.}

CrassrcaTion Crancep To:

8y AursorTy OF:

Byy

. SPEC

CLAS

. 9.30.80 % AT,

M=49-A

DO NOT REMOVE THIS PAGE

1,

2.

Se

[ SRS

4.

5.

6.

Te

Route to

Tnis document contvains intormation affecting tne National Detense of
the United States witn tne meaning of tne Espionage Ast, USC 50 -

Transmission or revelation of its contents in any mangey
an unauthorized person is prohibited by law.

and 32.

THIS IS A CLASSIFIED DOCUMENT

REPORT. NO. - 289
This document contains

Pages of Text and L _ Pages
of Figures.

This'is copy /4 of ‘7/ Series

ISSUED TO: C::.;é.l b | ,Z

el

Before tnis document can pe read by a person other than the one to

whom it is assigned, nis name must be on the Liorary list of tnose
autinorized to read material on this supject, or permission must
obtained from the Assistant Director or the Director of thne

formation Department, or through an appropriate Section Cnie%
higher officer wno must be convinced that the person needs to re

the document for the success of his work.
This is a classified document and is to be kept only in a guarded

area.|

SK

f£ii

ca|
A SECI
duplis
notes
noteoci
must t
must t

anyone

ORNL INFORMATION DIVISION
TECHNICAL LIBRARY
Document Reference Section
Building 9711-1, Y-12
LOAN COPY ONLY

Do NOT transfer this document to any other
person. If you want others to see it, attach their
names.. return the document, and the Librory
will arrange the loan as requested.

ucn-t624 (3 12-79)

.

at least a locked i‘ning\ (2@\

to be copies, or otherwise %VL

mating office. Extensive )

st ve taken oniy in a pounq o
198,

ted satre or in a 1ocked

esignation SECRET. Tnis
secret report. Other notes
in a form meaningless to

Tne person of office to whom & SECRET or CONFIDENTIAL document is

issued is accountable for the document at aill times,

Permission

for transmission to anotner office other than that of the assignee
must pe obtained througn the intormation Office and recorded there.

As soon as the document is no longer needed it is to be returmed to
the Information Office whereupon tne individual will be relieved
of the responsibility for its safe-keeping.
The form below is to be used in routing this report and mugt

signed by each person wno reads it,

Read by

Date Route to

Read by

Rou

Date

Ay

S

Ml bul.‘l.. o

'Y/{‘

A

REVIZ

aneit ol i me e

) lfS

\ (2)_

A

ATy

Y/C/ q - 30 0
}6~8-3 0
ot

™~

7;14/1,4//&6» b




Hon P-385
Piles-Thermal

Contract No, W=35-058, eng. 71

&R R RR

P. J. Bendt

*H o a P

Juno 27, 1947

Date Reeeived: 9/24/47 Date Issued: 10/6/47




-2

‘ MonP-385
Piles-Thermal
!

DISTRIBUTION¢
l. Co A, Hocnwalt
2, 706=A
3, T06=A
4, T06<4
5. T706-B
6, 719
7. Training “School
8. Central File
9. Central Files
10. Central Files
1l. Central Files )
12, Central Files
18, A4, K, Vieinberg
14, L. Jo durphy .
15, P, J. Bendt
16, Jo R. €oe
17, . C. Leverett
18, A, Holleender
- 12, C, K. HoCullough
20, J, 4, Cox
21s. wo A, Jommson
22, dJo Ro Luffman
28; A.S, Householder
24, Gale Young
26, ALC, Clinton laboratories Division
28, H, Ui, iiewson
287, Jo Do Trimmer .
28, H, A, Straus
29=34, Argonne lational Laboratory
36-57, Atomic Inergy Commission, wasnington
38-40, Brookhaven hational Lavoratory
41-44, General Llectric Company .
46-46. Hanford ingineer iiorks
47-49, Los Alamos
50, lNadison tquare Area
bl. Patent Advisor
52, ' Kesearch Uivision (for WLPA), Cak Ridge
53-67. Research Division, Cak hAldge
68-71,

University of California, Radiation Laboratory

Fa

‘,‘ Pa.v.u zom u\.u“ Uo Ve we DUq xSL &!lé
CAOIl U1 LTS CORGUNGs il any marngd Bo an



Mon P-385

$his report has boen typed from a card file assembled by
%r. Bondt while he was st the Clinton School on leave of absemes
from Goneral Kotors. Inm é numbar of cases ths typed eﬁtriea have
gotten in incorreet order. _ | »
Time did not permit Mr. Bemdt to work over the material
again before hs left, and so it has bsen subsequently 1éaued a8 is.
& mumbay of clder references have baén misse@iin it; as well as

nower ones which have appeared since the work stopped.

G. Young




GUIDE TO THE LITERATURE ON PILE CONTROL .

P, J. Bepdt
Clinton laboratories
27 June 1947
Summary

This report contains abstracts of approximately 250 reports containing
information in some way related to the problem of pile control. The abstracts
are arranged by subject into nine groups.

Purpose

The purpose of preparing these abstracts is (1) to form a convenient
reference to the literature for anyone working on a pile control problem, and

(2) to do the ground work -for a comprehensive report covering the theory and %{
practice of pile control, such as J. A. Wheeler wrote in 1944 (Principles of
Nuclear Power, Chapter 22, Control, N-2292, 6-28-44). : a ,
. e ) : P
X
Arrangement of the Abstracts -+, 50 34 b
LoGs b lp?

Theoretical;~,fculations are coverad in groups 1 through 4, experimental
measurements in groups 5 through 7; description of control 'apparatus on specific
piles in group 8; and instruments in group 9. At the end of each group reference
is made to reports abstracted in other groups.

#ithin each group the abstracts are arranged in numsrical order, with the
aC" abstracts placed firsto

Related Subjecta Covered in Abstracts

, In addition to pils control, reports on the following subjscts have been
abatracted:

(1) The temperature. coefficient ‘of reactivity¢

(2; Calculation of linear extrapolation length.
Nsutron ctreaming in gaps.
(4) Delayed neutron periods and yields.
(5) Delayed gamma rays from fission fragments, and resulting photo-neutrons.
(6) Pile poisoning by Xe and Sm,

Sources of Reports that were Covered in the Surv gx

(1) All "C" reports listed on library index cards, and to which any reference
coulé be found,

(2) 4All Argonne and Clinton Laboratory lonthly Reports from 1944 to date.

(3) A1l of the Loz Alamos IA and LAMS series that are 'available, which is
perhaps half the reports that exist.

(4) All the :ontreal and Chalk River reports that are available, or to which
reference was found; this covers perhap2 half the recent reports, and includes
progress reports for 1946,
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(5) A1l ths letters and reports in the Pile Technology Section, Physics
Division, Clinton Laboratory. (Gale Young, Section Lsader).

(&) A very few recent rsports from Gemeral Elsctric and N.E.P.A,

(7) tliscallaneous x%ﬂeamxma from members of the Physies Division,

The Abstracts
Group ‘1), Theoreticel reports. General control thedry and survey r@ﬁO?ts.
Reactivity change due to countrol rods. Calculating the critical mass, Size,
position, heating and cooling of control rods, Equations for k effectiive,
Control rods shadowing each other, '
(CP-113, Metal, Project, Report for week ending; Group VI, E.P, Wigner, 6/6/12).

On® central absorbing rod 1/100 diameter of reactor decreases effactive
dimension by 12&, and one rod with 6 in a circle around it decreases effective

' size by a factor /2, Central rod must be cooled.

(C=197, On a Plant With Water Cooling, A. M. Weinberg, 8/%;2).

p. 10 = The pile hes six vertical control rods in an outer circle (for
omergency), and ons center rod (for continuous control). Outer rods are of iron
and B, wmoving in stuffing boxes. Centsr rod will be water cooled, and by dis-
solving B in the water, the heat will bs produced in the cooling sclution.

p. 26 - The s8ize of the pile is calculated.

(CP=314, Notes on Ipcture, Permi, 10/20/42).

One group GQuatlons on control of A spherical pile by conesentric absorblng

. sphareu Pile equation ig solved for different boundary conditions.

(CP-341, Matal. Project ionthly Raport, Theoretical Grp. 11, J. A, ¥heeler, 11/15/%42).

The partlal insertion of a control rod does not increase the number of neutrons
lost by the pile, but causes a re-distribution of flux; the rod acte like a lighining
rod, The neutron leskage remains unaltered, but the neutron production 1s decreased;
a yegion of the pile is shislded by ths rod action, this region boing proportional to

3
~—— ghere ¢ 18 distance rod enters pile, » is radius of rod, e is bese
2Qn<;23 of natural logs. To calculate effect on neutron density, consider an
"imaginary sowrce outside of the pile of the same dimensions as rod ine

side, the arrengement constitutés a dipale, from which neutron density is calculated
in & manner anelogous to elsctric potential,

(CP-387, Hetal. Project, Report for llonth Ending; Theor. Grp. II, J. 4. Wheeler 12/15/42)

Caleulztions have been made on (1) ¥ 28 a function of depth of entry of a
controi rod, (2) dishribution of heat along a rod, (3) distribution of heat 1n

T e s e o 5 e i e L T T e e 0, 2.
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'the pile, for rectangular and circular reactors, and the mathematics compared

to electromagnetic and heat econduction problams, No results or informution is

given,

(CP=430, Method of leasuring Value of K eff < 1., G. L. Well, 1/5/'43).

An equation for (1 - k eff) is derived from the pile equation including

a eentral point source of fast n,
4 calibrated source was placed at center of West Stands plle, and counts

made with control rod at critiecal position, and at a position 4.7 inches in from
critical, Sensitivity of the rod was measured to be 2.1 x 1072 chsnge in k per

conventional inch.

(cP-742, Critical Value of I forﬂlylinﬁrical ;113 and Thermal Control Rod,
F. H. Murray, 6/22/143). o
Uses two-group theory; assumss Fermi slowing down equation; assumes central

rod; uses boundary corditions fast nw goes to zero at radius of pile, and thermsl
nv goss to zero at radlus of rod, and of pile. Rod is black to thermal m only.

Equations
Ha = '3%7 2 0 q= (qv)fast

Fast n = R
, - N2 2 2 2
Therzel n  AQ ‘ n® qQ +-q(1i1) 0 .Q 5 (uv)th
Newly ~ ) s 3
created q(0) = x N°q, ne = -
. fast » Aa '\a

Solutions are series in Bessel functions,

4 graph is computed giving (k1) with rod k referring to k__ needed to

® o
k_=1) no rod ,

make pile critical, as a function of .
radius of rod  fpor a rod black to all neutrons, and
radius of pile : , .
for a rod black to thermsl neutrons only.,

(CP=954, Metal. Pfcject Monthly Report, Lattice Design Gfoup; A, M, Weinberg, 9/25/%43).

The size and arrangement of Hanford safety rods is calculated assuming each
hag a cell rv60 em in radius, and computing the therml utilisation of the rod.
Usual equations and boundary conditions are given, A correction taking account
that production of nmascent thermals is lower near rod because it is a 8ink reduces
the effeciency of a rod of 2.54 cm radius from 5,548 to 5.34%.

(CP-1069, Some Cases of Pile Activity Flatieming, N. Morehouse, G. Young, 11/10/%43).

When control dis effected by giving nv distribution a flat top, & minimum amound
of absorbing material is required, and largest fraction of pile is operating at maximum
intensity. Equations for average value of reactivity are given for spherical and
cylindrical piles. The heating effacts. in & pile decrease the buckling moxre in the
center than near the edge, and likewise produce partial flattening of the activity

CUurve.
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Graphs show the fractional increase in total output, &nd the ratio of
radius of flat region to pile radius, as a function of excess B where B,
o A -—-———--Bo
is constant value‘of B which just makes pile operate; B is the buckling,

(CP-1175, onthly Report, Pile Design Grp, G. Young, 12/25/'43).

Th.éoretical calculations on heating of the tip of a control rod indicate that
the end section of length equal to the diameter will recsive 2,3 times higher flux
than the remainder of the rod, rather than 1.4 times higher, as was measured by
Seren, .

Calculations were mads by assuming sinks along the length of the rod, such
that the flux vanishes at the rod surface.

(0?51389,,' Metal. Proj'ect,_ Monthly Report, Lattice Design Grp, A. M. Weinberg 2/24/%44).

Simplified two-group theory, in which ordinary differsential equations replace
partial differentiel equation®, hes been applied to control rod effectiveness, and

shows
2 A 2 =3
2 K, K 2
Ak = oz 14 e £n - In -
? > 2 . 2
'S r: - K | Klr Ry | 187,

r 1is effective radius of rod; Ty is radius of pile region; K; and K are reciprocal
d?ffusion length ard age, K; is $adial buckling; x‘zz @ + xg ; Z, 22 116 .

Agresmsnt with morrison‘s measurerants 1s within experimntal error; theory my under~
eastimate by 14,% the effectiveness of Hanford rods, .

(CP«M61, Efficiency of Control Rods which Absorb only Therml Neutrons, Wigner,
Weinberg, Williamson, 2/24/'44).

Assume there is the same probability at each collision of a fast n'mching
thersrl energy. Assume for boundary conditions {nv)th is zero at edgs of pile and
control rod, and <7 (nv) fast is zeoro at edge of rod; further approximation to W (nv)
fast ‘is zero at center of rod. The increase in local k to keep pile eriticel when
rod is inserted 1s calculated for eentral rod in a cylinder and also for a lattice
of rods, each one esntral in a cell, 2 '

For small radii rod, efficiency of thermal rod is L times that of rod

absorbing fast n as well a3 thermsl n, For large rad:li rods, efficwncies tend to be
equel. The effect of a control rod is partly due to mcreased leakage of n to out-
side; the excess ovtward leakege is computed,

For an array of control rods, the change in the Lapl&cian and in k necessary to
keep pile critical is calculated, assuming (nv) _ and (nv)ﬂmt have zero derivations

at edge of each cell, Graphs corparing calculawa results gith CP-742 and experi-
- mental work by Morrison are gi"*ne :

s
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(CP-2182, istal. Project lonthly Report, Physics See., L. W, Nordheim, 9/30/'44)-

A new approach_to solving the pile equation treats control rod as a sink. 2

- The squation A‘P+K2 ¥ = 0 is solved for prescribed singularities, ¥ = ‘P1+ ‘420

CP]_ is solution with desired singularity. ‘Pé is determined to fill boundary
condition F5(B) + ¥(B) = 0, where B is outer radius of pile. ¥, can be found

by elementary methods for a spherical pile with singularity at any point; & cylinder
with s8ing. on any line parallel to axis; cylinder with sing. on any plane parallel
to end; and a cylinder with any distribution of sing. on the axis.

(CP-2203, hietal, Project lonthly Report, Physics Sec., L. W. Nordheim, 11/30/%44) .

Continuation of pile control theory from CP-2182, CP-2185. Effectivensss of
off-axis control rod in cylindrical pile similar to Clinton Pile is given in a
table. The effectivensss of two diamstrically opposite control rods each at a
distance r_ from center is calculated rigorously, with resulte (1) beyond a certain
r, the effectivensss of two rods iz more than twice that of a single rod in the
same position, (2) there is a certain r, for which the effectiveness of two rods
is a max, Table and figures give this @gfactivenesso : .

Influence of gaps on diffusion., Equations for the total flow ars given for
flow parallel to direction of gap, with certain restrictions, and are solved for
a4 gap in 2 cylindrical pile for the case where gradient of nv is constant, and

~ case where nv = cos Ky.

(CP=2841, Honthly Physies Sec. II, L, W, Nordheim, &/30/45).

The effective radli for thermally black, and for thorium, control rods are
caleulated as a function of grams of 25/liter of reactor, and given in a table,
For Ok of 1%, 5% and 10%, black rods have radii of order of 0.04 em, 0.25 cm.,
and 0,65 en, and thorium rods have vadii of order of 0,34 cm, 0.80 em, and 1,30
cB., respsctively. Rigorous two-group theory (CP-282j) was used for the calcula~-
tions; the equations ars given, : : .

{(MonP-228, Monthly Report, Physics Sec. IX, A. M. Beinberg, 1/15/%47).

Effectiveness of Th~ H,0=Al control rode 1n the high flux pile has been
calculated casunming & cant.rgl rod in & ¢sll across whose boundary there is no
net £lux, A 3.9 cm raduis rod of 1 part Th, 1 pert Al and 4 parts HZQ changes

W‘Aﬁ sff by 0.72 R where R is ratio of volume of rod to volume of active pile

material in ths cell,

(¥=3194, Summary of New Pile Studies, G. Young, 10/22/'46).

Controle, p. 87 - Lists the types of controls that have been considered,
and givses references for each.

Names special problems, such as geiting productive use of captured neutrons,
fester signaling and activation mechanisms, ®blind spota® in intensity measuring
ins%rugﬁnts, control of fast neutron piles, for the purpose of giving references
to each, :




- (MDDC=42, Theory of Pile Control Rods, R. Scalettar, L. W. Nordheim, Paper for
Am. Phys, Soc. leeting. 6/17/'46). ,

Elementary description of the princimel effects of a control rods edditional
absorption of neutrons; changed meutron leakage; changed neutron production., The
important equations for one group and two group theory are glven; extrapolation
distances, boundary conditions, shadow sffect of one rod on another are discussed.
Effective radius for rods to take up a given A k for infinitely long cylindrieal
pile are given, and ths form of the solutions for a bsrs pile with two group
theory is giwen,

(L8=399, Theory of Water-Tamped Water Boiler, E. Greuling, 9/27/'45).

The paper shows that simple diffusion treatment yields results in agree-.
ment with measurements, and also calculates the minimum criticel mass of 25 in
water tamped spherical, infinite cylindricael, and plane slab cores.

-Safety calculations, p, 42. For each geomstry there is an optimum water con-
centration for which the mass of 25 reaches & minimum. This concentration doss
not correspond to the minimum volume in which some mase of 25 can make the boiler
eritical. - o

Two types of safety curves are given: (1) minimum critical mess as a fumction
of snrichment percentage. (2) minimum critical dimension for various uranium en-
richments. .

(n-2292, Principles of Nuclear Power, Chapter 22, Comtrol, J. A. Wheeler, 6/2.8/ UTAN

142 page report covering thoroughly the complete thoory of central at the time
it was written, with applications and calculaticns to the Hanford Piles. Contains
numerous charts and graphs of practicel value, and of value ag teaching aids.

The approach aistinguishes weo methods of calculating control: (1) a8 a change
in the boundary conditions, (2) as a change in local reactivity.

Caleculations in which the pile is divided into cells around each control rod
are stressed. A section is devoted to pile periods arnd the speed of control.
Numerous references to dGher reports are made.

(TPI-29, Preliminary Roport on Control Rods, F. T. &dler, 3/11/146).

No% available.

(MPT-30, Progress Report, One-Group Thebry of the Dependences of the Effectiveness
of Control Rods on their Positbn in a Cylindrical Pile., F. T. Adler, 10/%45) .

A single rod of effective radius 0.01 R whers R is pile radits s 18 placed
d from the center; the ratio of effectiveness relative to a central rod differs

from Jez 2.4 %) by not more than 204. If 4 rods are placed & from the center,

the effeet per rod is less than for a single rod if d/R < .23, and is greater then
for a single rod if d/R > .23. Only these results of calculations are given,
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(MPT<31, Progress Report, Two-Group Theory of Control Rods in a Cylindrical Pile,
F. T. Adler, 11/%5).

If. extrapolation distance A at a black rod in one-group theory is set equal
to A for thermsl neutrons in two-group theory, increased by a definite amount - :
which depends on pile properties, then the laplacian computed by one-group for off-
center control rod or ring of rods ia nearly equal to that obtained by two-group
theory., Calculations huve been made for proposed NRX pileb Chalk River, assuming
3 rod radii, as correct boundary is not known.

Change in k dus to rods is given by Ak = mz 4 ,5 where Xz is migration

ares, . ﬂ, /4% i Laplacian. Results cslculated forAk ares

Eff. rod radive in units of peactor radius:

_ _ 20k - ~e023 . 030

Inner rode, 1 rod : .58% 4R 803
2 rods ' 1.3% ‘ 1.6 1.8

Outer rods, ‘1 rod 295 34% +40%
2 rods : .78 R 1.1%
All 4 rods : 2,2% T aa’ -

_(ﬁE«e31; Cooling of the Shut-off rods in the NRX Pile, R. L. Hewell, 4/24/'46).

The rods are air cooled; calculations of heat generated, heat removal and
temp. use are made for normal operation and emergency conditions., Conclusions
are: (1) Normal operation, max. difference in temp. between rod and cooling air
is 48.5° C. (2) If cooling air fails in normal operation, no damage if pile is
shut-down in a few minutes, with control rods. (3) Failure of cooling air during
shut-down will cause no damage if tank is filled with D30, (4) One shut-off rod .
must not remain in the pile while it is operating Temp. of rod will #ise at mte
of 270° C/min, -

(NEPA No, 4, Progress Report; Controls, p. 23, 5/15/'47).

A brief description is given of chain reactors,of control by mechanical motion
of part of the reactor, reflector, or of a control rod, and of pile stability con-
siderations,

Ths pile simulator is mentioned; and its -use in a control system, to antici-
pate reactor behavior, is suggested.

(8.44 Notes, Semimar in Nuclear Science and Engineering, M.I.T. Staff. Control
and Operatiem of & Plle, p. 264, W. J. Qaeroff, Summer/%6).

An elementary description of a pile, the effect of a control rod, and the
power level, and pile-period monitoring circuits. It contains a lengthy dis-
cussion of constructiion and performance charactecistics of ion chambers, ard D. C.
amplifiers, _ ® -




References to abstracts im other grou.psi

: Gro Grou
CP=510 . CP<2187 | 2
CP-1088 - (7) v CRP-287 (8)
CP=1088 (8) C5=3026 {7)
CP-1252 (4) MonP~196 : (3)
CP=1252 . (8 lMonP=216 | - (8)

Gmup (2). Theoretical reports. Kinematics of piles. Feriods, stabllity,
bubbles. Coolant turbulence calculations. Calculations relating to Clinton
high flux pile., Calculations depending on delayed neutron geriodso

{CP=65, Burst Method of Determining Approach to Self-Sustaining Reaction, H. W,
Tbser, J, H. lanley, J. A, Wheeler, 5/%2). |

Starting with the pile equations, the theory is developed giving the neutron
density as a function of time, for small values of (k- 1); delayed neutrom period
data from C =35 is used, Temp, effects are neglected and very long periods result
from the cslculations, : ' : : ,

The use of a tims controlled neutron source and instantansous recording of
neutron density to determine (K- 1) is suggested. The decresse in flux from
time of pulses to flux level a fraction of a sgeond later would give, from curves

. caleulated in the report, the value of k=1, (k<1), The source could be pulsed
100 times a minute, The accuracy of the method would equal that of measuring
‘the spacial variation of meutron induced activity, ard the msthod could bs de-
veloped into meter type imdieation.

" (CP-291, Notes on lecture, Ferni, 10/7/42).
Elementary eqx}ntiona relating k, pile period, and delayed nsutrons.

~ ‘ ¢ . .
(CP=349, Slow Control of a Chain Reactiom, R. F. Christy, 11/17/%42).

Restricted to systems where neutron demsity r has smeil and slow varia-
tions and k has small -variations. 4 (_1y = o8 .o @ .
e ry (k-1) 012" o dt"\ where 7°is

lifetime of ons gengration; As % — A1> 3 n is neutron density ahd 1

is density to which n is stabilized. Best control is one which has C,
domirant; but limitation iz detection of slow change in n; detection of 1%/100

sec. is required. Control depsndent on 01 rosults in slow damped oscillations of
n aroud ng . T

(CP=351, Variations of Powsr Output of a Running Pile, E. P. Wigner, 1‘1/11/ 142).

iffect of delayed n of 4 periods on pile equations with sudden change
of k is studied, and steady state and transient solutions given, A method
of "1imits control® iz described, that is applicable. to piles with very slow
period, and has these disadvantages. (1) unforseen variations in k must be
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smaller than difference between limits to which k changes; (2) reié.tively lai‘ge
fluctustions in power output and temporature of pile take placs,

(CL=-697, P;oject Handbook, Ckap, IV, E, Theory of the Slow Neutron Chain Reaction,
"45)

p. 27 Effeciency of control rods. The equation for Ak eff in terms of mig-
ration area, diffusion length, Fermi age and reactor dimensions of a-central
control rod in a cylindrical pile is given. See CP-1461.

p. 28 Time dependent pile ecuation., The equation for rate of change of
neutron density dn is given. A table of delayed nsutron periods and yields

. at
is given., The relation between excess k and pile period is given; the in-
hour is defined; approach of a pile to critical during construction is discussed,
apd transienta are briefly mentioned,

(CP»B&, Effect of Insertion of Safety Control Rod on Power Output of a Pile,
Jo Schwinger, 8/16/'43) .

Rate at whmh neutron density diminishes depends on time for rod to reach
final position, and on delayed neutrons:

dét NLERDE S (1-,).:-wa/1 “n(t)

2 a(t) = %"}i ny (6)+ [ke(t) °§"/\] n(t),

where n(t) is neutrons present; n; (t) is radlocactive nuclii emitting neutron ,
with mean life ol; k is (k eff =1); w /\ is probability of forming nucleus

that emits delayad n,

Calculations give, if gk = .02 R neutron density falls to ~725% in 0.8 sec;
and if Sk = .03, to 18% in 0.7 sec. Calculations are for instantaneous inser-
tion and for 0.93 sec, to accomplish insertion.

Equations are given for power production of pile at time ¢ after insertion
of rod, taking account of ﬁ and Y emission from fission fragments,

(CP=1295, Yonthly Report, Phys. See. II, L. W. Nordheim, 2/29/'%4).

A msthod of detérmining changes in k from the nsutron density.
A formula is given for instantansous value of k -in inhours, in which in
every termdn 1is evaluated at a time retarded by a delayed neutron period Ti.
dt . :
n is neutron density. '

.(cp-uze, Mstal. Proj. Monthly Report, Physics Div., L. W, Nordheim, 4f15/%44) .

It iz estimated the fastest transient accuring with sudden change Ak,
" with period 1/T = k J/f where O is fraction of delayed neutrons with lifetime
s has amplitude of order Ak compared to amplitude of fundamental, and tran-

 sients of periods between delayed neutron periods have smaller bult corparable

intensity,.
¥y SRR



(CP\illﬁ, Determination of Time Variations of k in a Going Pile, L, W. Nordheim,
5/10/144) « |

Time variations in k can bs determined from observid varistiors in neutrra
density, the equationa are derived for Ak constant in Lime and Ak & functi.n
of time, For &k constant, (see GP-641),

- %, 33 1139 1793 i85
4 dnour = =4 s e +'t‘+344'f-#=83
where 7 is pile period. For Ak a function of time,

1 dn dn ! - ’ 4
'y .B° at +§: By [;?-] where t t = T; where nis naut?on

A ioh =

dansity', Ti is period of delayed neﬁtrons; and where

- 3600 o 3600 (i/7)8sT,

o " IWk/p)Z o481 "7 TR 55T

where 7] is fraction of delayed n of period ' v, and £ in lifetirra of neu‘crons
in %hs p%leq Second equation iz for slow changes of the power vutput.

(CP~1611, letal. Project Nonthly Report, Fhyeics Div., L. W. Nordhcim, 5/15/'44).

Equations are derived giving time resporse of pile to small change of Ik,
and taking temp. sffect into account, Hew pover and "temp. levels are reached
asymptotically with changes determined by

;ﬁe:iAk; INESVY:

6 = temp, P = power output,, X = offective {smp, coef; h ¥ total heat transfer
-goal,

(CP-2185, Ustal, Proj. Honthly Report, Physicu See,, L, W, Nordheim, 10/3_1/%4).,

Transients at suvdden changes in pile rea.ctivity,, The reaction of a pile for
change in Ak ccnsists of superpositlon of 5 aexponentials, for delayzsd neutrons
with four periods, The equation relating perisds with £ k is given and a table
of }.ar.cgth of periods and their amplitudes for changes in Ak from Ak 5 0 to
Ak =1 (k goes to zero),

Under theory of pile controls, the emact equatloms are given for the case of
cylindrical pile with rod parallel to axis btut displaced arbltmry distance .
from centar. Caleculated results are comparcd with those obtained using usual

weight fastor method. and it is shown that veight factor ean give appreciable
arror,

-

{CP=2222, Monthly Report, Physics See. II, L. W. Nordheim, 12/31/'44).

Kinematics of Enriched piles, p.24. Two-group theory is used, see p.Mm.
- Equations are given for the pile period T, neut.ron lifetime £ s multiplieation
gonstant k, and it is found AkmA,2 AlY where =42 is the Laplacian snd

7 the migration arsa. FoP ceprtain condit)ons » Ak = 6% for change of concentration

AT o e
tﬂ@d &



cl]_@

of 1% and = 1.4% for chenge in density of 1%. The pile follows changed
conditions rapidly, and bubbling causes stability with respect to power by
decreasing reactivity.

(CP-2568, lionthly Report, Physics See, II, L. W. Nordheim, 1/31/'45).

Resctivity changes in piles, p. 16. A gensral equation for Ak_eff

is given, in which terms represent charges in k, migration area, pﬂg size,

and rofiector effectiveness. The squation is modified for the special cases

of change in density dus to bubbling in & pils, changs in concentration, and

changs in resomance absorption. : /
The effeet of uniform change in temp. of the pile or the reflector is

studied in detail., It is assumed the fiesion and absorption cross ssctione

follow a 1/v law, The effects treated are leakage effect, thermal expamsion

of pile fluid, change in the neutrons produced per neutron absorbed, and

change in resomance absorption, the last two being found nsgligible.

(CP~2601, Monthly Report, Physics See, II, L. W. Nordheim, 3/31/%5).

Stability Problem of Piles, See CP=2589.

Peorturbation equations describing pile stability in the neighborhood of
a statiormary state are dorived., Considered are reactivity changes dus to
temp. effect, gns bubbling, and automatic control. The impedance squation is
solved for the rnatural periods of the system, by use of a graph of the functions,
and roul and complexrootsare indicated,

Response of Pile to Periodie Perturbationew

In order toc obiain limits for the fluctuations that can be tolerated, a
 Fourisr decompositon of the perturbation is pexformed, and the response to
each compopent determined. The equations are given for fluctuations in gas
removal, reactivity, and heat transf.‘ers The plle behavior is discusssd for
different frequency regions, :

(cp-2813, lcnthly Report, Fhysies See, II, L. W. Nordheim, 4/30/%5).

Kinematice of enriched plles, p. 13, Ses CP-2601.

Equations for the change in temp. and power level are given for. applied
ék(t)p dk may be an impulse. It 1s found that power and temp. change lirearly
during the time of impulse, and deeay to equilibrium afterwaerds; tablss are
given of numerical wvalues for periods and coefficients for large bubbling and no
bubhling of pile fluid., The danger of short impulses is that they cause auto-
mat,ic shutdown, The squations are perturbation equations, which are valid only if

ék(t)dt is << ! j being the lifetime of neutron in the pila. The conso=

Q..-—-"')

quencm of a pumpirg failure in a circulating enriched pile are evalvated, and i%
is found that the temp, pise is not rapid.

(CP=2824, Metal Proj. Monthly Report, Physies Sec. L. W. Nowdheim, 5/31/%5).

A iwo=group theory dealing with small inhomogensous distmrbances in piles by

o
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a weight Tormula, whlch is used on a composite plle structure with different -~
prop‘;rlsi@;t in different regions is given. Solutions of diffusion equations ars
expounsntials; the adjoint problem is set up; a perturbation theory is worked omb.,
Methsd ie applied to caleulating pile period. ‘

Cont:rol rod theory continuation of CP-2185. The pile equwations are solved
for 2 sirzle conirol rod at distance r, from axis of cylindrical pile for reactow
and reflsctor by one group theory and gor bare reactor by two»group thexory.,
Control rod radius is given for rod at center of pile.,

(cpaze&;.z,; Monthly Repor:, Physics Sec. I, A. H. Smell, 6/30/%5).

Anothor formula relating Ak to pile periods is given, (See CP=641, CP-1447)
- 33 17 585
P Pf’OJ/, PZ6.5 PF34.0 P*383

33 1139 1793 . 58%
1+ + ME TV B

P Z0,7 P$6o5

For nsg. Dile periocds the neg. signs are to be used. The equation was checked by
opsrating Clinton pile at low power and producing a series of negative pile periods
arouznd 83 sec, No discontinuties indicated by the eomtion observem

CF-2926, Metal Project lionthly Report, Physics Div., 4. J, Dempster, 4/15/%45).

D 24, Bubblea.' If bubbles are created instantansously with pm'ar; the
plle is stable if the dscay curve of k loss with time as bubbles rise to top is
concave upward everywhere; with other shepes it may bs unstable.,

(HooP-3, Honthly Report, Physics Sec, II, 4. M. Weinberg, 7/31/'45).

Tern. and Concentration Cosf. of Plle.

For the high flux pile baing designed at Cli.nton, the following table is
given,

temp, changs | 200300 | 20°-40° 200 ~50% | 20°-60° | 200-70% | 20°.- g00|20°58
L% eff
&

«,00897 =,0184. =,0284 -,0363 =s0457 |  =.0608 | =,0723

See MonP-8 for corrections. See CP-2824 and MonP-3, p. 9 foz' method of
calculation, by perturbation theory.

(fon¥-8, lionthly Report, Physics Sec, II, L. W. Nordheim, 8/31/45).

Perturbation theory, p. 10. A change in the emiation for Ak eff &ue to

k .
changie ir the temp., of the reaeting solution, which causes a changs in thﬂ diffusion

constant of the reaeior, and thus in the boundary condition, is worked out.
_ The aew term is a surfacs integral over the boundary of the reaetor,
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Termp, fluctmtions ina c;linder resulting from trubulence; investi~-
gation of temp. fluctuation at a point in a_mowing fluid which is heated at the
samd time, An expression is derived for (8, =63)2 where®, and €, are
2 successive measurements of the temp. fluctuations, Temp. coef, of enriched
pile, p. 13; this is high flux pile being designed at Clinton Lab. A tabled
results i3 given

¢, | 10 | 20| 30| 40 50, 60| 70
kK off  |=.0085|=,017] =,026 | =,035] =.045[=.054 | =.065
X

(Ebn’,?wl’i’s Yonthly Report, Physics See II, A. I, Weinberg, 9/31/'45).

Turbulent fluetwations in homogenous pil@., Tower fluctuations are given

((-19 : 3 ()2 ;

for small Ak, where B is eﬁ‘eetive fraction of fission neutrons which are -
delayed. For the high flux pile, theseg power fluetuauons are estimted to be
20%, for temp. coef. of 10°3/oC., avd 5 = 3%, and 4&: eff dus to turbulsnce = .00L.

- Reflector temp. coef. p, 10. For the proposed high flux pile ° tha effect
on k of a temp. changes in the reflsclior are tabulated:

Refloctor temp. i
' change 200 -30° | 20° - 40° | 20°~ 500| 20°-60%} 20° - 70°| 20°-20°| 200 - 90°
dk eff =,0004, =.,0010 «,0018 | =-,0027 | -.,0038 | =,0050 | -,006s

g

{ionP-85, Honthly Report, Physms Seco,, II, A. M. Weinbsrg, 3/31/%46).

Reactivity changes in a flat fluid surface pile due to bubbling. If the
rdght of & pile that produces 3000 cc, of gas per sec. is held fixed, Jk eff
_ ' : k
due to bubbling is approximately 0.6%, If the bubble velocity varies inversely
a3 the temp., the stability of a pile is batter than if bubble velocity varies
with temp,

(MonP=104,, Monthly Report, Physics Sec, II, A. M. Weinberg, 4/31/%46).

. Reactivity changs dus o bubbling in pille with reflector, Effeet of bubbles
on multiplication constant is computed with the ald of & bare cylindrical reactor
equivalent to reactor anmd refleector,

Y

(LonP=151, Nonthly Report, Physics Sec, II,, A, Y. Welnberg, '7/31/ '46)

Temp., Goaf, of Plu'bonium Thermal Piles.
Tho temp. coef. may be positive; the Pu resonance at 0.3 ev is euffici.en‘aly




broad to cause absorption and fission in a laxwellian distribution of a to
increase with temp. The coef, is dangerously large if the thermal utiliza-
tion is 3mll. The following table is given:

X f R Ak eff per 100 temp. rise
k
1.00 .505 oo - + 483
1906 0535 5 + 040%
1.43 .TR2 1067 + ,05%
1.77 .893 = 15%

where £ is therml utllization and R is radius of graphite pile in meters,
Pile is prompt eritical for 10° rise if £ < ,57.

(MonP-228, lontaly Report, Physics Sec., II, A. M. Weinberg, 1/15/'47).

Time Lag of Thermal Neutron Signal,

When a sudden buret of thermal neutrons diffuses, the time for the signal
%o reach a distance x is x~/2D where D is the diffusion coef.; this amounts
to a millises to travel 20 cm, in graphitep which 13 long for the control
circuits of the high flux pile.

The above delay suggests the diffusion coef. can be measured directly,

(MPT=33, Progress Report; Effect of Resolving Timé, G. M. Volkoff, 2/'46).
Observaed pile fluctuations will be .5 -cressed due to elimination of short
periods by a measuring instrument having & resolving time AT . Equations ere

given for the mean Squar@ fluctuatlons and for the normalized spectrum of

fluctuations. :
For the Zeep pile, the decrease in filuctuation is negligible except at
pogers of a fraction of a watt; gresatest part of the fluctuations are long period.

(TL=4, Multiplying liedis, Critical Size, Exponential Experiment, Systems Less than
Critical Size, G. Volkoi’f- I.eeture, 11/'44).

p- 16 The approach to critical condition is discussed.

(TL=6, Time Dependent Phenomena (Pile Kinematics) G, Volkoff; Lecture, 1/'45).

Contents:
pP. 2 - Instantansous neutron model of a chain reaction.

P. 6 = The effect of delayed neufrona.

p. 11 = The reactivity of the pile (Inhour formula).
'po 14 -~ The.effect of photo neutrons, in D0 piles.
po lﬁ - Tranﬂient phenomena due to delayed neutrons .,

This is a lengthy and comprehensive discugaion of the above named subjects.

o2
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. Group Group
CP-641 (6)  HomP*74 (4; '
CP~1173 (8) T NonP-104 (4
CP=1461 (1) ~ NonP-151 )
CP-2589 - (3) - MonP-206 (8 =+
MonP=3 -(3; : EonP=271 (3)
¥onP-56 & | , ANL~RGS=6 (3)
N=2292 (1)

Group (3). Theoretical reports. Control of special type piles. Enriched
piles, circulﬁting plles, homogencus solution piles, Special types of control.
Gap control, curtain control, liquid alloy control. Calculations on Be0 power
pils. '

(CP=360, Msmo on Bi Coolsd Power Unit, L. Szilard, 11/23/%42).

A liquid alloy containing Bi, Pb, Sn, and Cd is contained in e pipe ina
“¢closed eireuit, and £ills the portion of the pipe in the pile. Startinga
pump pumps the alloy out of the pile; the pump is controlled by a transformer,
which is controlled by the radiation intemsity. In the event of pump failure,
alloy agein flows into pile. Alley is in steel t.ubas,, cooled by Bi flowing
around tubs.

This is for a Bl cooled, unenriched U-carbide and graphi‘he pile, for
conversion of 28 to Pu.

(CP~1121, Displacement of Delayed Neutrons in Homogeneous Pile, G. Young, 12/7/'43).

Shor% delay periocds. The motion of pile slurry is a constant mean flow super-
imposed on the fluctuating motion of turbulence; the turbulence is analyzed as
‘equivalent to spreading the particles in an axpandm‘, sphega.. The delayed
nsutron contribution to k is multiplied by a factor (1 =A%) where /\ is the
]giis‘bance the slurry flowed during the delasy pericd; more complicated’ expressions
are given, ‘

Long delsy periods. Slurry is stirred about so emissions occur ogually
throughout the system, If fraction £ of the slurry volume is outside the pile, .
the contribution to kis multiplied by :61(1=£) for a spherical pile and .53(1- £)
for a cubical piis. '

(CP=2589, Mowthly Report, Physics Sec. II, L, W, Nordheim, 2/28/'45),

See CP~2568. Progress report on & study of behavior of homogencus solution
piles. Temp. ccef., concentration coef., and density coef. are defined, as these
factors cause changa in reactivity., Equations for average behavior and steady
state sclutions are given; equations for small perturbation are derived. Flashing
the pile with largs excess k ig studied; the sudden temp. rise of pile material
temp., above coolant temp. ie twice the equilibrium temp, difference a8 determinsd

by the excess reactivity; the temp. period is % 5 hers /g ie neutron
k=l ' SRR

1ifetime, Ok is excess mactivx’c.y and @g is fraction of delayed neutrons, For a




o16=

AT SR

D,0 pile,,g 10°2 sec, and for (Ok- Bk) = 10%, then ¢% 27,01 sce.
time for formation of gas bubbles is 1ong, the temp. rise for above will
ba 400° C,-

(CP=2444, Pile with Transverse Gap, G. Young, 2/18/146).

A discussion of a cylindrieal pile with end reflectors and transverss
gap. The cooling of the pile, and consequently the power output are
treated. If eoolant enters center gap, it is coldest where heat production
and temp. drop 1s greatest, To get same ratio of maximum temp. in pile to
coolant temp, rise, with center entrance, the stream diameter must be re-
duced by l.4; the pressure drop will be reduced by 1.3; the power output
and coolant circulation will bs doubled. Opening the gap to change react:.vity
of pile by ~v 20% changes above temp. i‘atio by 18%.

(cS-135, Meetings of Eng. Council, 6/18/'1.2).

. p. 7 Suggestion is made that thorium powder could be blown through
a pils for control; alsc Freon gas for small amounts of control, Boron
carbide for large control. Contains no information,

(MonP~3, Monthly Report, Physics See. II, A. M. Weinberg, 7/31/%%5).

utability of circulat:.ng enriched pile. Equations relating power and -
variations in k for tims intervals « 1/5 liquid circulation psriod simplify
30 apalysis of Nordheim can bs applied. é? 1 Sk eff gnere P 48 power

. Z k
and Z is piles impedance.
Control of enriched pils. Describing control in terms of effective
reactivity change (A k) eff takes ccount of change in migration area.

. K expression is mleted to relative change in 25 coneentration, 025,
@§ off o 2 46 -«-—5— o 4 black control rod with 2.3 e¢m,radius in the

2
ceanter c¢? bare 1nfin1%a cylirdrical pile will neutralize (Qk) off 10.7% o

A black control rod in the reflector 5 em,from interface wit% radius 5.2 em,
in eylindrical pile of given dimensions neutralizes (Ak) eff e Q, 63%

Cajeulationz on 2 B curtain in the reflector of an infinits 81ab pile 13.3
em, and 10.4, cm. from interface indicate it will neutralize (Ak) e = 104

¢
2 20% respectively.

(MonP-8, Honthly Report, Physics Sec. 1I, L. W. Nordheim, 8/31/145).

Curtain Qontrol Sheet, The effectiveness of a Cd curtain arcund 60 cm.
radius and 150 cm. high cylindrical reactor in infinite DyO reflector is
ealculated, The following table is given:

Goncen’bration of solution . 1.03 1.16 1,29
(g=. of 25/1iter D,0) |
Ak oft/x 0 . 57% 178

) SBEETR
ylem.) 18.3 10,5 5,5
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where y is distance of curtain from edge of reactor tank, plus 1.7 cm.
Ak eff is the reactivity taken up by the curtain., Sse MonP-3, p. 12,
kK _

(MonP-24, Nonthly Report, Physics Seec. II, A. M. Weinbsrg, 10/31/'45).

Split curtain control. A black curtain partly surrounds a cylindrical
pile, and it is desired to calculate critical pile size as a function of the
angle O, subtended by the opening., The problem is solved for ;<< 217
and for (21T = O )<< 217 (parrow strip of Cd). It is found for these cases
change in critical radius is proportiomal te _C'e or (2 =%, . constant

21 2m
of proportionality being of order umity.
(6lonP-173, honthly Report, Physics See. II, A. U, Weinberg, 9/30/%6).

A Cd sheet that cuts the high flux heterogenous pile and reflector in
two equal halves is nearly sufficient to control & 3.5 kg pile, the overall
margin of control being 10% 4k eff , Galculations are in progress on how

k
mrny Thsheets are needed to do the sams,

(MouP-196, Monthly Report, Physics Sec. II, A, M, Yeinberg, 10/31/'46).

The thiékné'ss of a Th sheet and radius of rods necessary to control
piles of different shape surrounded by Be and HyO0 reflectorsz is tabulated:

Shape of Pile k. Thick, of Critieal 23 produced per

‘ ’ Th_absorber k 25 destroyed

Rectangular 1.606 1.8 em . 1.36 8,57 %
40240260 cm 1.55 1,46 cm : 1,36 8.11 §.

1.50 0.50 em 1.36 5.76 %

Cylinder ‘

22.6 em radius 1.666 . 5.85 ¢cm radius 1.32 ) Rogs

60 em heighd 1,606 4.8l cm radius 1.41

{KonP-271, .Control Problem in 'Piles Capable of Very Short Periods, H. W. Newson,
, 4/21/°47) . '

A comprehensive report on control of piles with large excess reactivity.
The operation is divided into power level ranges, in agnits of cperating poweyp:s
Power renge is 1 to 1073, Period Jgrge is 107 to 1070; Counter range is 10
to 10", and Source range is 107+ to 10-18, Problem of background radiation
ir instrumsnts, and time available for start up is discussed. The equations
for growth of neutron intensity, and permissible periods during start up are
discugsed., Accidents and available excess k that can be controlled is treated.
Control sctivated by measursment of pile period, and the rigse in neutron in=--
tensity while control operates is covered. Control in the different power-level
rangee; transisnts; and control of different types of piles is discussed, A
table comparse periods, total motion of control rod, total k of cont¥ol rod, start
up time, maximum rate of increase ¢f k, for the H,0 high flux pile, D50 high
flux pile, a typical thermzl powsr pile and a typIleal fast neutron pile,

=
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(MOC-RGS=AVN=5, Control Problem and Critical Size of an Enriched BeO Noderated
. Pile, A. V. iartin, 5/15/9%46).

A number of calculations are made of the critical 8ize of reactors, and
of ths required number of control rods, for a fresh pile, and for ons con-
taining Xe poisoning. The theory of CP-1461 is used; actual data from
MUC-KW~-60 and MUC~KW-61l is used, ,

The effective radius of a control rod surrounded by coolant is computed,
using extrapolation length computed from theory of MI-135. An equation is
given for total number of neutrons leaking from the pile per sec., Tables are
given for max. theoretical comversion ratlo and for nmo. of control rods as &
function of .___..._.2.._.,:: gg. gzo -3 also for ratio of buckling B when pile is hot to
B for pils cold, and of B mex, to B for pile cold.

. (MUC=KW-58, Slow Changes in the laplacian of & Thermal Pile, K. VWay, 12/28/%45).

In start up temp. rise of 500° C, of Bel pile, k changes slightly but
diffusion length I° changes by~’1.6 and the buckling B by"-‘ 1..45° ‘The
. 1imiting change in B due to Xe poisoning is 7.3%. ‘

The following other causes of change in B are computed for 1 year's
operatinn of the pile: depletion of 25 (from 20% enriched U); poisoning from
radioactivo fission products, Sm—-49, other stable fission products, and neuiron
reactions on Be, A table of results is given, for two power 1evels° The Be+'n
reactions are listed and discussed.

The change in B must be compensatad for by control devicea,

\

(H(EwJE?!»]Z? » Current Status of Work on High Temp. Oxide Pile, J. E. Willard,
" F. Daniels, 6/21/6).

Contx'olo p. 16. Refers to Be0 power pile. In a high temp. pile, temp., coef
of the pile causes a large change in the reactivity, making the stort up rejulre
groat care aml long tims,

It bas been calculated 7 control rods 2% inches in diameter will control the
plie. Isgs sensitive rods will bs used durmg the start, to keep temp, rise
cerefully controlled, Gives no additiomal information,

(ANL=-RGS=6, Transient Behavior of the BeO Pile, R. G. Sachs, 8/28/1.6).

Transient bahavior 1s treated in order to obtain requiremsnts for control.
Pile will oscillate with inereasing amplitude unless temp. of entering He coolani
is stabilized; this oscillation must be avoided at power opsration., If coolant
temp, is stabilized, pile urdergoes damped oscillations if radiative heatl
transfer 1s nsglected; radiative heat tramsfer introduces inerease in amplitude
of oscillations which is eontroliable,

The unstable oscillation is introduced by recycling the coolant, making temp.
proportional to power in the pile. The period of oscillation in a hot pile is
5 times gmaller than in & cold pile, but damping 18 the seme. The extensive
equations used in these calculations are given, anrd start up procedure is discusssd
in detail, aecompanied by graphs of the pile bshavior., This is s major report ‘
on the control of the Be0 power pile, D ‘
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References to abstracts in other groups:

Gro Grow
CP=3443 “Tﬁ‘ KonP=17 (2
CP=3443 (8 HonP-206 - (8)
NonP=3 (2 YonP-216 (8)
HonP-8 (2
Group (4). Theorstical reports. Neutron streaming in gapa. Flux from an

open channel. Calculstions on the. linear extrapolation length. Thermal
utilization of neubrons. Reectivity changs due ‘o pile poisoning and de-
pletion, Depletion and poisoning intervals, Build up of poison during shutdown,

$P=341, Mstal. Project Nomthly Report, Physics Group VI, E. P. Wigner, 11/15/%42).

Calculations indieate a plle.can bs operated until 1/3 of the 25 is
used up bsfore poisoning stops operation., Results depend critically on the
ratio of thermal absorptions of 28 and 25; ratio of cross sections of 49
and 25; and on the average cross section of fission producte, - A geometry
in which resonance absorption is increased at expense of thermal loss in-
creases the lifetime of the plls.

(CP-1252, Neutron Flux from a Channel in the Pile, H. Soodak, G. Nordheim,
L, W. Nordheim, 1/18/°%44).

The neutron flux from an opsn chamnel is calculated, and ths result
utilized to obtain the heating of the tip of a control rod at any position
outside the actual pile. The equations are derived from elementary equations,
- A table gives the heating in the rod tip in caloriss/ sec; as a function of
the ratio of distance .outside pile to radiug of rod, and assuning maximum
theyrmal flux at pile center equals 5.5 x 1043, 8implifying essumptions are
ngde in the calculations, _ L

{CP-1858, Lonthly Report, Physics See. II, L. W. Nordheim, 7/31/'44).

CP=2019. Neutron distribution_in direction of gaps, z, is ¥= J{z)
vhere L is diffusion length, » nigration area, R ratio of flux from
gsource into gap to that into pile elements, b is reciprocal relaxation length;
J(z) is an integral given in the report. A table of corrections to relazaticn
length measurement, due to streaming, is given for & specific pile, and is
found to be less than 1%. It is concluded streaming will not interfere with
axponent.al experiments,

Infivence of streaming in an exponential pile with gap'géomggryc ggee
e " +R

(CP-1883, Nonthly Report, Physics See II, L, W. Nordheim, 8/15/%%4).

Longitudinal gap along a cell produces anisotropy of migration.
An approximate expression is given for the additional diffusion coef. along

?h9 &P Dy s-ﬁ? (zz) where A is cross section of ‘cell exclusive of gap, S is

eircurference of gap, 22 is mean square component along the gap of the dist-
ance 8 neutron travels in the gep, when emerging from pils elements. Diffusion




of the pile raterial across the gap.

(CP=2019, Nonthly Report, Physics Sec. II, L. W. Nordheim, 8/31/%44).

Eciuation for extra flow in 2 direction due to presence of a gap with
sides parallel to Z, but of arbitrary cross Bection, per unit d r& in the
gap, 1s (see CP-1883) 4z '

Fp = -%f ds /0 cos $d¥ + L= 6’” ds |0 cos? 4%

and the extra flow in the pile due to presence of gap is

Fyp 6?;?' ds f P cos $d¥ , where ds is element of gap circum-

ference, ¥ is angle to normal of ds in meridional plane, P is distance to
other gap side in direction® ; ) is transport free path in pile. Equations
and values of a form function are given for an annular gap.

(CP=2292, Pile Reactivity During Shutdown, F. L. Friedmah, 10/22/%44),

The 19135 decay chain is amelysed. The loss of reactivity during ope-
vation is computed, and the further loss of reactivity after shutdown, and
dead tims of the pile is computed as a function of the power. At Hanford,
dead time 1s about 20 hours at 1.5 Mi/ton. To keep pile alive during shut-
down, 0.4 (loss of k) must be kept in excess in pile during operation.. Re=
sults of calculations are given on graphs

(CP=3443, Effect of Gaps on Pile Reactivity, M G. and M. L. Goldberger, J. E. -
Wilkina, 2/20/746).

Equations of neutrons emerging from a surface are diseussed. The .
equations governing the effect of a cylictrical hole axial in & cylindrical
pile, and of a transverse gap cutting a cylindrieal pile in tuc equal parts,
are worked out, Certain mathematical idealizations are made. Variations
of nv at the surface parallel to the gap are ignored; these become important
as the gap approaches zero. End effects are slso neglected., Graphs of B/B
where B 1 buckling including gap and By i3 buckling without gap for optimum
eyclinders are given as functions of gap diminsion/radius of cylindrical ‘
reactors.,

Calculations are for bare plles: a reflector over the hole would decrease
the ef_fec.iency of the control. Conclusion is that ~<15% change in k can be
obtained from cylindrical hole 10 cm. in radius, or transverse gap 10 em, wide,

(YonP=-56, Honthly Report, Physics Section II, A. M. Weinberg, 1/31/%46).

Xe poisoning in pile. In enriched pile, Xe rise on shutdown is much
larger than calculated by Friedman, CP=2292, The ratic of max. Xe to steady
state Xe is tabulated for different fluxes: '

Flug 1x 103 5 x 1003 1x104  2zx10% 4 x10¥ 1 x10bS
Xo max/Xs, 1.3 3.0 5.1 9.7 22.4 47.0

% (hours) 6.7 11,1 11.1 11,1 11,1 11.1

s prrreraiy )
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Proposed high flux pilé has flux a4 x 104, The time of shutdown after an
accidental Scram will be about 3 days. :

(MonP-74, Nonthly Report, Physics Sec. II, A. M. Weinbsrg, 2/28/146),

Io instability of enriched Pile; the preliminary calculations show the
high flux pile instabilithsssociated with Xe has a period of about 50 sec,
at & flux of about 2 x 10™, The instability is not serious 1f the temp. coef.
is sufficiently negative; in HZO cooled pile the temp. is less senaitive to
power than in D,0 cooled pile, and hence E;0 cooled pils is less stable to
power change, '

(1onP-85, lonthly Report, Physies Sec. II, 4. M. Weinberg, 3/31/%g).

fe poisoning and pile stability. Because reactivity depsnds on temp,, bubble
formation, and poisoning as well as conirol rcd position, piles have an
equilibrium power; stabllity depends on whether deviations decay or build up.
Taking into account Xe and temp., but mot bubbles, the following pericds are
computed fromthe impedance equation, CP=2601.

, Clinton Pile Hanford Pile High Flux Pile
Yo alone 98 nin. - 11 min, 0.9 min,
Xe plus temp. stable 14 min. 8 min.

(sonP-104, Honthly Report, Physics Sec, II, A, M. Weinberg, 4/30/'46).

W—— « In steady state operation Sm reduces thermal utilization

by approx. 1ts fission yield; after shutdown the amoynt of Sm increases; the
polisoning nan reach a max, of 5.8F at flux of 4 x 10, A table is given of
poisoning £ at different fluxes at times after shutdown. :

(MonP-151, Monthly Report, Physics Sec. II, A. M, @einberg, 7/31/746).

Calculation of Ak eff/k for a pile with non-uniform depletion. In the
rew high filux pile depletion of 25 czuses large change in k after several
days operation. Calculating this change, a variational method iustead of
first orxder perturbation has been used, and numsrical density of 25 at any
point r is assumed to be Jr '

52 425 .
P2 2§22 exp =022 Tmm-&-w—:

wh3re R is radius of pile, centmal flux assumed to be 4 x 10?*., Table is given
of Al off,
k

, B 1 day 10 days 20 days
L -86% 9.0% 19.2%

1.6 -80% 8.4% 17.8% ‘ SR
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(MonP«Z&!b, Pile Extrapolation Distance According to Two-group Theory,
' B, I. Spinred, 4/15/'47).

It is of'ten essential to lmow the leakage of neutrons from unreflected
surfaces in terms of the buckling B psrpendicular to the surface. In two
group theory A transport may differ for the groups, but to obtain simple
coupled solutions to the pile equation, B must be taken the same for both-
groups, The extrapolation length is derived for slab pile of infinite extent
and thickness »» A transport, and result may bs applied to any pile in which
dimensions are large compared to A » The eqmt;‘j.ons ave derived; fiml equa—
tion is

2"
H-h=070 [X,+L- (“"71";121*&) (X, = Ag)
(L + 71.,_&5;) 22

for Fermi age? > Lz, )‘ts? and >‘r.s are fast and slow transport m.,fop.. 9

L2 is diffusion length, and H = h is difference betwsen extrapolated and phy- |
sieal pile dimension,

(HonP~314, Quarterly Report, Extrapolation Distance in a Bare Pile, B., I.
Spinrad, 6/21/'47).

p..37 The extrapolation distance for a thermal pile in which Fermi age
-T‘y‘? 12" is obtained by two group theory, and 1s

s |
P A L ”ﬂ-o ]
om0 | At Q.71 -g%) (has = A
(1+.7 «-&ﬂ)

whem‘ﬁ - h is difference between extrapolated and physical pils dimension
and A e and sz are fast and slow transport m.f.p. See MonP-284..

{CL~GY~1, Formulation of the Fission Product Poisoning Problem, CGale Young,
4/12/146). _

The ~eport deals with reprocessing of pile materials, and on the com=
parable poisoning that results when metal is fed periodically, constantly, or
by batch, and purified constantly, or by batch. A function S(4) which de-
pends on the total z,:_a_of the atoms formed im a decay chain after time of
‘birth in filssion is used; the neutron flux 1s a parameter in this fuwetion.

- Equations are derived for constant neutron flux, and alsc for ths simple case
of constant S, which my apply to poisoning in & fast pile.

(C-170, Longitudinal Diffusion in Cylindricsl Channels, E. Fermi, A, H. Wein-
" bere, 7/1/'42).

The increase in leskage of neutrons because of the presence of empty
eylindriecal channels is calculated by diffusion theory, in order. to calculate
the critical size of a pile. The equations are derived from elewmentery dify
fusion formula, for uniforn transverse flux distribution, and cos transverse
distribution, for a single cylindrical chennel, and many parallel channsla.

The incressed flow inside pile material outside the channel is also Lalculaﬁeuo
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(MT-88, Influence of a Small Black Sphere Upon the Neutron Density in an
Infinite Non-capturing Medi.um, B. Davison, 11/%44).

By a perturbat.ion method, the linear extrapolation length A for the asymp-
totic solution of the neutron density in the surrounding medium is found, in
terms of sphere radius "g ", to hax :

;&. %+ o~ m ( = 1)a® 10g G~ 1.4002 2+ 0(a? 1062a)

where . is in units of m.f.p. The equations are derived in this report

(¥T=93, Influence of large Black Sphers Upon Neutron Density in an Infinite
Non-capturing liedium, B. Davison, 11/'44).

By perturbation method the linsar extrapolation length ) is calculated
for the asymptotic solution to the neutron density in the surrounding medium
in terme of the radius of sphere "Q" and found to be )

= 1 1 ’ 1
Az 7104 + 5047 2= +,2336 L2 - Lo 1086
a? 2

w1704 == 2. -e—o(l-.ggﬁ&. )
a3 at
whers Q. 18 in units of one m.f.p,

(m‘«lzz., Large Spherical Hole in a Slightly Capturing Medium, B. Davison,
- 3/26/45).

The cavity is large compared with the mean free path. The angular dis-~
tribution of neutrons at the center of the cavity, and the neutron demsity on
- the surface of the cavity were calculated approximately.

For the particular case whers, if the cavity wers absent the neutron
density would be 2 = ¢"°, the results are illustrated with tables and graphs;.

v is the positive root of 11 z_ig___ log ]]:-4'3 and o is ratio of capture
G to totalG of material, 1-% - -

(MT=135, Linear Extrapolation Length X for Large Cylindrical Black E »dy in
Uniform Medium, B. Davison, 12/%45).

The extrapolation 1engthﬁ s L2 @.7104 + -3-2-&- + ﬂ-w} where A

is transport m.f.p. and Q2 = «}l » Ty ig radius of control rodu

(17=196, Capture of Neutrons by Cylindrical Absorbi_ng Rods Placed Around a Pi.leB
© J. M. G. Feld, G. Volkoff, 1/446).

The fraction T of escaping neutrons captured in rods of radius R and
spaced 2d. apart in a single row of distance b from the edge of the pile is
given by an equation and a graph., Other graphs give T as a function of R
and "% for thorium rods and different values of the meciprocal diffusion
length Ko The squations are derived., See MPT=34, p. 3. o
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(¥P-208, Ze Poisoning in Spherical and Cylindrical Piles, C. A. Remnie,
6/146)

The increase in 1/f where f is the thermal utilization factor is found
theoretically, due to Xe poisoning.

Not available, See CRT=272,

(uPT-31, Progress Report; Linear Extrapolation Length A for Aa 8mall Black

Cylinder in a Unifornm NonvCapturing lNedium, B Davidson, S. Kush-
nerink, 11/%5).

Iteration method has baen applied to the case of rod infinitely long
ant with radius "Q" small compared with mean {res path in medium:

Az -%- 4+ (1 - ;%)Q loga == 0,2164a+ 0@2 log ZQ-))

G in units of m.f.p. ("0" in lastisrm means “order of megnitude of").

(WT«B% Progress Report, Effect of Hollow Cylindrical Shaft on Nsutron
Density in Surrounding ledium, B. Davidson, 2/%46).

The number of nsutrons escaping through the opsn end of a hellow shafy
perpendicular to the boundary of a medium, plus those escaping from Iree
surface Jie to presemce of the ahaft, is equal to the flux in the suaft if
the medium extended to infinity,

The' linear extrapclation 1ength A is computed for the case of shaft
diomster large compared to m.f.p., and medium slightly multiplying, end
equations are given as a function of the thickness of the mediuwn .

(PZPT-33 , Progress Report, Linear Ex‘bmpolation Length A for Black Bodies
ip Uniform Non-Capturing Péadium, S. Kushnerink, B, Davidson, 2/%46),

' This work is covered in the following reportsx

Swall cyiinder BT=-207
Suall srhere KT-88
Large sphere lT=93
large eylinder - =135
Finite black sphers hy spherical hamonics MT=-92
R eylinder WT-97
A comparison of the results of the above calculations, NT-214.
Smell sphere separated from Liedium by Air Cap, MT=232

(k#Pr=33, Progress Report, Linear Extrapolation Length A for Swall Black Sphere

ojpaza;ted from Medium by an Alr Gap, B. Davidson, See MT-88, MI=93,
2/ 4 .

Sphere radius @ surrounded by gap of thickness i {cosh ¢ -1) has same

influsme on neutron deasity at ldarge distances as a black sphere of radius
A’ aith no alr gap, where




al aa.+m (1==-m==e°“ +-w@3<p>+0(ﬁ2>

where.g iz mean frse path in madimaa

‘(MPTw3A, Progress Report, Capture of Neutroms by Thorium Rods Arourd a
Pile, J.M.G. l'eld, 4/%6)

In ¥2=196, all neutrons leavimg reactor wore assumed thermals a %wo~
group theory has been used to take account of fast neutrons entering re-
flector, A correction factor to the thermal utilisetion T computed in IT-196
is given. '

(TL-2, Diffusion of Thermal Neutrons, G. Volkoff, Lecture, 10/'44).
Po 10 Boundary conditions and extrapolation length are discussed.

(CRT-272, Xe Poisoning in & Cubleal Pile, C. A. Remnle, 7/%46) .

The effective increase in 1/f due to Xe poisoning, where f is the thermal
utllisation factor, is computed for a cubical pile.

Results wers calculated for power operation of 0.6 to 1.2 msgawatts/ton
of ratural uranium. Graphs are ziven comparing these resulis, and also the
ratio of average to maximum power, with the resulis for spherical and cylind-
rical pile See MNT-208.

Refersnces to abstracts in other gfoups:

CP=1255 Sroye

CP=2203 . ‘ .
Group (5). Experimsntal reports. Delayed neutrons from 23, 25, and 49.

Delayed gammm rays from fission products, and resuliing photoneutrons.
Note: Delayed neutrons are covered in survey report CF-35%6.

(CP-1014, Use of Delayed HMeutrons for Detection of Coating Failures, L. H, Smell,
M. B. Sempson, J. S. Levinger, 10/28/43).

A study 13 made on emission of delayed meutrons in outgoing cooling water
as a means of detecting jacket failure in Hanford siugs. In the course of
this work, the decay curve for 25 delayed nsutrons following 1 see., activation
was measured, : '
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the periods are 50 sec, 23, 4.5 and G.Blse;:f

(CP=1954,, Nonthly Report, Cyclotron Sec., A. H. Smell, 7/29/%44).

Shorwlived delayed neutron emitters, p. 18. The apparatus ia not giving
satisfactory results. The folliing perlcds were msasured from 0.19 sec,
bombardment:

Half life ' , Relative Intensitz
4.2 sec, 1.03
1.8 see, - 1.16
0..44 see. . o3

: _(CPel%by Imonthly Report, Physics See, IV, H L. inderson, 7/29/%44).
! _pelayed neutrons from 25 and 49. See Ch—ZBlS and Cp-2317,

,(GP»ZOQI, zﬂonthly Report, Physics See. III, W, H. Zimm, 8/26/%44).

}}"@n mutron intengity after shutdown of P-9 pile, p. 10. Curves are
gi’mn showing counts per minute from thermal column of CP=3, from 40 sac to
42 hours after shutdown, and counts per minute is standardized to power out-
put in the pile.

The pile was opsrated at 300 KW for 30 hours prior to shutdown, The
operation after shutdown, atiributed to delayed ¥ -n neutrons, at times after
shutdown, 1s given below:

Time Pomer level
I min. ~+ 5 KW
3 wmin. ~ 1 KW

1 hrs . ~ 200 watis
8 he. ~s 10 watis

18 he, A~ ] watt

(CP-2081, %nathly Report, Physica Sec. IV, H. L. Anderson, 8/26/747).

Yield of delayed neutrong. See CK-2318 and CP=2317. Pralimivary work
indicates yield from 25 is 0.8%.

(CP~2222, Monthy Report, Physics Sec. III, E. O. Wollan, 12/31/%4).

Energy distribution of delayed neutrons from 25. See CP=3044. [a2seription
of experiment in progress using hydrogen filled cloud chambsr, Curves of
btreakdown into energy groups are given., Relative intemsities of 23, 7, 3
are obtained for delayed neutrons with energies of 0.34, 0.62, and 0.%3 BEV. ,
mageeti;elyo Problems of resolution and proton recoil angle meaaurermnt ars
mentionsd,

(CP~2301, monfhly Rapor‘%;, Physics See. IV, H, L, Andm%ons 10/28/ JIAN

ey g o
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The absorption cross section for Th was measured by the danger method
in CP=2; for deacription of the apparatus, see CP-2079. A sample of 20%
Th 0{‘203 wes used, and was dried in a muffle furmmee at 800°C for several
hours,” Result, for thermal nsutroms, O (Th) = 6.03 = 0.10 barns.

(CP=2301, Monthly Report, Physics Sec. III, W. H. Zinn, 10/28/'44).

Pneumatic transfar device moves 23 oxide from CP-3 to BF, countar in
1/20 sec., Only the long period (55 sec.) has been studied, and counts were
mde during first 1/2 minute and between 1 and 3 min, - The ratio of number
of delayed neutrons per fission of 23 to 25 was 2.1 during first 1/2 min.
and 2,8 during 1~ 3 nin. period. :

{CP=-3147 gives above ratio as 0.331).

(CP=2317, Delayed Neutron Yislds fyrom 25, D. Nagle, C. Redman, P. Saxon,
11/4/44) . |

. The experimental procedure is described in detail: a graphite brick
containing In foils and U cylinder is radiated in thermal eolvmm for 2 ming
U is then transferred to sigma pile where similer folls are irradiated. The
total delayed neutron yield is found to be 0.77%, erd this glves the inhour
& value of 2,9 x 1072, ‘

See CP=3195, where above is raised to 0.81%.,

(CP=2749, Monthly Report, Physics Sec. VII, D, J. Hughes, 2/28/'45).

Delayed neutrons from 25, being measured by the pneumatic transfer
- rabbit at CP=3, Energy measurements ars made by msasuring decreass of
counting rate of BFy counter with increase in distance in paraffin from
the 25 sample. Preliminary resulis are

Perig ‘Energy
55 sec, ~IL00 ksv,
22.5 sec, " ~/700 kev,

.5 aec, ~ 800 ksv.
(Ses CP=3094). S

{CP=2902 , Monthly Report, Physics Gyrp, VII, D. J. Hughes, 3/28/45; .
. Delayed neutrons, see CP-3094. ‘

(CP~3094, Delayed Neutrons from Fission of 25, li, J. Hughes, J. Debbs, A. .

Cahn, 7/30/'45).

Neasuremerts were made using the rapid transfer spparatus of the CP~3
pile, The apparatus and measurements are described in detail, and graph.-
of data taken are included. Neutrons delaysd longer than 0.2 Sec. are::

_Helf Life Enerpgy _Relatice Yield
55.6 8ec, 250 kev. 0.153
22.0 - . 560 1.000

4,51 . 430 1.28
1.52 : . 620 - 1.45

2 AET oy

) 0.43 . 420 T 0.5L e
The total absolute yield is given as 0.81% on basis of work reparted intP-2317,
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(CP=3147, Delsyed Neutrons frox Fission of 23, 4. Cebn, J. W, T. Dabbs, D. J.
| Hughes, 10/2/145).

lsasurenents were made using the rapid transfer apparatus dg CP=3 pile;
the apparatus and methods are deseribed in detail in report CP=-3094. Results
ares

Half 1ife Energy Relative vield Yield 23/Yield 25
5¢ .6 sec, 25060 kev, .315 _ .72

22,0 560%60 1.000 .35
4.51 430260 1.473 : L0
1.53 620760 - 1.07 26
0.42 420£60 .35 , 21

The ratio of total yield of delayed neutrons in'23 o 25 is 0.331, and using
the wvalue 0,81% total delayed meutrons in 25, the total delays in 23 are
0.273. -

(CP=3195, Lionthly Report, Physiecs Grp. VII, D. J. Hughes, 6/%45).

(1) Delayed neutrons from 25, see CP=309. ‘
(2} Absolute yield of delayed nsutrons, gee CP=2317; latest valus for 25 is
~ yield ecuals 0.81%. , '
(3) From above, the latest velue ofthe imhour is 2.86 x 10”7 times excess k.
(4) A new inhour ws. period formula results from the new relative yields ;iven
sbove in (1):

e Sh 4 200 L 200 4 A 4 _200 3 802
T T,62 T& 2.2 T46.5 T+31.7 - 7T4+80.3

A curve is given of inhour vs, period for old, usual relation, arnd above, vew
ralation.

(CP=3195, Lonthly Report, Physics Grp. VII, D, J. Hughes, 6/9%5).

Absolute yield and short pericds with Lichtenberger?s nsutron beam chopper,
for measuring delayed neutrons. After 1 millisec, instantzneous neutrons have
disappeared and delayed neutrons with periods]nngar than 1 millise¢ ean be
maasured .

‘Main dxificulty is large nackground counting rate; alsc, efficiency of the
detector is different for high energy instantaneous nsutrons ard- for delayed
neutrons,

Results: 5 usual periods account completely for decay curve after 0.2 ssc;
and ‘a1l perilods between .001 and .043 sec. have yield less than % the total
yield of the 5 psriods. :

{(CP~3209, Monthly Report, Physies Grp. VII, D. J. Hughes, 8/745).

Fhoto neutrons from fission products, in D0 and Pe. See CP=3472.

(CP=3472, Photo Keutrons Produced in D,0 and Be by Fiscion Product ¥ =rays,
W.D.B. Spatz, D, J. Hughes, % Cahn, 4/25/46). .

et e g e b
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The _enexrgy and period of long period delayed photo neutrons formed in.
DO and Bs cylinders by fission products ¢ -rays was measured, for the pur-
- pbse of studying the control value of photo neutrcns. The energy and peried
of short pericd ¥ -rays was messured directly, and the short psriocd neutron
production predicted.

(% =n) yields were 0.2% in D,0 and 0.66% in Be, compared with delayed n

yield of 0,73% in 25 and 0.24% in 23. ligh energy i -rays with psriods of
2 nr, 32 min, and 6.5 min each have a yield of R< 2§ pér fissioh, Gravhs are
given showing the longsr period of DoO pile as compared with graphite piles,
for the same excess k. The experiment method is described in detail.

(CF-2161, Nonthly Report, Physics See, IV, H, L. Anderson, 9/23/'44) .

Delayed neutron yield, p. 18, See CK=2318 and CP-2317.  Latest worki
indicates delazed neutron yield from 25 is 0.78%.

(CF=3403, Lionthly Report, Physics Group VII, D. J. Hughes, 1/12/°%46).

Delayed neutrons, "Short period from 25 has half life 05% 02 sec, and
.yiLd of 0.025%0,005%., Table is given of absolute yields of 25 and 23. Total
yield of 25 is now 0.8,%0.12%,

Photo neutrons from fission products. New 30 sec. and 6-8 sec, ¥-ray
pericds are found, and photo neutrons in D,0 are observed from the 30 sec, periocdg
they have low ensrgy. The absolute yield, number relative to total neutrons
emitted, of periods 30 sec. and greater, in infinite amourt of D50 is order of
0.14. See CP-3472. .

'(cF-zago, Nonthly Report, D. J. Hughes, 4/22/°%46).

p,ZA'Periods and yields of photo neutrons and D,0 and Bs are listed, see CP~3472.

(CF=3596, Dalayed Neutrons, D. J. Hughes, Chapter for P.P.R., 2/1/'46),

This report is a survey of all measurements of delaysd neuitrons'up to the
time it was written, It gives a critical discussion of the metheds, accurecy,
and results of the varlous investigators, and contains graphs of the counting
rate data. The report covers pericds, yields, and energy of delayed neutrons.

(CRPP=34, P;ogr?ss Report, Work on Dslayed Neutrons, C, W. Gilbert, G. Fergusson,
146 .

. 9 The Zeep pile is modulated by a rotating Cd shutter, and the a,c com=
ponent of the ion chamber current is amplified, The amplitude of pile modulation
and phease log between shutter end pile response can bs determined. From tuis
the dslayed nesutron periods and intensities will be computed, Shutter rgtates

with a period 1 sse. to 1000 sec, '

(CRP=266, Photo Neutrons Produced in Zeep, F. W. Fenhing, 6/18/46).

~ The Chalk River on pile, Zeep, was operated at 50 watta for 225 min,, then

mv‘i'&g E?E
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shutdown, and the neutron density in reflector was followed from 30 min,
to 24 hr. after shutdown. Correcting for spontareous fissions, the following

periods were found: Fraction of neutrons

Pericd
5% 10 | _produced at rat:
275+ 10 min. r°d“c§fsa; igead operation
128‘%6 : 5.4 x 106
30-3 : 6.0 x 1076

(CRP=266 or PD~190; Photo mneutrons produced in Zeep, F.W. Fenning, Challk Rivaé*,
Canada, 6/18/146).

X =rays from fission producis produce photo-reutrons in D;0. kanrer in
which powsy of a Dzo pile decays after shutdown depends on photo-effect neulrons
and on k that remains after shutdown. The experimental decey curve for photo
effect neutrons is analysed into three exponentials, after correcting for in-
finite time of operation before shutdown, where I is neutron intemsity in counts/
min. and ¢ 1s in minutes after shutdown. ' '

<t/275° -t/128

-t/30
+ 21,250 e /3

I%2590e 4 23,600 e

Measurements were taken with BF, chamber for 24 hrs, starting 30 min. after
shutdoun. Measurements were nade onBZeep plle, after operation at 50 watts for
225 nin, ‘

(C=35, Monthly Report, Metal. Projeet, Cyclotron Grp, A.C.G.Mitchell, 4/11/%2).

A table gilves initial activity of delsyed neutrons

Half life Intensity, Nodﬂee, g of total activity
57 sec, T L0154 3.83

24 0114 . 28.3
7.0 137 34.0
2.5 137 34,0

These were obtained.from the cyclotron, & count of 10,000 fission msutrons/
min before it was shut off. Total of 21l periods was 0.403/neutrons/sec,
For full report, see C-8l1, .

{C=81, Study of Delayed n &ssociated with U Fission, A.H. Snell, A. V. Hedzel,
H, W. Tbser, 4/%42). -

The delayed nsutron periods were measured with a cyclotron, and ths decay
curve is -.28% ~,099% «.020% =,013%
activity & const. (1.2 e +1i2e ° +1.0e * 4+ d35e ° )

Comprising 1.051".0,2% of the neutrons; t in seconds. The decay periods are 2.5,
7, 245 and 57 sec., A complete description of the apparatus and procedurs is
given,

(CK~1761, Monthly Report, Physics Grp. IV, H. L. Anderson, 5/25/%44) .

The 5/ sec, delayed meutroh emission of 49 1s compsred to the same ewission
by 25, The ratio of fission yield (54 sec,) of 25 to 49 was found to be 2.15,

See CR-2318. | : sespn
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(CK=2318, Delayed Neutron Decay Curves from U‘énd Pu Fission, C. Redman, D.
Saxom, 11/4/%4).

iisasuremants were made in the Argonne graphite pile. Fdf 49,
A S Cpy {1.2 67+680t 411 671 41,0 6P 4oy e°°°126t}
and for 25, - . | _
| Ay = o302 67613 4 258 o35t 4 190 &70308% , gog e°°°?26t

Within experimental errors, the half lives are the same, at 55.0 sec, 22.5 sec,
L. 8s¢, and 1.1 sec., The neutron yields given for 25 are from CP-2317. Limita-
.tions on the experiment are the counter resolving time, 105 microsec; and the
time required for moving source from pile to geomstry. The delayed neutron
yield from Pu is estimeted equal to % that from 25.

’

(MonP-17, lionthly Report, Physice Sec. III, E. O. Wollan, 9/31/%5).

Energies of delayed neutrons, Compars with CP-3094; Using a hydrégen filled

cloud chamber and pneumatic tube with Clinton pile, the following energies are
measured: ‘

Period Host probable ensrgy Averapge energy
22,0 sec. 520 kav 580 kevw
4.51 . 350 400
1.52 720 720

C.43 350 . 380
(MonP=104, Honthly Report, Physics See. IV, L. B. Borst, 4/30/'46).

‘Relative value of saturated photo rneutrom activities from fission products
ard D,0 is

Period Relative activity
53 hrs. 11.1
494 L 3409
106 " ¢ 267
27 min, - ' 235
7.7 " 359

The photonsutrons of periods given have a total activity only 3/i% of that
of the delayed neutrans, any additional appreciable number of photo neutrons

must come from shorter pericds. Ieasurements were made in 10® radius sphere of
D20 °

(MonP=172, Yield of Fhoto neutrons from 25 Fission Products in D0, S, Berne
stein, W. M, Preston, G. Wolfe, R. fi. Slattery, E. Gr%uling, 9/24/46).

Results obtainad.ares (
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Relative neutron yield § Absolute number of
Half life 22 sec, delayed n yield = 1,000 photons per fission
52 h . .00033 . 00125
4 .37 - . .00119 ' 00394
1.65 -.0093 ' 0415
27.3 m ' .0082 0354
7.7 «0124, 0407
2.4 L0276 - 121
L1 s «090- 143
2.5 .225 | | 673 .

2.3

Total photo nsutrons is about 16.5% of total delayed neutrons; energy of
assumed  -rays is above 2.17 kv, .

.Measurements wers made in a 10 vadius sphere of D20 set in 8 tenk
of oil beside the Clinton graphite pils. Pneumatic transfer of enriched U
slug from center of plle to sphere took {.25 see, Heutron distribdtion in
the oil was studied by fission chembers containing 90% enriched T; these were
less sensitive to }~-ray background than BF., counters, iodified Simpson prop-
ortional counter amplifier and coeling.circait had a resolving tire of 20 _4 sec,
_ Theoretical appendix contains FNeutron Yield from iultiply Scattered Compton

Photons®, by E. Greuling. :

(MonP-192, Descrirtion of an Average Fission, K. Way, 12/11/%46).

A complete discussion including historical references about the radiations,
fission products, and energy released in a fission. Section on delayed neutrons
summarises the known informatiom and lists many references, which are all
covered in these abstracts. -

Yield in Units 107%

Half life Enexgy 25 23 _49

Deslayed neutrons

55 .6 sec. 250 kev 2.5 1.8 1.4
22,0 570 16.6 5.8 10.5
4ol 412 21.3 8.6 12.6
1.52 670 4.1 6.2 11.9
0.53 T 400 _8.5 1.8
3.0 24 .2 36.4 Total Yield.

(lonP-250, Lonthly Report, Physics Sec. I, A. H. Smell, 2/19/%47). .

Photo neutwyons from fission products énd D20° Number of photo neutrons per
delayed neutron for 23 is the sane as from 25.

(ionP=314, Quarterly Report, Photo neutrons from 23 and 49 Fission Preducts,
S. Bernstein, E.P. Blizard, leslie, McKinney, Jackson, 6/21/%47).

p. 21 Continuvation of work of konP-172; resulis are curves for photo
. neutrons/delayed neutrons vs, time for 23, 25, and 49; curve for 23 lies above
25 and curve for 49 lies belows the difference may not bz real,

The results indicate that the number of hard Y 's goss up or down with the

g‘ :nm‘tg&
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nunber of delayed neutrons, To check this, hard Y rays viere selected
by their absorption lead; the Y ray count to delayed neturon count
is designated R, and 49 was found to be 1.2%0.12. Curves ars given

"
comparing delayved neutrgn periods and yields from recent reports and
from these experiments,

(MonS=29, Metal. Project, Information lLeeting, Imergy of Delayed Neutrons,
. Burgy, 9/18/145).

P. 29 Energy curves obtained with pneumatic, tubs at Cl:lnton, wkich
h:8 transit time of 0.25 sec., are given in a table.

loat Probable Average
Half life ensrgy . energy
0.43 sec. 35 liav, 0.38 v,
10? 072 0.72 s ,
4.5 - o35 0.40
22.0 - 052 0.58 -

(LA=~183, Criticality of Water Boiler, No. of Dslayed Neutrons, and Dis-
persion of Neutron Emission Per Fission, F. DeHoffmann, 12/8/%4).

. £ = fraction of delawed neutrons; 7 18 relative effectivensss of
delayed and prompt nsutrons in leading to fission. For the water boiler,
& £ is measured to be 0.79%, by an elaborats experiment in which a Cd
sheet is oscillated.

The average time between fissions dus to pronpt neutrons is measured
toc be 122 microse.

{LA=231, Delayed neutrons from 49, B. T, Feld, F. Delloffmarm, 2/27/°45).
The ratio of the relative no. of delayed neutrons from 49 to those

from 25 is found to be 0.47 foxr delays over 2 ssc. and 0,40 for delays
over 5 sec, Relative abundance and periods, for 49 are

Relative abundance Peried
04C 79.6 sec.
288 32.5
371 7.5

.301 1.6
Decay curve is given, '

(LA=-252 Djla d) Neutrons from 25 after Short Irradiations, F. DeHoffmann,
4/6/45 '

Delgyed nsutrons are measured after exposures of 3 and 11 uilisse-
in the dragon, A4 period of 6.3%1 millisec is discoveredo

(LA-253, Short Period Delayed 's from fisslon of 25, P. B, lioon, 4/7/45).



lieasurements of § activity following pulses of the dragon are
observed by ion chamber amiicounter, Activity having a period of a few
millisegz is observed. ol(t)

A curve is given of ™X(t) as a functlon of %, where céﬁl is
rate of emission of ¥ ray energy in liev/sec.

"Seeld=253A which is a critical discussion of this work, and compares
results with those obtained in water boiler and with a V, deGraff generator,
and cohcludes that the few millisec period does not exist. :

Group (6 Experimental reports. Bringing piles to critical. Exponen-
tial and critical experiments. Startup and drift of a pile, Calibration

of rods. Shadow effect of rods. leasurements of einch and the inhour.
Experiments on rod shape and length, Esasurements of temperature. coefficient.

(CP=455, ietal. Progect, Report for lionth Ending; Fhysics Grpa III and I%,
%. H. Zinn, H. L. Anderson, 2/6/%3).

The results of a series of standardization experiments are reported. .
Barometric pressure changs of 1 mm. of Hg. corresponds to 0.396 cinches
of control rod positlon. Results of expsriments on the change in eritical
position of control rod with a 200 mg. Ra+-Be source; BFy polson in Al
tube; Cd foil poison; U and Uo,; inserted in the pile are reported. The
change in k due to imserting t ese fgggrlals is given by giving N X, where
N is no, of central cells and X = » X being cinches rod ig inserted.

Y

(CP-510, letal, Project Report for lionth Ending, Physics Grps III and I/,
W. H. Zinn and .. L. nnderson, 3/6/'43)

The effectiveness of two Cd strips 8 feet long and 2 inches wide
separated by 45 inches was found to bs decreused Ly 8.6% and separated
90 inches to be dccressed by 4.7% due to shadow effects,

~

(CP=570, ietal. Pro;ect Report for lkonth Ending; Physics Grps. IIX, IV, V,
H, L. anderson, ¥. H. Zinn, G. L. Weil, 4/17/'43).

A description is given of how CP #2 was first brought to critical,
by rmeasuring the saturated activity of Indium foils which successive layers
of dead and live-graphite were added. The inhour is defined. On page 6,
rasults of experiments to test the prediction that the effect of an absorber
in a pile is proportional to the square of the neutron density at its position
measured by. Indium foils are given and show good agreement with prediction,

(CP-641, sctal. Project Report, Physics Grp IV, H, L. Anderson, 5/10/'43).

, Definition of the inhour is given, and an eruation relating it to the
period of the pile, using Snell's data on delayed neutrons.

o
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The equation is _ : _ E
- 64 2 . 688 1938 665
inhour € -——mm 4- —‘Ai— T —— - e ———— Ot m————n
T T+ 3,57 * TF10.1 T+ 34o5 + T+ 83

where T is periocd of the pile. The control rod is calibrated measuring the
period for variocus positions; neutron intensity in control rod slct 1s msasured
from activity of Cu foils; control rod sensitivity is proportional to integral
of the square of the activit.ies ovor the length of the rod. Conversion has
been calculated for

§x% 23,04x10°  inhours

1 cinch = 0.8135 inhours
Period of Argonne pile with all rods out bslieved to be 6 sec, giving k = 1.004.
" The standardizations are still tentative. -

(CP=-718, listal. Projeet, Report for Month Emiing, Physics Grps. V and VI, G, L.
Weil, .J. larshall, 11/27/%3).

p. 1, Safety rod #3 for CP=2 of simpls construction and held by magnetic
clutch can be removed from pile in 7 sec.

p. 16, Cd control rods 60" long formed of sheet shaped like 0, l, 4+ , are
compared in a pile and ratios of efiectiveness in changing the Laplacian found

tobe £ _ -2 -
1'.. °11 ’ 1 01918 °

(CP-lOSl, ietal, Project, lonthly Report, Clintcn Lab., » He W. Newson, 11/27/'3).

On calibration of Clinton control rods. Honitoring 1s done by BF, counter,
The reactivity of the pile with control rods all the way in is equivalént to
the reactivity during loading with a given number of fuel channsls filled, Each
full channel is assumed eguivalent to 4 inhours, and 1 inhour equivalent to
.changs in k of 2.95 x 10 The results of the test on regulating, shim and
safety rods are given, Barometric cosf. has not been measured.

(cp»1173, Monthly Report, Physice Res. H. W, Newson, 12/28/%43).

In the Clinton pile, the temp. cosf. due to temp. change in metal while
graphite remains constant is approx. twice that predicted. Veasured valuss
in inhours/®C. are .407 to .457. A graph of temp. distribution in metsl and
graphite across the pile is given,

(CP=1295, konthly Report, Physics See. I, H, W. Newson, 2/29/%4).
Start up of Clinton Pile. Calibration curves for #1 and #2 regulating

rods have been taken. Sensitivity at the center is 2,9 inhours/inch. The
"51d" inhour formula, in terms of the pile period, is 10% to 20% low,




(CP-1300, Metal. Project lLonthly Report, Clintcn Lab., H. W. liewson, 3/6/%4).

P. 19. An attempt is made to calibrate control rod in a short test
while the pile is in operation at high power. The change of temp., with
8light movement of rod introduces a temp. effect. A graph shows powerlevel
and pile temp. a8 a function of time; also a plot of power level against
temp, Temp. corrections in inhours/degree C. are computed.

P. 24. Control rod calibration and absorption measurements. A thermo-
couple was attached to a slug, and the temp. of the pile kept constant during
tests, To calibrate #2 rod, a Cd strip was inserted into the pile and the
novement of the rod to maintain the temp. was measured. The absolute efiect of
the Cd strip on k was obtained later when pile operated at zero power; 4 methods
" are describad, wiich involve pile pe-iod measursmsnts. GControl rod #1 was com-
pared egainst rod #2. Equations for the sensitivity as a function of position
are given, Experiment on the ripple of slow neutron intensity due to rod siruc-
ture of the lattice is described and no observable ripple was detected. The
axial distribution of the square of the neutron intensity was measured; the
sensitivity to poisoni-g by a Cd wire; the poisoning method was used in several
foil slots to scan the neutron distribution through the pile,

{CP-1389, letal, Project Lonthly Report, Diffusion Experiments, P. .orrison,
2/24/%44) . : '

An exporential experiment is deseribed. An Al ‘rod wrapped with 30 mil Cd
shest at a radius of 2.05 cm was inserted in a central cell. Foil activation
.showed steep rise in flux from center to 35 cm. back from rod, and slow decline
to edge of pile. The change in k eff was -~ 3%; and effective radius of the
rod, considered black for thermal neutroms, is 2.2 cm,

(CP-1400, sonthly Report, Physics Section I, H. W. Newson, 3/15/'44).

Pile Drift, opsrating characteristics of Clinton pile. The change in in-
hours of the regulating rods,. temp., pressure, and humidity record for 11 days
of steady power operation are given, using 1°C = 0,6 inh, 1 mm Hg = 0,25 inh
(pressure), 1 mm Hg (Hp0 partial pressure) = ,036 inhours. Daily fluctuations
are too great to collect data on pile poisoning due to fission prcducts,

(cP—i'729, Monthly Report, Physics Grp. III, W. H. Zinn, 5/25/'44).

P. 3. Exponsntial experiment prior to starting CP<3, a D0 pils, show the
pile will have an excess reactivity of about 6%4. It is decided to add two
more control rods, poeition adjustable by hand, and remove a number of metal
rode. OSuggestions for utilizing the excess k are listed,

(MonP-104, Monthly Report, Physics Section I, A. H. Snell, 4/30/'46).
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Critical experimsnt for the heterogenous (high flux) pile. The
eritical mass of 25 extrapolated to no penetrating holes was 869 gr, a
concentration of 10 gr of 25/1iter of D,0. A control. rod was calibrated
against a uniformly distributed poisom; the temp. coef. is strongly regative,

{ionP~ 357 . Critical Experiments on Small Reactor of«Enriched 25,
© be M. Mam, 7/'47).

- Contains a section on the effectivensss of a control. The change in
k off is given, and the change in rumber of grams of 25 required to make
2 pile critical is given.

(PM=247, Title Unknown, C.N. Watson=lunro, 4/'46).

Experimental work done on Chalk River Zeep Pile. Effect of short cone .-
trol rod, and effect of control rods immersed to various depths. ‘
Not available: ref., see CRFP=34 p. 9.

(Pi<248, Title Unkmown, C.N. Tatson=bunro, 4/'46).

Experimental work on Chalk River Zeep Pile. The positive interference -
of control rods was found; reference: TPI-29, F, T. Akler, The best position
for four control rods in Zeep is 0.18 effective radius or 0,25 geomstric
radius from the axis,

Not available: ref., CRPP=34, p. 9,

Reference to abstracts in other groups:

Group ' Grou
CP=430 (1) Cr=3582 8
CP-1088 (7) ' MonP=206 - (8)
GP-2301 (8) :
Group (7). Experimental reports. Pile poisoning by Xe, Sm, and ¢4, cCross

sections of Th, and other elements. iH, and CoCl, as safety solutions.. Boron
glass control roda. Radioactivity of control rod materials. keasuremsnts of
pile fluctuations, and of coolant turbulence. Neasurement of diffusion length.
Reports on the Hanford piles, .

. (CP=964, Hetals Project lonthly Report, Physics Grp. IV, H. L. Anderson, 9/25/%43).

Radiocactivity of control rod materials. Saturation activities in dis-

s
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integrations/ c/gram/kw, half lives end emergies, induced by slow neutron
flux of 4 x 1 Og are given for Al, Cu, Na, Fe, Ni, and Cd,

The aross section of a design for a control rod for Hanford, including
.005% Cd sheet sandwiched between 1/16" Al sheets, and attached to four
1/2" 0.D., 1/16" wall Al water cooling tubes is shown.

(GP--1016, letal. Progect Monthly Report, Lattice Desigm Grp., A. i. Weinberg,
10/23/43

The drop safety rods for Hanford will bes 29 23" B steel crosses, each -
seyving a cylindrical region of radius 57.4 em. The k loss per rod is 5.65%
and overall k loss is 3.33%; required reduction in k is 3.5%.

A "last ditch" safety mech. in case drop safeties fail to work is
described. It would be 7.4 grams NHy dissolved in 100 grams Hy0 from 2.9
t0 2.5 em, If this liquid filled the 4" dia. tubes surroundirg the drop
safeties, the loss of k would be sawe as if safeties were im place.

Cleanup during operation of 0.5 ppm of B in graphite will increase k
of Hanford 0.3% after 100 days at 300,000 KW, and will offset poisoning due -
to fission products. )

(CP-1088, ietal., Project uonthly Report, Physics Grp. IV, H. L Arderson,
10/23/143) .

A 4.57% water solution of NH; gives about 3 as much reduction in k in
the Argonne pile as 1-7/8" Cd str A 37" Al tube filled with the solution
inserted 104" changes k by 77 x 10 It is calculated a 30% solution would
not equal the Cd strip.

Activity induced in Cu foils distributed along a slot indicate that
vhen a square tip, 3" wide Cd control rod is in place, (1) Ratio of activity
with and without rod is constant along length of rod, but (2) rises by a
factor of 2 at the tip. (3) Neutron density is decreased nearby, and increases
farther away.

(CP=1255, lonthly Report, Diffusion Experiments, P. lMorrison, 1/24/%44).

The diffusion length of thermal neutrons in square channels 6.2 cm on
edge spaced in a 8" lattice in a sigma pile of AGOT - S graphite was msasured,

end results are
B(channel, parallel to axis) 4 o+
D(solid graphite . .1°w -03
D(channel ndiculasr to axis) = +
“D(solid graphits) 1.08 = .04

The values calculated by the ecuations of C=170 give 1.35 and 1.22 respectivellyo
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(CP-2298, Metal., Project iionthly Report, lattice Design Grp., A. M, Weinberg
and Theor. Fhys. Grp., E. P. Wigner, 10/28/%1).

Excess multiplication required to overcome Xe poisoning for 250,000 Ke
operation at Hanford is 1.25% for the 200/ tube pile. Fermi gives the equation
Ske -1;2%%62- where p is local power output in Kw/ton U. An increase in
.k of O, 54% cmbs obtained by reducing thickness of slug end caps from 0.35
inches, graded th:oqgh the pile; such thick caps are needed only at center,

Hanford control rods ars calculated to have effective radius of 1.43
cn;, 9 rods control 1.1% k, while excess k in clean 2004 tube pile is cal-
culated to be 1,17% :

(CP=2301, Nonthly Report, Fhysics See. III; W. H., Zinn, 10/28/'44).

Poisoning of the chain rsaction by Xel35. Two long rums_of CP=3 at
constant temp., were made, and the change in reactivity due Xel35 was ob-
served; curves of reactivity vs. time were teken but are not reproduced.
Noaﬁhar poisoning.as large as 10% of Xe poisoning with half lives between
4+ hr and 40 days was observed,

(CP-2601, Nonthly Report, Fhysics Sec. I, A. H. Smell, 3/31/'%45).

Observations on bubbling with an open surface, p. 4. A 55-gal. oil drum
was mounted on its side, with oullet at top of ends and inlet at center of
bottom; water was circulated at 70 gal per minute and glass bubbles dis=
tributed on horizontal plane inside, giving 3 liters per sec of air., The
frustrum of a cone, narrow end down, placed over the inlet reduced piling up
of surface over inlet to less tham 1/4 ®. Surface agitation was last where
water velocity is greatest. Conclusion is that bubbling will make it very
difficult to control a pile,

(CP=2601, Monthly Report, Physics Sec. I,  A. H. Snell, 3/31/%5).

The resonance level of Samarium has been examined with high resolving
power, A curve is given,

Resonance energy E¢ = .096 av,
lax ' To = 14,200 barns .
Half width ¥ 035 ev.

s 004 ev,

Resclving power

(CP-2902, Wonthly Report, Physics Grp. I, W, H. Zinn, 3/28/'45).

The cross section of Samarium, p. 1, has been measured with the crystal

o
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spectrometer, and has a resonance at .096 ev, with a max, U of 15,500
barna and a half width of 0,074 ev, A curve of this resonance is given.
" Resonance peaks were observed at the positions for the second and third
order Bragg reflection of the sbove energy nsutrons.
. .

(CP=2984, konthly Report, Physica Grp. VII, D. J. Hughes, 4/25/%,5).

The method of measuring the resonance absorption in Th is described,
vith no salf~absorption, and with self-absorption. Using the values
> (Th) = 6.83 barns -

5‘ Y = 2712 verns
m B

the resonance absorption of thorium is calculated

pi
J g dE = 81.3 barnps
: Th

(CF-3403, ionthly Report, Physies Grp. I, W. H. 2inn, 1/12/%6).

Total cross section of Th, Extrapolation of a curve for total (given
in the report) for ensrgies .08 to 15 ev gives for thermal energiea:
total T (XKT) = 18.5 barns
capture 'U(KT) ® 6.2 barns
scattering J 2 12.3 barns

Below .07 ev then appears to be a crystal effect lowering the predicted
total C

(CF=3574, lonthly Report, Physi.s Grp. II, W. J. Sturm, 7/26/46).

Total cross section of Sm., A curve is given of cross section taken
with cryztal spectrometer at energies from .04 to 65 ev. The resonance at
006 ev ias T, = 15,500 b. and a half width of .07 ev, A new resonance
is found at 10'ev, Uy = 2300 b., and at 30 ev,

{CP=3574, Monthly Report, Physics Grp. VII, D. J. Hughes, 7/26/'46).

Effect of c4 g8 a pile poison. p. 31; It is found by the éanger coef,
method that absorption cross ssection of cl4 is 1less than 200 barns, and it
is computed that effect on Hanford pile after one year of opsration is less

“than 0 6 inh,
- A

~
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(MonP=33, .onthly Report, Physics See. I, A, H. Smell, 11/30/'45).

Study of turbulence (contributes to fluctuation of pile power).
Hlotion picture sudy of air bubbles when introduced into flowing water
in long smooth pyrex tube yisld the following datas

aver, axizl vel ¥ = 109 cm/sec

Reynolds no. R = 1.04 x 107

Turbuleant co onent perpendicular to axis

(‘;;) = 15;2 cn/sec

Ratio (‘TXE)% 2 0.1

L

(MonP-85, Nonthly Report, Physics Sec. IV, L. B. Borst, 3/31/946).

' Neutron diffraction. Transmission of fission product rare earths for
neﬁ ons of energiles .03 to 0.2 ev shows ome absorption lime at 0.1 ev, where
has a resonance of 95,000 barns. The yield of the Sm49 chain should
"be 1%; however ghese measuremernts indicate yield is .02%. The absorption
spectrum of Xe is to bs studied.

(B!éonP»lBO, lielal, Project lionthly Report, Physics Sac. II, A, i, !eihberg,
6/30/46).

Pile Poisoning by Xe and Sm. Equilibrium operation of high flux pile
indicates Xe and Sm change _k eff by « .037 and ~,008 respectively, -After

shutdown, Xe poisoning __ k- ef¥° is =.081 at 20 min,, <,116 at 40 min., and

=,176 at 80 min., while S]fn°poisonin° remains at -.008 for these times, rising
later to a max, of =.036.

(¥onP=314, Quarterly Repori, Progress Report on Xel35 S. Bernstein, p. 25,
» 6/21/47).

An experiment is in progress to measurs total (J for Xelgs between .02
and 2 ev by using the crystal spectrometer. The division of responsibility
for separate parte of the project is outlined; the spectrometer performance
is discussed; amount of Xe renuired, and efficiency of chemical separation
is discussed, ' Vork on extraction of Xe, and aralysis the sample of Xe
is ecoversd.

{UC~HHG=7, Neutron Cross Sections of the Elements, H, H. Goldsmith, H. ®.
 Ibser, 8/11/'45). S




Contains graphs of cross section vs. energy for high énergies and low
energies for most of the elements used in pile construction or in control
rods,

" (WPP-30, Progress Report, Sec. VI, L. Kowarski, 10/'45).

Fluctuations of Zeep D,0 pile, are proportional to the inverse root
of power, and at ¥ watt the standard deviation is 0.07%. Power range studied
was 5 x 1074 to 0,5 watt,

The Cd shutter pile modulator gives a peak to peak change in k of 1074 ,
The croas section for graphite could be measured to 0.1 millibarn by swinging
it in a tangential channel with a pariod of 10 to 20 sec, and a power of 10
to 100 watts. _

(cc-418, i;ta} P:)ro,;ect, Report for Nonth Ending, Chem. Group c-n, I Burton,
/15743

Cc,Cl,, considered as a possible safety gas, vwas s radiated with 2.5‘kbv
for 0.5 hour; equivalent to 10 deys in Hanford pile, at room temp, and then
distilled; disti‘lation curve is given, 40% CoCl, was not decomposed; another
40%, not identified, boiled at 152° = 154° C., aﬂé remaining high boiling
fraction crystallized when cooled, 0,11% of Cl vas in water soluable form.

- The decompositjon implies C,Cl, would not be useful.

(CC-1036, letal. Project Report, Chem. Grp. NV, %, L. Kay, 11/6/'1.3).

Boron glass for control rods. Cd rod causes excessive heating in sur-
rounding material dus to (n,Jf ). B rod heats itself with (n,d). A method
for incorporating B is to coat coolant pipes with B glass in control rods.
The properties of the following B glasses were studied and are listed:

233 Pb0:1B0y 5 Bip0;:By03 ; BaO:By03 5 Be0:By03 ; A105:B,03 5 Un0, lig0,

The glass can disintegrate to a powder without injury to its effective~
ness 1n the control rod.

(CS~406, Minutes of Conference at Wilmington, M. D. Whitaker, 12/22/%2).

The contyol information necessary to opsrate Hanford piles is tabulated.

(CS-977, Project Council, Information ubeting, 10/5/%43).

Discussion of same topics covered in CP-964. Hanford rod should be
placed in Al thimble, and Cd should taper at the end of the rod. Various
proposals for number and spacing of Hanford Rods. B coated ion charber is
satisfactory, but sensitivity of photronic cell will probably charge in few

hours,



(CS-2172, IEWTech. Progress Letter No., 11, S. 'J, Bugbee, 9.21/'44).

Hanford Pile 105-B loading is discribed. The dry nile became critical
with 404 tubes charged; the central safety rod effectiveness was 0.5%, With
748 rods pile was non-reactive with 12 safety rods in place, W¥hen filled
with H,0, pile was reactive with 838 rods.

{GS=3026, HEW Tech. Progress Letter No. 46, P. W. Crane, 5/23/%5).

pP..11. It is calculated that increasing Hanford D pile by 15 M.W,
abovs rating will increase the reactivity by 15 inhours.

If a Hanford pile loses all its water, the reactivity increases by 900
%o 1050 inhours, The safely system is designed to control this, There is
‘& question if the safety system is adequate if the reutron density is heavily
flattened, by P-columns; the reactivity is then pushed to the edges of the
pile where the safety system does not penetrate; analysis indicatea that
safety rods in a 500 ¥ unit with 600 inh of flattening have 300 to 400 imh
control in excess of that needed in case of loss of water and high temp. rise
in graphite.

(CRPT-35, P§0g£§ss Report, Xe Poisoning of Enriched Files, i. H. Clayton,
6/ 14 : o

Hot available: see CRPT=36, P.4.
(CRPT~36, Progress R@port Effect of Xe Poison on the Neutron Distribution
in the NRX Pile, H. H. Clayton, 8/%46).
By Zirst order perburbation treatment of one gﬁoup theory, the NRX pile -
at Chalk River at 20 Lagawatts will have the maximum neutron density moved

from 25 cm to 70 cm from-the-exis, and the ratio of average to maximum neutron
density zalsed from 0.42 to 0,58, due to Xe poisoning.

(CRTFI=41, Pile Instability Dus to Polson, H. H. Clayton, 8/%6).

Noi available: see CRPT, p. 4.

Reference to @' stracts in other groups:

Group | | . Growp ;

CP=94/, (1) | NonP-85

CP=1014 (5) MonP=104, (‘8

CP~1400 (63 ; MonP-206 = (8)

CP-1389 (1) Ne2292 - {1)

CP=2292 (4) : m‘ 3
ltonP =56 (2) : e

ManP<2, (2}
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Grou Description of control for specific piles. The first Fermi pile.
Argonne CP=-2 and CP-3 piles. Clinton graphite pile, Chalk River D,0 zero )
power pile. Chalk River NRX pile, Los Alamos water boiler. Proposed General
Electric zero power pile, and resonance pile. Zinn's fast neutron breeder.
Proposed fast Pu breeder (Soodak). Clinton high flux pile; see also group (2).
Note: Not included in this group: BeO power pile {group (3)), and Hanford
piles (group (7)).

(CP=413, Experimental Prod. of a Divergent Chain Reaction, E. Fermi, Appenﬁix i1,
Honitoring and Controlling the First Pile, V. C. Wilson, 1/%3).

o

A complete descrirtion of the control apparatus used., Defects in the
instruments are listed., Diagrams of ion chamber circult, control system circuit,
detalls of the safety, control, and "Zip"™ rods; ard curves of counts a8 a

function of cormpleted layers, and of 'ion chamber currents with time, are in=-
cluded.,

(CP-1173, lMonthly Repers, Physics Res., H. W. Newson, 12/28/%3).

Change of power with time and temp. at the Clinton pile. When control
rod is displaced, the change of nower is linear for first 10 minutes, irdicating
constant temp, coef, - The power change baigzis complicated when grapnite
temp. changes. The equation should bs C 2 Adh = (d(T = Ty), whers C

is const, i is current in fon chamber, A ih is control rod movement, C( is
temp, coef., T and Ty are final and initisl temp., d is a constant. 4 graph
is glven of lon currsnt and central slug temp. as a function of tims,.

(CP=1401, ietal. Project, ilonthly Report, Instrument Div., W. P. Overbeck,
3/15/144) « | .

Hydraulic drive on #1 rod at Clinton pils will give smooth operation at
4% /sec and 20"/sec.,

~ (Cp~1531, 7ta}'AZ§oaeet lionthly Report, Physics Grp. IV, H. L. Anderson,

The amp]idyne driven control rod is being used at Argonns in bP-}, and
is a marked advance in pile control. Whereas before the cperator had a rough

control of the spped of the rod, he mow controls accurately 1ts pesition;
rod speed is 1 fi/sec.

(CP~2301, lionthly Report, Phypics Sec. III, W. H. Zimn, 10/28/%4).

Tamp, coef, of cpmaa Temp. cosﬂ is found to be 6,8 1nh/°c, a reduction
of 1.,7% ir k follows a temp. rise of 100°C,

[N
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(CP-3006, Circuits for Control Systems, W. P. Overbeck, 7/%5).

Descriies the control system for the Argonne Pile CP-2, covering same
material as CT=669, with the following additional circuit diagrams: ion chamber
supply and indicator, safety rod #'s 1,2;,3. Also discusses differential
equation of rod motion and conditions to rrevent "hunting®.

(CP-3431, Automatic Control System for CP-3 achine, T. Brill, 1/7/6).

A four chamber ion chamber that will handle currents up to 500 4<%
without saturation orerates a galvanomster having sensitivity of .003 /< o/mm,
and 3 second period, the response being due to 8 differsential current when ion
current is opposed to a "buckling" source., Prisms on half the scals reflect
light spot to photo electric cells which opsrate low spead drive on a control
rod., lotors operate when power changes * 4%, and hold power lsvel to I 1%,
About once a day disturbance takes machine out of automatic control and addi-
tional phote cells operate alarm bell, An operator rmst bring the pile up to
power., :

(CP=3647, lonthly Report, Pnysies Grp. IV. T. Brill, 10/23/!46).

Automatic control system installed on CP-2 similar to one on CP=3 holds
the pile power to 0.2% or bestter. It will operate from two chambers, a high
sensitivity BF, ion chamber, or a "powsr" chamber and a less sensitive, icore
linear, uwore r@lisble chambsr lined with B and filled with He,

(L&~134, Water Boiler, C. P. Baker, H. K. Daghlimn, G. Friedlander, K. G. °
~ Holloway, D. W. Kerst, R. E. Schreiber, 9/4/%4).

Automavic safety monitors, p. 12, ars three BF, ion chambsrs, Control
rod, p. 14, is Cd strip wrapnred around brass tube, %ith a movement of 40,7
inches by D, C. motor, in a water tight sheath, in BsO reflector. Can be set
to 001 inch, and position is indicated by Sslsyn motor counter. Safety rod
is Cd sheet, 24 Inches wide that falls free in reflector. It is held by
electric mognst and magnet and rod are lifted by motor and cable., Total
effect of ontrol rod is 11,3 gr of 25 end of Safety is 22,1 grs of 25; criticd
mass with Be0 reflector is 572.8 grms; period with excess of 0.4 grs is~- 25 sec,
Temp, is carefull; controlled, monitored with platinum resistance thermo-
metor and Qu-constantine thermocouples, and regulated by heaters in the room,
neld to 39° C, Control is 0.1 degres across pile and reflector, and 0,01
degree for many hours; temp. coef. is 0,73 gr of 25 per %,
Addigional safety is that solution is damped (p.5) if a leak occurs, .
if ne mises above set level, if liquid gets into the overflow, or if the
power fails, A manusl dump valve drains the solution out of the laboratory.
Diagrams sre given. ' . '
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(MonP-113, lonthly Report, Physics Sec. V, H. W. Newson, 5/31/%46).

A general description of the control of the high flux pile is given;
it will have 3 Cd safety rods, 4 Th shim rods, 2 Cd control rods. A circuit
i3 being designed that will indicate pile period on a mster. Character-
istics of a G. E, Differsntial Jon Chamer are being studied; a chamber with
better sensitivity, and that will operate at high fluxes is planned. The way
irradiated materials to accomplish this are tested is for "noise"™ deseribed.
Pile similator circuit is described briefly. It provides for extsrnal :
control of (Ak) eff , effect of Xo, terperature, delayed neutrons, and possibly

the study of mhx. bubble size.

(MonP-113, Monthly Report, Physics Sec. II, i. i. Wei:berg, 5/31/°'46).

. Response of safety rods in new high flux pile should prevent overheating
of assembly following sudden jump in k. If Sk eff jump is 1.5%, meutron life-
time 5 x 10™% gsec, rod accelerated by 9 g., assembly film drop jumps by factor
of 3. Conclude Sk jumps of 1.5% are not psrmissible, '

(1ionP-206, Phyeical Data on New i h Flux Pile, 4. Il Weirberg, 11/21/%6).

p. 10, Xe and Sm poisoning, 10 hours after shutdown takes up a maximum of
55% of k. A table is given of poisoning vs, time after ‘shutdown. 9.6% extra
Ak eff allows maching to be started within % hour or after 2 days.

De%le‘tiono To allow pile to run 10 days, 3.3% Ak off must be built in for
this purpose. . k

Temp. effect, sstimate increage pf 10° ¢ will reduce
sperimental set ups require 5% Sp=== ; ¢ total of 185 Ay off  will be

obtamed by 3 k gm loading. ok

p. 16, Th control reds will be followed by a Be extension which increases
effectiveness of rod. A vertical Th shest, or parallel line of Th slabs or
rods is considered. Dezd layer of watsr around Be will cause serious local
h@ating, £ tabls of local heating (without layer of water) vs, Be rod diameter
is given,

Tha pile generation time is Jonger than neutron lifetime because of soms
neutrons reflected from Se, and depands on amount of metal loaded in pils,
The Xe instability will cause a period shorter than 8 minutes. Bubbling will
bs reduced because moderating 1120 is in pile too short a time to allow de-
composition gases to reach saturation pressure.

(MonP-216, Project Monthly Report, Physics Sec. II, A. H. Weinberg,
11/30/%46).

Posgible arrvangements for disposition of control rods in pila are
(1) 6 equally spaced rods of 0 part by volume of Th, 1 part of Al, and
1 of 1,0 coolant, will give £X of 14%. If one of six rods is Cd, = 18%
{(2) Because Th has density of 11, it absorbs ¥ rays efficiently and develops
heat, Li = 41 alloy rods would develop less heat, still have high thermel nsut-
ron cress section. (3) Control by a Th sheet cutting pile in two or Th rods :
in a row has been rejected because it is less flexible and requires more Th,
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To maximize effect of Th rod, it should be replaced by Be or U when it
i8 withdrawn, If Be is used, and I{%O cooled, a severe local neutron density
peak is creeted arouwd rod, from 25% to 58% greater density than exists at
e distance from tie rod, If U is uvsed, water flow is diminished due to pres-
sure drop along Th part of rod, and reduced heet transfer may limit power
output of pile. U gives larger net control.

{MonP-269, Monthly Report, Physies Sec. II, A. M. Weinbers, 2/%47).

A High' flux plle.' 5 Th rods and 7 Cd rods give a control of 11% and 29%
respectively, See ionP-272,

(LonP=272 Pbyaics of the liigh Flux Pile, E, Greuling, ll. Socdak, A. I, Teln~ -
barg, 3/27/'47). : :

The section on control describes the Cd safety rcds, 29% of k, Th shim
rods, 10.6% of k, their rate of movement; the central cylindrical ragion of
control; the flux distribution and generating times., The steps of start up,
and functions of the opsrator are described, and the equations for automatic
control are given, and description of the operation of the servo~mechanism.
It is calculated that regulating rod speeds of 3 reters per sec ars necessary
to control against reactivity changss of 0.4% k and keep the power level be-
low 1.5 times sisady operation.

(I«:s:ml’-ﬁ].l,g Quarterly Report, Control of the High Flux Frile. V. l. Jordan,
J. D. Trimmer, £. W. ilewson, Epler, p. 96, 6/21/%7).

A deseription (20 pages) of the oreration of the controls for the high

flux pile. The safety control devices are divided into "periocd supsrvision®,
‘under which, during stert up, a psriod of 7 sec (or less) blocks with drawal

of rods; “stback action® under which the power level at which scram occurs is
set at a lower ievel than during normal operation; and "scram signsls®, wrich
coms from lon chambers, and crucial facili:y monitors, such as water pressure
drop across pille., Another group of safety devices ave the interlocks, which
serve as & check on the cpsrator. Auxiliary power supply is discussed. The
regulating rod (0.5% of k, full swing in 0.25 sec.) calls for motion of a

shim rod through a system of stops; the 8 shim rods control 45% of k eff., There
are four speeds of shim rod withdragal, obtained by intermittant opezration, The
instruments used for visual indication and automatic action are discussed, and
the ssquence of events during start ups A block diagram of thecompleste system
is given,

{FonN=-103; Prliminery Process Design Raport, 1000 Project, M. C Devamtt, J. R,
Huffman, 5/15/146).

p. 23 Control Rods, Four Th metal shim rods, water cooled, two Cd -« AL
regulating rods, water cooled; two Cd control rods; also, D70 jevel may bs
- deopped, 16 ionization chambers will bs placed in instrument holes. There
fo also a 1list of about 250 spscial instrumer’: that will shut down ths pile,

==



in cese of failure of some external unit, such as pump, or excess reactivity
in some part of circulating systenm. : v

p. 86, Controls and safety mechanism. The control rods will be black to
thermal neutrons and each will absorb about 5% k. Safety rods falling free
will stop the pille when rising with e period of 0.1 sec; if 0.1 sec delay
time, the rise will be a factor of 4, The derivative sysiem will operate if
pile during startup i8 rising with pericd faster than 0.5 sec. The creation
of bubbles may reduce k by 0.5%.

Accompanying report is blueprint E=950, assembly and control rod detaila,
showing dimensions and construction of rods.

This is an extensive report in which details of design of an actual pile
are qui.te complete,

(Monl=201, Status of 1000 Project Design, il. C. Leverstt, 11/15/«46)

The same control of Clinton high flux pile is envisioned as descrpibad in
ionNi-108.,

(MonNeR24, Monthly Report, Teeh., Div,, i, C. leverett, 12/20/ 146) .,

Brief description of comtrol rods in heterogeneous high flux pile, p. 6.

(1) Safety rods of Cd and U, normally run with U in the pile, Cd above.

(2) Shim rods of Th and U, normally run with Th in the pile, U :sed to
overcons Xe in start up, .

(3) Regulating rods of Cd and Be, .

(CP-3107, Fast Plutonium Ireeder, H. Soodak, 3/: 457)

p. 18 Control. Coarse control is best accomplished by moving a section of
the rsactor with respect to the rest,

An abeorbing control rod would be bulkier than a metal rod since fission o~
are larger than absorption 0~at high emsrgies,

& conirol rod would have to ve of uranium or thoriug,for breeding effi-
ciency. Tha lifetime of a neutron is of the order of 10 ‘ sec, meaning a
change in k is dangerous, The timp. coef, of k might be a few tenths of a
per cenb per 100° C change in temp.

{(CP-3403, Honthly Report, Phys., Grp. 5, T. Brill, 1/12/46),
Automatic control system consisting of differentisl galvanometer and photocells
keeps CP=3 to within + 18. See CP=3431.
(CP-3414, Design of Fast Neutron.Breedsr Test Pile, W, H. Zimm, 1-25-46).
.Controls, p. 12, Bechanisms being considered are: safety controls (1) Fowr

" £issionable rods in center of reactor to bs 1ifted out of reactor by compressed air
pistons or motors., (2) Dropping tha external btreeding blanket, by tha serew
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+ plovator for slow spesd or the hydrauwlic 1ift for rapid motion.
Operating control: (1) A five inch wide section of the breeding blanket
above ecolant pipes will bs hinged to open or closs a gap, by rotation through 90°,
Shim eontrol: (1) Changing number of fissionabla rods in the reactor;
{2) Changing number of breeding rods in inside breeding blanket. (3} Changing
thiskness of external breeding blanket. -
See C?a3582 =11 for later description,

(CP-3582, II, Design of Fast Neutron Bresder Test Pile, W. H. Zinm, 8/7/46).

Safety econtrol rods, p. 54. Rods will have sawe dimsnsions as active rods;
will be of active or blanket matsrial. The rods and the manipulator mechanism are
deseriucd inm detail, with drawings.

& Temp. ecef., p. 52. A temp.' change of 100° C would reqm re change in k
of 0. o

Operating controls s Po 70. (1) Each internal safety rod will change
reactivity 1%, (2) Sudden safety. A block of U in external cup will bs forced
domn into the shielding bleck by springs with acceleration of sesweral g. I%
will ba reset by lowering the hydrauiic lift. Intermal safety to operatesd by
power level and sudden safety by pile pericd. -

(3) The shim control is to be the extermal cup, operated by the hydraulie
1ift against a mechenical stop mounted on a screw,

- {4) Ths operating control will be two blocks of U in the outer blanket
moun‘bed on shafts so they can be withdrawn from the blankei along a radius of
the pile. The shafts are moved by a fins serew mschanism and only one would
bo used, the other bsing locked in placs.

(CE-60, Motar Driven Control Rod, Univ. of Chicago, 5/8/42).
Eﬁgineering drawing of gears and mount.

(O~61,;. Pneumatic Safety Rod Esch., Univ. of Chicago, 5/7/42).
Engineering drawing of piston to drive a safety rod.

{CRP-287, Experimental Determination of the Effectiveness of COntrol Rods in
a Pile, C. H. Watson-¥hmro, 7/1946).

The effect of variation of length, position, diame' ter, material, and
numbsr of control rods im the low energy Chalk River D50 pile, Zeep, has been

investigated. Fl\m data to assist ary theoorstical amalyses of the rssulis is
tabulated,

A

(CT-669, Control System for Argonne Pile, CP-2, W. O. Overbsck, 5/13/43).

Complete detailed description imecluding performance characteristics of
ipatruments and the following circults: Regulating rod; shim rod, safety rods;
control penel, rear view; manual con'trol station; galvanometer circuits; high
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voltage supply for proportional coumter; the scalar eirecuity proportional
counter aaplifisr; ion chamber amplifier; and safety trip eircuit.

{TeecPi-32, Description of a "Pagged! Shutoff Rod Unit for the ERX Pile,
B. Q. Lawrence, 2-8-40).

Bot nvwailablo, Ses Mlec~211. -

(m‘ee«ﬂl, Deseription of ths Sh'arhoff Rod Units for the HRX Pile, H. Qa
Lawrence, 12/29/45).

Shutoff rod unita are describsd in detail, Basic dasig'ﬂ principles'
are discusssed end operating performance figures are givem. Rot evailable.

{(H-Tec-211, Deaeription of the Shntoff Rod Units for N.R.X. Pile, B, Q.
Lawrencs, 3/46). . .

Safety rcd for B>0 Chalk River Pile, Contains boron carbide powdsy
in a stesl tubse, in an Al outer tubs. Rod is air cooled.
Hot available.

{A~4207, Peasibllity Report for the Zero Power Pile at the Sacandaga Laboratory,
K. H, Kingdm, GoBoy 5 6/4'7)°

Pmparaﬁory tc a resonance bmeder pile, this zero-power pile is
planned, to be build in two parts, ons on a movable table. The lead scrow
which brings halves together, measursment serew, and assembly drive ars
desceribed. Interlocks are described; selsyn indicators show positiom to :
001 inch, Safety rods are held by compressed air against springs that provide -
5¢g acceleration. Control rods, emergency power supply, and omsrgency switches
are described, _ ,

Po 23, Safety monitors and circuits., Four circults will work independentlys;
ona 48 activated by a trip point slightly above power level existing during
previous 10 to 20 sse,.; one has a trip point manually adjusted; and last
opsrgtes ontirely Ifrom batteries.

Drawings of the equipment are givem,

(biamo BC=4,, Bimutes of Third Heeting, G. B. Bucleonics Project Consultanis,
5/14/47) o

p- 10, Dr. Brocks, intermediato pile design. Reducing the density of
the 10 ecm reﬂaetor to 75% of present proposed demsity resulta im 168 change
in k. Estimate each control rod to have 1§ reactivity control, and the Be
reflector plug dropped from bsmeath the pile to cause 10% change in k.

Dr, Brooks claims photo neutrons will amcunt to half as much as delayed
neutrons, giving a total delayed fyaction of 1§ for 25 and 0.5% for 49. Dr.
Wigner did not baliswe photo neutrons w %d ba of eny significance.

Photo neutrons from deeay of La will aid im otarting the pile,

S
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CP-1016 %@ : | »ﬁoxz P~271 %?E

CP-641 {2) lon P-85 (4
CP-718 éeg , . Hom P-104 (6)
CT-491 9 CP-1300 {6)
CE-197 i Cp-1203 o
EPP-30 @7} . CP-1400 §e§
HFY-31 1} CP-1081 (6)
BFE-23 | zg CP-570 , g@;
Li-399 (1 , CP-718 6
Mon P-228 (1) - Hom P-314 {9y
s O BB
Growp (9). Instrument reports. Ion chambers, counters, monitoring apparatus,

and control system circuits. The Clinton plle simulator. Thermopiles and
thermoatats, bi-metallic strips. Pile period measuring circuit, and d ln m
circuit. Silver tape monitoring device. Servo-mschanisms. Photronic cell.

(CP-954, Wotal. Project: Monthly Report; Physice Grp. III, W. H. Zinn,
9/25/43) .

BF, filled ion chambars do not retain their calibration over long
periods; ifitensive runs cause changes. , coated chamber tssted was linear
from 1 to 1200 K.W., retained calibratioa about a month, when after soms
intensive operstion it showed signs of changed calibratiom. (This statement
in error, corrected im CP-1016, p. 4.) No change after two months' use. g
As a substitute for ion chambers, a variety of thermocouples were
tested. Bi-tin and Bi-antimony alloy wires show besst results with a sensitivity
of 006 em/K.W., and when & coated, of 0.31 en/X.W.; a graph is given showing
response is as fast as ion chamber. A Western Electric 1-A thermister was tried
- but showed delay im rseovery, . o
A photronic cell gives a sizeable linear response %o pile activity; the
sensitivity is incrsased by placing a shset of U painted with zine-sulphide
over the esll. Bi-mstalic strips are mentioned for safely rod release,

(CP-1016, Metal. Project: Monthly Report, Physics, Grp. III, W. H. Zinn,
10/23/435 .

_ Data 1s given ca sensitivity of & <& coated ion chamber during two
nonths cperation showing no significant changs. There is sppreciatle deviation
fron linearity of low emsrgleés.

A U-invar sleel bi-mstallic strip has closed a low voltage circuit
successfully at same powsr level on repetition of experimemt. A A coated
commercial bi-metallic etrip does not fumctiom.,




Disadvantages of using bl-metallic stip to opsrate safety red ave
activily induced im U, end fact that it cannot be used where there is wide
tomp., variation.

" A thermopile showa no changes in calibration after two monthe use.

{CP-1577, The Pile Safety Circui%, L. G. Biermam, 4/14/44).

Circuit diagram and deseription of an iom-chamber operated safety

trip grcuitg value of chamber current at which tri;pping cccurs i3 stable to
@9 -]

Also described is & relay cireuit to prevent false shutdowns dus %o
circuit defects. There are three relaye, each with three windings, desligned
so the solsnoid is held by normal current in any two windings < ome relay,
and relas\sed if current ceases to flow in two windings,

(GP-1965, Eonthly Report, Phys. See, IV, H. L. Anderson, 7/29/44) .

Fission chambsr for monitoring the pile, pQZL Several soft glass
fission chambers have been constructed with 1 mg. enriched U oxide om Pt
-eathode, filled with Argon. They follew design by Veall of Homitreal,

(CP-2081, Monthly Report, Phys. Sec. IV, H. L. Anderéon, 8/26/42) .

Silver tape recorder, p.23.

A silver tape moves continuously through tha shield and pile. of GP-2,
at 1 foot per second; it passes over a G H counter 10 sec. after it is expossd9
and it spends 5 min. on 8 storage spcol. It is them recounted for background
activity, befors reentering the pile., It detects neutrons in the presence of
enormous ) radiation, Ly activation of 22 sec. silver. It was designed to
assist restart up of Hanford aftsr Operation and shutdowp, and will bs
satisfactory if radiation level outside Hanfom ghigld is noi: excessive,

(CP-2298, Yetal. Proj., Bonthly Report, Instrument Sec., W. P. Jesse, 10/28/44).

A neulron sensitive thermopile as means of measuremsnt of pile power ias
being tried at Clinton. Measurements at 3000 Kw show wariation of + 3% from
pover measured by ion chambsr. A more constant measurement would be obtained
by asveral suitably located thermopiles connected in series. Output voltage of
three in .series is 006 volts, sufficient %o operate meter movement type relay
in a safety circult. v

[

(CP-2301, Eonthly Report, Phys. Sec. IV, B. L. Anderson, 10/28/44).

proportional counter and amplifier for bigh emmting x-aﬁ:mso
This is for aetaeting fast neutroms in presence of high )«ray fiux, The
counter is 8% by 1 1/2%, £illed with 25 cm. of BPg. ,
The presmplifier, amplifiser and Higgenbo seale of 512 have &
regelving time of 3 /a gec for equel size pulsez; measursments with Ra-Be

SR,
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fmm‘m give abowt 10 .c ses. Ro inereass in background where 100 m.c. J-ray
souree 18 placed bsside counter. Everything can by mounted on a single chasis,

{CP-3003, Measurenent of Neutron Density, Wilkening, 7/45).

Description of proportional counters and their use; ionization chambers
and £nil counting techmique. , '

‘ Curves for effect of voliage on counting rate and effect of 5 and )/
ray background ars given, and use of pulse height selectors discussesd.
Galvanometer eircuit for ion chambsr and engineering drawing of compensatlion
typs chamber is given. Activity equations for folls are given.

(C2-491, Technology, Gontrols and Instrumemtations, V. C. Wilcom, 2/20/43).

Progress report. The followlng items are mentioneds

1. A pile control eircuit has been developed with ocutput over 100 volts
and fluctuations less than wvolt, to be reduced to 0.1 volt, to give a regulating
" system capable of working to 0.1%. .

2, & scale of &/ scalea that loses less than 1% of random counts at
20,000 counts per minute,

3. Driving motors and gearing for control rod movement at 6 inches per
sse.and 015 inches per sec. capable of preeise setting.

(Som P-130, Bstal. Proj., Honthly Report, Phys. Sec. V, H. Newson, 6/30/46).

Pile oﬁimulator circuit has a range of only 10“, and can be used only
overr range 10" for stert up problems. Simulator will be dislurbed by mock
babbles to determine max. allowable fluctuation inm k. Ion chambar activation

is dve mainly to 110 min. Argon,0 =1.24; 2.59 hr. manganese,0 == 11.5; 5.3 year
esobalt, T =22.5, Suggested is use of B instead of A, low manganese steel,

Cd mesk over Kevar seal (comtaining cobali), and lead«-tig golder of silver and
end copper. IXon chamber must be good over range of 2x10°/ actusl tgsts on a
differential G. B, chamber suggeest it would be good over range &x10°,

(Mon P-151, Monthly Report, Phys., Sec. ¥, H. Bewsom, 7/31/46).

Activity in Q. E. differential chamber is sum of three decay curves,
10 parts 1.8 by, from & gas.
5 perts - 2.6 hr. from Mn in stesl.
1 part 5 year Co in Kovar
Yhe first may be corrected by using By gas, second by low Hm steel, and third
by uvsing automobile spark plugs, on which tests are bsing made.

{fiom P-203, Ion Chamber for Control and Operation of Clinton High Flux Pils,
F. C. Arminstead, 11/6/46). .

. It is foumd neceseary for the chambar to have a range of 105, and a
winizpum ratio of neutron amps to < and ) amps of 100,. Results of testing
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the G. E. chamber in Clinton Pile ere givem, showing above ratio to bs 4,000,
but rangs is only 4x30°, Improvement of ranmge can be obtained (1) by inmcreasing
abaol% sonsitivity of instrumemt, by improving /6 coating or uming / enrichod
with B and

(2) by decreaaing ‘the induced activity in the chamber, which has 2.5 to
3.0 hour average half-1life, by building chamber of 25 Al, filling with H instead
of 4, and using materials containing no msnganese, eohalt copper,, silver,
%tmgsten, vanadium, ebromium, or nlckelo

© {Hom 9»216, Motsl. Proj., Honthly Report, Phys. See. ¥V, H. Fewsom, 11/30/46).

Best coating for jon chamber 18 given; comsists of painting Al plate
with suspension cof 310 54 1:5 mixture of amphenol 912 and glyecl hinner toa
thicknoss of 2,5 mg/emzc Where the range of G. E. chamber was 10!" the
range of new test chamber is 106 with 400 ¢ eoated surface and placed :ln
fluz of 109, current was 10~5 amp; end 1/2 br. after pile shutdown, chember
activity ceused iom curremt of 10”** or leas,

Superfieislly rangs of ion chambers way be extended by subtracting
eurrent from )/ rays from current from )/ ta plus neutrona, but this gives a noisy
signal, Location of ion chambers is discussed, and estimate they should be 2
meters of graphite beiween chamber and pile. If coating has short life at the
fiux here (10°°), may have to shield chamber with Pb or Cd. Greater distance
from pile would cause delay time due to time for neutrons to diffuse.

{Bon P-228, Monthly Report, Phys. Sec. ¥V, H. W. Rewson, 1/15/47).

Indicator fordk eff, If the meutronm density is made to escillate
about an average value, the phass lag between neutrom demsity and driving
sowree gives s measurs of J k eff independent of pile lewel, oscillator
_amplitude,, and ion chambsr background c'arren?s Relation is

2an P = 2mg s ‘ @ = phase angle
é k eff~ & £ ='driving freq. .
£ = mean neutron life '
. £ = Traction of delayed w

and holds if oscillations im J k eff4< ‘§ k off -/c‘?,

For max sensitivity near Jk eff = 0, set £= 9 o 5 gps for

277‘»(
high flux pile, where detectable incremont is '

Al k off) = 24 (A g)=2.72107%, 12 Ap =10,

(kon P-250, Monthly Repert, Phys. Sec. ¥V, H. W. Newson, 2/19/47).

Power control, The bemd of freq. to which a. serveo-mechanism will

respond is releted to the time allowed for its output to build up from 103 to
mloffits final wvalue, Stability criteria dictate that the freq. résponse
fall off with increasing freq. _

=
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For high flux pile the servo-mechanism 1s to drive rod 30 em. in 0.25
gee¢., or reduce k at 28/sec, Time required for gervo system to rsach steady
state motion iz .046 see., after a step changs in input signal

{Mon P-250, Monthly Report, Phys., Sec. V, H. W. Hewson, 2/19/47)

For high flux pile Dr. Wigner desires some indication of approaching
eritical in addition %o ¢ 1ag » An oscillator in ths pile might bs a ussful
test for the iomization chamber«,

Shiim and safely rod design: Th and Cd rods are specified so k eff of
pile increases at. 1/108 sec. on withdrawal, rods can be inserted much faster
{(for hich flux pfx’..'ﬁ.e)‘D _

{GE—ZS’?i Hetal. Project; Report for Week Endings Physice, Group ¥, Y. C. Wilson,
9/1

ca atrips 1/320x3 1/2%x12° attached to steel will be regulating and
mf’@ﬁy rvods for first pile.

A proportional counter containing 15 rings each acting as a separate
cathcde and counting recoil protons is being tested as a devies for detarmining
fast neutron energy spectra,

Contains ne information.

(¥on P-269, Monthly Report, Phys., Sec. ¥V, B. W. Newson, 2/47).

#r. Jorden estimetes a modulated ion chamber similar to %h.at uzed 83:
pile oseillator will give contimuous,indication over a range of 109 or 20%
Houtron intensity will bs modulated by 25% to 75%.
" ¥Whon the Xe and I pericds are reduced from their actual value by a
factor of 100 in the pile simulator, the gcondition of imetability is demonstrated,
A cireuit which measures log of intensily accurately over a rangs of
105 is completed, but the time derivative of (.Ln n) needs further development.

é%o&/&?l&, Quartexrly Reports Periecd F&easurlng Cireuit, S. Maclleille, P. R Bell,,
FAVING

pP. 90. Honitron converts iom chamber signal to 160 eyecle A.C. voltage,
amplifies and then demodulates %he signal, which goes to 4 .£n n eircuit. Re-
design has reduced moise to 001 of max. sigpel voltage; her reduction
requires narrowing the band width; for fon currents of 10710 amps. 2 1 gyele
band may be neeessary,

d La n eircuit hes been modified to obtain minimm response, and in
conbingtion with monitron has riss time of .040 see. For range .001 to 6.0 RHS
volls input the bias voltage deviates less than 1% from a true log function.

nE’ rﬁﬁ
AT
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{Zion P-314, Quarterly Report; The Medel Servo, H. A. Straus, T. E. Cole,
Cardwell, 6/21/47).

pa-%.-. The servo system has been c;ﬁe?atad satisfactorily as a velocity

" follow up on the deviation of pile powsr from desired lewel. A shim vod

pimilator is interlocked to the regulating rod. The shim rod advance staris
when regulating rod tip is 1.5 em. from the centor of the pile; the regulating
rod eannot run into the limit stop im such manner as to causs damage or pile
oscillation; during the above, system retains full gensitivity o signal
reversing regulating red motion, 4

(#on P16, Title unknown, L. W. Heade, 7/47).

Final report on iom chamber design, the ghamber bsing for use im
monitoring Clintor high flux pile.
s@_@.m P"BM; Ppo 90, o

(%on)?»BZS, Instruction Eanual for A-l Amplifier, W. H. Jordan, P. R. Bell,
T/E7) o ’

Hot avallable.

(B Tec~168, Ion Chamber Data, H. Carmichael, 8/17/45).

Operational characteristics of largs ion chambers designed for Petawaws
Plaut are discussed. Tables of specifieatlons for setling alarms or shutoffs
are given. The currents corresponding to biological tolerance intensities

of Y ways, fast and slow m are given. .
This is a comprehensive report filled with data on specific instruments.

{A~4207, Feasibility Report for the Zero Power Pile at the Sacandaga laboratory,
K. H. Kingdon, G. E. Instrumentatiom, 5/16/47}).

Po 21, A counter with concentric cylindrical slectrodes is deseribed.
It contains on BFa s &t atmos. pressuwre. The elscironic equipment dead time is
0.2 micre seg. & linear recording rate meter will record pulses from 100 to .
100,000 per see.; another type will be logarithmic. ~

To gain intensity at start up, a source of 107 neutrons/see. will be
placed at cenmter, and 100 counts/sec. in EF, counter will enable safeties to
meagure intensity im 0.1 sec. Drawings of ion chamber {(also to bo used) and
bloek eirecuit diagrems are inecluded. o
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