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Several nuclear techniques for the determination of cement content 
in soil-cement and concrete have been studied. Activation analysis 
appears to offer some promise, either through the determination of 
calcium (formation of radioactive Ca49

) or through the dete1•mination 
of silicon (formation of Al 28

) . The Ca"0 measurement utilizes ther
mal neutron activation while Al 28 requires high-energy neutrons. 
Either measuring technique is rapid and simple, but that for calcium 
is more direct and reproducible. Determination of calcium can be 
completed in less than 15 minutes, and determination of silicon can 
be made in about 5 minutes. Both techniques adapt to field use. Se
lection of the technique would be influenced greatly by the aggregate 
used; e.g., calcareous aggregate would necessitate silicon determi
nation. 

Addition of a stable tracer, measurement of natural radioisotopic 
content, and isotope dilution do not appear to be as applicable as ac
tivation analysis. Huweve.r, uuuer spechil cll·cumi.;t:mces; thPSP 
techniques may be useful. 

Measurement of natural radioactive content offers a simple ap
proach to determination of cement content. This technique is slow 
compared with most radioisotope procedures, but is faster than 
chemical methods. This. Leclmique should be applicable to concrete 
already in place as well as core samples or ready-to-pour mix
tures. Although probably more useful in some localities than in 
others, the technique should be widely applicable and simple to use. 

•THE CONTROL of concrete and soil-cement mixtures has gained new significance 
because of sophisticated analyses and more critical stress limits in structural engi
neering. Basically, the engineer must be assured that the real structural material 
will approach the idealized design material in both strength and quality. Without such 
assurance, the designer must use safety factors that will make up the difference be
tween real and ideal materials-factors that always require more material than would 
otherwise be needed. In the design of portland cement concrete structures, assurance 
stems mainly from control of mixing, placing, and curing through specifications and 
inspections. Increased research concerning the properties of soil-cement mixtures 
will also require quality assurance-to a lesser degree now, to a greater degree in the 
future. 

The main requirement in the mixing and placing of large concrete batches has always 
been the uniformity of the mix. Because the strength and attendant qualities of con
crete vary directly with its cement content, nonuniform distribution of the cement leads 
to variable strength. 

In the past, the cement content has been checked only before the fact, i.e., mea
surement by volume or weight during mixing. The uniformity of its distribution has 
been confidently assumed to result from specified mixing operations based on 60 years 
of experience. 
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Test procedures now available to measure the cement content and distribution after 
mixing will, at best, indicate only the presence or absence of portland cement. The 
uniformity is still an assumption. 

A test that would indicate the amount of portland cement and its distribution in a 
concrete or soil-cement mixture would be valuable- more so if the test is quick and 
accurate. An improperly mixed batch could then be rejected, not after 28 days in the 
structure; but before placing. Such a test not only would give the engineer his quality 
assurance, but also would lead to revised mixing specifications to maintain this as
surance with fewer tests. 

The objective of this study was to explore the possibility of measuring cement con
tent and distribution with simple-to-operate field-adaptable instruments that would 
give quick, accurate answers. Simplicity , speed, and accuracy can be provided by 
nuclear techniques. It should be emphasized here that the objective of this study was 
not to develop ready-to-use measurement methods, but only to find the most feasible 
nuclear techniques for such methods. 

To investigate the feasibility and practicability of different nuclear techniques as 
they would apply to this program, the group made about 3,000 tests with 290 specimens 
in both the field and laboratory. The several techniques tried were thermal neutron 
activation analysis, fast neutron activation analysis, activation analysis of an added 
stable tracer , natural 1·adioisotope content measurement, and isotope dilution. This 
report describes each technique briefly with regard to its use in the analysis of soil
cement and concrete mixtures. 

THERMAL NEUTRON ACTIVATION ANALYSIS 

Theory 

Thermal neutron activation analysis involves the bombardment of a sample with low
kinetic-energy neutrons from either an isotopic neutron source or a nuclear reactor. 
Nuclear reactions are generally of a form called n, 'Y, i.e., n-gamma. The neutron 
is absorbed by the nucleus of an atom, with immediate release of energy in the form 
of gamma rays. The new isotope of the bombarded element very likely is radioactive. 
The radiation released upon decay of the new radioactive species can be used to mea
sure the quantity of the element originally present. The strict relationship between 
the induced radioactivity and the quantity of the element present is 

where 
A 
f = 
a 
t 

T 

A 
[ -0.693 (½) 

rams of element) (6.02 x 1023
) fa 1 - e 

= 
(atomic weight of element) 

activity in disintegrations/sec, 
neutrons cm - 2 sec - 1, 
probability of interaction (called cross section), 
irradiation time, and 
half-life of radioactive species. 

This calculation is normally simplified by activation of a standard sample under the 
same conditions as the unknown sample. Then, calculation of the quantity of the ele
ment can be made from the expression 

Experimental 

grams of element unknown 
grams of element standard 

= activity of unknown 
activity of standard 

Identification of the activated species is made by gamma spectrometry. A scintilla
tion or solid-state detector converts the gamma energy into electrical signals that may 
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TABLE 1 

COMPARISON OF THERMAL NEU'l'RON (n, y) PRODUCTS OF 
ELEMENTS FOUND IN CONCRETE AND SOIL CEMENT 

SAMPLES BY GAMMA SPECTROMETRY 

Element Product Half-Lile Gamma Energy (MeV) 

Al Al" 2.3 minutes 1.76** 

Ca Ca"'1 4.7 days 0.81, 1.30 
Ca" 6.8 minutes 3.09, 4.05 

Fe Fe"' 45 days 1.1 , 1.29* 
K K" 12.4 hours 1.52 
La La1,o 40 hours 0.65, 1.6 
Mg Mg"' 10 minutes 0.84 , 1.02•• 
Mn Mn,. 2.58 hours 0 .84, 1.81, 2.13 

Na Na24 14.8 hours 1.37, 2.75** 

Sc Sc4s 85 days 0.69, 1.12• 

*A ma jor con tri but ion to spect rum afte r 24 ho urs , 
**A major con tri bution to spect rum immediately ofte r ac t iva tion. 

be sort.P.d out into a gamma spectrum. Differe11t raclioisulup~s may have vastly differ
ent energies and haH-lives. Table 1 is a comparison of these two properties for the 
principal products found from thermal activation of concrete and soil-cement samples . 

A nuclea1.· reactor neutron flux produces large q,1antities of the short-lived species 
afte1· irradiation periods of only 1 second. (The heavy water nuclear reactor at Georgia 
Institute of Technology was used for thermal neutron activations, special detectors and 
counting sy,:<i tcms.) Lon~1::1• i.n:au.1.il.lon times produce so much adivity in the samples 
(mostly Na "4

) that the samples must be stored for several days before being returned 
for counting, even if the samples are as small as 1 cc. With this small size, there is 
little chance of obtaining anything close to a representative sample . The activated 
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Figure l. Gamma spectra of (n, y) thermo I neu
tron products in concrete ot 8 x 1012 n cm-2 sec- 1• 

samples were counted with both solid
state and Nal (T 1) detectors for 2 months 
after activation for determining the iso
topes produced. 

Figures 1, 2, and 3 arP. representative 
gamma spectra of reactor-activated sam
ples containing cement. The figures show 
the change in the spectra due to decay of 
the short-lived isolopes, as well as the 
advantages of the high-resolution Ge(Li) 
detector. Counting over a period of 2 
months identified the long-lived isotopes 
that were produced. FigurP. 2 shows the 
principal long-lived is otopes, Sc46 with 
a half-life of 84 days and Fe50 with a half
life of 45 days. The cement, the normal 
components of soil-cement, and the con
crete show the same isotopes. 

Another series of samplei:; w:u, taken 
to the reactor for short activations. For 
samples weighing about 5 grams, the 
longe'St practical activation time was 10 
seconds at 8 x 1012 n cm- 2 sec- 1

• The 
severe beta activity in lhe1,a: 1:1amples re-
quired that the sample be handled in a 
small lead shield. Figure 1 shows the 
gamma spectra obtained with a Nal (Tl) 
crystal for different decay periods after 
a 1-second activation. Of most interest 
is the activity at 3.1 MeV. This activity 
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Figure 2. Gamma spectra of thermo I neutron (n, 
y) products from concrete activated for 15 hours 
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Figure 3. Typical Ge(Li) gamma ray spectrum 
from concrete samples (for data in Table 5). 

results from an (n, y) reaction with the 
Ca48 in the sample to produce Ca~9

• Cal
cium was the only element in cement that 
was not present in appreciable amounts 
in the other constituents of soil-cement 
and concrete used in this study. Aggre
gates and soils with appreciable calcium 
content would present a problem with this 
technique. Table 2 illustrates the possi
bility of Ca determination using thermal 
neutrons . The available flux of the reac-
tor is 8 x 1012 n cm- 2 sec-~ which is more 
than ample for the 1-cc samples used. 

Larger samples at lower neutron flux should produce more reliable data. This would 
permit use of core samples and isotopic neutron sources ; the isotopic sources could 
be used in the field. 

The irradiation time was approximately 1 second for all samples. A 0.1 percent 
gold-in-aluminum wire attached to the sample gives a measure of the neutron exposure 
during the 1-second irradiation . The samples were counted after a 720-second decay 
using the lithium-drifted germanium detector, i.e., Ge(Li). This detector separates 
the gamma rays better than a Nal (T l) detector (compare Fig. 1 with Fig. 3). The de
tector easily permits measurement of the gamma r ays from Ca49 (3.1, 4.08 MeV, etc.) 

TABLE 2 

THERMAL NEUTRON ACTIVATION ANALYSIS RESULTS 
ON CONCRETE SAMPLES 

Run No . 

2 

3 

8 

4 

Procedure: 1-second activation 
720-second decay 
400-second count 

Sa mple 

Sand 

5 percent cement 

5 percent cement 

10 percent cement 

10 percent cement 

20 percent cement 

Weight 
(grams) 

1.937 

3,048 

2.796 

2,625 

2,820 

2.718 

Counts/ Gram 
(Corrected for 
Neutron Flux) 

0.0 

0 ,788 

0.640 

1.35 

1.09 

2.26 

without overlap of other radiations. 
According to this trial, the determi

nation of cement content from calcium 
content should be possible. Larger sam
ples, which give a more representative 
mixture, can be handled 1'y using a lower 
flux, such as provided by isotopic sources. 
These samples could be the normal core 
samples taken from completed highway 
projects or dipped from the mixer before 
pouring. Analysis time should be no more 
than 15 minutes per sample, as noted in 
the following procedure: 

1. Activate the large sample at up to 
109 n cm- 2 sec- 1 for 1 minute with Ca 
standard; 

2. Allow for decay for 10 minutes ; 
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3. Count the sample and the standard for 1 minute each. 

While one set (sample and standard) is being counted, the next set can be activated. 
The allowance for 10-ntinute decay prevents interference by the 5-minute S37 formed 
from any S36 in the sample. The 8.8-minute Ca 49 will still be countable after the 10-
minute decay. Extraneous activities from other short-lived isotopes, such as 0 19 

(29 sec) and Al28 (2.3 min), will also be minimized. 
Thermal activation analysis can be made in the field (by using isotopic neutron 

sources) through the presence of the 8.8-minute Ca49
• The low neutron flux, at least, 

can be partly compensated for by the available large sample size. Additional study of 
this method is needed . However, the technique provides data as good as chemical 
analysis. The advantage would be the speed and the extreme simplicity of a completely 
instrumental method. Core samples tested by activation analysis can also be used for 
other physical and cbemical tests, such as compressive strength and weathering. 

FAST NEUTRON ACTIVATION ANALYSIS 
Theory 

The Cockcroft-Walton accelerator follows the reactor as the next convenient source 
of neutrons for activation analysis. The accelerator produces neutrons at high energy 
by accelerating deuterons (heavy hydrogen nuclei, 2H) into a target containing tritium 
(hydrogen with a mass of 3, 01· 3H). This nuclear reaction is the same as that in the 
sun. The result of the reaction is a neutron with a kinetic energy of 14.3 MeV, i.e., 
a fast neutron. The reaction is 

2H + ~H ... 4HP. + n + 17.6MeV 

These fast neutrons are capable of producing some useful nuclear species. All of 
the components of concrete, soil-cement, and shell cement were examined to find a 
"handle" for application of the fast neutron activation analysis. Unfortunately, the 
most desired unique com_ponent, calcium, does not respond. Silicon, which is found 
in most components, gives the greatest sensitivity. With very high precision analyses, 
the silicon content could be used as a measure of cement (calcium) concentration. As 
the cement concentration increases, silicon content decreases. This is due to the rel
atively low concentration of silicon in cement compared with the other components. 
At present, the instrumentation used in the field is not capable of sufficiently precise 
analyses. Only under the best conditions is laboratory equipment capable of the neces
sary high precision. 

Experimental 

Soil-cement samples and concrete samples were prepared in large batches and 
divided into 230 cc (8 liquid oz) portions. (Eight ounces is Ule capacity of ihe capped, 

TABLE 3 

REPLICATION OF FAST NEUTRON ACTIVATION ANALYSIS DATA USING A GLASS PLATE 
NEUTRON FLUX MONITOR 

Cu~Sample 
Flux Monitor Corrected 

Concrete 
Percent Cement uA1 28 Counts ,,Al"" Counts 

in Sample 10AI Counta ( Glass Plate) 
Sample ( Crushed Shell) Run 1 Run 2 Run 3 Run 1 Run 2 Run 3 Run 1 Run 2 

Cs-65-1 10 1137H ?.411?.6 19196 1830 3132 3633 3070 22'70 
-2 10 13956 26508 22629 1897 3246 2903 2350 2620 
-3 10 12153 26015 24799 1773 3364 3162 2080 2360 
-4 10 9499 24277 22885 1630 3666 3267 1730 1970 

Cs-65-1 20 12410 21443 31689 2049 3378 4993 1720 1800 
-2 20 12496 20846 19806 1910 2994 2969 1990 2140 
-3 20 13804 25908 32677 1954 3284 4367 2240 2500 
-4 20 13043 22742 18653 1983 3360 2812 2070 2090 

Run 3 

£370 
2450 
2370 
2080 

1810 
2060 
2380 
2075 
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TABLE 4 

REPLICATION OF FAST NEUTRON ACTIVATION ANALYSIS RESULTS 

Concrete Percent Cement Type of Sample Flux Monitor Corrected "Al,. Counts 
Sample in Sample Soil uAI"' Counts (Glass Plate) ,.Al 28 Counts 

T-11-1 4 T-11 
-2 4 T-11 118087 11040 5016 
-3 4 T-11 101588 9313 4889 
-4 4 T-11 94267 8068 5573 

T-11-5-1 5 T-11 41974 4189 4633 
-2 5 T-11 39809 3925 4752 
-3 5 T-11 43318 4045 4926 
-4 5 T-11 40592 3950 2545 

T-11-6-1 6 T-11 34988 3475 4719 
-2 6 T-11 42065 4194 4784 
-3 6 T-11 40428 4223 4288 
-4 6 T-11 40117 4116 4285 

T-11-7-1 7 T-11 43711 4212 4246 
-2 7 T-11 38289 3496 4959 
-3 7 T-11 43937 4094 4206 
-4 7 T-11 37434 3405 5090 

T-11-8-1 8 T-11 39210 3958 4575 
-2 8 T-11 36863 2400 4610 
-3 8 T-11 40044 3660 5044 
-4 8 T-11 39265 3731 4961 

Note: T-11-Si lty Cloy. 

paper ice cream cups chosen for sample activation and counting.) This size provided 
a representative sample without being cumbersome. The cups were placed at marked 
positions in front of the target window of the neutron generator. After activation, the 
sample was hand-carried to a detector (3 by 3-in. Nal crystal) and counted after an 
appropriate decay period. 

Since the neutron output of electronic neutron generators is not constant, neutron 
production was monitored by various methods. The most satisfactory method involved 
the use of a reference sample that contains the same element that is under study in the 
analytical sample. Both samples are activated at the same time. Any changes in the 
neutron production can be corrected by comparison of the activities of the two samples. 
Large errors were evident in other methods that involved instrumental neutron counting 
and metal foil activation. 

The laboratory analysis proceeds as follows: 

1. Activate sample and silicon reference for 30 seconds; 
2. Transfer reference sample to Na! (Tl) crystal and count for 1 minute (after 1 

minute from end of activation); 
3. Move samples to crystal and count for 1 minute (3 minutes after the end of acti

vation). 

The timing of all periods must be precise for good results. Tables 3, 4, and 5 com
pare results for soil-cement and concrete samples that were analyzed as described. 

Better precision can be obtained than shown here. Highly precise silicon determi
nations for geological samples have been accomplished at other facilities having better 
control of irradiation and counting geometry factors. 

Field Study 

As an extension of this preliminary study to explore the feasibility of applying nu
clear methods to cement determination, a portable neutron generator was leased and 
taken into the field. This work was done to show that the necessary equipment is avail
able and will operate in the field. While this phase of the work consumed only a small 
fraction of the total effort, it was quite valuable. 
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TABLE 5 

REPLICATION OF FAST NEUTRON ACTIVATION ANALYSIS RESULTS 

Sample Flux Monitor Corrected (sAI"" Counts Concrete Percent Cement Type of .,AI 28 Counts Glase P la te) 
,,Al,. Counts 

Sample in Sample Soil 

Run 1 Run 2 Run 1 Run 2 Run 1 Run 2 

T-17-1 10 T-17 23201 20407 2269 2103 4644 4407 
-2 10 T-17 28455 20352 2775 1956 4417 4483 
-3 10 T-17 27372 18634 2752 1839 4367 4448 
-4 10 T-17 26301 18805 2505 1829 4514 4419 
-5 10 T-17 28100 19676 2776 1877 4379 4534 
-6 10 T-17 27496 17626 2630 1710 4760 4692 

T-17-1 20 T-17 38039 18115 3669 1793 4347 4235 
-2 20 T-17 38228 21653 3786 2189 4386 4299 
-3 20 T-17 39678 17235 3885 1811 4425 4122 
-4 20 T-17 39763 17747 3861 1872 4452 4140 
-5 20 T-17 23977 19483 2480 1956 4018 4249 
-6 20 T-17 23714 18886 2412 1897 4196 

Note: T-17-SiltyCloy-Loom. 

The field experiments dera1onstrated completely the soundness of the work attempted: 

1. Equipment is presently available at reasonable cost (neutron generator $3500, 
detector $800, multichannel analyzer and accessories $8000 or less); 

2. Equipment will operate in the field under field conditions (see Figs. 4 through 7); 
3. Equipment will produce usable information (this part requires additional work 

under a continuation of this research). 

Table 6 gives the type of results obtained under field conditions. Temperatures were 
at 90 F or above during this research, which required the use of an air-conditioned 
station wagon to permit operations of the completely transistorized multichannel ana
lyzer. All of the equipment needed for this study was transported in a station wagon. 

The greatest problem in tlie study was the lack of homogeneity iii the samples. Thfs 
is particularly serious for large aggregates or coarse material. By using a standard 
that contains silicon (glass) and that is activated at the same time, reproducible data 
may be obtained. Data from field studies have not been satisfactory. The portable 
neutron generator, capable of more reproducible work than that obtained, still is not 
stable enough for the production of high-precision data. 

Figure 4. Positioning of portable 14-MeV neutron 
generator for field fast neutron activation anal
ysis; location of barricades and remote control 

console shown. 

' 
Figure 5. Glass plate and concrete activation 
point after fast neutron activation with portable 

14-MeV neutron generator. 
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Figure 6. Positioning of Nol detector over acti
vation point before counting; 110-V AC genera
tor and 14-MeV neutron generator also visible. 

Figure 7. Multichannel analyzer and printout 
used in field fast neutron activation analysis. 

When more stable instrumentation is found, the use of fast neutrons for cement 
analysis may become practical. Then, the use of 16Q (n, p) 16 N will provide a measure 
of the bulk of the sample and the 28Si (n, p) 28 Al will give the cement content when sili
ceous aggregates are used. Figure 8 is a layout for equipment for fast neutron acti
vation analysis in the field. 

Analysis on a roadway site proceeds as follows : 

1. Mark analysis area with tape and cover it with a glass plate (5 by 5 in.). 
2. Position the portable neutron generator over the plate and activate for 30 sec

onds from a remote position about 50 feet away (Figs. 4 and 5). 
3. Remove the glass plate and count for 1 minute after a decay of at least 1 minute. 

A multichannel analyzer is used with a 3 by 3-in. Nal (Tl) crystal; zero to 2 MeV is 
the gamma spectrum range. 

4. After a decay period of 3 minutes, the area on the roadbed is counted with the 
same NaI (Tl) crystal and multichannel analyzer system; Figures 4 through 7 show 
this equipment in use in the field. 

Results of field irradiation are given in Table 6. 

TABLE 6 

RESULTS OF FIELD IRRADIATION USING PORTABLE NEUTRON 
GENERATOR ON CONCRETE ROADWAY 

Decay Time Net Al"' Photopeak Ratio of 
Samples Al"' Counts In Sa mple (minutes) Counts 

Al9 Counts in Glass 

Concrete 3½ 19471 5.37 
Glass 2 3627 

Concrete 3½ 17420 5.05 
Glass 2 3455 

Concrete 3½ 23919 4.12 
Glass 2 5812 

Concrete 3½ 14371 5.51 
Glass 2 2610 

Concrete 3½ 21469 4.55 
Glass 2 4717 

Note: The flux monitor used was 5- by 5-in. double-strength gloss. Neither the 
some spo t of concrete nor the some gloss plate wos irradiated twice . 
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2 

.. 
5 4 

Figure 8. Layout for performing fast neutron ac
tivotion in the field: 1-rope, 2-radiation signs, 
3-remote control console, 4-AC cables, 5-con
trol cable, 6-neutron generator, 7-AC genera
tor, 8-air-condi tion11d ,tation wagon, 9-rlf>tPr.

tor, 10-battery pack, -11-counting equipment. 

TABLE 7 

ELEMENTS AND CONCENTRATION USED IN THE 
ADDITION OF STABLE TRACER METHOD 

Compound Used Element Concentration 

MnSO, • H,O Mn 5.4 ppm 

AgNO, Ag 6.1 ppm 

HAuCI, • 3H,O Au 7.5 ppm 

LuO Lu 4.5 ppm 

IrCh Ir 9.1 ppm 

K(SbO) C, H, 0, • ½ H,O Sb 8.6 ppm 

ST ABLE TRACER ANALYSIS 

Theory 

A study was made to find a material 
which, added to cement, would be detect
able by neutron activation of the soil
cement or concrete. No unique material 
presently exists in cement that can act as 
a tracer. No tracers give adequate sen
sitivity for the use of a small neutron gen
erator . Since core samples are readily 
available from roads, a tracer that would 
permit cement delertuhratlou a:fte nuclear 
reactor bombardment was sought. 

The tracer must have a gamma ray 
different from the matrix (see Figs. 1 and 

2). Its half-life should outlast the Na 2
~ which produces the largest a.mount of activity 

--- --after moderatFrreutrmra--ctivations~-1t---should-also-be-available--in--an-inexpensi-ve-f0rmt---
and have high detection sensitivity. 

E.i(J,1ei·iu1e11lal 

Materials thought to fit the foregoing criteria were added in trace quantities to sam
ples of concrete mixtures before they set. Table 7 lists elements used in this study 
as stable tracers. These samples were irradiated for 15 hours at a neutron flux of 
8 x 1011 n crn -ll sec - 1

• (Fluxes of about 1013 n cm- 2 sec- 1 are available in the reactor.) 
They were then cooled in a high-radiation facility and shipped to LSU from Georgia 
Institute of Technology to be counted several times over a period of two months. These 
counts were then used to determine the matrix components and tracer sensitivity. 

The results indicate that the use of stable tracers is possible; however, the amount 
of stable tracers necessary is likely to exceed the limits of economical application, 
because of the contribution of Sc46 and Fe 59 to the gamma spectrum. 

NATURAL RADIOACTIVE MATERIAL MEASUREMENT 

Theury 

Many natural materials contain radioactive isotopes, with about 50 radioisotopes 
existing in nature. These natural radioisotopes have been used analytically. For ex
ample, measurement of K40 permits the diagnosis of certain diseases in humans and 
the determination of the fat content in meo.t. 

Experimental 

The soil tested was in the form of 25 samples of subsurface soil from locations 
across the state of Louisiana. The samples ranged from the finest of sands to the 
heaviest of clays. Absent were the heavy mineral soils and those shale derivatives 
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containing "heavy" uranium and radium deposits not indigenous to the Louisiana 
area. 

The cement samples tested consisted of 10 different samples from companies or 
plant locations who supply Type II structural cement to the Louisiana area. 

Each soil and cement sample was subjected to a thorough physical and chemical 
analysis by the testing laboratories of the Louisiana Department of Highways for the 
soils and by the plant analysis groups for the cement. Two small samples of each 
soil and cement were prepared and their exact weights recorded by use of an analytical 
balance. Sample A of each was the small sample and sample B of each was the heavy 
or large sample. Each was spread across the planchette to an approximate uniform 
thickness. All samples were then "counted" in the Beckman Low Beta II Counter for 
at least 100 minutes. Some samples were counted more than once to check replication 
of data and instrument stability. 

Before the samples were counted, the Low Beta II was first calibrated by the use of 
a standard source. A background count was taken first using no insert and next with 
an empty planchette. After several values of approximately the expected background 
were obtained, a background value was recorded and later subtracted from the count 
data obtained for each sample, which resulted in the net counts per minute recorded 
for each sample on the data sheets. The net weights recorded are the weight of sam
ple plus planchette minus the weight of the planchette. 

From these data, a very interesting phenomenon can be observed. If the net weights 
and net counts per minute of sample A are compared with those of sample B of each 
sample, it is seen that even though B has a great deal more material than A, there is 
little and sometimes no difference in the net counts per minute for A and B. In fact, 
the A values for C 5 and C 7 are actually larger than the B values. This is the result of 
the samples being "infinitely thick" relative to the radiation counted. 

Thus, theoretically, a sample of 10 grams and one of 100 grams of material would 
give approximately the same number of counts per minute if the surface area remains 
constant. This allows us to use relatively small weights of a sample and obtain a 
highly accurate count characteristics of the composition. 

The next step in the procedure is the calculation of the "specific activity•~ s, 
and the slope of the activity curve, a, for each sample. Specific activity is defined 
as the activity obtained from a sample if the sample were a uniform layer of material 
one molecule thick. The following equation is a mathematical statement for the ex
trapolation of the value of the activity of a sample at "zero" weight from the activity 
curve: 

log S 

s ----
weight 

0 w, w2 

y = ax + b 

C C log- = log- "' - aw w w 

C C 
Ci.W1 + log __!_ = log-"' 

W1 w 

C C Ci.W2 + log -2 = log- "' w2 w 
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where 
s 

S1 

S 2 

Cl 
c2 

W1 

w2 
a 

log c/w1 - log c/w 
2 

a 

a [10g (::::)] 

specific activity of sample, 
specific activity of A 
specific activity of B, 
cpm of A, 
cpm of B, 
weight of A, 
weight of B, and 
slope of activity curve. 

Therefore, 

s 
C log- "' w 

The values of sand a were calculated for each sample. 
The data from this work (Table 8) show that there is generally a large difference 

in the radioactivity of the soils, aggregates, and cements used in Louisiana. The over
all activity of an infinitely thick sample of concrete or soil-cement should reflect its 
COfilQOSition. 

TABLE 8 

SOIL AND CEMENT SAMPLE SPECIFIC ACTIVITIES 

Soil Sample Specific Activity• 
No. (s) cpm/ g 

S-1 13.902 
S-2 15.019 
S-3 19.626 
S-4 16.974 
S-5 21.041 
S-6 3.828 
S-7 0.205 
S-8 10.566 
S-9 16.016 
S-10 7.255 
S-11 10. 790 
S-12 12.230 
S-13 8.666 
S-14 13.047 
S-15 3.078 
S-16 12.029 
S-17 8.976 
S-18 1.931 
S-19 1.186 
S-20 10.518 
S-21 10.201 
S-33 1.065 
S-23 3.117 
S-24 0.472 
S-25 8.341 

Cement Sample 
No. 

C-1 
C-2 
C-3 
C-4 
C-5 
C-6 
C-7 
C-8 
C-9 
C-10 

*Specific activity for on infinitely thin sample. 

Specific Activity• 
(s) cpm/g 

1.910 
3.711 
3.388 
5.234 
2.489 
2.500 
2.868 
1.780 
3.456 
1. 752 



TABLE 9 

RESULTS FROM COUNTING OF NATURALLY OCCURRING 
RADIOISOTOPES IN CEMENT AND SAND SAMPLES 

Sample Weight (g) Counts/20 min 
Specific Activitya 

(cmp/g) 

Cement 5.291 124 1.17 

Cement 4.414 120 1.35 

Sand 4.349 48 0.56 

Sand 9.357 46 0.46 

Sand 5.967 46 0.38 

Combination 
sand-cement 2.962-2 .925* 83** 0.696 

• This column shows that an infinite thickness (-,';4 in.) or sample is needed for 
reproduc ib le counting. 

*This colculotes to be almost 50/50 by weight. 
*•This bock-colculotes lo gi ve 50 percent by weight. 
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A set of samples prepared from cement and sand was counted for 20 minutes per 
sample. Data in Table 9 indicate that the mixture composition can be obtained with 
reasonable precision using a short counting period. (Better precision comes with 
longer counting periods.) The specific activity data presented prove the value of count
ing "infinitely thick" samples. 

ISOTOPE DILUTION 

Theory 

One of the simplest radioisotopic techniques is isotope dilution. Isotope dilution 
makes use of the extreme sensitivity of radiation detection. A known amount of radio
active tracer is added to a mixture of soil-cement or concrete. After the mixing, the 
distribution, and thus the concentration, of the radioactive tracer should be uniform 
in the total mass. If any component is present in smaller quantities than it should be, 
then the specific activity of the mixture will be too high. The reverse is true if too 
much is added. However, it depends upon complete mixing of the isotope into the ma
terial. The soil-cement and concrete mixers generally available are totally inade
quate to make this technique workable. In fact, there was extreme difficulty in ob
taining well-mixed batches of ordinary compositions containing water, cement, sand, 
and gravel. The short mixing times used for road construction materials necessarily 
eliminate the application of this technique-unless unusually large samples can be ar
ranged for counting. Even so, the result is not unique. If one component is short, 
another component could make up the difference. 

Experimental 

The dry components were mixed as previously described. A ferrous ammonium 
sulfate solution was activated with the neutron generator at the Nuclear Science Center 
for 15 minutes in a flux 108 neutron cm- 2 sec-1; 20 ml of the solution was added to the 
water and then this solution was added to the dry components and mixed together. A 
sample was taken of both the ferrous ammonium sulfate solution and of the concrete 
to which the tracer had been added. These samples were taken and counted on a muli
channel analyzer using a 3 by 3-in. Nal (Tl) crystal. 

The procedure was repeated with the exception that the ferrous ammonium sulfate 
solution was activated for 30 minutes. Again, samples were taken and counted as de
scribed. Unsatisfactory data were obtained as the result of poor mixing and the use 
of small samples. 

CONCLUSIONS 

This investigation into the feasibility of nuclear techniques in the determination of 
cement in concrete and soil-cement has produced the following conclusions: 
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1. Fast neutron activation can provide rapid field measurements of cement con
centr ation. The method d~ends on the measurement of the Si content of the mixture 
by m eans of the 28Si (n, p)2 Al reaction. As the cement content in the mixture is de
creased, the silicon content increases. 

2. Thermal neutron activation measures the calcium, which varies directly with 
cement content in non-calcareous aggregates. (The method is therefore unusable when 
shell is the aggregate.) This same conclusion was previously reached by Covault and 
P oovey (8). In their study, as in this one, the Ca measurement was based on the 
48Ca (n, -y}~!) Ca reaction. However, with the use of the new Ge(Li) detector, a better 
gamma spectrum can be obtained and no physical or chemical separation is needed. 
This method should be useful for testing large samples such as core samples, and iso
topic neutron sources could be used rather than nuclear reactors (used in this study) 
and high-voltage accelerators (used by Covault and Poovey). 

3. Natural radioactivity in the sample mix can be measured to indicate the cement 
concentration-under ideal conditions. This extremely slow method will probably find 
applications under only special circumstances, although it could be applied to core 
samples as well as just mixed and in-place samples. 

4. Stable tracers to be added to cement for later determination by neutron activa
tion have not been found. The combination of short- and long-lived radioactivity from 
the major components, such as Ca, Na, 0, Si, Al, and Fe (as well as minor ones like 
Mn, Sc, and La), prevents a simple instrumental analysis. As other rare earths and 
improved high-resolution detectors become available, a satisfactory tracer may be 
found. 

5. Isotope dilution offers little hope at present. The method requires better mix
ing than is generally available. A shortage or overage in one component could be made 
up by another component in the mixture to give a false indication. 
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