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SUMMARY 

The P-9 Section of the Technical Division has attempted t.o 
ev-tlluate, both by theoretical spd by experimental investigatlons, the 
engineering practicability of a number of suggested types of P-9 mod
erated piles. Engineering design of certain of these has beeu ce.rried 
forward to the limited extent permitted by the time and number of men 
available. 

This report comprises a directory of the information devel
oped ~I the Section, together with certain data hitherto unpublished, 
or available only in memoranda of very limited. cirCUlatiO~n. 
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INVESTIGATION 

!!.2.ffi,2geneous Slurry Pile 

Report CE-1l49, I1Terminal Report of Engineering Investigation 
of P-9 Homogeneous Slurry Pile," presents references to engineering re
porta on this subject, together with a discussion of a semi-works eX?er
imental program devised to supply the engineering data necessary for the 
design of a plant. 

Heterogeneous Water Cooled Pile 

Report CE-1l32, "Terminal Report on Design of Semi-Works Light 
Viater Cooled. Heterogeneous P-9 Pile, tr presents references to engineering 
reports on this subject, together with drawings which represen"!;' possible 
solutions to some of the engineering design difficulties inherent in this 
type ot pUe" 
Experimental P-9 Pile 

No report.. The Section devoted a portion of its effort to help
ing in the design, specification, and procurement of engineering equipment 
foI' the 250 KW heteI'ogenGous P-9 pile at Argonne. 

Temperature Distribution Near a Rib ... 

Report CT-883, "Temperature Distribution in an Aluminum Sheath," 
presents a theoretical treatment for the problem of the temperature dis
tribution on the surface of an aluminUln sheath in the neighborhood of a 
rib" 

Px-oduction of "23" 

Report A-122S, "Production of '23' from Piles", presents the 
results of a theoretical investigation of the rate of production of "23" 
which might be attained in various piles .. 

Thermal Syphon in Hex P-9 Pil.es 

Report, CE-1l50, under the above title, presents the results of 
scouting calculations on the power vdlich may be dissipated i..'l a system 
which uses only a thermal e;yphon to remove heat from a Dr e~ P-9 moderated, 
pile. 

Heli~~,9ooled P-9 Piles 

Exhibit A of the Appendix presents the results of scouting cal
cl..uations on tho power which way be dissipated in each of a number of con
figurations employing helium cooling of P-9 pil.es. 

!!~lium Co~ 

E:xh.iblt B, a CO?y of Memorandum LM-2S ~lruC-HCV, presents the . 
results of scouting calculat:i.ons on the characteristics of helium-wa.ter 
heat exchangers. 
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~VESTIGATION 

tl<,?,!!,1,ggeneous Slurry Pile 

Report CE-1l49, "Terminal Report of E."1gineering Investigation . 
of P-9 Homogeneous Slurry Pile," presents refera~ces to engineering re
porta on this subject, together with a discussion at a semi-works exper
imental program devised to supply the engineering data necessary for the 
design of a plant. 

r~eterogeneous water Cooled Pile 

Report CE-1l52, IlTerminal Report oh Design of Semi-Works Light 
~la.ter Cooled He'terogeneous P-9 Pile, II presents references to engineering 
reports on this subject, together with drawings which represent possible 
solutions to some of the engineering deSign dU'tlculties inherent in this 
type of pUe. 
Experimental P-9 Pile 

No reporto The Section devoted a portion of its effort to help
ing in the design, speoification, and :procurement of engineering equipment 
fa I' the 250 KW heterogeneous P-9 pile at Argonne. 

Temperature Distribution Near a Rib 
" 

Report CT-883, "Temperature Distribution in an Aluminum Sheath," 
presents a theoretical treatment for the problem of the temperature dis
tribution on the surface ot an aluminUIll sheath in the neighborhood of a 
rib .. 

Production of "25" 

Report A-1225, "Production ot '25' trom Piles", presents the 
results of a theoretical investigation of the rate of production of "23" 
which might be attatned in various piles. 

Thermal Syphon in Hex P-9 PUes 

Repor'l:. CE-1l50, under the aboVe title, presents the results ot 
scouting calculations on the power which may be dissipated in a system 
which uses only a thermal s;yphon to remove heat from a. UFS' P-9 moderated, 
pile. 

Belit~.9ooled P-9 Piles 

Exhibit A ot the Appendix presents the results ot scouting cal
ct1.lationa on tho power vkdab. mB.'1 be dissipated in each of a number of con
tiguratiolls employing helium cooling of P-9 piles. 

!!~lium Coolers 

ExhibIt B, a oo';1y of Memorandum LM-25 r.mC-HCV, presents the . 
results of scouting calculations on the characteristics of helium-water 
heat exchangers. 
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Helium Pumps 

Report CE-689 includes (p. 14) a brief discussion of gas pumps 
for a helium pile plant. 

Exhibit C~ a coPY' of a letter, Cha.pin to Sutorbilt Corporation, 
describes the service specified in an order on Sutorbilt for a set of 
prints covering the design of a helium pump_ The Company has aubmi tted 
prints for criticism which will be "returned with the comments of inter
ested parties, together with a request that a set of the final ?rints 
be delivered to th.e address specified in the order. The transact-lon 
will then be considered completed, and tile prints deposited with the 
Information Office. 

UOi - Bismuth Slurries 

Report CE-68l, "Heat Transfer Calculation on Bi-TOS Slurries, II 
presents the results of scouting calculations on the estimated heat trans
fer rates and surface requirements for the dissipation of power from a 
UOS - molten bismuth slurrro 

P-9 Vapor Condensation 

Memorandum LM-60 MOC-HCV, "Condensation Unl ts, 11 presents the 
reaul ts of process design work performed on heat exchangers which were 
to dissipate 50,000 KW by' condensation of P-9 vapor at 2 Ibs./sq .. in .. 
gauge pressure .. 

Surver of Status of P-9 Piles -- , 

Report CB-8S3, "Memorandum from P-9 Committee," incorporates 
as ap?endices, compiled with the half of the T~tical PhY'sics Section, 
a survey of the status ot all P-9 piles under consideration at the time 0 

of the report (August 10, 1945" revised November 3, 1943) .. 

.. 
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Report CE-689 includes (p. 14) a brief discussion of gas pumps 
for a helium pile plant. 

Exhibit C, a COP1 of a letter, Cha.pin to Sutorbilt Corporation, 
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prints covering the design of a helium pump_ The Company has aU.blni tted 
prints for criticism which will be 'returned with the comments of inter
ested parties, together with a request that a. set of the final prints 
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will then be considered completed, and t..'1e prints deposited with the 
Information Office. 

nos - Bismuth Slurries 

Report CE-68l.. YtHeat Transfer CalC-illation on Bi-TOS Slurries~ II 
presents the results of scouting calculations on the estimated heat trans
fer rates and surface requirements for the dissipation of power from a 
U03 - molten bismuth slurry. 

P-9 Vapor Condensation 

Memorandum LM-60 MUC-HCV, "Condensation Uni ta, II presents the 
reaul ta of process design work performed on heat exchangers which were 
to dissipate 50,000 KW ~ condensation of P-9 vapor at 2 1bs./sq. in. 
gauge pressure .. 

Survel of Status of P-9 Piles , 

Report C8-853, "Memorandum from P-9 Committee," incorporates 
as ap?endices, compiled with the helf of the T~tical Physics Section, 
a survey of the status of all P-9 piles under consideration at the time 0 

or the report (August 10, 1945, revised November 5, 1943) .. , 
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A-l 

APPENDIX 

!:!~lium Cooling 

Preliminary estimates were made of the power which may be 
dissipated by circulation of helium through each of a. number of hypothe·
tical metal configurations applicable to P-9 piles. The limitations 
im;:>osed on the removal of power are determined. principaJ.ly b.r the fol
lowing interrelated factors:-

1.) The arrangement and extent of subdivision of the metal, 
which are determined in turn by their effect on the nu
clear reaction and on structural strength. 

2.) The maJr.imum allowable metal temperature, which is determ
ined by the strength and transition temperature of t.he 
metal. For the purposes of the investigation, it <vas as
sumed that at no point in the system should the temperature 
exceed 6000 C. 

5 .. ) The pressure loss through the system which can be counter
balanced by available gas pumps.. It was assumed that there 
would be no interest in allY system with a pressure loss 
through the pile of more than 3 - 4 lQs./sq. in. 

4.) The rate at which gas can be circula.ted through the sys
tem. It was assumed that 100,000 C.F.M. (measured at 
pile inlet conditions, 147 lbs./sq. in. and 600 C.) of 
hel~um represented an upper limit for the gas circulation 
rate in a 50,000 KW plant. . 

5.) The pressure at which the system can be operated. It was 
assumed that the maximum pressure (at the' pile inlet) would 
be approximately 147 lbs./sq. in. (10 atm.) • . 

The following oonfignrationswere considered briefly with the 
results indicated below:-

AQ) Uetal Rods: In a pile of 50~OOO I(W with individual metal 
rods as the active elements, the use of helium as coolant 
is wholly impractical. This is indicated by the res1l1 ts 
of crude calculations which appear in Report CE-689 (page 
12 and Drawing LZ-G-6). 

B.) Uranium Carbide Rods: Scouting calculations were made on 
By'stems of carbide rods, both bare and jacketed with graph
i teA since it was believed that temperatures higher than 
600 C .. might be tolerated in rods of uranium cal'bide. 
The results of' the calculations are presented in Report 
CE-6~9 (page 9). 
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Metal Rods: In a pile of 50,000 I<W with individual metal 
rods as the active elements, the use of helium as coolant 
is wholly impractical. This is indicated by the reslll ts 
of crude calculations which appear in Report CE-689 (page 
12 and Drawing LZ-G-S). 

Uranium Carbide Rods: Scouting calculations were made on 
systems of carbide rods, both bare and jacketed with graph
i teA since it was believed that temperatures higher than 
600 C. might be tolerated in rods of uranium carbide. 
The results of the calcula:t.ions are presented in Report 
CE-689 (page 9) .. 
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Co) Metal Tubes: Estimao~es of the temperatures and pressure 
losses likely to occur with 8 ft. long metal tubes of 
various dimensions, cooled on both surfaces, were made on 
the assumption that an individual. rod produced 200 KW .. 
Tole method of calculation is presented in CE-{)8S (pp;, 10-
12). The results appear in Table I. 

TABLE I 

Inside dia. Outside dia. Inside dia. Temperature Pressure Helium at 
of tube of tube of annulus 0 Co drop p1..1IO.p suc-

Exit Max. through tioD for 
gas metal tube 50,000 KTN pile 

in .. (cmo) in. Ccm.
o
( in. (em.) 

lb/sq.in(atm) cf'm. 5(1 .. /se~ .. ) 
. X 10- X 10-0> 

1.28 (S.2S) 20 00 (5.08) 3.00 (7.62) 160 460 1.,5 (.089) ·140 (66) 

1 .. 2S (5025) 2.00 (5.0S) 2.75 (S.99) 160 390 2.5 (0.16) 140 (66) 

" " II " II II 210 540 1.5 (0.102) 911 (44.4) 
II " II " II " 260 620 0.75 (0.051) 70 (53) 

1 0 28 (5.25) 2.00 (5.08) 2.50 (6.55) 260 585 1.5 (0.102) '10 (55) 

1 0 00 (2.54) 1&75 (4.45) 2.50 (6.55) 210 500 1.6 (0.109) 94 ( 44 .. 4) 
II II " II n It 260 620 1.3 (0.089) 70 (50) 

0.75 (1091) 1.50 (5.S1) 2 .. 00 (5.0S) 210 420 11 (0,,75) 94 (44.,4) 

D.) Metal Plates: Calculations o.t' the relationships between 
power Olltput which may be reallzed, and maximum metal temper
atures, exit gas temperatures, and pressure losses~ were 
made for a system consisting of 8 ft. tall, thin narrow 
plates suspended in l'ectangular channels traversing the 
pile (c.f. Figure 1). 

ASsuming a sinusoidal variation of power output along the 
vertical axis, and applying the ~draulic radius concept 
to 'the irregular gas channels, expressions wel'e developed 
for the maximum metal temperature and the pressure loss 
as functions of the gaa circulation rate, gas inlet temper
ature, duct and plate dimensions, plate SpuClllg, ~1d power 
output per foot length of duct. Three cases were eval'uated 
nwnericall¥. The results are presented graphically in 
Figure 2. 

In each case which was evaluated, the dimensions of' the 
plates were set at S ft. x 1 1/2 in. x 1/4 i..'1~ They were 
conside:red as suspended vertically in a two inch wide duct, 
of which a length of one foot was considered. Table II 
indicates the differences among the three casese 
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B-1 Exhibit - B 

PRELIMINARY. :pESIG!~ OF EXTERNAL HELIUPJl, COOLER (J .. T .. vieilIa, J .. J. Goett) 

The pressure drop, power require.'ltents, and other results of 
calculations are given below for ail exchanger, having tubes of standard 
Aerofin design, to be used 1"01' removing 50,000 KW from the gas i'bowing 
at 95,000 C~A at 7 atmos. aba. and an average temperature of 200 C .. 

V mas.(ft/seco)ilP 2 Ho?o H.P. Heat Tr~ns- Possible Exchanger Water 
#/ino Blower Water fer Area Dimensions(ft.) Passes 

100 2.5 910 

Pump (inside) Width Ht" Lgth. 
(tube 19th .. ) 

2600 6 5 10 6 

75 

50 

1 .. 1 

0 .. 4 

0.07 

450 

160 

l8 

19 2800 6 B 8 6 

22 5200 8 6 6 

25 50 26 4200 

7 

8 14 4 7 

The gas is cooled from 000 to 600 C. while water flawing at 
6000 G.P.M& is warmed from 50 to 600 c. 

Flow is ap~roximately countercurrent. Water flows in a series 
·of bundles, each of 500 one inch tubes' placed in staggered banks., The 
water enters a bundle at the exit gas end and flows back and forth at 
right angles to the gas flow. 

Heat :rransfer 

The heat transfer area required is found b,y u~ing a water side 
film coefficient a dirt coeffj.ciant of 1000 (Biro/hr.ft. ° F .. ) based on 
inside area, and an outside film coefficient estimated with the aid,of 
the middle curve, Fig. 120 (McAdams, Heat Transmission, pp. 255 (1942»~ 
The diameter factor of the modified Reynold's Number is calculated ~ 
using the· equation found on the same pageo The efficiency of the gas 
side coefficient (efficiency of the fins) is nearly unity; the outside 
area. is 6.4 times the inside area. 

Pressure Drol! 

Data on pressure drop across a bank of staggered tubes have , 
been correlated by Chilton and Genereaux (Trans. Am. Inst.Chem. Engrs .. , 
~9,lBl, 1953), the effects of friction being given for the turbulent 
region as: 

, 
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PREL:pY1IN~.DESIGN OF EXTERNAL HELIUM, COOLER (J .. T .. VieilIs, J .. J. Goett) 

The pressure drop, power requirements, and other results of 
~c:mlations are given below for an exchanger, having tubes of standard 
Aerofin design, to be used for removing 50,000 KW from the gas i't0wing 
at 93,000 CFM at 7 atmos .. aba. and an average temperature of 200 Co 

V mas.{£t/seco)~ 2 H.P.. D.P. Heat Trans- Posaible Exchanger Water 
H/ino Blower Viater fer Area Dimensions(ft.) Passes 

100 

75 

50 

25 

2.3 

1 .. 1 

0.,4 

0.07 

910 

450 

180 

30 

Pump (inside) Widt."l Bt .. Lgth. 
( tube 19th.) 

18 

19 

22 

28 

2600 

2800 

3200 

4200 

6 5 10 

6 6 8 

7 8 6 

8 14 4 

6 

6 

7 

The gas is cooled from 000 to 800 C.. while water flowing at 
6000 G.P.M& is warmed trom 50 to 800 C. 

Flow is ap~roximately countercurrent. Water flows in a series 
·of bundles, eacb of 500 one inch tubes' placed in sta.ggered banks.. The 
water enters a bundle at the exit gas end and flows back and forth at 
right angles to the gas flow • 

.Heat :rrans£er 

The heat transfer area required is found b,y u~ing a water side 
film coefficient a dirt coeffi.cient of 1000 (BTU/br.ft. 0 F.) based on 
inside area, and an outside film coefficient estimated with the aid or 
the middle curve, Fig. 120 (McAdams, Heat Transmission, pp. 235 (1942» .. 
The diameter tactor at the modified Reynold's Number is calculated b,y 
using the- equation found on the same. pagea The efticiency at the gas 
side coefficient (efficiency ot the fins) is nearly unity; the outside 
area is 8.4 times the inside area. 

Pressure Dro.,2 

Data on pressure drop aerosss. bank of staggered tubes have , 
been correlated by ChUton and Genereaux (Trans .. Am. Inst.Chem. Engrs., 
29,161, 1933), the ettects of friction being given for the turbulent 
region as~ 
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2 
A P = 4 £ Nr{J V max 

2 gc 

f = 0.7S(DC Vm~f'J-O:2 
. .r' 

... 

where ~ p - friction drop in Ibs. per sq. ft. 

Nr = number of rows 

(1) 

(2) 

~ = density of fluld flowing, lbs. per cu. ft .. 

Vmax = veloci~ through minimum free cross-section, it./sec. 

gc = gravitation constant 

~. = viscosi ty of fluid flowing 
~f' 

Dc = clearance between tubes, normal to path of fluid flow .. 
, 

In order to determine whether this equation applies to banks 
of finned tubes in a s·taggered arrangement, pressure drop data for air 
have been taken from the Aerofin Bulletin #52. For an equivalent dia
meter, the ratio of the face volume of a unit arrangement of the tubes 
to t~e surface area of tubes and f1ns,included in this volume,. is taken. 
This is equivalent to the method of Ge.nereaux, which takes the area of 
a unit free cross-sectlon, parallel to the gas flow divided by the wetted 
perimeter of the smooth pipes. 

Since only the approximate arrangement of the tubes in the 
bank is known and not the exact spacing d.:Lliensions, the e:h."treme cases of 
spacing are used. Actual pressure drops versus various velocities are 
substituted into equation (2) to determine the validity 'of the constant 
0.75. 

For 1/4" pitch fins, the constant in equation (2) equals 0 .. 5. 
The less compact arraneement of 5/a" pitch gives 1.3. Since the actual 
spacing l~ between these extremes, 0.75 may be taken as sufficiently 
accurate for our purposes. 

For the immediate problem, t.he pressure drop has been calculated 
from the following space arrangements, wbich are indicated by the Aerofill 
data: 

o. D. of pipe 
Depth of fins 
Pi tch of fin s 
Thickness of fin 
Distance between tube 

centers in plane perpen
dicular to gas flow 

Distance between banks of 
tubes 

Resul ts are gi van in the table .. 

1" 
0.75" 
1/4" 
0.035" 

2.3/4n · 
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where ~ p - friction drop in lbs. per sq. ft. 

Nr = number of rows 

~ = density of fluid flowing, lbs. per cu. ft. 

Vmax = veloci~ through minimum free cross-section, it./sec. 

gc = gravi tation constant 

j-A" = viscosi ty of fluid flowing 
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Dc :: clearance between tubes, normal to path of fluid now .. 

In order to determine whether this equation applies to banks 
of finned tubes in a ertaggered arrangement, pressure drop data for air 
have been taken from the' Aerofin Bulletin #52. For an equivalent dia
meter, the ratio of the face volume of a unit arrangement of the tubes 
to t::te surface area of tubes and fin,s,Pincluded in this volume, is taken. 
This is equivalent to the method of Genereaux, which takes the area of 
a unit free cross-section, parallel to the gas flow divided by the wetted 
perimeter of the smooth pipes. 

Since only the approximate arrangement ot the tubes in the 
bank is known and not the exact spacing d;L1iensions, the extreme cases of 
spacing are used. Actual pressure drops versus various velocities are 
substi tuted into equation (2) to determine the validity 'of the constant 
0.75. ' 

For 1/411 pitch finS, the constant in equation (2) equals 0 .. 5 .. 
The less compact arraneement of 5/a ll pitch gives 1.5. Since the actual 
spacing lay between these extremes, 0.75 may be taken as sufficiently 
accurate for our purposes. 

FOI' the immediate problem, the pressure drop has been calculated 
from the following space arrangements, which are indicated by the Aerofin 
data: 

o. D. of pipe 
Depth of fins 
Pitch of fins 
Thickness of fin 
Distance between tube 
centers in plane perpen
dicular to gas flow 

Distance between banks of 
tubes 

Results are given in the table .. 

1" 
0.75" 
1/4" 
0.055" 

2,&/4U · 

i 7/18" 
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Mro R. S. Clark 
SUtorbllt Corporation 
2008 East Slauson Ave ~ 
Los Angeles, California 

C - 1 

Dear Sir; Subject A-32020 

E..xh.i hi t - C 

July 16, 1545 

In reply to your letter of July 14, discussing our order 
A-32020, we give below the principal physical. properties of the :.!ll€:r.-t 
gas we wish to handle: 

Gravit.1 at sea level density 600 F 
(based on air density = 1.00) 

0.158 

Cp = Specific heat a.t constant pressure 

c = v " " II 
II volume 

1.,24' BTO/lbe of ~ 
o 

~74 B'ro/lbe F" 

cp/cv = 1.67 dimensiop~ess 

~~= visccsit,y @ 10 atmospheres, 700 c. 
k = conductivity @ atmospheres~ 70° C. 

.051 Ib~mass/rt.hr • 

Suction density = 
• 092 BTp/ft.2hr.(OF/ft 

1.58 

02erating pressures are to be: 

Suction pressure (@ 700'C~) 147 lb./ino2 absolute 

Discharge pres~e 182 II " 
You will note that the only substantial change in the above 

figures from those in your letter is the discharge pressure of 162 lbs", 
Al though there is nothing critical or absolute about this figure at 
present5 we prefer to design for the higher figure, or close too ito 

We are interested chiefly in your very largest pumps p 7.~hich we 
understand from rvtr.. Sutor might handle in the neighbornood of BOOO CFM 
at suction conditions, (60,000 CR'! of free gas) 0 If V'~ are correct in 
our understanding, and you prefer to design on the basis of 10,000 Cn~ 
free gas, nothing should be inco!'oporat(.>(} into the design which would 
not be applicable to the largest pump you makeo 

We know of no foreign material (including water) which we can 
tolerate in the gas stream. Can a gas seal be used? \Ve should like to 

II 

be kept informed of all proposals for seals, method of lubric&tion~ kind 
of joints, gaskets, etco, b.1 means of draw5~gs which are as detailed as 
you can supply. We further believe it necessary that we commeni:. on these 
details as early in the design as possible to avoid any extensive redesign 
should a feature appear unacceptable~ To this end, we request the seal 
details be forwarded as soon as possible. 

TECHNICiJ. DIVISIOn" Eo C. Vernon, Sec",Chief 

by J Q H._ CHAP~ 
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BIBLIOGRAPHY OF REPORTS YffiITTfl~ BY P-9 SECTION 

~ R~:moxt~o. 

BiTOS Slurries .. .. • .. • .. .. • .. .. .. .. • • • • • • • • • .. .CE- 681 

May Monthly Report .. . . . . . ... . • • • • • • • • • • • .CE- 689 

Report to Laboratory Council • .. . .. • • • • • • .. . · .. . • .CT- 748 

June ~,1onthly Report • • • • .. .. • • • .. • .. • • • • • • .. .. • CE- 754 

Report to Laboratory Council • .. .. • • • • .. • • • • • .. • .. .CT- 789 

July Monthly Report • • • • .. • • .. • • .. .. .. • • .. • • • D 0 CT- 814 

Trip to Heat Exchanger Manufacturers .. " • .. .. .. • • • • .. oCE- 865 

Temperature Distribution in an Aluminum Sheath .. · . .. . . .CT- 885 

August Monthly Report • .. .. • • • • .. • • • • • • • •• .. . .. CE- 900 

Steam Bubble Size and Rate of Rise Through Water at Its 
Normal BOiling Point .. • .. .. 0 • .. .. • .. • • • .. • • .CT- 910 

Slurry Pumps .. .. .. .. .. • • • .. .. .. . · .... .. .. .. . .. . .. .. .CT- 911 

September Monthly Report .. .. .. • .. • • • • • .. • • • • .... C'1'- 962 

P-9 Utilization in Slurry Pile Cooling System ........... CT- 969 

October Mon~ Report • .. • .. • • .. 0 .. • .. • .. • • • • .. • .CT-I029 

Minutes of P-9 Steering Committee Meeting ... .. .. . .. .. .. .. 08-1070 

Thel"T.'la.l Syphon for Homogeneous P-9 Pile .. • • • • . .. • • CE-1074 

Shielding of Heterogeneous P-9 Pile • • • ••• . . . .. ... CE-1l25 

Ter'minal Report on Design of Semi-Works' 
Light Water Cooled Heterogeneous P-9 Pile .. . . .. . . 

Maximum Utilization or P-9 in Homogeneous Slurry PUes .. .. .. 

.CE-ll52 

.0E-1145 

Terminal Report~£ Engineering Investigation of P-9 
Homogeneous Slurry Pile .. • .. .. • • • • • .. • 

• • • Q 

Thermal Syphon in Hex P-9 Pile • .. . .. • • • • • • . .. . .. 
.CE-1149 

•• CE-llSO 

Terminal Report of P-9 Studies Section • • ••••••• .. . .C~U5l 
Annual Report . .. .,.... • • • • · .. .. . .. .. CE-1155 

Production of "21St! from Piles .. . o ., 0- ... • •• (I .. A-1225 
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Exhibit E 

E-1 

DRAWINGS 

The follow1ng,is a list of draw.ll1gs and flowsheets 9repared 
in connection wi t.h ,york on the various P-9 moderated piles.. Each is 
labeLLed with an "LZ" number containing an identifying letter, either 
A (arrangement) $ D (detaU), or F (flowsheet) 0 The abbrevia,tiol'ls which 
follow the title show the pile for which the part was dra"wn.. ~'he$e 
abbreviations are as follows: 

L.W~C.P. - Light Water Cooled Pile - (Heterogeneous, Rod Pile) 

H.S.P. - Homogeneous Slurr,y Pile 

E"H.P. - Experimental Heterogeneous Pile (Argonne) 

The drawings concerning the experimental pile at Argonne have 
been turned over to J. J. Goett of the Argonne Group, while the remainder 
ha.ve been f.orwarded to the Informa.tion Office for permanent filing. 

LZ-F-l Flowsheet - Helium cooled heterogeneous P-9 pile 
LZ-F-2 Flowsheet - Light water cooled heterogeneous P-9 pile 
LZ-A-4 Helium cooling cycle 
LZ-D-5 Tank Bottom for Light Water Cooled Pile - test section 
LZ-F··9 Flowsheet - Cooling water cycle - L.W.C .. P. 
LZ-F-IO Flowsheet - Once Through Cooling ,iater - L.W"C.P. 
LZ-F-ll Flowsheet - Recycled Distilled Water - L.W.C.P. 
LZ-D-12 Tube Closure #1 - L.W.C.P. 
LZ-D-15 Tube Closure #2 - 1\ 

LZ-A-l5A Inner and Outer Al Tubes - L.W.CoP. 
LZ-D-22 Hex Nut for Model of Piping Arrangement - L.WoC.P. 
LZ-D-25 Flange for Model of Piping Arrangement - LoWeC~P. 
LZ-D--24 Base Plate for Model of Piping Arrangement - LoW.C.P~ 
LZ-D--2S Inlet Tee n "11 n 11 n· 
LZ-D-28A Alternate Tube Closure - L.W.C.Po 
1Z-A-51 Top Header Elevation - L.W.C.P. 
LZ-A-52 II II Quadrant Plan - L .. W.C.P. 
LZ-A-55 n "Side View " 
LZ-D-58 Al J~sket for TUbe Closure II 

LZ-D-40 Alternate Wash-Tra,Tee 1\ 

LZ-D-41 Two Gasket Tube Closure " 
LZ-D-44 Steel Retainer for Tube Closure - L.W.C.Po 
LZ-D-45 Retainer Nut for If n n 
LZ-D-46 Main Body for If II II 

LZ-D-47 Olosu.re Flange " II It 

LZ-D-49 Al Gaskets II 11 " 

LZ-D-50 Breech-block Flange " tI If 

LZ-D-52 Main Body Flange" 11 It 

LZ-F-55 Flash Cooling of Slurry Pile 
LZ-D-S4 Upper Retainer Flange for, Tube Closure - L.W.C.P. 
LZ-D-55 Lower If II II II II " 

LZ-D-5S i'ilain Body and li'lange 11 a tr " 

LZ-A-57 Flanged Tube ~lo8l1re Assembly " 
LZ-D-58 Retainer for Tube Closure " 
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LZ-D-49 Al Gaskets If II n 
LZ-D-SO Breech-block Flange II " fI 

LZ-D-S2 Plain Body Flange t! tt If 

LZ-F-S5 Flash Cooling of Slurry Pile 
LZ-D-S4 Opper Retainer Flange fo~ Tube Closure - L.W.C.P. 
LZ-D-55 Lower " "1/,, n tt 

LZ-D-5S Main Body and Flange 11 a " n 
LZ-A-57 Flanged Tube ~losure Assembly 11 
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LZ-F-59 Water Cooled Slurry Pile - flowsheet 
LZ-D-60 Breech-block for L.W.CpP& 
LZ-D-61 Alternate Breech-block for LoWeC.P. 
LZ-D-62 Ribbed Tube for " 
LZ-D-65 Spider for Rod Centering II 

LZ-4-64 Shield - 1.WoCoP. 
LZ-A-65 Pwnp Assembl1es 
LZ-A-68 Spiral Heat Exohanger - H.S .. P. 
LZ-A-69 It " n h 

LZ-D-70 Expanding Shell Heat Exchanger - H.S.P. 
LZ-D-71 Heat E:l::changer with Double Cooling - RoS"?,, 
1Z-D-72 fI It Floating Head Detail . II 

LZ-D-75 Automatic HydraiLic Fla.r!ge Union 
LZ-A-74 Schematic .t~I·!'angeT!lent for Shielding Experiment;:; 
LZ-D-75 Counter Shield with Variable Thickness 
LZ-D-82 Development of Ribbed Tube for Rot .Spot Ca.l(""Ula:tion s-·L .. W. C .. P 
LZ-D-85 Ribbed Tube - L.W~C.P. 
1Z-D-84 Taper Pins 
LZ:-D-85 Axial }t'low Pump - HoS .. P .. 
LZ-D-86 Pump Stuffing Boxes - HoSeP~ 
LX-D-87 Vent Plug for P-9 Drum, Exj!erimel1tal Heterogeneous Pile .. 
LZ-D-88 Fill liozzle for P-9 Dzum - E.H .. P. 
LZ-A-89 Heat Exchanger Arrangerllent Around PIle .- H. 
LZ-A-90 11 n .. !I" II 

LZ-F-91 Flowsheet of Dry Separation Process II 

L&-F-92 "for Solvent Separation n 

LZ-A-95 Top Shield Arrangement - LoW~C~P~ 
LZ-D-95 Brass Plate ror Glass Model - EQH.P .. 
LZ-F-96 Flowsheet - E9 Ii.P. 
LZ-D-97 Support for Control Rod - E.H.P. 
LZ-A-98 Control Rod Bearing II 

LZ-A-S9 Tapered Collar for Sh1eld Pipes - L.W~CQPV 
LZ-A-IOO Layer Tne Wet Shield - L.W.C .. P .. 
LZ-A-IOl Modified Layer Ty~e Wet Shield - L.W.C~P~ 
LZ--A-I02 Beam Support for Shield - L.W.C.P" 
LZ-A-105 Device fa .... Shielding Water .Annulus - L .. W .. C.P~ 
LZ-D-I04 ExpandedR:Jd Extension LoW.C .. P. 
LZ-A-105 Thermal Shield - 1.W.C.P~ 
LZ-A-106 Cas'li Iron Blocks for Thermal Shield - L.W .. C"P .. 
LZ-D-I07 Crate for Reactor Tank - E.HoP. 
LZ-D-I08 II II Storage if II 

LZ-A-109 Gas Receive~ - EoH.P. 
LZ-D-1Ll Catalyst Chamber - EaR .. P. 
LZ-D-ll2 Vacuum Surge Tank - If 

LZ-A-ll5 Heat Exchanger ErQ.si.on Test ~rre..ngement .- H"S .. 
LZ-A-1l4 ment for Hex pile 
LZ-D-llS Pressure Vessels f'or l!;xperimsntal P:cogram - HoS.P .. 
LZ-D-1l6 Tumbler Type Probe 
LZ-A-117 Cat~lyst Baa~et -- E.HoP. 
LZ-D--118 SUp;iort Ring for Ca.talyst Basket - E.H.P. 
LZ-~1l9 Weighing Tank - H.S.P~ 
LZ-A .... 120'M:odel lrection Drawing - L. VI&C .. P .. 
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