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° TOUR OF THE STANDARDS AND 
CALIBRATIONS LABORATORY 

ABSTRACT 
This tour of Lawrence Livermore Laboratory's Standards and Calibrations 

Laboratory is intended as a guide to the capabilities of and services offered by this unique 
laboratory. Described are the Laboratory's ability to provide radiation fields and measure­
ments for dosimeters, survey instruments, spectrometers, and sources and its available 
equipment and facilities. The tour also includes a survey of some Health Physics and inter­
departmental programs supported by the Standards and Calibrations Laboratory and a 
listing of applicable publications. 

INTRODUCTION 

The Standards and Calibrations Laboratory in 
Bidg. 255 is part of the Dosimetry Group of 
Hazards Control Department's Radiation Safety 
Group. Its purpose is to maintain radiation stan­
dards for Lawrence Livermore Laboratory (LLL) 
and to offer radioactive sources that provide 
gamma, neutron, beta, and x rays so all instruments 
at LLL may be standardized. 

The Laboratory's responsibilities include using 
the accurate radiation fields of its low-scatter cell to 
calibrate instruments, to irradiate various materials 

To fulfill its purpose and meet its respon­
sibilities, the Standards and Calibrations 
Laboratory employs various equipment and 
facilities. 

The low-scatter cell (see "Laboratory Descrip­
tion") houses a neutron generator, neutron and 
gamma sources, and a television monitor. The 
Laboratory also has two pneumatic source-transfer 
systems and a " t o irradiation pool. 

Source calibrations of gamma are accom­
plished with ionization (Shonka) chambers 

for LLL researchers, and to perform routine 
calibrations for the Personnel Dosimetry Program. 
In addition, the Standards and Calibrations 
Laboratory is responsible for maintaining portable 
survey instruments and transfer standards to 
measure radioactivity and for evaluating state-of-
the-art instruments designed by LLL employees and 
by commercial manufacturers. Its ^Co irradiation 
pool also provides a high-intensity gamma field tor 
radiation-damage studies and dosimetry-
development programs. 

calibrated by the National Bureau of Standards 
(NBS). Calibration of neutron sources is done by 
activation comparison with an NBS-calibrated 
plutonium-beryllium source. Other source calibra­
tions are done in free-air ionization chambers. 

In addition, the Standards and Calibrations 
Laboratory has x-ray generators, a beta-source 
range, and an instrument-calibration range. 
Descriptions of equipment and facilities can be 
found in the "Laboratory Description" section that 
follows. 

EQUIPMENT AND FACILITIES 



LABORATORY DESCRIPTION 

The Standards and Calibrations Laboratory is 
located at the east end of Bldg. 255. It consists of a 
control room with three associated irradiation cells 
(designated A» B, and C), a dosimetry laboratory, 
an instrument-calibration shop, and an office area 
(Figs: land 2). 

GONIAOLD.ROQM 

The control room (Fig. 3) houses consoles con­
taining all the control and electronic readout equip­
ment for the various systems in the Standards and 
Calibrations Laboiatory. Included are pneumatic 
source-transfer systems and such safety features as 
interlock controls and remote-area monitors. • ? 

Pacaaiatic Soarce?Transfer Systems . 
There are two pneumatic source-transfer 

systems in the Laboratory—on«for gamma sources, 
the other for neutrep fouraes* (Fig.,4). Both are 
capable of firing singlyjOne'ofa choice of four en­
capsulated sources (Table l)-from Jneifindividual 
shielded sto'rSge casks in Cell ti. A Gei§fr-Mueller 
detector is used to confirm the presence of the 
source capsule in the storage cask. — :',; 

Controls for pneumatictransfer ofhigh-dose-
rate sources include source select, pressure test, and 
manual or automatic timing. Preset time can be set 
to one-tiiousandth of a minute. Timing begins when 
the source capsule interrupts a light beam to the 
photocell atop the source-irradiation head. At the 
end of the selected time interval, the source is 
automatically returned to its storage cask in Cell C. 

Blockhouse' 
with boreholes 

Office 

Cell A 
183 A 

Control panel 
and consoles 

CellB 
183 B r^Co 

/ irradiation 

Instrument-
calibration shop 

Dosimetry laboratory 
and counting room 

CellC 
183 C 

Chemical hood Offices 

North 

FIG. I . Sketdi of Hazards Control Standards and Calibration Laboratory in Bldg. 255 (not (o scale). 
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FIG. 3. Control room and consoles in the Standards 
and Calibrations Laboratory. 

Measuring Radiation Fields 
Gamma fields from each pneumatically 

transferred source are measured with Shonka-type 
ionization chambers calibrated by the NBS. A 
2 5 2 Cf neutron-emission rate of 1.3 X 109 was 
calibrated at the NBS, and an ANISN (or similar) 
code describes neutron intensities in the low-scatter 
cell (Cell A). The Laboratory also has a variety of 
Victoreen Radocon probes calibrated by Victoreen 
and traceable to the NBS for routine gamma-
intensity Measurements and for x rays and low and 
medium-energy free-air ionization chambers for 
basic measurements of roentgen. 

FIG. 4. Pneumatic source-transfer heads and neutron 
generator shown in place in Cell A. 

Portable Sources 
TaMe 2 is a listing of portable neutron sources 

available in the Standards and Calibrations 
Laboratory, together v/ith their strengths, dates of 
calibration, and energies. 

In addition, the Laboratory has a 14-Ci 2 4 l Am 
photon source of 60 keV with an assortment of 

TABLE 1. Available source choices in the gamma and neutron pneumatic source-transfer systems. 

Gamma system Neutron system 

Sourcea Dose rate at Half life Source Dose rate at Half lite 
1 m (mR/min)b (vr) 1 m (n/5) (yi) 

«°c 136 5.263 2 5 2 c f 
ob 

1.316 X 10 2.646 
6 0cs 
» 7cs 

29.2 
406 

5.263 
30 

2 3 8 PuBe 
2 3 8 PuBe 

7.8 X 1 0 , i : 

1J6 X 10* 
86.4 
85.4 

1 3 7 Cs 12.9 30 ftiotoneutron 
SOUTCB stnrajps 

Short 

?l80IOpc9, 
HDcse rate as of 1 Juno 1978. 
cDose rate as of 28 Fcbniuy 1973. 



TABLE 2. Portable neutron sources. .' 

Neutron source Strength • 
(n/i> 

"Dite .' .' . 
CiHbriMd • ."•' • -(MeV)-'. 

f J8PuLi No. 3C0095 
M 8 I>UBE NO. 3000943 

2 3 8 PuBe No. 300101 

1.75 X 10* (±3*) • 
4.01 X 10* (tl.7%) 
1.29 X 10 7 ( i3«) 

'; iff 

• . 0.45 

'•I - . 4-

"Calibrated by the NBS. 

fiuorescers for lower energy photons. For informa­
tion on the development of the photon source, see J. 
V. Boggs, "A Portable Low-Energy Photon 
Calibration Source," Health Physics (Pergamon 
Press, Northern Ireland, 1971) vol. 2, pp. 631-635. 

Safety Features 

Cell safety features include run-safe switches 
(inside the cells) and doors that can only be opened 
by a key; the same key enables performance of all 
hazardous operations. For example, after closing 
the A-Cell door, one must insert the key into a con­
trol panel before the pneumatic sources can be 
transferred or the neutron generator can be used. If 
the door is opened, the key is removed, or the run-
safe switch is returned to the safe position, the 
source would be automatically returned to its 
storage cask. 

Cell A has an additional safety feature—a 
remote-area monitor for radiation that is set to 
alarm if any pneumatic sources are in the cell when 
the door is opened. Similar trip levels are set for 
sources in Cells B and C. 

EI0.61m 
- 9 m-

8 

s. 

3.17 m 

Neutron 
generator 

psSSSESSsSx 

HV Gamma 
d / head 

4m 

4.57 m 

r 
*— Neutron 

head 
Cell A 
183 A 

0.4.6 m Access to -
E n i d basement \% 

m < e*s^^i^Sr£2f 
FIG. 5- Locations of pneumatic source-transfer heads 
and neutron generator in Cell A.. See the heads, 
generator, and aluminum-grating floor in Fig. 4. 

CELL A 

Designed as a low-scatter room, Cell A (Fig. 5) ' 
has a false floor made of aluminum grating that is 
essentially transparent to neutrons. This floor lies 
3 m above the solid concrete floor of the cell and 
.'i m below the solid concrete ceiling. 

In the center of Cell A is a pneumatic source-
transfer head for neutron sources; near it is a 
source-transfer head for gamma sources (Figs. 4 
and 5). These heads are positioned vertically so that 
fired sources are 1 m above the aluminum-grating 
floor. The transfer heads are so positioned to keep 

neutron sources transferred into the cell as far from 
the'ceiling and walls of the cell as possible to reduce 
the effects of scattering, which would alter the 
energy spectrum and irradiation field of the sources. 

One pneumatic source:transfer system can ac­
commodate four gamma sources—one at a 
time—that are to be transferred into the cell. The 
other system is capable of selecting one of a choice 
of four neutron sources (see Table 1) to be 
transferred into the cell. All the sources are stored in 
Cell C, which is furthest from Cell A, to minimize 
background interference with the selected source by 
the stored sources. 
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V'tilrmi <;vNi.'ntti>r 
\ lc>..>s Nuclear Model 9400 neutron 

i-C'icrator |E it:v d and 7) located in a quadrant of 
the loA- •.•ai.er cell can produce 14.6-MeV neutrons 
thii'ULjIi th.' Iid.n) 4He reaction and 2.8-MeV 
ncuuvi^ through the Dtd.nl ^He reaction. 

Operation ol I he neutron generator depends on 
ihc production, extraction, and acceleration of 
deuterium tons. M'ter acceleration, the ions are 
allowed to strike a suitable target material to 
produce neutrons. These ions are generally ac­
celerated to 150 kv. and the generator is designed to 
produce 10" n s at 14 MeV and 3 X 10s n/s at 
I S MeV. More information on the neutron 
generator can be found in Ref. I. 

Portable Sur>ey Instruments 
ralibration oi portable survey instruments 

haung very high dose-rate ranges is accomplished 
b> positioning them in the lo.v-scauer cell to give 

1IG. 6. Top target portion of neutron generator 
•.liown «ith de Pangher precision long counter and 
shadow shield. 

IK;. 7. Neutron-generator accelerator suspended 
below aluminum-grating floor of Cell A. 

the desired dose rate and by attaching a servo notor 
remote screwdriver to each instrument to correct 
the meter reading ilig. S). A closed-circuit televi­
sion aUows one to read \Vie meter reading remoVeK 
after firing the source into the cell, and the ser­
vomotor controls permit one to adjust the instru­
ment to give the correct reading. 

CELL B 
Cell B contains two x-ray systems, a bath for 

neutron-source calibrations, and a beta-exposure 
range. 

6 
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VMi.H The kilorocnigen/hour scales on portable surve\ instruments are calibrated uith pneumatically 
transferred sources, a remote screwdriver, and a television monitor (inset). 



X-ray Systems 

One x-ray system, a high-voltage (150-kV, 10-
mA) output tube that can be used directly or with 
fluoresces to give characteristic x rays of various 
materials, has been used for experiments with 
Borrmann transmission in very, pure crystals. 

The second x-ray system—TRAX—has three 
transmission anode x-ray tubes. In a transmission 
anode tube (developed at LLL), x rays charac­
teristic of the anode emerge, giving a fairly discrete 
or narrow band of energy depending on the anode 
materials. The Laboratory presently has copper, 
silver, and neodymium anode tubes with principal 
energies of 8, 22, and 38keV, respectively. For 
further information, see Ref. 2. 

Neutron Sources 

The Laboratory has a number of neutron 
sources. One primary source that has been 
calibrated by the NBS is used as a reference for 
calibrating other neutron-producing sources. 
C a l i l r a t i o n is a c c o m p l i s h e d wi th a large 
mangaiiese-sulfate bath that is, in cylindrical 
geometry, approximately 0.9 m in diameter and 1 m 
in height. 

The m?nganese-sulfate-bath method involves 
activating the manganese to 5 6 M n by placing a 
source in the center of the solution. The bath acts as 
an efficient moderator so very few neutrons escape. 
The solution is then activated for at least 16 h to ap­
proach a 99% saturation point. Then the source is 
removed, and activity is counted at various intervals 
so saturation activity can be calculated. After decay, 
a second source can be inserted and the process can 

TABLE 3. Beta-source choices in the 

Isotope 1 E m a x Tj^ 2 Calibration 
OreV) QreV) (yr) (ir.O) 

1 4 7 P m 70 224 2*2 0^? ± OVt/si 
4.9 ± 0.5 

^Cr 249 672 1076 -13 

^Sr/'Uyt 200/931 545/2270 28 21 ± 1055 

be repeated. The induced activity of the two sources 
can then be compared to determine the activity of 
the unknown source. For further information, see 
Ref. 3. 

Beta Sources 

Three beta sources offering a wide choice of 
energies can be used in the beta range. These 
sources have intensities of about 2 0 0 m R / h at 
250 mm. The three beta sources used in the Stan­
dards and Calibrations Laboratory are shown in 
Table 3. 

CELLC 
The source-storage cell, Cell C (Fig. 9), houses 

a number of gamma, beta, and neutron sources used 
by health physicists and scientists in Hazards Con­
trol Department and occasionally by other groups. 
An air sampler continually monitors air quality in 
the cell. The intense pneumatically-fired gamma 
sources are stored in large lead casks, and the 
r.eutron sources are stored behind plastic and water 
moderation. The most intense source is located at 
the bottom of the 6 t o pool in Cell C. 

" C o Pool 

The ^Co irradiation pool in Cell C (Fig. 10) is 
about 2 m in diameter and 6 m deep. The intense 
source that lies at the bottom of this pool consists of 
72 pencil-shaped, encapsulated ^ C o rods arranged 
vertically in a wire-mesh basket so they form a circle 
of approximately 25 cm in diameter (Fig. 11). Each 

and Calibrations Laboratory beta-source range. 

Date Window 7 Oose late 
(R/h)» 

9/75 Aluminum 514 IceV (0.4%) 0.075 

9/75 0.002-in..|hick None, 2.2 
stainless steel samariUj.i x rays 

10/75 0.002-in.-thick Significant 18.2 
titanium bremsstiahlung 

aOose rate of 25 Febiuaiy 1977, using JUNO at ~25 cm with all shields ope.i. 



Roof covering 
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FIG. 9. Cell C (Room 183C, Bldg. 255) is the 
designated source-storage cell. 

rod is sealed in 9-mm-diam by 229-mm-long tubing 
of stainless steel. The ends of the tubes are sealed so 
activity extends over the central 190 mm of the 
circle. 

A ring with nine source positions encircles the 
basket. Esch position on the ring can be used to 
place sources at a repeatable distance. 

A 73-mm-i.d. bucket of stainless steel can be 
used to lower samples into the center of the source 
basket. A pneumatic (rabbii) system fo»- sample 
transfer is also available for use in the pool, and 
samples can be shot into the center source position 
for short irradiation times. 

Samples placed in the center of the 25-cm-diam 
circle and equidistant from both ends of each tube 
(about 100 mm from the bottom of the basket as 
shown in position A of Fig. 1 ]) receive the most in­
tense dose rate (Table 4). Those samples trans­
ported to position 3 by the rabbit transfer system 
receive below maximum intensity dose rates; very 
short exposures can be made on samples (ess than 
12 mm in diameter and 48 mm in length. The outer 
ring bucket positioner can position (C) as many as 
nine samples in a field that is 0.183 of the dose at 
position B (based on ratios obtained with nylon film 
measurements on 12 November 1976). 

Water attenuates the activity of the source at 
the bottom center of the pool. Tire pool is filled with 
water to within 1 m of the top of the pool walls, and 
the blue glow easily visible when looking down on 
the sou, e ring is produced by the high-intensity 
gamma rays causing Cerenfcov radiation (Fig. 10). 
The pool water is kept pure by continuous recircula­
tion and by running through a resin deionizer and 
filters. These lilters are monitored continuously for 
radioactivity in the evenl.one. of the source capsules 
should be damaged and radiation leak out. 
Although this has not happened and is not expected 
to happen, the system provides an .effective 
safeguard. ' 

DOSIMETRY LABORATORY 
The dosimetry laboratory and counting room 

are remote from the control room and cells. Elec­
tronic signal' cables can be patched into the 
laboratory, however, and can be fed to a computer-
based pulse-height analyzer when data such as 
neutron spectrometer development or basic studies 
on x-ray transmission through nearly perfect 
crystals (Borrm^nn transmission) are needed. 

A chemical hood is present in the dosimetry 
laboratory for use in venting tritium when portable 
tritium monitors are calibrated. Measurements of 
airflow for calibration of air monitors and prepara­
tion of chemical dosimeters are also among this • 
laboratory's activities. 

INSTRUMENT-CALIBRATION 
SHOP 

The instrument-calibration and maintenance 
shop contains a large source-storage blockhouse of 

TABLE 4. Sample dose rates at three ^"Co 
source positions as of i June. 1978. 

Position 

A Center 
B Pneumatic 
C Outer ring 

Rose rate 
(nuls/s) 

2200 ± 220 
1884 ± 188 
358 ± 50 
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FIG. 10. A pneumatic sample capsule transfers samples to tin source at the bottom of the 6-m-deep '"Co irradia­
tion pool in Cell C. The blue glow is produced by high-intensity gamma rays causing Cerenkov radiation. 
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FIG. 11. Cutaway view of the source, showing part of 
the 72 " t o rods in place in the wire-mesh basket and 
the outer ring positioner. The (A) center, (B) 
pneumatic, and (C) outer ring positions for samples 
are also indicated. 

concrete (Fig. 12) that houses three vertical 
boreholes. Each borehole contains a source 
mounted on an elevator. The top of the blockhouse 
is 1-1/4 m above floor level, making it difficult to 
expose one's body to direct radiation from the 
sources. An absorber wheel is positioned over one 
source so several decades of intensities can be ob­
tained through the combination of absorber and 
source positioning. 

At least twice each year, electronics personnel 
from this shop calibrate and service approximately 

FIG. 12. Radioactive-source blockhouse for cali­
brating portable survey instruments. Sources are 
stored at the bottom of vertical holes 4 m below the 
top surface. 

900 instruments. They also service and maintain 
hand-and-foot monitors and continuous-air 
monitors in the field. 

ACTIVITIES 
The Standards and Calibrations Laboratory is 

used by personnel in Hazards Control and by per­
sons from various LLL divisions and outside agen­
cies. 

Hazards Control activities in the Standards 
and Calibrations Laboratory include monthly 
calibration of the personnel thermoluminescent 
dosimeter (TLD) reader (Fig. 13); reader calibra­
tions for es.viron.nental monitoring programs and 
special investigations: albsao-neutron and neutron-
spectrometer development (Fig. 14); and fission-
track and chemical high-dose-rate dosimeter 
research. Hazards Control personnel have also con­
ducted Borrmann crystal studies with x rays. 

Activities by researchers from other LLL divi­
sions and outside agencies include: 

• Biomed studies on damage to female germ 
cells in mice exposed to 6 0Co (Fig. i 5). 

• An Earth Sciences Department study on 
high-resolution neutron analysis for carbon abun­
dance down well boreholes (Fig. 16).-

• LBL-LLL neutron damage studies on high-
purity germanium, semiconductor particle detectors 
(Fig-17). 

» Sandia Laboratories radiation-damage 
studies on light pipes, quartz, and gases in the w C o 
irradiation pool. 

Figures IS and 19 show the equipment setup 
for an LET (linear energy transfer) chamber 

11 



I l t i . 13. TLD-reader calibrations are made on chest 
phantoms. 

FIG. 15. Biomed experiment on damage to female 
germ cells in mice exposed to 6 0 C o . 

research study conducted b> a summer employee 
and his co-worker from Kansas University. A list of 
publications covering all ucwiies in the Standards 
and Calibrations Uibor ory appears in the 
appendix. 

FIG. 14. In conjunction with neutron spectrometer FIG. 16. Earth Sciences project to improve carbon 
development, a Hazards Control researcher prepares determination by neutron-scattering analysis for use 
to measure the amount of neutron scatter in Cell A. in well-borehole measurement-

12 



FIG. 17. Germanium nuclear detectors used for an 
LBL-LLL study of radiation-damage resistance. 
Detectors made with different materials and tech­
niques were compared. 

FIG. 18. Experimental setup for measuring the 
neutron-dose equivalent at locations in the low-scatter 
cell, using a tissue-equivalent LET proportional coun­
ter. A solid aluminum moderator is shown in position 
around the source head. 

FIG. 19. The Standards and Calibrations Laboratory has a variety of neutron-souirce moderators to simulate the 
spectra to which worker might be exposed. Available moderator materials include polyethylene, water, D2O, and 
solid aluminum A hydraulic jack positions the spheres around the source head. 

13 



SUMMARY 
This tour of the Standards of Calibrations 

Laboratory has attempted to provide the reader 
with a somewhat general overview o? Laboratory 
work and available equipment and facilities. More 
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obtained from the publications listed in the 
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