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ABSTRACT 

The time interval of neibouring neutrons emitted from a steady state neutron 

source can be treated as that froII1 a time—dependent neutron source． In the rock 

space，the neutron flux is given by the neutron diffusion equation and is composed 

of an infinite number of“nlodes”．Each “mode”iS composed of two die-away curves． 

The delay action has been discussed and used to measure the time interval with 

only one detector in the experiment． Nuclear reactions with the time distribution 

due to different types of radiations observed in the neutron well—logging methods are 

presented with a view to getting the rock nuclear parameters from the time interval 

technique． 

Keywords Time interval，Steady state neutron source，Delay action，Neutron 

logging method 

1 INTR0DUCT10N 

The time analysis of the neutrons reacted with rocks when irradiated by a pulsed 

neutron beam has become an important tool in many well—logging methods applied to oil 

and mineral geophysics．The method is now applied almost routinely in some countries． 

The method requires a pulsed borehole neutron generator． Such a neutron source has 

not only rather high price，but also other disadvantages，e．g．1imitation in the borehole 

tool diameter．and difficulty in maintaining a constant neutron output per burst．A1l 

these limit some extent of the application of the time dependent neutron method． 

It is suggested that the same time dependent information be gotten using the usual 

isotopic neutron source of the(Ol，n)or fission type[ ．The biggest advantage of the 

method iS in a simple construction of the downhole too1．The disadvantage．however．iS 

necessarily to design special time correlators working in the real time mode．For the case 

of the short time channel width△t。it iS rather a troublesome technical task．W hen the 

CROSS—covariance method is applied with the neutron source having a high neutron output． 

it not only needs a very fast electronics．but also require two detectors．The question iS 

whether it is possible to get the same effect using the usual steady state neutron source，a 

simple electronics and only one detector in comparison with the method described above． 

This question will be answered below． 
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2 GENERAL oUTLINE 

There is a constant average ueutroll output for a steady state neutron source．7n is 

the average llOlltrou number emitted from the source per second．Thus．the probability 

of emitting ktll neutron can be expressed as distribution with the parameter tlt[ 】 

P(k)=”z ／ !．e” ( =0．1，2，3 

and the time interval t of the close neutron is given by 

p(t1=7n e一 

(1) 

Eq．(2)shows that the probability in a short time iuterval is more than in a long time 

interva1．Eq．(2)could be chosen as a time—dependent lleutron source，if a neutron would 
be chosen as a start single． The neutron diffusion equation in a time—dependent．IIlO— 

noenergetic neutrons filed in a medium can be written[。J： 

1 a (r，t) 
= D ￡)一∑ (r．￡)+s(r)me～“ 

a 

where O(r．t1 is the thermal DO11fl‘rH1 flux．D tile thermal neutron diffusiou coefficient,， 

the absorption cross section for thermal neutron． y tile thermal ueotron velocity，s(r) 

thermal neutron source intensity at position r． 

∑。 

the 

Green S functiou G(r ，t ．r，t)of Eq．(3)which is tile solution of the following equation 

is 

1 Oa(r ，tt；r，t) 
= D G(，‘ tt；， ，￡)～∑G(r ，t／；r．￡)+6(， 一，‘)f‘)(￡ 一t) 

a 

The neutron flux wilI be 

(r，t)= G(rt,tt；r,t) e--rot／d3pt (5) 

which is a simple convolution of Green’S function with the source density distribution． 

It is quite evident that Eq．(4)is a neutron diffusion equation with a pulsed source 

at time tt and position ．Assuming that the linear dimensions of the mediunl are large 

in comparison to the mean free path the Green S function is given by 

G(r ，tt；r．t)= ∑s (r ； r1 e～An(￡一￡ ) 

where Rn(r ，r)is the eigenfunctions of the following equation 

(rI；r)+6 R (r ，r)=0 

and bn is the eigenvalues with the boundary condition = 0 on the effective surface of 

the medium．The 8n is the coefficient in the expansion of the source function in these 

eigenfunctions．Here， 

=  (∑+D 6 ) (6 ) 
a 
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Thus，ttle neutron flux is given with a neutron source s(r )，7 e一 

Here 

∑ fe—A 一 

／s 『f1，72月 (r， 
．，r 

(8) 

The n(r)is only position function．not a time Olle． 

The neutron flux is composed of all infinite number of 。 modes”． Each ’mode“． 

however，is composed of two die—away with tile relaxation time 1／An all(1 1／rn．But， 
there is only one relaxation time 1／ n in a“mode”for the pulsed source[引． 

The neutron source becomes time—dependent because of a steady state neutron 

chosen and determining time interva1．The resulted nentron flux becomes difference in 

comparison with the pulsed neutron SOllrce．Tile following two cases are discussed nOW． 

Firstly，，7 》 n． The steady state nentron source intensity has a high neutron 

output The term of~-- decays very fast with increasing t．For very long time the flux 

prodom inates； ．e． 

．t)≈∑ 7Z 

is similar to pulsed neutron sonrce．The probability of the 

trated on short time interval，because of tile high neutron 

very similar to a pulsed neutron source for long time． 

neutron in Eq (21 

output．Hence．the result is 

Secondly，” 《  n．It is a very low neutron output．Because tile term 

decays very fast．the flux prodomimlates． ．e． 

∑ e— 

of absorption 

fl1) 

for very long time．It changes to the time interval distribution of the neutron source 

3 GENERAL THE0RETICAL APPR0ACH 

We know from Eq．f8)that the neutron flIlX vanishes everywhere at = 0．Thus． 

for t> 0，the neutron flux has the extreme．The optimum value of tn is derived from tile 

following equation， 

—

O0 (r『-,t)I 
￡ ： 0 一 一 

The observed value tn is 

t =(m— )一 In(m／ ) 

When b0=0，Eq．(13)become 

to= 

(n=0，l，2，3 

(n= 0，1，2．3． 

口 口 

fl2) 

(131 

，  

n 
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Usually t decreases with increasing n．On the other hand．W hen in is constant．the 

optimmn vahle of the neutron flllX tends to zero point with increasing the absorption 

cross section∑n．The maximmn of t is to． 

W hen all parameters are constant．the flllX of the ，tth terln is decreasing with 

increasing ， ．The optimum value of tile nth term is decreasing．too，Thus．the optim um 

of the neutron flux is mainly contributed by n = 0． 

We know from Eq．(8)that the longer the time interval t is，the smaller the difference 

between two neutron fluxes at difierent absorption cross sections．and that for a long 

time．the flux of the larger absorption cross section tends to the flux of tile smaller．In 

physics principle．the tim e interval of the neibouring neutrons becomes longer because 

of the neutron absorption．On tile()tiler hand，the neutron，which is original neibouring 

neutron．is absorbed and the probat)ility increases for long time． 

4 DIRECT APPI ING CoNSIDERATIoNS 

Now let US discuss how the only one detector is applied to receiving the close neutron 

signals．The scheme of the set—up is shown in Fig．1．The signal from the neutron detector． 

firstly，is waved in a waver，then divided into two signals．One signal which is delayed 

pass a timing discriminator(TD)into a time amplitude converter(TAC) an ending 
signa1． The other pass directly a TD into a TAC as a beginning signa1． The result 

js recorded by a MCA computer，Except that the first neuti·on detected is lost in all 

the measuring time，the system Call be used to measure time interval of the neibouring 

neutrons． Because how to select tile time zero point have not any effect Oil die—away 

curve of Eq．(8)，tile delay time Call be chosen w／lfully．A very successful attempt to use 

this techi1igIl( was obtaill(ffti4]
． 

On the technigue of all kinds，steady 

state neutron sources CaI1 be used．for ex— 

am ple．the USUal isotopic neutron sources 

of the( ．n)or fission types．The intensity 

of neutron source is not l／m／ted． 

The neutrons emitted from a neu— 

tron source are measured by a neutron 

Fig．1 The experim enta1 set．up f．0r the detector at a certain distance r from the 

tim e interval source．The neutron logging methods with 

fast neutron source of the steady state is 

to measure time interval of the neibouring neutrons f The neutron count can be measured 

at the same time)．If a slow and thermal neutron detector was chosen ffor example 3He 

counter)，the moderating and absorbing information could be determined． 

The other neutron logging methods with fast neutron source，being of some interest 

for the concept in this paper．are as follows： 

a．The first is the time interval of the epithermal neutron．The method can directly 

give the moderating information．The detector involved with cadmium can m eas ure the 
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epithermal neutron． 

b．Two neutron detectors are placed at two certain distances．rl and ‘2，fron1 source 

respectively．The two detectors Call be also used to nleasure tile crossed time interval of 

them ．In the method．three time interval(1istr utioI1s iS nleasured． 

C．W hen the spectrometric 一ray detector，shielded against tile 1 radiation froin 

source，iS used instead of a neutron detector．the time interval of tile 一ray finelastic 

scattering，radiative capture and activation)can be nleasured for different 一ray energy 

lines and used to analyze carbon．oxygen and other elements． 

5 REM A RK S AN D C0N CLU S10N S 

It has been shown in present work that pulsed neutron logging is t)ossible without 

any pulsed neutron source，applying tile ordinary steady state neutron source only．Tile 

technique which has been used．however．iS of tile delay action．The distinguished advan— 

tage of this method is in a very siinple(、(instruction of the downhole tool and electronics． 

The neutron source is not limitted and is only of steady state．The m ain disadvantage 

is the difference of die—away curves at various neutron source intensities．On tile other 

hand．the neutron source intensity has an effect Oil the die—away curve． 

In conchlsion，one has to be emphasized that the technique of detecting the t,ili)e 

interval，described above，is very useful not only in well logging geophysics．but also in 

other industrial applications when the neutron method is used．and not only in detecting 

neutrons．but also in meas uring 7一rays when the 7一ray method is used As a inatter of 

fact，tile method is almostly used in the nuclear reactor technique，where it,is known as 

the steady state． 
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