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PRESENT s'rATUS· OF P-9 SPECIPICATIONS, PURITY 

I " ~~~)-Y.!? ~~,. 

AND DANGER COEFFIC 

Samuel K3 Allison 
J'uly 26.1> 1943 

Up to the present t;],me, 3uly 24, 1943, the following 
shipments of P-9 have been received~ 

Rece~l2t;s .of P-9 fF0!ll_ Consolidated iJintng &: Smelting Company 

No .. Date Received (if P . t C1' d fO urI, y aUJ1e V/eight in 
by Shipper Lbs" 

1 1-22~43 00103 37,,75 
2 3-1-43 99 .. 5 2420 
3 4·-27-43 8~75 
4 '1·~27 -43 7.;50 
5 5-28-43 7,,25 
6 6-24-43 6,,50 

Three analyses of these 
the Consolidated 

s} all of which origlnated at 
ting Co~, Trai1a Ch~ have 

been The nurabers 
columns in Tables I and 

in following dis refer to 

III ~ This cons ts of water whIch ha:d been put 
through the Trail plant and shipped in an early type of con­
tainer to see what ;i.mpurit.ies miBht be picked up in the plant 
p1""ocess and in the shipping container" The P,~9 content was 
stated to be O*1035G~ 'rhe analysis was carrIed out at the· 
Bureau Standards. After analysis, the material was dis-
carded and the containsr' returned to Trail, DoC,? 

e This ViaS the shipment of P and was 
rece . about Unrch 1J " was stated by producer 
to be ,,2-99,,8~~ pure.. Ten cc this material were sent to 
the SAr.! ject, Columbla i ty)' on I,larch , 1943 for 
analysis & Only aP-900ntent analysis ''ias made.:l there being 

. no ana1yses fop other impuri s. The mat81"ial was shipped 
in a copper container a.nd is obviously colored w:i.th some 
dissolved coppero 

ftc. 
1/'l:> • An. analysis of P-9 used by II... L. Anderson 

This document contains infi:n:mation ~ ~ ~tlbi;at 
defense of the United StIrOOs within the _meanibg ~ $ 
Espionage Act, U. S. C. 50; 31 and 32, ItS tfui1SliiitliiSl\ 
or the revelation of its conten~ in ll~ ·ifiiHUlti f.l) 1m 
l.U1aurhocized pel'l!Qn is pronibitlold by litw, 

:~.: ... __ ;:;;:iaa·4 _ 

" -. 
-, '1il'lli'l' it 
~J~ AAlSA a'4 

THE pm~SENT SlrATUS, OF P-9 SPECIPICATIons, PURITY 
AND DANGER COEFFICI£NTS 

Samuel K" Allison 
July 26~ 1943 

Up to the present tiTae, July 24, 1943, the following 
shipments of P-9 have been received~ 

Receipts ,of P-9 fr0l!?-_ Consoliclated idin!ng & Smeltips- Compan~ 

No .. Date Received (ff 
/" PurIty Claimed iT/eight in 

by Shipper Lbs .. 

1 l-22~<13 0,,103 37",75 
2 3-1-43 9905 2,,20 
:3 4-27-43 8~75 
4 <1-27-43 '7 ~'50 
5 5-28-43 7~25 
6 - 6..:24-43 6~50 

Three analyses of these shipments} all of which originated at 
the Consolidated Mining & Smelting Co.~ Traila C:I have 
been made" The numbers in the following discussion refer to 
columns in Tables I and IIo 

Ill" This' consists of water which ha:d been put 
through the Trail plant and shipped in an early type of con­
tainer to see what ~mpurit:ies might be piclced up in the plant 
pr'ocess and in the shi.pping container" The P·~9 content was 
stated to be O~l03%~ The analysis was carried out at the 
Bureau of Standardsc 'After analysis, the material was dis­
carded and the container returned to Trail, DoC,~ 

1/2. 'rhis was the tial shipment of' P-9 ji and was 
received about Uarch 1,.. 1943" It was stated by the producer 
to be 99,,2-9908>;~ pure" Ten cc this material were sent to 
the SAl! Project, Columbia. ·University,. on r.larch 18, 1943 for 
analys:i.s. Only aP-9 .content ana.lysis ,\vas made.;l there being 

'no analyses for other impuri t s ~ The ma:beI"ial was shipped 
in a c.opper container and is obviously colored w:i. th some 
dissolved coppero 

INs. An. analysis of 'the P-9 used by IL. L. Anderson 
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in experiments at the Argonne pile as l"eported in CP:",718,,' 
page 6.. 'rhis material is a composite of shipments 3,; 4" 
and 5 above" 

In tion to the analyses of the P-9 content re-
ported in #2 and 113 above, the Col umbla group has analyzed 
other material received from Trail as fo11owso 

Date Received 

February 28, 1943 
, r'l"Iarch 10, 1943 

Jb P-9 

99.32,...99 .. 56% 
99,,28% 

The findings of the analyses are reported in 
.Tables 1 and II6 Tp.e analyses of the P-9 used in the 
Argonne tests were carried out at the Meta1lurgica.l Labora~· 
tory, University of Chicago., 

110 ~anger Coefficients 

Since the measurements on'P-9 in the Argonne pile 
have revealed the unexpectedly low captul'>8 cross section of 
oxygen, the estimates of the amounts of P-9 necessary to 
sustain a chaln reaction been altered,. and the possi-
bility of a homogeneous pile has appeared.. These new 
findings necessitated a revision of the table of danger 
coefficients for impurities in "The first such table 
was drawn up by S. K. Allison and A .. H. VJeinberg in Febru­
ary 1943, and is now obsolete.. On I\.Tuly 16" 1943 ~ the de,ngel'" 
coefficients of Table III were dI'awn up.. The da..l'1ger 
coefficient assigned to water content neglects the contribu-
tion from' the slowing down power of' hydrogen and is es lally 
what is obtained fpom the cross section for.- capture of thermal 
neutrons by hydrogen. gner h.as· e imated that in the homo-
geneous plant the true danger coefficient, that is, with the 

. slowing down effect included~ is 5 instead of 6 quoted in 
the table ~ --

111$ Specifications 

fL As given to the Consolidated IUning and 
Smelting COe . 

On november 16.1 1942)1 a meeting was held to dis-
cuss the specifications for P-9.. S~ K. AlIi L. Szilard, 
.Ie A~ \.'Jheeler" E6 P. Wigner .. J. II., ey, and 4 \"L Thiele 
were present. The only source of P 9 considered at that 

was the Consolidated i.Ij;ning &. Smelting Co~ J Trall~) D.,C., 

'., 

) . 

- 2 -

expeJ:,iments at the Argonne pi-Ie as reported in CP;',718 J ' 

page 6.. This material is a composite of' shipments 3.; 4, 
and 5 above" 

In addition to the analyses of the P-9 content re­
ported in #2 and #3 above, the Columbia group has analyzed 
other material received from Trail as follows~ 

Date Received 

February 28, 1943 
. March 10, 1943 

9ge32,-99 .. 56fo 
99,,28% 

The findings of the analyses are reported in 
.Tables I and II" Tp.e analyses of the P-9 used in the 
Argonne tests were carried out at the Metallurgical Labora-­
tory, University of Chicago .. 

II.. Dang~ Coef(i_~ients 

Since the measurements on'P-9 in the Argonne pile 
have revealed the unexpectedly low captul"e cross section of 
oxygen;) the estimates of the amounts of P-9 necessary to 
sustain a chain reaction have been altered, and the possi~ 
bili ty o.r a homogeneous pile has appeared", These new 
findings necessitated a revision of the table of danger 
coeff'icients for impurities in P-9" The first such table 
was drawn up by S. IL Allison and A .. LT. Vleinberg in Febru-
ary 1943, end is now obsolete.. On July 16, '1943.'9 the dangel'" 
coef'ficients of Table III were dravm up.. The danger 
coefficient assigned to water content neglects the contribu­
tion f'rom'the slowing down power of hydrogen and is essentially 
what is obtained fx'oYll the cross section fOT" capture of thermal 
neutrons by rr,rdrogen. \Vigner has' estimated that in the homo­
geneous plant the true danger coefficient, that is, with the 

. slowing down effect included p is 5 instead of 6 quoted in 
the table" --

1110 Specification~. 

fA" As given to the Consolidated r.Tining and 
Smelting Co" 

On november 16 .. 1942, a meeting was held to dis-· . 
cuss the specifications for P-9~ S", K. Allison, L~ Szilard, 
.L A .. fmeeler, :86 P. Vagner, Jo II.. Hanley, and Eo YL Thiele 
were present. The only source of P-9 considered at that 
time was the Consolidated nj;ning &; Smelting Co~, Trail;:; D"C., 
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TABLE I .. SECll.E1' 

Property 

m~lmRAL 

I 

-//1 
Watel'" Put through 
Trail process and 
Shipped in Cu Con­
tainer ~ Jan,,1943 

t Shipment 
Ibo" P-9 

{/:3 
P-9 Used in 

Argonne Tests 
(CP-7l8) 

--- ., -1-1 -----, 

,-, 

\\ 

content (.Report 
ject, 

- 2L-437-1) 

collected' 
on and 

1100 C 

collected 
ion and 

f 

I 
I 
, I 
I 
t 

<- 0,,5% 99 ~ 44,,·99. 68~~:' 

6.4 

106 ppm .. 

76 ppma 

9809~·9g .. l% 

6 .. 2 

present~ but 
no quantitative 
data 

present, but 
11.0 quantitative 
data 

si from evapo~ 
) ration of filtrate g 

at 1100 C . I 
47 ppmo 

sent, 
no'quant:ttative 
data 

:. 
Res from evapo­
ration of filtrate, 
ignited 

Copper in tr~te 
only 

Cd in f 
only 

Doron ( 
sediment) 

Fe (In 
only) 

I 25 ppm« 

12,,5 ppm" 

Or-OOI ppm~ 

S"/.A.J.V, 

--' 110 quantitative 

ppm" 

<.0.,2 ppm" 

0.17-
0,,43 ppm. 

«1 ppm" 

- .. --------- ". -~------~ ... -.-.. -.------------------

" 
/' 

J 

i~e two values arise from two slightly different, but 
ly reliable 1 determinations of the density of. 

pure, P'-9.. . , SEC1?E'1' 
1'biSdOcttltlent C01}t,. • 

defenSe of the U . lUlls l./lfQ1'!nllttOIl afl'ec:t; 

ESPiOnage A .... U/1}/t
ed 

Stat",,, Wirh.J'l eb ngtheN'atiOllaJ 
~<. • S C 51. e lI!eall'n" f 0,. the "ev~Jat' '. '; 31 hlld 3:"> I . ''< 0 t: Ie 

q, 101) of . ". ts t~l ' . ... ~ . '" "'""",, '" . . """, .. "," . JlexSon IS Pl'O~bited by 1a";~ ll:I"tlne,r to a.n 3 .-

.-. 

',. 
') 

:. 

Property 

T!l.BLE I" 

G-ElmnAL PROPEHTIES AUD CIIJ1:I.:ICAL ANALYSES 
OF P-~9 RECEIVED 

i 

I 
,I , 

III 
Water- Put thr-ougb. 
Trail process and 
Shipped in Gu Con­
tainer - Jan,,1943 

1/2 
st Shipment 
lbso P-9 

-/13 
P-9 Used in 

Argonne Tests 
(CP-7l8) 

--1-._-_. -----;-----------------------, 
P-9 content (Report 
from SAn Project~ 
Columbia ~ 2L-437-1) 
pH 

Sediment collected 
by Itration and 
dried at 1100 C 

Sediment collected 
by fiitration and 

ted 

sidue from evapo-
ration of filtrate,. 

ed at 1100 C 

sidue from evap9-
pation of filtrate, 
ignited 

Copper filtri?,.te 
only 

Cd filtrate 
only 

Doron (including 
sediment) 

Fe (in 
only) 

__ ". 

! 

I 
I 106 ppm .. 
! 
I 

·1 
I 76 ppm .. 
I 

I 
! 

I 4"1 ppm" 

I 
I , 
t 

25 ppm" 

I 
I 
I 

! 
I 0.001' ppm" 

I 
! ,. 
{ 

99" 

--' 

6 .. 2 

present~ but 
no quantitative 
data 

prcsent;i but 
110 quantitative 
data 

present, but 
no'quant:i.tative 
data 

present, but 
no quantitative 
d~ta 

<.0,,2 ppm" 

Ou17-
Os43 ppm. 

(~l ppm" 

--_._._------

-!%e two values arise from two slightly different, but 
equally reliable, determinations of the density of, 
pure. P'-9 .. ' I 
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Oonstituent 

Ag 
Al 
As 
Au 

B 
Ba 
Be 
Bi 

Oa 
Cd 
Co 
Or 
Ou 

--

TABLE J.l.:_ 
j 

SPECTROSCOPIC ANALYSES OF P~9 SHIPI~,mIifrrS 

~------iii' , -.------.----
#3 

P~·9 Us . in 
Argonne sts 

(OP--7l8,page 6) ~ 
Put through 
Process and 

Shipped in Ou 
Container 

. Sediment I 1<'i1 trate" -'1" Ignited Sediment 
, ! ----- -----.-------

T-~ 

1.1 I 

! 
_L 

rr 
v 

V .. W,,'? 

__ +-. ___ :#w_¢ _______ ~~" 

T 
T 
V~S~ I 

T 
M 

v.w'" 
W 

V .. VJ .. 

V.s .. 

v~W" 
w 

. V.S",' 

T~ not 

not 
1 

I 

! 
I 
I 
! 

T.J F",l'" 
V.\"l~ 

F.,T.,T. 
looked 

looked 

V,\L 
rr , •. _ 

T 
s 

for 

for 

~:--T 
Ge 
Hf 
Hg 

v ~S,; S 
-'I 

I V.S, I 

I 
not. looked for 

i 
I 

! 
I 

i~ r----- -I r 
------------.--------------~ 

_________ t_~ ______ ~.~j--- T _____ , l ____ ~-
i.1g 
Un 
tIo 
Na 
:Hi 

i W r.r 

I
I ~-? ;-'1 

f,1 VI 
,.--------.. "---r-

I 

"'---'L-­
n. 

\ 

~---.-

Os 
P 
Pb 
Pd 
Pt 

I 
I 
I , 
l 
I 

not looked 
VI 

---'-

! 
I 

j 

for I not 

I 

~i: I ~ iV1 

~~ I V iNa V " 
Sr , ___ -t ____ . ____ -+---,-___ w_. 

I Th 
Ti v~w. 

t 
I' 

not; looked for 
not ,looked for 

not looked for 

\ 

looked f Y' 

not looked for 

i , 

'Ill 
U 

! 
I 

I 
.----~.---.. ----;----. 

I 

, V.W. I.>u.""'.c;c, 
.+-l ____ w_ ' ___ n_o_t'_· _1_o_o_k_e_d_f_o_r _____ 

1 

V,\~ not looked for 

v.w~ 

J 

v 
VI 
Y 

i not looked for. 
I not looked for 

Zn I' V*W .. 'jl V.W~,T~ 
_z_r _____ .:...-__ ..-.-__ .----, __ J. ________ -!-_ .. _n_o_t_l_o_o_k_e_d_f_o_r __ 

\. 

--~-----------:---
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--
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Oonstituent 

Ag 
Al 
As 
Au 

B 
Ba 
Be 
Bi 

Oa 
Cd 
Co 
Or 
Ou 

--

TABLE J.l.:_ 
j 

SPECTROSCOPIC ANALYSES OF P~9 SHIPI~,mIifrrS 

~------iii' , -.------.----
#3 

P~·9 Us . in 
Argonne sts 

(OP--7l8,page 6) ~ 
Put through 
Process and 

Shipped in Ou 
Container 

. Sediment I 1<'i1 trate" -'1" Ignited Sediment 
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TABLE III~' 
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As a result of that conference and some subsequent discus­
sionsji Dr. Thiele in a letter to Dr" 'Wright of Consolidated 
IJinj.ng &: Smelting Co" specifications as follows" 

(1) For impurities other than watero 

A table of danger coefficients for impurities 
in heavy metal as used for heavy met~. specifications was 
sent Dr .. Wright with the instre ction that the sum of the dan­
ger products should be ~0~33%o This was guided by an estimate 
that a heterogeneous plant would have three times as much P-9 
as heavy metal by weight,; 

(2) For water~ 

was stated that any product over 99% P-9 
wou~d be 'acceptable and that there would be little use in 

sing the purity over 99,,95&,. This was set up on the ex­
pectation that only a heterogeneous system would be built 
having consid~rable excess k~ 

At the present time Jl these specifications are 
s 1 in force as l'egards Consolidated Mining &: Smelting 
product. Analyses #3 in Table I~ which pertain to vecent 
batches of the Trail product would indicate that the pUi?ity 
,is remaining near the lower limi t specIfied .. 

B4 As given to the duPont COl1lpany~ 

A meeting was held on Ju.ly 8" 1943 with 
two Thayer of duPont's P-9 Division to discuss P-9 specifi-' 
cations.. Present wer'e nessrs. Boyd, Potratz,. Sm.yth, Vernon, 
Huff'man., Chapin, Chilton, rJigLer" Weinbergjl Peterson, and 
Thayer. The following preliminary specifications were 
agreed upono 

(1) . For impurities other 'than water .. 

Impurity: 

Al 
B 
C 
Cd 

Fe+Co+Ni 
Li 

Rare Earths 
All solids except 

, Al,..,C,Fe,.Co,lJi 
Olt) 

Ppm.. Maximupt 

<20 
<. 0,,05 
<.30 
< O. Of) 
<.10 

...::.0 .. 05 
< 0005 

<1 
<1.:5 

~he 018 content should be ~lo5 t s the 
018 fraction in normal oxygen, that is, 
~3000 ppm. by wei@~t'of the, P-9 should be 018 • 
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A table of dangel'" coefficients for impurities 
in heavy metal as used for heavy metal specifications was 
sent Dr .. Wright with the instru ction that the sum of the dan­
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(2) For water" 

The material should assay at least 99,,8~~ P-9 
the possibility that j/ a homogeneous plant is built, 

this may be raised to 99 .. 5~<)., 

It is seen from the above that the purity specifica­
tions given to Consolidated Mining & Smelting Co .. are at 
present much more liberal than those under which duPont is 
working 0 It is probable that the -Consolidated rUning & 
Smelting speciflcatlons should be raised to the duPont level" 
-If the danger coefficients for the heterogeneous plant in 
Table III., a.re applied to ,the duPont specifications listed 
above, we find that the permitted content of AI, B, Cd, 
Fe+Co+lU, Li, and Rare Earths would cause a decrement in k 
of 0~06%. In the homogeneous plant, the corresponding 
decrement in k would be about 0~16%o The water content 
of 0 .. 2jb permitted in the duPont specifications Vlould cause 
a OQ5~ k loss in the heterogeneous plant, and a 102% loss 
in the ·homogeneous plant. If the specif:i.cation were raised 
later to 99~95%P-9, the 0,,05% water would cause a 0 .. 3% loss 
in k in: the homogeneous plant" 

IV·. Documents· Relating to r..7~~ 

The following documents have been prepared or re­
ceived concerning P-9, and should be consulted by persons 
wopl;:.ing wi th it. 

Columbia Serial No .. 2L-437-l,z File Index 2<>10'~1 of 
June 19, 1943, R. II .. Crist to Sa K .. Allison, reports the 
analysis 112 of Table L, ·:1n some detail" 

Columbi.a Serial Uo. 100 U-L-18,3.t. F.ile Index 2 .. 13 of 
July 10, 1943, from II .. C.Urey to S" 'K .. Allison, discusses 
the concentration of P-9 by electrolysis, giving a formula 
from which the amount of separation after,electrolysis can be 
estimated" 

These two documents are in the files of So K$ 
Allison .. 

. 9.~lumbia Serial No~ 2R-225, File Index 2010-1, of 
June 18" 1943, is a report by R .. II .. Crist conta:lnlng a surl1m~ry 
of methods of isotopic analysis of P-9.. It is rather compre­
hensive and quite valuable~ It is on f-lle in the Library 0 

It might also be noted that samp~es of partially 
separated oxygen isotopes are available as discussed in 

'" I. 
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fi[emo 95 by '3. K. A;tJJ.soll- The se samples, although originally 
acquired because o~ the oxygen'separation~ have an even 
greater separation of the deuterium from thehydrogen~ A 
sample is available in which the normal deuterium content of 
water b,as been reduced by a factor of 15, and one in which 
the normal deuterium content has been raised to 9,,1 atom 
per cent from the nOl"l11al 0,,015 atom per cent \:> 
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Memo 95 by'S. K~ Allison. These samples, although originally 
acquired because of the oxygen-separation,. have an even 
greater separation of the deuterium from thehydrogenc A 
sample is available in which the normal deuterium content of 
water ~as been reduced-by a factor of 15, and one in which 
the normal deuteri1nn content has been raised to 9 ... 1 atom 
per cent from the normal 0,,015 atom per cent" 
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