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GUIDE TO THE LITERATURE ON PIlE CONTROL \ 

Fe 30 Belldt 

Summary 

Clinton laboratories 
27 June 1947 

This report contains abstracts of approximately 250 reports containirlg 
information in some wa7 related to the problem of pile control. 'The a.bstracts 
are arranged. by subject into nine groups 0 

Purpose 

The purpose of preparing these abstracts is (1) to torm a convenient 
reference to the literature tor aqyone working on a pile control problem, and 
(2) to do the ground work -for a comprehensive report covering the theory am 
practice ot pUe control, such as J. A. Wheeler wrote in 1944 (Principles ot 
Nuclea.r Power, Chapter 22, Control, N-2292, 6-28-44). 

,4 I 
4' ,. 

l)- II- ,f. 

Arrangement of the Abstracts -,t,t.. .§'(·r"'f:;,IP 
. J..;,,,.~ liI",f' 

Thf!,oretic~leulations are covered in groups 1 through 4; experimental 
measurements in groups 5 through 7;. des~ription ot control'~ratus on specUie 
piles in group 8; and 1ns~nts' in group 9.. At the end-or each group reference 
is made to reports abstracted in other groups. 

Within each group the abstracts are arranged in nu.merical order, 'with t.he 
nc" abstracts placed first .. 

Related Subjects Covered in Abstracts 

In addition to pile control, reports on the following subjects have been 
abstracted: . 

(1) The temperaturecoaftlcientof reactivity. 
(2) Calculation of linear extrapolation length. 
(3) Neutron ~tream1ng in gaps. 
(4) Delayed neutron periods and yields .. 

1X~ 
<\," P ,1)10 

~d 

(5) Delayed g&1lID&. rays from tission fragments. and resulting photo .. neutrons .. 
(6) Plle poisoning by Ie and ,Sm. 

Sources of Reports that were Covered in the Surv~ 

(l) All "Cft reports listed on library index cards, and to which any reterence 
could b& found.. -. ' 

(2) All Argonne and Clinton laboratory Month13 Reports trom 1944 to dateo. 
(.3) All of the Los Alamos IA and IAM3 series that are -available, which is 

perhaps halt the reports that exist .. 
(4) All the i.:bntreal and Chalk River reports that are available, or to Which 

reference was found; this covers perbaps halt the recent reports, end includes 
progress ~ports tor 1946 0 

~_ii;.1_?:i !:;2i! iI~ 
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(5) All ths letters and reports in the ,Pile Technology Section, Physics 
Divisionj) Clinton Laboratory.. (Ga.le Yonng, Section Loader); 

(6) A very few recent reports from General Electric and N.E.P..A .. 
(7) Miscellaneous ~il :from members or the Physics Division .. 

The Abstracts 

GrOUl! ~.Ut. Theoretical reports.. General control thedry' and sUl"!ey reports .. 
Reactivity change due to control rods.. Calculating the critical mass. SiZe, 
positiemp hoating :And cooling of control rods., Equations for k effective ... 
Control rods shadowing each othero 

(CP",UJ, Metal., Project, Report tor week ending; Group VI, E.P ... Wigna!', 6/6/'42)0 

~~~ central absorbing rod 1/100 diameter of reactor decreases effective 
dimension by 12~, and one rod with 6 in til circle around it dacr.aases e.tfl1!lctive 
size by a factor ~ Central rod must be cooledo 

(C-l97 j) On a Plant With Water Cooling, A. At. Weinberg, 8/'42) .. 

p" 10·", The pile bas six vertical control rods in an outer cir~le (for 
emergency), and one center rod (for continuous control).. Outer rods are ot iron 
sr1Cl if) moving in stuffing boxes. Canter rod 1'1111 be water ~ooled, and by dis .... 
solving B in the wa.ter!) the heat will b® produced in the cooling solution .. 

p" 26... The· size ot the pile is calaula ted " 

(CP-3U, Notes on Lecture, Fermi, 10/20/42) 0 

ana grQup.equatior~ on control of ~ spherical pile by concentric abso~bing 
sphare a Pile equation is solved tor different bou.nd.&ry conditions., , 

(OP""341, Illbtal .. Project Monthly Report, Theoretica.l Grp. II, J .. A. Wheeler, ll/15/ t /¥.) .. 

The partial insertion of a control rod does not increase the number ot neutrons 
lost by thlfl pile, but causes a N-distribution ot nux.; the rod acts like a lightning 
rod~ The neutron leakage, remains unaltsred~ but the neutron prod~ct~on is decreased; 
a ~gio~ of the pile is shielded by the rod action, this region boing proportional to 

0
3 
,-~ where cis distance rod enters pile, r is radius of ?Od,e ia Case 

2~(""~' r) of nat~l logs.. To :e.lculate effect on neutron denSity, oonsider an 
e ' imginary source outs1de of the pile of thE:" sarna dimensions as rod in'" 

Side" the li!'rangement constitutes a dipole, from which neutron density is calculated 
in eo manner analogous to electric potential .. 

(CP-)S7., ~tQL Project!! Report for hbnth E,ndingj Theor .. Grp .. Ill" J .. .t;\.., Wheeler 12/15/42) 

Caiculations have been'made on (1) k a.a a function of dept,h of entry of {i 

contl"ol :rod, (2) diertrlbution of heat along a rod, (3) distribution of hea.t in 

5ilj!t.i!;~1d;;;:i?=;',= > 

III 



,~ 

.. 

.'1 

""3-

the pilel' for rectangular and circular reactors, and the mathematics compared 
to electl'omagnetic and heat conduction problems.. No results or InforillititJn Is 
given .. 

(CP-4.30~ .Method ot Measuring Value of Ke.rf <.1 .. 1'1 G .. L. Wail, 1/5/'43) " 

An equation for (1 - k eff) is derived from the pile equation inoluding 
a centnl point source ot tast n~ , 

A calibrated source was placed at center ot West Stands pUe, a'rd coun'ts 
made with control rod at critical position. and at a posi'liion 4,,7 inlohea ill from 
critical.. Sensitivity ot the rod was measured to be 2.1 x 1(;5 chs.nge in k per 
oonventional inch. ' , ' 

(CP-742" Critical Value ot It tore ylindricalFUe and Thermal Control Rod, 
F .. H. r~y .. 6/22/'43).. , 

Uses two-group "theory; 8SSwm!lS Fermi elowtng down equation; assumes central 
rod; uses boundary cotxiitions fast l1V goes to zero at 'radius of pile, and. thermal 
nv goes to ?laro at radiUS of' rod, and of pile.. Rod ill black to thermal n only .. 
Equations 

Faa't n Aq -- ~ "" 0 
Coj dt' "" , 

Thenml!1 L1Q - n.2 
Q + q (1"1) 'i!. 

Newly 
created 
taBtn 

2 q (0) ~ k 'rt Q, 

q ~ (nv)fast 

o Q ~ ~ (11'11) 
, ,:3 th 

2 ... :3 
yt - X; ,ta 

Solutions are series in Bessel functions. 
A gl~ph is computed giving ~k~ 1) 'filth rod k retening to kce> neec1ed to 

k .." 1) no rod ' 
ate pile critical, as 8. function o? 

radius of rod tor a rod black to all neutrons, and 
radius ot pilfll 

for a rod black to thermal neutrons only '> 

(OP"'964, Matal. Project Monthly Report, Lattice Design Group, A .. M .. Weinberg, 9/25/ 843) .. 

The siZe and arrangement of Hanford safety rods is calculated assuming each 
bIAs 1:1 cetll,v60 em in radiUS, and computing the thernal ut,U!Jsation of the rod" 
Usual equations and bounda1'7 conditions an given.. A cOrl"ection taking account 
that production ot mscent thermals is lower near, rod becnuse it is a sink reduces 
the ef.f.ecien,cy ot fA rod of 2 .. 54 em radius from 5 .. 54% to 5,.34%,. 

(CP ... I069, SOlD& Cas'ea of Pile Activity Flattening, N .. Morehouse, G .. Young~ 11/10/'43)" 
• 

When control .is effected b.Y giving nv distribution a flat top, a minimum amount 
of absorbing material is required, am largest traction of pile is operating ,at maximum 
intel\..!\ tty" Equations tor average value of reactivity are given for spherical and 
cylindrical piles. The heating effGctsin a pile deereaua the buciling mo~ in the 
center than near the edge, and liln!lwis& produce partial flattening of 'the acti\dtl' 
Curv0", 

'l).il ~"(? 
~._.1' 

... 
.... "" - . ......:'i;t~ 

u,lll "'''' ?~i:r::};r~>l? .. 
: ... .-;.;0"" ...... -. 

~~. 
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Graphs shollf the tractional increase' in total output, and the ratio ot 
radius of tlat region'to pile radius, as a function of excess B wheN Bo 

, B 
, 0 

is constant value"of B which just'makes pile opente; B is the buckling .. 

(CP-ll75» Nonthly Report, Pile Design Grp. G .. Young, J2/25/~43) .. 

Theoretical calculatioD8 on heating ot the tip of til control rod indicate that 
the 19nd section of length equal to the diameter will receive 2 .. 3 times higher flux 
than the remainder ot the rod, rather than 1.4 times higher, as was lDI!'Jasured by 
Seren", " 

Calculations vere made by assuming sinks along the length of the rod" such 
tha t th6 flux vanishe8 at the rod surface .. 

(CP:'''1.3S9,? Metal. Project Month4r Report, lattice Design Grp, A .. M .. Weinber& 2/24/'44)" 

Simplified two-group theory, in .hic~ ordinal"1 d1fi"erentlal equations replace 
partial differential equt.tiona, has been applied to control rod effectiveness, and 

shows [2 ] - . 2 =1 
2 It 2' . It 2 

.6k '" .J; .,;: ..... 1+-, lJ.n '-.. --:2 In ] 
,It . If IJ. ~9 It ({ 1.2 r 9 

r is .tfecti". ndiUl.l of .£Od; r. 1s radius of pile region; Kt and If' a1"8 reciprocal 
ditfusion length and age. K1 is radial buckling; ~:il: ~ + ~ J tn t ;: .116 0 

Agresment with iJlorriBon IS measurements is within experimental arror; theory may under<" 
estimate by 14% the effectiveness of Hanford rods ... 

(CP~1461.Efriciency of Control Rods which Absorb onlJ Thermal Neutrons, Wigner, 
Weinberg, Williamson, 2/24/'44)., . 

Assume there is the same probability at each collision of a fast n'reAching 
theml energy. Ass'UJllli tor boundary conditions (nv)th 1& sero at fldge of pilo and 
control rod) and V (nv) fast is zero at edge of rod; further approximation to V (nv) 
fast 'is zero at center ot rod. The increase in lOCAl k to keep pUe 01'-1 tical when 
rod is inserted is calculated tor central rod in a cylinder= and also tor a lattice 
~r rods,:.- each one eentraJ. in a cell., 2 

For small radii rod, ",fficiency- of thermal rod is L times that of rod 
, L2 + 1:": 

. 0 
absorbing fast n as well as thermal no For large radii' rods$) efficiencies tend to be 
eque.l. The sffect of a control rod is partly due to increased leakage of 11 to .out­
side;. the excess outward leakage is computed .. 

For. an array of control rods t the change in the lApl&cian and in k ne.cessary to 
~keep pile critical is calc~ated,l assuming (nv) th and(nv )f'a&t have zero derivations 
at ~dge of each cell., Graphs corlJXiring calcuhwd results with CPm742 and experi .. 
mental work by Morrison are gi'Y dUO' 

-~= 
/ 
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(CP ... 2182, Metal .. Project, Monthly Report, Physics Sec.,' L" Wo Nordheim, 9/,0/'44)" 

fA new approach to solving the pile equation treats control rod. a.s a sink. , 
The equGl.tion /j rf>+i2 cp:: 0 is solved for presoribed singularities,#> t:p: <PI +- ~~.., 
Cf'1 is solution with desit'ed singularity .. 'f'2 is determined to fill boundary 
cofidition <f'2(B)+q:.'1(B) :: 0, where B is outer radius of pile .. Cf'2 can be 'found 
by eleuntary methods for a spherical pile with singularity at any point; Ii. cylinder 
with sing .. on any"line parallel to axis; cylinder with sing .. on any plane parallel 
to end; and a cylinder with a~ distribution of sing. on the axis. . 

(CP .... Z20), Metal .. Project Monthly Report, Physics Sec:'., L. W .. No~eim, 11/30/'44). 

Continuation of p~le control thaory from C?-2lS2,.CP-2185~ Effectiveness of 
oft-axis control rod in cylindrical pile similar to Clinton Pile is given in a 
table.. The effectiveness of two diametrically opposite control rods each at & 

distance If'o from center is calculated rigorously, with results (I) beyond a certain 
1'0 the effectiveness of two rods is more than twice that of a single rod in the 
same position. (2) there is a certain rQ for which the effectiveness or two. rode 
is a DU:", Table and figUl"es give this errec:tiveness .. 

Influence of pps on dj.tf'usbn" Equations for the total flow are given tor 
fl01'l parallel to direction ot gap,. with certain restrictions, and are solved for 
8. gap in 8. cylindrical pile for the case where gradient of mr is constant, and 
case wbere nv:' cos KZ. 

(CP~2841, fhnthly Ph7Sics SaCe II, Lo W. Nordheim, &/,0/'45)5 

The effective radii for thermally black, and for thorium, control rods are 
caleulated as a function of grams of 25/liter of reactor, and given in e. table" 
For!) It of' 1%, 5% Q.nd 10%, black rods have radii of order of 0 .. 04 cm, 0 .. 25 cm"" 
and 0".65 em, and thorium rods Mve radii of order of 0 .. 34 em, 0 .. 80 CBI ,I and 1 • .30 
em. It respectively.. Rigorous two-group theo17 (CP-2S24) was used for the calcula­
tions; the equations are given~ 

(MonP",,228, ~nt.hly Report, Physios Sec" II, A .. M .. Weinberg, 1/15/ t 47) .. 

Effectiveness of Th ... ~O ~Al control rods in the high rlwc pile has been 
ealeula. ted (",ssuming a centrtl rod in Ii cell across ·whose boundary th~r.e is no 
net, :f'lwc.. A ,3.9 em raduia rod of 1 part Th, 1 part Al a.nd 4 parts ~O changes 
L.\: e« by 0,,72 R where R is ratio of voluma of rod to volume of active pile 

material in the cell .. 

(M"3194i SUD.I1AIi!.ry of New Pile'Studies, G .. Young!) 10/22/'46)" 

Controls, p .. 87 - Lists the types of controls that have been eonsidered~ 
and gives references for eache 

Names special problems, such as getting productive use of captured neutrons I;l 
fastsr Signaling and activatIon mechaniSms, nblind spots" in intensity masuring 
Instruments~ control of fast neutron piles, for the purpose of giving references 
to emeh" 
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(lYlDOO""42, Theory of PUe Control Rods, R .. Scalettar" I. .. Wo Nordheim. Paper fof' 
Am .. Ph;ys .. Soc. iv10Gting. 6/17/'46)" 

Elementary description of the principal effects of a control rod, additional 
a h<ilorp·tion of neutrons; changed neutron leakage; changed neutron production. The 
importQnt equations tor one group and two group theory are given; extrapolat,lon 
d1stancels, boundary conditions, shadow effect of one rod on another are discussed .. 
Effective radius tor rods to take up a given 6k for infinitely long cylindrical 
pile are given, and the form of the solutions tor a bsra pile with two group 
theor.y is givena 

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

The paper sho'llfs that simple diffusion treatment yields results in agree .... 
Ent with measurements, and also calculates the minimum critical mass of 25 in 
water tamped .pheric&l, infinite cylindrical, and plane slab cores" 

·S~fetl" calculations, p .. 42.. For each geometry there is an optimum water con­
centration for which the mass of 25 reaches a minimum. This concentration does 
not correspond to the minimum volume in which some mass of 25 can maka the boiler 
~ilk~. . 

'fmo types of safety curves are givena . ·(1) minimum critical mass as a function 
ot enrichment percentage., (2) minimum critical dimeneion for various ur&\nium en" 
rich_ntIS. " 

(Ii4292, Principles of Nuclear Power, Chapter 22. Control, J ~ A .. Wheeler, 6/28/'44) '" 

142 page report covering thoroughly the oomplete tbeor,y or oentral at the time 
it was \1rittGn, with applications and caloulations to the Banford PlIes" Contains 
numerau,s charts and graphs of practical value, and of value as teaching aids .. 

The approach a1stinguiahes '"flO Jl!@thods of calculating control: {lJ e.s a chal"..ge 
in the boundary conditions, (2) as a change in local reactivity. 

Calculations in which the pile is divided into oells around each control rod 
are str8ssed~A section is devoted to pile periods and the apeed of control. 
NumeroWill references to ether reports are made" 

(TP ~-29, Preliminary Roport on Control Rods, F. T c; Adler J 3/11/146). 

Not available ... 

(MPT-30, Progress Report, One-Group Theory of the Dependences of the Effectiveness 
ot Control Rods on their Positbn in a Cylindrical Pile. P.:" 'flO Adler, 10/'45)" 

A single rod or effective radius 0.01 R where R is pile radiUs, is placed 
d from the center;' the ratio of effectiveness relative. to a central rod differs 
from J., 2 (2 .. 4 t) by not more than 20%. If 4 rods are placed d from the center:; 

the effect per rod is less than for a s Ingle rod if d/R <; .,2.3, and is greater than 
fOT a Bingle rod it d/R :;;;. "23,, Only these results of calculations are giv0n ... 

~ 
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(lfT"')l, Progress Report, 'lWo-Group Theo17 of Control Rods in a Cylindrical Pile, 
F" T .. Adler, n/ t4S)" . . 

If. extrapolation distance A at a black rod in one ... group theory is set equal 
to A to? thermal neutrons in two-group theory. increased b.Y a definite amount . 
which depends on pile properties, then the Laplacian computed by one-grouP for ott­
center control rod or ring ot rods ia nearly equal to that obtained by two-group 
theory.. Calculations have been made tor proposed NRX pile... Chalk River, assuming 
:3 rod radii, as correct boundar,y is not known.. 2 ". . 

ClJjangEJ,~ in k due to rods is ~iven ~ .At -::'; .. Llj!S where,j 1s mig.rat'ion 
ax·ea9 ",0,;.3'2 is Laplacian.. Results calcUlated for L1 k are a 

Erf" rod radius in un! te . of ~etor mdius:, 

.. 019 ,;025 _ ...;.QlO 

Inner rods. 1 rod .58% ",74% .. 80% 
2 rods 103% 1 .. 6 1.,8 

Outer rods, '1 rod <>2~ .. 34% ;.40% 
2 rods ,,78 .. 94 1<>1% 

All 4 rod8 . 2,,2. 

(ME-2:U; Cooling of the Shut-otf' rods in the NRI Pile. R. E. Newell, 4/24/'46)_ 

,~ Ths rods are air cooled; calculations ot heat generated, heat removal and 
temp. we are made tor normal operation and emergency conditions (J Conclusions 
are: (I) Normal operation, max. di:tference in temp. between rod and cooling air 
is 4805° C. (2) If cooling air fails in normal operation, no damage if pile is 
Shut-dOll1D in a fa. minutes, with control rod,_ (3) Failure of cooling air during 
shut-dOfiD will cause, no ,damage if tank is filled with 1120 0 (4) One shut-ort rod " 
must not remain in the pUe while it is operating.. Temp. ot rod will ma at rate 
of' 2700 C/min .. · 

(NEPA No~ 4; Progress Report; Controls~ p. 23,S/lS/Q47). 

A brief description is given of chain ~actors~of control b.y mechanical motion 
ot part afthe reactor., refiector, or of a control rod, and of pile stability con­
siderations .. 

The pile simulator i.s mentioned, and 1ts· . use .,in a control systeru,. to antici­
pate reactor behavior, is suggested .. 

(So44 Notes, Seminar in Nuclear Science and Engineering, lUI.IoT 0 Staff. Control 
and Operatim'A ot a Pile, p. 264, W .. J,<>' Oaeroff, Summer/ i 46) 0 

An elementary description of a pile, the etrect of a control rod ll and the 
power level, and pile-period monitoring circuits.. It contains a. lengthy dis­
cussion of construction and performance characteC'istics of ion chambers" and D .. C" 
amplif19rs 0 (@) 
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Re:terences to abstracts in other groups I 

CP""510 
CP ... 1088 
OF-lOSS 
CP"'1252 
Op ... 1252 

~ 
(7) 
(8) 
(4) 
(8) 

Op .... 2187 
CRP-287 
C5-3026 
1l.bnP-196 
p.'lonP-216 

Gel'R .. 2 
(8) 
(7) 
(3 ) 
(8) 

Group- (2).. Theoretical rep~rts& Kinematics of pUeu", f'Grlods, stability, 
bubbles.. Coolant turbulence calculations.. Calculations relating to Clinton 
high flux pUe.. Calcula tiona ~ependiDg on delayed neutl"lon periods '" 

• 

(CP-65, Burst r.thad ot Determining ApprOach to Selt-Sustalnlng Reaction, He> W .. 
Ibser, J.. H.. Ma~e1, J .. A., Wheelex", 5/ tl,.2) .. 

'. 

Starting with the pile equations, the theory is developed giving the neutron 
density as a' tunctlon ot time, tor small valueS ot (k-1); delayed. neutron period 
data. from C -.35 is used.. Temp .. ettepts are neglected and very long periods result 
frqm the calcula tiona .. 

The use or a time controlled neutron source and instantaneous ~cording of 
neutron densit7 to determine, (1& 1) 18 suggested. The decrease in nux. trOll 
time of pulses to tia lev(/l a traction of a s!)Cond. later would give; tram curves 

, calculated in the report, the value of k -I, (k'" 1) • The source could be pulaed 
100 ti.mes a minute. The accuracy Qf the method 'IIould' equal·that ot measuring 
'the spacial variation of neutron induced activity, ar..d the method e:>uld be de:-
veloped into mater type indication. . 

(CP-291p Notes on Lecture, Fermi, 10/7/42) 0 

I. 

:Elementar)' equations relatiDg kit pUe, period, and delayed neutl"9ns. 
/ '. 

/ \ . 
(CP-349, Slow Control of a Chain Reaction, R; F. Christy, 11/17/11.2).. . 

Restricted to systems where neutron density n bas small and slow varia~ 
ttoM and k has small-variations.. .d.. (t"'l) ': _ C L! -- C J!A where r-: is 

, dt Ie 2 dt" . 

lifetime of one ge~tloD; d =(~ . -1); 11 is neutron density ahd Do 

is dewit7 to tfhich n is stabilized.. Best contl"ol Is one which has C2 . 
domin.ant; but limitation is detection ot slow change in IlJ detection of It/100 
see" ia required.. Control dependen~ on '1. results in slow damped oscillations ot 
n around nc .. . ... 

(OP-35l. Variations of Power Output of a Running Pile, Eo P .. Wigner, n/U/'42) .. 

Effect of delayed n ot4 periods on pile equations with sudden change 
of' k is I3tudied, and steady state and transient solutions given.. A method 
of ttlimlts control" is described, that is applicable· to piles with very slow 
period tt and has these disadvantages" (1) unforseen variations in k must be 

4Ii:J 
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smaller than difference between limits to which Ii changes;· (2) re18tlvely large 
f'luctua tiona in power output and temperature of pile take place" 

(CL ... 697, Project Handbook, Chap .. lV, E, Theory of the Slow Neutron Chain Reaction, 
5/'45)" . .. 

p" 27 Effeciency of control rods. The equation for 6 k eff in terms of mig­
ration area, di:ffusion length" Fermi age and reactor dimensions of a' central 
control rod in a cylindrical pUe ia given. See. CP-1461. . 

p .. 28 Time dependent pUe eC'!ua.tion. The equation for rate of change of 
neutron density !in . 18 given. .A table of delayed neutron periods and yields 

dt 
is g1'C1EUl. The relation between excess k and pile period is given; the in-
b.our is . defined; approach of a pile to critical durlngconstruction .is d1ecuased, 
and transients are briefly mentioned" 

(Cpu 884, Effect of Insertion of Safety Control Rod on Power Output of a Pile, 
Jo ScbPinger, 8/16/'43). ' . . 

Rate at which neutron density diminishes depends on time for rod to reach 
final posltion,and on delayed neutl'Onsl 

It nX (t) :: ... ~ nj\ (t) + wA . n (t) 

-eft net) ~ 2:~ n,A (t)+[ke(t) or.,] n(t) .. 
A i\J'-

where net) Is neutrons present; n,\, (t) ia radioactive nucU.i emitting neutron 
81th Bean life ..l.... ; k is (-k erf "'1); "1 is probability of forming nucleus 

~ e /l . 
A 

that emits delayed no 
Calculations give, if dk : .02, neutron density falls to "'25% in 0.8 sec; 

and if' dk ~ ,,03 0 to 18% in 0.7 sec. Calculations are f'orinstantaneoUB inser­
tion and for 0 ... 93 sec. to accomplish insertion" 

Equations are given for power production or pile at time t after il'JSartion 
of rod, taking account ot f3 and 0 emission !'rom fission fragments., 

(CP",,1295# Monthly R.8port, Phys. Sec .. II~ LO' 19'" Nordheim, 2/29/'44). 

A. method of determining changes in k from. the neutron density .. 
A formula is given for instantaneous value of k . in imoura, in which in 

every term siD is evaluated at a time retarded b.Y' a delayed neutron period Tio 
dt 

n is neutron density • 

. ~CP-1.428, IWatal.. Proj. Monthly Report, Physics Div., L .. W .. Nordheim.!l4/15/~44)" 

It is estimated the fastest transient accuring with sudden change Ll k •. 
~ith period 1/T :.: It Jli where ~ is fraction ot delayed neutrons with lifetime 
fl ~ has amplitude of order ~ oompared to amplitude of' fundamental, and tran .. 

. kb 
siants of periods between delayed neutron periods have smaller but comparable 
intena i ty... .JiJi2I!t 
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(CP~147, Determination of Time Variations ot k in a ~ing Pile, L" W .. Nordheim" 
5/10/'44) .. ' 

Time variations in k can be determined from observf!d variatior..s in neutrt',l 
density, the equations are derived for Lllt constant in Urne and Alt a tunct'Jn 
of' t:t.me.. For Ak constantD (see ep, .. 641), , 

A_54 )) 11.39 1793 J~ 
!U inhour ... 7'" 't' -&- 0 .. 7 -+ ?-+- 6,,5 .,.. ?''''.34 .,.. 1''; 8.3 

where 1:" is pile period.. For "k a function ot time, ' 

b 1nh ii 1.. [Bo ~ -6- ') Bt [Q~]] where t f :: t. ... Ti where }.l is neutron 
n , dt - dt 

i . 

denait,-. T1 is period of delayed nautrons; and \there ' 

B ':. - .3600 B ';. -W,9,,,,,( kle)ai 1\ 
o i+(k/i)~ ~ifl i 1 +(k/.L)X df,T:l 

where a is fraction or delayed n of period ~r and JL if I llf'et1t:r,\9 of' neutrons 
in the pile., Second equation is for sloVl Chal~e8 or tr.9 pover uutput" 

(CP-16111' Metal. Project .lon~ Report, fhysLcs DiY., L. W. Nordhr,d.Dl, 5/15/'44). 

Equations are derived giving time respor/3(~ of pile to small c:hange of It, 
and taking temp. stteo,t into account.. New pc/uer and ·tem'p~ levels are reached 
asymptotically with cbanges determined b.r 

De: ~L\k J 6,p!:h.j8 

B : temp" .p:. power output D 0( fl effective i;oonpo coet; h ~ total heat transfer 
-coe!'" 

(CP-2l85, _ Metal. Pro.1" Monthly Report, Physicll Sec .. , 1., Vi" Nordheimjlt 10/31/'4tJ .. 

Transients at sudden changes in pUe reactivit70 The reaction of a pile for 
change ina It consists or suPerposition of' 5 Elltponentialu, for delayed neutrons 
with four periods. The equation relating perioos vith lJ. II: is given am, a table 
of length of periods and their amplitudes for changes ill f:l k from {). k : 0 to -
D, It : 1 (k goes to zero). ,() _ 

Under theory of pUe controls, the exact equntioY.is are give:q for the case of 
cylindrical pile with rod parallel to axis bat dispJ.r.oed arbitrary distance. 
from eent~r~ Calculated results are cOmp8.rtld with t.no&e obtained using usual 
vaight fa"tol" method .. and it is shown that '/.i81ght f.actor can give appreciable 
errol"l$ 

(CP .... 2222, Monthly Report, Physics Sec .. II, L .. W. Nordheim" 12/31/'44) .. 

Kinematics of Enriched piles, p .. 24 .. - 'l'wo-group theory is used;!l see p.14 .. 
Equations are ,given for the pile period T~,)neutron lifetime .1.. lI' multiplication 
constant Ie. and it is found Ak~}C12 ~ 11'-. where "" Jl,2 is the Laplacian end 
fu~ the migration area" For certain conditJ.ons, tl k ~ .. 6~ tor change of concentration 

...... i{jf7 J!ti" J~ 
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o~ 1% and :: l.~ for change in density of 1%. The pUe follows changed 
conditions rapidly., and bubbling causes stabUity wlthrespect to power by 
decreasing reactivity.. . 

(CP~2568~ Montb1;y Report, Physics See .. IIg Lo I ... Nordheim, 1/31/845) .. 

Reaetlyit,. changes 1n piles, p. 16.. A general equation tor tl k ert 
It 

1s g1;ven, in which terms represe~ changes in k,. migration area, pile size. 
and reflector effectiveness.. The tiqua. tion is modified for the special cases 
of change in density dus to bubbling in a pUs, change in concentration, and 
change in reSOlJlU1C8 a1::lllorpticn", ' 

I ! 
The ett'eet of uniform change in tempo of the pile or the- reflector 18 

studied in detaU.. It is assumed the fission and absorption cross sections 
follow a 1/v law.. The effects treated are leakage etrect, thermal expansion 
of pile fluid, change in the neutrons produc~ per neutron absorbed, and 
change in resonance .abaorptionp the la~t two being found negligible.,. 

(CP-260i, Ibnthly ~eport .. Physics Se~.. II. L. \' .. Nordheim" 3/31/ 945) .. 

StabUity Problem of Piles.. See-CP ... 2589. 
Perturbation equations describIng pile stabU.ity in the neighborhood of' 

a statiorta.ry state are derived., Cons!d9red are reacthity changes due to 
teEp .. effect, gas bubbling. and automatic control.. The impedance equation is 
solved. for the natural periods 01' the systeuliI,.by use of a graph of the fUDctlons, 
and "fl.l and complexl"OOlsare indicated.. . 

Response olPUe to periodic PerturbatioDe. 
In order to obtain limits tor the fluctuations that can be tolerated ll a 

. Fourier decomposi'Uon of the p,rturbation is perforlll8d, and the response to 
each component determined. The equations are given tor fluctuations in gas 
removal» reaetlvlty, and heat tranSfer.. The pUe ~havior Is discussed for 
dIfferent frequency regions~ 

(CP.,,2813, MontrU.7 Report, Physics Sec .. II;; Lo W. Nordheim, 4/30/°45)., 

Klnemtics of enriched pl1e8~ po 13" See CP ... 2601", . 
Equations tor the change in temp .. and power level are given for· applied . 

dk(th ax may be a.n impulse.. It Is found that power and temp .. chall".ge linearly 
during the time or impulse" and decay to equilibrium a:tterwards; tables are 
given ot numerical values for periods and coefficients for large bubbling and no 
bubbling ot pile fluid. The danger of short impulses is that they cause auto­
_tic ehutdown.. The equations are perturbation equations, which are valid on.l.y if r . 

Joak(t)di:. is« 1, i being the lifetime or neutron in the pUe.. The COMO'" 

quencG3 of a Pumpirlg faUure in a circulating enriched pile are evaluated, and it 
is foUl'l!d. that the temp. rise is not rapid <> 

(CP""2824, Metal Proj. l\i!onthly Report, Physics Sec" Lo W.. Nordheim ,l 5/)1/945)" 

A t'El'o-group theory dealing, with small inhomogeneous distnrbaness in piles by .-'''' ,~. 1& 
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a weight :'C'ormula, which is used on a composite pUe structure with different 
proptl:f"UGEI in dU"f'erent regions is given. Solutions of diffusion equations are 
exponsntl,lls; the adjoint problem is set up; a perturbation theory Us 'I1orked out,., 
Ueth?d, ie: a.pp1ied to calculating pile period., 

Cont::.."'ol rod theory continuation of CP.,.21850 ·The pUe equatiollS are sol.ved 
tor ~ 8u:~le control rod at distance. I"Q from axis of cylindrical pile tor reactor 
and ret'1.ector by one group theory and ror bare reactor by two-group thE lOry 0 

Cont.rol rod radiUS is givell for rod at oenter of pUs o . ' 

(CP~~S4.1_ Montb.l7 Report, Physics Seco I, A. H. S:nell~. 6/'jO/'45). 

Another formula relating /J. k to pUs periods is given III (See CP...(,J.;til CP-1447) 

~ 33 ll39 1793 585 
p .... P :- 0 .. 7 + p :r; 6:5+ p -a; 3400'+ P -:.t 8.3 

--~----------------~------~----------~=-.. ------~----~----------------------~------... ~--
3311J9 1793 . 585 

1 + ft '.'l! n ". + P : 6 .. ;-+ p = .34 ... 0"'" P .. 8.3 

For :neg., :yile periods the neg .. Signa are to be used.. Tbe equation was checked by 
operating Clinton pile at low power and producing a series of negative pile periods 
arotmd 8.3 sec<a> No discontinuties indicated by the equation observed .. 

(;1",,:2<;26, Metal Projeot f,ionthlyReport, Physics Divo.'A .. J .. Dempster, 4/15/'45). 

POI 24, Bubbles.. rr bubbles are created instantaneoU/31y with pOW'9r, the 
pile is ~table if the decay curve of k loes with time as bubbles rise to top is 
concave upward everywhere; filth other shapes it rray be unstable., 

(MonP-3$ Monthly Report, Physics Sec .. II, A .. M .. J'ie1.nberg, 7/31/'45) .. 

Temp", and Concentration Coer .. of PUe .. 
For th" high flux pUe being designed at Clinton, the i"ollQl1ing table is 

giVL~Ill\ .. 

temp .. eh 

/j,kett -r--, 

go 200 ... 300 200"'400 

..... 00897 -<>0184-

200 -SOo 20°-600 2QO ... ?OO 200· ... 800 

... .,0284 ..... 0363 "'00497 , "" .• 0608 

See MonP..,.8> tor. corrections., See CP-2824 and l.:lonP"'3 11 p.. 9 for method ot 
cal.cula M.on" b.v perturba tioD. theory.,. 

(MonP .. ·S, Montb.q Report, Physics Sec .. II, to VI .. Nordheim, 8/31/'45) p' 

Per1~u.rbation theory, p .. 10 .. A change in the squatleD tor A~ due to 
It . 

20° 

"" .. 0 

chanr,e it: the temp .. of' the reacting solution, which causes a change in the cfaffusion 
oom;t..ant of the raaetorg and thUD in the boundary condition, is worked out .. 

Tb.0 :law term is a su:rf'ace integral oyer the boundary of the reactor 0 

~., 
~~",1. 

~ 

'23 
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Temp. fluctuations in' e. c~'I1nder resulting from trubulence; investi­
gation ot tempo fluctuation at a point in e mpyi~lu1d which i8 heated at the 
8ama time 0 An expression is derived for (82 ... (91)2 where e 2 and e 1 are 
2 successive measurements of .the temp .. fluctuations" Tempo coef'. of enriched 
pllGp p .. 1.3; this is high flmI pUe being designed at Clinton Lab. A table ct 
results 13 given 

TO C .. 10 20 )0 40 j SO 60 70 -
~k erg: ""00085 "'0017 ""0026 "' .. 03~ - .. 045 ..... 054 "'0065 

It 

(MoDP-17, Monthly Report, Physics See II. A.. r.t.. Weinberg, 9/31/'45) .. 

'l'urbulent fluctuations in homogencn18 pile.. FO'Ill8r fluctuations are given 
by 

( (&)2)f .:., 1 (cM eU)2) t \ 
c;;;:I' -.c;» X k=tII"" 

P f!J 
tor small .ak, where (3 is effective fraction of tission neutrons which are 
delayed. For the high flux pile, thes~ power fluctuatIons are satiated to be, ' 
20%,. for temp.. coei' 4 of 10""3100" I> and jw-I :. ~,GI am A ~ en: due to turbulence :: .,OOL 

.Ie: , . 
Reflector temp.. coef'.. p.. 10. For the proposed high flux pile, ths effect 

on If of a. temp. changes in the reflector are tabulated, 

Reflsctor temp .. 
change 20° -300 200 -4cP 200- 500 20°_600 200-70° 200 ... sao 200· 

.. .elk e~ - .. 0004 D",OOlO ' ... 0018 ..... 0027 -000)8 - .. 0050 
k . -_ .... _._-

GaoDP ... 85, Monthly Report, Physics Sec .. , II, A .. Pvt .. Weinberg, 3/31/'46) .. 

Reactivity.changes 1n a flat fluid surtace pile due to bubbling.. It the 
letght of a pile that produces .3000 ce. of gas per sec .. is held fixed, ,d k yt 

II: 
due to bubbling is approximately 0 .. 6%. If' the bubble velocity varies inversely 
as the tempo» the stability of a pile i.e batter' than if' bubble velocity varies 
with temp.., 

(MoDP ... I04" P.Dnthly Report, Physics Sec, II, I.e Ai" Weinberg" 4/31/'46) .. 

- .. 0 

, Reactivity ehange due to bubblil'!g in pUe with reflector.. Effect of bubblel'J 
on multiplication constant is computed _ith the aid of a bare cylindrical reactor 
equivalent to reactor am reflector Q ' 

(Mon-P ... 151!l Monthl,y Report, Physics Sec, rIll At> M. Weinberg, 7/31/'46)" 

Temp <> Coet. of Plutonium Thermal Pilas" 
The mn!p~ coef'., may be positive; the Pu resonance at 0 .. 3 ev is 8ufficlently 

• Sff2"~ 
;;~.";:J:,"",,"~ , 

90° 

064 

) 
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broad to oause absorption and fission in a Nsx&s111an distribution of' D to 
increase with temp" The coet. is dangerously large if the thermal utiliza­
tion is small" The following table is given: 

k f R Llt eff per 100 temp.. riSe 
.. ~ 

IpOO .505 00 +048% 
1 .. 06 .. 5.35 5 + 040% 
1 .. 43 0722 1 .. 67 + .. 05% 
1.,'77 ,,89.3 1 -,,15% 

where f 113 thermal utilization and R is radiws of graph! te pUe in metel'$ .. 
Pile is prompt critical for 100 rise if' r <. ,,570 

(lIlonP ... 228 t W.onthly Report, Physics Sac., II, A" M. Weinberg, 1/15/'47) .. 

Tima Lag ot Thermal Neutron'Signal .. 
When a sudden burst ot thermal neutrons diffuses. the time for the Signal 

to l"'Qsch a distance x Is -r:-/2D where D Is the dif'tuBion coer .. ; this' amounts 
to a millisoo to travel 20 em. In graphitet which is long tor the control 
circuits of the high flux pi1so . 

The above'del.a.y suggests the diffusion coet. can be measured d1rectll"~ 

(MPT ... .3.3j) Progress Report; Effect ,ot Resolving Time. G .. M. Volkort, 2/'46). 

Obsel'?sd pile fluctuations will be ,5 "creased due to elimination of short 
periods. by a measuring instrument having a. resolving time L:J.1:,. Equa tiona are 
given for the mean square fluctuations and for the normalized spectrum of 
fluctuat.ions .. 

For the Zeep pile; the decrease in fluctuation is negligible exeept at 
pcmsra of 8 f'raction of a watt; greatest part of the fluctuations are long period., 

(TL-4, MUltiplying fiSd1a, Critical Size, E~onential Experiment, Systems Less than 
Critical Size, G. Volkoit; Lecture, 11/'44). . 

Ph 16 The approach to critical condition is discussed. 

(TL."(,,., Time Dependent Phenomena (Pile Kinema.'tics) G .. Volkofr; Lecture. 1/'45) .. 
Contents & 
p" 2 - Instantaneous neutron model of a chain reaction .. 

p.. 6 "" The etree:t, of delayed neutron8. 

p .. 11 ... The reactivity 'of the pile (Inhour f'ormula) .. 

. p.. '14 - The. effect of photo neutrons) in D20 piles., 

po 15 - Transient phenomena due to delayed neutrons .. 

This is a lengtb¥ and comprehensive discussion of the above J'lamed subjects" * ',' 
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Cp·-64l (6) MoDPJT4 
CF-ll7) (8) MonP';'l04 
CP=1461 (1) MonP-l51 
CP·~2589 ~? 

MonP-206 \ 

MonP""3 (3 1IIor.tP=271 
MonP-56 (4 ANIrRGsa6 

N-2292 

§r..2lmJ.Jl.,. Theoretical reports.. Control of special type piles", Enriched 
piles p circulating piles, homogenous solution piles.. Special types of control~ 
Gap control" curtain eontrol~ liquid alloy control.. Calculations on BeO power 
pile" 

(CP""360,. MallO on Bt Cooled PORr tInit# t .. Szilard,,' ll/23/o42)., . 
A liquid al101 containing Bi, Ph, Sn, and Cd 1s contained in a. pipe in a 

. elosed circuit, and tills the portion of the pipe in ,the pile. Starting a . 
pump pumps the alloy out or the pile; the pump Is controlled qy a trarisformer p 

which is controlled by the radiation intensity.. In the event ot p~ f'ailu:re, 
all07 again flows into pileo Alloy is in steal tu~sp cooled by Bi flowing 
aroUl'ld tube" . 

. This is ror B. Bi cooled, unenriched U"·carhide and graphite pile 1/ for 
conversion of 28 to PUG 

.... 
(CP-lJ.21, Displacement of Dalayed ATsutrons in Homogeneous PileD G .. Young, 12/"'/'43) .. 

Short delay periods. The motion of pile slul"TY is a constant mean flow super­
impossdon the fluctuating motion of turbulence; the turbulence is ana~zad as 

; equivalent to spreading the particles in. an expanding sphe~.. The delayed 
neutron contribution to k is urultiplied by a factor (1 ". b. ) where f). is the 
.;1iistance the sll.U"l.'ji' flowed during the dalay period; more complicated' expressions 
lara given" 

Lor.g delay periods. Slurr.y is stirred about so emissions occur>3qually 
throughout the systemo If fraction r of the sl'lllTY volume is outside the pile, . 
the contribution to k is multiplied by .. 61{l .... .f) tor a spherical pile alXl .. 53 (1"" f) 
for a cu.bioa! pUe" . -

(CP""2589, Mo~t.hly Report, Ph7sics Sec .. IIll L" W~ Nordheimt) 2/28/'45) .. 

See OP-25GB" Progress report on a st.udy of bahavior of homogenOuS solution 
pl1es~ Tamp~ eoe£e~ concentration coeto~ and density eoer~ are defined, as these 
factors cause change in reactivity 0 Equations for average bshavio~ and steady 
state solutions are given; equations tor small perturbation are derived.. Flashing 
the pile with large excess It is studied; the sudden temp. rise of pUs material 
t&mp~ above coolant temp. is twice the equilibrium tempA' dlffel"ence as determined 
by the exe~as reaotivity; .the tamp ... period is AX ;;,; .JL 1_ {J A t . _):.. Jk'";"~ , wu~t"e)t-- 1.8 nsu ron 
lif'et1l1'i!!!l ~k is excess reactiVl.ty and P Is fraction of delayed neutrona", For II 

.dWdP 
• 
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D 0 pile,; :'10-3 sec, and for (dk;,I3k) :: 10%, then"£x ~ .. Ol sec. 
ii time for f'ormtion of gas bubbles is long, the temp. rise for above will 
be 4000 C" 

(CP-3444, Pile wIth 'l'ransvel'88 Gap, G. Young. 2/18/'46) .. 

A discussion ot a cylindrical pile with end reflectors and transverse 
gap,. The cooling of the pile, and consequently the power output are 
treated.. It eoolilnt enters center gap, it is coldest where heat production 
and temp. drop is greatest.. To get same ratio ot maximum temp. in pile to 
coolant temp .. rise, with center entrance, the stream diameter muot be re­
duced by 1.4; the pressure drop will be reduced by 1 .. 3; the power output 
and coolant circulation will be doUbled. Opening the gap to change reactivity 
of' pile by /V 20% changes above temp. ratio by 18% .. 

(C5-135, !/.eetinge of Eng. Council, 6/18/'42). 

. p.. 7 Suggestion. 18 made that thorium powder could be blown through 
a pillS for control; also Freo~ gas tor small amounts of control, Boron 
carbide tor large control. Contains no information Q 

(MonP .... .3, Monthly Report, J>hy.sics Sec" II, A .. M. W~inbarg, 7/31/'45). 

StabUity of e~u1ating enriche<i pileD Equations relating power and . 
variations in· k tor t.ims intervals < 1{5 liquid circulation period simpl1f) 
130 analysis of Nordheim can be applied It a Pm..!. a k err where P is pO'IJrer 

P Z k 
and Z is pile impedance .. 

Control of enriched pilso Describing control in terms of effective 
reactivity change eLi k) eff takes account of change in migration area .. 

If . 
'-: I. expression is l"8?-8ted to relative change 1D 25 concentration, C25• 
~~) eff g 0446 f:~C2'L 11 A blaek control rod with 2.3 em.radius in the 

. 25 
eentel" cJ: bare infinite cylindrical pile will neutralize (~t) e.ft :it 10@7% tlI 

A black control rod in the refleetor 5 cm.f'rom interf'ace wiJ radiilS 5.2 cme 
in eYl!na.rical plie of given dimensions neutralizes (A:) eft s O~,63% .... 

Caleula tiona on a B curtain in the renector of an int1ni ta slab pUe 13 .. 3 
emo and 10.4 em. from interrace indicate it will neutralize (.A k) ett ~ "fnt:tl . . ~ ~ 

and ~ 2~ rellpectivel1 '" 

(MonP-8, Mon~ Report, Physics Sec. II, to W. Nordheim, 8/31/'45). 

curtain Oontrol Sheet .. ' The effectiveness of a Cd curtain around 60 em. 
11"3diW!l and 150 em. high cylindrical reactor in infinite ~O reflector is 
calaula ted. .The following table is given: 

Concentration of solution 1 .. 03 1.,16 1.29 
(gr. of 25/l1wr D2O) 

c1 k eft/k 0 5.7% 11 .. 7J 
S~ -- ~. 

1;"" (erll,.) 18,,3 10",5 5,,5 
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where ~ is distance of curtain from edge of reactor tank, plus 1 .. 7 cm .. 
t1 it eft is the reactivity taken up by the curtain. Sse MonP-3, po 12" 

k 

(MonP-24, Nnnthly Report, Physics Sec. II, A. M. Weinberg, 10/3l/Q45) 0 

Split curtain control. A Qlack curtain partly surrounds a cylindrical 
pile, and it is desired to calculate critical pile size as a. function of the 
angle '0( subtended by the opening. The problem Ls solved tor 0(0« 211' 
and for t211' ... ~) <'" 211' (1l8.1TOW strip of Cd). It is fourxi tor these cases 
change :J_n critical radius is proportional to ~o or (217' - O!" constant 

of proportionality being of order unity" 
211' 211''' 

(MonP"'178, Monthly Report, Physics See., II, A .. Mo Weinberg, 9/30/'46). 

A Cd sheet that cuts the high nux heterogenous pile and reflector in 
two equal halves is nearly suf"ficient to control a 305 kg pile, the overall 
margin of. control being 10% ilk err Calculations are in progress on hou 

k 0 

ma.zw Th meets are. needed to do the same .. 

(MonP-196, 1'bnthly Report, P~iCtJ See" II, A., M" Weinberg, 10/31/'46) .. 

The thickness of a Th. sheet and radius of rods necessary to control 
piles of different shape surroumed by 130 and ~O reflectors is tabulated: 

Shape of' PUe ...1L Thick. of Critical 23 produced per 
Th absorber k 25 destroyed 

Rectangu..1.ar 1 .. 606 1 .. 86 cm 1..36 8,,57 % 
40~0z60 cm 1 .. 55 1046 Cll 1.,36 80ll %. 

l.,SO· O.SO em 1~36 5076 % 

Cylinder '1 n~ 22 .. 6 cm 1!""3j.ius 1.,606 5.85 em radius 1..32 
60 em hEligh-:' 1<»606' 4.81 em radius . 1.,4]. 

(MonP"'271~ Control Probl~m in Piles Capable of Very Short Periods, RoO W. NetlJson l1 
4/21/'47)., 

A comprehensive report on control ot pUes with large excess reactivity,. 
The. operation is divided ~to power ,level ranges, in ~its of operating po'W~: 
PolDer 1'§rng9 is 1 to 10-3, Period nnge is 10"'} to 10 ; Counter range is 10 
to lO""U'" a1'l..d Source re.nge is 10'" to 10-18

0 Problem of background mdiation 
in. instrunlents, and time available for start up is discussed.. The equations 
tOl" growth of neutron intensity, and permissible periods during start up are 
discussed" Accidents and available excess k that can be controlled is treated .. 
Control activated bymeasurament ot pile period, aId the rise in neutron in­
tenBity while control operates is covered.. Control in the different power-level 
ranges; tl~ansients; and control of different types of piles is discussed. A' 
tabla compa.res periods, total motion of control rod, total k of contorol rod, start 
up time, maximum rate of: increase of kc for the H,O high flux pile, D20 high 
flux pilau a typical thermal power pUe and a typtce.l fast neutron pUe~ 

§.feR: -.... 
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(MOO-RGS-AVM-5, Control Problem and Critical Size or an Enriched BeO lYbderated 
, PUe, .A.. V .. i.hrtin, 5/15/'46) '" ' ' 

A number of' calculations are made of the critical size ot reaoton, and 
of the required number ot control rods, for a fresh pile f) and for one con" 
taining KG poisoning. The theory of CP-1461 is W!Jed; actual data from 
MtlC-KW-60 and MUC-KW...(,l is used. 

The effectiv. radius of' a control rod surrounded by coolant 1s computed, 
using extrapolation length computed hom theory of MT-135", An equation is 
given tor total number of neutrons leaking from the pile per sec" Tables are 
given for max. theoretical comrersion ratio and tor'DD, ot oontrOl rods as a 
.f'w1etion 'ot wt of tJOa. ' f' also for ratio of buck!" ..... B when pUe is hot to tnt of Seo P ~ 
B for pile cold, and of B ax. to B for pUe cold .. 

. (MUC o KW-58, Slow Changes in the laplacian of a Thermal Plle, K .. Way, 12/28/945). 

In start up t!JDP.. rise of 500° C, of &io pl;Le, k changea 8li.ght1y but 
, dUf'uslon length Ii changes """"'1 .. 6 and the buckling B l:w N 1 .. 4S..'.Dhe ' 

Ibti ting change in B due to Ie poisoning 1.8 7 ~3%.. J 

The following other causes' of change in B are oomputed for 1 year la . 
operatlml of the pile: dGlpletlof or 25 (from 20% e~iched uh poisoning trom 
radioa.ctivo fles10n products~ SlII"l49t1' other stable fission products, and neutron 
l'e..1.etiollS on Be.. A table ot results 1s given, 'lor tvo power levels. TheBe+ 11 
reactions are listed and diBcussed.. ' 

The change in B must be COmp8llSA ted for by control devices. 

(MUC ... JEW-127, Current' Sta twa of Work on High Temp.. Oxide Pile, J.. E.,. Willard, 
, F .. Daniels, 6/21/.46) 0> . 

Control, p. 16. Reters to BeO poWer' pile.. In a high temp .. pUe" temp. coef~ 
ot the pile causes a laree change in the reactivity, making the ster1; up ~u1.re . 
grQat care ani long time.. ' 

It haf.:il been calculated 7 control rods 2.g inches in diameter will control the 
pUe., IsBa sensitive rods 'will be used during the start, to keep temp. rise 
eaE'ef'u1ly (';ontrollGd~ Gives no additional intormatlon., 

(ANLuRGS-6. Transient Behavior ot the BaO PUe, ~. Go SaehB, 8/28/'46). 
, 

Transient behavior is treated in order to obtain requirements for control. 
Pile will oscillate with i.noreasing amplitude unless temp .. of entering He coolant 
is atabiliraed; this PscUlation must be avoided a.t power oparatloD CI If' coolant 
temp .. 18 stabilized, pile UlIdergoes damped oscillations if radiative heat 
t?8.nsfer, is neglected; rad1utive heat transfer introduces increase :i~ amplitude 
of 08cill~tions which is eontrollableo ' 

The unstable oscUlation is introduced by recycling the coolant~ making temp. 
proportional to pover in the pUe. The period or oscillation in a hot pile 18 
; t~ "small.er than in a cold pile, but damping is the same. The extensive 
equations used in these calculations are gl.,en~ and start up procedure is discussed 
in d0tall, accompanied by graphs of the pile beha:vior., This is a maJor fsport 
on the control ot the BeO power pUe.. 4i ';nil( :", 
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.9rouJ;? UrL. Theoretical repo~" Neutron streaming in gap." Flux from an 
()pen channel" Calcul.s.tlon& on the. linear extrapolation length.. Tharma1 
utUization of neutrons. Ree.ctivitychange due to pUe poisoning am de­
pletion. Depletion and poisoning intervals. Build up of poison during shutdowno 

iJP-341, ~A9tal. Project Month~ Reporttt PhYSics Group VI" E. P .. Wigner, 11/lS/'42) .. 

Calculations indicate a pile . can be operated untU 1/3 ot the 25 is 
used up before 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 avera~!e cross section of fission products ... A geometry 
in which resonance absorption is increased at expense ot thermal loss in­
~reases the lifetime of the pile. 

(CP-1252~ Neutron lllux from a. Channel in the Pile, H .. Soodakl) G .. Nordheim, 
to W .. Nordheim, 1/18/'44). 

The neutron flux rrom aD open channel is calculated, and the result 
utili~ed to obtain the beating or the tip ot 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 calorieS! sec, as a. function ot 
the ratio of distance ,outside pUe to radius of' rod, and assUTung maximum . 
thel~l nux at pUe center equals 5.5 x 1013.. tUmplifylDg assumptions a.re 
l!lS.de in the calculations" ' 

(CP-laSS, I1lOnthly ReportJ Physics Sec. lIlt L" W .. r~ordheim:t 7/31/'44). 

Inflcence ot streaming in an exponential pile with gap' geo~r.r .. ~e 
CP-20l9. Neutron distribution in direction of gaps, z, is 1'fJ= e '~R .1(z) 
where L is d1ftusion l(llngth, fi. migration area, R ratio of' flux r-.t'Om 
source into gap to tha'l; into pile elements, b is reciprocal relaxation lengths 
J(z) is an integral given in the report.. A table of corrections to relaJilation 
length maasurement~ duo to streaming, is giv.en tor e. specific pile~ and is 
round to Oe less 'than 1$.. It is concluded streaming will not interf'~ with 
axponsnt::al experimentu .. 

(CP~l8S3, Monthly Report.,Physics Sec II~ L. W. Nordheim, 8/l5/~44)$ 

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

the gap.\) DI 21 f (Z2) where A is cross section of 'cell' exclusive or gap, S ie 

circUEilference of' gap~ Z2 'is mean square component along the gap of' the dist­
e.nce n neu'Q-on travels in the gap, when emerging from pile elements" Diffusion 
cosr .. in transverse direotion can be ,obtained assuming a homogeneous expansion 

i!L*J~~-
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ot the pUe t!ateria1 across the gap .. 

(CPeo2019, Monthly Report, Physics Sec. II, L. W. Nordheim, 8/31/'44) .. 
, ' 

Equation for extra. flow in Z direction due to presence of s' gap with 
sides parallel to Z, but of arbitrary cross section" per ~it it.!:! in the 
gap, is (see C&olse3) 'J j dZ 

FI ~ 1i J dB J J> 2 cos P d ~ .r:;' dB P coo f' , d ~ 
and the extra flow in the pile due to ,presence ot gap is 

FIr :: 6~ J ~ f.p C08 l' d cf' II where dB is element of' gap circum­

ference, cP i8 angle to normal of ds in meridional plane, .p is distance to 
otllC!tl" gap side in direction 'P; A i8 traDBport free path in pUe. ' Equations 
and value., of a form function are g~ven for an annular gap. 

(CP"'2292, Pile Reactivity Durtng Shutdolm, F. Lo Friedmah~ l0/22/'41~)p 

The Xe-135 decay chain is anaJ.y~ado ' The loss of reactivity during ope­
retion 18 computed, am the further loss ot reactivity atter shutdown" and 
dead tillJ8 of the pUais computed ae a function of' the powero At Hanford, 
dead tlme is about 20 hours at 1.5 MW/ton.. To looep pile alive during shut­
down, 0 0 4 (lol5s of' k) must be, kept in excess in pile during operation.. Re­
sults of calculations are given on graphs. 

(CP~3443, Etf'e~t of Gaps on Pile Reaetivity, M. G. and M. L. Goldberger, J" E. 
Wilkins, 2/20/'46) 0 

EqUations of neutrons emerging from a surface are discussedo 'l'he , 
equations governing ~e effect of a cylictrlcal hole axial in a cylindrical 
pile, and of a transverse gap cutting a cylindrical pile in t,JO equal parts, 
are worked out. Certain mathematiCal idealizations are made.. Variations 
of IlV at the surface parallel to the gap are ignored; these be,come ImportEint. 
as the gap approaches zero. End effects are also neglected.. Graph::J of B/Bc 
where B :~;J pucJding including gap and Bo 119 bucklJ.ngwithout gap for optimuill 
e;vclinde~3 are given as functions ot gap diminsion/radius of ey1ind:t'ical ' 
r98ctOE'S" , , 

Calculations are for bare piles a a reflector over the hole would decrease 
the effeciency of the control.. Conclusion is that ,,-...J 15% change in k can bs 
obtained trom cylindrical hole 10 em. in radius ~ or transverse gap 10 cmo wide 0 

(MonP-56 t 110nthly Report, Physics Section II, A" Mo Weinberg, 1/31/'46). 

XG poisoning in pUe. In enriched pile, Xe rise on shutdown is much 
larger than calculated by Friedman, CP-2292. The ratio of max. Xe to steady 
state Ke is tabulated tor diff'erent fluxes: 14 
Flux t' I x 1013 5 x 1013 1 % 1014 2 x loU ' 4 :it: 10 
X® max ,leo 1.3 3~O 501 9~7 22G4 
t (hourI!) 6,. 7 11,,1 11.1 ILl 11..1 

rrwa; 
~~~ 

I x 1015 

47~O 
11,,1 



~jf 
... 21 .... 

Proposoo high flux pile has flux AI 4 x 1014.. The time of shutdown after an 
accidental scram will be about .3 days .. 

(MonP-74. Monthly Report, Physics Sec. II, A. M. We 111bsrg, 2/28/'46), 

io instability of enriched PUe; the preliminary calculations show the 
high flu::' pile instabiliti48.ssociated with Xe has a period. of about 50 sec, 
at a flu:s:: ot about 2 x 10 .. The instability is not serious it the temp. coer. 
fa sufficientlY negative; in H2O cooled pile the temp. is less senaitive to 
pover tho -in D.20 cooled pUe, and hence ~O cooled pile is less stable to 
power change.. . 

(r'llonP"'S5, f.lonthly Report, Physics Sec .. II, i~o M. Weinberg, 3/31/ t lt6). 

Xu poisoniDg and pUe stability. Because reactivity depends on ·temp", bubble 
formation, and poisoning as veIl as control rod position, piles have an 
equilibrium power; stability depends on whether deviations decay or build up. 
Taking into account I.e and temp., but not bubbles, the followIng periods are 
computed. from 1he impedance equationS! cp ... 2601. 

Ie alone 
Ko plus temp., 

Clinton Pile 
98 min .. 
stable 

Hanford Pile 
11 min. 
14 min. 

High Flux Pile 
0.9 min. 

8 min. 

(UoDP"'104~ Monthly Report,_ Physics Sec .. II, A .. M .. Weinberg ll 4/30/'46) .. 

- Samarium poisoning in new high flux pile.. Poisoning Is'defined. 
Jim 0;: Sa 

p :: ;;a 0,":.-2, <1' In steady state operation Sm reduces thermal utilization 
Q... 

by approx" its fission yield; atter shutdown the am.o\u.1t of Sm. increases; the 
poisoning ~an reach a max: .. or ;,,~ at flux ot4 It 1()J4... A table is given of 
poisoning t atdltferent fluxes at times after shutdollln .. 

(MonP""l51, Monthly Report, PhySics Sec.: II" A. M .. Weinberg, 7/31/'46) .. 

Calculation of At efr/k for a pUe with non-uniform depletion.. In the 
n.w high flux: pUe depletion of 25 causes large change in k after several 
days 011eration ... Calculating this chang~, a variational msthod Instead of 
first order perturbation has 'been used, and n'llMrical density of 25 at any 
point r is assumed to be _ .1!.E. . 

r(l5 :: No
25 exp .... Q22 T flA ~. . 

R 
wh~rEl R i.u radIus of' pUei' centaml flux assumed to be 4 % 1014,. Table is given 
of Jl.Jr: erf ~ 

k 
le@ 

: 1:Z-
1 .. 6 

J.O dax! 
9.0% 
8 .. 4% 

20 Qal'S 

19 .. 2% 
17.8% lIiiJiiitil i'""","" 
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(MonP-284. PUe Extrapolation Distance According to Two-group Theory jI 
B. 10 Spinrad. 4/15/'47)Q' . 

It is often essential to know the leakage of neutrons trom unre£lected 
surf'ac9s in terms ot the buckling B perpemic$r to the surface. In two 
group theor;y il transport. may differ tor the groups fI but to obtain simple 
coupled solutions to the pile equation, B must be taken the sane for both 
groups "The extrapolation length is derived for slab pile of infinite extent 
and thickness »A transport, and result may be applied to any pile in which 
dlmensions are large oompared to ."t. The equationS are derived; tiral equa .. 
tien is . [ 2 ( ~ ) ] 

H - h::' 0.,71 Atf-+~ 1+ .. 71 L ()o. .,.fl. \ 
(1 + .. 71 AiII'! ). . "w tfl 

2 L. . 
for Fermi age'T.,,'" r.;; Atf alld Ats are fast and slow transportl!!M.f ... p ... 
L2 is ditf'usion length, and H '" h is difference between extrapolated and phy­
sical pile dimension" . 

• (MonP-314,' Quarterl,. Report, Extrapolation Distance in a Bare Pile" Bo Ie 
SpinradjJ 6/21/'47) 0 

p. 37 The extrapolation distance for a. thermal pUo in which Fermi age 
l "77 L2 is obtained by two group theory, and is 

[ 
2 ~V J H - h ~0,,71 ~tf+ ¥: ,(1+ .. 71 -r-) (~.", A '\ 

(1.-b- 71 ..!.t&) to to 
• L 

where H ... h is difference between extrapolated and physical pile dimension , , . 

and Atf and ""ts are fast and slow transport m"f'."p.. See NlODP-2/34" 

(CL-GY~l, Formulation of. the Fission Product Poisoning Problem, C~le Youngg 
4/12/'46).. . '. 

The :""0port deals with reprocessing of pile materials$' and on the com" 
pa.l°S. ble po:tsoning that NSul ts when metal l.S ted periodieaL'ty, eOnBt<a.ntly J 01" 
by "batch, and purified constantly, or by batch. ' A function Set) which da- . 
pands on t.he total:i:a.. of tJw atoms formed in a decay chain aftlar time of 

. birth in fission is used; the lWutron fimc is a parameter in this function .. 
Equatiops are derived tor constant neutron flux, and also for the Simple ease 
ot constant S!) which may apply to poisoning in a fast pil.e" 

(C-170 j Longitudinal Diffusion in Cyl!ndrieal Channels, E .. Fermi, A. M. Wain'''' 
. berg, 7/7/'42) .. 

The increase in laaltage ot neutro~ becausa of the presence of empty 
oyllndrl.cal channels is oalculated by dlff'usion theory J In order to ca.lculate 
the critical size of a pile~ The equations are derived from elementary dif~ 

. fusion formula, for unU'orm transverse flux d~tribution, and oos transverse 
d1sltrlbutien, for a single cylindrical chs.'nneljJ and many parallel channsls. 
The increased flow inside pile material outside the channel is also calculated~ 

.=P .. tlil 



~ 

pm;! =23"" 

(MTa 88 11 Intluenee of a Slialt Black Sphere Upon the Neutron DensIty in an 
Infihite Non-capturing Medi1lll. B. Davison, ll/t44). 

By a perturbation method, the linear extrapolation length). for the asymp­
totic solution or the neutron density in the surrounding medium is found, in 
·terms of sphere radius ft a... "J to be I 

" J. ..i. . 2 1r2 2 2 . :3-2. 
,A ': 3" .-"9' Q... ...... T (7 . """" 1)a. log a. - 1,,4002 Q: +0«(4. log- a,) 

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

(MTa 93, Influence of large BlAck Sphere Upon Neutron DeDait,. in an Inf"inite 
Non-capturing Mediumg B .. Davison, 11/144). . 

By perturbation method thE! linear extrapolation length).. is calculated 
for the asymptotic solution to the neutron density in the surrounding medium 
in ternm of the radius of sphere It Q..1t and. found to be 

'\ 1 l' 1 
A: .7104 +.5047 d +, .. 2336 "2 -3 log'a... 

a.. ~ 
_ .. 1704 ..!.. + 0(108 2 a.) , 

a.3 a.4 
where ~ is in unltD ot one m.fopo 

(1.I!T""124, large Spherical Hole in a Slightly Capturing Medium, B .. Davisonfl 

. 3/26/'45). 

~e cavity is large compared with the mean free patho The angular dis'" 
trlbution of neutrons at the center ot th~ cavity, and the neutron deasity on 
the surface of the cavity vere calculated approximately. 

For the particular case where, if' the cavity wEIre absent the neutron 
denSity would be,.p ': sVZ, the results are illustraiied with tables and graphs;-
v· i:s the positive root ot...L -,.J:... log 1-4-1/ and C{ is l'atl0 ot capture 
(ftc total<i at material" l ... a."" 2 V l .... l) . 

(m"'lJ5s Linear Extrapolation length). tor large Cylindrical Black Exiy in 
Unitol'm l¥ecilum, B. Davison, 12/'45).. . 

The extrap'olation length ~ is 1. ~ A. ~ .. 7104 +:g~. + ~) where). 
is transport m"t.p. ,and a. ';: -i, 1"1 :ie radius ot control rod., 

(M'r-196~ Capture of Neutrons by Cylindrical Absorbing Rods Placed Around a PUe, 
JQ M. G. FeU., G. Volkotr~ 1/'46)0 

The traotion T of esoaping neutrons captured in rods of radius R and 
spaced 2 GL apart in a single roil of distance b trqm the edge of the pile :i,s 
given qy an equation and a grapho Other graphs give T as a function of R 
em6J. 110.. v~ for thOI'!um rods and different values of' the reciprocal dll'fl.Uflio,n 
lemgth Ke' The equations are derived.. See IViPT~34.\'1 PI) 3 .. 
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(MT-20S, Xe Poisoning in Spherical and Cylindrical Piles" Co Ih Remrl..e, 
6/'46)" 

The increase in 1/t .here f is the thermal utilization 1~ctor is found 
theoretlcal17. due to Xe poisoning .. 

Not a"f'aUable.. See CRT-272 .. 

(MPT-,31, Progress Report; Linear Extra.polation Langth ),. raJ;> a Small- Black 
Cylinder ill a Uniform Non ... Capturing lV:edium~ B. Davidson" S. Kush-
neriDk, 1l/1I4S). ' 

It~ratlon method has baen applied to the case ot rod inrinite~ long 
and with radius tv a... ft small compared with mean tree path in medium; 

;X ~ 4-"'" (1 ... ~)a.1oga. ~ O,,2164Gl+O~2 log 2a.) 
~ 311' 

a.. in units of llil .. ! .. p.. (l'Ion in lasttarm meaDS "order of magnitude' of II} .. 

(MPT-13,tl Progress Report, Effect of Hollow Cylindrical Shaft on Neutron 
Density in SlD'rounding Msdium, B .. Davidson, 2/'46)" 

The ntUlber of neutrons escaping through the open end of a hollow shaft 
pGl"Pemdicular to the boundal'1 of a medium, plus those escaping from free 
surface d/ie to presence of the shaft#, is equal to the flux in the 81'~aft if 
th(~ medium extended to infinity <> . ' • 

The' linear extrapolation length A is co~uted tor the case or shaft 
diemater large compared to m:...t ... p., and medium slightly multiplying, and 
equations are given as a function of the thiokness ot the mediu.~, ... 

(Mi?T"'3.3" Progress Report, Linear EJi.-tmpolation Length A. tor Black Bodiss 
in Uniform Non....capturillfi Maditml' S .. Kushnerink, B .. Davidson, 2/ 946L 

This 'flork is covered in the foll.o'WiYJg reports I 
Small cylinder MT-207 
Small s~here NiT-S8 
large sphere flr-9.3 
I.arge cylinder MT-135 
Finite blac.k sphere by spherical harmonics 'AT-92 

I!t I'i o.11inder It It flfr-t:J7 
iI. comparison or the results of· the above calculatioDSjI 
SEll sphere separated frOID.' Medium by Air Gap, 

MT-214 " 
M'l'=2J2 

(.llM?'1' .... .33 ~ PrOgNss Report, Linear Extrapolation Length ). tor Small Black Sphere 
Separated from lVledium by an Air Gap, B" Davidson" See MT-8a, l'v'lToo9:3~ 
2/'46) ~ . 

Sphere radius a. surrounded by gap ot thickness 0..(008b 9' -1) has sal\W 
influ6z~e on neutron demsity at large dlfitances as a black sphere ot radius 

0..0 'nit.h no air gap, where . . 
. ~ ... 

~lb 
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n a..2 ( 3 "" rp 1 ~3 sa\ ( a..3 ) a.. ~ Q+- 1 co: -..".",. e +-- e .;) + 0 --
,6.1. 2 2, Jl2 

~herc 1 is mean traepath in medi~~ 

(MPT<T>.34£1 Progress Report, Capture of Neutrons by Thorium Rods Around, a 
Pile~ JoM~G. Fold, 4/'46)4 . 

In MT. ... IC}6, all neutrons leaving reactor Vf9re assumed thermal; a two» 
group theory bas baen used to take account of fast neutrons entering ra= 
fleet.er" A correction factor to the thermal utiliaation T computed in Mr-l96 
is givanQ • 

(TL"2~ D1tf'usion of Thermal NeutronllJ~ G .. Volkort, Lecture, 10/-44) 0 

po 10 Bounda~J conditions and axtrapolation length are discussedo 

(CRT-2rl2, Ie Po~son~ng in a Cubical Pile, C. A. Rennie, 7/'46)0 

The erfectiv~ increase in l/f due to Xa poisoning, where f is the thermal 
utlliaation factor, is computed for a cubical pile. 

Results wore calc~ated for'power operation of 0.6 to 1~2 megawatts/ton 
of Jl.atural uranium. Graphs are given comparing these results, and also the 
ratio of ~verage to maximum power, with the results tor spherical and cylind­
rical pile o See MT-20B. 

References to abstracts in other groupsl 

Cp ... 1255 
CP ... 2203 

Gi~f 
(1) .. 

GroUX! (5l~ Experimantal reports.. Delayed Mutrons from 2), 25, and 490 
DGlayed gallJ!I!i rays from fisston products, and resulting photoneutrons" 
Note: Delayed neutrons are covered in survey report cr"'3596o 

(CP""1014, Use of Delayed Neutrons i"or Detection of Coating Failures, h.6 Ho Snell, 
Mo B. Sampson, J Q S. Levinger, 10/28/'43). . 

A at,u.dy il5 made on emission of delayed neutrons in outgoi.ng cooling water 
a8 a means of detecting'jacket failure 1n P~nford slugs 0 In the course of 
this work 17 t.he docay curve tor 25 delayed ner:..t.tronB f'ol101l'ing 1 SGC" activation 
was ~a~Ul:"'ed, , 

,~ 
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At " C25 [. S7 e -1038~.40 • - .154t + .024 e - .03Ot -t.OO2 e - .OUtJ . 

the periods are 50 sec, 23 f 4.; 5 and 0.5 sec .. ' 

(CP""1954, Monthly Report, Cyclotron Sec"so A .. He Snell, 7/29/'4/,,) .. 

Short-lived delayed neutron emitters n p .. 18. The apparatua is not givin£ 
satisfactory resul:t!s., The rol1{1~ng per.lcds were measured f'l'om 0 0 19 sec., 
bombardment: 

Half'me 
4 .. 2 see .. 
1 .. 8 sec" 
0 .. 44 sac'" 

Relative ltlt§w.dn 
1 .. 0,3 
1 .. 16 
4 .. 3 

,(CP ... 1965, Montlfty Report, Physics Sec., IVI) flo Lo Anderson" 7/29/'44J .. 

,Delayed neut.Y'ons from 25 and 49", Sse CK ... 2318 and OP~2:317. 

, (Of-20Bl, 'Monthly Reportll Physics Sec o III, W .. HoO Zinn:<> 8/26/ G44)" 
, :"'''''; 

¥-n ~~lltron intensity a:f't.e.r shutdown of P-9 pile, p .. 10.. Curves aN 
giTfnl showing counts per minute from thel"n:al column of CP-;, from 40 sse to 
42 hours a.fter, shutdOWn, and counts per minute is standardized to power out ... 
put in thea • pile 0 ' 

The pUe was operated at 300 KW for 30 hours prior t.o shutdown. The 
operation after shutdown. attributed to delayed (f -n neutrons, at times after 
shutdown, 1s given belO1J1: . 

~ 
r min" 
3 min .. 
1 hr .. 
8 hr .. 
18 hr .. 

PO'fBer Level ;.." 5 KW _. 

..,.-.JIKW 
,....., 200 watts 
./""tJ 10 watts 

I"'V 1 '!IJa:tt 

(CP"'2081~ rYl-:I.i!th17 Report, Pbysi,cs See. IV» H .. t .. Anderson" S/26/ u47)" 

Yield ot delayed neutrons.. See CK-2318 and CP-2317.. Pral~in!U7 work 
indicates "ield froUl 25 is 0 .. 8% .. 

(CP-2222, Monthy Report, Physics Sec" III, E .. 0" Wollan, 12/31/'44) .. 

Energy distribution of delayed neutrons from 2·54 See CP"'3044 .. r,scription 
of experiment in progress USing hydrogen filled eloud chamber.. CUM'eS of 
breakdown into energy groups are given.. Relative intensities of 23, "1 ,1 .3 
are obtained for delayed neutrons with energies of 0 .. 34, O.6;~, and 0 .. 83 mev .. , 
respectively" Problems of :resolution and proton recoil angle measurement, e.rs 

~ mentionad¢ 

(GP ... 2)Ol, ivionthly\Report, Physics Sec o IV, H", 1 .. 1I.nd61q;JOn,IO/.28/~4k) .. 
'3OiI2'irT1 
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The absorption cross section tor Th was measured by the. danger mthod 
in CP",,2» for description of the appara tUII, see CP-2079., A sample ot 20% 
Tb. 00'; was used, am was dried in a muffle f'urlIDce at 80000 tor several 
hollll'S.. Result, tor thermal neutrol'lSlI O'Q.(Th) ~ 6 .. 0);t 0 .. 10 barns .. 

(CP-2301 ,l lAonthly Report, Physics Sec .. III, W .. H .. Unn, 10/28/'44) .. 

Pneumatic transfer device moves 23 oxide trom CP-) to BF1~counter in 
1/20 Bec. Only th~ long period (55 sec .. ) bas been studied, aM counts vere 
Jl2de during first 1/2 minute and battJ0eD 1 and :3 min •. The ratio of number 
0:1:' delayed neutron;s per fission of' 23 to 25 was 2 .. 1 during first 1/2 min .. 
and 2", 8 during 1- 3 min. period .. 

{CP-3147 gives above ratio as 0.331)0 

«:1'-2.317, Delayed NeutrOD Yields from 25, Do Nagle, C .. Redman, P .. Saxon, 
11/4/144) • 

. The experil1l8ntal procedure is described in detail: a graphite brick 
containing In foils and U cylinder is radiated in therinal eoltmm f(1j!> 2 m:.1.u; 
U 1s thliim transferred to sigma pUe where similar' foils are irradiated <> The 
total delayed neutron yield is found to be o.:n%, end this gives the 1nhoUl" 
a value of 2 .. 9 x lO-5~ 

See CP-3195, where above is raised to 0 .. 81%" 

(CP ... 2749, Monthly Report, Physics Sec .. VII, Do J .. Hughes,. 2/28/945)" 

Delayed neutronS from 25, baing. measured by the pneumatic transfer 
rabbit at CP-3,. Energy measuremsnts are made by masuring decrease of 
counting rate of BF) counter with increase in distanee in paraffin from 
the 25 sample.. Preliminary results are 

periQSl "Energ,y 
55 sec.. /V 400 kev. 

22 .. 5 sec o rJ700 keyo 
4 .. 5 sec. rJSOO kev. 

(See CP-3(94)" 

(CP",2902, Illlonth1y Report, Physics Grp .. V!I, Do J .. Hughest 3/28/ 045;,. 

Delayed neutrons I) see CP-3094 .. 

(CP"'3094, Delayed Neutrons from' Fission of 25 p .Lt. J. Hughes, J .. Dabbs, A" 
Ca.lm, 7/30/'45) tI 

Measurements \lere made USing the rapid t,ranater app9.1"atus of t}.le CP-;i • 
pile.. The apparatus and measurements a.re described in detailp and graph," 
of data. t.aken are included" Neutrons delayfJd longer than 0.2 sec .. are;' 

Halt Lit;e - Energy .J!!:Wice Yield 
55 .. 6 sec.' 250 kev.. 0 .. 153 
22 .. 0 , 560 1 .. 000 

. 4 .. 51 430 1 .. 28 
1.,52 .. ' 620 1 .. 45 
O 4':\ J"O' . ~"""'-!!'I 

.. ..;;I ....... '" 0 .. 51 l!&E~ 
The l:.ct&al absolute yield is given as 0 .... 8l$ 'on.Jms1e of work reported fi"'bP:"'2.317o 

. , ' .. -" 
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(CP""3l!;.7, Delayed Neutrons frot:: Fission of 23, A. Cahn, J. 1'1 .. T. Dabbs, D. J .. , 
, ' Hughes, 10/2/'45). 

~~asuremants were made using the rapid transfer apparatus ot CP-3 pile; 
the apparatus and methods are desoribed in detaU in report CP-3094.. Results 
are: 

Hfalr life 
55,,6 sec .. 
22,,0 

4.51 
1.53 
0.42 

Energy 
250!60 kev .. 
560t 60 
430!60 
,620!60 
42ot6Q 

Relative yieM 
.316 

1.000 
1 .. 473 
1.07 

.35 

Yield 23/Yield 22 
.72 
.35 
.40 
.26 
.21 

The ratio of' total yield ot delayed neutrons in' 23 to 25 is 00331, ani W5ing 
the value ~~ total delayed neu~ons, in 25, th$ total delays in 23 are 
0.27%. ' 

(CPa 3195, Month.~ Report, Physics Grp .. VII, D. J. Hughes, 6/'45). 

(1) Delayed neutrons from 25, see CP-.3094. 
(2) Absolute yield of delayed llSutrons, sse CP-2.3l7; la.test value for 25 is 

, yield enuals 0.81%.., , 
(3) From above'll the latest value of the inhour is 2.86 x 10-5 times excess k. 
(4) A new inhour 11'8. period formula results from the l'.ew relative yields (jiven 

a~ve in (1): 

inh,:' ...2lL. .a., 2Q.s1.. -+ ..All- + . 54l.~ -+ 2Q7Q,. -+ ~ 
T T4-.62 T~2 .. 2 T+6.5 T-+31G7 T+8O .. 3 

A cUn'e is given of inhour vs" period for old, usual relation, and above, new 
relation" 

'(CP ... ,3195, t,,;or.thly Report, Physics Grp. VII, D. J. Hughes, 6/'45). 

Absolute yield and short periods with Lichtenberger's neutron beam chopper, 
for measuring delayed neutrons.. .After 1 m1lliseo, instantaneous neutrons have 
d lea.ppeared and dela.yed neutrons with periods longer than 1 millisee "all be 
rr.aasured. 

'Main difficul t;y is large ~),ftckground counting rate; also, efficiency of the 
detector ifl different for high energy instantaneous l.leutrons ar.d' for delayed 
neutrons. ' 

Results: 5 usual periods account completely for decay curve after 0 .. 2 sse; 
and'all periods between .001 and .043 sec. have yield less than t the total 
yield of the 5 periods .. ' 

(CP-3209, ~Jbnthly Report, Physics Grp. VI,I, D. J. Hughes, S/'45). 

Phpto neutrons from ~isslon products, in ~O and Be. SeeCP-3.t...?2. 

(CP-J472, Photo I'Jeutrons Produced in D20 and Be by Fis~'lon Produet ¥-rays, 
W.D.B .. Spatz r D. J. Hughes, A. Cahn, 4/25/ t46). ~ 

". 
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The energy ar~ period of long period delayed photo neutrons formad in 
D:;.O and Ba cylinders by fission products ,¥ -rays was measured, for the pur ... 

, p'(lse of' studying the control value of photo neutrons. The energy and period 
of short period )f -rays !!fas measured directly, and the short period neutron 
production predicted. . 

Ccf -n) yields were 0.2% 1n D20 and 0 .. 66% in Be, compared with delayed n 
yield of 0,,73% in 25 and 0.24% in 23. High energy ~ -rays with periods of 

. 2 hr, 32 min~ and 6,,5 min each have a yield of' ~ 2% l~-·1'~·ssTon':~=J;ir~ph8.:~~_~: 
given showing the longer period ot £20 pile as compared .with graphite pUes, 
for ths same excess k. The experiment method is described in deta.il. 

(CF-2161, Monthly Report, Physics Seo. IV" H. L. Anderson, 9/23/'44)., 

Delayed neutron yield, p. 18. See CK-2318 and CP-2317 ... Latest work 
indicates dela,ved neutron yield from 25 is 0.78%. 

(CF-3403, fiionthly Report, PhYSics Group VII~ D. J .. Hughes, 1/12/'46). 

Delayed neutrons. -Short period from 25 has halt lita .05± .. 02 sec .. and 
y:BLd or O .. 025.:tO .. OO5%. Table is given of absolute yields of 25 and 23. Total 
yield of 25 is now 0.84:::0.12%.' . 

Photo .neutrons from fission products.. New)O sec. and 6 ... 8 sec. (J-ray 
periods are found J and photo neutrons in D20 are observed from the 30 sec.. pa,:-iod; 
they have low energy.. The absolute yield, number relative to total neutrons 
emitted, of periods 30 sea. atlli greater, in infinite a1!lOULt of D20 is order of 
0.1%. See CP-3472. ' 

(C'-349O, Monthly'Report, D. J. Hurjhes, 4/22/'46) .. 

p .. 24 Periods and yields of photo neu~rona and ~O and Ba are listed, see CP-3472 .. 

(C1o'o3596 11 ~layed Neutrons, D. J. Hughes t Chapter for P.P.R., 2/1/'46). 

This report. is a survey of all measu%'etnSnts of delayed neutrons \ up to the 
time it was written. It gives a critical discussion of ~he methods, accuracy, 
and r'l:!sults of the variuus investigators, and contains graphs of the counting 
rate data.. The report covers periods, yields, and energy of delayed neutrons .. 

(CRPP-34, Progress' Report, 'J\'ork on Delayed Neutrons" C .. W. Gilbert, Goo Fergusson, 
4/'46) • 

( p .. 9 The Zeep pile is modulated by a rotating Cd ahuttel;', and the a.,c com-
ponent of the ion chamber . current Is amplified. The amplitude of pilE:! modulation 
and plr...ase log between shutter end pile response can be determined. From tl:.is 

. the delayed neutron periods and intensities will be computed.. Shutter rctates 
with a period 1 sec. to 1000 sec. 

(CRPQ2.66, Photo Neutrons Produced in Zeap, F. W. Fanning, 6/18/ 146). 

The Chalk River D20 pile, ?,esp, was operated at 50 watts :fOT"" 22,;> min .. , then 

1£~ 
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shutdown, .and the neutron density in retlector was followed trom 30 min. 
to 24 hr. atte:t- ehutdowno cQrr8cting for spontaneous fi8f:ions, the following 
periods were found: 

Period 
275 :t10 min. 
128:t 6 
30!'3 

Fraction of neutrons 
"produced at steadY op!ratiol} 

1 .. 5 It l~j 
5,,4 x lU::(; 
6.,0 x 10 

(CRP=266 or PD-l90~ Photo neutrons produQed in Zeep, F:rV. Fenning, Chalk River, 
Canada, 6/18/'46). 

't -rays· from fission products produCe phoU;-neutrons in ~O 0 I\:ianmr in 
which power at a D~O pile decays after shutdown depends on, photo-effeot r.tetrtro1'ls 
and 1:'11 k that remal.nS after shutdown. The experimental decay curve for photo 
effect neutrons is anal'lfsed into three exponentials 9 after correcting for in­
finite time or operation before shutdowDlt where I is neutron intensity in counts/ 
mill. and t is in minutes after Shutdown .. 

I = 5900 e ct/275 ~ 21,250 e -t/128 t 23 ,600 e -t/30 

Measurements were taken with SF chamber tor 24 hrs, starting 30 rdn. after 
shutdo'!illll.. Measurements were made o~zeep pile, after operation at 50 _tts for 
225 min. 

(C"'3:5~ MonthJ.1 Report, ~tal. Project, Cyclotron Grp, A .. C.G.Mitche11D 4/11/ c42) .. 

A table giveD'initial activity of delayed neutrons 
Half life Intensity. No./see, % of total activity 

57 sec.. .0154 3083 
24 .• 114 28 .. 3 

700 .137 34.0 
2 .. 5 .137 34.0 

These were obtained·from the cyclotron, a count of 10,000 fission neutrons/ 
min before it ',vas shut off.. Total of all periods was 0 .. 403/neutrons/ssc. 

l"or full report., see C-S1 .. 

-(Cc:oSl!t Study of Delayed' D Associated with ij Fission, A.H. Snell, A. V" liedzeljl 
H. W. Ibeer, 4/ '4f). 

, The delayed neutron periods were measured with a cyclotron, a.nd the decay 
curve is 28t 

activit;y :: canst .. (1.2 e -. + 1.2 e ..... 099t +- 1.,0 e .... 029t +- .. 135 spoOl3., 

Comprising 1.0+0.2% of the neutrons; t in seconds. The decay periods are 2.5, 
7, 24ti and 57 sec. A complete description of the apparatus and procedure is 
given" 

(CK"'1761, Monthly' Reportt Physics Grp. IV JH .. L .. Ar.derson, 5/25/'/.4) .. 

The 54 sec. delayed neutroh emission of 49 is compared to t.h€ saITta emission 
17.1 2~i" The ratio ot fission yield (54 sec.) of 25 to 49 was found toO be 2,.15 .. 
See Clt-2J18.. ~jn1i! 
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(CK ... 2)18, Delayed Neutron Decay CUl"'VeS from U and Pu Fission, O. H.edman, D. 
Saxon, 11/4/'44). . 

1:.easurements were made in the Argonne graphite pile. For 49~ J 
. At :: c;,.. [1.2 • -.660t +1.1 • -.lS4t ... 1.0 e -.031Ot ... O.ll e-·0126t 

and for 25, . 

At :: .. 302 e-·613t .... 0258 e "'0156t + .. 190 ~-.,0.308t ..... 028 e ..... O.126t 

Within experimental errors, the halt lives are the same, at 55.0 sec D 22.5 see, 
4.4 see, and 1.1 sec. The neutron yields given for 2S are from CP-2.3l7o Limita­
tions on the experimnt are the counter resolving time, 105 micros&.C; and the 
time required tor moving source from pUe to geometry. The delayed neutron 
yield from Pu is estimated eQual to t, that .from 25. 

(MonP-17, UDnthly Repor~, Physioe Sec .. III~ E. O. Wollan, 9/31/'45). 

Energies of delayed neutrons. Compare with CP-3094. USing a hydrogen filled 
oloud chamber and pneumatiC tube with Clinton pile, the following energies are 
measured: . . 

Period r:bst probs. ble energy Average enera 
22.0 see. 5?O kev 580 kev 

4.51 350 400 
1.52 720 720 
C~43 ;50 380 

(MonP<I>104, Monthly RAport, l'bysic8 Sec. IV, L. B. Borst, 4/30/ '46) • 

'Relative value 
and ~O is 

of saturated photo neutron activities from fission products 

Pal'iod 
53 brs. 
4 .. 4 fI 

1.6 n 
27 min. 
7.7 n 

~~lative activitr 
11 .. 1 
.34 .. 9 

267 
235 
3'9 

The pnotoneutrons 01' periods given have a total activity only 3/1",% of that 
of the delayed neutrcms, 8lV' additions:! appreciable number of photo neutrons 
must oome from shorter periods. Measurements were made in 10" radius sphere of 
D20 .. 

(MonP-l72, Yield 0; P~oto neutrons f;,om 25 F1s~ion Products.1n D20. Sa Bern.... . 
stein, W. M. Preston, G. ~olfe, R. E. Slattery, E. Gr~u1ing, 9/24/'46). 

Results obtained. are: 
~lt 



ta:: 1513J.. 
~_M;:; 

ifalf lit!... 

53 h 
4 .. )7 
1.65 

27.3 In 

7,,7 
2.4 

41 s 
?o~ 

-)2-

Relative neutron yield 
22 sec, delayed n yield:: 1,000 

.. 00038 
.. 00119 
.0093 
.0082 
,,0l.24 
.0276 
.090 
.225 

y Absolute number of 
ohotons par fission 

.00125 

.00394 

.0415 
,0354 
o04C11 
... 121 

1..43 
.673 

203 

Total photo neutrons is about 16 .. 5% of total delayed neutrons; energy ot 
assumed -rays is above 2.17 Mev.. . 

,.Measurements were made in a lOd radius sphere of D20 set in a tank 
ot oU beside the Clinton graphite pile. Pneumatic transfer or enriched U 
slug from center of pUe to sphere took 0.25 sec. Neutron distribUtion in 
the 011 was, studied by fission chambers containing 90% enriched U; these were 
less s6nsi tive to ¥ -ray backgroUfl..d than. SF 1 counters. i:bdifled Simpson prop­
ortional counter amplifier and cooling .c1rC'1l1t had a resolving tLre at 20 ;.)< sec" 

, Theoretical appendix oontains "Neutron Yield tram iciultiply Scattered Compton 
Photons it , ,by E. Greuling co 

(MonPa l92, Description ot an Average Fission, K. Vi&'1, 12/11/'46). 

A complete discus~.;ion including historical references about the radiations, 
fission producta# and energy released in a fission.. Section on delayed neutrou 
summarises the known information and lists many references, which are all 
covered in these abstracts. 

Yield in Units 10-4 
Hall' life Enermr .l2 ..ll ...42 

Delayed neutrons 
55~6 sec. 250 kev 2.,; 1.8 1.4 
22.0 570 16 .. 6 5.8 10.5 
4./1 412 21.3 8 .. 6 12.6 
1..52 670 24 .. 1 6.2 11.9 
0 .. 43 400 8:2- 1.8 -73.0 24.2 ' 36.4 Total Yisle!.. 

(MonP-2;O, &;onthly Report, PhySiCS Sec. I, A. H. Snail, 2/19/'47) .. 

Photo neutrons from fission products and ~O 0 Number of photo neutr~)ns per 
delayed neutron for 23 is the same as .from 25 .. 

(MonP .... 314, Quarterly Report, Photo neutrons from 23 and 49 F'lssion Products, 
S .. Bsrnstein, E.P. Blizard, Leslie, Mcllinney, Jackson, 6/21/ 047)' 

p. 21 Continuation of work of MonPe l72; results are curves for photo 
, neutrons/delayed neutrons vs. iirr.e for '23, 25, and 49; curve for 23 lies above 

25 and cUrve for 49 lies below; the difference may not 00 real. 
The results indicate that tJ'le· number of hard ¥ fa goes up or down with the 

iI!t~ 
~ 
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number of' delayed neutrons. To check this, hard Y rays were selected 
by their absorption 1Jl iead; the « ray count to delayed naturen count 
is designated R

" 
and ~ was found to be 1 .. 2:t0.12.. Curves are given 

Itz5 
comparing delayed neutron periods and yields from recent reports and 
from these experiments. 

(MonS-29. Metal. Project, Information I\settng, Energy ot Delayed .r.Teutrons, 
M. Burgy, 9/18/'45). . 

p. 29 Energy curves obtained with pneumatic, tube at Clinton, which 
1'1::;.& transit time of 0..25 seco, are giwn in a table. 

Half lite 
0.43 sec. 
1 .. 52 
4.51 

22.0 

Most Probable A'Yera.ge 
8Mnq enera 

.35 Mav. 0.38 ~SV8 
o~ o.n 
.35 0.40 
.52 0.58 

(LA-IS3" Criticalit1 of Water Boiler, No. of Delayed Neutrons, a.nd Dis­
perSion of Neutron Emission Per Fission", F. DeHot.tmann!J 12/8/ '44) • 

, , 

, t: fraction of' delayed neutrons; If is relative effectiveness of' 
delayed and prompt neutrons in leading to fission.. For the water boiler, 
~ r is measured to be 0.79%, by an elaborate experiment in which a Cd 
sheet is osoUlated. , 

The' average time between ftasions dua to prompt neutrons is measured 
to be 122 mcrose. 

(LA-23l, Delayed neutrons from 49, B .. T. Peld, F. DeUorf'mann, 2/27/~45). 

The ratio of the relative no. of delayed neutrons from 49 to those 
from 25 is found to be 0.47 for delays over 2 sec. and 0 .. 40 tor delays 
over 5 sec. Relative abundance and perlods,It for 49' are 

Relatlve abundance Period 
.040 79.6 sec • 
• 288 32.5 
.371 7.5' 
.)01 1.6 

Decay curve is given. 

(LA-252; Delyed ~:eutrons from 25 after Short Irradiatlons, F. DeHotfmann$l 
4/6/ t45). .1 

Delayed neutrons are ~asured after exposures of :3 and 11 mUisee' 
in ~he dragon.. A period ot 6.3±,1 mlllisee is discovered.o 

(LA-253, Short Period Delayed ts hom tissior,. of 25, P. B., 1'0001119 4/7/~45) .. --
-.. 

. '.' 
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rLeasUremants of 1 activity following pulses of the dragon are 
observed by 10n chamber &l'lIl5counter. Activity havirig a period ot a few 
mllli'Sef:. is observed. " , 

A "une is given of ot (t) as a function of t, where ot!SU is 
rate of emission of tray energy in Yev/sec. 

'SeeLA-253A which is a critical discussion of this work, and comp~ 
results ,with those obtained in water boiler and \v1th a V. deGrarf generator, 
and coftcludes that the few mlllisec period does not exist~ 

Group (6) , Experimental reports. Bringing piles to critical. Exponen­
tial and critical experiments.. Startup and drift ot a pile, Calibration 
of rods. Shadow effect of rods.. Measurements of'.cinch and the inhour. 
Experiments on rod shape and length. ~'easurements of temperature, coeficient. 

(CP-455, ~8tal. Project, Report for Month Errl1ng; Fhysics Grpa. III and N, 
W. H .. Zinn, H. L. Anderson, 2/6/'43). ' 

The results of a series of standardization exPeriments are reported. 
Barometric pressure change of 1 rom. of Hg. corresponds to 0.396 cinches 
of control rod position. Results of experiments on the chang~ in critical 
pOSition of control rod with a 200 mg. Ra+ Be source; BF3 poison in Al 
tube; Cd foil poison; 'u and U~; inserted in the pile are reported. The 
change in k due to inserting tn~se ~t.er1als is siven by giving :L-: X, where 

. N is no. of central cells and 'J.. :: -f'- ' x be ing c in,ches rod i~ :;'nserted. 

(CP-510, fistal .. Project Report for litionth Ending; Physics G!"ps III and I'i, 
w. H. 2inn and h. L. Anderson, 3/6/'43). 

The effectiveness of t~o Cd strips 8 feet long and 2 inches wide 
separated qy 45 inches was found to be decreused b,y 8.6% and separated 
90 inches to be d~creased qy 4.7% due to shadow effects. 

(CP-570, I,etal. Project Report for Month Ending; Physics Grps .. III, IV, V $ 

H. L. apderson, ~. H. Zinn, G. L. Weil, 4/17/'4J). 

A description is given of how CP #2 was first brought to critical, 
by measuring the saturated activity of Indium foils which successive layers 
of dead and live-graphite were added. The inhour is defined", On p~ge 6, 

~ 

r~sults ~f 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 b,y, Indium foils are given and show good agreement with pr9diction. 

(CP-641,. ;;letal. Project Report~ PhySiCS Grp Ill, H. L. Anderson, 5/10/'4'). 

, Definition of, the inhour is,given, and an e~uation'relating it to the 
period of the pile, i.ising Snell'S data on delayed neutrons. 

~ 
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The equation 1s 

inhour :: ...2!... +- 24' + _= 688 +. 1938 + 665 
1:' 1;"..... 3 .. 'J1 1:' +- 10 0 1 1:'..,.. 349 5 't..,.. 83 

where 11 1s period. ot the pile. The .co.ntrol rod is calibrated I1IB8.suring the 
period tor various positions; neutron intensity in control rod .:kIt is msa.urad 
from activity of Cu toils; control rod sensitivity is proportional to integral 
of the square of the activities over the length ot the rod. Conversion has 
been calculated tor c. . J -5 

.~ 11: :: 3.04 x 10 iMours 

1 cinch ': 0 .. 8135 inhours 
Period of Argonne pUe with all rods oat believed to be 6 S8C:. givtng Ie = 1.004 • 

. The standardizations are still tentative • 

• 
(Cp...718,· Metal. Project, Report for Month Ending, Physics Grps. V and .VI, G .. L. 

WeU, ,J. fklrshali., 11/27/'43)... <> 

p .. 14, Safety rod 113 for CP-2 ot simple construction and held by magnetic 
clutch can be removed from pUe in 7 sec .. 

p .. 16, Cd control rods 60" long formed of sheet shaped li~e 0, 1, + , are 
compared in apUe and ratios of effectiveness in changing the Laplacian found 
tabs + . 0 -. - 1 .. 11 ; - - 1 18 1 - 1 _. .. 

(CP-IOS1, ivetal .. Project, IVbnthl¥ Report, Clinton Lab.~ H .. W: Naw8on, 11/27/'43). 

On calibration of Clinton control rods. Monitoring is done byBF, counter .. 
The reactivity of the pile with control rods all the way in is equivalent to 
the reactivity during loading '<lith a given number of fUBl channels filled.. Each 
full channel is assumed equivalent to 4 inhours, and 1 inhour equivalent to 
.change in k of 2 .. 95 :It 10-'.. The results of t.be test on regulattng, shim and 
safety rods are given. Barometric coef .. has not been meas-qred. 

(CP ... U'73 , whnthl;y Report, Pbys ice Res., H. W.. Newson, 12/28/ '43 ) ~ 

In the Clinton pile, the temp. coef .. due to temp. change in metal while 
graphite remains constant is approx. twice that predicted. ;)'iaasured values 
in inhoursjOc. are .407 to .457.. A graph of temp. distribution in metal and 
graphite across the pile is given. 

(CP-1295.11 f~ionth1y Report, Physics Sec. I, H .. V; .. Newson, 2/29/'44) .. 

Start up of Clinton PUe. Calibration curves tor #1 and #2 l'8g>.J.lating 
rods have been taken.. Sensitivity at the center is 2.92 inhoura/inch.. The 
"old" inhour formula, in terms of the pile period, is 10% to 20% low .. .• ;~ 
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(CP-1300, };»tal. Project Monthly Report, Clinton Lab., H. W. Newson, 3/6/'44). 

p. 19. An attempt is made to calibrate control rod in a short test 
while the pile 1s in operation at high power. The change of temp. with 
slight movement of rod introduces a temp. effect. A graph shows powerlavel 
and pile temp. ;as a function of time; also a plot of power~evel 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 daring 
tests.. To calibrate #2 rod, 8. Cd . strip was inserted into· the pile and the 
movement of the rcx1 to maintain the temp. lias measured. The absolute effect of 
the Cd strip on k was obtained later when pile operated at zero power; 4 ll".ethoda 
are described, wLich involve pile p&l'"iod measurements. Control rod #1 was com­
pared a.gainst rod #2. Equations for the sensitivity as a function .0£ position 
are given. Experiment on the ripple of slow neutron intensity due to rod struc­
ture of the lattice is described and rio observable ripple was detected. The 
axial distribution of Lhe square of the neutron intensity was measured; the 
sensitivity to poisoni- g "by a Cd wire; the poisoning method was used in several 
foU slots to scan the ne,utron distribution through the pile. 

(CP-1389, ILetal .. Project r;'onthly Report, Diffusion Experiments g' P. :. orrison, 
2/24/ i44). 

An exponential experiment is describedo An Al 'rod wrapped with )0 IIiil Cd 
sheet at a radius of 2.05 cm was inserted in a central cell. Foil activation 
.showed steep rise in flux trom center to 35 cm.· back from rod. and. slow decline 
to edge of pile.. The change in kerf was - 3%; and effective radius of tee 
rod, considered black for thermal neutrons, is 2.2 Clfi. 

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

Pile Drift, operating characterist ics of Clinton pile.. The change in in­
hours of the· ~gu1a ting rods" temp .. , pressure, and humid i ty record tor 11 days 
of steady power operation ere given, usi~ 1°C:; 0.6 inh,·1 nun Hg ~ 0.25 blh 
(pressJ~), 1 rom Hg (H2O partial press~) e. .036 inhours .. DallY fluctuations 
are too ~reat to collect data on pile poisoning due to fission prc~ucts. 

(CP-1729, Monthq Report; Physics Grp. III, W. H. Zinn, 5/25/'44) .. 

p. :3.. Exponential experiment prior to starting OP-3, a Il;20 pile, show the 
pile will have an excess reactivity of about 6%. It is decided to add two 
more control rods, position adjustable by banel, and remove a number of metal 
rods. SuggestiOns for utilizing the excess k are listed. 

(MonP""104, Monthly Report, Physics Section I, A. H. Snell$! 4/30/'46) 0 

, . 
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Critical experiment for the heterogenous (high flux) pile.. The 
critical mass of 25 ex:trapolated to no penetrating holes was 869 gr, a 
conoentration of 10 gr of 25/l1ter of ~O. A control rod 'i1a8 calibrated 
against a. unU'ormly distributed poisOIl; the temp .. coef. is strongly negative .. 

(MonP- 357 . Critical Experiments on Small Reactor of 'Enriohed 25, 
Li" M •. Mann, 7/'47)" . . . 

Contai.ns a section on the effectiveness ot a control. The change in 
k 'Off 1s given, and. the change in r.umber of grams of' 25 required to make 
a pile critical is given~ 

(PM-247 Ct Title Unknown, C.N .. Watson-Munro, 4/'46). 

Ex-perimental1Jork done on Ohalk River Zeep Pile. Effect of short COD­

trol roo, and effect of control rods immersed to various depths" 
Not .available: ref., see CRPP-34. po 9. 

(Plli~ ... 248, Title Unknown, C.N. i'iatson-lIrrunro, 4/'46). 

Experimental work on Chalk River Zeep Pile. The positive interference ' 
of control rods was found; reference; TPI-29, }'. T. Akler. The best position 
for four control rods in Zeep is 0.18 effective radius or 0.25 geometric 
radius from the axis. 

. Not available; ref .. J CRPP"'34, p. 9 .. 

CP-430 
OF-lOSS 
CP-2;30l 

Reference to a bstracts in other groups: 

Group 

(1) 
(7) 
(8) 

CF-35S2 
MonP ... 206 

Gl~r ~ 
(8) 

Group (7). Experimental rep,orts.. Pila polsonlIlJ b;y Ie, Sm, and C14• Cross 
sections "of' Th, and. other elements.. NII:3 and C2C14 as s't.\f'ety solutions., Boron 
glass control rods. Radioactivity of control rod materials.. lS8surements of 
pile fluctuations, and of coolant turbulence.. rI.easurement ot dlf.fusion length ... 
Reports on the Hanford piles /) 

. (CP-<i64f1 ~latal. Project P.lonthly Report, Phlsice Grp. IV, H .. L. Anderson, 9/25/'43) .. 

Radioactivity of control rod waterials. Saturation activities in dis a 

~ 
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integrationS/s~c/gram/kwl' half' lives and energies, induced by sloll neutron 
flux of" 4 x 100 are give~ for Al, Cu, Na, Fe, Ni, and Cd .. 

The cross section of a design for a control rod for Hanford, including 
0005" Cd sheet sandwiched between 1/16" AI sheets, and attached to four 
1/211 O.D., 1/16" wall Al water cooling tubes is shown. 

(CP-1016, I0J9tal. Project Monthly ReportSl Lattice Dea1e1l Grp., A. M. Weinb9rs, 
10/23/'43) • 

The drop safety rods for Hanford will be 29 2jn B steel crosses, each, 
selJ'Ving 'a cylir:rlrical region of radius 57.4 cm. The k 1088 per rod is 5 .. 65% 
and ,overall k loss is 3.83%; required reduction in k is 3,,5% .. 

A "last ditchll safety l\'8ch. in case drop safeties fail to work is' 
described. It would be 704 graws ~ dissolved in 100 grams H20 from 2.9 
to 2.5 em. If this liquid filled the 4 It dia. tubes surroundL:g the drop 
safeties J the loss of k would be same as if safeties were in place. 

Cleanup during operation of 0 .. 5 ppm of B in graphite will increase k 
of Hantord 0.3% after 100 da)'S at 300,000 KW, and will offset poisoning due 
to fission productso 

(CP-l088, ~talo Project lonth~ Report, PhYSics Grp. IV, no L. Anderson, 
10/23/'43) 0 

A 4057% water solution of ~ gives about i as much reduction in k in 
the Argonne pile as l-7/8a Cdstr1p. A 3- Al tube tilled with the solution 
inse~·ted 10411 changes k by 77 x 10-50 It is calculated a 30$ solution would 
not equal the Cd strip. 

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

(CP-1255, ~bnth1y Report, Diftusion Experiments, P. Morrison, 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 measured, 
and resu1 ts are ' 

.(channel. parallel to axis) • 1 40 1; 03 
D(solid graphite) .... 

D(ch.annel. perjendicular to axis) : 1.08 t .. 04 
) --- ..... ( . . 

The values calculated by the equations of C-170 give 1.35 and 1 .. 22 respectively .. 

~ 
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(CP-2298, Metal. Project Monthly Report, Lattice Design Grp., A. M. 'Weinberg 
and Theor. Phys. Grp .. , E .. P .. Wignar, 10/28/'41) .. 

. , 

Excess multiplication req~d to overcome Ie poisoning for 250,000 Kw 
operation at Hanford is 1.25% for the 2004 tube pile. Fermi gives the equation 
J' k ~ -t>022 P where p is local power output in Kw/ton U. An 1ncreas~ in 

p+15SO ' 
,k of 0.54% em be obtained by reducing thickness of alug end caps from 0.); 
inches, graded th,~ough the pile; such thick caps are needed only at center. 

Ha.nford control rods are calculated to have effective radius of 1.4) 
em~ 9 rods control 101% k, .hile excess k in clean 2004 tube pile is cal­
culated to be 1.17% 

(CP-2.301, rlonthly Report, Physics Sec. IIIi Wo, H. Zinn, 10/28/ t 44). 

Poisoning of the chain reaction by Xel .3;. Two long runs of Cp.,.) at 
constant temp. were made, and t..be change in reactivity due Jeel35 was ob­
served; curves' of reactivity va. time were takBn but are not reprod:uced. 
No other poisontng, as large as 10% of Xe poisoning with half' lives between 
t hI' and 40 days was observed.. ' 

(CP-2601. 1bnthly Report, Physics Sec. I, A. H. Snell, 3/31/'45)" 

Observations on bubbling with an open surfaoe, p. 4. A' 55-gal. oil drum 
was mounted on its Side, -with outlet a't! top of ends aOO 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 
trustrum of a cone, narrow end down, placed over th~ iru.et reduced pUing up 
of surface over inlet to less than 1/4 a.. Surface agitation was last .h~re 
water velocity is greatestG Conclusion is that bubbling will make it very 
difficult to oontrol a pile", 

(CP"'2601, Monthly Report, Physics Sec. I,' A. H. Snell, 3/31/045) 4 

. 
The resonance level at Samarium has been examined with high resolving 

power.. .:.'1 curve is given .. 
Resonance erJ8rgy Eo': .096 avo 
)iax ero a 14,200 barDs 
Halt width r r:i .. 035 ev", 
Resolving pO\l1sr :: .. 004 ev. 

(CP-29Q2, Monthly Report, Physics Grp .. I, ,W. H. ZinnI' 3/28/'45). 

The cross section of Samarium, p. 1$1 has been measured with the crystal 
-~'G' 
~ 



, 
:!/M'-.. .. =~.:=<.~ -39m 

spectrometer, and has a resonance at .096 ev. with a max. Va of 15,500 
barns and a half width of n .074 ev., A' curve of' this resonance is given. 
Resonance peaks were observed at the positions for the second and third 
OMSI' Bragg reflection of the above energy neutro,ns., 

(OP ... 2984, Monthly Report, Physics Grp. VII,D. J., Hughes, 4/25/'45) .. 

The method of ~asuring the resonance absorption in Th is described, 
with no self-absorption, and with selt-a.bsorption. Using the values 

a-"'T', (Th) :; 6.83 hams . lI.! 

a-KT (~) :. 190 barns 

S· , SO!...:. 2712 barns 
In E 

the resonanCe absorption 91 thorium is calculated 

( 'QJ!L = 81.3 barDl!l 
()Tb E 

(CF-340.3. Monthly Report, Physics Grp .. ~, W. H. Zinn, 1/12/'46) .. 

Total cross section ot Th. Extrapolation of a curve for total (given 
in the report) for energies .08 to 15 ev gives for thermal energiess 

, t~ta.l (J(KT) ~ 18 .. 5 barns ' 
capture 'cr-(RT) ~ 6 .. 2 barns 

scattering a- 'il. 12 .. 3 harna 
BelO1'l .07 ev then appears to be a crystal effect lowering the predicted 

totalvo 

(CF""3574» blonthly Report, PhY;';<:; ,AS Grp .. II, W. J. Sturm, 7/26/'46) .. 

Total cross section of Sm .. A curve is given of'cross section taken 
with cry.?tal spectrometer at energies from .04 to 65 eVe The resonance at 
,,096 ev 1:8.& ~ .. 15,500 b. and a, half' width of .,074 ev. A new resonance 
is found at 10 ev, ~ : 2SOO b.~ and at 30 eVe 

(CP-.3574~ IVlonth1y Report, Physics Grp. VII, D. J., Hughes, 7/26/'46). 

Effect of 014 as a. pile poison. p. 31; It is found by the danger coer. 
msthod that absorption cross section of c14 is less than 200 barns, and it 
is computed that effect on Hanford pUe after one year of operation is less 
than O~ .. 6 1nh. 

.~ 

(~ ..... 
\ ' 

(j 



, , 

~ -40-

(MonP"'33 p ;~'!onthly Report~ Physics See. I, A. H .. Snell, 11/30/'45)0 

. Study of turbulence (contributes to fluctuation of pile power). 
MotiOl'l picture mldy of air bubbles when introduced into flowing water 
in long smooth pyrex tube yield the follc)1ring data: 

aver. axi&l vel y:' 109 em/sGc 
Reynolds no. R ,: 1.04 x 105 
Turbulent .. ?~~onent perpendicular to axis 

(i) 1: 15.2 em/sec 

Ratio (?)t _ 
- 0.14 

y 

(MonP-85, Monthly Report, Physics Seo. lV, L. B. Borst, 3/31/'46) • 

. Neutron diffraction. Transmission of fission product rare earths for 
ne~rfi~ns of energies .03 to 0.2 ev shows one absorption line at 0 .. 1. ev, where 
sllf'4 has a resonance of 95,000 barns.. The yield of the sm149 chain should 

. be 1%; however:t3~bese measurements indicate yield 1s 002%. The absorption 
speotrum of Ie 1s to be studied" 

(l!l!onP-130, Metal. :Projeot Monthly Report, Physics Sec. II, A. M ..... leinberg, 
6/30/ t46) • 

Pile Poisoning by Xe and. Sm. E~uilibrlum operation ot high flux pile 
indicates Ie and 3m change ....J.t..!U by .... 037 and -.008 respectlv.elyo ,After 

shutdovnp Is poisoning ke.tto i8 - .. 0.81 at 20. ,min., ..... 116 at 40 min", and 

.... 176 at 80 min., while s~poison!ng remains at .... 008 for these times, rising 
later to a max .. of Q.036 .. 

(MonP ...... 314, Quarterl;y Report, Progress Report on 16135, So Bernstein, po 25, 
~U~). . 

An experimant is in progress to measure total erfor Xe135 between .02 
ar¢! 2 ElV by using the crystal spectrometer.. The division of responsibility 
for separate parte of the project is outlined; the spectrometer performance 
is discussed; amount· ot Xe required, and efficiency, oj" chemical separation 
is discussed •. Work on extraction of Xe, and aralysls the sample of le135 
is covered. 

O.mC .... HHG-7, :rjeutron Cross Sections of the Elements, H. H. Goldsmith, H. Vi .. 
1OOer, 8/11/ t45). ~ 
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Contains graphs of cross section vs. energy for high energies and low 
energies for most ot the elements used in pile construction or in control 
rodeo 

(MPP-30, Progress Report, Sec. VI~ L. Kowareki, 10/'45). 

Fluctuations of leep ~O pile, are proportional to the inverse root 
of power, and at i watt the standard deviation is 0.07%.. Power range studied 
fiaB ') lC 10-4 to 0 0 5 watt.:. 

The Cd shutter pile modulator gives a peak to peak change in k of 10-4 ., 
The crOBS section for graphite_ could be measured to 0.1 m1111barn b.f swinging 
it in a tangential channel with a period of 10 to 20 sec. and a power of 10 
to 100 watts" . 

(CC-4111, ~tal. Project, Report for A.'lQnth Ending, Chem. Group 0-11, Lt. Burton, 
~/15/'4) .. 

C2C14' considered as a possible safety gsa, was radiated with 2.5 Mev 
for 0 .. 5 hour, equivalent to 10 days in Hanford pile, at room temp, and then 
distilled; distillation curve 18 given. 40% C2;!a was not decomposed; another 
40%, not identified, boiled at 1520 - 1540 C., remaining high bolling 
fraction crystallized when cooled. 0.11% of C1 vias in water s.olu.able form. 
The decomposition implies ~C14 would not be useful .. 

(CC-10)6, ll;etal. Project Report, Chem. Grp. ~, W, L. Kay, 11/6/'43). 

Boron glass for control rods. Cd rod causes excessive hea11-;ng in sur­
roml<iing material due to (n, If ) ~ B rod heats itself with (n,.{f). A method 
for i11COl"po:re.ting B is to coat coolant pipes with B glass in control rods. 
The properties of the following B glasses were studied and are listed: 
~~3; PbO,~03; B1:l0):~03 ; Ba.O:B.20) ; BaO:B;a03 ; Al203:~03 ; MnO, MgO, 
CafJ;. 

The elass Can disintegrate to a powder without injllrY to its effective­
ness in the control rod. 

(CS-406, Minutes of Conterenee at Wilmington, M. D. Whitaker, 12/22/'42). 

The control information necessary to operate Hanford pUes is tabulatedo 

(CS-9'"n, Project Councll, Information ~etlng, 10/5/ 1143). . 

Discussion of same topics covered in CP-964. Hanford rod should be 
placed in A1 thimble, and Cd should taper at the end of the rod.. Various 
proposals for number and spacing of Hanford Rods. B coated ion chamber is 
sa tistactory J . but senSitivity of photronic cell will probably cha~'e in few 
hours. . . 

~ 
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(C8-2172, nEWTech. Progress Letter No. 11, S. 'J .. Bugbee, 9.21/'44) .. 

I-Iantord Pile 105-B loading is diecribed. The dry pile became critical 
with 404 tuooa charged; the central safety rOd effectiveness was 0 .. 5%. With 
748 rods pile was non ... reactive with 12 safety rods in place. When filled 
wit.h H.20' pile was reactive with 838 rods. 

(CS-J026, HEW Tech" Progress letter No. 46, P. W. Crane. 5/23/'45). 

p" ,li. It is calculated that increasing Hanford D pile by 15 M.W. , 
above rating will increase the reactivity by 15 inhours. 

If a Hanford pUe loses all ita water, the reactivity increases by 900 
,to 1050 inhours. The safety system is designed to control this. There is 
a question if the safety system is adeqUate it the neutron density is heavily 
flattened, b,y P-columns; the reactivIty is then pushed to the edges of the 
pile where the safety system does not penetrate; analysis indicates that 
safety rods in a 500 N:ii unit with 600 inh ot flattening ha.ve ;00 to 400 1nh 
control in excess of that needed in case of loss of water and high temp. rise 
ill graphi te .. 

(CRPT-35, Progress Report, Xe Poisoning or Enriched Piles, H. H. Clayton, 
6/ 146)., , 

Not. available: see CRP'l' .... ,6, p.4 •. 

(CRPT ... ,36, Progress Report, Effect ot Xe Poison on the Neutron Distribution 
in the NRX Pila. Ho H. Clayton, 8/'46). 

By first order perburbation trestumt of one group theor,y, the NRX, pile 
at Chalk River at 20 ~8gawatta,wl11 have the rraximum neutron density moved 
from 25 em to 70 em f'rom·thea:rls~ and the ratio ot average to maximum neutron 
d.ensity raised trom 0.42 to 0.58, due to Ie poisoning .. , 

(CRTPI-4].g PUe InStabUity ,Due to Poison, Ho H. Glayton tl 8/'46) .. 

Not ava.ilable: see CRPT, p. 40 

Ref'erenee to ~'~·st:raets in other groups: 

Grq!m, 'GreYl? ; 
) 

CP .... 961" (1) MonP-85 (4~ CP"'1014 (5) MonP-l04 (4 
CP"'1400 ({,) • Pt.onP ... 206 (8) CP-l389 (1) N-2292 . (1) 
Cp ... 2292 (14) 

~ MonP-56 (2) 
1I.'ftot.n'P=71.. (2) 
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GroUP~)4 Description of control for specific piles. The first Fermi pile. 
Argonne CP-2 and CP-) piles. Clinton graphite pile. Chalk River ,~O. zero , 
power pile. Chalk River NRX pile.. Los Alamos water boiler. Proposed General 
Electric zero power pile, and resonance pUe. Zinn f S fast neutron breeder. 
Proposed fast Pu breeder (Soodak).. Clinton high flux pUe; see also group (2)" 
Note: Not included in this group: BeO power pile (group (:;» f and Hanford 
piles (group (7». 

(CP-41), Experimental Prod .. of a Divergent Chain P..eactiontl E .. Fermi, Appenaix II, 
Monitoring and Controlling the First Pile, V. C. Wilson, 1/'4.3) .. 

. . I 
A complete desorir-tion of the control apparatus used.. Defects in the 

instruments are listed. Diagrams of' ion chamber circuit, control syat.em circuit, 
details of the safety, control, and "Zip" rods; and curves of counts as a 
function of cOr.1pleted layers, and of -ion chamber currents with tims, are in­
cluded .. 

(CP-ll73, Monthly Report" Ph;VSics Rae". H .. W .. Newson,' 12/28/'43) fJ 

Change ot power with time and temp. at the Clinton pile. \¥hen control 
rod is displaoed, the ohange of pover is linear for first 10 mlnute~, indicating 
constant temp .. ooet. . The power ohange beeQlpSs complicated when gra.phite 
tamp ,. changes.. The equation should be Cit-: 4 ih .. 0( IS (T ... To), where C 

il1l const, i is current in ion chamber, L:l. ih is control rod movement, 0( 18 
tempo coer .. " T and To are final and initial temp., d is a constanto A graph 
is given of ion current and central slug temp. 8S a. function of time ... 

(CP~1401, i'.'etal .. Project" filonthly Report, Instrument Dlv. $ ':{.. p~ Overbeck, 
3/15/'44),,· . 

l\vdraulic drive on #1 rod'at Clinton pUe will give smooth operation at 
, 4"/880 and 20"/sec .. 

(CP ... l53l p ;,atal. Project r~nthly Report, Physics Grp .. IV, H. L. A.~erson" 
~/25/t44)~ , 

The ampJ.idyne driven control rod is being used at Argonll9 in CP-), and 
1s a. mar1red adva.nce in pile control.. Whereas before the operator had a rough 
control of the s~ed of the rod, he BO§ controls accurately its position; 
rod speed ia 1 ttlseeo 

(CP-2301; Monthly Report, Ph_ica Sec .. III, W. H. Zinn" 10/28/'44) .. 

Temp .. coef. of CP"'3" Temp .. cos.t 1& found to be --6.8 inhjOc; a reduction 
of 1., n b! :It follow3 a temp .. rise of ,10000.. '. srtrir 
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(CP-3006, Circuits tor Control Systems, W. P .. Ot'er'beck, 7/ 845). 

Descri:ea the control system tor the Argonne Pile CP-2, covering saae 
material tiS CT-669~ with the following additional c,ircuit diagrams: ion chamber 
supply and indicator, safety rod #fS 1,2.3.. Also discusses differential 
equation of rod motion and contlitions to r·revent I!huntingft. 

(CP-343l, Automatic Control System tor CP-3 ;iachine, T. Brill, 1/7/'46). 

A four chamber ion chamber t.l1at will ha~1d1e currents up to 500 fo(l.. 
without saturation o!,erates a galvanomater having sensitivity of ",003> P o."l_Q 
and :3 second period, the response being due to a dU'ferential current when ion 
current is opposed to a "buckling" source.. Prisms on half the scale reflect 
light spot to photo electric cells wiaich o~l'ate low speed drive on a control 
rod" l\iJotors operate when power changes 1:: ~t and hold power level to ± 1%" 
About once a dS1 disturbance takes machine out of automatic control and addi­
tional photo cells operate alarm be1l~ An operator must bring the pile up to 
power" 

(cp .... 3647 ,IIDnthly Report, PhySics Grp .. IV oT .. Brill, 10/23/-46). 

Automatic control system installed on GP-2 similar to one on OP-3 holdS 
the pi.Io power to 0.2% or better. It will. operate from two ~hambers, a high 
sensitivity BF3 ion chamber, or a "power" chamber and a less sensitive, iI:ars 
linear, more reliable chamber lined with B and rUled 9ith He .. 

(LA-134,. Water Boller, O. P. Bakeri H. K .. Daghl1an, G. Friedlander, lti. G. 
, Holloway, Dc> \1. Kerst, R. E. Sebreiber9 974/'44). 

Autorna'dc safety monitors, p.. 12, are three BF":} ion chambers.. Control 
rod, po 14, is Cd strip, wrapped around brass tube, tUth a movement of 4007 
inches by Do C. motor, in a water tight sheath, in BeO reflector. Can be set 
to .001 inoh, and position is indicated by ~ motor c·ounter.. Safety rod 
is Cd she.e1i 2';' i.nches wide that falls tree in reflector.. It is held by 
electric J!'~gnet and magnet and rod are lifted by motor and cable. Total 
effect of :~ontrol rod is 11.3 gr of 25 and of Safety is 22.1 grs of 25; critic4 
mass with BeO reflector is 572.8 grms; period with excess of 0.4 grs lsrv 25 sec .. 

Temp. is carefullj con~rolled, monitored with platinum resistaD,ce thermo­
meter and eu-constantine thermocouples, and regulated by heaters 1n the room, 
hald to 390 Ce Control is 0.1 deiree across pile and re£lector, and 0.01 
degree for malV hours; temp. coer. is 0.73 gr of 25 per °e o 

Additional safety is that solution is damped (p.S) it a leak occurs,. 
it nv lI!isas above set level ll if liquid gets into the Overflo\'1, or if the 
power faUs 0 A manUal dump valve drains the solution out of the laboratory. 
Diagrams ere given. . 

.;;:~!s@±E:Xj( 
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(MonP-U3, r~bnth.ly Report, Physics Sec" V, ,H G W.. Newson. 5/31/ 146). 

A general desoription of the control ot the high nux pUe is given; 
it will have 3 Cd safet,. rods, 4 Th shim rods, 2 Cd control rods., A cirouit 
is being designed that will indicate pUe period on a IIl8ter. Character­
utics ot a G .. E. Dif'ferential Ion Cbam:.:er are being studied; a chamber with 
batter sensitivity, and that wUl. operate at high flums is planned. The way 
irradia.ted l1Ia:terials to accomplish this are tested i~ for "noise" described .. 

PUe simiIator circuit is described briefly. It' provides for external . 
cO:l'ltrol of (,A..kl en. , effect ot Xe, temperatura, delayed neutrons, and possibly 

the, st~..y of mix .. bubble size., 

(MonP-l13, fflonthly Report, Physics Sec .. II, 1\.. j,;. WaLberg, 5/31/'46) .. 

Response or safety rods in ne'iW high flux pUe. should prevent overheating 
ot assembly following sudden jump in k.. If g k elf jump is 1 .. 5%, neutron l1£.e­
time 5 x 10""4 seo, rod accelerated by 9 g., assembly fUm drop jumps by factor 
ot)<II Conclude $ k jumps of 1 .. 5% are not permissible .. 

(PJonP-206, Physical Data on Naw H~::h Flux PUe, .!~. M. iVeinbergSl 11/21/'46). 

10, Xe and 8m poisoning, 10 hours a.f'ter ehutdown takes up a maximum of' 
55%- ot k.. Ai table is given of poisoning vs. time after·shutdown.. 9.6%. extra 
A It !..tt.. all0'll8 maching to be started within t hour or after a d:ay8o . 

De~let,ion.. To allow pi1a to run 10 days, .3 .. 3% t1k eft m:ust be built in tor 
this purpose. . k Dk etf 

Temp ... 8ffect, estimate inore~eeif l00e will reduce -ll" by 0.3~ ... 
E:1.."perimental set ups require 5% ---r--- ; e total ot 18% .At efr will be 

obta;i.ned by J k gm loading.. k 

p" 16# Th oontrol rods wUI be followed by a Be extension tifhich inoreases· 
ef'fectiveness of rod... A vertical Th sheet, or parallel line of Th slabs or 
rods is considered. Deed. layer of water around Be will cause serious local . 
heat.ing, & table, of local heating (wit.hout layer of water) 'VB. Be rod diameter 
U! given .. 

'The pile generation time is longer than neutron 1 tfetime because of· some 
neutrons ref'lected trom ':)e, and depende on amount of metal loaded in pile .. 
The Xe instability will cause a period shorter than 8 minutes.. Bubbling will 
be reduced beeausemoderat1:ng ~O is in pUe too short a tine to allow de­
oomposition gases to reach saturation pressur80 

(MonP-216 S1 Projeot Bontllly Report, Physics Sec'. II, A .. iI .. \"Ie1nberg~ 
U/30/'46) .. 

Possible arrangements for disp06ltlon of control rods in pUe are 
(1) 6 equal1,y spaced rods of ;\oee part by volu.me of Th, 1 part of All!~ 
~ of P"20 coolant, will give ~. or 14%.. If one of six rods is Cd, - - 18% 
(2) Because Th has density ot 11, it absorbs if rays efficiently and evelops 
heat. Li - Al alloy rods would develop less heat, still have high thermal neut­
ron cross 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 Tho 
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To maximize effect of Tb rod, it should be repla'ced by Be or U vilhen it 

is withdrawn. If' Be is used, and ~O cooled, a severe local neutron dens1ty 
peak 18 created -aroUDi rod, £'rom 25/0 to 58% greater density than exiets at 
a distance from the rod., If U is used, \tater tlow is diminished due to pres­
sure dl"(',)p along Th part of rod, and reduced heat transfer may limit power 
output of pUs.. U gives larger net control .. 

(MonP-269, Monthly Report, Fhysics Sec .. II, A. M. Wsinber~tI 2/'47) G 

High flux pUe. 6 Th rods and 7 Cd rods give a control of 11% and 29% 
respectively. See MonP-272. ' 

(lUlonP ... 272, Physics of the High Flux Plle, E. Greuling, 11 .. Soooak, Ao 
berg" 3/27/'47). ' 

We in'" 

The section on control describes the Cd safety rods, 29% of k. Th sh1m: 
rods" 10.6% of ok, their rate of movement; the central cylindrical l"'Sgion of 
control; the flux distribution and generating time" The steps of start up !'I 
and functions of the operator are described, and the equations for automatic 
control are given, and description of the operation of the se~o-mechantsm. 
It 1& calculated that regulating rod speeds or :3 meters per see are necessary 
to control against reactivity chano~s of O~4% k and keep the power level be-
10Vl 1 .. 5 times ste~dy operation .. 

(rJlonP-3141'i Quarterly Report ,Control of the High Flux rUe., ¥i.. II.. Jorda.n, 
J. D ... Trimmer, H .. W. Newson, Eplerj! p. 96, 6/21/'47) .. 

A description (20 pages) of the or-eratton of the contro13 for the high 
flux pile.. The safety control devices are divided into "period supervision"" 

• under which, during start up, a period of 7 sec (or less) blocD .,ith drawsl 
ot rods; nSitbaclt action" under which the power level at which scram occurs is 
set at a lower level than during normal. operation; and "scram signals", wr.ich 
come from ion chambers, and crucial raoUl-:.y monitors, such as water pressure 
drop aerosa pUe. Another group of safety devices are ta'le interlocks, which 
sene as ii. 'oheek OD the cpsl"e:t01".. Auxiliary power supply 1s discussed 0 The 
regulat.i.n6 rod (011'5% of k, full ning in 0.25 sec.) calls for motion of a 
shim rod through a system of stops; the 8 shim rods control 45% ot k eft 0 There 
are ,four speeds of shim rod uithdraltal, obtained by intl.irmittant opilratloDo TJiJIe 
instruments used for visual iIlClication and automatic action e..N discussed, and 
the 88quenne of events during start UP. A block diagram of thecomplete system 
is given", 

(MonN-10J,I Pd.1mina:r:r Process Design Raport t 1000 Project, M .. C. r.evorett, J,. R .. 
Huffman" 5/15/'46). . 1 . • 

p. 23 Control Rods.. Four Th mats.l shim rods g water cooled; two Cd - Al 
regula:ting rods, wate".lr cooled; two Cd control rods; also, D;aO J.eveJ. may be 
dropped., 16 ionization .chambers will be placed in inst.-nunant holeso Thera 
is also a. list ot aoout 250 special ins·t.rumerr' :1 that will shut down the pile, 

I!fi~ 
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in case of failure of some external unit, such as pump, or excess "activity 
in some part of circulating system. 

p.. S6, Controls and safety mechani."lm. The control rods will be black to 
thel"'m.al neutrons and each wil,l absorb about 5% k. aafety rods talling free 
w111 stop the p1le when rising with a period of 0.1 sec; it 0.1 sec delay 
time I) the rise will be a factor of 4.. The derivative syStem will operate if 
pile during startup is rising with period faster than 0 .. 5 sec.. The creation 
of bubbles may reduce k b.r 005%0 t . 

AccompaIQring report is blueprint E-950, assembly and control rod details, 
showing dimensions and oonstruction of rods .. 

This is an extensive report in Which .details of' deaigil of' an actual pUe 
are quite oomplete.. . 

(l\IJonN-201, Status of 1000 Projact Design, t1. C. Leverett, 11/15/'46). 

The same control of Clinton high flux pile is envisioned as described in 
MonN-IOS. 

(.Monl~-224, r~bnthly Report, Tech. Div .. , ;,1 .. C. Leverett, 12/20/'46). 

Brief description ot control rods in heterogeneous high nux pile, p ... 6. 
(l) Safety rods ot Cd and U, normally run with U in the pile, Cd above. 
(2) Shim rods of Th ~nd U, normally run with Th in the pile, U'.lsad to 

overcome Xe in start up.. . 
(J) Regulating l?oda of Cd and Be .. 

(OF-.3107, }:last Plutonium Breeder, H. Soodak, II '451) 

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

An a~orbing control rod would be bullder than a netal rod. since fission 0-
are larger- than absorption o-at high el'1!8rgies. 

A con~ol rod would have to be of uranium or thori~ror bree41ng effi­
ciency.. . Tb~ lifetime ot a neutron is of the order of 10 sec, meaning a 
change in k is d~.roUII... The timp.. coer.. or k might be a few tenths of a 
per c~tlt per 1000 C change in temp.. .' 

(CF-J403» lionthlJ'Report, Pba'so, Grp. 'I) t .. Brill, 1/12/46) .. 

Automatic control ~em consisting of dif'terI9D:tial galvanometer and photocells 
keeps OP-3 to within + 1$. See OP-34.31.. . 

(C'..-.3414, Design of Fsst DeutroD.Breedel" 'est Pile, W .. B ... Zi1m, 1 ... a;-46)~ 

. Controlo, po 12., Mechanisms being considered al"e~ safety control: (1) FoUl" 
. .fissionable rode in center ot reactOT to bs lifted out of reactor by eompressed air 

p:lstons or motorso (2) Dropping the external breeding blanket, by the screw 
".[IUlin 
."~_M_"""'''' 
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elevatOl'" far slow speed or the hTdraulic lift far rapid motion .. 
Operating control, (1) A five inch wide section of the bi:>eeding blanket 

aboT0 ecolant pipes rill be hinged to open or close a. gap, b,- rotation through 90° .. 
Shim control: (1) Changing number of f'issionab10 rOds ~in . the reactOl"~ 

(2) Changing number of 1n'eeding rods in inside breeding blanket. (3) Changing 
thielmrass of external tr.reeding blanket Q -

See Cr-3582 -II tor' la~er descriptiODo 

(C:r ... 3S~l? II!) Design of. Fast Neutron ~reeder Test Pile,W .. Bo Z11mt 8/7/46)" 

Bnfet;r control rods, po 54", Rods u111 have same dimensions as a.ctive rods; 
will be or active or blanket material. The rods and the manipu1at~ mechanism are 
descrl~d in detail ll mt..h (lrawings" . 

Tempo coet. 1I p., 520 A temp.;changa of 100° C would requ:~~e change in k 
of 0 .. 8'$" 

Operating controls, po 70", (1) Each internal safety rod will change 
reactivitY.--Il$o (2) Sudden safety.. A block of U in external cup w1l1 be forced 
down into the shielding blOck hy springs with acceleration ot several go It 
will be raset by' lowering the h1'draulic lift 0 ~terne.1 safety to operated by. 
paver level and sudden safety ~ pile period. ' . 

(3) The sh1mcont~ol is to be the external cllplJ operated by the hydraulic 
lift against a mechanical stop mounted. on a screw" 

. (4) The ·operating control will be' two blocks of U in the outer blanlret 
mounted on shafts so they can be withdrawn' from the blanket along a radius of 
the pUc.. The shafts are moved by a tine screw mechanism and onl7 one would 
be used, the other baing locked in placau -

(CE-60J Motor Driven Co~trol Rod, tinivo ot Ch1eago& 5/8/42) .. 

Engineering drawing of gears and mount .. 

(C"61,.Pneumatie satety Red Isch~, Univ. of Chicago# 5/7/42)" 

Engineering drawing of piston to drive a safety rod o 

(CRP-287~ Experimental Determination of the Effectiveness of Control Rods in 
a Pile, C" Eo lfatson-Mlmro, 1/1946)", 

The eft~ct of variat~on of length, position, diamat,er;, material, and 
numbsr of control rods in the low energy Chalk River D20 pileD Zeap: has been 
investigated" Flux data to aasi8t~ tbsoretieal analyses of the results is 
tabulated 0 ' 

(CT.,.669~ Control System for Argonne PUe~ CP-2, W" 0 .. Overbeek, 5/13/43) 0 

Complete detailed description including performance characteristics of 
instruments and the following circuits: Regulating rod; s~ rod, safety rods; 
control J>EUlEIlp rear view; manual co~t,rcl station; galvanometer circuits; high 
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",oltage aupP17 for proportional countarJ the ,scalar oireuitJ proportional 
eOllnt.e1:f amplifier, ion ebamber amplifier; and safety trip circuit" 

(TaePI-32. Description of a 'Tagged I Shutoff Rod Unit tor the iRX Pile" 
I .. Q .. wwreDCel.l 208-46) .. 

iot svailable.. See Mr60-211 •. 

(M'ec ... 211p Description of the Shutoff Rod Units tor the I.RX HIe, m., Q& 
Lawrenceg 12/29/45)..' . 

Shutoff' rod 1JDits are described in detail.. Basic desigl;' principles 
~ diec'WIlsed and operating performance figures are given.. lot evailableQ 

(H .. fec-2l1, Description of the Shutoff' Rod Units tor D~R.X .. P11s g I .. Q .. 
Lawrance, 3/46).. . . . 

Safety rod f~ D.20 Chalk R:1.V8i'" Pile.. Contains boron carbide powder 
1n a steel tube, . in an ..u outer tuba" Rod is air cooled" 

Bot available.. . 

(A-4207, :Feaeibili 1:.7 Re'port tor the Zero Power PUe at the Saeswiaga LmboratOri S1 

1I .. B .. K'.i.Dgdcm, 0016, 5/16/47).. . 

fx>eparatOl7 to a resonance b.reeder pile # this zero-power pUe is 
planned, to bebu11t in two partsg one on a Ii10ftblct tabl8<1 Yhe lead sere. 
which brings halves together, measursment screw, and assembly drive are 
described.. Interlocks are described; selsyn indicators show position to 
0001 ~Q Safetr rods are hald by compressed air against springs that. provide 
!S g acceleratiOilo Con'trol rods, 0morgenq power supply, and emergenC)' S\1fitcbas 
are described .. 

p~ 2.311 Wety monitors and circuits.. Four eireui'ts nIl work ~fJperident.q; 
one !'s act.ivated b7 a trip point slight~ above power level existing durillg 
previO"US 10 to 20 HC 1>; one bas a. trip point mnual1;v adjusted; and last 
operates ent1req from batterioso 

1l2'awings of the equipDlen't. are giveno 

(lamo 00-4, lUJ:m.tea or Third Meeting, G .. E .. lucleonics Project Consultants, 
5/14/47)0 . 

po 10, Dr. Brooks, 1ntermediat0 pile deaip... Reducing the density of 
the 10 em reflector to '1" of present propoMd denslt,' Nsults in 16!i ehange 
in ko Estimate each control rod to haft 1$ reactivity oontrol, and the Be 
?eflector plUS dropped from beneath the pUe to cause 10:& ehange in ke 

Die' 0 Brooks .claims photo neutrons will amount to half as m.uch as del87ed 
neutrons, living a total delayed f1paetion of 1$ for 25 and O .. S~ tor 49<11 D:r .. 
Wiper did not belili!ri'e photo neutrons 'W9w.d b8 of aq significance .. 

Photo neutrons !fom decay, 01' La140 will aid in at&rting the- pilElo 

<&J&l 
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".Grom ~'" lrAstl"'m11S111t reports.. Ion chambers. counters, monitoring apparatus, 
and control system circuits.. The Clinton pile simulatoro Thermopiles and 
thermostat.s, hi-metallic strips 0 Pile period measuring ci:rcuitg and d lD n 
circuit 0 Silver tape momtor~ng devic~" Servo-mechanism" Photl'onic cello 

(OP-9641' Metal .. Project: iillonthly Report; Physics Gl."Po III, W. Do Zimig 
9/25/43).. .. 

" SF tilled ion chambers do not retain their calibration over long 
periods; l~tensiW!l runs cause changes .. .IS coa.ted chamber tested was linear 
from 1 to 1200 KoW' .. , retained calibration about 6l. month, when af'ter SO!l!$ 

intensive operation it showed signs of cbanged calibration.. (This statement 
1D error!, COJ:"l"0cted in CP ... 1016 t po 4 .. ) 10 change after tVlO months' useo 

As a substitute tor ion chambers, a variety of thermocouples ware 
tested.. Bi ... tin and Bi ... antimon;y alloy wires show best resu.lts with a sensitivity 
of 0006 em/KoW .. II and when fi coated, of 0 .. 31 em/lt.W .. ; a graph is given showing 
response is as fas'a-, as ion chamber... A Western. Electric l ... A thermister was tried 

- but showed delay in 1"8~ov&r7., , 
A pnotronle cell giVSB a sizeable linear response to pile act.ivity; the 

sensitivity is increased by placing a sheet of U painted" with sin~-sulphide 
over the cello Bi-metalic strips are mentioned for safety rod release" 

(CP-I016t Metal .. Projeot·~ illonthJ.;y Report. PhysiCS, Grp .. III, N .. 5 .. Zlnn, 
10/23/4'J) .. 

Data 1s given an sensitivity of a .4 coated ion chambe%' during two 
. montM operation shovri.Dg no significant eh!lnge.. Thera is appreciabls deviation 
from linear! t7 of lou energies (> 

A U-invar steel hi-metallic strip has closed a low volt8~ circuit 
8uccesatll!ll.y at ~ power level on repetition of experimeDt" A ft coated 
commercial bio metallic strip does not tunctioDc 

~ 
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lliudvantages of using bi ... me'tallic stip to operate safev rod are 
activity induced :.in V, and fact that it cannot be UBed where there is idd4s'l 
tempe variation .. 

, A thermopile show~ no change in calibration attar two months uee .. 

(CP-1577, The PilEI Safety Circuit. L .. G. lie!"JDan~ 4/14/44)" 

Circuit diagram and deseripti.on of an iOD:o-chamber operated saf'et:r 
t~ip circuit; value of chamber current at which tripping occurs 13 stable to 
_0 .. .1$... . 

, Also described is a relay circuit to prevent false shutd01ii'Dl3 d'Wa to 
clrcu.1:t. defects. Tilers are three relay-a, each with three w1nd!!"8St designed 
so the 13olenoid is held b3' normal curren'(; in an;y two windings (..ll; one ralq, 
and released if CUl":I:"$nt ceases to now in two windings" 

(CP-l96S, Bont~ Report/) PlITe. See .. D', B. L., Anderson, 7/29/44) .. 

Fission chamber far monito:ring the pile, p .. 21.. Several soft glass 
fission chambers have been constructed with 1 mao enriched tJ oxide on ft 

. cathode" tilled with Argon.. They, follow desip q, Veall of Montrealo 

(OP.,.2081, Monthly Report, PbTs~ Sec .. IV, II .. Lo ADdersoD. 8/26/4J.)., . . 

SilfiX" tape recorder, p .. 2.3" 
A silver tape moves eontlnuousq through the shield and pile, of CP ... 2, 

at 1 foot per second; 1 t passes tNer Ii G II counter 10 sec" after it is exposed, 
and it spends; min .. on a storage spool" It is then recounted fOl" backgro'imd 
aetivi~7, before reontering the pile o It detects neutrons in the presence of 
enormous ?f radiatio.n, • activation of 22, sec .. silver" It _s designed to 
assist restart up of Be»fo:rd after operatl~n aDd shutdmvn, and wl11 be 
satisfactory if radiation leYel outside Banford shield is not'excessive" 

(CP("2298~ .t&l ... Proj .. , month17 Report, InstrumerIt 860 .. , W. Po, Jesse, 10/28/44)0 

A neutron sensi ti VB thermopile as means or measurement of pile power 1& 
being tried at CllmoDr> leasurements at 3000 ltv' show ft!'1a.ticn of + 311 from 
powe.T' meuurad b.v iOB chamber.. A more constant measurement would 00 obtained 
b.r MVeral aJuit.ab17 loeated thermopiles connected in series,. Output voltage of 
three in ,series ie .006 volts, .ufficient to operate meter I!1O'IB1!Snt type relq 
in a safety oircui to 

(CP-2301~ Itouthq Report/) Plws .. See. 'IV g ii .. L .. Anderson, 10/28/44)" 

A -1 proportional counter and amplifier for high emmt1Dg rates., 
Yhis 1s tor aetecting fast' neutrons in presence of higb )I-ray- fiUltI;> i'he 
counter is 8ft by 1 1/2- SJ tilled with 25 em. ot SF 3 ~ 

The preamplifier 1) amplifier and Higgenbotham scale or 512 have a 
resolving time of 3./ soc for equal size pulses; messurements with Ra-Be, 

.BIB 



" 

• 

;i 

~. 

., 

-52-
. ~ 
I~cror~ give about 1O~ sec .. Bo inorease in background where 100 m .. e .. I-ray 
uouree io plaoed beside counter c Everything oan be mounted on a. single chaeis" 

(CP .. ,30OS. Measurement ot Neutron Dens! t;r I' Wilkening, 7/45) .. 

Ditscription of proportional counters and their use;: ionization chambers 
aDd toU eounting teelmique. . 

C1ll"'i'eS tor etfeet ot voltage on counting rate and effect of ~ and. Y 
rq background are given, and usa of pulse height select.ora discuss0d .. 
Gal:va.."lometer circuit for ion chamber and engineering drawing of compensation 
type chamber 1s given. . Aetivi ty equations for foils are giveno 

(Cf-491, TeehnolOl7J> Controls and Inat1"tlilSlDtatl~1I V .. c. Wil~ont 2/20/43) '" 

Progress report.. The following items are mentionlSd: 
1.. A pile control circuit has been de~loped with output over 100 volts 

and fluctuations less than volt~ to be reduced to 001 volt, to give a regulating 
. system capable of working to 0 .. 11'. . 

2 .. A scale of 64 seales that 10sEIs less than 1$ of random counts at 
20,000 counts per minute" . 

30 Driving motors and paring tar control rod movement at 6 inch.es per 
aeooand 0015 inches per Bee. capable of precise setting .. 

(lion P-130, .iletal .. Proj .. , Monthly Report, Pqs. See .. V, B .. iel'lSOll,l 6/,jO/46) <> 

. Pile ~imu1e:tor circuit hss a range of ~ 104, and can be used only 
over range Iff" tor start 1lp problems., Simulator will be di,,.:'urbad by mock 
bubbles to determine max .. allowable fluctuation 111 t" Ion chamber activation 
is d,. ma1.nl7 to no miD.. Argon,():::::l .. 24; 2 .. 59 hr .. manganesG,v::: 1105:; 503 ,.eaT' 
oobalt, u= 22.5.;. SUggested is use ot II instead of A, low menganese stef)l~ 
Cd mask over Kovar seal (containing cobalt), and lead~t~ solder of silVer aDd 
and copper. Ion chamber must be good over range of 2:10 / actual ~st8 on a 
dUferential ll .. Eo chamber suggest it would be good 0V01" range &:dO.. . 

(Mo~ P-151lt Monthly Report,Phys", Sec .. V, ! G lewsOil, 7/31/46) .. 

Activity in G .. Eo differential chamber is sum ot three decay cUt"Vesp 

10 parts 1 .. 8 nro from A gas 0 . 

5 parts' 2.6 hr.. trom Mn in steel .. 
1 part ; year Co in Kovar 

!file first may be corrected by using ~ ps, aeeond by loW'1In steel" and third 
b.T using automobile spark plugs, on which tests are being _de". 

(mOD P-203" Ion Chamber tor Control and Operation ot Cllntcm. High 'lux Pile" 
F.. C Q Al'1ll1natead, 1l/6/46) '" 

. It is found necesllal7 for the chamber to haft a range of 105, and e. 
minimmJ. ratio ot neutron amps to ~ aDd . r amps of 1000 " Results of testing 

dB"ll 
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twa Go E .. chamber in Clinton Pile are given, showing above, ratio to be,4,OOO, 
'bit;;, range is onl)" 4XJ.rP I,) Improvement of range can be obtained (1) bt increasing 
absol~ sensitivity of inet~, b.f. improving /3 coating or l:L~ing ~' em.ch0d 
with S ,and ' 

{2} qy decreasing 'the induced activi~ in the chamber~ uhich has 2 .. S' to 
300 hour average half-liie, b.r building chamber of 25 Al, tilling with I instead 
of A~ and using materials containing no manganese, cobalt., copper, silver ,l 

t'lmgsten, vanadium, ebromium, or nickel .. 

(Hon 1'-216, liatal .. Proj .. , Monthly 'Report, P~so See. V I B. lewson, 11/'30/46) <> 

Best eoati~1for ion chamber 1& givenJ consists of painting .u plate 
with suspension of .,.0 in l:S mixture of aaphenol912 and glyef~ thinner to a 
thickness of 2 .. 5 mg/~.. Wher~ the range ot G. E. cbam~ was 10' or lOl, the 
range of new test chamber is 1U"".; nth 400 ercoated surface and placed in 
flux of 109 II CU!'1"e1'1t _s 1O'-S amp J and 1/2 br. after pi:le ebut6.01lD, chamber 
activity caused ion current of 1(r11 or leas .. 

Superficially range of Ion dlambers m!.\T be extended b.r mubtracting 
eurrent from r raTS from current from (f ~ s plum Deutronslt but this gi'l1el'f a noisy 
"lgnsJ.oLocatiOll of ion chambers is diseussed, and estimate the,. should bI9 2 
meters of graphite between chamber and pile.. If' coating has ahort life at the 
nux here (l~), mIq have to shield chamber with Pb or Cd" Greater distance 
from pile would cause delay time due to time for neutrons to dlftuSeG , 

(lbl P .. 228. Monthly Report, Pbys .. SeCo ,~ D .. W .. itnmon, 1/15/47)", 

Indicator f'ordk eff.. If the neutron densit7 is 'made to Gscillat6 
about an average value, the phase lag between neutron density and driving 
source gives a mea8Ul"6 of J k eff independent ,of pile le'l'81, oscillator 
amplitt?de tl and ion chamber background cnrrento Relation ie 

tan ~,,,,; 2 'Tt rL_ ~ ::: phase ang.1.e 
- J' k etf-4 t :::;-'driving freq" 

,( -:: mean neutron life 
;6' = traction ot delayed ~ 

and bolds if' oscillations iii c::f' It eft ",,< 1£1£ eft -.41 , 
• I 'r /C"f' 

For max sensJ.tivity nea.r d k eft = Oil set t':::. m j;::::::::' 5 cps for 

high nm:: pile, .re eetectable i..De:remant ·18 

,6 (d k eft) -== 2,4 (4 p) == 207xlo-4, if ,L'i ~ :::; 10 .. 

(lion P",,250, J.Ilontbl:r Report, P~ .. Sec .. VjI, So, 1i .. Newson, 2/19/47)0 

Power control.. The band of f'reqe to w'bicb 8, servo-mechanism will 
respond 1s related to the time allo_dfar 1 ts output to build up from 10$ to 
~ot its tinal yalue.. stability criteria dictate that the treqo ~sponse 
falloff with inereaaing freqo diP 5t 
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For high flux pile the servo-mechanism is to drive rod '30 om., in 0.,25 
sec .. , or red1lCe k at 2$/aeeo' Time req.u!rad for 'feno system to reach steady, 
state motion ie 0046 see., after a step change in input signal • 

(lion P ... 250 II Jlonth17 Report, Pbys", See" V II. B.. W. lewson, -2/19/47)., 

For high flux pile Dr .. Wigner desires some indication of approaching 
eri tical in add! tlon to si log,,,D 111 An oscillator in the pile might ba a useful 

, dt 
test for the ionization chamber~ 

Shim. and safety rod design.: Th and Cd rods are spscified so k eft of 
pile iw':;reases at" 'jl($ see.. on wi thdrawa1, rods ean be inserted J!I.I.'/JCh faster 
(ror hiGh flU'lt pile) <I) . • • " 

(CP-257f Hatala Project:; Report for Week Ending; Physics, Group 751 'Yo C". WUEion~ 
9/15/42}., . 

Cd strips l/32ftlx3 1/2-:.d.21l attached to eial&l will be regulating aDd 
safet7 rode for first pilGo 

A proportional counter containing 16 rings each acting as a separate 
cathode and counting recoil protons is beIng tested as a dev~ee for determining 
fast neutron.energy spectra .. 

Contains no 1nformatlon~ 

(Bon P-2691l Monthly Report £l Ph1s", See" V, B .. W .. Newson. 2/47)0 

Mr.. Jordan estimates a modulated ion enamber similar to that used 8D 
pile oscillator nll give contfnuollSl. indicaM.on ovfDr' a range of 109 or iOl Q 

Belltron intensity vi1l b9 modulated bJv 25% to 75~ .. 
Wben th0 Ke and I psri04s are reduced from their actual value by a. 

factor of 100 in the pile afmulatorp the condition of Inetabiliv is demonstrated ... 
A cu"cuit which !!ISasuras log or interwiW accurately over a range of 

105 is compl.eted, but t.he time derivative of (...en n) need~ further development .. 

, , 

(Bon p.,.314, Quarterly ReportJ Pe1~icd Measuring Circuit, S .. Ma.emeil1e~ Po> R,. BellI) 
6/21/4?).. . 

p .. 90... Ion1troD converts ion chamber signal. to'l60 ~cle .loCo voltage, 
empllfi6)fJ and then d$m.odula.tes the slgnalp which goes to d Ln D circuit" Re­
desip has reduced noise to .. 001 of ,max,,' slpl "IfoltapJ ~er reduction 
requirelDn&rrowing the band width; for ion cUl'Tents of 10"'" 8D1p"1) a 1 cycle 
band may be neeees&ry 0 . 

d £n D oircuit has been modified to obtain min1lim1D response, &Dd in 
combination nth monitroJl has rise time of ,,040 nco For ~ <.>001 to 6 ... 0 RIIS 
volts input the bias voltage deviates lesa than 1% from a true log functioDa 

r!EiE 
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(i;km. P·,.314,1t Quarterly Report; Thel!odel Servo, Be A. straus, T .. E .. Cole, 
Cardwell» 6/21/47)" 

p .. 94.. Tlw servo system has baen operated satisfactorily as a velocity 
, tollow up on the deviation of pile power from desired l~l~ A shim rod 

simulator is interlocked to the regulating rod.. The shim rod. advance starts 
when r~gulating rod tip is laS em .. flaom the center of the pUe) the regulating 
good cannot run into. the limit stop in such mannSl'" as to causs dame.ge or pile 
oscillation; during the above, S1.stem retains .full sensitivity to signal 
reversing regulating rod motion •. tl . 

(lion p...,~'16.. Title unknoml,L .. W .. leade, 7/47) .. 

Final report on tOIl chamber desiPI> the ohamber b01Dg fo:y;- use in 
mon! toring Clinton high flux pile .. 

~. Jl!I'.ml p...314, po 900 q 

(Mon P-l2.3, Instruction manual for A-l Amplifier, W .. II .. Jordan, Po R .. BeU, 
7/41)0' ' 

Bot available" 

(1I''lee-l68, Ion Chamber Datap B .. Carmichael, 8/17/45) "-

Operational characteristics of large ioncbambere designed rOlf' Petawawa 
Plant are· disCUSHdq TaMes of sp'&c1fieat1ons foOl' setting alarms or shutoffs 
are given. The currents corresponding to biological tolerance intensities 
of '( rays" fast and slow n are gi van.. . 

This is ~comprehensive report filled with data on specific instruments., 

(A-42O?, Feasibility Report for tho Zero Power PUe at the SacandagaLa.boratory~ 
lit .. B .. Kingdon, Go I .. lnatrumentationg 5/16/47) tI 

pc 21 .. A oounter with concentrice,rllndrlcal electrodes'is described~ 
It contains on Bl3:t at ataos .. pressure.. The electronio equipment dead time 1& .-
0 0 2 miero sec.. Ii. linear recording rate meter .ill record pulses from 100 to ' 
100,000 per sec&J another type will be logarithmic .. 

!o gain intensity at start UP. 8. source of .107 neutrons/see. 1f111 be 
placed at center fi and 100 counts/sec.. in Bl'1 counter w1ll enable safeties to 
measUI'fJ intensity in OGol see.. Drawings of "lon chamber (also to bel used) and. 
block circuit diagrams are included.,' , 

<!M)-i 
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