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PREFACE
In 1976 we published the Annual Environmental Monitoring Report
in two parts. Part One,'LBL—4678, discussed in detail the modeling’
used to determine the population dose equivalent due to Laboratory
operations. This volume also described natural radiation background,
geological features, climate and meterology, and the environmental
surveillance program of the Lawrence Berkeley Laboratory. Part Two;
LBL-4827, included the results of the sampling and measuring programs
and the other necessary data to derive the environmental impact of
Laboratory operations for 1975.
' This year we will only reference LBL-4678, thereby reducing the
Annual Environmental Report to the essential details.
Copies of LBL-4678 are available upoﬁ request from:
National Technical Information Services
U. S. Department of Commerce
5285 Port Royal Road

Springfield, Virginia 22161
Price: Printed Copy $5.50; Microfiche $2.25
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ABSTRACT
The data obtained from the Environmental Monitoring Program of
the Lawrence Berkeley Laboratory for the Calendar yeaf 1976 are

described and general trends are discussed.
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- 1. ENVIRONMENTAL MONITORING DATA--1976

1.1. Accelerator-Produced Radiation

Figures 1 through 8 summarize the daily dose;equivalept recorded
for each environmental monitoring station due to photons and neutrons.
These figures include natural background with the fluctuations du?
primarily to statistical variations.

There are some identifiable periods of accéierator operation
that produced environmental radiation, These are liéted in Table_I.‘
. There were no periods of time during which accelerator gamma

levels were deteéctable ébpve background variations during 1976.

Periods of ‘data loss during the'first half of 1976 were due to
a remodeling shutdown and an interruption of primary power'supplying
the remotely located station. During 1976 we have attémpted to.
produce a more accurate measurement of the environmental gamma _
background. It has been shown that the presentiy used Geiger-Muller
detectorsl did not accuratély measure the environmental gamma
radiation. In order to correctly measure the environmental gamma
radiation we are in the process of operating the High Préssure
Argon Tonization chambers developed by HASL2 in_eagh of the statioms.
The result of this work so far reveals we have been ovef—reporting
our gamma contribution by ~36%. Therefore beginning with this
report the corrected Qalues will be used.

Table II summérizes the total dose equivalent at each station
during 1976. In evaluating the annual dose équivalent due to photons,
the data summarized in Table 1II were used. In evaluating the annual

dose equivalent due to neutrons, the neutron detgctor calibration



11

RN

|RPTE |oKAPH

. XBL 7738103



v

XBL 7738104

L

LYMPUS GATE MONITORING STATION 7

- OLYMPUS GATE MONITORI

= e




¥
‘ . )
FENS ST =¥ ¥ e e
e =
=
=
== =
ey
3
7 ! TaEE
: i
FrEa r
T -
s
T ER
1 i 1
=
- i : 7
Hrmt i
L5
3
= =
! 1 E
jiost ™
L
=5
L T T
f
Hars t T - I EIvE
- : -
E; &
= 2 :
: 1 it
: 1
i i E
: T ;
¥
T =
+ Fr
5 i
+ ]
7

T BUILDING 90 MONITORING STATION

~ BUILDING 90 MONITORING STATION.

T
§
i

FEEaE

SsREni s o

e

Ak pragg

UXBL 7738108



L

XBL 773810

¢
E
B

== T

=== 0 g i

s o T t =
sz E : -

- 4 T LT 1

== T =

- st Ay
R e

LIRS RL

5
|

!
|
i

{l
I}
TORING ST,

I

i
i

I

;
i

i

|

J

3
s

[

i

Hi ‘AI X
I BUILDING 90 MONI

ans

Wi




s \
E - "
o= =3
i e
T o
¥
T f
= ¥
=] 1
== =
e tas
e =
= ¥
1
o =
=
e !
32
[ I
T
o 3
e e = grerer
=== = .
— 1
fr— ¥
i
= T
4
T
i T 7
1
2
s

1

e R A

ig.



s

\j
g

BUILDING 88 MONITORING STATION

EE TSI IS IS AL!

"

N[ fl

EHIIRGNNE]

HINAIH

:h




XBL7738H)Y

f“’L L

1

i
|

ite L1

m

o]

feirs

i

P
!G
1
D

Gl

BeT

q

Hi

L

i

bagna

it

£ THONAE]

1ALy

Lt




<o

Ll R T

(R

T Z
<
=
<
=

=37

- O
2=
T
<]
=4
4
(o]
2]
>
Eg
i
O
3
<
s
(o]
p-4
<
Lo .

THH LA

FSRT% FRESTTHIE HA 1




10—

Table I.
Environmental
. Monitoring
Inclusive Dates Accelerator - - Beam .. Station
1/23/76 to 1/26/76  88-Inch Cyclotron 110 MeV,aHe' | 88 EMS
5/19/76 to 5/22/76  88-Inch Cyclotron 315 MeV,16Q ‘ 88 EMS
7/21/76 to 7/25/76 88-Inch Cyclotron 90 MeV,3He : ‘ 88 EMS
10/8/76 to 10/11/76  88-Inch Cyclotron 90 MeV;3He " 88 EMS
10/15/76 to 10/18/76 88-Inch Cyclotron 55 MeV, d+A B 88 EMS .
10/27/76 to 10/31/76 88-Inch Cyclotron 110 MeV,q " 88 EMS
10/31/76 to 11/3/76 88-Inch Cyclotron 250 MeV,ZONe _88 EMS
1/19/76 to 1/22/76  Bevatron 63%&,2I%p+ 0G EMS
3/1/76 to 3/5/76  Bevatron aazp+,122Ne,1lzd oG BMS

5/6/76 to 5/10/76 Bevatron  43%p7,8% 0G EMS
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Table II. Radiation levels at the LBL site boundary due’'to accelerator

operation--1976. .

conversion factors are not known to this accuracy.

Total Dose Total Dose Total Dose
Equivalent from Equivalent from Equivalent
Photons (millirem) Neutrons (millirem) (millirem)
Jan.-Dec. -Jan.-Dec. Jan. -Dec.
(Background (Background _ (Background
Location Subtracted) Subtracted) Subtracted)
: % *
Olympus Gate 0 2.39+0.008 2.39+0.008
'88-Inch Cyclotron 0 5.35+0.009 5.35£0.009
Building 90 0 0.44+0.008 0.44+0.009
Panoramic Way - 0 0.78+0.007 0.78+0.007
v . 3
Standard for Comparison 500
*
The errors shown are those associated with the actual counts. Dose
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Table III. Data used in evaluation of annial dose

equivalent due to photons.

Annual Background

Radiation Due to = Calibration of
Photons and Cosmic  Detector
Location Rays* (millirem) = pR/Register Count
Olympus Gate 68 L 1.24
88-Inch Cyclotron 91 - 1.13
Building 90 83 ©1.16
Panoramic Way - 94 1.11-

*
Except neutrons.




fgctors and neutron béckgrounds at each monitoring station are 1istéd
in Tablg IV. The néf neutron count aftet"background subtraction is
converted to neutron fluence using the converéion factors of Table IV.
Because the neutron detectors do not respond over the entire energy
spectrum, this measured fluence must be incrgaséd. Studies of the
leakage neutron spectrum from accelerator shields at LBL show that
the measured neutron fluence should be increasgd by a factor of 2.0
if the neutron spectrum at the environmental monitoring station -
is similar to that around the Bevatron.3 Although this is probably
a somewhat conservative assumption, it is at present adopted for our
environmental radiation monitoring. The corrected fluence is

2 4

converted to dose equivalent using a value of 1.86 X 10_8 rem n_lcm .

1.2. Radionuclide measurements and Release

1.2.1. Atmospheric Sampling

The total quantities of radionuclides discharged into the atmosphere
are summarized in Table V. Although these amounts are greater than
the amounts released in 1975, the quantities resulted in a small
population dose equivalent (see Table XII). '

During 1976 there were no releases that could have resulted in
concentrations greater than 1% of the’rélevant radiation protection
standard.3 Tables VI and VIT, which summarize the general and special
air sampling data, provide confirmation of this assertion. The
general air sampling program gave data all of which were within the
range of normal background. The special air sampling program for

‘IAC and 3H found detectable concentrations of these nuclides (Table 7).

Average concentrations for the year were less than 1% of the radiation
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Table IV. Neutron detector calibration factors
and neutron backgrounds at eac¢h monitoring

station.
Neutron Detector
Calibration Factor Background .
'ncmez/count (Coupts/Day)
Olympus Gate . 16.3 o - 26.9
- 88-Inch Cyclotron 15.6 27.5
Building 90 o13.17 . . 31.3
Panoramic Way 13.5 ' : L 24,7

Table V. Total quantities discharged into the
atmosphere (1976).

Nuclide(s) Quantity Discharged
Alpha Emitters - oo .l.4><10—'7 Ci
Unidentified Beta-Gamma Emitters  ax10”%c
Carbon-14 | - 3.5%x107T ¢

Tritium , ' - 26 Ci.




Table VI. Summary of air samples (1976).

. -1
Concentration, 10

5

uCi/ml

% of Standard3

Alpha Beta—Gamma

Alpha Beta-Gamma
No. of .
Samples Avg. Min. Max. Avg. Min. Max. Avg. - Avg.
On-Site Averagé o
of 10 Locations 518 0.46%0.10 <2 6 4714 <80 800 2 - 0.5
Perimeter Stations
Building 88 52 0.45%0.27 <2 3 46x12 <80 570 2 0.5
Building 90 52 0.55+0.28 <2 5 5312 <80 630 3 0.5
Panoramic 44 0.79%0.32 <2 5 4413 <80 570 4 - 0.4
Olympus Gate 48 0.52%0.29 <2 3 51%¥13 <80 630 3 -0.5
20 10,000

Standard for Comparison

_g'[..

00

i

"

i
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VTable VII. Summary of special air sampling (1976).

Concentration,
1077 uci/mi
No. of - - % of
Samples Avg. . Max. = Standard
Samples for
Tritium in Air
On Site
Bldg. 3 Roof 52 0.5%0.1 3.7¢0.7 0.3
Perimeter
LHS 51 0.5%0.1 - 3.6%0.7 0.3
B13D
(0lympus) 50 0.4%0.1 3.6%0.7 0.2
Standard for Comparison 200
Samples for Carbon-14
in Air (as C02)
On Site
Bldg. 3 Roof 52 0.17+0.05 2.7+0.4 0.2

Standard for Comparison : 100
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protection standards. The measurements of atmospheric deposition
(Table VIII) all lie within the range of normal backgréund;>excevt
during the period following the Chinese Weapons tests.

There were two Chinese Nuclear Weapons test in the atmosphere
conducted during 1976, one on 26 September and one on 17 Novgmber 1976.
Fallout from both tests was detected as increases in airborﬁé radiation
on our air samples. The activitf was shoWn to be due to fission-
products by using a NaI(T1) YQray spectrometer (Fig. 9). Specific
isotopes were identified by use of our high resolutioﬁ GeLi gamma
spectrometer (fig. 10). This detector alsé gave‘a measure of fhe
relative level of deposition (Fig. 11). |

Figure 12 is a graph of the weekly atmospheric sampling results
during 1976. The incremental increases shown in the last quarter
of 1976 are attributed to these tests.

Table IX lists the isotopes identified as weapons tests related.
An estimate of the relative importance of these isqtopés compared
to natural terrestrial background levels can be obtained as foilows;
The radionuclide 7Be, a "natural fallout" radionuclide was also
detected in the samples. The 7Be peak intensity was seen to be
approximately the same as the intensities of the fission product
fallout peaks (Fig. 11). Thus, the fallout radionuclides'hust be
similar in activity to the 7Be Y activity. 1If 7Be is/unifqrmally
deposited on the surface, it mormally cannot be detected in field
Y-ray measurements even when using high—resolution Gel.i spectrometry
at outdoér sites. We therefore expeét the increment due to\fission

products to be undetectable in circumstances where uniform deposition
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Table VIII. Summary,of_atmospheric.deposition (1976).

Total Deposition, 10—3 uCi/m2

No. of e B.
.Samples  Avg. _ Max.* Avg. Max. *
On Site
(8 locations) 108 - 0.02 0.0810.05. 1.0 1.5%0.2
Perimeter |
(4 locations) 4  0.04 0.07:0.04 1.8  4.3%0.2

No standards for comparison have been established.

* : '
Highest total for any one site.




B

| 1 | I R I

NaI (Tl) y-ray spectrometer data
Fallout samples 10/76-11/76

(14 filters) |
~ 6’/(8 are fallout ..

| l | | | |

]
0 400

800

]
1200 1600 | 2000 2400 2800 3200 3600 4000
E - keV (approx) N

. XBL 774-687

Fig. 9.

. _6'[_

0

1

3 . Eay
bitnoegpnn

isie



Counts per channel

0 | 1 |

IR I S R—
Air sampler (14 filters)

52576 min LT
“OLa 700-880 keV region

l

58 } j4() —
Co La
2 -

A

| | I I | l

820 840 860 880

900 920 940 960 980 1000 1020 104

Channel number

XBL 774 - 688

Fig. 10.

-0¢-



Counts per channel

C 0 u 1

4801 4235

- -21-

Channel number

XBL 774 -689

- Fig. 11.

T T I T T 1
Air sampler (14 filters)
| IOBRU 52576 min LT '
140, 410-560 keV region
03} 786 [ I | .
Be l |
I v MOTO
140 - |
.I4OBOI—° AR =
e
07
IOI I I | | I I I I
480 500 520 540 560 980 600 620 640 660



llellelﬁflerIl[II]I}I—I*IITT[TIITI‘IIIUIlll._fll[IJTIJFIPJTI Tll\rjyll.lllll

£
~ ‘ B
ST Atmospheric Beta activity - 1976 . i
c_\_FLO'7 B (From KHV-70 filter paper samples, affer >72 hours decay)
o 08
05
Sot
*éOﬁ—
=021
3 0+ A
8 OIMIIMLm-Iml;ka" 7 Ll :
; Jan.  Feb. Mar. Apr. Moy — June  July Aug.  Sept. Qct. Nov, Dec.
ol ' 1976 |
a

Ending date of sdmpling period

XBL 773 - 605

Fig. 12

=2~



~23-

Table IX. Fission product radionuclides
identified with Chinese atmospheric weapons
test fallout--Sept. to Dec. 1976.

Radionuclide .Ideritification:EY (keV)
Py 766
sy 734, 757
103, 497; 610
131, 364
140, 329, 433, 487, 752, 816, 1596
1405, 163, 305, 424, 438, 537
141

Ce 145
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occurs. As a fact, the outdoor surveys we made during this time with a

portable NaI(Tl) crystal instrument failedbto show any'increase
above expectedbﬂaturai environmental ievels;
1'272' Water Sampling

Table X summarizes the 1976 data frdm the surface water and tap
water sampling prograﬁ. These results are similar to those obtained
in past years and all lie within thg normal range of background
activity. There is no reason to suspect that any of the observed
radioactivity originated. from the Laboratory.
1.2.3. Sewer Sampling

Table XI summarizes the sewage sampling data for 1976. The Hearst
sewer data are not significantly different from previous years' data,
but the Strawberry sewer data are significantly higher. This increase
is not 5ecause of releases from.the Lawrence Berkeley Laboratory
but from the Campus of the University of California which discharges
radioactive waste into the Strawberry sewer abovg the point at which
it is ménitored by LBL. The Lawrence Bérkeley Laboratory release
practices have not changed during 1976 and are tﬁe same as 1975. The
Hearst sewer concentration was less than 1% of the ERDA standard for
.discharge to sewers, however the Stfawberry sewer was 337 of the

standard5 (see Table XI).

1.3. Population Dose Equivalent Resulting from
1976 LBL Operation '

The population dose equivalent can be estimated as a function

of the fence-post dose as a result of the various accelerator operating
. . . 6 .

conditions and radionuclide releases. During 1976 the 88-Inch

Cyclotron contributed a major portion of the measured radiation at
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Table X. Surface water;and.tap_water samples 1976.

‘Concentration,_10_9 uCi/ml

% of

o v B Standards
No. of L ———
Samples . Avg. Max. . Avg. .. Max. - q B

On Site Streams
Blackberry " 52 <0.3° 2.6 1.9%0.2 10 <1.0 1.9
Lower Strawberry 52 <0.2 2.9 6.2#0;2 '14 <0.7 6.2
Upper Strawberry ' 52 1 <0.2' 2.7 2.2%0.2 '4 <0.7 2.2
Average _ <0.1 3.4%0.1 <0.3 3.4

Off Site Streams
Claremont 52 <0.3 3.0 1.6%0.1 5 <1.0 1.6
wildcat 52 <0.3 2.1 3.810.2 138 <1.0 3.8
Average ' <0.2 2.740.1 O <0.7 2.7
Tap Water s <0.1 2.1 1.1%0.2 6 <0.3 1.1

Standard for Comparisoh- 30 100




Table XI. Summary of sewage sampling data.

Total Quantities Discharged

Total Volume

106'Liters " Total o uCi Total B-vy mCi
Hearst Sewer 304 21397 5.9%0.2
Strawberry Sewer 175 <130 175%1
Total 479 2551131 181+1
Net Concentrations
Concentration, 10_9 uci/ml

. % of Standard

No. of o By

Samples Avg. Max. Avg. Max. Q By
Hearst 49 0.7+0.3 20 19.5%0.6 410 0.2 = 0.7
Strawberry 45 <0.7 7 10003 20500 <0.2 .. 33
Overall 0.5+0.3 378+1
Standard for Comparison 400 3,000
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the site boundafy, 68%; The Bevatron accounted for about 32% of

the éetectable radiation. SuperHILAC and 184-Inch operétions were not
significant during 1976. ‘From Eq. (1_5),6 the corrected popdlation dose
equivalent, M, will be:

M

1000 H,[1-0.56£]

M

1000 Hy[0.62]

where f is thé fraction of the time tﬁatvthé.SB—Inch Cyclotron produced
detectable radiation.

The maximum dose equivalent af the site Boundary due to penetrating
radiation produced by accelerator operation was 5.35 millirem (Tablé I,
Section 1.1). The corresponding population dose equivalent is
3.32 man rem. Reasons for this decrease from 1975 (3.5 man\rem) are
due primarily to a shift in operations at all accelerators. The
changes include more operation of the 88-Inch Cyclotron with light
ions and larger heavy ion beam current as compared to 1975. .Bevatron
operation was_primarily with heavy ions. However, the proton runs
produced some measurable radiafion at the site boundary. The
SuperHILAC has had improved shielding and‘beam control since 1975,
thereby reducing stray radiation levels. The 184-Inch Cycontron ran
only alpha particles on a very reduced schedule.

The highest site boundary dose equivalent was detected at the
monitoring station located only ~100 meters from the 88-Inch Cyclotron.

The population dose equivalent resulting from airborne releases

3

of "H, 1["C and unknown B-Y and 0 emitters can be determined from the-

model described in Ref. 8, Section 4.3.
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Table XIT summarizes the total population dose equivalent due

to Laboratory operations.

1.4. Non-Radioactive Pollutants

The Laboratory does not carry out routine monitoring of airborne
non-radioactive pollutants, however, sewer sampling is carried out
for heavy metals. The analysis is achieved by atomic absorption.

Table XIT1I summarizes the sewer sampling data for heavy metals.



" -29-

‘Table XII. Population dose equivalent--1976.

Population Dose
Source of Exposure (man rem)

Penetrating Radiation--
Accelerator operation 5.35

Radionuclide Release:

3u ' - 0.31
e ' 0.014
Unknown B,y emitters | 0.09
Unknown o emitters - 0.002

Total : 5.77




Table XIII. Summary of sewer sampling data for heavy metals--1976.

Metals Detected:

Chromium  Copper  Zinc Silver Cadmium Nickel 1Iron Lead

Standard for Comparison
EBMUD Limitation on .
Discharge (mg/1) 2 5 5 1 1 5 100 2

Strawberry Sewer

Average (mg/1) 1.8 5.0 5.4 0.01 0.08 0.9 7.9 0.2
.% of Standard 95 100 108 1 A 8 18 | 8 9
Hearst Sewer |
Average (mg/1l) 1.1 0.5 0.09 0.02 0 : 0‘ 0.09 0

% of Standard : 57 11 2 2 0 o . <1 0

-0€-
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2. SUMMARY OF ENVIRONMENTAL MONITORING DATA AND TRENDS

2.1.0 Accelerator-Produced Penetrating Radiation

The general trend of decreasing radiation ievels‘at our site
boupdary due to accelerator operations during past years has leveled
off during 1976 and in some areas shows a.sligﬁt incréase as predicted
in last year's summary. fhere was an increase in some lighter ion
beams used at the 88-Inch Cyclotron causing an increase in neutron levels
ét one monitoring station.

The gamma levels are once again repdrtéﬂ as zero. There is no
detectable gamma radiation due to accelerator éperation..

Figures 13 through 16 show the annual dose equivalent.reported
from the environmental monitoring stations since they have been
established.

Radiation levels at the Olympus Gate Sta£ioﬂ have sthn a
steady decline since 1959 when estimates were first:-made. The Olympus
Gate Station is in direct view of the Bevatron and most diréctiy
influenced by that accelerétor; |

2.2. Release of Radionuclides

Over the ﬁast several years tﬁe'atmospheric-sampling program has,
with the’exception of occasional known fe1eases, yiélded data which
are within fhe range of normai baékgrqung; The.surface water program
alwa&s yields results wiﬁhiﬁ.the range of normal backgrouﬁd. No changes
are expected in thesé ohservations,n_(

The practice of the University of Célifornia in discharging

radionuclides into the Strawberry sewer has complicated the analysis

‘of the sewer-sampling prbgram data. Analysis continues to be

particularly difficult in view éf the fact that the quantity. of
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material discharged by the University is several times greater
than that discharged by the Laboratory. Trends in sanitary sewer
monitoring data are, therefore, unpredictable. But, University dis-

charges are likely to be greater than quantities from the Laboratory

’

by about two orders of magnitude.

*
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