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ABSTRACT 
The Environmental Science Division at Lawrence LIvermLTe 

Laboratory has in use a system of absolute Instrumental Neutron 
' c t i va t ion Analysis (INAAJ. Basically, absolute IIIAA is dependent 
upon the absolute measurement of the disintegration rates of the 
nuclides produced by neutron capture. From such disintegration rate 
data, the amount of the target element present in the irradiated 
sample is calculated by dlvidinq the observed disintegration rate for 
each nuclide by the expected value for the disintegration rate per 
microoram of the taraet element that produced the nuclide. 

In absolute IMAA, the expected value for disintegration rate per 
microgram is calculated from nuclear parameters and from measured 
values of both thermal and epithermal neutron fluxes which were present 
during i r rad ia t ion . Absolute INAA does not depend on the concurrent 
i r rad iat ion of elemental standards but does depend on the values for 
thermal and epithermal neutron capture cross-sections for the target 
nuclides. 

A description of the analytical method 1s presented. 

INTRODUCTION 

Using the element cobalt and i t s neutron capture product 6 0Co 
as examples, the basic equation for absolute INAA can be expressed as 
fol1ows: 

M j „ n n r a i B . r n L a U _ Measured PPM 6 0Co 
Micrograms Cobalt - E x p e c t e d D P M bJco/wg cobalt (1) 

The numerator on the r ight side of the equation is determined by 
analyzing the gamma spectrum of an Irradiated sample to f ind ^.usolute 
disintegration rates for each of the contributing nucl"ces, Ac LLL 
this analysis is carried out by a computer program GAMANAL which was 
developed by R. Gunnink and J . Niday. GAMAflAL is described in detai l 

1 



photon energy and source geometry. The spectrum consists of 4G96 
channels at 0.5 Kev per channel. In the spectra! analysis, GAMANAL 
determines the energies and absolute intensities of the gamma rays by 
determining a background and fitting peaks using a prescribed peak 
shape function. Complex groups are resolved by a least squares 
fitting method. At this point the spectrum has been reduced to a set 
of gamma ray energies and total intensities. The next step is to 
Interpret these energies and intensities in terms of disintegration 
rates of specific nuclides. 

Interpretation by GAMAHAL 1s a two step process. First, a 
tentative identification of the radionuclides present is made by 
comparing the observed energies with energies listed 1n a decay scheme 
library. The library contains half-life and parent-daughter 
relationships for each nuclide and branching intensity of its gawna 
rays. GAMANAL uses energy, half-life vs sample age and associative 
gammas to generate a 11st of candidate nuclides which could have 
produced the set of observed g*mma rays. In the final step, a matrix 
of equations is set up on the basis that each observed photopeak is a 
linear combination of one or more components arising from the list of 
nuclides tentatively identified. A least-squares solution of the set 
of equations produces the final result of the gamma spectrum analysis -
a 11st of disintegration rates of specific nuclides. 

In Figure 2, an abridged portion of the GAHANAL computer output 
is shown. This listing shows in some detail the basis for the 
disintegration rate assignments which were made. The second column 
of data in Figure 2, which is labeled "DPM", is actually the 
disintegration rate corrected to zero time. The nuclide libeled "HX" 
in column 1 is a dummy nuclide inserted in the decay scheme library to 
provide for the 511 Kev annihilation peak. Data for this peak are not 
used in the subsequent analysis. 

In Figure 3, a second abridged portion of the GAHANAL output is 
shown. The values listed in the column headed "DPM AT COUNT TIME", 
together witti nuclide identification, "PCT ERROR", time of start of 
count and length of count are put out in a data file format and are 
used as input to the NADAC analysis code. 

NADAC COMPUTATIONS 
A particular radionuclide may be produced both by decay of a 

radioactive parent and directly by neutron capture. This commonly 
occurs where both a ground state and a metastable isomer are formed 
during irradiation. The equations used to determine the relationship 
between the observed disintegration rate and the amount of element 
present in the sample are: 
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„ _ T p + ][p 
1 " T P - T D T D • 

T P 

where T p and T 0 are half-Hves of parent and daughter, respectively 
DPM •= disintegrat ion of daughter owing to parental decay, and DPH = 
disintegrat ion of daughter owing to independent y ie ld . 

The solutions to equations (2) chrough (4) are: 

DPH = fR (K l Q B + K 2aDBD) (via parent) , (10) 

DPM1 •= RptiDBD (direct production). (11) 

The gamma detector measures the sun. (DPMTOT) of these two 
disintegrat ion rates. Hence the expected disintegrat ion rate i s : 

DPMTOT = fR p "0DD (12) 

The a, B, and K terms in equation (12) depend only on time and 
half-life values which are know. To calculate DPMTOT we need the 
parent and daughter production rates, R. 

It should be noted that equation (12) applies to the particularly 
complicated case Df a daughter product with independent production of 
the daughter nuclide. Where the nuclide counted is directly produced, 
K] and K 2 become zero and equation (12) goes to: 

DPMTOT = R.o-8 (13) 
which is the form we will use in the following discussion for 
simplicity of notation. 
Rate of Nuclide Production During Irradiation 

In a reactor, the neutron flux consists of three components: 
thermal neutrons, eplthermal neutrons, and "high-energy" neutrons. The 
rate of nuclide production by (n, y) or (n, f) reactions depends on 
thermal and epithermal fluxes. The rate of production by (n. p) or 
(n, a) reactions depends on the high-energy flux. 
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2 3 9 U based on thermal cross-sections and thermal f lux equal to unity, 
we can solve the following pair of equations for the epithermal and 
thermal f lux values. 

(D°M "6Gc/ug)OBSVD 
(BPM ""Sc/vglthermal " *TH 

(DPH 2"U7ug)0B5VD 
(0PM ^'U/ugJthermal 

* T U + . « (17) 

(18) 

The epithermal/thermal f lux ra t io observed for 3 i r rad iat ion positions 
used at the Livermore reactor are .0195, .1)39, .048. 

Calculation of Total Micrograms 

In the operation of NADAC a l ibrary of nuclear parameters is used. 
Stored parameters include parent and daughter ha l f - l ives and production 
rate values. These parameters together with the appropriate time 
information and disintegration rate data provided by GAMANAL are used 
to calculate "W" the tota l micrograms of element for each nuclide 
found. Combining equations (12) and (15) we have 

DPMTOT = J , l a > I H J H I 1 (19) 

In e f fec t , DPMTOT/W is the expected disintegration rate of equation 
(1) hence 

u , „ , _ OPM(GAHANAL) 
"(••9' " I I . i n . « v K0 X a X 6 X * TH 

t?n) 

Correction for Interfer ing Reactions 

The nuclide 2 7Mg is produced both by (n, y) reaction on 2 sMg and 
by (n, p) reaction on 2 7 Mg: 

DPMTOT(Hg27)=[R0(Mg26) »TH-o-S-W(Mg)] 

>,-o-B •U(A1]] . 

We want to determine W(Hg), the net micrograms of Hg 1n the 
sample: 

(21) 

W(Hg) DPMT0T(mq27) 
UT KLW 

W(A1) (22) 

The (n,p) production rate R,, introduced In Eq. (21) above, is 
determined for each reactor region by i r radiat ing Al in that region. 

. The ra t io R 1 (A l 2 7 ) /R 0 (Hg 2 6 ) is stored 1n the nuclear parameter l i b ra ry . 
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unknowns. In the absolute method the principle problem is to 
determine accurate values for all the nuclear parameters that enter 
into the computation. Basically, the absolute method is simpler and 
versatile, however, especially for th« less common nuclides, the 
nuclear parameters reported by various workers do exhibit some 
fairly broad variation (and hence uncertainty). We have irradiated 
standard sample* of the elements in various reactor regions. The 
gamma spectrometric data from these irradiations are being used to 
check branching intensity and half-life values. The disintegration 
rate data are being i-sed to check thermal and epithermal cross-
section values. Literature values of *TH and RI are summarized by 
R. 5her 3 and H. AIMnsson" in the IAEA Hancock on Uuclear Activation 
Cross Sections. We plan to report the results of this work upon 
completion. 
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IRRADIATION, COOLING, AND COUNTING TIMES 
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- 3 Irradiation periods- - Cooling -

Stop 



•iri& i 

QE OAMMA ANALY5IS OF STDZB1ST11 2 0 0 0 0 

EXPERIMENT NO. 2 
SAMPLE NUMBER 00 ZERO TIME 8 3 . 3 2 3 

SAMPLE w e t O K r •> 
NORMALIZATION UE10MT 
NORMALIZATION FACTOR 

I OO0E*0O 
- i.oaaE*oo 
-> \ oooE*oa 

M I O T I M E OF 

DECAV TIME 

COUNT 

. I S 

9 7 . 

14 . 

731 

2 0 8 DftYS 

GEOMETRY 15 4 . 0 9 CM L I V E - T I M E OF COUNT (TAKEN FRW 

• • MLR LEAST -SQUARES RESULTS • * 

NUCLIDE 0PM AT 
COUNT TIME 

DPM AT 
ZERO T IME 

ATOMS AT 
ZERO T IME 

PCT 
ERROR 

SET NO. Qf 

H X 1 .3B2E»03 1 . 4 0 B E * 0 3 e . 7 7 1 E * 0 8 2 0 . 2 t 

SC 4 6 2 . 9 7 8 E * 0 4 3 . 3 4 9 E + 0 4 5 . 8 3 5 E + D 9 0 . 9 2 1 

CR 0 ) 5 . 1 9 6 E * 0 4 7 . 4 1 3 E + Q 4 4 . 2 6 8 E * Q 9 2 . 1 3 1 

FE 5 9 3 . 9 6 3 E * 0 3 4 . 9 4 9 E * Q 3 4 . 5 6 1 E » O 0 3 . 3 2 1 

CO 3 8 4 . 7 « E * 0 3 3 , d *17E '03 8 . 0 5 7 E * 0 « Z . 7 4 ! 

CO 6 0 S . « 4 Z E * D 3 6 . 4 7 5 E * 0 3 2 . 5 B 3 E * 1 0 1 . 6 2 

ZN 6 5 B . 4 4 1 E * 0 3 8 . 7 8 7 E + 0 3 4 . 4 7 1 E + Q 9 3 . 4 2 1 

SE 7 5 9 . 3 2 7 E * 0 a 1 . 0 1 2 E * 0 3 2 . 5 2 3 E + O 0 3 , 9 2 

SR 8 9 2 . D 5 5 E * 0 3 2 . ->90E*03 3 . Z 3 6 E + 0 B 1 4 . 8 3 

SO d r G 2 - ZQQE'03 2 , 2 8 7 E * 0 3 K 2 0 2 E * 0 S 4.Q 2 ! 

CD 1 15 2 . 1 5 1 E - D 3 1 .B61E*OS B . 3 3 d E * 0 B B.O 2 

S3 1 2 2 8 . 1 2 4 E * 0 3 2 . 8 8 0 E + 0 5 1 . 6 5 1 E + 0 9 3 . 2 2 

SB 1 2 4 3 - 4 5 6 E + 0 3 6 . 4 2 4 E » 0 3 8.O-15E+0B 1 .8 2 

C5 1 3 4 1 -4B7E+04 1 . 5 0 7 E + 0 4 2 , 3 3 2 E * T 0 1 . 1 2 

BA 131 4 . 8 3 6 E - 0 3 1 . H 2 E + 0 4 2 , 7 7 2 E * 0 & 1 . 7 2 

LA 1 1 0 9 . 1<S3E»02 3 . 2 7 1 E * D B 1 . 1 3 8 E * 0 9 3 . 7 2 

CE 141 3 - Z 6 7 E * D 3 fl.-a2BE+03 2 . 9 7 B E * 0 B 3 . 0 2 

5M 153 3 . 1 6 B E * 0 3 5 . 0 7 6 E * 0 3 2 . 0 4 5 E * 0 9 4 . 5 2 

EU 1 5 2 4 , S 1 3 E * 0 2 4 , B 2 3 E * Q 2 0 . 1 2 6 E + 0 9 1 9 . 1 2 •• 

Y& 1P9 9 ZO(Jt*OZ 1 . 2 6 9 E » 0 3 B . D 9 2 E » 0 7 6 . 9 2 

YB 173 B B9«E*D3 7 . 1 3 2 E » 0 « e.23«JE»DB 8 . 0 2 

TA 182 9 . 1 S 9 E * 0 Z 0 , 9 B 9 E * 0 Z 2 . 3 B 6 E * 0 8 11 . 4 2 ' 

DATE OF CALCULATION 

1 1 : 3 3 : 0 6 4 / 1 3 / 7 7 

SPFCTHUM NO 0 9 7 3 0 1 

DETECTOR T SYSTEM 3 

1) s 3 3 3 . 3 3 M1NS 96BY33 / 94BY29 

I D E N T I F I C A T I O N 
CONFIDENCE VALUE 

0 0 . 4 6 

2 0 . 9 7 

0 0 , 7 5 

.2 1 . 0 0 

. 0 0 . 6 2 

. 2 0 . 9 3 

2 0 . B 8 

2 1 . 0 0 

. 0 0 . 5 6 

2 J . 0 0 

2 0 . 9 8 

. 2 O.BB 

. 2 1 . 0 0 

2 1 . 0 0 

2 1 .Q0 

. 2 0 . 9 8 

. 2 0 . 7 3 

, 2 0 . B 1 

. 2 0 . 9 4 

2 1 . 0 0 

. 2 

2 

0 . 9 9 

1 . 0 0 
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\ FINAL SUMMARY REPORT 
IRRADIATION 
SAMPLE CODE 
DESCRIPTION 
SAMPLE AMOUNT 
MOUNT!NO MATERIALS 
NOMINAL FLUX 

167006 
RC0078 

FC03IMPC MK302B 06C 04 09=13 76021B 
a.940E*Q0 SCF 
2.1B1E+0I SO CM COATED KEMFOL 
2.B4B£*13 9.S00E+O1 MO 

NUCLIDE ELEMENT TOTAL UO 
11024 19042 21046 24QS1 26Q39 270B0 
30Q65 31072 3307B 34075 37D8B 3B085 
40095 42093 31122 
S1124 
05134 
5S131 
5B140 
87140 
88141 
80)47 
62J83 
63)82 
634S2 
65160 
70169 
70178 
7U77 
7217B 
72181 
73182 
74187 
91233 
93239 

3.349£*02 
T.S76E+02 
3..071E-01 
1.946E*00 
>.32flE.Q2 
4.66EE-Q1 

1.083E401 
*.837£*G0 
1.102E-01 
4.Z35E-01 
9.30BE-02 
0.!S24E*01 
G.440E-01 
1,HB5E»00 
$,!30E»Q0 
\,23?E*Q0 
S.093E-01 
3.480E-02 
a,S97E-0Z 
a.37BE-02 
8.4B3E-02 
B.9Q5E-02 
J2.365E-02 
1.79QE-01 
g.aaaE-oi 
B.S33E-02 
4.B47E-01 
B,66flE-0! 
0.274E-0 

SO 
S.694E+00 4.036E*0I 3.54SE-03 G.Bia^-02 
T.a26t'»ai 
9.3726.-03 

2.426E+0Q 
1.19SE-01 
I.034E-02 
1.143E-02 
6.97BE-03 
i.449E*aa 
2,544E-Ot 
2.204E-02 
6.8B7E-02 
8.833E-02 
l.BBOE-02 
1.9UE-03 
1.BD4E-02 
1.474E-03 
4.287E-03 
4.720E-03 
1.253E-03 
B.BBJE-Q2 
5.832E-03 
3.20BE-03 
6.92BE-02 

1. 6£S1E*00 
B.84aE-01 
S.0I1E-04 
4.387E-02 
2.3«eE*aa 
7.633E-Q4 

SO 
1.103E-01 
1.247E-01 
3.6S3E-0S 
2.742E-03 
2.286E-ai 
2.672E-04 

1.093E-01 2.02DE-02 0. 0. 0. 0. 3.BS9E-03 8.091E-04 O. 

B.038E-0a 7.a§4E-04 
7.384E-U4 
0. 3.S2SE-02 
O. 9.932E-04 0. 
t:620E-04 

I.41QE-03 
1.731E-04 _. 
1.731E-04 0. 
0. 0. 
B.6B2E-03 0. 

a,929E»aa 
8.936E-0I 

t.aiee-04 a. I.747E-01 1.358E-Q* 2.900E-OB 

1,333E~01 
g,326E>02 

5.623S-03 
S.Z9BE-0^ 
1 133E-08 

1.23BE-03 1.728E-Q4 0. 
a,noat'uj Oi Oi 0, 
2.4B1E-02 9.236E-04 2.627E 04 0. 

3.728E«31 
1.754E-0I 
3.989e-02 
2,128E-01 
8.17ie«0I 
B.233E-02 
1.318E*00 
4.000E-01 
2.BS9E-01 
1,052E-01 
1.200E-CH 
1 .287E*CKJ 
7.773E-Q1 
1.383E-01 
4.5S0E-02 
4.72BE-02 
H.Z93E-03 
9.331E*aO 
7.20?E:"a2 
1.772E-01 
3,306E*01 
I.232E-01 
2.33SE-02 
3.693E-Q3 
2.903E-03 
Z.6S0E-03 
I.061E-02 
9.961E-03 
2.645E-03 
2.002E-Q2 
2.609E-02 
6.639E-03 
B.B19E-02 
7.48SE-02 
7.00BE-02 

6.370E-01 
4.514E*00 
3.966E-Q4 
7.626E-03 
i . wee*aa 
5.0egE-03 
4.131E-02 
1 .600E-OZ 
4.381E>03 
3.473E-03 
I.I28E-CIZ 
2.639E-01 
2.719E-0t 
1.363E-02 
1.157E-03 
1.279E-03 
7.BD6E-04 
1 .GZ1E-01 
Z.B45E-02 2.4G6E-03 7.74IE-03 9.563E-03 2.193E-C3 2.14IE-04 
1.45BE*Q3 
1.B49E-04 
4.773E-04 
B.279E-04 
1.402E-04 
7.327E-03 
6.523E-04 3.5B5E-04 7.746E-03 9.696E-04 2.741E-Q3 

FSD 
1.709E-02 
2.574E-01 
9.943E-03 
3.5B3E-02 
1.405E-02 
2.OC4E-02 
3.133E-02 
4.0aOE-OI' 
1.603E-Q2 
3.300E-02 
9.400E-02 
2.100E-01 
3.495E-05 
a,S60E-02 
2.52BE-02 
2.705E-02 
B.400E-02 
1 .701E-02 
3.S50E-01 
1.392E-02 
2.341E-02 
7.765E-02 
9.376E-02 
5.500E-02 
B.029E-01 
6.200E-02 
4.S00E-08 
B.300E-02 
B.300E-02 
3.560E-01 
2.BODE-02 
B.400E-02 
1.404E-QI 
1.300E-0» 
3.912E-0H 
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in UCRL-510611, and w i l l be discussed br ie f ly below. 

The denominator term on the r iqht side of equation (1) is 
determined by calculating the radionclide production rate by both 
thermal and epithermal neutrons, and correcting for radioactive growth 
and decay processes as required by the i r rad ia t ion , cooling, and 
counting times. The computations are carried &uc by means of a 
computer program, NADAC, developed by R. Heft and H. Martin and 1s 
described in detail in UCRL-52249?. A br ief description of the 
mathematical treatment used in NADAC is given below. 

The overall analysis is carrlsd out in the following manner. The 
sample to be analyzed is irradiated for a measured interval of time. 
The i r radiat ion package includes a dual f lux monitor consisting of two 
nuclides. For one nuclide the rat io of the epithermal neutron capture 
cross-section to the thermal neutron capture cross-section must be 
small (e.g. 4 SSc with a rat io equal to 0.44. For the other nuclide the 
rat io .Tiust be high (e.g. 2 3 B U with a rat io equal to 102.9). Following 
a cooling period, the gamma spectral analysis is started and continued 
for a measured real time in terva l . The gamma spectrum is analyzed by 
GAHANAL and the output l i s t i ng of disintegration rates at counting time 
for the nuclides found is used as input to HADAC. A separate spectral 
analysis of the dual f lux monitor is made in order to determine both 
thermal and ep1thermal neutron f lux values. These and the required 
I r rad ia t ion, cooling, and counting time values are also provided to 
NADAC which combine*: the experimental data with stored values of the 
nuclear parameters and conputes tDtal micrograms for each element, 
corrected as required for interference by (n,p) or (n, f ) reactions. 
NADAC uses an absolute computation method and provides a correct 
calculation of elemental abundance in a l l cases Including: 

• Counting time is long compared to h a l f - l i f e of radionuclide 
counted. 

• Sample is subjected to multiple or interrupted i r rad iat ions. 

• Nuclide counted 1s daughter of nulfrlde produced, including 
the case where daughter is also produced d i rec t ly . 

GAMANAL COMPUTATIONS 

In Figure 1 , the time information required for the absolute 
computation is shown schematically. The time at which the last 
i r radiat ion was completed (TZERO} is taken as the basis for decay 
calculations in order to simplify the growth-decay equations required 
in the calculations. The counting interval "C" is the real time of 
the count as opposed to the l ive-t ime used in calculating 
disintegration rates. The real time is needed to permit accurate 
decay calculations when the h a l f - l i f e of nuclide counted is short 
compared to the counting in terva l . 

Al l of the gam â spectrometer systems used i i this program have 
been calibrated tu give absolute photons per minute as a function of 

r^Tr^uTiON of T; lis Do:-i)?v'.Lra ib 



a t - = RP - *pNp . (2) 

Daughter 
U"D 
3t~ 

(3 ) 

a% I 
Independent ^ = R Q - x^ , (4) 

where: 
N p = no. of atoms of parent nuclide. 
NQ = no. of atoms of daughter nuclide produced by decay. 
Ni = no. of atoms of independently produced daughter nuclide. 
Rp = parent production rate (atoms/min). 
R D = independent production rate of daughter (atoms/min). 
Xp = decay constant of parent (min " ){= In 2/T p). 
Xj, = decay constant of daughter (min )(= In 2/T Q). 
f = fraction of parent decays leading to formation of daughter. 

Tp Tp = half-lives of parent and dauqhter nuclides. 

The relationship needed is the solution to these equations for a 
generalized set of irradiation cooling, and counting times. The 
times involved are illustrated 1n Fig. 1. 

In the diagram, three irradiation periods, ti, T2- and T 3 are 
indicated. Zero time (TZERO) Is set to equal tha time of completion 
of the final irradiation, and cooling time (y) end counting time (c) 
are as shown. To simplify writing solutions to the equations, we 
introduce the following notation: 

F(a.b,x) = (1 - e~ a*)e~ b\ (5) 

a 1 = F { T 3 , fi3, Xf) + F [ T 2 , 8 2» ^ ) + F ( v 0, \.) , (6) 
Bj - V(c, y, X^/XpC, (7) 

where 1 = P or D. 



The rate of production by (n, y) or (n, f) reaction is given by: 
R = 3.611 x ID' |7* T U x o T U\ + (»„. xRI \ l s j . (14) ( * T H X 0 T H ) + ( * E P I x R I j 

where: 

= production rate of (n, y) or rj\, f ) product in 
atoms/min. 

3,614 x 10G = 60 x 10 1 9 x Avogadro's number. 

?TH = thermal f l u x in un i ts of 1 0 1 3 neutrons/cm 2 /sec, 

*EPI = epithermal f l u x 1n un i ts of 1 0 1 3 neutrons/cm 2 /sec. 
CTTH - thermal-neutron cross section 1n barns, 

Rl = epithermal-neutron cross section in barns, 

G = Isotopic abundance of target nuclide 1n percent. 

N = atomic weight of target element in grams. 

W B mass of target element tn micrograms. 

We define: 

3.614 x 10 6 

« 
G'H ( » T ) - ™ 

R - Ro (« T H ) "• 

The parameter R3 is a function of constants except for the rat io 
» f / « T H , which varies with the location within the reactor. However, 
within a part icular locat ion, the rat io remains reasonably constant, 
and thus R0 can be treated as a constant for that location. Value' of 
R0 for the Individual nuclides can either be determined d i rect ly fDr a 
part icular reactor region by i r radiat ing elemental standards or they 
can be calculated from thermal and epithermal cross-sections and the 
epithermal/thermal f lux ra t io . The f lux ra t io can be determined by 
i r radiat ing a dual f lux monitor consisting of two nuclides which have 
widely di f ferent epithermal/thermal cross-section rat ios. This rat io 
for "Sc is .44 and for : 3 e U is 102.9. Hence i f we i r radiate a Sc/U 
standard and calculate expected disintegration rates for *6Sc and 

6 



The total correction is computed by NADAC by multiplying this ratio by 
the weight (micrograms) of aluminum after W has been computed for each 
element present. If Al is found, a Mg correction is made. 

In samples where the Si:Al ratio is high, the Mo results will be 
incorrect, because 2 GA1 is formed both by (n, Y ) on * 7A1 and by (n, p) 
reaction on 2 6 S i . Therefore, the micrograms of Al used in Eq. (22) is 
high, the correction for Al (n, p) Interference in the Hg determination 
is overstated, and the Mg result Is low. NADAC has a built-in 
provision for modifying the Mg correction to allow for the 51 
contribution to the Al assay. 

A second kind of interference reaction is the fission of Z 3 5 U by 
thermal and epithermal neutrons. The nuclide 9 5 Z r is produced both by 
fission of 2 3 = U and by In, y) on 9 w 2 r : 

DPM(FISS) = R0(FI55) * T H-a-B'W(U) FY( 9 5Zr) , (23) 
where FY( 9 5Zr) is the therms! fission yield of 9 5Zr. 

0PM(n,Y) = M R . Y ) » T H-Ftt}.wUr) . 
The observed disintegration rate for 9 5Zr is the sum of these two 
reactions, so the total micrograms of Zr is: 

UGTOT(Zr) = W(Zr) OPMTOT ( 9 5Zr) 

Rn(FISS) FY(95 Z r] 
Roln.-,) 

w(U). (25) 

The ratio R 0(FISS)'KY( 9 5Zr)/R 0(n,Y) 1s stored in the nuclear parameter 
library. 

When the irradiated sample has been counted more than once, a 
weighted mean for the total micrograms of each element found is 
calculated oefore the -interference blank correction is, made. NA.0A.C 
also makes provision for correcting for the contribution to total 
micrograms by packaging materials used. In Figures 4 and 5, abridged 
portions of NADAC computer output are shown to illustrate the data 
handling for a sample which was counted twice. 

CONCLUSION 
INAA can be carried out on a comparative basis or Dn an absolute 

basis. In the comparative method standards for the elements sought 
are irradiated and counted along with the samples to be analyzed. 
Problems that may arise are that standard solutions may be unstable 
and that the spectral resolution may be different for standards and 



Figure Captions 
Figur. 1 Irradiation, Cooling, and Counting Times 
Figure 2 GAMANAL Computer Output Part 1 
Figure 3 GAMAMAL Computer Output Part 2 
Figure 4 NACAC Computer Output Part 1 
Figure 5 NADAC Computer Output Part 2 
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• • DETAILED MLR RESULTS • • (BASED ON LIBRARY F I L E ! A C T L I B 3 7 7 ) 

EVALUATION OF INDIV IDUAL CONTRIBUTIONS AT ZERO TIME FOR PEAKS GREATER THAN 8 0 . 0 KEV 

NUCLIDE DPN ERROR GAMMA DPM FRACTION PEAK RESIDUAL INTERFERENCES PRESENT 
E N E R O Y OF PEAK ERROR (STD DEVN3) (AND OTHERS CONSIDERED) 

H X 1 . 4 0 8 E + 0 3 £ 0 . 2 - -
5 1 0 . S 1 . 4 O 8 E * 0 3 1 . 0 0 0 2 0 . 2 0 . 0 

SC 4 6 3 . 3 4 9 E + 0 4 0 . 9 - - — -
BB9 .1 3 . 3 7 7 E + 0 4 0 . 9 9 2 1 . 2 0 . 7 

( T R I V I A L : TE1321 
1 1 2 0 . 4 3 . 3 2 1 E + 0 4 0 . 9 9 S 1 . 2 - 0 . 7 PLUS: TA1B2 

Cft 51 7 . 4 1 3 E + 0 4 2 . 1 
3 2 0 . t 7 . 4 O E + 0 4 1 . 0 0 0 2 . 1 O.O 

FE S9 4 . 9 4 9 E * 0 3 3 . 3 -
143.6 4.943E*03 0.021 2 .6 - 0 . 0 PLUS: CE141 Y617B 
192.4 4.823E+03 1.023 21.6 - 0 . 1 
336.3 fl.967E*03 0.009 4.9 0.1 PLUS: C011Q 

1099.1 4.964E+03 0.996 4 .2 0.1 
1291.3 4.931E+03 0.993 4 .2 - 0 . 1 PLUS! TA1B2 

( TRIVIAL: TE1321 

CO 06 0.447E+03 2.7 - - - -
8 , 0 . , 5 . « B E . 0 3 1.000 2.7 - 0 . 0 ( ^ ^ ^ ^ 
863.8 1.273E*04 0.428 100.0 0 .6 

CO 00 O 470E+03 1.8 • - - . _ _ . - - - - _ . - - . - - - . - - . - - - . - - - - - - - - - - - - - - . - - - - - -
311.9 6.S23E+03 0.010 3.B 0.6 PLUS! PA233 

1173.! 6 .6 S 1E*03 0.973 2.2 1.2 ( ^ ^ T E I M > 

1332.4 6.360E*03 1.018 1.9 - 1 . 0 
2N 60 B.787E+03 3.4 . . . - . - . - - - - - . » . . . . . . . _ . - . . - - _ - . . . . . . . . . . . — 

111B.? B.7B7E*03 0.964 3.0 - 0 . 0 PLUS: EU1B2 
( TRIVIAL: TA1BZ) 

SE 7B 1.012E+03 3.9 . . _ . . . _ . _ . . _ . . . - - _ - _ _ _ , . - - _ - . - - - - - - - . . . - - ^ . - - - - -
98.B 9.941E*02 0.042 4 .9 - 0 . 4 PLUS: SH103 PA233 

(REJECTED: 00133) 
121.9 9.039E+02 0.604 11.8 - 1 . 0 PLUS: EU192 
138.1 1.022E*03 0.990 4 .0 0 .2 , « , _ „ „ „ „ . « . . 

(REJECTED: REIflBl 
198.1 9.542E*02 0.039 9 .3 - 0 . 7 PLUS: YB169TA18£ 
264.7 1.036E+03 0.914 7.2 0 .3 PLUS: LAI40 TA182 

( TRIVIAL: TE132J 
(REJECTED: BA140) 

279.7 1.0Q2E + 03 1.011 IS.7 - 0 ,1 
(REJECTED: HQ203) 

400.4 6.3S1E*02 0-821 36.B - 1 . 6 PLUS: SB124PA233 

8R 88 B.30QE+03 14.8 „ - - - - _ 
B14.0 2.390E+03 1 .000 )4.B 0 .0 

( TRIVIAL: -B169) 

AO 410 2.2B7E+03 4.0 - - - - - - ' -



NUCLIDE 
11024 NA 

10042 K 

21040 SC 

24DB1 CR 

26DB9 FE 

27060 CO 

30069 ZN 

31072 OA 

3307B AS 

34079 SE 

37006 RB 

36085 SR 

40095 ZH 

42099 MO 

B1122 SB 

51124 SB 

55134 CS 

66131 PA 

56140 UF 

WT. MEAN PCNT SO 
1.700E*00 

2.560E*01 

S.B26E-01 

3.500E*00 

1.400E+00 

2.O0OE+0D 

3.I00E+00 

4.000E+30 

1.600E+0D 

3.300E+00 

9.400E*00 

2.100E*O1 

2.230E*01 

6.B13E+00 

2.922E*00 

2.70DE+00 

6.400E+D0 

I.700E+00 

3.95DE+0I 


