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CONVERSION FACTORS, U. S. CUSTOMARY TO METRIC (SI)
UNITS OF MEASUREMENT

U. S. customary units of measurement used in this report can be converted

to metric (SI) units as follows:

Multiply By To Obtain
inches 2.54 centimetres
feet 0.30L8 metres
cubic feet 0.02831685  cubic metres
inches per minute 2.5k centimetres per

minute
pounds (mass) per cubic foot 16.,018L6 kilograms per cubie

metre
horsepower (electric) TL6 watts
electron volts 0.160210 attojoules
million electron volts 0.160210 picojoules
volts (international U. S.) 1.000338 volts
kilovolts (international U. S.) 1000. 338 kilovolts
milliamperes (international U, &.) 0.999843 milliamperes
British thermal units 1055.056 Joules
degrees {angle) 0.01745329  radians
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DESIGN AND POTENTIALS OF THE CALIFORNIUM=-252
RADIATION FACILITY AT WES

PART I: INTRODUCTION

1. In 1967, the Engineering Geology Research Facility at the U. S.
Arumy Engineer Waterways Experiment Station (WES) began investigating the
internal features of soils with the radiation from a 10C-kv®* X-ray tube.
The work established the applicability of radiation for studying pre-
viously unseen internal features in goil and rock through raalation
absorption. Since its inception, the Radiological Laboratory has ac-
quired two additional X-ray units, a 120-kv and a 300-kv machine, for
these studies. Research with x-radiography has led to the practical
application of rad.iographic inspection to a wide variety of studies and
to routine examinations of unopened cores and the selection of samples
for laboratory testing. X-rays, however, are not sensitive to the mois-
ture in soils. Yet, it is known that moisture is an important parameter
in the engineering properties of soils. Neutron radiation was used to
complement the X-ray studies with evaluations of moisture. Neutrons
are readily moderated or attenuated by the hydrogen in water and have
been used {'or years as moisture meters in field construction, in bore-
holes, and in routine moisture determinations for bulk materials in com-
mercial processing systems. Neutrons, however, have only recently been
used for stviies of the engiueering properties of soil and rock in the

laboratory.

08¢e

2., The purpose of this study was to investigate and develop the
technology, accuracy, and general applicebility of neutron radiation for

* A table of factors for converting U. S. customary units of measurement
to metric (SI) units is presented on page k.
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studies of soil and rock. An essential part of this effort was the
development of a laboratory installation suitable for the storage and
use of a neutron-emitting isotope, plus a system for the acquisition

and analysis of data.
Scope
o Sl

3. After extensive literature research and discussions, the
e N

~ql3 ¢

californium-252 isotope ("“°Cf) was chosen as the neutron source pri-
marily because of the large number of neutrons emitted from a relatively
small amount of material, its relatively long half-life, and the maneu-
verability of such a small source for the variety of soil investigations
planned. This involved securing a commitment from the U. S. Atomic

Ve e AR

Energy Commission (AEC) for the loan of an appropriate source for use
in research and development. WES was successful in securing a loan
commitment from the AEC's Californium Demonstration Center at Louisiana
State University for a 6.3- and a 3.6-mg source. This loan was obtained
under the AEC Californium-252 Merket Evaluation Program. A facility
suitable for the housing and utilization of a californium source as
large as 10 mg was designed with special effort to incorporate the ad-

~

vanced safety features.

Properties of the Californium-252 Isotope

)

4. Californium-252 has a half-life of 2.65 yr. It has a neutron
emission that results mainly from the decay of the californium. Such
lecay is 97 percent by the emission of alpha particles and 3 percent by
the spontaneous fission process that causes the emission of 2.4 x 1010
neutrons/sec from 10 mg of this material. Table 1 lists the neutrons
of each energy level and their abundance per second from a 10-mg source.
5. In addition to the neutron emission, there is a total gamma
radiation of 1.3 x 10+ gammas/sec from 10 mg of californium-252.
These gamma rays are produced from three processes--the alpha decay pro-

cess, prompt spontaneous fission of the californium, and the resulting
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fisaion products themselves. Table 2 shows a tabulation of the gamma
erergy levels and the abundance of each in a 10-mg source. The most
abundant source and the broadest energy spectrum of gamma rays emitted
result maialy from the spontaneous fission (prompt gammas) of the cali~
fornium. A less abundant gamma source of lower average energy level is
produced from the resulting fission products. In addition, gammas are
also produced through neutron capture and scattering in the shielding
and surrounding structures. These secondary gamma energy levels are
dependent upon the materials involved in the interaction and were also
considered in the design; however, they cannot be represented in Table 2.
6. To utilize the maximum neutron output properly, it is necessary
to shield the undesired gammas and to produce a collimated beam of the
desired neutron radiation. Consideration of the basic nuclear properties

was therefore a necessity in achieving the desired goals.
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PART II: DESIGN AND CONSTRUCTION OF THE FACILITY

7. A shielded 6- by 6- by l2-ft-deep, water-filled tank of stain-
less steel was selected as the basic unit. A preliminary design was pre-
pared which was based in large part on AEC Reports DP-1232* and DP-1246,##
A later extensive review of the final WES design and proposed operating
procedures included calculations of estimated dose rates at numerous
points around the facility. The study concluded that by adhering to
prescribed Federal regulations and the WES proposed operating procedures,
there would be no radiation hazard outside of the 10- by 10-ft test
area to either operating personnel or to persons in existing adjacent
buildings. A plan of the general layout of the facility's components
is shown in Figure 1. A brief discussion of each major component of the
facility follows. Details concerning these components and the plans used

to construct the facility are shown in Appendix A.

Tank and Shielding

8. The tank was constructed of 1/h-in.-thick stainless steel with
the lower 6 ft being below ground surface. This lower portion serves as
a storage area for the sources when not in use. The upper 6 ft has been
designed for use in radiography and neutron counting. The steel tank
was prefabricated in two sections. The lower 6-ft section was tested
for leaks and lowered into a T~ by T- by 6-ft-deep concrete-lined pit
as shown in Figure 2. The upper 6 ft was then welded onto the lower
half, and again the entire tank was leak-tested.

9. As part of the shield against radiation, a 4-in.-thick hollow
wall constructed of 5/8-in.-thick plywood sheets nailed to standard

* H, E, Hootman, "Estimation of 2520r Shielding Requirements," Re-
search and Development Report DP-1232, 1970, U. S. Atomic Energy
Commission, Savannah River Laboratory, Aiken, S. C.

#% D, H, Stoddard and H. E. Hootman, "252 Cf Shielding Guide," Research
and Development Report DP-12L6, 1971, U. S. Atomic Energy Commission,
Savannah River Laboratory, Aiken, S. C.
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Figure 2. View of concrete-lined foundation for tank

2- by l-in. wood braces was filled with granular boric acid. This wall
wvas built adjacent to three sides of the steel tank and acts as a shield
for capturing neutrons escaping from the tank. Interaction of the neu-
trons with the boron, however, creates additional gamma radiation. This
gamma radiation and 2.2-Mev gammas resulting from the hydrogen capture
of neutrons in the water, plus those from fission of the californium it-
self, require further shielding. It was necessary that a 36-in.-thick
vall of solid, high-density concrete blocks sufficient to absorb this
energy also be built. Granular boric acid was spread over each course
of layered block (Figure 3) and brushed to fill jJoints. This concrete
wall surrounds three sides of the tank. A 10- by 10-ft floor space in
front of the unshielded face of the tank serves as the test area. The
outer perimeter of this area is also surrounded by the extension of the
boric acid and concrete walls. Figure U4 shows the completed exterior

wall of the massive concrete block shielding.

Collimators

10. Several special desigh features were essential to utilize a
particular portion of the radiation available from the californium-252.
It is necessary to shield other undesired radiation. As an example, to

meke a thermel neutron radiograph of the moisture distribution in a soil,

10



Figure 3. Early stage of constructing shield

around tank. Note courses of stacked blocks

with boric acid placed to fill Joints. Plywood

in center holds a 4-in.-thick vertical wall of
boric acid

Figure 4., Exterior view of shielded test area
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a maximum thermal neutron flux with energy levels of about 0.025 ev was

desired. Thermalization (slowing down) of the higher energy neutrons was
required plus the minimization of the gamma radiation in order to achieve
the desired results. The water-filled tank was therefore selected not
only for shielding of the neutrons but also for thermalizing of the fast
neutrons from the californium source by a suitable interval of water.

11. To allow a controlled beam of neutrons from the tank into the
test area, it was necessary to provide an 8-in.-diam port in the tank
face. The port was necessary since the stainless steel caused consid-
erable scattering of the thermal neutrons as they passed through the
tank wall. A 1/8-in.-thick-walled, 6-in.-diam, and ll-in.-long, alumi-
num, watertight cylinder was bolted into the tank hole, thus allowing
the aluminum cylinder, which is relatively transparent to neutrons, to

project into the water shield as shown in Figure 5 (upper view of tank).

- e LT .
| 3 b ol 'aﬁ}dﬂﬁﬁﬁnﬂﬂw-:

Figure 5. Upper view of WES neutron water tank and source
positioning apparatus

A collimator, constructed of & 6-in.-diam, borated, water-extended poly-

ester (WEP) cylinder, the inside of which is conical shaped, was built to

12



be inserted into the aluminum housing. The front end of the collimator
has a 5-in.-diam opening which tapers to a 2-in.-diam opening at the rear
end. A 0.020-in.-thick conical sheet of cadmium is sandwiched between
the WEP inner face and a lead cone having 1/b-in.-thick walls. A 2-in.-
thick block of bismuth is located in the rear of the collimator to mini-
mize the gamma radiation from fission of the californium. Three feet

of shield water is maintained above the collimator during tests. The
collimator is a somewhat modified version of the one designed by Barnes

et al. at Picatinny Arsenal.*

12. The collimator, shown in Figure 6, was designed to allow

Figure 6. Front view of collimator used in neutron
radiography and moisture gaging

neutron thermalization, plus some absorption of the undesired gammas for
neutron radiography. Such shielding reduces the gamma content to toler-

able quantities although they are never removed entirely.

Carriage for Positioning of Source

13. A two-directional carriage with a vertical plastic

* E. G. Barnes et al., "An Experimental Neutron Radiography System Using
Californium 252," Technical Report 4629, Mar 19T4, Picatinny Arsenal,
Dover, N. J.

13



source~holding rod allows the positioning and movement in the tank. A
typical setup with the source in the radiographing position is shown in
Figure 5. At the end of the plastic rod is a l-in.-thick by 2-3/4-in.-
long by 2-1/U-in.=high plastic block. 7wo 1-1/2-in.-deep holes, each
slightly larger than the diameter of one of the sources (3/8 in. in
diametes), were drilled from the bottom of the block. Two other holes,
approximately 1/8 in. in diameter, were drilled from the top of the
block. The above design allows each of the sources to be raised and
secured in the two positioning holes with a nylon braided line. The
sources can then be moved to any position within a horizontal plane with
the two-directional carriage. Repositioning the sources for repeatable
exposures, if desired, can be easily achieved. Figure T shows photo-
graphs of the plastic rod and block. One source is shown being pulled

Figure 7. Plastic source-holding

block at end of vertical rod. SRCf-

181 dummy source is shown suspended

below. This is pulled upward and
locked

SETCLRELD
HOSI Tt

1k



into position tor test purposes., 'The inset shows the source in a se-
cured position. Figure 8 shows a schematic diagram of the positioning
carriage.

NYLON ROPE RUNNING

BETWEEN PULLEYS TO

POSITION SOURCE IN
THE Y-Y AXIS

STAINLESS STEEL TANK

NYLON ROPE RUNNING
/BETWEEN PULLEYS TO
POSITION SOURCE IN

PULLEY THE X=X AXIS

" =
BALL BUSHING AND
BALL BUSHING SHAFT =—ul

—-—X

BALL BUSHING

STEEL TEE WELDED TO SHAFT

STAINLESS STEEL TANK —ROD TO RUN
INSIDE PIPE

SOURCE -
HOLDING ROD

Fisure 8., Cchematic of mechanism to position source
in horizontal plane

Flectronics and Conveyor

14, Exverimentation with direct quantitative moisture determina-
tions alongs thin soil layers necessitated the purchase of several pieces
o electronic equipment. This equipment included a suitable detector
and the accompanying electronic counting and plotting components shown
llaprarmatically in Figure 9.

15, For quantitative meisture determination, a procedure different
from that used in radiography wasc necessary. Since fast neutrons are
attenuated by the hydropen atom, it was desirable to detect and record
the variation produced in the thermal neutrons in counts per minute (cpM)
when .« sample was bombarded with a beam of fast neutrons. Since the CPM-1
is proportional to the moisture content in a sample, a CPM-1 moisture
content calibration curve can be prepared from standard soil samples of

known moisture. 'This curve can then be used for determining the moisture



1. HIGH VOLTAGE POWER SUFPLY ~SUPPLIES 3000 6. SCALER-P-OVIDES VISUAL COUNT DISPLAY OVER
TO ACTIVATE DETECTOR THE RANGE OF THE ANALYZER
HARCE ENSITIVE PRE - AMPLIFIER - PROVIDES 7 TIMER - GATES THE SCALER FOR FREDETERMINED
HARGE TO VOLTAGE ONVERSION AND IMFEDANCE TIME INTERVALS

MATCHING 8. RATE METER-PROVIDES VISUAL DISPLAY IN UNITS

3. DETE TOR - PROVIDES ¢ SIGNAL PRO - OF COUNTS PER SECOND
RORTIONAL TO RADIAT VEL 9 LOWPASS- ACTIVE FILTER - FILTERS OUT UNDESIRABLE
4. LINEAR AMPLIFIER - PROVIDES VOLTAGE GAIN AN{ HIGH FREQUENCY SIGNALS RESULTING FRC 1 HIGH GAIN,
PULSE SHMAPING NETWORK ALSO LIMITS COUNT LEVEL
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FIMINATORS, THE TTINGS OF WHICH DEF INE DETECTOR AT A DESIRED RATE
THE REGION OF THE OUTPUT SIGNAL 1. X-Y RECORDER- FROVIDES FLOT OF COUNTS FER SECOND
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Figure 9. Diagram of electronic system for neutron counting
and plotting
in an unknown sample through a CPM of thermal neutrons produced from
bombardment by a fast neutron beam. The principle utilized in moisture
gaging with neutron sources has been described and reported by Helf in
a report presented in 1972.%

16. Initial research was therefore directed toward determining
moisture content through a neutron scan of a soil core encased in a
3-in.-diam standard steel sampling tube. Scanning required the capa-
bility to move a sample through a narrow neutron beam and at the same
time record the desired data on an X-Y plotter. A small roller type
conveyor with an electronic-controlled activator drives a sample hori-

zontally across the beam at speeds of as low as 0.2 in./min. Thermal

* 3. Helf, "Neutron Gauging Applicatons Using a Small 252 Cf Source,"
ANS Special Topics Symposium on Applications of 252 Cf, Nov 1972,
Austin, Tex.; Feltman Research Laboratory, Picatinny Arsenal, Dover,
N. J.

16
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neutron CPM resulting from scattering of the beam by the moisture are

automatically detected and recorded on the X-Y plotter. This plotter

¥

and the conveyor are synchronized fo:* a 1:1 printout, thus producing

a graphic log of the variation in CPM and moisture content. Figure 10

BF , TUBE

BORATED
POLYETHYLENE oy
SHIELD
"l-ll—ll—_'
TANK L. -
FACE
DIREL TION OF | ]
FAST NEWTRON -

a e

3 sTAMparn
SAMPLE TURE |

_ AND iﬁﬁi
t;GH'.'!-:r-::IH____j
ROLLERS

N
T we

Figure 10. Typical moisture gaging setup. Note vertically
oriented detector and horizontal driving mechanism used in
scanning steel-encased soil sample

shows a typical conveyor scanning operation for a 36-in.-long, 3-in.-

diam steel-encased soil core.

Filter System

17. An additional component of the facility is a filtering system
vhich was installed in order to demineralize the tap water used for the
neutron shield. Changes caused by irradiating suspended particles in
the water which could possibly lead to unnecessary additional background
radiation are minimized in demineralized water. Water is circulated from

the lower one-third of the tank and carried by a 2-in. PVC pipe to the

17
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filter., It is there passed through approximately 2 cu ft of an ion
exchange type filter (Permutit M-=101 resin), and then through 1 cu ft
of a sand filter before being returned to the tank.

18. To avoid corrosive action on metals by the demineralized
water, the system is equipped with plastic pipe, a fiberglass filter
housing, and a corrosion-resistant l=-hp pump. The tank itself is
coated with two layers of epoxy. A bypass valve installed in the tank
return line allows for lowering the tank water level to change the
collimator whenever necessary. Such changes require nc more than 2 hr
for lovering and refilling. Figure 1l shows a drawing of the water fil-
tering system.

Safety Features

19. Because of the hazardous nature of the tests involved, several
safety devices were also installed. The devices include a bell alarm
system that activates when either a loss of water (shielding) or an
increase in radiation occurs. Figure 5 shows the top view of the tank
and the radiation detector (upper center). A red warning light auto-
matically turns on when neutror radiation is present in the test area.

Access to the test area is only through positive lock controlled doors.

19
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PART III: EXPERIMENTAL CAPABILITY

20. Development was directed along two lines for utilization of

the neutron capability, namely, Neutron Radiography and Quantitative

Moisture Gaging. It was recessary that certain modifications in approach

and in accessory equipment be made in each area of study. These two

areas of study are described separately.

Neutron Radiography

21. Radiography as referred to in this report is essentially the
producing of an image on film which will result from the differential
abscrption of the neutrons in the test material. In the case of most
soils the most common element present with a high mass-atsorption coeffi-
cient for thermal neutrons is hydrogen. Consequently, & film showing
zones of high thermal neutron absorption in a soil generally indicates
the presence of hydrogen. These zones occur primarily as the result
of the hydrogen constituent in the soil pore water although in some
cases organic matter in the soil or water of crystallization may pro-
duce such zones. The absorption in radiography will result in a film
image showing the relative distribution of moisture in the sample.

22, OSeveral avenues were investigated at the outset to determine
the best equipment and procedures to use to achleve the most reliable
image. All methods utilized a direct conversion screen for producing
these radiographs. This involves the use of a thermal neutron-sensitive
screen capable of emitiing either low-energy X-rays or light when bom-
barded by th:rmal neutrons. The production and intensity of such sec-
ondary radiation are dependent upon the quantity of thermal neutrons
able to penetrate the moisture and bombard the screen. The penetration
of such thermal neutrons is therefore a function of the quantity of

moisture present in the sample being radiographed. Three different

screens were used in the experiments to determine the highest quality of

radiographic image produced. These consisted of:
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a. A 3-1/4- by 4-=1/b-in. lithium iodide-zinc sulfide
scintillation screen.

b. A b= by 5- by 0.001l-in.-thick gadolinium metal foil.

c. A 14~ by 17-in. sapphire-coated, vapor-phase-deposited
gadolinium on a polished aluminum plate.

23. Experiments with the three screens, utilizing Kodak type AA,
M, and single emulsion ty,.: R film, were conducted to determine the best
combination for detailed study of soil moisture distribution. It was
required that capabilities be such as to produce a ili- by 1T-in. image
of the sample being radiographed.

2Lk, The scintillation screen provided lower exposure time, but
lacked some of the desired detail. The gadolinium foil produced the
best image, although a considerably longer exposure time was required.
Limits on sizes of gadolinium foil available, however, necessitated

the final purchase of a lh- by 17-in. vapor-phase-deposited gadolinium

screen. This screen has produced the best images to date with a single }
emulsion Kodak type R film. Such exposures, however, require up to 5
16 hr for 3/8-in.-thick samples, or even more when thicknesses are as
great as 3 in. in diameter. This exposure time can be reduced somewhat :
by using faster but slightly more grainy film such as Kodak type AA.
One undesirable feature, however, is that AA film is more sensitive to i
exposure from gamma radiation. 3

25. Early radiographic experiments dealt primarily with 3/8-in.-
thick soil samples wrapped in aluminum foil. Good results were obtained 1

by using a gadolinium foil screen, a type R film, only one source (3.6

- mg), and a source-to-film distance of 30 in. The source was centered
1 in. from the re-r of the collimator for a 16-hr exposure. Figure 12 b
shows a comparison of neutron and x-radiographs. The reversal of ab- 3
sorption characteristics is evident in some zones. The light area (1)
in the X-radiograph is a zone of high film density and generally indi-
cates a zone of low soil density. This same zone (?) (darker in the
neutron radiograph) shows a high absorption of neutrons and thus a high
moisture content.

26. TFigure 13 is another example of 3/8-in.-thick soil
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Figure 12.
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Figure 13.
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Comparison of X-ray and neutron

absorption in 3/8-in.-thick soil slab

SOIL DESCRIPTION

OF SAND
AND FINE ORGANIC MATTER

) SILTY CLAY (CL). 50" SAND
AND 50 CLAY
CLAY (CH) VERY PLASTIC
SILTY CLAY (CL), 50 SAND
AND 50 CLAY
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FINE SAND

NEUTRON RADIOGRAPH

LEGEND
AVERAGE FILM
WATER CONTENT DENSITY

22.2 -

32.2 0.80
65.2 0.72
%.8 0.77
20.0 0.84

Photograph and radiographs of 3/8-in.-thick soil sample
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radiographs. Laboratory-determined moisture contents shown in the figure
were plotted for correlation purposes against an average film density for
the corresponding zone. This moisture-film density curve is illustrated

in Figure 14 and shows a good correlation between the two parameters.

-0.9% T I T T T T T T T T

-0.90

~0.8%

FiLM DENSITY

-0.80

-0.7%

|1irff'|'T_|_|I1IIrr[I'|
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-0.70

-
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] 10 20 30 40 50 L1]
MOISTURE CONTENT , %

Figure 14. Film density versus moisture content from
3/8-in.~thick soil sample

27. Other radiographic experiments dealt with unopened soil cores.
This first involved the preparation of a series of laboratory soil stan-
dards for use as references to known properties. Each standard was com-
pacted in 3-in.~diam by 12-in.-long shelby tubes. The steel tube wall
thicknesses are approximately 1/8 in. The moisture content, wet density,
and dry density were determined for each during preparation. The samples
were sealed to prevent moisture evaporation. Table 3 gives the engi-
neering properties of each tube established as a standard for these
radiographic experiments.

28. Neutron and x-radiographs were made of each of the above

standards for comparison of variations in images caused by the absorption

23

e L



AV

of the two types of radiation. A comparison is shown in Figure 15. The
x-radiograph was made on Kodek type M film, at a focal distance of 10 ft,
250 kv, 10 ma, and for exposure lasting 3 min. The neutron radiograph
was made with Kodak type R (single emulsion) film, with a source-to-film
distance of 40 in. (L:D ratio 20),* a source-to-rear-of-collimator
distance of 1 in., and a 16-hr exposure time.

29. An analysir of some of the neutron radiographic images of the
soil standards, using an Image Quality Indicator (IQI) and also a Beam
Purity Indicator (BPI),** shows a relatively good thermal and epithermal
neutron contribution. Some gamma radiation is present, however, but
apparently is of little film contribution. Such gamma contribution was
lowest when using the less gamma-sensitive film such as Kodak single-
emulsion type R.

30. The experiments with the standards and several unknown samples
show that neutron radiography does have considerable applicability to
soil studies. Variations in moisture content and its distribution can
be located and identified with no difficulty in thin (3/8-in.-thick)
soil slabs. Quantification of this moisture content through controlled
film density measurements also is feasible in the thin soil sections.
Further research, however, must be performed before the correlation of
these film densities versus moisture content of thicker samples, such

as in a 3-in. steel-encased soil standard, can be established.

Moisture Gaging

31. Direct moisture gaging experiments were conducted primarily
for studying the applicability of existing techniques for quantitative
gaging of moisture along thin discrete soil layers. Research with neu-
trons by others has demonstrated the use of fast and thermal neutrons
in bulk moisture determination on soils and canned foods.

32. Several approaches were considered in this project prior to

¥ L = distance from rear of collimatcr to film, D = diameter of small
opening of collimator.
#*  Beam Purity Indicator currently under study by ASTM committee ETOS.
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Comparison of x- and neutron radiographs
of standard soil samples
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determining the most applicable method for the moisture gaging studies.
The first experiments subjected the soil standards to a fast neutron
beam. Bombardment of the standards with fast neutrons produced two
possible methods for moisture gaging. Many of the fast neutrons were
absorbed by the moisture in the sample. At the same time thermal neu-
trons from scattering were produced by the collision of neutrons with
hydrogen atoms in the soil pore water. Consideration of both methods

led to the decision to concentrate on the thermal neutron detection
method in which a neutron flux will increase in proportion to an increase
in moisture in a sample being bombarded with a fast neutron beam. A
count of the thermal neutrons from a fast neutron beam bombarding a
sample with no moisture can first be recorded. Any additional count

of thermal neutrons from a sample containing moisture is a result of
thermalization of fast neutrons by collisions with the hydrogen atoms in
the water. Since such scattered neutrons are being emitted in every
direction (spherical), the detector can be placed at a 90-deg position

to the fast beam, thus avoiding excessive undesired radiation in the path
of the beam.

33. The soil standards were bombarded with a fast neutron beam and
monitored to prepare a calibration curve of thermal neutron CPM versus
the actual laboratory-determined moisture contents for the standards.
Figure 16 shows one of many curves prepared during experiments to deter-
mine optimum CPM with relation to the location of 2520f in the tank. By
reading the thermal neutron CPM of an unknown sample of the same size
as the standard being bombarded by a fast neutron beam, the percent
moisture present can be determined from the calibration curve.

34. To concentrate on a thin soil layer, it was necessary to
shield all but a small opening for passage of the fast beam and also
for the detection of the scattered neutrons. This procedure consisted
of reversing the collimator in the housing with the 2-in.-diam opening
being placed at the front. A 2-in.-thick borated WEP disk was placed
in front of the collimator. A 1l/k-in.-wide by 2-in. vertical slit was
cut from the center of the 2-in.-thick disk to allow a somewhat more

restricted fast neutron beam to bombard the sample. The thermal
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Figure 16. Calibration curve determined
from soil standard:
neutrons produced by scattering were then detected with the boron tri-
fluoride (BF3) tube located 90 deg from the beam as shown in Figure 10.

%. For a typical scan of an unknown sample, a calibration curve
prepared from the standards is first recorded and automatically plotted
on an X-Y plotter for reference. It is necessary that both the unknown
sample and the standards used for calibration be of the same thickness
and in similar containers.

26. The sample with an unknown moisture content was then moved
across the fast neutron beam. The BF_ detector counted the thermalized

3
neutrons and automatically plotted the CPM on the X-Y plotter. The

27



speed of the conveyor and the plotter was synchronized for a 1l:1 print-
out on the plotter. Figure 17 is an example of one scan of an unknown
sample, along with corresponding neutron and x-radiographs. A quick
reference at any CPM on the graphic log will provide a corresponding
moisture content for that point based on the standard calibration curve.
37. Laboratory test data of the samples investigated to date indi-
cate that the accuracy of such scans can be refined to an acceptable
degree for moisture determinations of the thin layers desired. Further
refinement, however, of this method must be carried out to achieve this
goal. All experiments show definite correlation between CPM of the ther-

mal neutrons detected and the actual moisture content.
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Figure 17. Radiographs of steel-encased 3-in.-diam soil
sample, Graphic illustration at right was determined
through neutron scan of core



PART IV: POTENTIAL DEVELOPMENTS AND APPLICATIONS

38. A ca,..ility has been demonstrated for quantitative mois-
ture determination in earth materials. Thus far, two procedures are

available--radiographic imaging and neutron counting.

Developments

39. There are two problems in working with neutron radiographs--
the very long time needed for exposures, often 16 hr and longer, and the
contribution of gamma radiation in the neutron image.

40, The problem with excessive exposure time may be resolved by
two possible means:

a. Image intensification. Instead of registering an image
directly on film using screens, the image may be pro-
cessed through an image intensifier. This device allows
a neutron-generated image to excite electrons on a sensi-
tive plate. The electrons are accelerated in a magnetic
field and register a stronger image on a fluorescent
viewing screen. A further accentuation of the image can
be made on a TV screen by electronically superimposing
and s.mming repeated images. Such a system will allow
direct viewing and rapid interpretation of specimens.

jo'

The Californium Multiplier. Techniques are under develop-
ment whercby the californium-252 may be brought into a
subcritical uranium assembly in which it will initiate

a chain of fission events that will generate additional
neutrons. Such an assembly ic probably capable of boost-
ing neutrons emissions by several tens of times. This
temporarily enhanced neutron radietion may make quick
images possible with current film and screen techniques

or it may be used with image intensification devices.

L1. Gamma radiation also is a solvable problem. Preceding sec-
tions of the report have shown how gamma radiation can be mitigated
through shielding. Although it can never be removed altogether, tech-
niques may be developed whereby gamma effects are measured and then
removed from the image by a subtraction process.

42, An area that has not yet been mentioned is that of neutron

activation analysis. This area is a logical extension of the present
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installation through neutron bombardment of a sample whereby secondary
gammas are emitted. These gamnas have spectral components which are
determined by the chemical elements that generate them; thus, they
provide signatures for the component parts of the sample and may be
summed to provide a quantitative assessment.

43. Density of a sample may be assessed either by monitoring the
secondary gammas that are emitted after neutron bombardment or by mea-
suring the absorption of primary or secondary gammas radiated from the
californium tank. The possibility exists that the tracking system for
examination of undisturbed cores may provide simultaneously a soil-

density and a moisture profile.
Applications

L4, The californium-252 source has applications in the following

areas:
a. Examining patterns of moisture inhomogeneities in
materials.
b. Quantifying the presence of moisture nondestructively.
¢. Monitoring the density of materials.
d. Examining the chemical composition of materials.

45, A few possible problems that may be studied with this new
capability are:

The movement of fluids in models.

o 1P

Mobilization of moisture during shear, swelling, ballistic
penetration, etc.

¢. Improved moisture and density values for soil liquefaction
studies.

{=%

Determination of incipient cementation of sands by iron,
calcium, and magnesium, or of incipient carbonate cemen-
tation in clays.

e. Assessment of stabilization chemicals in soils.

46. Improved capabilities with both X-ray and neutron imagery may
provide spectrally selected images of secondary gamma emission which
would be, in effect, pictures of the relative abundance of specific

chemical elements in a sample.
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U7, Another area for further improvements is in three-dimensional
imagery with the possibility that psendoholograms may be produced of

penetrating radiation by conversion to lasers.

32



PART V: SUMMARY AND CONCLUSIONS

4L8. The purpose of this study was to investigate and develop the
technology for assessing the accuracy and general applicability of neu-
tron radiation for detailed studies of soil and rock. An essential part
of this effort was the develorment of a laboratory installation suitable
for the storage and use of a neutron-emitting isotope.

49. Earlier studies of the internal features of soil and rock at
WES were conducted with X-rays. These studies led to the development of
techniques and procedures to provide detailed knowledge of the effects
that such features have upon engineering properties of soils. These
earlier studies, however, dealt primarily with variations as reflected
by the absorption of X-rays. X-rays, however, are relatively insensitive
to moisture in soils. Yet it is known that moisture also is an important
parameter in the engineering properties of soils. It was deemed neces-
sary, therefore, to complement the detailed X-ray studies with neutron
studies of moisture distribution in soils. Neutrons are readily moder-
ated or attenuated by hydrogen in water and as such have been used for
many years in bulk sample moisture determinations.

50. In 1974 WES acquired approximately 10 mg of californium-252
for use in these more detailed nondestructive moisture studies. This
isotopic source was selected primarily because of the relatively large
number of neutrons emitted (2.3 x 1010 neutrons/sec/10 mg), its small
size (3/8 in. in diameter by 1-1/2 in. long), and its relatively long
half-life of 2.65 yr.

51. A 6- by 6- by 12-ft-deep, water-filled, stainless steel tank
was constructed for housing the californium source. Three sides of the
tank were shielded with U in. of boric acid and 36 in. of concrete. A
10- by 10-ft test area immediately in front of the fourth side was used
for neutron radiography and moisture gaging. This area was also shielded
with boric acid and concrete.

52. Two goals are of primary importance. They are the developing
of techniques for preparing neutron radiographs of moisture distribution

and the instrumentation of nondestructive moisture gaging of soils.
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53. For testing purposes the sources are raised to ' three-
dimensional carriage and positioned at the rear of a lh-in.-long by
6-in.-diam collimating tube of aluminum. Depending upon the test to be
conducted, whether radiography or gaging, a collimator is inserted into
the open end of the tube to produce the desired beam. This insert con-
sists of a 6~in.~diam by lh-in.=-long cylinder having an inner conical
shape. OSoil sampies, some of which measure up to 3 in. in diameter, are
enclosed in steel-walled sample tubes and are radiographed to determine
internal moisture distribution.

Sk. For radiographing specimens, a direct conversion screen is
placed next to the film in the film holder for exposure. Length of ex-
posure time varies considerably, depending upon the thickness of sample.
Generally a 16=hr exposure with Kodak AA film produces a good image.
Longer exposures with Kodak single-emulsion type R film, however, have
proved to give the best neutron image.

55. In assessing the accuracy of moisture gaging by scanning the
longitudinal axis of 3-in.-diam steel-encased soil cores, the system
utilizes a small conveyor and drive mechanism for moving 3-in. tubes
and samples through a beam of fast neutrons. A BF3 detector, located
at 90 deg to the beam, detects an increase in thermalized neutrons
scattered by the moisture in the samples. The CPM, which is proportional
to moisture content, is automatically plotted on a variable-speed chart
recorder. Speed of the sample and chart recorder is synchronized for
a 1:1 reading and printout. This produces a graphic illustration of the
variation in moisture content along the iube. Calibration of the
equipment is performed by using standard laboratory-prepared soil samples
of known density and moisture encased in 3-in.-diam steel sample tubes.
A moisture content versus CPM calibration curve is prepared.

56. Experiments conducted under this project on both standard
and unknown soil samples show that neutron radiography does have con-
siderable applicability to soil studies, especially in defining distri-
bution of moisture within a sample. Quantification of moisture from
film densities is also feasible in 3/8-in.-‘hick samples. However,

quantification through film density measurerments of samples 3 in. or

34



greater in thickness will require further research and development.

57. Laboratory testing shows that moisture gaging of unopened
3-in. steel-encased soil samples through scanning with a fast neutron
beam is achievable. Further refinements are also necessary, however, to
produce the desired degree of accuracy for moisture gaging of thin, dis-

crete soil layers.
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Table 1

Neutrons from Spontaneous

Fission of 252

Cr#

Energy
Mev

0-0.5
0.5-1.0
1.0-2.0
2.0-3.0
3.0=k4.0
4.,0-5.0
5.0=6.0
6.0-7.0
7.0-8.0
8.0-10.0

10.0-13.0

Emission per second

from a 10-mg Source

Total

Total Neutron

2.8 x 107
3.7 x 107
7.6 x 10°
4.6 x 107
2.8 x 107
1.6 x 10°
5.6 x 10
4.0 x 10
1.3 x 10
9.9 x 10
2.2 * 10

2.4 x 10

* D, H. Stoddard and H. E. Hootman, "252

Cf Shielding Guide," Research and Devel-

opment Report DP-1246, 1971, U. S.

Atomic Energy Commission, Savannah River

Laboratory, Aiken, S. C.
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Table 2

Gamma Rays from Spontaneous Fission of 10 mg of 25201’

Energy Equilibrium Fission Total Gamma
Mev Prompt Gemmas Product Gammas Production
0-0.5 3.3 x 100 1.3 x 100 4.6 x 1010

0.5-1.0 1.7 x 1010 4.0 x 1010 5.7 x 1010

1.0-1.5 7.7 x 10° 9.1 x 107 1.7 x 100

1.5-2.0 b2 x 107 3.5 x 107 7.7 x 107

2.0-2.5 2.2 x 10° 2.2 x 10°

2.5-3.0 1.1 x 107 1.1 x 107

3.0-3.5 5.6 x 108 5.6 x 108

3.5-4.0 3.0 x 108 3.0 x 108

4.0-4.5 1.7 x 108 1.7 x 108

4.5-5.0 8.2 x 107 8.2 x 10"

5.0=5.5 4.9 x 107 4.9 x 107

5.5-6.0 1.8 x 107 1.8 x 107

6.0-6.5 1.0 x 107 1.0 x 107

Total 1.3 x 10
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Table 3

Engineering Properties of Soil Standards
for Radiographic Experiments

Soil
Standard No.

LA
4L-B
h-C
5-A
5-B
5-C
6-A
6-B
6-C

Soil
Type
CH
CH
CH
CL
CL
CL
ML
ML
ML

Moisture
Content

percent
9.5
15.5
29.5
5.9
12.8
17.8
3.2
9.3
11.8

37

Wet
Density

lb[cu 't
96.2

11L4,2
118.2
100.2
126.2
129.6
92.2
99.2
117. 4

Dry
Density

lb[cu ft
88.5

98.9
91.4
9k.6
111.9
110.0
89.3
90.8
105.0
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APPENDIX A: DETAILED PLANS OF
THE CALIFORNIUM-252 FACILITY
AND COMPONENTS



il avat 1

~ Ex5T BLDG !
8 21- &' X USRS, . L 71 5.5 T3 T-S—
N W WU OCHAIN LItk *E1cE 1
N 3 STRAND BACBED WRE ' ;
N i0* Douh. an.\\ 0
- O g—9r—v =} |
—
| N ¥
w
! WeLL ! 2 b
A % w
¢ ; 1 H
; Leol Dai --0" i
i ¥
N emmbae L
! 1 i S -
N v ) 1
N 4 F w
H ol [o]
STRIZS- 4
‘8" W, Dw
N} Lo S
i r::;l,?aa. Y Y o P‘ g_olc 2.,
2 9 T ® Qt u [&.9 UH P
@1 ] 25
112" ABovE < 3 ol
iPLdTFOZﬂl g0 \n
BoZic 4D = —* «— Botic Keip WALL i
TANK sHisLD apu‘w'
; eSS :
= i TELH, nn' '
f /-‘TUU J'Q.L ﬂT Exi57 < 5'9
Sy = tipe: | -
1 t TR
ook ou Qw
Pty ok e ﬁb‘smui [y M ‘3
- ;I (

conc.

_ci ?J )
+3 1 I gy '

CALIFORNIUM FACILITY
FLOOR PLAN

PLATE Al



ONIQTING 30dN0S
IST-NNINAOLITIVI 9N -0L
d0d Lid GNV 8VY7IS 3L33ON0D

o No'loas

FICLELE TR
133l OMio3esr3d -y

Yomalvin Drimenod Wl
dc Vv pemand yum iegmaased

NY /4 No'NénDa)

|
e N
_..I.ﬂs * .M 2 hu_ _..rf m_ .._\ + onddy Ve ﬂ
| R W W P i e
, : ©),
- d
_Iﬂ_lfa S , o cone e P
I \ — | -
- —— i e b o
- T AL = » oy | _r“_u A Hu uv .
e N Sl AN s . H | e Ilﬂm,
ey e B by | i . 1. : ;
! -ﬂfﬁ._ sl e omal opf _ S .
Ok Ay T e -
. - i -
d‘ NO ;UM 7 e 1043 Giiiaias vie ! nideol 9 e Foar
t e R YE R L . -, 0wy viae 33e
M @d P =L . & o e BcrIm, de B
L] L " i M > .t,h\
e ] ‘ T
S i - . — 3 'o.m|..#|lv|0
=l H||.‘._ 4 P. ‘. s rllﬂ MU.
I _ 3 G
' # Sy — T R
.ﬁ_ 5, nedd ,4..__ v % e TN v
: ¥ »os- 17 Ok 7 e >,
; oo L _,“ L ¥ Aoy I3 -
" =t ”_ I = W T s % D5 -.U
] { = " s T I
o S e ' T e - -
._q 2k b ki 4 _!” O\M
[ M‘ .u._.-. M X
s A!naql.a.m-aw.-,
M ’ -
m. teale s Lo
% —_— STENT shog womMy
ek 4 —_— - S A |
* i i mwaid) s men el ok .t
1 i Ve e ;!.m“.iuh.w.._hf..h”ﬂtﬂh— Y.- - = R V. r ot .
—‘1. '. 4’. * g »~ JJ. ?
st ovsace L e
< vabl nvm sl B o] A2V LR

PLATE A?



T MR .

[ $0.°LATFORY) |

pEiveno

i @'® conc Bo

i .
SRt FLooR Pi i

—— =

e |6 Blo

——

BeRic ACID TANK
SHIELD -3 WALLS

\ RERjovASLE covER

L
! o TTAIK

[l | /2 coATs EPoxY
I

i

!

nsive Tm“: WALLS
1.

#ND BoTTo . |

|-

3 cofic whLLs ¢

Flook fARER T BE
®PURED SHORT UNTIL
STL. TANK 15
flssempLed 410
JELDED ] PLACE

‘j_‘L 1

.

F-——S 4D PovRCP BETUW,

2' THICR. ¢Ceic.
FUTUR2E 270 FL.

:

ralk & coilc WAL (3)

2 N |
Lo cann Lavee

SECT /4

SipZ

(SEE FLOOR PLAN, PLATE A1)

CROSS SECTION OF
CALIFORNIUM TANK
AND SHIELDING

PLATE A3



e o

| ey / .
= cigasr 1 TH'
i

-

[y AT Y RN AR
" ‘w }

B o8 i

te .

M

i v &

'

Kl

1 {

1 [

N i ’."s!

1 B :

/"'-"“i“-lu-rl A

i eps Al 0 Ire ~% 0 -).f'ﬂ.;c.":

= Tald v war D ey}

|E.r- """‘-‘____

f

-*).

FELII A L

SEe . B G0
ENI00Ty (P § LerT

e .
L}'" v J .
;::'.ilif..’. 1‘!

CECT A

v 2
v el Ry
i ,//_7‘\ L
e v
N " Esr »d
L / N 'E'E Vood
. f \ |
oy f H i fl 4 1
. \ o _,'. | .|
\ b \\- fzz ...'.
LS 4
: i
.-' q’ i
I o ,-. T
s o % o=
aw My Fu
LR FF g

bomw aur 12 Doy
Vrerow g Sc.
<8s 3&c7T 4

LAMINRTED (AL CLAM5E
Ve K&Be
£.anv@e Soe me”

SH8LO cONTANEL
CACIAO®NIIM TANL

COLLIMATOR HOUSING

PLATE Alka




L RO &t ¥ i3 : =

2 - K THICE CAOMILM SWSET KFORMELD ASAAET WP waLL
"‘ 'l Ay THICE LEAD FOoLED ASA/NST CAO. LINER

Teez pra

»

5. 745

——

A TLENATR o
TN CA X

[ \

(E4O ENES —— ——

we o gnes | WJ I ul:::t‘v"o.._
i ... wao eumimt o™ ol

20" 4’

" IICK CAOMIUA SHEBT ECRMED ASAMSY
oW 2P waL
B THICH LEMD POLEBY ASAMST

- 2 -4‘.__‘_. S \ CADMIAr L 88 l
;[ . - e e i |
| , S W | 2
! i i R L
R !
Ny = .. @
> | “1

.
werarrare W rwe

' CBAD Lir'85

S wWoEP BAGE

WATER EXTENOED Poc=£3ITEE
v REQ O

CALIFORNIUM-252
COLLIMATORS

PLATE Alb



T

"

LBlaccar RPPEIN A5 SrowN

L7 T Y 34 \ Purt®P.  gcara

Lrpe ccamrs- | f“_ =07 "‘ "
COTURN /NG

[acT-14

A ”
s PIRf SUPT SECKT Frere e-— !

T Mrwd ceécx

- e B

4
[
¥

41;“1 “!Fi‘
-
[

L7 Sramt fre  Tanx,

Prans

cAP BAckwaty ourier
| g cuemy

WITH Ave <R - .
'ﬁl&feﬂ
e EU
' i

— NEE LY
— F_ I R et el o

4 1 .v
=t =3
| 1
b4 \ t
| J. — Exisr Jaoep &
l f N JANK

'“_pmre s b
M i / “
|

.
i)
==l —
H l
SECTION A-A

) o
AP / frmv
BRCEWASH

WATER FILTER SYSTEM

PLATE A5e



AT £

)

ELECTR. <oMDUIT- SENge TO
RLARN RELRY
UIATER C'RcULATING
LINES —Pvc (NDICATED semI-ScHmATic)

II

f
—
‘: —r

) NecToe TaUITED
IS
W \
i \
| \\’
- *
R\
= me . \ .
| A Z
:: i f‘ | il T
| S N P s
I , | N
i ] b 1 b |
—_ — _u.-'l t
- R —— —— E |
4 i nLing ST2RER
] t PRSTIC /

B R .

EVEL SEMGOR. - —
DEL LS 1950

SEcTION ¢

WATER FILTER SYSTEM

PLATE A5b

e



INVd TVLNOZIYOH NI 3D23N0S
NOILISOd OL WSINVHD3IW 40 DILVYWIHDS

73-v>s ol lem)

i -
ensy o AAIaes \—/
BNsdyn ATARSs i
\\.
Bt e Wryl 93ls ssINIvle
ity al acy ; _ob a3a13m 33l 133«
v -
LiTHs Thimste ney - | 4
Srev Hom Il Bnes teabivod ol : Ly SHmshe Nva
Sigives prEARl IR SEINGE o he M P e = i <3 ominsna Nvg
Wose e — 3 - —
= -

k31nd
Lo K1 L1 r
. L DLy va
S AR WL N MO lincd of
R e e L I ¥ T

\Fn ATEMAs TIHyy
gl TioN Hnkp *

~wmwl 33 55 MMvIs

PLATE Afa



TP YT e

a0y <NIQTI0H ANV JIOVIMNYD
3D¥A0S TVNOILDOIYIT-OML

e ?ehqt O BIT o pvIAS
ﬁ.uuw.h,.h w7 €) Snvo7 4
— L, 7S u_x—t.w\

2 j.nv\uﬂmu FoOXPOL

[ |
AT gevont
i

Qo LSV IO Zf \“\

Fir 7y Fyizar> ||

FEFEEEITEEETG * § R 5T EEAELE

|

2/ XS p Mot oL
e FIL &

'SOg omO7 P

— ADOASAPS LIVAS

_
_
Vel @ 2/ OPS e @5 8 L V
F2o?F M2 WS I_

I
== - MO SIvoHL
F2oP g LGS PS LTINS
P o ST P LY

W S SR e o ol 2

PLATE Abb



L

[} —_
- '(r
3
.. -
Q
o
3 |
= \
n
K TMTA
[c LcULATIG
pL 81 ‘“"'—1 Lies ASTIRL 2
4
> - i ;’EI‘__-.
> 1]
g £ wiree
\
\ A T T TR T I e e
¥
J@P YIEW
ELECTR co1duIT- SkNgoL =0
ALALN REonY
£ URTER CCcuLATI'G
LIfES - PYc [MDICATED SENIScAmMATIC)
- e M
. IHE!"!‘..*\I
e ERY
. = ] 1 ﬁ-' "rE Levti
I Il_ ’/f ‘. # J T.-.
| coal e e 1
o worl e | !
P 3 wmILeTan TouTED | 1
. : I i
=
4
| iy
i -
L]
' |
o
L]
T
// 1 BLNE STRAGER
FRTIE |

} . L]

e

BELL- FRE BRT.
Lo Tim ﬂ._r

perernlyeo Asme I.'

Lan? ElTES
Bav S,

LAEN =
ahLL TeynTen |
A7t Tod el

|
LT BLPE
L

| 10" Ba ST RAC B 0LPG |

=
|
=
o
THLRaTTAT
Lo agn £
1 . .hnu..’_ﬂlﬁ'r‘lﬂ SW NI 9
L L0

s Sel il J#l‘ﬂ |
|

o

ey ®

3
N— exisT B0 Whie i

X’ FLooR PLA1 MECHRTICHL




o ot T T Y 0 T W I A A R ST AT SR AT e R T A T e WL AP P AT T P AN e mr e I A ST T TN e A Uy iy |

| .
I
4 SO R & =
e t =
e | [
.. .
I ""L"‘*J I pat s -
| lrJ,-‘Yl'l
A {IrE r 1
. " &,
. .
A |
I j chLpreR |l \
E‘lta—-r = (YT T 1 N
' % A A BUILDING (0O 5
st K ~fuiTee né ece ;
" |I 1 B Lk i cen.
Lims
—_— e ThLE e L
—— TR
—_—— Gl
—— fini
LIS BaaT RockeT
LWLLL pemed oTHiLMRE

S TROSTeT l .
2l roR 1
40008 BTH cuT T G HTR e sLow.
r : b0 Fod Cht & i B i SLePE T
.7 m:l SISMORD FROB CEIL JoyyTs Liygher i, Y .
| a0 0% 0 a iy E

M:mn' B8L0s WhLL -

x, FLOOR PLAN MECHAAICAL

RADIOLOGICAL WING

10-MG CALIFORNIUM-252

SOURCE BUILDING
EXT TO BLDG 1006

PLATE AT7a



oo
*‘mg;’, "

o.t—-

1
- tavy 800G

&

Sy 1 e
§j w WSl Ling *80ct
N 3 STAOM0 S&BE) uiae
1 0 Dash GOV

! B E SR )

W e eer T

FTe, =
R WD

ExaT Bu
Fol

™

1(‘

59" eakT BLpg i J4GR LAy mer

My NRT o TR
(N e b

in8 *hetft
DouB a4 w0 -

Yy R{{N12 T

LEMVEL 3TOP o 4 PLY B Reotq stave
- o <4 CH 5 L2 /-wp BLock el TP UATS .

% 1o PLYso snw:.\
w4 BATYS Il
pans gnu_w?. | i |
i I Il 2% an cone sus yy
4" @« 24 CH oy ¢ ! Ged 16/P Uik NEW Op | vt
'l a@eGh STELL Oken
mer o« - Th; . e
[ B R
. 244 STUDS la'-c«i--
2 |
in
” e
Boiic B \ 3 —— Byl! TEY 4R GLAS 'AfNL.
b iu:r: s l ! - 2GRN - 5Tups ExPosE 119106
1 e ﬁLL i = - = t
LTl o . BT Ead? e
[ T =l 3 e
L | Va 13
Eme :l:ﬁ_‘ E ;' %
AL 43 B . /|
. g | aCAERLE ot oPrCs. StcTiof _ap
¥ 1) 30" u &% My moiop cant Y e
2054 caLv meT cep
Nl ol .1—+ B a1 —zieae Guass Fate. Top 4 n‘.;La/u za?c
D 5o a6 a Y DeubLt peot, =
¥ 800D, ZLLIL GLICS PANL. BF. LITH 28 ""Ptvw TP
L PAC MO UAPE - % ": g
(3) ?m‘ « & a.m‘m DooR Wit FhANIC -
_FLOCR P ﬂ.ﬂ.u DR .d 40 Loow S T6ie 411G =
o W 3006 Bc % $TL UOOL - GLass ToP le@PlCA— - | . i
) % 1LTED SHTHG —
— SRANT A3 L Z2.eMtacer S u:‘: 3 i
PRbee CLasfe e mwiaT PN 2«4 STUOS
B e, dlLs - o o' 0 ="
S 4% g1 VLR ] 'ﬁl i |
4Py B/U pooe : za/' !
[ 1-;:-: Eer 4tcu ALY —L - EOVE DETAILS AT W
- P L oo L Yl un TR ExP | skt FLook PLg] Fo
1 J"L MTL-'« - T2k me conc suae
w'of ‘0 26 G STEEL
|

\‘
\j.
€

~ GUIL POLYLTH MEyOLAIL
OveR. S SAND CLAY CRAVEL
T TR Tt UL TAMPED LARTH FiLL.

-

ﬂ'_.}r,; Fiias

Mok 244
™en -~

* s
® Tie o sTuos goob BieckiNg

% pvmpsefaa > _EJVE DETAILS #T coll
154 BAT'HS $NI5H_DETRILS S4
PANT exT. =

a4 ATURS
Ha' e = =

e " Geotm Wit pEle SLES REWF " | = ExTERD rnu aLL -2u4 BLock’C AT MP.(
¥ oL 2% cony T bLoek LEVEL STUPS ExPOSED Mupt
24 -S04 zemp o e
ot 1iuevs USTERAULO o) SITE
| EwinT
L B 2¢4 PLATE '
mree —3 —
2 | AR SR =]
| 1. i
| Sy

SecT () SteT

SEcT THES ERST




¥ 3
Ay o L ST BT TRSA WA 0o - v <anpm 0TI ST

o s o o

Lot

-PD BLock A TPINTS .

~0evd Bed we DETRIL A

2449 3105 $'oe
%Y 3TU SeTNG

. — conTROL Jo:&'r
<8 0.2 [ aeed awm R o T T - - - %o A tolorr ouTeETs MOORD el
40y B/ Roosry Stavel sTo? l Lm?e%
- . -
| LI

— Y't
o on|lCOPPER SUERT

Dool FEAYE <. SLIP ety
Iatp f po g, r‘”: B viTEL
49 BLock ML Yo ubTY S| ey mane.

<con T Jony

Loty DLAN
0P COURLE

- 144 BATH: "1 = 3= ——¥F -
‘ e PONT Eateion 'ﬁ;q & N ===
f i M cond ik .},.' | ¥ 2v @ P LaTE - Mty o DRCH i - ;,:l' 1 ] = s e 11 8040cenr
| o Y0 QRL REVE Sa —~ 24 C8 LAV NET FLBENG o » .yg' cene Sooel ugu_-. I | 1911
o s8cl STRLL ORER %' Mg JloIe SaTug S ; =] TR ]
iV —~ &% 43 canr TP g < X H OO
i 4Ny by Lecs R T 7 T
-~ PYep Dtex
24 4 E#FTR 280 WEST ELEV.
AlCHOR To JOIBTS e
Bl TEM FRL Gu RS AL !
L, 4 STOPs LadeSin e i‘. B Y nywd ;-4-.‘:.‘ (XM
Ay - §
=i 4
| = |
| | ‘
b ""J‘ a i
SEcTio]_5m)
[T 8 eV . Sy LY R mus
@ ,.-’; ?“"P“w o “‘: srog \ u;wu !ausLlr onm
L ool 4707 8/1 200 \ lxé CORILE TRM
2«8 (HrLER N EAST ELEV
L Lig —
J " LD u,: N e
- s f barcu 0T €70 3Mq | 2460 .15 CIRTH
L Wt Flmic Ziti e Lite
SRLLE w6 I.L“s 14 0e =0 Ixé Fhcif P ————E
o - oMt Tef Vil PREA - e § et 3 f oS ?,"",.‘:,"_',"}, = 2 ot I
b 10 8n il — .
culk n | % tee werec ) ‘rj ’ h conc \CUTiZE 2P Fi
. .4 HLRDRE r-te S!A?QC. met | .
| \» 2a@ cORT! AN " A\
Fud LTUBE N Botic ACiD TANK .
. ! 3 N &' cofic BL UAL. SHkLD - S WALLS ‘ [ — ‘F e
n | L. ) (T ‘! ! l % ;
; ﬁ;‘.’g""" ' LEmevsmE covilq | |
—4 EOVE JETAILS 4T WaoD ook DECK \ ] M 1 ] 1
N ""H (14 i SEE F.oof PLif FoL MZEG CoUsLEd \ 3 H.\-:?V" ol v‘_ﬂ'l?‘ii
) L 2502 MY cofC SLIB W/owo' 10/10 MILF MesH oo R - z‘ T
o1 i S8 STEEL DEcn { 13 . 4. 1 17 S | o :
| : 2 couats tPoxy b 3 o;
~126 £4cf | ! :}3:'%571-;: ‘_i”_"‘\u ; o
- — @ cole BL. TS |
Moot 246 - ] L |
™ en -~ | A SR NS - COND BEAM | 4
™ TiE U STUOS sk oidpchion 2.9 LEne o I ) d !
oL €% R M cofc. H i " - [}
’ ! 1 1A als !
S i : A - e =
. ' J L 0 PoseED BATY
B PLYwy seTiG EQVE DETYILS AT cofCLLTE Décn e - -* Y A rosLED BATY.
N = 4l ¢ comc B!
3 =4 AT RS . %0154 DETRILS CANE W POOb PECK '-'t- Ly cor e § |' 2 s i)
= v -— — tloot AEES B BE
"7?7 SRy :‘:"‘“"z .f';‘“':"" fouLis swect Ut
At 2 4 STORS sey L ST TAK 15
i, eI EEE A
— EXTEAD POY UBLL s .

.
£ad Buocw's A7 B0 AL -4 :; }“ (]

T 500k LIVEL STUF Exfailt Aupd

LS ™ B 18 cetc Pk
UATERANL) o 3ITE
Ted PLATE <~
sl
[ Ay Pl
v
] ,.--"""T' r ? e

5 " SEct THEl £8ST 4 WEST Uiis

L% sam Levse

SEcT (AN
Q@

RADIOLOGICAL WING

10-MG CALIFORNIUM-252

SOURCE BUILDING
EXT TO BLDG 1008

PLATE AT7b



7-0° ms/08 |
Lgw
BISmE ciPi
e car
1

-

O ' NI roE

T],!

.

@

-

Secron 5

S&cron A

TANK ABSSEMEBLY TrAC WT

£ 000 82

\
o
TTAMLE cip R — —ak —
AnBa i srdobi £YL diisio Y ALl PLATAS 7¢ 82 GEASS
T kv L6 MY 20080, Aineaclo | =
T Lede \) & PlEced AwisH,
Ade w03 1 8€
WOTERTIENT
. DETA &
TOP y/E&wW
STRPR CL/Ff MR (sek B4R
328 oa7
NPT F'E. Y
.\
$
1
S .
O
A
s Y £ 91’ v VV— .
ml Bl 8 ’__1 __'
ﬁ L= | = ¥ I_N
[.uao by
aar
&
b
N
Y
Jee Borvene ronk S8Cr LAYesu. Q
9
4
)
|
4

G- O° wSIOL

N
~1. 1

N

h

a~/d

li

B




L SRA P OMP VDTSR NIy Ao daiy

]
S
$
] ..
? |
™
i/
%
/r—‘—ﬂ—ﬁ
(-t N
mro s
b
N
¢
5
9
—
yeo £ 000 i08

e .
A Evami aT Pas ' e k_JL__“ —d
——*—f KuO8 Luds Po8 z
-To# saeTion (9 viv)
¥ 3
$ ¢
X \ '
5 ’&l {
\’ ‘“Nl“ .
‘1 K " oazAN D
LerTex c -
-4 - . |

Iﬂ'ﬂﬂﬂg "--‘.l.F.,-
#17_) Ali PLATES To AR SM4ADA X

T 48 wATAE TARaT
" Borress Jask SkcTion

ol Eid . ar= X SEIK b

WALL SHIELD
o #eq'o

L37 W7 fD 83

& Prames 4l exvegiom MIELS
NOI @v /uB AT Ali SEANS

] Zfl-ﬂ:rn# AdL

NTER AL PaswBi¥

| T Adas,
ML Lt x T Ecwin
WiTN 7ol ARFEer. 41 M

;
|
|
|
r
I

Exd w::-j.-lﬂ 4T vy

SESTion.

757 F T E—

TANK DETAILS

I0-MG CALIFORNIUM-252

SOURCE BUILDING
EXT TO BLDG 1006

PLATE A8a



T
b ...’.“".’ s_-+‘:{ A 4, K ”
L 2 g &« &7 co
£ i < ANGLE WELD A
] An
T F Fr ! T S = i
| %) =
| '«| \\-—.I'-.J.illri'"iu-
| L TN FTE Avail H |
| - & & coawras ' " ‘
i ! .
Y
! Bras adesT g2 o i Sras 48T 4
. o
. vl
| L |
T} ,
. AP -
: | R ¥ — ,
N, AT b

L L

. ToP viaw | T0P VIEW_
D Fele4i'n & ‘4#6\\——_—_‘___— '= -
w/dy Heces [::g-. !
£ot mArOL NG & ™~ 7 0"

TANK SECT it AL GNATENT TYFPICAL COEBNEL WELD =
Berhl 78Nk SECT/ONMS, l

f‘"—, s ) *, } -/3'—_—:;1 - ,SL& weco OST A e )TVTT ]
1. __1¢ —
3 _TW_ i I Fabe Mo e
-\ _ ]
i g | 15 3/smssed
! ]
S
)
e R - it -
o : /W—s
. Z
5} T‘r_ CrE {) -"‘
WELD DETA A - D |
U N (S70Geat) 3
N - Mz
- /
i Jee weio oev et e e
| \ 17 3 N o
____lL ! 1 I . ~ (sxwesee)
¥ " ———— e _.___.:
K

Secr s8-8

SECTION A A WELD DET#Hn &

(TrPrcae_A7 207T)

TJoPr $
_@9 770 S&cTION




[ 2L Ed

I S 71" 6" cond
ANGie WBLD PisIN
W TN TP oA FHNMNK

Syat AlovY 4;

e —

|-

7’~O~ R |
inl T T
e
RJ fe »‘_u "‘ Ly =

[1%] 3/:m06ek)

" o

77

//‘ PAYERD T
o { / --—I ==
[" ¥ .. tgc ! ‘
e S ey S |

[N 4 13

~ ‘/svmu) 3 %l
‘ 3-8 ) ;l

N / ‘
LT l
[
2 i N N 12 AN L] |

fecr 85-5

Tefr

SECT7T/oN

ASSEMBL Y

e il Bhe

<
e dr 5§ e

Sec7”7 <-C

AoTe -
TANKLS o de
WELOLO WATERTIGNT

Al MATIQRBIL 7O

88 STHnc8SsS 37K
AUCNEMO 8Y &O0Y'T.

STAINLESS STEEL TANK
FOR CALIFORINIUM - 252

PLATE A8b




SRR WYY L g SRR T Sl T

PASTEN BuPBT PiaTe

7 4L /s e IR
TANE
T BT

- APe SUPPOEYT MATE A’
= 882 oer

-+ S&c7 O

24378 PeHTR TO dt

.4‘\ w,

‘Pl SormORT MATRE’
Joa Qo7

N | SEcT £

R pve —axsT 2L

PP merBER

S&cy, F

[— P/P& SuPPy BR4ckoT

)
3

}_,.F,u?u
-

PladtP Linl
LETVRN NS

ST & .
PPE _Swrry 087,

L)ST QA MATAR/ Al

“i D88 CEIPT I @r T
A Ve PIPL- a' Scn oD, &0

2-& sreen.Sri. Bosrs

VA

-

] Lo w00 - /27

9 -

4 IR HAE ABIPTLES

7

v /% cAP

J -

SIRAINER, /" MM TR L & glgs~a

IXe)

NISN COPY AiIeq - P 80Ra<4S

/ fe

PYatP - 4 NP -

/m2¢

PLvYwD- Yg'a 10°% &0

;7

o S0 - B0

o an

PIPE cinvrs. |R°

Ll d

PeBN/0eAS - R'n 9°v /8"

&

o« 7 Srame. Sre. TamK

%

yra

—
|

N
\; LN

-

L AN

WY

P Dacerwin suriow

Pve cas
PIP& CLAMPS ‘G
PIpe SuPRP'T. o

L &3y bxbep &
w yavk

YEe7 AA

= st Lpe A TE
Arpgas a8 Ziewry

MTL W ALl S
gL /




Bco8 coc

PPA Surre &T Pupt® g9ca78 e a1 |
S Agsccar \ APPEAR #S SewA : [L ]
gty \'l R LA
77—*—"‘:1{{" -4 GOy e 4 - . e
P Clamis - r e ]"y ol ” ' Piywo penae N 7‘ PLywd DhAch
earvan cmed }‘ S 7 ) \\\
AP = / f v . /
BacewAsy N
sureear {
:'M!" Freree— v Lwv ! ——4 ——
= —— 72 X6 - 46 tona
_Fpe Swppoer LrAces?
% _Wwooo-  onve KREEO. [mrre .-ae)
] | ,. 2
| ) ? 7
e Ve _
—— -ur--—l- . .lj’lI \
" o 0 * )
a bl ’ BELAK
] ,.-”'z l-.’ﬂpl.‘-- Conun
FPea7z A _Peare 8
2, ary PIPL _SuPPOLT PLATES
= i BT PLExiGeAs
owveE 2AcH REQOD
cAP DAckwpiu eurier 7 2 .
WITH Prc cal - —* i" . ‘P/PL SUPPT BBAGLST
N PPE CLAMPS
L ccarrms I
P:‘Sa’ﬁ'ﬁ"r T _.Til | ﬂ"ru ' \
T=—rmeg L, il g
— =T |
L S I B :
———————— — \ «
\ [ N - ITEAF ©PFS
Nl TosaTNER
\ PLOSTC cAvCE
b BT ey B & . £ s&Tw.
P
\
= | ) o ™
‘\
| rhre Ace e d mres iy 4
i "".q AEL PVC ScneO €o ) \ -#
v \ E
| Y
| , )Y
. Stecr B8-8 .
ey . WATER CIRCULATING SYSTEM
1 Jeecr AA

FOR CALIFORNIUM TANK
BLDG 1006

PLATE A8e



F A e e T ——— — e
710" aAieas TN TSt
ﬁ n-l Lavi-
'-"""' Sodeca Brc o
Boh g Bt
___r.___.___ T #I
; r Mr At !
\ gz | ——y
\\
n A
\ .M*z! s |
| ‘ > !
#
’ Tovecs Goroa
1 "%H}ﬁ'“ o cidr.a 7/
* | Lo LTy - |
k. | NLI | / ETOB ol Tark
1 | #F wriee sosp . P [ . ]
3 " AgaA | E
| { ) M daurcs covdraes [
i i /R B Huiwé L Ly
bY | Tu 4 ] ' Ny
| | end e 0ei] S |y
o u ' \ . ro N
, | N A ‘ i
¥ I! | e | ! N
| e M | ul
. . L] T
| ALyt My | "
/ - - ‘ W, 2 b =" i
| | -
i
ik foan
B ~. Nl i
A s 1 - | N a
Hrias Puicdr fi F 1 % h
\ | " = v, 1 . 'E S
L daiy Belowsdt b . - g i code J
Aei BAKS: STMG ST TS Bao o8 Bbare = B — arsen Pescdrd
EHi CoPRLPE - Airs ' #a drm
BBHES - ST6, Nrcon Bauis
Cucoms Beocese STede T or VZ/IEW- So/8CE PoS/7/onee
AT 84 ANC 2P RA/
SN4AT .ry‘fﬁalr Ssosk
T ORP o8 TANK 7 | THss 4"',,3
..I_ - — = | —
Prcow BLPEX
-~ Pycclr Svrmy. TiovSon SpRO. /12 6PN
. et Tt SHAPT SaPPOET —.
o . & o PCS. '
:i g el / #'Nﬂnf coRO J Pex man f ! *
TI/SON S SR I8
k! / i P
~dp'ca amn, a7 cone - —
\ L Pt
-4 1 - e -]

~
— SHEAT cuPP'T b‘ocg

2A &m0 THmSIn * S8 12,
Sum A5 L8440 APPeex 4’

RAL SuPP'7 —
£° Lows (3 #n Tlpcx) -
SHit AS REQD (AcuM) —

| & dsan

SEeEcT/IaoN .

.4




- -
L2#
/ ! ;
Y ' 4 L. F O ol Tas'y .,_"
‘ ;
i —
i
l TOP oF Tank
l q ") i i
. " I Poiidr-28 O - Nk ab ol k-
| k: —
. N
by
P ==
: — S, X i
5" ? N T - =] i IrT \ meion iecer -
- = | T g cow Sieck P
T 51 ; ﬁ. | Sieca D | Twestiw " Pl /R g L& Pucow s "-' "’_.
i i —saas a5 Fia Lsyasr somey. %' 2a
" L PRy e \ -
i diathies N " b Ba fupp'T— 3%#
C Haas s cana 3 2 - AT
el \ ! Ty 45 AN
- ‘W i EIL‘- |
— e { X i
—iy] ' 5 i
| i
ceto J AL
:N:wsdr -S'.Eﬁ'r!ﬁﬁ_: .d*é
17 IO 8L
foou Aasrc Lo
AT 24 ANC 24 RAV
Sw4ET re‘fpocr Beosk ? 1 :
SEIEE Sy | | -
: 4 ¢ S Mo CASA
- — “uceay 2% o0
Leow BiPeK TR TeLv | 270 NASNELS ~ & o
MSonw 2P0 12 0PN * ] _/2 o x /% il Besron *
A swerr P2czs-¢

7 LaPPOEr — . 1
Sowlcl Gitrof &

SNE PCS.
fE X4/ CARELE “Lavl
son * SR (B

[ e

. ==
= ; J
o'y — !

(3 &n THAcK) ;: L
2800 [Acom) — || i|%

o \ &

bsr
4 % tuas
.ml_ F3
t 7

_Pueisy BRIcKETS
s7c - 4 Zeqo

SOURCE POSITIONER

I0-MG CALIFORNIUM-252

SOURCE BUILDING
EXT TO BLDG 1006

PLATE A9a



m‘m'ﬂ'wﬂ\“‘frﬁw T

{ § t;’,_ s ke e | #retsw s
3N . ek 7 2 rF v | Pk 8L PikrE
S = /-2 _l_ AR J j_ /-3 _t_ /i8 ’
[MIRN ) , 73 | B Joe woces
v!g; ] 't: o o, _,,l
A , S i
i o 15 o e g .
1 LT T %YA - $ le % K] [
o I YR Lt L f?-: PO et |
Y e = B 2ETE L ET LY iy ol € —_
i-l_ |.I_||\. T T 1 1 , il | i | |
by, BN -12- st ! e -
\‘.'lt o8THI A ! 7% :/:oe sanve ! - | j[«f{ # | —
AS LT A" Excar? T “~
e e poare : -'J - i | : »
o - - e e S . + s R —
¢ 834k sin o i RV T ¢ ot —E
PrEY 1 G 2"y 11 # '
-4 . o 5.9 - g _ La % W W3 e
. .‘S, | B ,rl-—
(%4 mf““f_l' = ,..I
SolE<E CAER /IR BEAN " ‘fZ_d/L
B/e_§TANiESS STe PeS
_208 s74~c ST AMGLE
ONE REQRD.
|
v;.’
3 "
‘ 4
Y
S L ¢4 J
! 3
| . r -
% 1 : 3 ’,
i /) “ s:‘ )\:“ I {1 i - __“?’ ks amhd;gﬁ‘l‘:un Lcrions
~ Lo l 6P Yaw
A= SRR RS M g ._;‘r T __._T—'—J . KREmovasca covee
RECET B [ '
70P f ey N
. 1o |
W crame ST PAc g | o)
scnao. 60
R |
i' 1 1
L
E.; N D B L_J
SouRCE GUOE f CARRIEE PLATE
:_3_/6 5710‘\:4_- _{74. =4 owve L4
SOURCE POS'TIONER DETRILS




T e v et senaaens . s
3 My ~ - D38 smcas
b et <o j f l' \WIAR'Z; .
i 8. %are gur 1T
- )/" oies [ ed Nl ; -*'— | .-".m- N ;_." }-“ - --.——il e
«? n | P Cw? SROM &8 LErSTH
i . 1 e e |
P I VN N L =
) . N Yy L1 ki H—" >
s &l ! . R i PR ) Iy 4
] = | d
“ R X J of #
! Alg I o | .
. 3. | ™ E
i 1 | i : 1. '_ ; 3 _}
R A e ,
L .J_r E L i,.-"’ﬁ_..l__fé— L ®p.2e ¢ wees i
gt | - *- = i :‘|
teer . S !
_.b_m.“"'f_{ ' - d r i “jjfj oY
k »
s 2407 DETAL A i
Yy ceer
LA SuProrT
THOMSON ® SB /2 - AcUr.
2 kE2a o
, e
) STARE Wao20 To TANK o ”';%l ‘--_ =
7 ne RSN i i« S ) =~
] } f"‘"‘“‘ i L B seer Mk
oo Genrs |- e Srams o
Lecace Alusd - -
Co. TYPE 16-4 e oy
¥ . W Selylf'A. anvace- 2e0aD
- ‘§/i.c7- p. ) wrs 2 (85 &4
- 2- BV AlUM GRATR LCTioNS
_’Zi/?‘!é““s w7 8AL 30 8% N
—1 K EMOVREi{& Covee Feg TANK
t
CATE
SOURCE POSITIONER
10-MG CALIFORNIUM-252
SOURCE BUILDING
EXT TO BLOG 1008

PLATE A9



e - ETE Srw Yur L
1 A I
{ e
| (i Bml fecrony G, 4- g Hoces ~ i l "
A, L . ;
: oot (K41/00 5 ;- ) b
O b | <
) _1>.3 . [s ?
- o ’ [ 2 .i‘,' -
WLk FEs N
380’ -7 ou » T T
X ou =7 ¢ om Q. %]
2- /R b wo . I b 2
Becrs w/ﬁt wasHELS,) ; W3- | L
5" o4 ST e o - s e o o208
% e P S — - T ] |_ [
=% .
4 0 1 |
/._._:L': l 2-4'x 2,80 59" — q&z i - 4'”'*1
/r Acuns 8 ’\“ - | 7”4 -
' o |
-— - L : —
| | M Cs
"/zr 555::3“ [aué,/e.s, +
ENO v/iEw A-4A )

LNBAL ACTuATOL MounTrir'e6 LD&7A/

; svet asevy
RO
L
¥ ~r
:
r __#
.%ii - 2% L ¢
_‘gl‘T —n
2 TAcK _
weLos

Loce ek SHIET-

5 -9 ovesa

— G o/A 3
i - 3" OrA 1S
) Sove KPS
ars wgrur § _. '«\
h
ALIGNMBNT 08 £PcLBES " \  TOTAL 32 Roeclls,
S BE UNIFOLA ' ! ! S 2% 0O s £n Feoe
# | y v ® 2060 Ro.L 2nP S€ES [LrcEN)
1]

&~ 221 ”7°
/—csﬂree L42

% x 2%« !’ 2
cavTeR A«—-ﬂf

THce wetog —

_ToP VIEW

ATTACK &858 (ovai
A INOICATEO )

Tled D \ —t::c:za‘.;ﬂﬂr-
S o e
%% 4 6" NEX Buy
| o Ayce FHOS ($ FeT)
i and
By ,t E
o &
Geewrsz Ban 1 H
{ -l 3,9, 8"9" EE
S 4 Ak ray LE ."i
b=l
-g.l’r? i }__ B 2 _4

S8 wrk\.\o( 2.2y /¢ sm ¢

S&cr 8-8
TYPICARL SLT.

Z cond pasrin vV
s/a2s W i -% sces

_S/108 _yiEW

~




A #00 cavaised o sitoe v sHIN BT X,

Sysr alovy ¢
/ e _ l,_, S-0° (N78) _,.i
Y,
o o » .-}:f-’-. _1 o
.(\ \.\ - ' .____’_,-“'__.- I_'I-C' /5: w,ﬁ L__—— “_—.]
J 7T T
¥ \_ A4S BENT ADAPTEL FoE cor/veyoR
:‘: - i . - Wooo - ] £28Q O
# | 4
1 of =4
fy ﬁ; - 4%‘" j'L T % S7erncn .
- L - L. n I 1/70 8¢ Be~n7
1__ _I.' o '|,L{r j'_ -
/ AVAN-V-R PR7Y ¥4
2 ek [/ FLAT WASNR S
weDs
- Boce o8 SMET- Reumst- fo £48 L
5 -9 ovepac cavveyoR L4352 o - o _f
1
S L ot 22 a2 SPACES.E 8. 244" de e =
a<¢u£t: i
2 Y
IS ‘1 e al J
I Yu2%x 17
I —CE&NTEL 842

Beon %o

4 x 228x 22"
CANTER ue—/

iz

Thce welos —

_Ter

j (oA o)

ATTACK Bv85t8 (2veci
AS INOICATED /

!
i

~,4_L;.u+\_.;u7/k ./\ j\

viEW

_’r-/ll

/l | ——st l. /A .
I

&

17 8%

-~ S
< ¢ S0 yviEWwW
v =
| L7 £

ROLLER CONVEYOR
FOR 3-IN. AND 6-IN.-DIAM
SOIL SAMPLE SCANNING

CALIFORNIUM

ALUMINUM MATL
THEUOU'T ExCEBPT A4S NOTED

EST TOF W] - 128*

PLATE AlO



In accordance vith ER 70-2-3, paragrsph 6c(1)(v),
dated 15 Pebruary 1973, a facsimile catalog card
in Lidbrary of Congress format is reproduced bdelow.

Lewls, Jack T

Design and potentials of the californium-252 radiation
facility at WES, by Jack T. Lewis and Ellis L. Krinitzsky.
Vicksburg, U. 5. Army Engineer Waterways Experiment
Station, 1975.

1 v. (various pagings) {llus. 27 cm. (U. S.
Waterways Experiment Station. Miscellaneous paper
§-75-26)

Prepared for Office, Chief of Engineers, U. S. Army,
Washingt .n, D. C., under Project No. 4A061101A91D.

Includes bibliography.

1. Californium-252. 2. Gamma radiation. 3. Laboratories.
4. Neutron radiation. 5. Radiography. 6. Rock properties.
7. Soil density. 8. Soil moisture. 1. Krinitzsky,

Ellis Louis, joint author. 1I. U. S. Army. Corps of
Engincers. (Series: U. S. Waterways Experiment
Station, Vicksburg, Miss. Miscellaneous paper $-75-26)
TA7.W34n 1no.S-75-26

TET IR O NS




