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ABSTRACT

Among the more unusual features pertaining to the environmental.sampling

program at the Berkeley site of the Lawrence Radiation Laboratory are (1) the

difficult climatological situation arising from meteorological factors in

conjUk~ctionwith the hilly terrain; (2) the very close proximity of densely

populated areas; (3) the wide range of the research program carried out at

L1={L~ Efforts to overcome these difficulties are discussed and the general

scope of the Environmental Sampling Program is briefly described. An air and

atmospheric deposition sampling station of unique design is showu.

The advantages of automatic data processing in handling and presenting

the large amounts of data collected are discussed. IBM 650 and 1401 computers

plus allied equipment are used for rapid and systematic data compilation.

\
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II'fTRODUCTION

Before considering our sampling program, let us first examine some of

the features of our env~ronment. Figvre 1 is a map of the San Francisco

Bay /l.Tet1 cjhoving the location of the Berkeley s1te of the Iawrence Radiation

Laboratory and Figure 2 is a view of San Francisco Bay with the Laboratory

and the University of California Crunpus in the foreground. Approximately

3,900,000 people iWlabit the Bay Area, most of them living along the western,

eastern) and southern margins of the bay.

San Francisco Bay is generally ringed with

hills arOUDQ ~ to 2 thousanQ Ieet high, forming a natural atmospheric basin

with its attendant smog problem. Winds are most often from the west or north-

'(..rest G

Surface wind patterns are strongly influenced by the topography. During

periods of stable atmospheric conditions and light winds, air tends to channel

in through the Golden Gr3.1,e and leave the Bay Area through the gap to the north-

eas t \{here the Sacramento River enters, or over low spots in the hills along

1
the eastern side. J?igure =~ shows a ty-pical su,'mner"f,{ind circulation pattern

and. illus~Grat.es one of our problems ~ The westerlies tend to split at the

Berkeley-Oakland Hills} one branch going north, the other south. The point at

which this split occurs is in the neighborhood of our site in Berkeley. The re-

fore) wind directions recorded at the Weather Bureau stations in Oakland

1 Halbert E. Root, San Francisco} the Air Conditioned City, Weatherwise,
April 196o~ pp. 47-54.
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o..nd. :.:"~;;..n I' rein c::. see ;'iY(: pOOl :Ln.d.i CB..to rG of 'wind- concii tions in Berkeley.

Anc.tbr:T J.D':etf::o!'oloGicc..l c;onrli t:Lor: som(:,,<t~.:it un.fa vorable at our 5ite is the

high in(~id.f;:;nc{; 0:: LTY(::r;:~ion caneli tions~ On tb.:::: ba.sis of 5 years of records at

':!1e ();:l,< JJ~.L.C t. i IjK'Y'\:, J ;~-c~:. Vi T...t!c tim:: t,:nE; lap:-5e re.te is unfavorablefor a.tmos-
:2

r'ie.: (j.:Lri\;~)tor;.2:t our pu.:r"ticulsr loc~itiQn.. ConQitions are deemed unfavorable

\V}-)i.;;)'!(.;'!?;r "tL.:: L:.:..lJore. tcry' ,~ In 1:.n(; inv(:"T'sion or just beloi! it. Under these con-

0.1.1: 'i' .. '
--,oj,;,.:; yr.:,: :Lo lit~le tu~bulence, a[l<:1[;.ny cont.arninants re leas eO. to the

- -- -.-

ci t:::J'l()!i I;I-v: Tf:; -::,enc:.. "t,c; ~,ogether ;,,,,t the elE:vation at which released.

L; :';';-:;0',/;:; :;;. erGS S r,ection th.:cougb the BerkeleyHills. The La.bora-

"tory ts ::it tJ.L '.;1~:v;.;,:;.:;,i0[l of a-jout 700 to 900 feet on the w~estern slope. The

c:Ltyor t:.;::t. {;; r.lf'1~; L~'omthe Bay to an elevation a little above the

IJJ,:U0j';~L00TY -:::.e; ":,l-lf~ Ylortr::. u..YJ.cI.to the GO"lxth. Figure 5 shows the same cross sec-

1.:,1 on.. but. ;3up(;:r'impG:~j':-:Cl upon it, to the sa.me vertical scale, are typical lapse-

r8. tc concli t~i.C):lb 4 ?i[foJ.re L is an aerial view of the Laboratory, sho\\ring its

rE::la t ion to reG i CJ;nt, i8..1 areas..

Ano~h(;:c .fc~u.tu,:;:,e: of the I;3.borato:cy important in the environmentalsurvey

p::::'ogrc,m i:J the: extrcmely ".;ride Gcope of researchcarriedona Any nuclide in

"(:.b(; (:[1'ti1'e chax't n'i',LY bc.:: involved--all the way from trit.ium to lR'rlrencium.?

(~lerr1i=:n"L10:;..

There are no reactors at Berkeley. However, pile-irradiated slugs from

L1.ve:cmol'E.:;; V.s.lleci \.:.os;> and the [;IT?are a major source of isotopes.. Other major

s ource[~ b.re bornbal'dwents on the various accelerators at Berkeley and purchases

r rom O,:lt nidgec

r.

IIUlrfp}U'(:;Y:J uXl,i \tJi -j kins, Diff'w3ion and EngineeringClimatology for theBerkeley
r-,:j,U d'; ,:; 'j-."; iY(\ T q -bO Y',.:j to r y It t, pYYJ. -I ojnr1 U p YO"",' "PF D (">1'1-.) ::iCi e n+.if ~ c Serv ~ ic p s Di.~ C! ion" .~,-'.~~_.JAA .l.-"-" -'-'~ - \"'-' -,~ "..-'-~ ";'''''" -'~.1: -'- ~ ,t u - ~ '- VJ......

(j ~::.;< vl(;a th~,;r Dun:::au;, December 195 3 ~
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AijJvl0SPHERIC SANPLING

The first point at which we sample for possible release of contaminants

to the atmosphere is at the exhaust stacks themselves. The various laboratory

rooms a!~ individually exhausted. Our program is designedto sample every one

of theee~~same 350 in all--on a weekly schedule. (At present only those with

the m~st ~erious potential for release of activity are being sampled, although
~-- ~- ----------

construction of the complete sampling system is under way.) The great advan-

tage here is t:bat if one of these samples shQuld show a significant a.mount of

radioactivity, it would be possible to inquire into what work was being car~~ed

out in the corresponning room at that time--leading usually to only a few

nuclides tr~t could possibly- be prese~t. With only a few possibilities, it is

generally quite easy to identify the particular one.. Another advantage in

sampling close to the source is that that is where the concentratiCDn is high-

est and detection easiest.

Stack samples are taken at 1 liter per minute with l-inch-diameter

.membrane filters, which are changed weekly. In sampling stacks where radio-

active gases might be released, we include activated carbon_in the sampler. We

'have been a.ble to purchase a product composed of activated carbon and a binder

pressed into a disc about liB-in. thick. This serves the purpose quite well

for the more reactive gases, particularly halogens. Figures 1 and 8 illus-

trate some typical stacks a.ndthe p!I')ocessof changing samples..

These stack samplesa.re our primary source of information concerning

any release of activity to the atmosphereG We do, however, take two other

types of atmospheric sample""..perimeter samples a.nd what we call" localarea"

samples, which are samples of outdoor air on the Laboratory site. These two

a.dditional types or sample provide uswitha "defense in depth," and also pro-

vide that most essential bit of information, the quality of the actual air our

nearest neighbors are breathingo Calculated and derived information 1s nice,
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but there really is no substitute for direct measuremento Local-area samples

are collected at nine places, as shown in Figure 9.

The design of these sampling stations has. proved quite efficient. Es-

sential~y it is a sheet metal cylinder with a perforated metal bottom. Figure

10 shows a sampling station with its air sampler installed inside. Air is

drawn in from below the housing through a tube and is sampled with a modified
--- ~ ~--

UFilter Queen" vacuum cleaner at 4 cfm through a 4 x 9-in. piece of HV-70

paper.

A solid partition about a foot below the top forms a recess which serves

as the rain collectoro This recess is lined with a polyethylene bag which is

completely removed and replaced with a new one whenever the sample is collected.

With this system there are no worries about cross-controrination.

A 2-in. pipe flange in the base of the housing serves as a universal

mount. Installation of one of these stations requires only the setting of a

length of pipe in a post hole and running electrical conduit to it9

Figure 11 shows the location of the perimeter stations. Locations were

chosen to be downwind from the Laboratory and also to be in the direction o~

-Qur nearest neighbors where possible. Atmospheric sampling equipment in

these is the same as for local-area samplers, although at these locations it is

installed in small buildings&

WATER SAMPLING

We are more favorably located with respect to possible contamination of

drinking water systems ~ There are no nearby sources of drinking water. Water

for most of' the Bay Area is piped in from the Sierra Nevada, more than 100

miles away. The sanitary waste from the Laboratory is discharged to the local

municipal sewer system and, after treatment,flows into San FranciscoBay.



UCRL-10255

The storm drains flow 'directly into the ~ay by way of two small creeks. For

the most part this water is in culverts underground as it travels through the

city of Berkeley and is generally not available for any kind of public use.

There are ways, of course, for liquid waste to get into the food cycle.

The sludge from the sewage treatment plant might be used in fertilizing crops,

and also, some fish are caught in San Francisco Bay. The general situation,

however, is much less sensitive than at AEC sites( located on rivers that are

used downstream for domestic water supplies.

A continuous sample is withdrawn from the waste from those Laboratory.,-

areas which constitute the most serious potential for discharging contaminants

to the sewer system~ Work is currently under way on a continuous sampler for

the entire waste system of the Laboratory.

Eight nearby creeks, some quite small, are sampled at certain intervals.

The one that flows through much of the Laboratory area and comprises the major

part of the stonn drain system is sampled every week. The two most remote

creeks are sampled once a month. All other creeks are sampled every two weekB.

Creek sampling points are shown on Figure 11..

COUNTING AND DATA PROCESSING

Air samples taken in the environmental sampling program are identical

to the large number of breathing-zone samples that are taken throughout the

Laboratory, and. are handled in the same way. Most of these are 4 x 9-in.

pieces of HV-70 filter paper.
I

The automatic counter for these papers, deve1-

oped by Health Chemistryts Instrument Group, handles the major part of the

counting load in our low-level c01~ting roome Filter papers are counted

twice for both beta and alpha emitters; once after 5 hours' decay and finally

after 3 days' decay~ A similar piece of equipment is being built to handle

the expected large increase in the number of membrane filters from the expanded
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,stack-sampling program.

The counting load for water samples is considerably less. These samples

are counted manually at present for both beta and alpha activity.

In counting sa~les, both air and water, we rely almost exclusively on

gross counting. Because of the earlier mentioned wide scope of the Labora-

tory's research program, it seems futile to try to make specific isotope ,'ssays,

a part of our routine program of counting. In the event any sample is signifi-

cantly higher than expected background, we first inquire into what isotopes

might be suspected, based on the research program at the source of the sample,

and hope to identify the particular isotope with gamma or alpha pulse-height

analysis, half life, and perhaps beta energy studies. If these efforts fail

to identify the isotope beyond reasonable doubt, Tables 3 and 4 of NBS Hand-

book 69, MPC's for unidentified nuclides, are used in evaluating the hazard.

All counting data from all samples are processed by an automatic data-

processing system based on either the IBM 650 or 1401 computer. At the time

the samples are changed, IBM cards with the sample location prepunched are

filled in with time-on and 'time-off data. After key punching, duplicates of

these cards are generated and sent to the co~~ting room. The counting data are

then entered on each card, and after this is key punched the card is sent to

the computer center where the air or water concentration is computed and printed

out in orderly fashion on log sheetsG

Before this automatic data processing system was adopted, only the raw

gross counting data were entered in the records. The present system, besides

presenting the data in far more useful form, has resulted in an actual saving

in manpower..

By use of an automatic data-processing system, together with automatic

filter-paper counting, one capable technician is able to make something over

80,000 counting determinations per year, besides doing all the counter relia-

bility checks, data recording and special counting ap~lyses where necessary.
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CONCWSIQN

In closing, we would like to mention a couple of basic principles

under which we operate and which we feel are quite important. The first thing

to keep in mind is that in an environmental sampling program we are in effect

auditing our own books. We are making certain measurements of air and water in

the vicinity ~:t__Q1..lr _Laboratory, exhibitingtheseHto the -public as proof that the

community is not in any way being injured by our presence. It would be per-

fec-tly natural for the public to exhibit some skepticism toward this information.

The extent to which anYone is willing to accept our findings depends a great-

deal on the general reputation of our institution. But it also depends to a

considerable degree on the professior~l standing of the people who make the

measurements and make the interpretations. Here is an area in which all Health

Physicists musthve up to the very highest professional standards.

Another fact to be borne in mind is that it is impossible to absolutely

prove that the nearby public is never subjected to any hazardous amounts of

radioactivity from our institution. No natter how many samples we take J nor

how closely our sampling sites are spaced, there is always the possibility of

missing something. This possibility can be made extremely small--at tremendous

expense--but it never vanishes. So, the practical approach is to make sure

our program is honestly designed to detect radioactivity where it would most

likely be found in case of a release and where the consequences would be the

most serious.. Mistakes and oversights can never be completely eliminated~ The

essential thing is to make sure they either are unbiased, or are biased toward

being on the safe side.

ACKNOWLEDGMENTS

Although environmental sampling as a full-fledged program at Berkeley is

relatively new, much work by many people has gone into its development.. Mr.
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equipment. Also we would like to mention Erich Berthold, whose idea originated

the design of our local-area sampling stations.

Our most importa.nt product is accurate and reliable counting data. For
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- ~mm

performs all the myriad counting and recording chores.
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Figure 2.

Figure 3.

Figure 4.

Figure 5.

Figure 6.

Figure 7.

Figure 8.
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FIGURE CAPrIONS

San Francisco Bay Area.

UCRL-I0255

View of Bay Area; Lawrence Radiati0n Laboratory and University or

California Campus in foreground.

Typical summer wind circulation pattern.

Cross section through Berkeley Hills.

Typical lapse rates and frequencies of occurrence.

Aerial view of laboratory, looking eastward.

Berkeley box exhaust manifolds.

Stack sampler installed on hood exhaust duct.

Local area-sampling sites.

Figure 10. Local area-sampling station.

Figure 11. Perimeter air sampling s1tes and surface water sampling sites.
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