,aent retricval
and recporting. A print cut may be received at any timr fram the camputer
teminal.
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