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Ibis book., comprised of a ausssaary, a main history in six

sections, and four appendices, is intended to present a brief but 

reasonably complete account of the whole F-9 Project,

aashington, D. C., arid of the Manhattan District, Oak Ridge, have 

formed the principal souroes of the data cs which this report is 

based, These have been supplemented by consultations, discussions 

and correspondence with those concerned in the administration, re­

search, development, construction and operation of the projeetj 

also by inspection of the installations. All statements and all 

figures, insofar as possible, have been cheeked at their original 

source®*

of the P-S project- to the termination ©f Manhattan District control 

on SI December 1946.

the aain history. Its headings, sections, paragraphs and sub- 

paragraphs are designated by number# and letters identical with 

those of the corresponding portions of the swain history* therefore, 

any reader of the suasaary who desires acre detailed information on 

any paragraph isay readily turn ta the corresponding paragraph (or 

group of paragraphs) in the aain history. All references to source 

data are confined to the main history, wherein they are usually

the records cf the Office of JJ&jor General J»„ &* Groves,

The period covered by this Book extends from the iaeeptlos

The suaaaary, as its name implies. Is a condensation cf

F.l
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inserted pa r»i: the 13. ca 1 lyj each reference directs the r«&<i®r tG 

the appropriate appendix, where the drawing, photograph, or 

doeumnt itflelf, or else St* title, location act! file desi?natior>, 

mmy be found, fo avoid repetition, referecae* to the appendix 

listings of the Technical Reports and the Contracts have been 

generally osdtted* the«* document* are saparately listed in 

Appendices Cl and C2 and they ©an be readily identified froa 

their deeignation* is the text.
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SECRET
SUMMARY

1*. General.

1-1. The Furpoae of the so-called P-9 Project was 

to provide "heavy water”, or deuterium oxide, for the manufacture 

of plutonium and for otter war usos mhich might develop. The 

purpose of the project lias been successfully attainedi heavy 

water lias been produced in the required quantities.

1-2. Authorization*. All action in connection with 

this project was taken under authority granted by Congress aud in 

accordance with orders issued by the President in conformity 

therewith, as generally set forth in another book., Major General 

L* R. Groves directed or authorised the general policies and 

directives under which the Manhattan District carried out the 

work. The S-l Committee of OSHD and the Military Policy Com­

mittee registered their general approval of the basic decisions 

involved.

2. Research and Development.

2-1* Basic Theory. Science had previously determined 

that natural water is composed of "light" water and deuterium 

oxide or “heavy" water, and that natural hydrogen likewise has 

two components, which are isotopes, "light* hydrogen and "heavy"' 

hydrogen. The problem presented for solution was the production 

of heavy water —  from natural water, or from heavy hydrogen first 

produced from natural hydrogen, or by some other practicable means.

2-2. Specific Research Projects. Both before and after 

the project vvas turned over to the War Department, as represented

SI
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SECRET

by the Manhattan District, in the auraier of 1942, the OSKD entered 

into a number of contracts, on behalf of the Government;, for re­

search. and development work on this problem. This work was carried 

out principally by Standard Oil Development Co., Columbia University, 

Northwestern University, University of Minnesota, Universal Oil 

Products Company, Consolidated Mining & Smelting Co., of Canada, Ltd., 

of Trail, B* C*, Canada, and £* I. du Pont de Nemours and Company..

The work under most of these contracts, and the preparation of th® 

technical reports which they called for, continued after the pro­

ject was transferred to the Manhattan District#

the Consolidated Mining & Smelting Co., at Trail, B. C., was the 

only existing hydrogen producing plant in either the United States 

or Canada in which hydrogen was manufactured by the electrolytic 

method in the quantities required* The early investigations also 

indicated that hydrogen obtained by the electrolytic method might 

be the most suitable for producing heavy water* 5hese facts 

automatically determined the location, subsequently, of one of th© 

heavy water producing plants and precluded the use of the same 

process elsewhere*

or prooeases should be fully developed and used; to what production 

capacities selected processes should be developed! and where the 

manufacturing plants should be located* The decisions finally reached

2-3* General Investigations indicated that the plant of

2-4* The major Decisions Required Includedi what process
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were unanimously approved in all important respsot* by those in charge 

and their consultants. \\?

2*6* The ffrooossos Considered were many. the choice was 

finally narrowed down to the following, four* (1) the "hydrogen-wafeer 

exchange* process, in combination with the "electrolytic1* process, (2) 

the “water distillation"process, (3) the "hydrogen sulphide-water 

duotejsperatur© exchange'* process, and (4) the "triethylaoine" process*

2-3* The Prinolpal Decisions based on the research and 

development we He and the first steps taken to carry them out were*

a. Decision for frail Plant* To install facilities at the 

existing ammonia plant of the C M & 8 Co. in Trail, 8. 0* for produc­

tion of heavy water at an estimated rate of about Q.S ton* per month, 

by the "hydrogen exchange” process, using natural water from the 

Columbia River and the hydrogen already in production at that plant.

To implement this decision contracts were made, on behalf of the 

Government, with the CM&S Co, (for development, design and construction) 

with S. S. Badger 4 Sons Company (for engineering and design of an "ex­

change unit") and with Stone and Webster Engineering Corporation (for 

engineering, construction and managerial services.)

b, Decisions for Plants In United Statesi To 

install supplementary facilities at three existing U. S. Govern­

ment Ordnance lories, namely, Morgantown Ordnance Works, labash 

River Ordnance Works, and Alabama Ordnance iSorks, for production

of heavy water at estimated rates of 0.4 tons, 1.2 tons, and 0,8 

tons per month, respectively, by the "water distillationw process,

using stea® to be obtained insofar as possible from excess supplies
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SECRET

available at the plants, and using natural water from local 

sources. To implement these decisions a contract was made with 

the du Pont Company providing far design of the required facili­

ties, later superseded by supplements to existing separate 

Ordnance Department contracts for the respective plants,

2-7, The Specifications of the Product, as devised 

with the assistance of the Metallurgical Laboratory of the Uni­

versity of Chicago, provided principally that the minimum con­

centration of heavy water for any shipment of finished product 

should be 99*7#> and the minimum average concentration of heavy 

water for all shipments should be 99*75$*

S Design and Engineering*

3-1# Plant at Trail, 3. C,

a. The Site of the Trail plant is located on th© 

property of the C 11 & S Co,, mostly at the works of that company^ 

Chemical and Fertilizer Division at Barfield, 3, C,, about 2 miles 

west of Trail, The principal advantages of this site weres th© 

existing plant facilities, including particularly the hydrogen 

gas which was availablej and the benefit of the experience of the 

personnel at the plant, in connection with design, construction 

and operation* The only disadvantage was location outside the 

United States, and the advantages far outweighed this disadvantage.

Lease arrangements were made for the United 

States Government to lease six parcels of land from the C & S Co, 

and a seventh parcel from the Allied War Supplies Corporation,
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representing thr5 Canadian Government. These parcels, upon which 

the new construction was placed, totalled 0.471 acres#

b# Contracts fox* design and engineering for this 

plant were made with Stone and Webster Engineering Corporation and 

Consolidated Mining & Smelting Co.j subcontracts were made by 

Stone k Webster with E. B. Badger & Sons Co. and Universal Oil 

Products Company#

c_. The Procedure followed required in general that 

all design and engineering work first performed by C If & S Co. and 

Badger, should be checked and reviewed by Stone and Webster and 

approved by representatives of the 03RD S-l Committee and the 

Manhattan District#

d. The Description of Process may be summarised 

with extreme brevity as follows:

(1) In the Primary Plant, normal water is led 

downward through throe first stage towers wherein it meets up- 

flowing hydrogen in the presence of a catalyst and thereby increases 

its concentration of heavy water, some of the light hydrogen com­

ponent of the natural water being displaced by the heavy hydrogen 

component of the upflowing hydrogen. Essentially the same pro­

cedure is repeated in the second, third and fourth stage towers*

(2) In the Secondary Plant, the water drawn 

from the fourth stage of the primary plant (containing approximately 

2.3“S heavy water) passes successively through thrse stages or bat­

teries of electrolysing cells? in the colls of each stage it is
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SECRET

broken down electrically into hydrogen and oxygenj the liquid 

remaining in the cells becomes increasingly concentrated with 

heavy water, and the finally concentrated product, approximately 

99.8% heavy water, is drawn from the third si;age cells.

(3) Two Catalysts were developed for use in 

the process* (a) Platimaa-charconl and (b) Iliekel-chromium. The 

latter was planned and ordered as a reserve, but its production 

was discontinued when the platinum-chareoal catalyst, manufactured 

by J. T. Baker & Co., had proved to be satisfactorily efficient 

and durable*

jb* Costs of design and engineering are included 

with costs of construction, etc., set forth hereinafter, as they
• • I

have not been segregated.

3-2* Plant8 In the United States.

a. The Sites in the United States which were se­

lected for the location of the three plants for the manufacture 

of heavy water by the water distillation process were Government- 

owned reservations at which Ordnance Viiorks were in existence.ja$d

' • W  ' ;
still under construction* '

(1) Morgantown Ordnance Works, Morgantown, 

Monongalia County, West Virginia.

(2) Wabash River Ordnance Works, Newport, 

Vermillion County, Indiana.

(3) Alabama Ordnance Works, Sylacauga, 

Talladega County, Alabama.
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SECRET

eluding steam generating facilities and other utilitiesj the avail­

ability of various services and personnel} and land already owned 

by the Government, These factors effected savings in time and in 

costs of construction anci operation which would not have been pos­

sible at any other sites.

b. Contracts for design and engineering for these 

plants were rn.de with H. I. du Pont de Nemours & Co., in the form 

of supplements to existing War Department cost-plus-a-fixed-fee 

Ordnance eon tract s.

c. The Procedure followed provided, in substance, 

for general supervision of design by the Manhattan District and 

general administrative control by the Ordnance Department, which 

has cooperated efficiently with the District throughout the work. 

Sound considerations of administrative control influenced the 

decision to locate the electrolytic finishing plant (for increasing 

the concentration of the semi-finished material withdrawn from the 

three distillation plants) at the Morgantown Ordnance Works rather 

than at one of the other Ordnance Works,

d* The Description of Process may be summarised 

with extreme brevity as follows*

(1) The Water Distillation prooess is car­

ried out in eight stages, eaoh of which has its own distillation 

tovrer or towers. Uorraal water is led downward through a series

S7
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SECRET

of plates within the first stage towers, meeting upflowing steam 

or vapor arising from water boiling in the bottom portions of the 

towers, and picking up heavy watcir therefrom. The water collected 

in the bottoms of these towers, now more concentrated with heavy 

water, is fed to the tops of the seoond stage towers arid essentially 

the same procedure is repeated in each succeeding stage through the 

eighth* .

(2) In the Electrolytic Finishing Plant 

(at Morgantown Ordnance Works only) the feed water, about 90>t 

heavy water, coming from the eighth stag© of each water distil* 

lation plant, is fed in batohes to electrolysing cellsj in this 

process the semi-finished feed water is broken down into hydrogen 

and oxygen) and the haavy water therein tends to reiaain in the 

cells while the light water is driven off# The prooess is repeated 

through several stages, producing the finally concentrated product, 

99.7% or more heavy water.

e. Costs of engineering and design for the water 

distillation plants are included with the costs of construction and 

equipment hereinafter, as they have not been segregated*

4. Construction.

4-1. Plant at Trail.

a. Contracts, Orders and Leases. The prime 

construction contract was a cost-plus-a-fixed-fee contract nego­

tiated by the War Department with Consolidated Mining and Smelting 

Company of Canada, Ltd. Supply contracts for catalysts were made 

with Harshaw Chemical Company and J, T. Baker & Company. Purchase

S8
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Orders for fractionating; towers were issued to £. X. Sisks Sngineer- 

ing Company, Ind., and artisan Metal Products Company, Inc. j also, 

for catalyst, to Baker & Company. Leaseo for land h a w  been 

described previously*

_b. Description* fh# b o w builsiags constructed 

included the Booster end the Fris* ry Evaporator Buildings, the 

Primary fewer Structure, Cooling Tower, fump Souse, Oscygea Scrubber 

fewer, and Catalyst Shedj additions to existing buildings included 

the Secondary Concentration Plant, the Assay Laboratory and the 

Steam Boiler Plant* All the principal Structures conform In general 

architectural treatment and construction to the existing buildings 

nearby, with fcrlok exterior walls, built-up roofing and concrete 

foundations| the ethers are mainly ef temporary construction, with 

corrugated transits siding* these buildings house *11 the equipment 

required essentially for the production of the heavy water*

For the most part the existing utilities, with 

necessary extensions and connections, serve the new plant.

e* Progress* Construction started 1 September 

1942 and was eompleted SO June 1943, with no material delays, 

the Secondary Concentration Cell Plant was transferred to the 

operators 1 Hay and the first stage towers IS Juno 1943.

4. Costs* Including all «ar Department costs for 

design and engineering as well as construction and equipment and 

Including OSES Expenditures from liar Department funds, totalled, 

as of SI December 1946, *2,604,$22. the contractor** fixed fee 

was one dollar.
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SECRET

4-2. Plant at Morgan town Ordnance Tories»

£#• Contracts. The prime construction cantract 

was the same c o s t-p1us-a-fixed~fee supplement to the Ordnance 

Contract with the du Pont Company which covered design and engi­

neering# Subcontracts were let for special parts of the work, 

b# Description. The new buildings constructed 

included the Proa ess Pump and Control Building (with the Distil­

lation lowers and other equipment)} the Finishing (Electrolytio) 

Building; the Change House, Office and Laboratory Buildingj the 

Product Storage Buildingj Cooling Tower j end Low Pressure Boiler 

House* These buildings are mainly of temporary construction, with 

wood frame, corrugated asbestos siding, built-up roof and concrete 

foundations, except the Boiler House, which has a structural steel 

frame. They house the equipment required essentially for the pro­

duction of the heary water. Some other equipment was also installed 

in the existing Power House and the existing Filter Plant. For the 

most part the existing utilities, with necessary extensions and 

connections, serve the new plant#

ft* Progress. Construction started 7 January 1943 

and was completed (except for changes during operation) 31 December 

1943, with no material delays# The first unit of the plant was 

placed in initial operation 2S May 1943 and the last 28 August 194S#.

£. Costs, including engineering and design as well 

as construction and equipment, but not including any costs incurred

310
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under QSRD contracts, totalled, as of 31 December 1948, #3,476,205. 

The contractor’* fixed fee was $88,688, included In the total.

4-3■ Plant at ftabaah River Ordnance rtcrlca.

a. Contracts, the prime construction eontract mis the 

sane cost-plus-a-fixed fee aupjpleaxmt to the Ordnance Contract with 

the du lent Coapany which covered design and engineering. Sub­

contracts ware let for special part* of the work.

b. Description. Bxoept for the omission of the eleotro- 

lytic finishing building and exoept for differences in sices of 

buildings, the new plant buildings here were similar to those at 

Morgantown* An Area date and Guard Bouse and a warehouse or shop 

ware also constructed, and Instead of the low-pressure boiler house 

(at Morgantown), on addition was built to the existing Power Bouse* 

For the most part the existing utilities, with neoessary extensions 

and connections, serve the new plant, but the existing water supply 

system was supplemented by new wells*

o. Progress. Construction started 23 January 1943 and 

was completed 13 December 1948, with no material delays* Initial 

operation of the units began 17 June 1943 and all stages were ready 

for full operation 16 September 1943*

d* Costa, including engineering and design aa well as 

construction and equipment, but not including any costs incurred 

under O8B0 contracts, totalled, aa of 31 December 1946, $7,986,929* 

The contractor’s fixed fee was $162,472, included in the total*
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4~4. Plant at Alabama Ordn&oo» Works.

a. Contraots. The prim* construction contract was

the »s£9 ooat-plui«*a~fixed-fas supplement to the Ordnance Contrast 

with the du Font Company which covered design and engineering. 

Subcontracts were let for special parte of the work,

b. flesorlption. Except for the omission of the eleotro- 

lytio finishing building and except for differences in sises of 

buildings, the new plant buildings here were similar to those at 

Morgantown. An Area Gate and Ouard Souse and a warehouse or shop 

were also constructed. No new power house was built, but sons 

additional equipment was Installed in the existing Fewer Mousej 

sons was also installed in the existing Pump House. For the 

■tost part the existing utilities, with necessary extensions and 

connections, serve the new plant, but a new eeptio tank was in* 

stalled for the sewer system,

SL* E g r e s s . Construotion started 11 February 1945 

and was eompleted (exclusive of some revisions not ooneidered a part 

of the original work) IS November 1943, with no material delays.

The first unit of the plant was placed in initial operation 28 May 

1943 and the last unit 4 September 1943.

d. Costs, including engineering and design as well as 

const;ruction and equipment, but not including any eosts incurred 

under OSXC eontraots, totalled, as of 31 December 1946, $3,319,92?. 

The contractor’s fixed fee was #70,338, included in the total.

618
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4-6. KeoapitulatloB of Coit*. 

Plant Approx, Total Co*t

Trail Plant (including OSiiD Expenditure* $2,004,622 
fro* War Department fund*)

Morgantown Plant 9,476,206 

7,666,928 

8, 818,827

labaah River Plant

Alabama Plant

OSRD Expenditure* frox War Department Funda 92.160 
for Plant* In tf. 8* #17,847,865

Tba e*tiaata* of *o*t of tlta three plant* in th* Onit*d 

Stat**, a* *tat*d In th*ir r**p*otiv* contract*, *xolu*iv* of f***, 

totalled, combined, about $28,000,000. Thl* nay b* compared with 

th* sum of th* actual oo*t* of tha** thr*a plant*, including f««* 

(but exoluding oth*r expenditure*), a* li*t*d above, $14,681,061.

• 8. Oparatlon.

8*1. Plant at Trail. 8. C.

plant wa* nod* with th* Consolidated Mining and Smiting Coapany, 

a* operator, and the contract for operation of th* addition to th* 

•team plant wa* aad* with th* Canadian Government, tha C« M. h S. Co 

**rring a* int*rv*nant. Th* contract for oparatlon of th* manu- 

faoturing plant provid**, in g*n*ral, for th* 0 U & 8 Coapany to 

op*rat* th* plant and for th* a, S. to pay all operating cost*, 

without profit, for th* product obtaln*d| th* contract contain* 

d*tailed provision* and oondltiona, concerned in part with the 

n*o***ary concurrent oparatlon of the contractor'* electrolytic

a. The Contract for operation of the manufacturing
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aauonla producing plant, and providing for four successive periods 

which might extend g a m  20 years after the cessation of hostilities 

in the preaaat w a n  a Period Ops, or first period of operationj 

a Standby Periodi a Seoond Period of Operation! and a Leas* feriod. 

During the final lease period, which is to be SI years, the 0 M & 8 

Company has the right to purchase the plant, under certain conditions* 

if the company does not exeroise this right, the United State* 1* to 

dismantle the plant and restore the C M & $ Company premise* to their 

previous condition.

The C M & $ Contract was Modified, effective 1 September 

1846, from a cost-plus to a unit price basis. The original G 1 1  3 

P-9 Contract provided tor the contractor'* privilege to use all 

production during the Standby period" and 50$ of all production in 

the "second period of operation*. Since the Government deaired to re­

tain control of all material during these period*, it was necessary to 

devise a modification of the contract in which the contractor agreed to 

turn over complete production to the Government on a unit price baai*. 

The unit prioe wa* established such that the Government paid the con­

tractor** price of 878.78 per pound for the entire production in the 

ninety day standby period following I September 1846 and $83.44 per 

pound for the entire production during the second period of operation. 

The prioe for the second period of operation wa* arrived at hy 

averaging 8C$ of the production at the contractor** prioe, vi*., #78,72, 

and 80j£ at cost-plus-overhead, vis., $28.00 per pound.
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b. Mlstory of Operation. The history of operation of tha 

plant at Trail, fro* tha start-up on 16 June 1949 wag for tha moat part

• continuoug struggle to gat into tha full produotion of 1000 lba par 

month, originally propoged, aa quiokly as poasibla. This goal was finally 

reached in December 1M4 instead of August, tha nonth first estimated, Dur­

ing tha period of gradually increasing monthly produotion, studies were made 

of the ̂ problem ef produot losses, with the help of tha representatives OJp 

Columbia University, who had been following the project e losely, and various 

steps were taken to eliminate leakage and improve produotion*

j». The Produotion tooords their that production Increased almost 

oontinuously, from SI pounds per month in July 1948, the first complete 

month of operation, to 1060 pounds per month in Oeoenber 1944. Sinoe 

December 1944 the produotion at the Trail Plant has averaged more than 1100 

pounds per month and the total cumulative produotion to the end of Oeoenber 

1946 was 66,960 pounds of P-9.

4L Produotion Costs. The operating ooets from Jbly* 1949 to 

1 September 1946 averaged about #26,261 per month* In this time the unit 

eost per pound of P-9 Produot had deereased from #1010 per pound in August, 

1949 to #24 per pound in August, 1946. After 1 September, 1946 the unit 

oost of the P-9 increased to #78.72 per pound for the 90-day standby period 

and #88.44 per pound thereafter. This lnoreased oost was resultant of the 

Modification Vo. 1 to the Trail Oontraot (See 6-1 a. above).

816
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As of 1 September 1946 the total ooat, inoluding 

amortiaation of the oonatruotion ooats baaed on 120-month plant 

life, n a  approximately #69*00 per pound.

6-2, Planta in the United Statea.

a. The Oontraota for operation of the three heavy 

water producing plants in the United States are the same three 

supplements to the respective ooet-plua-a-fixed-fee ordnance 

oontraots with the duPont Company previously mentioned as 

covering design end oonatruotion. These eontraots provided for 

minimum monthly operating fees as well as per "unit" (or per ounoe) 

operating fees. These fees, with the "units" translated to pounds 

are as followsi

Plant _______________________ Operating Fees T ■ .. . '
J-or Monthly I'irat For Additional iiniavm Fens 
Produotion in lbs Fee per lb Monthly Produo- Per Month 

cf i ■■■■■ ;;______  tion, Fee Per lb

Morgantown 800 $6.08 #8.20 # 2*400

Vabash liver 8,400 9.26 4*80 10*700

Alabama 1*600 9.28 4.80 7,000

Monthly fee payments were based on the amount cf 

finished product drawn from the Morgantown finishing plant, equitably 

proportioned to the three plants, in aoocrdanoe with the amount of 

unfinished product supplied by each.

b. The operating Proocdure followed provides in general 

that the Ordnance Commanding Officer at eaoh plant exercises 

administratire control and the Manhattan District Engineer exercises 

technical supervision, thereby avoiding duplication of personnel 

and maintaining desired aeoreey and efficiency.

SECRET
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o. History of Operation. For thee* plants likewise 

the history of operation, fro® the respective dates of start-up 

of full operation, in August and September, 1949, to 1 April 1945,

was for the most part a continuous struggle to get into full design 

production, originally estimated at 4,800 lbs per month. Although 

it became apparent that this rate was not likely to be fully attained,

every effort to increase production was continued, with the help of

an independent committee of consultants. Kussbers of euggestions

were node for eliminating losses end improving production; these 

were all carefully considered and those which seemed most practicable 

and promising were tried out. The most important of these wait the

repair of the plates in the large diameter first stage towers,to 

reduce by-pass leakage, this improvement was successfully made 

on a sample pair of towers at Morgantown) the results Indicated 

that similar reconstruction of ell firet stage towers at all three 

plants would increase production very materially. By the time 

that this had been determined, however, at the beginning of the 

year 1943, it was estimated that an approximate balance between 

supply and demand for the finished produot would soon be reached, 

and it was deolded that the complete reconstruction would not be 

justified.

The duPont P-9 distillation plants at the Alabama Ordnance 

Works, Wabash River Ordnance Works and Morgantown Ordnance Works 

were shutdown in June, July and August, 1846, respectively. The 

electrolytic finishing plant operations at Morgantown Ordnance Works 

were terminated in September, 1848. In cases considered economically 

feasible, intermediate products drained from these plants were

forwarded to Trail and introduced into the Trail Operations, resulting
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in a net increase in produotion at frail of approximately 1600 founds 

of P»9 while normal Trail operations end operational oosts remained 

undisturbed.

water wore produced at the Morgantown eleotrolytie finishing plant 

(fro® the unfinished produet of fill three distillation plants) during 

the month of February, 1944. Proa that month to August, 1948 the

lbs bseause the experiment was tried of temporarily discontinuing 

drawing off from the distillation plants in the hope that the effioi- 

eney would be inoreased by building up internal concentrations* The

was 2877 lbs and the total cumulative production for this period was

(90jC enrlohed) end 8181 pounds cf material recovered in Germany and 

reworked to produot specifications in the finishing plant.

e. Production Costs* The produetion oosts for the period 

February, 1944 to the time when each plant was placed in standby 

averaged approximately as follows *

d. The Production Records show that 2488 lbs of heavy

monthly produotion has vailed between 1998 lbs to 8020 lbs, except 

during the month of August, 1944, when production dropped to 1299

average monthly production from February, 1944 through August, 1948

43,268 pound*. This does not Include 726 pounds Of special product

Plant

Morgantown Ordnance Works 

Vabash Rirer Ordnance Works

Average Monthly 
Produotion Cost

Alabama Ordnance Works

#72,000

197,400

1S4.000

Total #428,400

The average production cost per pound during this period was

818
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approximately #186. If plant amortisation based on 120-month plant 

life la included, thia produotion oost would be approximately #819 

per poundj or if full amortisation of the total oonatruotion ooste 

is included* the oost would average about #650 per pound.

6-3. Recapitulation.

a. Produotion accords. The total cumulative produc­

tion to the end of Deoombor, 1946 for all four heavy water plants was 

81,470 pounds of P-9 Product* This figure does not include 726 pounds 

of special product nor 8161 pounds of Oerman produot reworked to P-9 

product specifications at Morgantown Ordnanoe Yorks• At present the 

total produotion is increasing at the rate of approximately 1100 

pounds per month* The faot that performance did not meet expectations 

(with respeot to the date of attainment of designed produotion, at the 

Trail -Plant, and with respeot to both the maximum rate of produotion 

and the date of its attainment* at the plants in the United States), 

was due principally to the novelty of the material and the processes* 

The scientists and engineers merely set their sights somewhat too highi
’ ’>• • • . • . • • ...... V-. V ‘

and as they were dealing with a comparatively new material and compara­

tively new processes never before attempted for quantity produotion, 

this is not surprising* Hie constant efforts of all 

oonoerned to inorease produotion and their suocess is attaining the 

production actually needed are noteworthy.

b. Produotion Costs for all four plants combined, cumulative 

to 31 Dooei&er, 1 946 were about #11,967,000* This total is inoreasing

at a monthly rate of about #69,000 plus #1,776 required to maintain
Y

~\
\
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the United States plants in stand-by.

o» The estimated Total Cost per Pound of Product, 

from all four plants combined, including amortization of 

construction costs of the Trail, B, C* plant based on 120 months 

plant life, is approximately $204* If the entire construction 

oosts are assumed to be amortized as of the end of December, 1946, 

this total cost per pound of Product is approximately |356« This 

represents a mean cost of #550 per pound for the three plants in 

the United States and #111 per pound for the plant at Trail* The 

lower cost of the hydrogen-water exohange plant at Trail is re­

sultant to a considerable extent from the fact that hydrogen 

was already being produced at that plant, with facilities already 

existing*

5-4* Shipments of Material, in partially concentrated 

form, were .made from the Alabama and Wabash River distillation 

plants to the Morgantown electrolytic plant by Railway Express 

under "Money" receipts, in sealed, special metal containers* 

Deliveries to and from the Express offices were made by special 

truck* Shipments of the finished product from the Trail Plant 

and from Morgantown, to the University of Chicago, respectively, 

are and were handled similarly by Railway Express*

6* Organization and Personnel*

6-1* Administration* In another book the Government 

organization and personnel for the overall administration of this 

project, including the parts played by the OSRD, the S-l Committee, 

and the Military Policy Committee are set forth* The project
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funotionod under the dirootion of JJt^or General L, H. Groves, 

with the Manhattan District carrying out his general instruc­

tion*, From 20 July 1943, Colonel K. 0. Mahals was District 

Engineer of the Man hattan District, succeeding Colonel J. C. 

Marshall on that date. A separate unit of the Manhattan District, 

under Major H. S. fraynor, was in charge of the development and 

production of the product, with separate officers in general 

handling the construction work and the operation work at eaoh
_ r-' ■ •: :s • >” . •• *• :• ‘ i :> •, r:; 'yr '
plant.

6-t. Research end Bevolopscenfc Personnel were headed by 

Dr. H. C. Drey, at Columbia University. Soejo of the work was also 

carried on at frinoeton University, Northwestern University and tbs 

University of Minnesota, and by Universal Oil products Company and 

the du Font Company.

6-3 • Design Personnel included principally, for the plant 

at frail. Dr. C. H. Wright of Consolidated Mining & Smelting Company 

and Mr. A. L. Hart ridge, of Stone and lobster Engineering Corpora­

tion* and for the plants in the U. S. Hr. E. 0. Aokart, Mr.

Granville M. Bead, Sir. Tom C. Gary, and Mr. V. £. Thayer of £. 1. 

du Pont de Femurs and Company.

6-4. Collet ruction Personnel included principally*

Mr, H. P. Teidje of C M & S Co. at Trail, B. C.| Mr. B. G. Aokart 

and Jlr, Granville K. Head of the du Pont Company for the plants 

in the U. S.

321
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6-5# Operating Personnel included principally* Dr# C# H# 

Wright, of C M i S Co. at Trail, B# C.; Dr# J# A. Monier, Dr# W# p, 

Bebbington and Mr. V# R# Thayer of the du Pont Company, in charge 

of general technioal supervision of operation at the three plants 

in the United States. A total of 45 employees are now operating 

the Trail plant.

A special committee of consultants was called upon to 

advise in connection with the operation of the plants in the 

United States, and this committee was headed by Dr* W. K# Lewis 

of Massachusetts Institute of Technology#

6-6# General, To the loyalty, cooperation, skill and 

hard work of all those named above, as well as many others, too 

numerous to mention, is due the successful attainment of the 

purpose of this project#

S22
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XMKATTAR DISTRICT HISTORY 

BOOK III - THE f-9 PROJECT

SKCTIOH 1 - OBHKRAL
' : ' ..

l-l. Purpose,

a. The purpose of the P-9 Project (the term used to 

designate the heavy water project) as determined at the outset, 

wac the provision of "heavy water" or deuterium oxide for the following 

uses t•• •.••••• ; . . . k i ■u; -. \ . " :* ... • :; ; • •.. /, ■ , J

(1) As an essential material to he used in developing 

a "heavy water" method of manufacturing plutonium. This was an al- 

temate process, or insurance. In the event that the "graphite*" full- 

scale production method (making use of graphite Instead of heavy 

water) encountered unpredictable and delaying obstacles whloh could 

not be overcome In time for the end product to b* of use during the 

war.;

(2) As a material whose scientific possibilities, 

whloh the enemy might uncover, had yet to be fully explored. It was 

known that the Germans were making serious efforts to produce heavy 

water.

b. This purpose has been successfully attained. Ths 

produot has bssn manufactured by two different processes. One of 

those processes has been oarried on at an existing electrolytic 

hydrogen plant owned by the Consolidated Mining & Smelting Company,

Ltd., at Trail, British Columbia, Canada.

1.1
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Th© other process has b»en carried on at three of the U, S. Govern- 

Kent1# existing Ordnanoe plant*» the SSorgantown Ordnuaoe Work#, 

Morgantoira, fwat Virginia.) the ftafeash Stiver Ordnance Work*, Kowport, 

Indiana, and the Alabaaa Ordnance Tories, Sylaoaugu, Alabama.

o. Although the construction of new plants, or part* of 

plants, for production of the desired material was required in each 

case, the partial use of ©rifting industrial facilities reduced this 

construction to a minimum and effected very material savings in over* 

all costs* The plant which was installed at Trail, 1. C., in effect 

makes use of hydrogen already In production, borrowing it from the 

C S H  Company for the new process and then returning it again to 

that company for its ammonia production, minus a constituent which 

they did not need) each of the three other plants made use of steais 

for which the equipment was already available or could he Installed 

with a minimum of new conetruotion. Many additional facilities 

(utilities, services, etc.) which were already in existence before 

the new plants were installed have also been used to advantage, as 

will be noted hereinafter*

d« The material produced has been used in a joint project 

with our allies and the material and the methods of ite production 

remain available as "Insurance* in connection with other known 

uses. The potential future uses of the product era still unaffooted) 

the scientific knowledge and data available to the Qovemaant have 

through the prosecution of this project been increased Immeasurably)
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the ohanoee of tho enemy outstripping tin* science of this country 

have been correspondingly decreased. In this connection— in evalu­

ating th© overall purpose and accomplishments of the project— it is 

well to look into the future. Regardless of what final plans for 

continuing peace aay be developed, it is certain that peace for this country 

can be stade secure only if the Government maintains a leading position in 

the development of potential new war ssaterials and war methods#

1-2# Authorisation.

a# All action in connection with the institution and prose­

cution of this project was taken under authority granted by Congress 

in the Acts whloh are described in another book (Book X)j the funds
.• '■ V •• ' *. •. . •' •• •• . ;• • ' ' ">
v'‘. V : • ;• ' ; ; >\ • i .. 1 ••*./ j V-.

used were likewise appropriated by Acts there described.

b, Under the authority vested in him by these Acts, the 

President issued orders and authorisations which are described in the 

ease book (Book 1)#

o# Major General L. B. Groves directed or authorised the 

general policies and directives under whloh the Manhattan District 

carried out the work# The $-1 Committee of the OSRtf and the Military 

Policy Committee registered their general approval of the basic de­

cisions Involved, as recorded in the minutes of meetings or in other 

documents In the project files. (Appendix Elj See also Section 6, 

Organisation and personnel}.
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SECT ICE 2 - EESEARCH AKD DEVRLOPMOT

2-1. Basic Theory.

a. Before this project was undertaken solensjc had already 

determined that natural water is composed of "light” water and 

deuterium oxide or "heavy" water* that natural hydrogen likewise has 

two components, "light" hydrogen and deuterium or "heavy" hydrogen* 

and that these are Isotopes* and that when "hea^y" hydrogen Is burned 

with normal oxygen it forms "heavy" water.

b. Science had also determined, to the degree of accuracy 

theretofore attainable, that both "heavy" water and *heavy" hydrogen 

are present in the ratio of roughly oca part in 7000, or .015$, in 

natural water and natural hydrogen respectively. Prior to the ex­

tensions of scientific knowledge nhich developed from this project,

it ess generally assumed that the "heaty" water concentration was
/ • •

the same In all natural watersj but the recent research has led to the 

theory— not yet accepted by all— that this ratio varies and that some 

natural waters contain more heavy water than others. Tha total range 

of the variations is so dose to the range of errors in measurement 

by the means so far devised, that this theory of variations has not 

yet been generally aocepted. Correspondingly, these variations seem 

too small to produce appreciable effects in the manufacturing pro­

cesses, although it was at one time thought thet the use of a natural 

water having a low heavy water oontent might be s serious handicap.

c. The problem presented, for solution by those in charge 

of research and development, waa,broadly speaking, the production of
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heavy water by one or more) of several possible means: by separation 

from natural water* or by production of heavy hydrogen and formation 

of heavy water therefrom* or by some other method which might be 

developed.

2-2• Spoclflc Research Projects#

a. In the summer of 1942, certain portions of' the S-l work, 

oonoerned with the development and production of uranium--including 

heavy water production— were transferred from the OSHi) to the "fiar

Department* (See App* D2) At that time 6 considerable amount of
1 ‘ • . •

heavy water research and development work had already been started 

under contract, including specifically the following more important 

projects (See App. Cl for Reports and App. C2 for Contraots)j

(1) Investigation for construction and operation of 

a pilot plant for th© production of heavy water. This work is des­

cribed in Technical Reports Bos. S97, dated 24 November 1942, and

S-108, dated IS December 1942, and is covered by Contract OEMsr-166, 

with Standard Oil Development Company, dated 8 December 1941, ef­

fective, with its supplements, for the period 1 August 1941 to 31 

December 1942#

(2) Investigation of suitable oatal^ts for use in 

heavy water production plants. This work is described in Technical 

Report Ro# S-108, dated IS December 1942, and is covered by Contract 

0EUar-407, with standard Oil Development Company, dated 23 May 1942, 

affective, with its supplements, for the period 21 January to 21 

July 1942.

(3) Separation of heavy water. This work is des­

cribed in Technical Report No* A-1933, dated 28 February 1944, and
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is covered by two contracts, with Columbia University* OEMar-107 

dated 29 October 1941, effective, with its supplements, 1 July 1941 

to 31 July 1942} and OMsr-412, dated 23 May 1942, effective, with 

its supplements, for the period 1 December 1S41 to 31 August 1944. 

The latter contract was superseded by Vilar Department Contract No.

Vi-7405 eng-50, on 1 May 1943.

(4) Development of continuous deuterium analytical 

apparatus and, determination of. deuterium content of water samples. 

This work is described in Technical Reports Nos. A-369, dated 4 

November 1942, and A-527, dated 1 February 1943, and is covered 

by Contract OEMsr-482, with Northwestern University, dated 18 June

1942, effective, with its supplements, for the period 1 May 1942 

to 31 January 1943*

(6) Studies, cost estimates, preliminary engineering 

work on a large-scale heavy water production plant and experimental 

investigations, especially on the tests of catalysts. This work is 

described in Technical Report No. A-608, dated 2 December 194*2, and 

is covered by Contract OEMar-797, with Consolidated Mining & Smelting 

Company of Canada, Ltd., dated 4 January 1943, effective, with its 

supplen»nts, for the period 1 February to 30 September 1942.

(6) Studies and experimental investigations in con­

nection with the mass spectrograph, and construction of a number of 

spectrometers. This work is described in Technical Report No. A-797, 

dated 20 October 1943, and is covered by Contract OMar-149, with the
«

University of Minnesota, dated 19 November 1941, effective, with its 

supplements, for the period 1 July 1941 to 30 June 1943.

2.3
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b. Further researoh was instituted after the transfer to 

the Manhattan District, including particularly the following additional 

specific projectsi

(1) Studies and experimental investigations in 

connection with the development of nickel or other catalysts for 

promoting exchange reactions. This work is described in Teohnioal 

Reports Nos, A-501 (Columbia Serial No. 100 XR-26), dated 14 January

1943, and A-534, dated 13 February 1943, and is covered by Contract 

OEMsr-693, with Universal Oil Products Co., dated 15 October 1942, 

effeotive, with its supplements, for the period 10 September 1942

to 31 March 1943,

(2) Engineering studies for the development of a 

method of producing heavy water from ammonia by the “direct method”. 

This work is described in Technical Report No. A-394, dated 4 Decem­

ber 1942, and is covered by Contract OIiMsr-776, with E. I, du Pont 

de Nemours & Company, Wilmington, Delaware, exeouted by the Director 

of OSRD upon the recommendation of the S-l Committee on 26 September 

1942, This contract was dated 8 Deoember 1942, effeotive for the 

period 1 October 1942 to 1 April 1943,.

(3) Studies for the development of a method of pro­

ducing heavy water by the solvent extraction of natural water with 

triethylamine. This work is described in Final Report No. A-1916, 

dated 15 December 1S43, and is covered by Letter Contract No., 

ft-7412 eng-68, with the du Pont Company, dated 19 July 1943, super­

seded by the correspondingly numbered lump sum contract dated 15 

March 1944,

c. A number of other studies and experiments had also
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been carried on, but the above represent those which were the most 

comprehensive and inportant* A list of technical reports appears 

in Appendix Cl*

2-5* General Investigations*

existing hydrogen producing plants on this continent, for the pur­

pose of determining which was best suited for use in conjunction 

with one of the proposed processes for manufacture of hea-vy water 

(App. D3). It was found that the plant of the Coneolidated Mining 

& Smelting Company of Canada, Ltd*, located at frail, B* C., was 

the only one in either the United States or Canada in which the 

hydrogen was manufactured by the electrolytic method in the required 

quantities. This automatically determined the location of one of 

the heavy-water producing plants, as described hereinafter, and pre­

cluded the possibility of rapid development of production by the 

same process anywhere else*

faotured by the coke and natural gas processes was deficient in 

"heavy” hydrogen, a basic component of heavy water* At this time 

hydrogen manufactured by the eleotrolytio i»thod was considered 

the most suitable for producing heavy water, and therefore the re­

search in connection with the production of hydrogen, for use in 

the production of heavy watwr, was then oonfined to the electrically 

produced gas only.

a. The OiSKD had obtained statistics, in 1941, of all

b. Early investigations had shown that hydrogen manu<

2*5
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2-4. Decisions Required.

a. Based upon the knowledge Mid data obtained frost the 

research work, the following major deolsions were required)

(1) What process or processes should be fully 

developed and used in manufacture/

(2} to what production capacities selected processes 

should be developed|

(8) Where the manufacturing plants should be located, 

b. During the course of reaching decisions on these points. 

It was inevitable that there should be difference* of opinion among 

the consultants and others upon whoa the responsibility rested* and 

the exigencies of the war, with the over-powering necessity to save 

every possible day of tine, would not permit the lengthy investi­

gations both in and out of the laboratory which a no real peaoe-tirae 

program would have demanded, nevertheless, every available argument 

pro and con was developed and earefully weighed, in conference after 

conference, and the decisions conformed clearly to the overall re­

sultants of these discussions. Generally unanimous agreement was 

reached on all the most Important actions.

2-6. Processes Considered.

a. Careful consideration was given to every one of the known

or assumed possible methods of producing heavy water, the ehoi$S was 

finally narrowed down to the following four processes*

(1) The "hydrogen-water exchange* process by which deuterium 

was concentrated in a catalytic exchange reaction between hydrogen

2 .6

8. ■ ii ii is .. |
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gas and water vapor. Special consideration was given to this process 

because of the availability of a pure hydrogen, generated electro- 

lytically for the manufacture of ammonia at Trails B. 0. This process 

was generally recognised to be in a more advanced statej therefore, 

more certain in its results than any of the others* (See App. Cli

S-97, A-608, S-108, and A-1935).

(2) The "water distillation’’ process, or "ft” process (App.

Cl» A-501, A-544, and A-1S3S).

(3) The "hydrogen sulphlde-water duo temperature exchange" 

prooess, or "S* process. This was recognised as being still in the 

early experimental stagesi and therefore, less certain in its results 

than either of the two preceding processes, but it was regarded as 

very promising! studies for its development were continued, with

the approval of the $-1 Committee, even beyond the time that 

deoision was made to adopt other prooesses. This process was not 

adopted because of its continued uncertainty and because the infor­

mation available indicated that it would take more time to develop, 

that it would be more costly, and that it would require greater 

quantities of critical materials, principally stainless steel.

Probably the most serious and doubtful problem involved in this 

prooess was the proteotioa of equipment against tbs corrosive effects 

of the water-hydrogen sulphide mixturei it was believed that the 

addition of inhibitors or the use of a protective coating of "Herealte" 

would solve this problem and reduce the need for stainless steel, but 

adequate long-time teats were still required to prove the efficiency
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of either of these action*. (App. Cli A-741j App. £4, DS, and B6).

(4) Th© "triethylaiains'' process. Preliminary laboratory

research at Columbia University and at the Massachusetts Institute

of Technology had indicated that heavy water might be produced

economically by this process and that this prooes* night be carried

out in plants constructed for production of heavy eater by water

distillation, with but little Modification. Final Report Jfo. A-1916

showed, however, that the use of triethylamino was not feasible and

consequently research on the process was finally abandoned * 

b* Komenolaturo.

The nomenclature of these processes, comparatively new 

as they are, has not yet beaome standardised* therefore sons of the 

processes nay be referred to in the records by names other than those 

used herein. The names here used are the nost informative, however, 

and it ie believed that they ean be readily Identified by the oontext 

when referred to by other nanes.

2-6. Principal keolelon*.

a. Pecision for Trail Plant.

To install facilities at the existing amonla plant of 

the Consolidated Mining; and Smelting Company, in Trail, B. C#, for 

the production of heavy water at an estimated rate of 0.5 tons 

per month, by the "hydrogen gas'* process, using natural water from 

the Columbia River and the hydrogen which was already in production 

at that plant. (App. Dl).

(1) Once the determination had been made to select 

this type of process, the decisions as to location and rate of pro­

duction were dictated almost automatically by the conditions. As
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previously noted, Trail was the only location where electrolytically 

produced hydrogen was already available, and estimates indicated 

that production of 0.6 tonts per month oould be expected without undue 

extensions to existing facilities.

(2) To implement this decision, the following first 

steps were taken*

(a) The O.S.R.D. issued a Letter of Intent to 

Consolidated Mining and Smelting Company of Canada, Trail, British 

Columbia, dated 26 February 1942, to make expenditures up to #5,000 

for studies and investigations with regard to electrolysis for a 

heavy water plant.

(b) The OSRD issued a Letter of Intent to Con­

solidated Mining and Smelting Company, dated 1 May 1942, to make 

additional expenditures up to #50,000 for studies for a heavy water 

plant and changes in their existing plant and for experimental in­

vestigations, including teste of catalysts.-

(c) The OSRD entered into Contract Ro. OEMsr-797, 

with Consolidated Mining j-, Smelting Company, dated 4 January 1943, con­

firming and superseding both of the two Letters of Intent described

in paragraphs (a) ana (b) above and providing for total payment of 

$56,000, the sum of the two payments thereunder. This contract pro­

vided for the conduct of studies and preliminary engineering on a 

large scale plant for manufacturing heavy water or P-9, the conduct 

of investigations and tha reporting of resultsj it was effective 

for the period from 1 February to 30 September 1942. This work is
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described in Technical Report Mo. A-608, dated 2 December 1942*

(a) The OSRD authorized E. 9. Badger & Sons 

Company, 75 Pitts Street, Boston, Massachusetts, in May 1942, to 

proceed with the engineering and design of an ’’exchange unit" for 

a heavy water plant at Trail, B. C. (This authorisation was later 

confirmed by lump sum subcontract No. 22 (C-819), dated 16 July 

1942, between Stone and Webster Engineering Corporation and the 

Badger Company.) (App. D7).

(e) Shortly after the project was taken over 

by the Manhattan District, Stone & Webster Engineering Corporation 

assumed the duties of furnishing the general architectural, engin­

eering, construction and managerial services for the work at Trail,

B. C., as a part of their overall architect-engineer-constructioa- 

management services for the Manhattan District, under Contract No*. 

$-7401 eng-13, dated 29 Jim© 1942.

b. Decisions for Plants in P. 8.

To install supplementary facilities at three existing 

Government Ordnance Works for the production of heavy water at an 

estimated combined rate of 2.4 tons per month (Morgantown Ordnance 

Works, 0.4 tons per month, Wabash River Ordnance Works, 1.2 tons 

per month; Alabama Ordnance \*,orks, 0.8 tons per month) by the 

"water distillation" process, using steam to be obtained insofar 

as possible from excess steam available at the plants, to be supple­

mented if necessary by the construction of additional steam generating 

facilities, ana using natural water from a local source in each case.

2.10
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(App. D8, D9).

(1) The problem of determining how tauch of th©

product should be scheduled for production at these plants was a 

difficult one, and at different tinea different quantities were 

under consideration, varying in summation from 2 to 5 tons per 

month. The total amount of he airy water which would be required 

was unloiovm. It would depend upon th® final choice of method for 

producing plutonium and this likewise was unknown at the time the 

decisions had to be made. The only thing that could be done was 

to axercise considered judgmant and schedule such quantities as 

seemed most reasonable, and sound decisions were reached. The 

predetermined schedules (calling for a total of 2.4 tons per month 

at the three Ordnance Plants combined, or 2.9 tons per month at all 

four plants combined) have produced quantities which have proved to 

be sufficient for all necessary research and experimentation and 

they have enabled the War Department to obtain the necessary design 

and operating experfenoe for such future expansion as may some day 

be necessary.

should be developed and carried on, many existing Ordnance Plants 

were considered (including especially those Ordnanoe Plants in th© 

natural gas area between Eew Orleans, Louisiana, and Corpus Chriati, 

Texas), in order to determine those locations at which the greatest 

advantage to the Government could be obtained from existing materials 

and existing facilities. It is believed that this advantage was 

secured at the sites selected.

(2) In determining the plants at which this process

2.11
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(3) To implement these decisions, the following

first steps were tekenj The Manhattan Diatriot issued Letter
\

Contraot No. KV-7412 eng-4, dated 16 November 1942, to the du Pont 

Company. This oontraot provided for the design, construction and 

operation of a plant for the produotion of heavy water, in addition 

to studies, etc., from whloh the type of plant was to be determined. 

In accordance with this contraot, at • conference on 29 December 

1942, with General L. R. Groves and Colonel K. D. Bichola, the de­

cisions were reached to proceed with the design and construction of 

facilities for produotion of heavy water at the three Ordnance 

Works and in the approximate quantities above desoribed. On 31 

December 1942, a supplement to Letter Contract No. W-7412 eng-4 

was issued, authorizing expenditure of $15,000,000 instead of 

&>,000,000, the original tentative figure..

(4) The du Pont Company was selected for this work 

principally for the following reasonsi (a) they were splendidly 

equipped with facilities, organisation and personnel well qualified 

for blazing new trails In the development of new processes of manu­

facture, (b) they were already recognized as leading designers, 

builders and operators of munitions plants, (c) they were already 

engaged on the construction of the three Ordnance Plants in question.

(8) The du Pont Company agreed-with some hesitation—  

to undertake the work, despite the difficulties involved and despite

2.12
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)

I

the lack of any specific knowledge, largely because of their re­

cognition of the importance of the work as a war project*

2-7. Specifications of the Product*

a« Exact specifications of the product were not established 

before arrangements were made for construction and operation of the 

proposed plants for production of heavy water, because at that time 

the exact standards required were unknown. It was agreed, however, 

that the final produot would have a concentration of heavy water in 

the neighborhood of 99J? to 100#.

tween representatives of the Metallurgical Laboratory of the University 

of Chicago, the du Pont Company and the Manhattan District, tentative 

specifications were agreed upon and it was decided that final speci- 

fioations would be determined by the Metallurgical Laboratory, Uni­

versity of Chicago, as the organization most concerned with standards 

of purity and concentration* (App.. DIO)*

a. Subsequently* the following specifications for the 

finished product were adopted (App. Dll and D12)«

(1) The minimum concentration of heavy water for any

shipment of product after correction for O^g content shall be 90,7^.

(2) The minimum average concentration of heavy water 

for all shipments of product from each plant shall be 99.75$.

(3) All finished produot shall have pH of 6.0 to 6.6.

(4) fto adjustment of Ojg isotope shall be made in 

any product unless it exceeds ten times normal concentration.

b. At a conference in Hew Tork on 18 November 1943, be-

2.13.
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(6) So specific llclfcatiois asod be placed on iapuri

ties, iii %i#w ©f th® savaral distillations provided is each plant 

during tha process of aaiitt/'aeturiiig th# final product, expact*^ 

to rcdwce isfiiritiss to Insignificant proportion*.

product, a s drawn from eaeh ©if the three distillation plant® at th®
*

Ordnaooe forks, bafora prooassiag 1b th# elaetrolytlo plant at Mor­

gantown (aa described hereinafter)* It wa* fait that It would fee 

most unwise to cat any apaoiflo standards, for concentration of 

heavy water or other qualification*, aa this might easily handicap 

production* fhe ofearaeterlsties of the sea&l-finished product war# 

accordingly left for datamiteatloa fcgr tha operator, aa dicta tad by 

oparatlag eotsditiens, and specifications aere fixed for th# final 

product «ily, as it was drawn frcea th# electrolytic plant* L& a 

mt t e r  of fact, the concentrations to ha attained la the semi­

finished product fcnierwent changes taring the period of operation* 

Those oosweatrations obtained at th# tisse tha three water 

distillation plant# were placed la staadiy was about ®S^ to »C£*

d. So apacifieetioo* war* .fixed for the scad-finished

2*14
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SECTION 3 - DESIGN AND ENGINEERING

3-1. Plant at Trail, B. C.

a. Site.

(1) Description (App. D13).

(a) The Trail plant is located on the property 

of the Consolidated Mining and Smelting Company of Canada, Ltd.,

in the Trail Area, Kootenay District, Province of British Columbia, 

Dominion of Canada. Trail is about seven miles north of the Wash­

ington State border, International Boundary, and about 102 miles 

north of Spokane, Washington*

(b) The Canadian Pacific Railway serves the 

area, with previously existing track facilities direct to the pro­

ject site. The prinolpal roads entering the city arst a continu­

ation of U* S. Route No. 395 from Spokane to Kettle Falls and 

Washington Route No. 22 from Kettls Falls northward, crossing the 

Canadian border near Pattersonj and the Southern Trans-Provinoial 

Highway, B. C. Route No. 3, entering Trail from Nelson, British 

Columbia..

(c) Trail is located in the Columbia River 

Valley basin with the mountains of the Selkirk Range towering 

around the city. The principal industry of the region consists of 

the mining, smelting, chemical and fertiliser works of the C.M. & S. 

Company..

3.1
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(d) The works of the C. M. & S. Company have 

two main locations in the Trail Area* the smelter at Tadanao, B. C., 

immediately north of Trail, and the chemical and fertilizer division 

at Warfield, B. c.^ about 2 miles west of Trail. Most of the new 

construction work was performed at the Warfield site, which is a 

broad level plateau about 630 feet above the Columbia River. The 

principal soil type on this plateau is sand, and no unusual foundation 

problems were encountered.

(e) The principal advantages of this site weret 

the existing plant facilities of the C* M. k S. Company, including 

particularly the hydrogen gas available from their own ammonia manu­

facturing process, as well as existing structures, utilities, etc.j 

and the benefit of the experience of the personnel of the C. Jl. & S. 

Company in connection with design, construction and operation of the 

new plant*.

(f) The only disadvantage of this site was its 

location outside the boundaries of the United States. As previously 

noted, however, this was the only existing plant on this continent 

at which electrolytically produced hydrogen was available in the 

required quantities. The advantages of this site far out-weighed 

Its disadvantage*

(2) Lease Arrangements.

(a) Under the terms of the contract between 

the United States Government and the Consolidated Mining & Smelting 

Company hereinafter described all alterations to C. M. & S. owned
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facilities remain the property of that company and title to all 

new facilities erected on company owned property are vested in the 

United States Government. (App. C2> W-7405 eng-10)*

(b) The land upon which the new construction 

was placed has been leased to the U. S. Government, in six paroels 

by the C. M. 4 S. Company, and in a seventh parcel by the Allied 

War Supplies Corporation, an agency of the Canadian Government. 

(App. C2» W-7418 eng-70).. Bo rental is paid for this land other 

than the general considerations speoified in the contract. The 

seven parcels may be tabulated as followsi

Parcel No* Occupied by Leased From
Ground Area 
in Sq. Ft.

1. Booster Bldg. ) 
Evaporator Bldg.) 
Tower Struoture )

cms Co. 7,363

2. Secondary Plant cms Co. 5,388
3. Cooling Tower) 

Pump House )
CM&S Co. 3,060

4. Assay Laboratory CM&S Co. 850
5. Oxygen Tower CM&S CO. 195
6. Catalyst Shed CM&S Co. 1,120
7.

TOTAL

Steam Plant AfVS Corp. 2,688

20,664
or, 0.474 acres -

(App. Al and D14)

b. Contracts.

(1) The contracts for design and engineering in con­

nection with the plant at Trail were as follows*

(a) Fixed Fee Architeet-Engineer-Manager Contract, 

between the U. S. Government and Stone and Webster Engineering Corpor­

ation, 90 Broad Street, New York, N.T,, Contract No. W-7401 eng-13.
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dated 29 June 1942.

(b) Fixed Fee Arohitect-Engineer (end Con- 

atruction) Contract, between the U. S. Government end Consolidated 

Mining it Smelting Company, Ltd., Trail, B. C., Canada, Contract Iso. 

W-7406 eng-10, dated 31 July 1942.

(c) DSHD Contract OUisr-797 with CMSsS Company, 

dated 4 January 1945, affective for the period 1 February to 30 

September 1942. (See Section 2)

(d) Lump Sum subcontract, between Stone and 

Webster Engineering Corporation and E. 3. Badger and Sons Company, 

76 Fitts Street, Boston, Massachusetts, dated 15 July 1942, No. 22 

(C-819), covering design and preparation of finished engineering 

drawings for complete exchange unit and the procurement of certain 

equipment and materials therefor*

(2) There was also the following subcontract for 

design, engineering and consulting services in connection with the 

production of nlokel-ohromium, which was proposed ee an alternate 

catalyst for the plant at Trail.

Lump Sum Subcontract, between Stone and Webster 

Engineering Corporation and Universal Oil Products Company, 310 

Miohigan Avenue, Chicago, Illinois, dated 21 October 1942, No. 21 

(C-818).

e. Procedure, ,
/

In general, the engineering and design work was first 

performed by C M & S Company under their researoh and development

4&‘«T " ' " • p T T
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contract and their construction contract and was then submitted 

to the Stone and Webster office in Boston for check and review.

It was then reviewed and approved by a representative of the QSRD
/

S»1 Committee, by a Manhattan District Area Eagineer in Boston 

and finally by the Manhattan District. The same general procedure 

was followed tor the engineering and design work which was first 

performed by £• 3. Badger & Sons Company.

tops of three first stage towers containing alternate layers of 

bubble cap plates and perforated trays filled with catalyst.

Flowing downward through the towers the water comes in contact 

with hydrogen (produced in a battery of first stage eleotrolytio 

eells) passing upward* By means of this contact between the 

counterflowing hydrogen and water in the presence of a catalyst 

and in the bubble cap plates, the heavy hydrogen component of 

the upflowing hydrogen displaces some of the light hydrogen, a 

component (with oxygen) of the downflowing water, increasing the 

concentrations of heavy water in the water coming out of the bottoms 

of the towers. (Normal water going into the tops of the towers is 

about 0.015^ heavy water).

is fed to the first stage electrolysing cells where, by electrical 

means, it is broken down into hydrogen and oxygen. The hydrogen is 

then passed through coolers where the entrained water vapor is con-

d* Description of Process. (App. A5 and D16).

(1) Primary Plant. Normal water is fed to the

The water from the bottoms of the first stage towers

3.5
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densed out and the relatively dry hyirogen Is fed back into the 

bottoms of the first stage towers to meet more incoming water and 

give up so ms of its heavy hydrogen component* Coming out of the 

tops of the first stage towers the hydrogen is fed back to the 

Consolidated Mining & Smelting Company ammonia plant (where it is 

combined with nitrogen to form aitmonia)..

The water which is oondensed out of the hydrogen 

coming from the first stage electrolysing cells is fed to the top 

of • second stage tower (constructed similarly to the first stage 

towers) where it meets upflowing hydrogen produced in a battery 

of second stage cells, and the process, as described for the 

three first stage towers, is repeated, with the exception that the 

hydrogen passing out of the top of the second stage tower is fed 

to the bottoms of the first stage towers.

Third and fourth stage towers (constructed similarly 

to the first stage towers) and third and fourth stage batteries of 

electrolysing cells repeat essentially the second stage process, 

each returning hydrogen from the top of the tower to the bottom 

of the tower of the preceding stage.

Vapor condensed from hydrogen produced by the fourth 

stage battery of electrolysing cells contains about Z,Z% heavy 

water and is used as feed for the secondary plant. All of the hydro­

gen from which a portion of the heavy hydrogen has been extracted is 

returned to Consolidated Mining & Smelting Company for the manufacture 

of ammonia*

3.6
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(2) Secondary Plant* The secondary plant consists

essentially of three stages of batteries of electrolysing cells. 

Water (containing approximately 2.3# heavy water) is drawn from 

the primary plant and fed to the first stage cells of the secondary 

plant where it is broken down electrically into hydrogen and oxygen* 

The hydrogen and oxygen are then burned (reformed into water) and 

fed back to the primary plant. The liquid reiaaining in the cells 

becomes increasingly concentrated with heavy water, as this compon­

ent tends to remain in the cells and the light water component tends 

to be broken down into hydrogen and oxygen and to leave the cells.

chemically treated, is fed to a battery of second stage cells where 

the process described for the first stage cells is repeated, with 

the exception that the hydrogen and oxygen drawn off from the cells 

are burned and returned to the first stage instead of to the pri­

mary plant*

stage cells and perform the same type of prooess. Liquid drawn 

from the third stage cells is the finally concentrated product, 

approximately heavy water.

the laboratories it had been indicated that the most promising mater­

ials to use for catalysts with the catalytic exchange method of produc­

ing heavy water were* first platinum-charcoal for be3t results; and

Liquid from tha first stag® cells, after being

The third stage cells draw liquid from second

(3) Catalyst3.

From. the early research and development work in

3*7
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second, nickel-chromium which appeared to be somewhat less 

effective*

(a) Platlnum-ohareoal. A catalyst of 

platinum on charcoal which gave evidence of being suitable for 

commercial production had been developed by researoh at Prinoeton 

University, under a subcontract of OSRD Contract OEMsr-412 and 

Manhattan D istrict Contract No. Tft-7405 eng-f>0* J* T* Baker & 

Company, Inc., 113 Astor Street, Newark, N .J ., had been assooiftted 

with this development program; they had produced in small particle 

form a catalyst of this type which had proved successful in labora­

tory tests, and this Company appeared to be fully qualified to 

supply the neeessary quantity of acceptable material for the P-9 

project at the Trail plant.

Accordingly decision was reached at a conference 

on IS October 1942, to procure an in itia l charge of 1,000 cu* ft*  

of the platinum-charcoal catalyst, designated as "Product 43” , from 

J* T* Baker & Company, through Stone & Webster procurement channels* 

There were present at this conference representatives of the S-l 

Committee of OSKD, of Columbia University, of J. T. Baker & Company, 

of Stone and Webster, and of the Manhattan District. This decision 

was made despite the fact that there was s t i l l  some question as to 

whether or not this catalyst would become poisoned or lose its  acti­

vity in long duration production service* The in itia l charge was 

procured under Purchase Order No. 44, dated 3 November 1942, between 

Stone & Webster Engineering Corporation and J. T. Baker & Company.

3.8
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Later, an additional 36,000 lbs* or a second 

complete, or reserve, charge of the platinum-charcoal catalyst 

mas procured under direct contract negotiated by the Manhattan 

D istrict, with J* T* Baker & Company, Contract Bo* W-7407 eng-®* 

dated 29 March 1943* This second procurement action was taken 

upon the recommendation of the OSBD consultant and after a de­

tailed investigation by the Manhattan District* The decision was 

based on the faet that production of the alternate catalyst, 

niokel-chromium, referred to in the following paragraphs, had been 

proceeding slowly and there was some fear that it  would not be 

oompleted in time for the start-up of the Trail plant*

(b) Hiokel-chroatum*. The development and 

procurement of an alternate catalyst was believed to be essential, 

as oatalytic operation at the Trail plant was imperative and it  

was impraoticable to determine fu lly  in advance what the usable 

l i fe  of the platinum catalyst would be* For this reason subcon­

tract No* 562,612 of Contraot OEMsr-412 had been made with the 

Universal Oil Products Company, to develop the Columbia niokel- 

chromium catalyst*

A s a result of decisions reached at another 

conference on 14 October 1942 (the day following the conference 

previously described) at which representatives of the $-1 Com­

mittee of OSRD, of Columbia University, of Harshaw Chemical Co*, 

of Universal Oil Froduots Company, of Stone & Webster, and of 

the Manhattan Distriot were present, the following actions were
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taken*

(1) The Universal Oil Products Company# 

210 Michigan Avenue, Chicago, I llin o is , was engaged by Stone k 

Webstar Engineering Corporation, under lump sum subcontract Ho. 21 

(C-818), dated 21 October 1942, previously described, for design, 

engineering and consulting services in connection with a reduction 

plant for production of the material at the plant of the Harshaw 

Chemical Company. The Universal Company was seleoted beoause 

they had accumulated considerable experience on the problem as 

consultants to the OSRD in the preliminary stages of this project.

(2) The Harshaw Chemical Company, 1945 

Bast 97th Street, Cleveland, Ohio, was engaged under Contract Ho. 

W-7405 eng-16, dated 3 November 1942, and Supplemental Agreement 

Ho. 1 , dated 6 May 1943, negotiated directly by the Manhattan 

D istrict, for the production of the catalyst (designated as “Pro- 

duet Ho. 8 0 ") , according to specifications and directions furnished 

by the District Engineer. The Harshaw Company was seleoted be­

oause they were well known specialists in the commercial catalyst 

fie ld  and possessed fa c ilitie s  for commercial produotion with the 

exoeption of the reduction equipment. The contract originally  

provided for production and delivery of 90,000 lbs of the material.

Through the Bummer and early fa l l  of 

1943 operating experience at Trail had shown that the platinum 

catalyst was entirely satisfactory and gave no Indication of be­

coming poisoned or losing its  effectiveness. For this reason.
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and because a second charge of the platinum catalyst was already 

available, the decision was made to discontinue further production 

of the nickel-chromium catalyst, only about 1900 lbs, or leas than 

'tf, of the contract amount, having been delivered up to that time. 

Accordingly, on 1 November 1943, the contract with Harshaw Chemical 

Company was terminated and the production equipment was placed in 

standby condition. (The subcontract with Universal Oil Products 

Company had been terminated on 3 August 1943, the work called for 

thereunder having been substantially completed). \

e.. Costs. Because some of the contracts under which 

this plant was designed cover also management, construction, e tc .,  

the costs of design and engineering have not been segregated. They 

are included in the other costs set forth in Section 4 hereinafter.

3 -2 . Plants in the United States.

a. Sites (App. D16, D17, D18)..

U ) Sor^xAovm. QrdmM^morks.

(a) The new P-9 Plant at the Morgantown 

Ordnance Works Is located on the reservation previously acquired 

by the Government in Monongalia County, West Virginia, about 2 

miles south o f th© city  of Morgantown, on thejwest bank of the 

Monongahela Kiver, between U. S. Navigation Locks Nos. 10 and 11.

The P-9 Plant is in th© central part of the reservation, to the 

south and east of the main manufacturing installations, covering an 

area of about 2.5 acres, out of the total reservation area of about

3.11
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826 acres. The principal part of the plant is completely separated 

from the main manufacturing area by its  own fence.

(b) A spur from the Monongahela Railroad 

and two sidings serve the projeotj there arc also wharf fa c ilit ie s , 

on the Monongahela River whioh provides all-seasonal barge trans­

portation as well as a reliable water supply. A concrete access
1', V

road leads from the project to U. S. Highway 19 at Yfestover, W. Va., 

a suburb of Morgantown, and is connected with Morgantown by a con­

crete highway known as the River Road.

(e) The topography of the area as a whole is 

h illy . The soil In general throughout the reservation is loam, 

sand and clay (with occasional rock outcrops in the eastern sections) 

with shale, coal and rook occurring in insignificant quantities*

The most important natural resources of the locality are bituminous 

coal and m tural gas.

(d) Adequate housing fa c ilitie s  for employees 

were already available nearby in Morgantown and Westover..

(e) The principal advantages of this site were* 

the existing plant fa c ilitie s  of the Morgantown Ordnance Works, 

ineluding some existing steam generating fa c ilitie s  in the Ordnance 

Works power house and other u tilit ie s , e tc .j the availability of 

various services and their personnel ufaich were already in operation) 

and the availability of land already owned by the Government. These 

factors effected savings in time and in costs which were possible

3.12
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only at this site and at the other two selected Ordnance sites*
\

Twisting u tilities  -which could be used, at 

least in part, included! water supply, sewer system, electric  

system, heating and steam system, compressed air system, tolephone 

system, fire alarm system, roads and walks.

Services which could be used at least in part, 

included* guards, fire  department, personnel o ffice , etc*.

(2) ’Vabash River Ordnanoe Works*

(a) The new P-9 Plant at the Wabash River 

Ordnance Works is located on the reservation previously acquired 

by the Government in Vermillion and delt townships, Vermillion 

County, Indiana, adjoining the town of Newport, Indiana, and 

immediately north of the town of Dana, Indiana* The P-9 Plant is 

in the northeast portion of the reservation, and the whole project 

occupies three separate areas, totalling somewhat more than 8 acres, 

out of the total reservation area of about 21,600 acres* (The 

fenoed in plant area of the Wabash River Ordnanoe Works covers 

about 4,500 acres). The three areas are designated as the P-9 

manufacturing area, the power area and the water supply area.

The P-9 manufacturing area is completely separated from the plant 

area of the Ordnance Works by a fence of its  own*

(b ) The entire reservation is Government 

owned, but outlying parts of it have been leased to local farmers 

for cultivation.

3 .IS
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( c )  The plant is served by three railroads*

the Baltimore and Ohio Railroad and the Chicago and Eastern Illinois  

Railroad heve each a spur track entering the reservation; the Chicago, 

Milwaukee, St* Paul and Pacific Railroad has access to the plant 

under agreement with the B*. & 0. R , R. for  switching to the letter ’ s 

track at le st Dana. Access by highway is  provided principally 

from Indiana State highway Mo. 65 on the eastj also from the south 

over U. S. Highway No. 36, from the north over seoondary feeder 

highways and from the west over section roads in I llin o is . Indiana 

State Highway No* 71, which ran through the reservation, furnishes 

access to the west plant gate.

(d) A portion of the reservation connected 

with the main area by a corridor about 4/lO of a mile wide, ex­

tends to the Wabash River, and the water supply is obtained from 

wells in this extension, located along the Wabash River* The 

soil at the site is a fertile  loam, overlying day and gravel, and 

the surfaoe slopes gently to the southwest. The principal natural 

resources o f the surrounding area are coal, sand and gravel} coal 

mining and production of sand and gravel are substantial industries.

A large part of the land near the plant is fertile  and under culti­

vation in farms averaging leas than two hundred acres each.

(e) Ample housing fa c ilitie s  for employees 

were already available in the neighboring communities of Terre 

Haute, Danville, Rockville, Clinton and Paris.

bensokr
Line

bensokr
Line



SECRET

( f )  The principal advantages of this site  

were in general the same as those previously described in par* 

a (1) (e) above for the site  at the Morgantown Ordnanee Works.

(3) Alabama Ordnance Works.

(a) The new P-9 plant at the Alabama Ord­

nance Works is located on the reservation previously acquired 

by the Government in Talladega County, Alabama, at the junction 

of the Talladega Creek and the Coosa River, about 14 miles north 

of Sylaoauga, Alabama, 4 miles north of Childersburg, Alabama, 

and 45 miles southeast of Birmingham, Alabama. The P-9 plant 

site is in the east oentral part of the reservation, covering

an area, graded approximately leva!, of about 6 acres, out of 

the total reservation area of about 13,000 acres. The site of 

the manufacturing plant is completely separated from the rest 

of the reservation by its  own fence.

(b) Ihe entire reservation is Government 

owned and was purchased under existing easements. There are 

no licenses or mineral rights.

(c) There is  direct railroad freight ser­

vice (but no passenger service) to and from the Alabama Ordnance 

Works, via spurs of the Atlanta, Birmingham k Coast R. R. and the 

Central of Georgia R. R. Connecting roads directly into the 

reservation provide adequate accessibility to the highways lead­

ing to Birmingham, S>lacauga, Childersburg, and Talladega.

3J5
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(d) The area is in general gently rolling  

oountry with flat lands adjacent to the river. Th® soil is 

predominantly a residual clay containing varying amounts of 

sand, gravel and fragments of rofck in varying stages of decom­

position, overlying a foraation of Polomitic limestone. Over 

most of the plant site the upper 15 to 20 feet has a bearing 

value of about to 5 tons per square foot* A bearing value 

of 4,000 pounds per square foot, determined after tests , was 

used in the design of a ll  foundations. The area contains no 

natural resources worthy of mention and manufacturing is  the 

principal industry.

(e) Housing fa c ilitie s  for employees were 

already available at Government housing projects in the neigh- 

boring communities of Childersburg, Sylaoauga, Talladega and 

Birmingham.

( f )  The principal advantages of this site  

were in general the same aa those previously described in par. 

a_ (1) (e) above for the site at tha Morgantown Ordnance Works.

b. Contracts.

(1) Letter Contract No. W-7412 eng-4, with E. I .  

du Pont de Nemours & Company, Inc., dated 16 November 1942, has 

already been described in Section 2. This contruot provided for 

design and engineering services, as well aa construction.

3.16
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(2) This contract was later merged in and super­

seded by three separate Manhattan District -  du Pont supplements 

to existing Ordnanoe Department -  du Pont cost-plus-a-fixed-fee  

contracts. These supplements were signed by a Contracting Officer 

appointed by the Chief of Engineers and by a Contracting officer

appointed by the Chief of Ordnance, each with respect to his own
. 1 .

functions, and they were approved by the Chief of Engineers. They
( •' : v

I;.' I.
are designated as followsi M

(a) Morgantown Ordnanoe Works.. Supplemental 

Agreement No. 7, dated 11 May 1943, effective 16 November 1942, 

to Contract So* 75-0RD-490, dated 28 November 1940*

(b) Vabash River Ordnance Works. Supplemental 

Agreement No. 6 , dated 11 May 1943, effective 16 November 1942, to 

Contract No* WORD-856, DA-W-QRD-381 dated 12 December 1541..

(c) Alabama Ordnanoe Works, Supplemental 

Agreement No. 13, dated 11 May 1943, effeotive 16 November 1942, 

to Contract No. W-OHD-526, DA-W-OttC-1, dated SO Juno 1941.
* 1

(3) Under one of the Titles of each of these 

Ordnanoe contracts (Title II for Morgantown, and Title I for 

Wabash River and Alabama) the du Pont Company, as principal con­

tractor and architeot-engineer, performed a ll  design services 

as well as (under these and other Titles) a ll procurement, con­

struction and equipment services,

c. Procedure.

(1) A modification of the usual War Department 

procedure for design and engineering under cost-plus-a-fixed-fee

bensokr
Line

bensokr
Line



S E c r n

oontr&ots of the type described above was followed for eaoh of 

the three plants, let general, the du iPoat Company performed the 

ncrvioes under the general supervision of the S4anhattar. D istrict, 

but under the administrative control of representative* of the 

Ordnanoe Department. Efficient cooperation between that Depart- 

Btent and the District was maintained throughout the work.

(2) The eleotrolytio finishing unit was located 

at Morgantown principally because the Morgantown Ordnance Works 

was the only one of the three plants which was under the direct 

operating control of the Ammonia division of the du Pont Company, 

whloh had charge of the F-9 work. This was an advantage in sim­

plifying and facilitating not only the operation of this unit 

but also its  design and construction, and was therefore to the 

best interest o f the Government.

(3) To check design and engineering data, parti­

cularly the efficiencies of the plates used in the distillation  

towers, a series of experiments in the production of heavy water 

were conducted by the du tout Company at their Belle Works. A 

report on these experiments was made to the Manhattan District 

by letter dated SI March 1943 (App. 019).

d. Description of Process (App, AS and £20).

(1) ftater D istillation.

The process is  oarried out in eight stages, eaoh 

of whioh has its  own distillation tower or towers. As the concentra­

tion of heavy water increases from stage to stage the total volume
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of material processed decreases and in oonsequence the diameters 

and the numbers of the towers in general decrease progressively 

from stage to stagej the main exception to this general rule is 

found in the later stages— th© fifth , sixth, seventh and eighth— 

for each of which there ia one tower, uniformly of the smallest 

diameter in the series.

Normal water in the form of condensate from 

f ir s t  stage calandrias or heat-exohangers 1® continuously fed to 

the tops of the f ir s t  stage towers*

(The fir s t  stage consists of units, each com­

prised of one 15* diameter tower and one 12* diameter tower, ar­

ranged in parallel in a group, or groups, of fiv e . One, three 

and two of such groups are located at Morgantown, V̂ abash Elver 

and Alabama Ordnance Works respectively)*

Passing downward through a series of plates 

within the towers th® water comes in contact with upflowing steam 

or vapor arising from a quantity of water continuously boiling 

in the bottom portions of the towers* By this process the down- 

flowing water tends to pick up the heavy water from the upflowing 

steam and the water collected in the bottoms of the towera becomes 

concentrated with the heavy water component* The steam passing 

out of the tops of the f ir s t  stage towers is condensed and discarded 

from the process at Wabash River and Alabama Ordnance Works* At 

Morgantown Ordnance Works this condensate is delivered to the cooling
\

tower* \

3.19
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The seaond stags tower# operate in essentially  

the same msaar as the fir s t  stags except that water partially con­

centrated with heavy water from the bottoms of the fir s t  stage towers 

is fed to the tops o f the second stage towers and steam discarded 

from the top® of the second stag© towers is condensed and fed to 

the bottom of the fir s t  stage.

The third and succeeding stages operate In the 

same manner as the second stage, each stage receiving water from 

and returning steam to the preceding stage* The water collected in 

the bottoms of the eighth stage towers is drawn o ff  as feed for the 

secondary electrolytic finishing plant* (The concentration of this 

semi-finished produot from the eighth stage towers was subject to 

considerable variation during the f ir s t  ten months o f operation*

Curing the last eix months o f operation the average concentration, 

frost the three d istillation  plants, was uniformly 89fi to 9 0 $ ,)

(2) Electrolytic Flcishing (at feSorgantown Ordnance 

lerks only}*

Feed water, oonsisting of about heavy water, from 

the eighth stage of each of the three water d istillation  plants, is  fed 

in batches to electrolysing cells in the electrolytic finishing 

unit at Morgantown Ordnanoe Works, where i t  is  broken down by elec­

trical means into hydrogen and oxygen* In this process the heavy 

water in the semi-finished feed water tends to remain in the cells  

while the light water is  driven o ff as hydrogen and oxygen. The 

process in the electrolysing cells is  repeated through several
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stages until the liquid  remaining in the c e lls  is concentrated 

to the specified  degree, 9S.7$ or more heavy water. (See 

Section 2 ).

e. Costa.

Because the contracts under which these water dis­

tilla tio n  plants were designed cover also the construction, pro­

curement and equipment, the costs of design and engineering havs 

not been segregated. They are included in the other costs set 

forth in Section 4 hereinafter.
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SECTION 4 -  CONSTRUCTION

4 -1 . Plant at Trail, B. C. (App. D13),

a. Contracts, Orders and Leases.

(1) Prime Construction Contraot.

The War Department's Letter Contraot No. 

W-7405 eng-10, dated 51 July 1942, with Consolidated Mining & 

Smelting Company, Trail, B. C ., superseded by a correspondingly 

numbered cost-plus-a-fixed-fee contract dated 31 July 1942, ap­

proved by the Under-Secretary of 1¥ar, was the principal contraot 

covering the oonstruotion of the plant for production of heavy 

water at Trail* This contraot was in addition to OSRD Contract 

OEMsr-797, previously described.

(2) Arohltect-Fnglneer-Manager Contraot.

The contract with Stone and Webster Corpor-
, I

atiom, for services including overall supervision of the work, 

has been desoribed hereinbefore, in Section 3 .

(3) Supply Contracts.

The War Department negotiated two supply 

contracts for catalysts as desoribed in Section 3.

(a) No. W-7405 eng-16, dated 3 November

1942, and Supplemental Agreement No. 1, dated 6 May 1943, with 

the Harshaw Chemical Company, Cleveland, Ohioj and

(b) No. W-7407 eng-6, dated 29 March 1943, 

with Baker and Company, Inc., Newark, N.J.

SECRET
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(4) Purchase Ordera.

The following important purchase orders were

issuedt

(a) Ho. 1, dated 9 October 1942, and Changes 

thereto, to S. D, Micks Engineering Company, Inc., 1671 Hyde Park 

Avenue, Boston, Massachusetts, covering fabrication of five special 

fractionating towers*

(b) So. 42, dated 6 October 1942, and Changes 

thereto, to Artisan Metal Products, Inc., West Street and Sullivan 

Square, Charlestown, Massachusetts, covering fabrication of two 

special copper fractionating towers.

(e) Ko. 44, dated S November 1942, and Changes 

thereto, to Baker and Company, In c ., 113 Astor Street, Hewark, I .J . ,  

covering manufacture of additional oatalyst#

(5 ) Lease Arrangements.

The lease arrangements for the C M & S-owned 

fa c ilitie s  and for the land oocupied by the ft* S. Government-owned 

fa c ilitie s  are described in Section 3*.

Description. (For Drawings, See App. D2l)«.

(1) Site Plan.

The general arrangement of the plant and its  

relation to the existing plant of the CK&S Company are shown in 

Appendix A l.

4.2
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(2) Buildings..

The now plant construction included the new 

buildings and extensions to existing buildings listed below, as 

Indicated on the site plan and in the photographs in Appendix 31.

(a) Booster Building.

38' x 68* x 29* high? with BL" 10* x 36’ x 

29* high; concrete footings and floor, wood frame, 8” brick walls, 

t i le  interior partitions, laminated roofers and built-up roofing. 

This building contains booster hydrogen blowers.

(b) Primary Irvaporator Building.

26* x 63T x 26* high* concrete footings 

and floor, wood frame, corrugated transite aiding and roofing.

This building contains water evaporating equipment.

(c) Primary Toner Structure.

28* x 66* x 124* highj reinforced con­

crete mat foundations, reinforced concrete frame construction. 

(Transit® panelling was added later)., This structure contains 

the following towers*

Number Diaia. Approx. Ht

1st Stage 3 8*-6" 113*

2nd Stage 1 5* 108*

3rd Stage 1 2*-6” 90*

4th Stage 1 l* -6 " 97*

Oxygen 1 6* 37*

4.3
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(d) Secondary Concentration Plant.

38»* x 131* x 22• high, with 9’ x 11» s 22* 

high additionsi similar in construction to the Booster Building. 

Jhis building contains water electrolysing c e lls  and auxilliary  

equipment*

(e) Cooling Tower*

25* x 61* x 3S» high, concrete footings, 

wood construction. Capacity is 2400 g.p.m. (2000 Enpsrial) water 

from 105° F to 76° F at outdoor wet tmlb tompsrature of 65° F.

( f ) Pump House.

17* x 31* 14* high| similar in con­

struction to the Priaary Evaporator Building. This building 

contains two 2400 g.p.m. (2000 Imperial) pumps for cooling tower.

(g) Aaaay Laboratory.

26* x 34* x 12' highj one story addition 

to existing building* concrete footings and floor, wood frame, 

brick veneer exterior walls* built-up roofing, plaster-board 

interior partitions and ceiling. Thi# building contains research 

and process control laboratory equipment.

(h) Oxygen Scrubber Tower.

Outdoor steel tower, occupying about 131 

x 15* of ground, about 40’ high.
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( i )  Catalyst Shed*

32' x 35' x 20’ high* similar in construction 

to Primary Evaporator Building. This building is used for catalyst 

screening and storage.

( j ) Steam Boiler Plant.

42* x 64’ x 47' high} addition to existing 

Canadian Government steam plant, conforming thereto in architectural 

treatment} concrete foundation, oonorete and wood-grating floors, 

structural steel frame, transits siding, laiminated roofers, built-up 

roofing. The boiler capaoity is 60,000 lbs per hour at 190 lbs. 

per sq. in . pressure and 500° F, connected with existing mains*

(k) General.

In accordance with agreement between the 

CM&S Company and the U. S. Government, i t  was necessary that a ll  

the principal structures conform in general architectural treatment 

to the existing buildings in the Warfield Area. This provision 

applied particularly to the Booster Building, the Secondary Concen­

tration Plant and the Assay Laboratory, which were accordingly 

constructed of more permanent materials, whereas the other buildings 

are for the most part of temporary construction as described above.

(3) U tilities .

(a) The existing water supply and sewer systems 

were used, with extensions and connections to the new plant.

4.6
(Page 4.5  omitted)
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(b) The existing eleotric power supply was likewise 

used, with the addition of a 1000 Kw. steam turbo-generator 

Installed in the C&&S slag retreatment plant at Tadanaoj this 

makes available an equivalent power capacity from existing sources 

for use in the heavy water plant,

(4) Fence.

An 8* wood picket-type fence was installed sur­

rounding the principal U. S. Government fa c ilitie s  and tha CM&S 

owned primary plant, in on* inolosure.

e . Prograss.

(1) Construction of the plant started 1 September

1942. Good progress was maintained, uniformly ahead of or on 

schedule. The Seoondary Concentration Cell Plant was transferred 

to the operators 1 May 1943, the fir s t  stage towers of the Primary 

Concentration Plant were transferred to operation 16 June 1943, 

and the entire plant was completed 30 June 1943.

4.7
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)

4,8

(2) Th* following graph ahow» the progroaa at * glanoot

% Coaploto
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d. Costs*

The following is a summary of the total cost, from 

War Department funds, of research and development, design and 

construction, as of 31 December 1846 (OSES Expenditures, frost War 

Department funds only, are included)i

OSRD Expenditures from War Department funds $ 204,196 
Sew Buildings and Structures, and Extensions,

including their Equipment 1,877,532 
Alteration and Uearraa&eaent of Existing

Buildings and Kguipaaent 212,7S5
Power and Frooess Lines 23,484
Purchase o f Catalysts 465,797
Undistributed (Stone & We bater & C M k B Co.) 2,818

TOTAL COST 9 H ;g5 v

These oosts are also classified as follows*

QSfty Expenditures fro® ftar Department funds $ 204,196
Design and Construction Costs*

Stone & Webster Engineering Corp.
Reimbursements $ 916,422
Estimated Fixed Fee 6,817

1922,270

C.M.A S. Co.
Reimbursements 21,076,028
Fixed Fee 1

11,076,039
Items Furnished by Government* 124,872 $2,122,182

Additional Purchase of Spare Catalysts 277,242
to t a l  cost t i r o s ’

• Includes Government overhead
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Plant at Morgantown Ordnance Iforks. (App. D16). 

a* Contracts.

(1) Prime Contraot.

The Ordnance Department’ s Supplemental Agreement 

Bo. 7 to ooat-plus-a-fixod-fee Contraot Bo. !<*-0RD-490, with E. I .  du 

Pont de Nemours & Company, In c ., Wilmington, Delaware, previously 

referred to in Section 3 , covered the construction o f the plant for 

production of heavy water at the Morgantown Ordnance Berks, Morgan­

town, TVeat Virginia*

(2 ) Subcontracts.

A ll portions of the work which could be most 

advantageously performed by others were subcontracted.

b . Description. (For Drawings, see App. D22).

(1) Site Flan.

The general arrangement of the plant and its  

relation to the existing plant of the Morgantown Ordnance ft'orks 

are shown in Appendix AS.

(2) Buildings.

The new plant construction Included the buildings 

and structures listed  below, as indicated on the site  plan and in 

the photographs in Appendix B2.

(*) Process Puap and, Control Building (Bldg. #176) 

95' x 22’ x 16’ to eavesj concrete foundation 

and floor, wood frame, corrugated asbestos walls and roof. This 

building includes the followingt

4.10
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(1) D istilla tion  Towers»

Approx.
Stage Kumber Diameter Height Description

1st 5 15* 100* 80 Plate Steel Tunnel Cap
5 12* 106' 90 Plate Stoel Bubble Cap

2nd 1 io '- e " 84* 72 Plate *
1 8» 93* 83 Plate M

3rd 1 3»-4" 77* 72 Plate «
4th 1 18” 77* Packed Steel Col. 72' high
5th thru
8th 4 10" 77* H

(2) Other Equipment* oalandrias, evaporators, 

condensers, pumps, coo lers , tanks, separators, a ir compressor, ammonia 

compressors.

(b ) Finishing (E lectro ly tic ) Building (Bldg. #175) 

94* x 86’ overall with are* 66* x 26* x one

story , 22f to eaves* one bay 14* x 26* x 3 s tor ies , 47* to eaves* 

arid one bay 14* x 26* x  2 s to r ie s , SO’ to eaves* conorete foundations* 

concrete and wood floors*  wood frame* corrugated asbestos siding* 

b u ilt  up roofing on wood deck over one story portion and corrugated
v •

asbestos roofing over remainder* 12" brick  fire w a ll. This building 

contains* 64 -  1000 Amp* E lectro ly tic  C ells , tanks, pumps, burners, 

condenser, r e c t i f ie r  and associated switchgear.

( c )  Change flouge« O ffice and Laboratory Building 
(Bldg. #4'li5). ...................

WL" shape, with wings 106’ x 57* x 14' to 

eaves and 62* x 57* x 14’ to eaves* concrete foundation, wood and 

composition flo o rs , wood frame, wood aiding,, built-up roof* ex­

cept laboratory room, 54' x 3 7 ', which has concrete flo o r  and mas­

onry walls* This building contains temperature and humidity

4.11
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control apparatus (in  tho laboratory)} a lso , a f ir e  resistant 

vault, laboratory equipment, o f f ic e  equipment, showers, e tc .
V

(d) Product Storage Building (Bldg. #180).

19’ x 41* x 11* high} concrete foundations 

and flo o rs , cinder block w alls, ooncrete and built-up ro o f.

(e ) Cooling Tower (Bldg. #203).,

16 c e ll  induced draft type, redwood 

construction} 289' x 29’ x 30’ high} pump p it i  1481 x SO’ , 7 pumpst 

capaoity is  28,000 g.p.m. water from 100° F. to 86° F.

( f ) Low Pressure Boiler House (Bldg. #241).

62' x 46* x 38» high} concrete foundation,

ooncrete and steel-grating floors  and platforms, structural steel 

frame, corrugated asbestos siding and ro o f. This building contains* 

lntegral-furnace, gas-fired  boilers and accessories, capacity 

160,000# steam per hour at 160 p . s . i .  preseure} forced draft fsns} 

flash  tank; treating and storage tank} steam driven a ir  compressor} 

steam turbines.

(3) Additional F a c ilit ie s .

(a ) The following additional equipment was 

installed  In existing buildingsi

(_1) In the existing Power House (Bldg. 

#201): coal pulverisers and coal valves, on existing b o ilers .

(_2) In the existing F ilter  Plant (Bldg. 

#230)t a 21' x 66’ x 16* deep subsidence basin with steel frame 

housing addition, w ell, f i l t e r  unit and softener, with a l l  acces­

sories and piping.
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(b ) Additional steam is supplied to the heavy 

water plant from the existing mein plant b o ile r  house, through 

reduction equipment. An average o f from 45,000 to 60,000 pounds 

o f  steam has been purchased monthly from the main plant system.

(4) U t ilit ie s .

(a ) The existing water supply system has 

been used, with new connections, and with the additions to  the 

existing waiter f i l t e r  plant to aocoramodate the heavy water plant 

requirements, as described above.

(b ) The existing sower system and e le c tr ic  

power supply have been used, with connections to the new plant.

( c )  A ll the buildings are heated by steam 

from the new b o ile r  house.

c .  Progress.

(1 ) Construct!on of the plant started 7 January

1943, substantially a l l  scheduled work was completed in  advance 

o f  the orig in a lly  estimated completion date, 1 September 194S, 

and the project (except for ohanges during operation) was fu lly  

completed on 31 December 1943.

(2) Units o f  the plant were placed ic  in it ia l  

operation as soon as installations were completed,on the following 

datesi

4.13
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Frooess Equipment -  Stage 2 29 Hay IMS

Process Equipment -  Miseellaneous 4 June

Filtered Water Plant 9 June

U tilities and Aeeessory Conatruotion 9 June

Power Plant 29 June

Prooeea Equipment -  Stage 1 29 June

Prooesa Equipment -  Stages 8 * 0  21 July

Buildings 28 August

(S) The following graph shows the prograss of tha 

entire job, at a glance:

% Complete
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d. Costs.

The follow ing is  a sumsBary o f  the to ta l oost, as 

Of 81 Decejabsr 1&4S.

Major Prooess Equipment and Bldg*.
Power Plant
Other Buildings (and their Kquiftaent)
U tilitiee  and Accessory Construction

MET COSSTKUCTIOK COST 
O ffset Accounts (Debits minus Credits)

AMOUKT CHARGEABLE TO liAMBATTAK DISTRICT FUNDS
These eosts are e lse  c la ss ifie d  as follow s t

t  i , m , m
856,418 
867,861 
8SS.670 

# S, 47 b,20b
14^864

* W o ;  ®

Payaente to  Contractor» 
Contractor's Reimbursements 
Contractor's Procurements 
Contractor's Fixed Fee

#£,784,068 
476,744 

8£.686 Total

Items Furnished by Government*
Transfers e f  Surplus Material and 
Equipment from Construction, Credit

SET CONSTRUCTION COST **
O ffset Accounts (Debits Minus cre d its )

AMOUKT CHARGEABLE TO MANBATTAlf DISTRICT FUNDS
* Includes Government overhead,
** Costs incurred under OSRD Contracts are so t included.

#6,888,880

878,688
-8 6 .8 0 7

**s;i‘C e o 5
14.864

Under the orig in a l contraot the prime contractor 's 

fixed  fee  amounted to  #164,882, but th is  mas voluntarily reduced 

to  #88,688 when the Contractor found that the eost e f  construction 

mas appreciably lees than that or ig in a lly  estimated, ms noted below, 

and the contract mas modified accordingly by supplemental agreement 

dated 82 June 1944.

The estimated eost o f  construction, as stated in the 

oontract, was $6,054,000, end this did not inolude the fixed fee
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nor the costs of additions to the contract. The actual costs 

therefore were m aterially less than thotie o r ig in e lly  anticipated,

4-3, Plant at Wabash R'lyor Ordnance ?/orlrs. (App. L17).

a . Contracts.

(1) Prime Contract.

The Ordnance Department's Supplemental Agreement 

Ho. 6 to cost-p lu s-a -fixed -fee  Contraot Ho* l-QBD-556, DA-W-OHD-38, 

with B. I .  du Pont de Kamours & Company, In c ., Wilmington, Delaware, 

covered the construction o f  tho plant fo r  produotion o f  heavy water 

at the Wftbaah Hiver Ordnance V*orlcs, Monbazumo (or Hewport), Indiana.

(2 ) Subcontracts.

A ll portions o f the work which could be most 

advantageously performed by others Aero subcontracted.

b. D escription. (For Drawings, see App. D23).

(1 ) Site Plan.

The general arrangement o f the plant and its  

relation  to the existing plant o f  the l&bash River Ordnanoe Works 

are shown in Appendix A3.

(2 ) Buildings.

The new plant construotion included tbs buildings 

end structures lis ted  below, as iadioated on the s ite  plan and in 

the photographs in  Appendix B3.

(* )  Prooeas Punp and Control Building (Bldg. #3176) 

291* x 22' x 26* to oavesj concrete foundations 

end f lo o r , wood frame, corrugated asbestos walls end ro o fj eoncrete

bensokr
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f lo o r , wood fraise, asbestos covered sheet iron siding find roof* 

This building includes the following*

(1) D istilla tion Towers»

Approx*
Stage Number Diameter He i  glit Description

1st 15 15* 100* 80 Plate Steel Tunnel Cap
16 12* 106' _90 Plate Steel Bubble Cap

2nd 3 10*-6" 84* 72 Plate «
3 a* 93' ■33 Plate "

3rd 1 5*-6" 77* 72 Plate M
4th 1 2 *-6" 77» 72 Plat© “
6th thru 4 18* 77* Packed Steel Col* 72* high

8th

(2 ) Other Equipment* Calandrias, evaporators, 

condensers, pumps, coo lers, tanks, receiver, separators, a ir  compressor, 

ammonia compressors*

(b ) Change House, O ffice and Laboratory Building
x m ^ r w m r .------------- ------------------ " ---------------L

*V* shape, with wings 106* x 37* x 14* to 

caves and 62* x 37* x 14* to eavesj concrete foundation, wood and 

composition f lo o r s , wood frame, wood siding, composition ro o f} 

except laboratory room, 34* x 37*, which has concrete flo o r  and 

masonry w alls. This building contains temperature and humidity con­

tro l apparatus (in  the laboratory}; a lso , a f i r e  resistant vault, 

laboratory equipnent, o f f ic e  equipment, showers, etc*.

(c )  Produot Storage Building (Bldg* #3180)*

19* x 41* x 11* high} concrete foundations

and f lo o r s , brick  w alls, concrete and built-up roo f.

bensokr
Line

bensokr
Line



V^iVJUi I

(d ) Heavy Water Plant Area Gate end Guard
House (lildg. #3181).

12' s  32' x ll-^f high; wood foundation, 

floors  and sid ing; composition roofing.

(e ) Warehouse or Shop (Bldg, #3722).

Approx. 25' x 30’ x l l g '  high; concrete

and wood f lo o r s , wood frame, composition siding and roofing.

( f )  Power House Addition (Bldg. #401).

117' x 94’ x 86* high, extension to ex ist­

ing b o ile r  roomj a lso , 46* x 49’ x 27* high extension to existing 

softener and f i l t e r  room; concrete foundations, structural steel 

frame, transite aiding and roo f. The foundations were adapted 

from work previously installed in connection with another project 

which was abandoned, This building contains* Boilers, 570,000$ 

capacity, 600 p . s . i .  pressure, with a u x ilia r ies ; motors, fans, 

turbines, de-aerating heater, coal sca les , pumps, water softeners.

(g ) Wells and Pumps (Bldg. #404).

The equipment Installed in  the water supply 

erea includes three Ranney water co lle c to rs , deepwell turbine pumps, 

a ir  compressor and a ir  receiver tanks. Part o f  the caisson work on 

the wells was adapted from work previously installed in connection 

with another pro ject which was abandoned.

(h) Pump House (Reservoir) Addition (Bldg. #412).

18* x 72*; th is addition contains centri­

fugal pumps and motors.

4.18

bensokr
Line

bensokr
Line



(3) U tilities.

(a) The existing water supply systaa hue been 

used, with connection* and the additional veils and equipment des- 

oribed above, to aoooowodate the heavy water plant requirement*.

(b) The existing sever system and electric 

power supply have been used, with connections to the new plants*

(e) the buildings are heated by steam from the 

power house addition*.

(d) About 1/2 a lls  of railroad track and an 

access road to the process area were Installed*

e. Progress.

(1) Construction o f the plant started 23 January 

1943) It was substantially completed on 22 October 1848 and fu lly  

completed on 13 December 1943*

(2) Various plant units were transferred to the 

Operating Department as they were ready fo r  use) in itia l operation 

o f the P-9 oanufaeturing units took plaoe on 17 June and a ll stages 

o f the plant were ready for fu ll operation 18 Septenlber 1043*

(8) The following graph shows the progress o f the 

entire Job, at a glancei

4.19
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% Complete

Jar* Feb Mar ' Apr ' ' Itfay Jun 3ul Aug '" Sop Got Kov Dec" 
1943 ;

d. Costs. . v,;...’

The following it  * summary o f the total cost, as o f 81

Deoember 1946.

Major frooesa Equipment and Bldg*. #3,919,228
Power Plante £,010,360
Other Building* (and their Equipe»nt) £70,665
u tilities and Accessory Construction 1,685,776

SET CONSTRUCTION COST #*,886,929
Offset Accounts (Credits minus Debits) Ch -  992,762

AMOUNT CHARGEABLE TO IftSHATTAS DISTRICT FUNDS I t ,493,167
These oosta are classified as follows t

Payments to Contraetori 
Contractor’ s Reimbursements #6,816,793
Contractor’ s Fixed Fee 152.472

#6,969,805
Items furnished by Government* 1,156,412
Transfers o f Surplus Material and 

Equipment from Conetruotion, Creoit -  899.688
BET CONSTRUCTION COST ** $7,885,929

Offset Accounts (Credits minus Debits) CK .  892.762
AMO’JET CEMGEABLil TO aUDUTTAS DISTRICT FUNDS #7,493,167

* Includes Government overhead.
e* Costs incurred under OSHP Contracts are not included.

bensokr
Line

bensokr
Line



SECRET

Under the original contract the prime contractor’ a 

fixed fee amounted to 4272,778, but this was voluntarily reduced to  

$152,472 when the contractor found that the cost o f construction 

mas appreciably less than that orig in a lly  estimated, ta noted below, 

and the contract was modified accordingly by supplemental agreement 

dated 22 June 1944..

the estimated eoet o f construction, as stated in 

the contract, vac #13,665,000, and this did not include the fixed 

fee, nor the costs of additions to the contract* The actual oosts 

therefore mere materially leer than those originally anticipated.

4-4* Plant at Alabama Ordnanoe fforto. (App. ©18)* 

t .  Contracts«

(1) Prime Cortract.

The Ordnanoe Department Supplemental Agreement 

So. IS to eest-plus-a-fixed-fee Contract No. W-OBD-826, DA-W-Ofia-1, 

with f .  X* du Pont; de lamours & Co., Wilmington, Delaware, covered 

the construction of the plant for produotion ef heavy water at the 

Alabama Ordnance Works, Sylaeauga (or Childersburg), Alabama*

(2) Subcoatraota,

All portions o f the work aiiioh could be most 

advantageously performed by ethers wore subcontracted.

b. Description. (For Drawings, Sec App. D24)*

(1) Site Plan.

The general arrangement o f the plant and its 

relation to the existing plant o f the Alabama Ordnanoe fforks are 

shown in Appendix A4.

4.21
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(2 ) Bulldlpgs.

!Pie U6̂  pl&Sti eo^etrueiden iwcladed the bu ildtjgs 

and structures listed  below, && indicated on the s ite  plan and in  

the photographs 1& AppendiK £4.

(a ) Process Fump aad Control Building* (Blag* #2178). 

18S’ x 22* x 16* to b*v*«j concrete foundation 

and f lo o r , wood frame, corrugated asbestos wall* and roo f. This build­

ing contain* the foilow ingt

(1) Dietillation lowers.

Stage lumber Diameter
Approx.
Height Description

lat 10 15* 100* 60 Plate Steel Tunnel Cap
10 12* 106* VO Plate Steel Bubble Gap

2nd 2 *o*-«* 64* 72 Plato **
. 8 8* 63* 85 Plate *

Srd I 4»-6" n* 72 Plate ■
4th I 2* Tf* 72 Plate "
6th thru 8th 4 1C" T7* PecVed Steel Col.! T2* high

(2) Other Equipment! Calandriaa, evapor­

ator*, oondenaer*, puaps, eoolera, tanks, ammonia receiver, air coat- 

preaaor, separator*.

(b) Change House, Offlee and Laboratory
KflfflCnc t n f e ;  l i a s ) . :------------------**

■X,* *hape, with ulng* 106* x 57* x 14* to 

•eve* and 62* x S7* x 14* to eavesj eonorete foundation*, wood and 

•opposition floor*, wood frame, wood aiding, composition roof, ex­

cept laboratory roon, 54* x 8 7 ', which has eonorete floor and masonry 

wall*. This building contains temperature and humidity oontrol

4.22
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apparatus (in  the labaratory)j a lso , a f i r s  resistant vault, labors* 

tory equipment, o f f ic e  equipment, sharers, e tc .

(c )  Product Storage Bui Id lag (Eldg. #2130)..

12* x 41’ x 11* high; concrete foundations

and flo o re , briok walla, concrete and built-up r o o f .

(d) Heavy Ifeter Plant Area Gtite and Guard
w f c v i n w T :--------------------— ;

Approx, 20* x  10* x 10* high; wood foundation, 

f ls o r  and framej corrugated metal walls sad roof*.

(• ) Ihrshouas s r  Shop (Bldg. #8722).

Approx* 46* x  6S* x 12* highj wood foun­

dations, f lo o r  and frame, eorrugated atetal m ils  sad roof*.

(8 ) Additional F a c ilit ie s ,

The following additional equipment was installed  

in  existing buildings«

(a ) In the existing Power House (Bldg* #40113) i 

steais regulating system and oontrol, de-superheater pumps and controls, 

de-aerator, water softener, b o ile r  feed pump.

(b ) In the Pump House (Bldg. #2220)j additional

pumps.

(4) U tilitie s .

(a ) The ex ist inf: water supply system, e le c tr ic  

power supply and eteam supply have beer used, with connection* to 

the new plant.

(b ) A septic tark w*e> installed  for the sewwr

system*

4.23
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c .  Progress.

(1 ) Construction o f  the plant started on 11 February- 

1943 and was completed on 15 November 1943. (This is exclusive o f  

De-Superheater Station revisions, which are not considered a pert

o f  the original construction).

(2 ) Various plant units were transferred to  the 

Operating Department as they were ready for use; in it ia l  operation 

o f the f i r s t  processing unit took place on 29 May 1943 and the la st 

unit was started on 4 September 1943.

(3 ) The following graph shows the progress o f  the 

entire job , at & glance*

% Complete
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d . Costs.

The following If a eummry o f  the tota l coat, as

o f  SI Itoe«ttab»r 1946*

kajor Prooest Equipment and Bldgs.
Power Plant (Equipment)
Other Building* (and their Equipment) 
u t i l i t ie s  and Accessory Construction

K t  CONSTRUCTION COST 
O ffset Aocounts (Debits Minus Credits)

AMOOJtt CBA8G2ABLf: TO MtXBtmS DISTRICT FU8B8

These costs are a lso  c la ss if ie d  as follow st

Payments to Contractor
Contractor's reimbursements #2,577,156
Contractor's Procurements 857,681
Contractor's fixed Fee 70,588

Items Furnished by Government#
Transfers o f  Surplus Material and

Equipment from Construction, Credit *  216.925
1ST COURTBBCTIOK COST** #3,519,927

Offset Accounts (Debits Minus Credits) 145,844
AK0U57 CHARGEABLE TO K&9B&TTM DISTRICT FVWS #3,465,171

* Includes Government overhead
♦* Costs incurred under OBRV Contracts are not included.

tinder the orig in al contract the prime contractor's 

fixed  fee amounted to  1184,680, but th is was 'voluntarily reduced to  

#70,568 when the Contractor found that the co s t  o f  construction was 

appreciably less  than that orig in a lly  estimated, as acted below, 

and the contract was modified accordingly by supplemental agreement 

dated 22 June 1944.

The estimated cost o f  construction, as stated in the 

contract, mas #8,285,000, and this did not include the fixed fee 

nor the costs o f  additions to the contract. The actual costs there­

fore  mere materially less  than those or ig in a lly  anticipated.

#2,882,095 
156,400 
250,771 
555,652 

13,519,927 
146.844 

$5,465'171

15,285,185
2 6 5 ,6 8 7
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4 -b . faecapltulatiofr o f  Costs,

a . the totfcl coats e f  tfee four plants fo r  the pro­

duction e f  h»avy water (as o f  51 Deecssb&r 1946) m y  be listed  

ee follow sj

( l )  Trail ila n t (ir.eludinf, OSEC Expenditures |£,
t v m  fear Depertsasnt fund*)*

(* }  Plants In the United States*

b. ffee ostlnates o f  eost os stated l£  the Contracts indi*

•ated that the eewbined east o f  the three plants is  the Belted States 

Slight be $27,884,000 (App* E2£,E2e). the reduction i »  oost to  

#14,661,061 (excluding OSIvf Kxpenditures fro® Bar Department funds) 

therefore represents an apparent saving o f  nearly £C&. the extreme 

conservatism o f  the orig inal wetiiaates, doubtless dictated by the 

novelty o f  the proposed plants, s*e priiaarily responsible fo r  thie 

large reduction.

The following factors which would not be fu lly  

anticipated beforehand a lso  contributed materially to the lower c o s ts «

(a ) Morgan town Ord. flee*

(b ) Vabash fciver Ord* JKks*

t  3,476,2055 

7 ,8e6 ,f2» 

5,516,927( c )  Alabama Ord* Isles

(d ) Expenditures from 
afar Separtsamt funds 
(Hot distributed)

62,160

fOTAL

#14,745.211

$17,547,85$

4.26
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(1 ) The sim ilarity  o f the throe plant* involved 

numerous repetitions o f  identica l and sim ilar items and mass pro* 

duotlon o f materials and produotion line methods o f  in sta lla tion  

therefore permitted large savings in eosts o f  materials and con­

struction labor.

(S) Construction organisations, with building 

equipment and too ls  were already present at the s ites seleoted , 

because o f the Ordnance projects at these s ite s  j th is permitted 

reductions to  be made la  the anticipated eosts o f  both the super* 

vision  and the construction. (App* D27).
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SECTION 6 -  OFMATIOE 

6 -1 . Plant at T ra il, B. C. 

ft. Contract*.

(1 ) Operation o f  the heevy water plant at t r a i l ,  E. € . ,

•at covered by Contraot So. fc-74Qb-eng-ll, dated SI July 1942, with the 

Consolidated Kining & Smelting Company, as operator (as well as con­

strue t ic s  contractor, eee Section 4 ) ,  approved by the Under Secretary o f  

Kar. ■ Vv '̂

Important provisions o f  th is basic contract ire ret

(a ) Consolidated Kining and Smelting Company** ob­

ligation  to produce heavy eater wee subject to  concurrent operation o f  

their e le c tro ly t ic  ammonia producing plant) i t  was also dependent upon 

power and their normal product disposal condition*, tinder the la tte r  

conditions the li. &. had the right to  require CM&S to  operate their 

ammonia plant (so that the heavy eater plant could be operated) 

subject to  reasonable agreed compensation.

(b ) the Consolidated Mining and Smelting Company was 

obligated to operate the heavy eater plant on a no p ro fit , so lo s s , basis 

and receive other considerations as described in the arrangements out­

lined below.

(c )  Periods o f  operation were arranged as follow s i 

(1 ) Period One -  CMfcZ was to operate the heavy

water plant to date o f  cessation o f  h o s t il i t ie s  between the 0. S. and 

the Axis Powers, or un til 1 January 1846, whichever was la te r . The t>. S.

had the right tc  the entire output o f  the P~9 plant during th is period. 

CMS- had the right to the portion not required by the L. S ., at a pro-

6.1
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portions te co s t .

(<E ) Standby Periods -  Isaaadiatcly follow* 

ing the f i r s t  period o f  operation C&&S wue to  n&intair. the plant in 

standby condition fo r  two year* end had the right to operate the plant 

and take the entire output lees such reasonable quantities as the U. S.

Bight require fo r  incidental purposes.
(3 ) Scoond Period o f  Operation. -  During the

standby period the C* S. could inform CHS by 90 days notice that the 

U. S . would require toe output c f  heavy water fo r  a period beginning 

At any time, before expiration e f  90 days laasediately follow ing toe 

standby period end ending at any tine before the la st day o f  a period 

e f  three years next follow ing the standby period . Curing th is period 

Cg&S eight take 6Q& o f  toe heavy water output and such other quantities 

as were not required by the Government. In toe event that the C. $ . 

bsccases involved in h o s t ilit ie s  with a country other than a ssecber o f  

the B ritish feapire, during the standby period or sooond period o f  

operation, and required heavy water fo r  war purposes, the ©. S. had 

the righ t o f  p r io r ity  to purchase that part o f  the heavy water output 

to  whloh GU&S was entitled  during toe second period o f  operation*

(4) Lease Period. -  For a period o f  21 years 

a fte r  termination o f  the standby period or the eeoond period o f  operation, 

CMS wight take possession o f  the heavy water plant on lease, a t an annual 

rental o f  1^ o f  toe proceeds o f  toe eale o f  heavy water fo r  each year* 

during th is lease period CS&S had toe exclusive right to  purchase the 

plant a t  toe then estimated cost o f  replacement, less depreciation froa 

the in sta lla tion  date to the date o f  coaBexioeaent o f  toe lease period.
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or (at CisfeS election) for an amount equiv&lent to the highest bona 

fide bid to the II. S. for sale end removal of the pliant. C M S  might 

terminate the lease by 90 days notice. If, during the lee so period, 

the C. S. becomes involved in hostilities with a country other than 

a member of the British Empire, the U* £« had priority to purchase the 

entire plant output at maximum oapaoltyt at all other times during the 

lease period the XI, S, had priority to purchase up to 60$ of the out­

put currently available.

(b) Right of Purohage. • If CK&5 did not 

purchase the plant, and the lease period expired or was terminated, the 

B* $» should within *ix scathe thereafter, dismantle and remove the 

plant and restore the CS&S premises to the oondltion existing before the 

plant wee Installed.

(6) Operation of the addition to the Canadian 

Government a teas, plant was covered by Contract So. W-T41 S-eng-70, dated 

9 December 1042, to take cffeet as cf 12 January 1943, with modification 

dated 22 March 1944, between the Canadian Government end the ti. £. Gov­

ernment, with C&feS Company as intervenant.

As pointed cut above, the original C l  & S Contract (cost 

reimbureement) provided for the Contractor's privilege to use *11 

production during the standby period (less such reasonable quantities 

as the United States wight require for incidental purposes) and 60^ cf 

the production in the second period of operation. Since the Government 

desired tc retain control cf all materiel during these periods, it wae 

necessary to devise a Modification, Kodifioation Ho, 1, to the contract, 

affective 1 September 1946 in which the Contractor agreed to turn over
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complete production to  the Goverrasent on ft unit price basis *

This unit prioe was established such that the OovorxuBsnt paid
/i,

the Contractor*s price o f  £78.72 per pound fo r  the entire 

produotion in the 90-day standby period following 1 September, 

lMGj and |&3044 per pound fo r  entire production during the 

eecond period o f  operation, the price fo r  the second period 

o f  operation wa* arrived at by averaging 50^ o f  produotion at 

the Contractor's prioe; v ie . ,  #78.72, and 60/: a t  cost-p lu s- 

overhead j v iz* , approxieetely #28 per pound* By 81 December,

1946 a second supplement, Madifieatioc So. Z, was being pre­

pared in  order to have the Contractor provide certain  addi­

tiona l services other than the production o f  f - 9 .  These 

service# were to  be provided a t cost and were to include 

processing o f  certain ©lQ-e»riched stocks to  produce ©1®» 

ecrlohcd water, reconoentr&tlng certain diluted JP-S stocks 

to produot sp ecifica tion s, e t c .

b . h istory o f  Operation. (App. DE8, D2i, D80, D31, DS2)

(1 ) Start-up -  the Secondary Concentration C ell plant 

sms transferred to the operators on 1 May 1943. The f i r s t  stage 

towers o f  the JPrlns&ry Concentration plant were started on 16 June

1943. By July 1943 a l l  essential portions o f  the plant were in 

operation. Because o f  the nature o f  the process, however, 

considerable tisws was required fo r  the material in the plant to 

reach and oalntais equilibrium to the point where quantities o f  

heavy water o f  required concentration could be drawn o f f .

S.4
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(2) froduoUotu

(a ) The in it ia l  design o f  the JUS plant lit Trail 

was based uj>or. a proposed heavy water production rate o f  O.fc tons 

(1000 pounds) per wonth. A fter the e^uipaent beoaae available fo r  

operation, estieates o f  anticipated production were wade and these 

w«re progressively revised fror; tiwe to titn«, as shown la  the 

tabulation whloh fo llow s. The orig in al estimate and the actual 

produotion figures have been inserted fo r  comparison.

6.5
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(b) The- actual production e&oh laonth, In taro of 

percentage* of the quantities originally eattaated, It ehown on the 

following graph:
Kepreeents inoreaaed produotion 

% Of duo to introduction of du font
Original holdup Material into Trail
Eatleato Operation.

180

production figures hate gradually and alaoet continuously increased, 

•hile the estimatea have bom revised progressively dowseard, *ith the 

reeult that the actual and the latest estimated figures reached general 

egreeoent at the mad of tike year 1944* The leer actual produotion prior 

to that tine ia primarily attributable to the delay, referred to 

previously, in attaining the desired concentration equilibrium. Despite 

thie delay, however, the deaiga rate baa been attained each awnth, 

with very few except lone, alnce December 194-1.

w L te iia L  i 
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SECRET
(d) factors coatribut 1% to th© delay in produc­

tion may he classified as minor and aa&r. The minor factoro prevailed 

for the coat part during the serly production period; they comprised, 

brie fly  t

( l )  Electrical power surpes and minor failures 

which interrupted the ooeratlac cycle.

(? ) Various modifications and changes la equip­

ment or auxiliary systems, such as) changes in the hydrogen piping; 

chsa-es la tha Vuraer arrangement; installation e f nitrogen pmo Uses; 

re-arrangement o f the secondary plant equipment.

(e) She major factors were*

(1) An abnormally dry season, which produced a 
scarcity o f hydro-electric power for tha electrolytic ce lls  throughout a 

period from late January to early April* 19*&. this reduced hydrogen pro** 

duction to 67a c f  tha maxima®. It is believed that revisions which have 

been Bade dace that tias to the dam at the cite c f  the power station will 

now assure an adequate power sup ly at a ll seasons.

<j?) Loss e f deuterium la various stages c f  con­

centration. This factor caused grave concern. A loss reduction program 

was Initiated and concerted efforts were aade by tha operators* tha con­

sultants and the Manhattan District to eliminate leakage wherever practic- 

able. This program led to the adoption eft an adequate overflow collection 

system; an alarm system to give warning of unsuitable gas pressure la the 

Cells; aad vapor-tight ce ll covers. The success o f these corrective mea­

sures is  evidenced by the Increased monthly produotion records,

( f )  Two additional methods o f inoreaslag production

5.7
C T  ‘."'vr 17-117- 
I.  ̂f V, s \ i

bensokr
Line

bensokr
Line



SECRET
were eug^eted and considercdi

Proposal I . To add U9 electrolytic colie 

to the primary plant. This was proposted In July 19UU ly  CM&S and it  was 

estimated that it  would cost $50,000, Increase production 16 lbs. per 

swath, and require about 5 months to install the ce lls  and attain equilib­

r ia .  After Careful study the Manhattan District disapproved this propos­

al because the sbbII additional amount o f product would not Justify the 

additional expenditure. Xt was estimated that the additional quantity to 

be accumulated In a period c f  16 souths (at 16 lbs. per month for 13 souths, 

20B lbs. total) could be obtained *y operation c f  the Trail plant, without 

the additional ce lle , for only about 9 additional days at a cost o f approx­

imately $9#000; and that the additional quantity to be aectomlated in a 

period c f  two years could be obtained by operation for only about 12 addi­

tional days at a cost o f approximately $12,000. (App, »J3)*

Proposal 2. To add a distillation tower and 

soke use o f about 1*0,000 to 50,000 lbs* o f escess steam, Bade available by 

CM&S Company through reduction o f some o f their independent processes* This 

proposal was made in August 19W* by CM&S Comany, and it  was roughly esti­

mated that it  would Increase the output o f the plant about 0 ,  at a monthly 

increase in operating cost o f about $19,000. After a careful review had 

been made o f overall needs and anticipated availability o f heavy water in 

the future, this proposal was dropped, because c f  probable high cost and 

because it  wae not desirable to Introduce a different process, with which 

the operating force wae totally unfamiliar.

c. Production Records. (App. D3U). *  The following tabulation 

shows the monthly record o f production from the startup o f operation o f the

5.8
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heavy water plant at Traili

Month Produotion in U>s. Month Produotion in Lbs.
June, 1943 16 April, 1946 1096
July 51 May 1100
August 27 June 1006
September 61 July 986
October 157 August 1106
■orember 126 September 1060
Oeoenber 276 -bV October 1106
January, 1944 526 Vorember ^ 1095
February 615 December 

January, 1946
1100 * 640*

Maroh 467 960 • 545*
April 490 Pebruary 626 ♦ 570*
May 701 Maroh 1176 ♦ 151*
June 726 April 1166
July 804 May 1170
August 660 Juno 1026
September 824 Ally 1066
Getob or 906 August 1506
MoTomber 966 ieptember 1152
December 1060 October 1080
January, 1945 10S5 Morember i860
Pebruary 910 Deo ember 862
Maroh 975 v °

v
•Represents increased produotion duo to Introduction of duPont holdup 
material into Trail Operations. After Maroh 1946 this suiterla1 was re­
ported eusmlatiTOly by th« oontraotor.

The total eumulatire produotion to the end of December, 1946 was 56.511 

pounds*

d. Produotion Costs.

(l) Operating Costs* (App. D56) -  The oost of operation 

of the heavy water plant at Trail was originally estimated at about #800 

per day or #24.000 per sionth. Aotual operating oosts per month and per

pound produoed during the months hare been as follows>
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*t,' iL, kj ii () iit, t
Month Operating Coat Production in Lbs. Operating Cost )

June, IMS ♦ 21,579 15 #1425
July 50,550 51 988
August £7,271 27 1010
September £5,579 61 421
Ootober £7,087 157 198
November 55,512 125. 269
December 28,269 276 , hi 105
January, 1944 50,607 526 94
February 41,708 515 81
March 55,866 467 71
April 27,408 490 58
May 26,255 701 57
June 24,678 726 54
July 26,089 804 82
August 25,456 650 59
September 25,599 824 52
Ootober 26,079 905 £9
November 27,741 955 29
December 27,504 1050 — yin 26
January, 1945 £9,095 1055 28
February 24,401 910 27
March 28,862 975 50
April £8,200 1095 ■ -■ £6
toy £9,085 1100 • ! i' 26
June 25,868 1005 26
July 29,840 985 50
August 50,019 1105 27
September 28,767 1060 27
October £9,£91 1105 £7
Korember ' £8,545 1095 t*r~ 26
December £8,055 1100 4 540* fjo... £6
January, 1946 25,550 950 ♦ 545*, 13 f ■*- f 27
February 21,802 825 f  570* £6
March 27,159 1175 «• 151* £5
April 26,557 1165 £5
May 27,552 1170 £4
June 27,810 1025 £7
July 50,958 1056 £9
August 50,718 1505 • £4 f
September 89,111 1152 78.7£**
Ootober 85,017 1080 78 .7£**
Morember 104,697 1550 J  78.7£**
December 45,550 862 N \ . **- ' 85.44***
Are. 43 Mos.
June 45 -  Deo. 46 #52,979 846 lbs. #59.00
•Represents increased produotion duo to introduction of duPont hold-up 
material into Trail Operation. Here treated ae I f  i t  was Trail Produotion in it* entirety.
**Unit prioe for 90-day standby period (M odification Ho. 1 to CM&S Contract). 
***Unit prioe for aeoond period of operation (Mod. lo . 1 to CM&S Contraot).

5.10
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(2) Total Ooat l of Product. I f the oapital

inveataent (#2,604,622) is amortised on the baaie of 120 months plant 

life  and thla amortisation added to the eoat of operation from the 

start up of operations to 1 September 1946 (Beginning of standby period 

aa defined by Modification Vo. 1), the overall ooat per pound of the 

heavy water may be calculated as followst

Immediately following 1 September 1946, for the 90-day s tandby period, 

the unit prioe per pound of P-9 was ♦78.72. For the seoond period of 

operation following December 1, 1946 the unit priee per pound of P-9 is 

#65*44. (These unit prioos are in aoeordanoe with Modification to . 1 

to C M I  6 Gontraot)

8-2. Plants in the United Statoa.

the United S^atea ia covered by the aame Ordnance Department contracts 

with X* I* duPont de leaoura and Company, which provided for construction. 

(See Seotion 4) Important proviaions of these eontraota are*

(1) Morgantown Ordnance Works. -  Title III, Supplemental 

Agreement lo . 7 to Contract lo . W-0RD-49Q.

Estimated monthly production 800 lba* (12,800 "Suita") 

Operating fee #6.06 per lb . for firs t 800 lbs. per 

month; #5.20 per lb . for each additional lb . per month (#0.58 and #0.20

To September I, 1946

Amortisation!
5/10 x #2,604,822 
Total Operating Coat 

Total Cost
# 782,000

Total Production 
Total Cost per Pound

lbs
#89

a* Contracts. Operation of the three heavy water planta in

Estimated monthly operating ooat #72,400

8.11
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per "unit" respectively ).

Minimum fee , $2,400 per month.-

(2 ) Kabash River Ordnance Works. T itle  IV. Supple­

mental Agreement Ho. 6 to Contraot W-0iiD-556, DA-W-ORD-38,.

Estimated monthly opsrating cost, $321,800.

Estimated monthly production, 2/tOO lb s . (38,400

"u n ite").

Operating fe e , #9.28 per lb . fo r  f i r s t  2400 lb s. 

per month* #4.80 per lb . for each additional lb . per month* ($0.58 

and $0.30 per "unit" respectively ).

Minimum fee , #10,700 per month.

(3 ) Alabama Ordnance Works. T itle  I I I , Supplemental 

Agreement No* 13 to Contract No. K-ORD-526, DA-W-0RD-1.

Estimated monthly operating co s t , $212,000.

Estimated monthly production, 1600 lb s . (26,600 "u n its"). 

Operating fe e , #S.28 per lb . for f i r s t  1600 lb s . per 

month* |4.80 per lb . for  each additional lb . per month ($0.68 and #0,30 

per "unit" resp ectively ).

Minimum fee , $7,000 per month*.

(4 ) General.

(a) The minimum fee at eech plant was provided 

because o f the uncertainty o f the resu lts , in  order to avoid too 

great loss to the operating contractor in case of in a b ility  to a t-
9

tain the hoped fo r  production* the scales o f fees per pound were 

designed to o ffe r  an incentive toward increasing production. In 

any case, the whole schedule o f fees must be regarded as extremely

5.12

bensokr
Line

bensokr
Line
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low when the time and e ffo rt  expended on th is work by key personnel 

o f the du Pont Company are considered — especia lly  in proportion 

to the overall work of the oompany.

(b) Because o f the extreme uncertainty o f  the 

resu lts, the contractor could not be required to guarantee per­

formance or meeting the specifica tions o f the product, at any o f 

the three plants*

(c )  The combined to ta l o f the payments for 

operating fee6 fo r  each month was based on the to ta l amount o f  

finished product drawn from the e le c tro ly tic  fin ish ing plant at 

Morgantown* As i t  was necessary to feed the unfinished product

o f the three d is t il la t io n  plants to the fin ishing plant from a com­

mon supply, an equitable formula was devised fo r  oroditlng the proper 

share o f finished product to each o f the plants, in proportion to 

the amount of unfinished product supplied by each, and the.separate 

fee fo r  eaoh plant was calculated accordingly, (App. D36). 

b* Procedure.

In the supervision and administration by the Govern­

ment of operations at the three plants, oertain functions were as­

sumed by the Manhattan D istrict and others were assumed by the 

Ordnance Department* The divisions o f  authority and function were 

worked out carefu lly  between representatives o f the two agencies, 

in order to avoid a l l  unnecessary duplications o f personnel and fa c i l i ­

t ie s  while maintaining the desired secrecy and control. In general, 

the Ordnance Commanding O fficer at each plant ie  charged with the
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administrative duties pertaining to operation and the Manhattan 

District Engineer is responsible for technical supervision of oper­

ation, Including control of the quantity and quality of the product. 

The detailed arrangements are set forth in a letter from the Field 

Director of Aramunition Plants, Office of the Chief of Ordnanoe, 

addressed to each Commending Officer at Korgantotm Ordnance Works, 

VSabaah Eiver Ordnance Works and Alabama Ordnanoe Works respectively. 

(See letter to C» 0. at Morgantown, 4 June 1943, Appendix D37).

c. History of Operation. (App. D3S).

(1) Start-up. Because of the urgenoy for getting 

the plants Into production and the length of time required to bring 

them into equilibrium, the individual processing units were placed 

in operation ae soon as the completion status of each would permit. 

The start-up dates may be summarised as followst

(a) Morgantown Ordnance Works.

First Unit i 29 Kay 1943 

Last Units 28 August 1943

(b) Wabash River Ordnance ¥<orks.

Fit st- Uniti 17 June 1943 

Lest Unit* 18 September 1943

(c) Alabama Ordnance Works.

First Units 29 May 1943

Last Units 4 September 1943.

Manufacture of the product started, officially, 1 July 1943.
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(2) Production.

(a) It was initially estimatod that a total 

production of 2.4 tons, or 4800 pounds, of P-9 per month would be. 

obtained from the plants within the United States (800 lbs. at 

Morgantown} 2400 lbs. at Wabash Elver; and 1600 lbs. at,Alabama). 

The contract provisions clearly indicate, however, that this 

rate of production could not be assured# because of absence of 

precedent for manufacture of the product, and it became evident 

during the early stages of production that the original estimate * >
was over-optimietic. This conclusion was reached despite the 

hopes raised by promising rates of production during the first 

months of operation. New estimates were made on various succes­

sive dates, each one indicating a progressive downward revision 

of anticipated smximura monthly production end a progressive post­

ponement to a later date (except in the case of the last estimate) 

of the anticipated maximum attainment. The original estimate and 

the succeeding revisions thereof are shown in the tabulation which 

follows (App. DS9). The figures of actual production, as drawn 

from the finishing plant at Morgantown, have been inserted for 

comparison.
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PRODUCTION ESTIMATES
Month Original IlSkn"

1944
6 Apr 
1944

6 May" 
1944

12 June 
1944

Aotual Produotion

Jan. 1944 4600 m m mm 914
Feb. 4800 8000 mm - - £488
Mar. 4800 4000 mm - - £889
Apr. 4800 4400 8000 - 8020
May 4800 4400 8600 8600 0 £074
June 4800 4400 8600 8000 2260 £241
JUly 4800 4400 4000 8000 £600 1996
Aug. 4800 4400 4000 8600 2600 1299 ,
Sept. 4800 4400 4000 8600 £600 £114
Oot. 4800 4400 4000 8500 2600 2254
lor. 4800 4400 4000 8600 2600 £016 ul
Deo. 4800 4400 4000 8600 u 

8600
£800 £202__^

Jan. 1946 4800 4400 4000 £600 i £805
Feb. 4800 4400 4000 8600 £600 2205
Bsr. 4800 4400 4000 8600 £800 2201
Apr. 4800 4400 4000 8600 £600 £807
May 4800 4400 4000 8600 £600 £804
June 4800 4400 4000 8500 £600 £809
July 4800 4400 4000 8600 £600 ££08
Aug. 4800 4400 4000 8600 £600

8 5 9 2Sept. 4800 4400 4000 8600 £600 j 888 _
K  4

(To ifcln tho oompariaon eomplete, the*eatimated figure for mo cIbub 
produotion has in eaoh oaae boon repeated fro* Bonth to Bonth through 
SoptoBbor 1846. After September 1946 the planta were in oonplete 
atand-by). N

(b) The produotion of aemi-finiahed produot at 
eaoh ef the three dletlllatlon plants, In terms of peroentagea of 
the quantities originally estimated, la shown on the following graphs

6.16
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% of Ori­
ginal Bet.

tioularly at Morgantown and Wabash River Ordnance Works, encouraged 
the belief that total overall performance sight soon approach closely 
the original estimate, which was reduced In the first revision (in 
January 1944) by less than ten percent. At that time critical 
mechanical defects had not become apparent and there was no evi­
dence that the factors used in designing the distillation plants 
were in error. The early hopes were short-lived, however, as various 
adverse factors began to appear. These way be briefly described 
as followst

6.17
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(JL) Power failures and similar interruptions 

to continuous oporation, although of a temporary nature, proved to be 

extremely detrimental in disturbing the flow balance through the pro- 

oess train.

(2) Other performance difficulties were 

encountered, such ass obstruction to flow through the packing at 

the final stage of the distillation trainj process piping and 

apparatus leakage* and fouling of the final stage calandrias,

(d) The conditions described above led to the 

second revision of the original estiiaate and to the following at­

tempts to improve production*

(1̂) Boil-up rates were increased in an 

effort to stove the product through the distillation train at b faster 

rate. The anticipated benefits failed to materialise, however, and 

the previous rates were again resumed.

(2) All distillation trains were operated 

on a direct draw-off system, to simplify the oontrol problem. This 

modification likewise failed to produce the anticipated results.

(e) After a sporadic increase, produotion 

followed a definite downward trend, which led to the further re­

visions of the production estimates, on 5 Kay and 12 June 1844.

(f) Attempts to improve conditions were con­

tinued (App. 1)40, D41), culminating ini

(l) A temporary discontinuance of the 

draw-off from the diotIllation plants, in July 1944, to permit

5.18
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internal concentrations to build up. This notion web responsible 

in large measure1 for the extremely lov. performance recorded for 

this month, as shown on the chart. The chart also indicates that 

this action had no measurable effect on production during the period 

following the month of July.

(2) Investigation and partial correction 

of the tower plate efficiencies as described hereinafter.
r \

(g) An independent committee of consultants, 

composed of Dr. KT. K. Levis, Massachusetts Institute of Technology, 

Chairman, Dr. Ernest Thiele of the Standard Oil Company of Indiana 

(formerly with the Standard Oil Development Company and consultant 

on the heavy wster project at Trail, B. C.) and Mr. E. S. Farrow of 

Eastman Kodak Company, -wae called upon for advice. This committee 

investigated P-9 production at the Morgantown Ordnanoe Works and sub­

mitted a report to the District Engineer under date of 12 August 

1944 (App. D42).

(h) The principal conclusions of this committee 

were* that the primary difficulty appeared to be low plate efficiency 

of the first stage distillation unitsj and that the main causes of 

this condition were* (1) leakage of liquid from the platesj

(2) irregularities in the flow of vapor and liquid over the plates.

(i) The committee suggested consideration of 

the following corrective measures in the first stage units*

(1) Elimination of leakage and improvement 

of flow bv modifioation of the plate arrangement, particularly by
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elimination of sonic of the caps.

(2) Installation of higher chimneys.

(The tern "chimney” refers to a part of th?; bubble cap assembly 

which consists of a vertical section of pipe extending above the 

bubble cap plate, above which if; fastened the hemispherical cap.

This corrective measure involved also the elimination of leakage 
and modification of plate construction).

(3) Construction of new modified first 
stage units, as an alternate to revamping existing units.

(j) The following action was taken, on the 

recommendation of the operating contractor, 26 August 1944 (App.

D43) approved and authorised by the Manhattan District 9 Septem­
ber 19441

( V  One pair of first stage towers at 
the plant at ISorgantown Ordnance Works (one IB* and one 12* diameter) 
were completely dismantled; all plates were repaired to reduce by­

pass leaks to a minimum..
(2) One-third of the bubble caps on all 

plates of the 12* tower were removed in order to reduce hydraulic 

gradient thereon.

(3) All seams and joints at all plates of 

both towers, which permitted leakage and by-pass of liquid within 

the' towers, were gaskoted or welded.

(k) This aotion was taken for the purpose of 

establishing the practicability of this method of improvement of

bensokr
Line

bensokr
Line



SECRET

production. The repair and revision of one pair of towers only 

could not of course affect overall produotion. appreciably, but; if 

it proved successful a complete program of reconstruction could be 

undertaken later*

(l) The action taken in effecting the sample 

reconstruction of the pair of towers at Morgantown wae one of the 

proposals submitted by the special committee of consultants, as 

described above. The committee's proposal which involved the In­

stallation of tall chimneys was not followed* because it would not 

have been practicable (in the event that the trial improvement 

should prove satiefactory) to make similar improvements on all the 

remaining towers at the three plants, as this would involve procure­

ment and installation, of about one and a third million new plat© 

chimneys «-

(m) The revisions and improvements to the 

two towers at Morgantown were completed 4 November 1944, at a cost 

of about #72,000*. The towers were out of operation for 24 days 

and the comparatively small reduction in total operating capacity 

which thaoe two towers represent, for this period, did not seriously 

affect the total overall production. (This work was performed under 

the construction contract and its cost is included in the construc­

tion costs).

(n) Operation of the plant at Morgantown after 

completion of the corrective work indicated that the two first stage 

towers wore operating at very close to design efficiency. The opsr-
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ating contractor submitted ( o k  5 January 194.5) an estimate of a b o u t

£2,200,000 lor similar reconstruction of all the remaining first

etag© towers et Morgantown, Wabash River and Alabama, It was also

estimated that this work would require about six months to complete,

and it was forecast that it would bring the total output of the

three plants up to approximately 90^ of the original design capacity, 
(App- D44)„

(o) Although inadequate plate efficiencies in 

the lsrge towers of the first stage thus appears to have been 

definitely established as the major cause of production rates con­

tinuing lower than those which were originlly expected, the other 

adverse factors which were previously described also contributed 

to the record. Of these other factors, the fouling of the ealan- 

drias, produced by tube failures, has been most difficult to over­

come (App. D88),

(p) Decision was made by General Groves not 

to authorize similar reconstruction of all first stage towers be­

cause it was estimated that an approximate balance between supply 
and demand for heavy water would be reached by the time the pro­

posed work could be completad and the increased output made 

available,

(q) In March 1945 the Ordnance Department 

advised the Manhattan District that they were planning to install 

additional steam boilerfecillties at the Wabash River Ordnance 

Works, at e cost of $'3,000,000 to £4,000,000. A review of re­

quirements indicated that the heavy water plant at that site

5.22
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could probably be shut down in the euasaer of 1945 And the stoat; 
capacity of the plant *ede available for the operation of tha 
Ordnance Work*. The Ordnance ffcpartaent was advised accordingly 
and were thu« relieved of the necessity of installing the addi­
tional boilers.• . ■. V. :■/ •

(t) the ehutdewn of the three duFont Ordnance 
P-S plants was executed on the following dates *

Alabama Ordnance Works June $0 , 194S
Wabash River Ordnance Works July 51, 1645 
Morgantown Ordnance Works*

Distillation August 31, 194&
Finishing : September SO, 1946

This schedule of shutdown was prearranged or. the basis that the known
overall cumulative required quantities of the product to be expected
froiu these three plants was satisfactorily attained* Open termination
of operations each plant was placed in indefinite standby condition*
The monthly costs of SBintaining these plants in standby were originally
as follows*

Morgantown Ordnance Works #1600
Alabaaa tiver Ordnance Works 1200
Wabash River Ordnance Work* 1360

later due to a rectification in security provisions at each of the plants,
the costs were reduced in April, 1946, as follows«

Morgantown Ordnance Works # 760
Alabama Ordnance Works 426
Wabash River Ordnance Works 7SO*

•Further reduced to #600 on December 81, 194$#
(A ). Production Records* (App. D46).

The tabulation which follows shows the Monthly reoord 
of production of heavy water at the three plants in the United States, 
froa. the start-up of operation. The figures in the "Finished Total*

%oolutan are the quantities of finished product drawn froa the electro­
lytic finished plant at Morgantown Ordnance Works j the figures in the 
respective plant eolusms are the quantities of seed-finished product
supplied to the electrolytic plant fros; each distillation plant, and

6*23
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the totals of these are shown Id the "Seal-Finished-Total" column.
Jbroduotioz- in Founds

Semi-Finished Finished
Month Isorrantown tobash River Alabama Total Total
December m s sss 636 m* 1,126 _
January, 1844 621 2,061 602 8,474 814
February 728 884 770 2,483 2486
torch 8 8.? 1,335 7*8 2,483 2S3£
April 766 1,782 631 3,376 8020
toy £28 1,636 886 8,061 2074
June § 2 1 1,266 681 2,466 8241
July 311 70S 814 1,826 1896
August S07 1,363 469 2, SIS 1289
September 604 1,171 612 *,267 2114
Ootober 486 1,327 362 2,177 2264
5ov«aber 462 1,310 611 2,883 8016
December 361 1,322 630 2,313 2202
January, !1846 483 1,480 62t 2,496 2203
February 416 1,209 468 2,093 2203
torch 331 1,088 £ 68 2,188 2 20 1
April 671 1,324 870 2,466 8807'
toy 368 1 ,8 6 6 476 2,380 2604
June 667 1,292 445 2,294 260S
July 683 1,286 887 2,466 2203
August 664 871 0 1,466 2692
September 434 0 0 . 434 883

The total euaulative production to the end of Septesiber 184b was 4.% 140, 
end the eve rage monthly produotion from January, 1844 through September, 
194 b was 2160 pounds« (This does not include 726 pounds of special pro- 
duet (8£$ enrlohed) and 3161 pounds of Material recovered in Germany and
reworked to product specifications in the finishing plant).
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e» Production Costs.

(1) Ope rating Costs end Operating Fees. (App. D46).

(a) The total monthly operating costs of 

the throe heavy water plants wero originally estimated in the contracts 

as followss (App. C2 and D47).

Plant Est. Operating Cost

Morgantown Ordnance Works $ 72,400

Webaeh Eiver Ordnance Works 321,800
\

Alabama Ordnance Eorks 212,000

Total | 606,200

The considerably lower cost for Morgantown was estimated not only 

on account of its lower design capacity but also because of the 

following factors* t

(!) Coal chargee were substantially 

lower in West Virginia than in Alabama and Indiana; also, cheap 

ooke oven gas was available for the low pressure boilers at Mor­

gantown* therefore, unit costs of steam were lower,

(2) The. costs of raw water units 

were lower at Morgantown because the design and layout of the exist­

ing Ordnance plant permitted the use of a cooling tower.

The estiraate for Morgantown in­

cluded an item of $3,000 for investigations to increase capacity 

and reduce costs. Although this work wns to be carried on at 

Morgantown, its results were applicable to all three plants and 

therefore this item might theoretically have been proportioned 

among them.
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(b) The actual operating costs per month and 

the actual operating fees for each plant anti the; total production costs 

per pound during the month are shown in the accompanying table.
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Operating Cost Operating Fee Total Prod
............... ■ Cost

Month M.O.W. W.R.O.W. A.O.W. Total M.O.W. W.R.O.W. A.O.W. Total______________
June 45 8,406.99 8,406.99 8,406 .99
July** 46,605 .02 61,195.47 41,799.14 149,599.65 2,400.00 10,700.00 7 0 0 0 .0 0 2 0,10 0 .0 0 169,699 .63
Aug. 47,580 .98 127,888.57 82,129.85 257,599.40 2,400.00 10,700.00 7 00 0.00 2 0,10 0 .0 0 277,499.40
Sept. 53,516 .52 179,366.16 114,411.07 347,093.75 2,400.00 10,700.00 7 00 0.00 2 0,10 0 .0 0 367,195.75
Oct. 51,960..41 199,146.06 142,642.77 393,749.24 2,400.00 10,700.00 7 00 0 .0 0 2 0,10 0 .0 0 415,849 .24
Ho t . 52,277 .92 194,739.87 150,400.47 377,418.26 2,400.00 10,700.00 7 0 0 0 .0 0 2 0,10 0 .0 0 597,518 .26
Deo. 61,400 .28 198,683.77 145,799.50 405,885.55 2,400.00 10,700.00 7 0 0 0 .0 0 2 0,10 0 .0 0 423,983 .35
Jan. 44 62,410.24 215,162.56 153,115.03 430,687.83 2,400.00 10,700.00 7 0 0 0 .0 0 2 0,10 0 .0 0 450,787 .83
Feb. 63,418 .51 294,130.93 141,131.57 408,680.81 4,865.00 12,587.06 7 0 0 0 .0 0 24,252.06 432,932 .87
Mar. 72,700.05 208,425.93 171,748.30 452,872.28 4,568.36 12,895.14 7 0 0 0 .0 0 24,465.50 477,335.78
Apr. 74,553.79 195,508.51 155,777.54 425,659.84 5,521.46 14,756.64 7 918.16 26,176.26 449,316 .1 0
May 71,231.75 206,578.18 161,246.68 459,056.61 5,197.70 10,700.00 7 000.00 20,897.70 459,954.51
June 70,523.18 195,196.45 140,158.57 405,877.98 2,700.28 10,700.00 7 0 0 0 .0 0 20,400.28 424,278 .26
July 69,296.51 187,855.55 145,116.91 400,246.77 2,578.68 10,700.00 7 0 0 0 .0 0 20,278.68 420,525.45
Aug. 69,810.93 185,295.01 158,713.16 415,819.19 2,400.00 10,700.00 7 0 0 0 .0 0 2 0,10 0 .0 0 433,919 .1 0
Sept 73,339.64 185,579.10 147,132.87 406,051.61 2,948.80 11,652.48 7 0 0 0 .0 0 21,581.28 427,632.89
Oot. 69,953.70 180,054.70 159,805.59 389,813.99 2,936.64 11,467.18 7 0 0 0 .0 0 21,403.82 411,217.81
Ho t . 69,943.55 181,062.98 142,006.79 393,013.52 2,684.32 10,700.00 7 0 0 0 .0 0 20,384.52 413,397.64
Dee. 74,342.19 186,531.76 155,649.80 415,523.75 2,880.40 11,614.50 7 0 0 0 .0 0 21,494.90 435,018.65
Jan. 45 73,456.15 184,577.95 156,051.40 414,045.50 2,400.00 11,481.10 7 0 0 0 .0 0 20,881*10 434,926 .60Feb. 68,605 . 1 1 180,432.1% 156,484.01 385,521.20 2,400.00 12,009.48 7 0 0 0 .0 0 21,409.48 406,930 .68Mar. 64,125.80 187,316.79 148,979.10 400,421.69 2,618.58 11,836.06 7 0 0 0 .0 0 21,454.64 421,876.33Apr. 64,633.51 182,365.40 136,660.29 383,659.20 3,222.40 11,685.84 7 0 0 0 .0 0 21,908.24 405,567.44
May 66,078 .59 183,813.74 134,742.55 384,634.68 3,445.18 12,139.40 7 0 0 0 .0 0 22,582.58 407,217.26
June 66,149•06 170,480.25 131,475.04 568,102.55 5,557.42 12,696.78 7 0 0 0 .0 0 23,234.20 391,336.65«July 62,931.03 141,256.61 15,715.77 c 219,901.41 5,533.74 12,055.88 5 308.32 18,697.94 - 238,599.35Aug. 62,747 .45 28,813.02 0 .0 0 91,560.47 3,765.80 11,736.88 6 571.98 22,074.66 113,635.13Sept• 35,236 . 1 1 0 .0 0 0 .0 0 35,236.11 2,727.64 7,917.00 1 0 0 1.6 6 11,646.30 46,882.41
Arg. **** 68,822 .0 0 185,630.00 146,992.00 361,383.95 3,158.00 11,785.00 7,054.00 21,266.10 itoCM . 0 0 * * *

♦Because of the time lag between the water distillation and the eleetrolytie finishing processes, the figures in thiB 
exactly the eosts per pound of the finished material produced during each month, but they are the olosest approximat 
•♦Includes costs for July, 1945 and preceding months.
♦♦♦The summation here shown does not represent the total cost for operation up to December 51, 1946. Additional itemi 
to date shown by this tabulation. The total produotion cost is shown hy paragraph 5-2 e (2) .
♦♦♦♦Columns 1 , 2 , 3, 5, 6 4 7 based on costs from Feb. 44 to standby for eaoh plant; columns 9 & 10 to standby of all
4 & 8 through September 45.



Operating Cost Operating Fee Total Prod Total Prod Prod* Cost 
Cost Pounds Per Pound*

W.H.O.W. A.O.V. Total M.O.V* W.R.O.W* Total
8,406*99 8,406.99 8,406*99

2 $1,196.47 41,799.14 149,599.65 2,400.00 10,700.00 7,000.00 2 0,10 0 .0 0 169,699*65
3 127,888.67 82.U9.85 257,599*40 2,400.00 10,700.00 7,000.00 2 0,10 0 .0 0 277,499*40
2 179,366.16 114,411.07 547,095*75 2,400.00 10,700.00 7,000.00 2 0,10 0 .0 0 567,195*75
L 199,146.06 142,642.77 595,749.24 2,400.00 10,700.00 7,000.00 2 0,10 0 .0 0 415,849*24
I 194,759.87 150,400*47 577,418.26 2,400.00 10,700.00 7,000.00 2 0,10 0 .0 0 597,518*26
1 198,685.77 145,799.50 405,885.55 2,400.00 10,700.00 7,000.00 2 0,10 0 .0 0 425,985*56
I 215,162*56 165,115.05 450,687.85 2,400*00 10,700.00 7,000.00 2 0,10 0 .0 0 450,787*85 914 495..20
L 204,130*95 141,151.67 408,680.81 4,865.00 12,587.06 7,000.00 24,252.06 452,932*87 2,488 174,.0 15 208,425*93 171,748.50 452,872.28 4,568.56 12,895*14 7,000.00 24,465.50 477,555*70 2,859 168 .14
» 105,608*61 166,777.54 425,659*84 5,521*46 14,756*64 7,918*16 26,176.26 449,816*10 5,020 148 .95
5 206,678*18 161,246.68 459,056*61 5,197*70 10,700.00 7,000.00 20,897.70 459,954*51 2,074 2 2 1 *77
1 195,196*45 140,158.57 405,877.98 2,700.28 10,700.00 7,000.00 20,400*28 424,278.26 2,241 189.53
L 1*7,855*65 145,116.91 400,246*77 2,578*68 10,700.00 7,000.00 20,278*68 420,525*45 1,996 2 10 .79
V 185,295*01 158,715*16 415,819*10 2,400.00 10,700.00 7,000.00 2 0,10 0 .0 0 433,919*10 1,299 554.04

115,679.10 147,132*87 406,051*61 2,948*80 11,632.48 7,000.00 21,681*28 427,632.89 2,114 202 *29> 110,054*70 159,806*59 589,815*99 2,956.64 11,467.18 7,000*00 21,405*82 411,217.81 2,254 182*44
5 181,062*98 142,006*79 395,015*52 2,684.52 10,700.00 7,000.00 20,564*52 413,597*64 2,015 205*16> 185,551.76 155,649.80 415,623*75 2,880.40 11,614.50 7,000.00 21,494*90 455,018.65 2 ,2 0 2 197*56i 184,577.95 156,051*40 414,045*50 2,400.00 11,481*10 7,000.00 2 0,8 8 1 .1 0 454,926*60 2,205 197*42
> 180,432.06 156,484*01 585,521*20 2,400.00 12,009*48 7,000.00 21,409*48 406,950*68 2,205 184*72► 187,316.79 148,979*10 400,421*69 2,618.58 11,856*06 7,000.00 21,454.64 421,876*35 2 ,2 0 1 191*67
. 182,365.40 156,660*29 585,659.20 5,222*40 11,685.84 7,000.00 21,908*24 405,567.44 2,507 176.80» 183,815*74 154,742.56 384,634.68 5,445*18 12,159*40 7,000.00 22,582.58 407,217*26 2,504 162.65>> 170,480*25 151,475.04 368,102*55 5,557*42 12,696.78 7,000.00 25,254*20 591,536*55 2,509 155.97
\ 141,256*61 15,715.77 : 219,901.41 5,533.74 12,055*88 5,508.52 18,697*94 ' 256,599.55 2,205 108.51
i 28,815*02 0 .0 0 91,560.47 3,765*80 11,756*88 6,571.98 22,074*66 115,655*15 2,592 45*840.00 0.00 56,236.11 2,727.64 7,917.00 1 ,0 0 1 .6 6 11,646*50 46,882*41 965 48 *68

i 185,650.00 146,992.00 361,583*95 5,158.00 11,786.00 7,064.00 21,266*10 423,400.00*** 2,277 186*00

C

■JJJ

as lag between the water distillation and the eleotrolytio finishing processes, the figures in this ooluna do not represent 
per pound of the finished material produced during eaoh month, but they are the closest approximation obtainable* 
or July, 1945 and preceding months.
ere shown does not represent the total eost for operation up to Deoeaber 31, 1946. Additional items were aoorued subsequent 
his tabulation. The total produotion oost is shown by paragraph 6-2 e (2) •
S, 6, 6 4 7 based on costs from Feb* 44 to standby for eaoh plants oolumns 9 * 10 to standby of all three plants and columns 
ember 46.
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As shows,, the average produotion eost per pound of tho 

total produotion during tho poriod February 1944 to September 
1946 lnelusive t»» #186. It will l»o notod that thoro hao boon 
ono extreme variation fro® this average during tho SO months, la 
tho Month of August 1944, when finished produotion was low booauso 
of the experiment of temporarily discontinuing the draw-off from 
the distillation pleats, as previously explained*

(2) total Cost per Found of Produot*
If the soBortisatlon of the total eost of the three 

plants (114,746,211) is added to the eost of operation from the 
startup to the eessation of operation, 80 September 1946, the 
overall eost per pound of heavy water produced in the duPont Ord­
nanoe P-9 plants stay be oaloulatod as follows i 

7e 80 September 1946 (Shutdown)t 
Oost of Construction, ete. (Inol. OSES)
Total Produotion Oosts 

Total Oosts 
Total Produotion*
Total Oost per Found

$14,748,211
10,298.464

#26,086,866
46,666.6
#660

lbs*

*Xneludes 786 pounds of tpoolal Produot (90#)
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£-3. fcgpa.pl tulation .
a. iroduotior fceeordfi.

(1 ) the total cumulative produotios to 51 December
1946 was ac follow**

For the liant «t Trail, B. C. 86,330
4b,140

T26
For the Three If* S. Hants* 

Regular Product 
Special Product (90^) 
Gonoan Reworked froduet

Total
(2) Tiki* total is increasing at tho rate of approxi- 

mat«ly 1 1 0 0 pounds per Month.
(8 ) A* has beet explained previously the rate* of pro­

duction at the various plants did not soet the expectations held in 
the earliest stages of tho project. I» dealing with a comparatively 
see aaterial and comparatively new processes sever before attempted 
for quantity produotion this is sot surprising! It sorely indicates 
that tho scientists and engineers say have set their sights too high* 
Nevertheless, so one connected with the various parts of the project 
was content to let tho lowered rates of production continues on the 
contrary, all concerned have Made every effort to find and eliminate 
flaws in operation and devise says and swans for ioprovi&g tho 
production record, consistent with sound policies and economies.
The experimental improvements which have bees tried out at tho 
plant at Morgantoen have indicated that if the Government's 
rfoaands for heavy water were increasing, instead of diminishing, the
installation of similar improvoaserite throughout tho throe plants in 
the United States which would then bo Justified might offoot material
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Sii
inor«R«»s in th® rates of production and might bring thorn close to 
the design figures.

b. Production Costs*
The total cumulative production oosts to SI December 

1946 were as followst
For the Plant at Trail, B. 0. # 1,418,120
For the three V. 8* Plants 10,880,484

Total #11,848,874
This total is increasing At the monthly rate of about #89,000 for 
Trail production, plus #1178 required to maintain the three 0. 8* 
plants in standby.

j>. Total Cost per Pound of Product«
(1) the total cost per pound of product, including 

amortisation of the total costs of construction, etc*, as of 81 
Dooeaber 1848 is as follows t

For the Plant at Trail, B. 0. #111
For the three tJ. 8. Plants 880

The average total cost per pound for the entire production from 
all four plants might bo calculated as followst

Total Oosts of Oonstruction, etc. #17,847,888
Total Production Oosts 11,848,874

Total Cost #28,996,407
Total Production 81,470 lbs#
Average Total Cost per Pound #856
(2) This high average total eost per pound is of course 

due primarily to the short periods of operation during whioh

€fT  ibfc RET
8.80
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SECRET
tha entire construction costs of the four plants have been assumed 

to be amortised* about 2\ years for the plant at Trail, B, C., and 

2 years for the three plants in the United States. In the last 

month for which complete figures are available, March, 1945, the 

production cost was $30 per pound at Trail and §192 per pound at 

the three U, S. plants, or an average of $142 per pound. If produo­

tion should continue and if the production rate at the three plants 

in tho United States were increased by means of the improvements 

which have now been devised, the average total production cost 

for, say, 6000 lba* of product per month might be reduced to about 

#90 per pound. This would represent the average total additional 

cost, exclusive of amortization, or the average total coat over and 

above expenditures which wmld have been already made.

plant as compared with those at the other plants result to a con­

siderable extent from the fortunate circumstance that hydrogen was 

already being produced by the CM&S Company, with facilities already 

existing. Therefore the heavy water was in effeot a by-product of 

the existing plant, and the costs of an important large part of the 

process are not fully reflected in the costs of the product. To 

have constructed in the United States, a complete plant, from the 

ground up, for the production of heavy water by this same prooess, 

might have developed a cost per pound in excess of the costs at the 

distillation plants,

5-4, Shipments of Material,

(3) The louver costs of production at the Trail

Shipment of partially concentrated material from the Alabama
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and Vmbash River distillation plants to the Morgantown electrolytlo 
plant for final concentration is made by Railway Express under a 
"Money” reoelpt, in sealed, special metal containers. Notice of 
shipment is made by registered mail and the recipient is notified 
of container seal numbers so that they can be ohecked for evi­
dences of tampering. Deliveries from the plants to the Railway 
Express office and from the terminal Express office to the Morgan­
town plant are made by special truck. The frequency of shipment 
and material shipped is unknown to anyone except certain selected 
individuals*

Shipment of finished product from the Trail Plant 
and from the Morgantown Ordnance Storks to the University of Chicago, - 
Chicago, Illinois is also handled by Railway Express under "Money1* 
or "Registered" (Canadian) receipts with similar provisions for 
notice of shipment, numbered seals, pickup and delivery by special 
trucks, as are described .above for the partially concentrated material
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SBCSZOH Q - OHOAKIZAl'IOK AND Î KBONiOfl.

6-1* Administration*
a, The Government organisation and personnel for the 

overuII administration of the B-8 Project are set forth in Book X* 
The organisation of tha OSRD, the $~1 Committee* the Militfejy 
Policy Cosaiaitte© and the Manhattan District* asal their connection 
with the DSM Project as a whole* are there described*

b, Before the project was fully organised* the prelimltt* 
ary work was carried out under the direction of the OSED, with 
General W# D. Styer, Chief of Staff, S.0#S*, being kept informed#

o« The project m s  placed under Colonel J* G* J&rahall 
who aervad as District Engineer of the Manhattan District from
19 June 1942 until he was relieved by Colonel X* D* Nichols on
20 July 1943* Colonel Nichols has served continuously as District 
Engineer airsae that time, On S3 September 1943 Major General L, B*. 
Groves m s  selected by the Secretary cf War to take complete exe­
cutive charge of the entire project.

d. The personnel of the District Engineer*§ unit in 
direct charge of the development and produotion ef this product 
has consisted of the foUcvsingi

(1) Unit Chief, Construction and Operation! Major 
S. S. Traycor.

Asaistanfc Chief* Captain J» fartett.
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(2) Construction.

Trail, B. C. Are*i Major J. P. Sally.
(b) Morgantown Areai Major E. A. Brinkman, 

suooecded by Captain W. A. Catlett,
- (c) Ydabash River Area* Major L. E. Roabaok..

(d) Alabama Area* Captain W. G. VSWlla, suo- 
oeeded by Captain Jos,eph H. King.

(3) Operation,.
(a) Trail, B. C., Plant* Major J. P. Sally-
(b) Morgantown Plant i Captain W. A» Catlett* 

succeeded by Captain M. J. Barnett.
(o) Wabash River Plant* Captain M. J. Barnett.

/

(d) Alabama Plants Captain M. J. Barnett.
6-2. Research and Development Personnel-

a. Dr, H. C. Urey, Member of OSRD, of Columbia University.
b. Dr. E. V. Murphree, Member of OSRD,) of Standard Oil

} Development Co.|
o. Dr. E. W. Thiele ) development of

catalysts for the 
Trail, 8* C.,
Plant| construction 
and operation of a 
heavy water pilot 
plant.

d. Dr. H. S. Taylor, of Princeton University* Development
of Catalysts.

e. Dr. M. Dole, Northwestern University ) Heavy water
\ analysis methods

f. Dr. A. 0. C. Nier, U. of Minnesota ) & equipment
g. Dr. G. M. Webb, of Universal Oil ) Development of

Produots Co. ) Catalyst*

6.2
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h. Dr, V. 11# Xh&yar, of t*» <iu Font Co. <) l/*Telopjnant
ef Distil­
lation Fr

H i  Dailgn ftr»onnal.
»• Consolidated Mining & Smelting Co.j Trail, B. 0.,

Sr. C. H« Wright,
b. Ston* A Wabatar Engi nearing Corp., Mr. A.L. Sartridga, 

Prejact Manager,
0. I. I* du Pont do laaoura k Co#, Inn., Wilmington Offioe

(1) Hr. E. 0. Aokart, Chiaf ftigine ar, 2ngi near lag 
Department.

(2) Mr. Granville X, Soad, Assistant Chisf Engineer, 
(8) Mr, foot C. Gary, Managor of Daaiga Division.
(4) Ur. P. A. VardoBburg) of tho Awaouia Departmentj 
(8) l>r. 7. S. Thayer ) general aonaultant aorrieaa

and technical auparvlsion 
of piooooa deaign*

(J-4(h Constrnotioa Personnel..
1 . C I M  Co., at frail, 8. C., Mr, H. P. Teidje. 
b* da Pont Company

(1) At Wilmingtoni Mr. S. 9. Aokart and Mr. Oran* 
villa M. Band.

(5) At Morgantown Ordnanoa Workot Hr. J. M.
Christman, Piold Project Managor, ouooaadod by Mr* S« V* Frits.

(8) At labaoh Rirar Ordnanoa Works i Mr. W. x. tyl«? 
Plaid Projoot Managor, ouoooodod by Mr. H. 8. Piohor.

(8) Dr. J.- A. Konlar j 
(7) Sr. W. P. Bebbington
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(4) At Alabama Ordnance Works* Mr, W. V* 
Kremtch, Field Projoct Uan&^er.

6-5# Operafciog Psraonnsl..
a. C M * 8 Co., at Trail, B. C», Dr, C, I. Wrighfcj 

Mr, J. Buchanan, Manager,
V# du Pont Co., general tcahnical supervision of all 

three plant*, Dr. J* A. Monier, Dr. W. P. Bsbbington, andl Dr. 
f* 8 . ItojtPf

(1) At Morgantown Ordnance Works* Mr. Oorrton 
Cueter, Manager.

(2) At Wtbash Rivwr Ordnance Works * Mr. E, 8* 
Hopkins, Manager*

(5) At Alabama Ordnance Works* Mr, 7* A. Joner,
Manager.

c. Consultants during Operation. Muny of tha pereocnel 
listed in paragraph 6 *2 above ware consulted during operation. In 
addition, a special eoxadttee, composed off

(1) Dr. W. X. Lewia, Chairman 
(8) Dr. Ernest Thiele 
(8) Mr. Iflwerd 8. Farrow 

was sailed upon to advise in eonnaotion with the operation of the 
plants in tha Q. S., and submitted their report 18 August 1944.
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8- 8.

■ i •
Eofc euooessjful attainne/it of the purpose of the pro Jeot

mas duo to the loyul, cooperative and unremitting efforts of * 1 1

those listed above and may, mo ay other*, too numerous to mention*
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APPENDICES

Appendix A* Drawings
Al. Layout of plant at Trail, B. C., Canada 
A2. " Morgantown Ordmnoe Works
A3. n - Wabaah Biver Ordnance Works
A4. M Alabama Ordnance Works
A5* Flow Diagrams, Trail Plant {with description)
A6* Flow Diagram, Plants in U. S., Distillation
A7* Flow Diagrams, Plant at Morgantown Ordnance Works 

Electrolytio Finishing (with description)

Appendix B. Photographs 
Bl. Trail Plant
B2. Plant at Morgantown Ordnance Works 
B3. Plant at Wabash River Ordnance Works 
B4. Plant at Alabama Ordnance Works

Appendix C. Lists of Speolal Documents (in Files)
Cl. Technical Reports 
C2. Contracts
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Layout of plaot at Wabaah River Ordnanoo Works
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A4* layout of plant at Alabama Ordnanoa Works

A
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SECRE'
APPENDIX A6 

DESCRIPTION OF THE CMS HFAYT WATER PLABT

The CKiS Iletvy fiater Plant at Trail, B. C. is designed to 
produce about 40 lbs. of final product (99,8% D2 0) per day. The 
complete operation comprises a Primery Concentration Plant and a 
Secondary Concentration Plant.

Primary Concentration Plant.
The object of the Primary Plant ia to eoneentrate DjO, which 

la preaent at a concentration of .016^ In the feed eater, to a 
concentration of about Z*S%, This concentration is effected in four 
stages of eleetrolytio eella and exchange towers. The prismry plant 
produce* about 2140 lb* of 2.3^ haa-?y water per day whloh serves aa 
feed to the secondary plant.

The following is a brief description of the prooeaa flow for 
the Primary Plant to accompany Figure 1* Table "A" gives a brief 
explanation of the various pleoea of equipment.

The feed water, ordinary steam condensate, is fed to the top 
of the first stage exchange towers Tl-A, B and C and on leaving the 
towers ia fed to the first stage electrolytic eella. The water ia 
electrolysed and the generated hydrogen ia aent through a condenser 
where the entrained electrolyte is separated out and sent to El.
The hydrogen moves from the condenser to the base of towers Tl-A,
B and C* At the base of eaeh tower a reboiler is provided so that 
part of the water in the tower can be converted into vapor which 
1s added to the hydrogen rising through the tower. In the tower

App. A5.1
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a catalytic exchange reaction takes place in which the deuterium 
in the hydrogen gas is tranferred gradually to the water vapor

At the top of the towers condensers are provided by means of 
which most of the water vapor in the gases can be converted into 
liquid and returned to flow down the tower along with the fresh 
liquid feed* The hydrogen gas leaving the top of the first stage 
towers and depleted in deuterium content is utilised in the CM&S 
BHg synthesis plant* The liquid leaving the base of the tower and 
more concentrated in deuterium content is fed back to the Stage 1 
cells* Thus DgO is trapped in the cells and becomes increasingly 
more concentrated in the electrolyte#

Entrained electrolyte in the generated hydrogen and oxygen 
gases and separated out in the condensers is evaporated in El*
The condensed vapor from El serves as liquid feed to tho top of 
12* The sarae catalytic exchange reaotion takes place in T2 between 
the water vapor from the T2 reboiler and the hydrogen generated in 
the Stage 2 cells* The hydrogen leaving the top of T2 is sent to 
the base of the first stage towers. The electrolyte entrained in 
the generated cell gases is condensed out in the condensers and 
evaporated in E2. The condensed vapor from F2 serves as liquid 
feed to the top of T3. The catalytic reaction takes place in­
creasing the deuterium concentration of the liquid fed to the 
Stage 3 cells. Electrolyte entrained in the generated Stage 3 
gases ia condensed out and evaporated in E3. The condensed vapors

HD ♦ fi20
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then serve as liquid feed to T4. The electrolyte entrained in the 

generated stage 4 gases is condensed out and piped to Tk6 from 

where it is fed to the secondary concentration plant.

Essentially the same operation is oarried out in each stage. 

Water to fe?<d the towers for the first stage is ordinary steam 

condensate. Water for the succeeding stages is obtained from the 

electrolyte entrained in the gases generated in the preceding stage. 

The hydrogen gas leaving the top of the 4th stage tower is fed to 

the base of the 3rd stage tower along with the cell gas from the 

Third Stage cellsj similarly, the gas streams from the tops of the 

Third and Second Stage tow«rs are fed respectively to the bases 

of the Second and First Stage towers. Although the equipment 

remains essentially the same, it becomes progressively smaller in 

each succeeding stage and the concentration of DgO in the electrolyte 

becomes higher with each succeeding stage.

The oxygen generated in the cells is piped through condensers 

and through TS (oxygen scrubber) to remove the entrained electro­

lyte. The liquid is returned to the process while the oxygen pro­

ceeds on to the CM&S smelter and the coke - NHg plants.

Secondary Concentration Plant.

The concentration of the material received from the Primary 

Plant is continued in the Secondary Plant. A batch process is used 

to bring the concentration from about 2.3^ DgO up to 99.8$ tip in 

three stages consisting of 125, 21 and 4 electrolytic eelIs res­

pectively. The Secondary Plant processes about 2140 lbs. of Primary

App. AS.3
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Plant product per day to recover the naximum heavy wetor concentrate 
and returns the remainder (about 2100 3be, of the original feed) back 
to the Primary Plant,

The current production efficiency of the Secondary Plant is about
97 %,

The following ia a brief description of the process flow for the 
Secondary Plant to accompany Figures 2 and 3« Table MBM gives a brief 
explanation of the various pieces of equipment*

The incoming product (2,2 to 2,4$ heavy water) from the Primary 
Plant is fed into Tk-1 where it is mixed with &0H, ’fllhen a suitable 
electrolyte (2.5$ KQH) has been prepared, it is then charged into 
cells 1 through 125 where it is electrolysed (or "rundown") to l/l 
the original volume* The gases (Hg 4 -gOg) given off at the elec­
trodes c,re sent through K(HI dryers D-la, b, c, df and e, and then 
burnt to recombine the gases to form HgO and condensed in BC-1.
The water thus formed ia returned to the Primary Plant ainoe it^s 
concentration In heavy water (about 0*7$ DgO)ie less than the in­
coming feed to Tk-1*

The concentrated rundown or residue from cells 1 through 125 ia 
drained out* carbonated in sump tank Tk-2, and then evaporated to 
drynesa In K-l* The vapor ia condensed in C-l and run into Tk-3 
from where it is fed into cells 126 through 146. The KgCOg sludge 
resultant of this evaporation is discarded.

App*. A5.4
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The material in cells 126 through 146 is electrolysed to \ /l  

^ita volume* The resultant gases are dried in D-2 and burned and 

condensed in B02*., This burned gas condensate is then returned to 

Tk»l or Tk-2 aa feed for oells 1 through 125 or 126 through 146, 

depending on the concentration obtained as the electrolysis in cell*

126 through 146 proceeds,
4

The concentrated residue from oells 126 through 146 is carbonated

in sump tank Tk*4 and evaporated to drynesa in K-l* The vapor 1* con-
run

densed in C-l and/into Tk-S from where it is fed into cell® 147 through 

150* The KgCOg sludge ia used to cauatieise the feed for cells 1 

through 126.

The material in cells 147 through 160 is electrolysed until 

the concentration of the burned gas condensate from BC-5 reaches 

99*40$ heavy water at whioh time the residue in the oells ia at least 

product strength (99.8$ heavy water). When this point is reached the 

electrolyte residue from cells 147 through 180 ie drained, carbonated 

in sump tank Ik-6, and evaporated in K-2. The vapor is condensed 

in C-2 and the condensate is run into the product tank Tk-8 as material
v j.

of a concentration of SS.8^ DgO* ^i* ®ftterial may undergo further 

distillation in a product ati'll and blending to give a pure (low 

conductivity) product with a jail * 6*0 to 6*6 according to specifications* 

The KgCOg 8lu<i£® from K-2 is used to causticiae the feed for 

oells 126 through 146*

Product may also be obtained as the burnsd gas condensate from 

BC-3 by continuing the electrolysis in oells 147 through 150. However,

App*, A5.5
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this presents disadvantages in that the elimination of nitrogen 
oxides from the burned gas is very difficult without an evaporation* 
Therefore it is more feasible to run the BC-3 gas condensate into 
Tk-3 or Tk-5 according to concentration from where it is fed t» the 
cells .

The dralnings from the ROM dryers (used for drying the electro­
lytic cell gases before burning) are utilized in causticiising the 
feed liquor to the respective cells.

The Primary Plant product is weighed into the Secondary Plant, 
while the final product and the return to the Primary Plant are also 
weighed. Thus all requirements for an overall plant chemical balanoe 
for heauy water are observed.

App. A5.6
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TABLE A

Explanatory notes on Equipment illustrated in Figure 1, Process 
Flow for Primary Concentration Plant i

Equipment Piece

Feed Water Tank

Catalytic Exchange Towers 
Tl-A, B, C# T2, T3, T4

tteboilers
Hl-A, B, C, HZ, Ft3, m

komarks

2700 cu. ft* capacity

Each tower contains 13 exchange sections 
each comprising of two bubble cap plates 
(to obtain counter-current contact of 
liquid and vapor) and a catalyst bed (in 
which exchange reaction takes plaeo)*. 
Besides the exchange sections each tower 
consists of a bottom section of bubble 
cap plates and a top section of boiling 
cap plates*

Tl-A, B, C, 12, and T3 use 1*11# Ft 
on charcoal base catalyst} and T4 uses 
85$ Ki - 15/2 Cr20g catalyst;,

The towers vary in aise as followst 
Tl-A, 13, C s Ill'll^" high X 8*6" I .Da 
T2 s 108* high X 6* l.D.
T3 s 07' 10|” high X 2§* l.D*
T4 s  97* Ig-” high X l|* l.D.

Provided at base of each tower so that 
part of water in tower can be converted 
into vapor which is added to the gases 
rising through the tower. Keboilers are 
used to control humidity of gas phase in 
the towers.

Located at top of each exchange tower and 
used to condense out water vapor in off- 
eases*

Heavy duty, double lobed impellers, rotary 
gas pump used to boost hydrogen gas up 
through tower*

Gas Coolers (or Condensers) t Condense out entrained electrolyte from
gases, H« and Og, generated from electro­
lytic cel1b. Conventional tube and shell 
typo cooler*

Electrolytic Cells 2687 diaphragm type oells, KOH and \ 0 E
otage 1 electrolyte, 16 to 21 electrodes per cell,

10,000 amps*

Condonsers
Cl-A, 8, C, C2, 03, C4

Blowers
Bl-A, a, C, B2, 83, B4

cD j
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Equipment. Piece 
Stage 2

Stage 3

Stage 4

Tk-1
Tk-2

Tk-3

Tk-4

Tk-5

El

E2 (includes one

E3

378 diaphragm type cells, KOH electrolyte,
15 electrodes per cell,
10 .0 0 0 amps*
94 diaphragm type cells, KOH electrolyte,
15 electrodes per cell,
10 .0 0 0 amps*
30 diaphragm type cells, KOH electrolyte,
15 electrodes per cell,
10 .0 0 0 amps.
2304 cu, ft* capacity feed tank for Stage 1.
200 cu* ft* capacity feed tank for Stage 2*
50 cu. ft. capacity feed tank for Stage 3*
(includes two 33 cu* ft. capacity tanks) 
feed tank for Stage 4*
64 cu* ft* capacity tank for Stage 4 
condensate (entrained electrolyte in gener­
ated Hg and Og from Stage 4 cells and product
Of Primary Plant)-
Prepares feed water for T2 from electrolyte 
condensate from gas coolers for Stage 1 cells* 
Swenson single-effect calandria type evapor­
ator designed to produce 550 gal* par hr* 
of distilled water from a feed of 687*5 gal* 
per hr* of 0*6$ KOH solution..

spare) Prepares feed water for T3 from electrolyte
condensate from gas coolers for Stage 2 cells* 
single-effect, calandria type evaporator*. 
Capacity s 150 gals/hr of distilled water 
from feed of 187*5 gals/lir of 0.5$ KOH 
solution.
Prepares feed isater for T4 from electrolyte 
oondensate from gas coolers for Stage 3 oells* 
single-effect, calandria type evaporator* 
Capacity • 60 gals/4ir of distilled water
from feed of 62*5 gal/W of 0.5% KOH solution.
Oxygen scrubbing tower used to remove 
water vapor from the oxygen stream from 
cells. The oondensate may be returned to

Remarks
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Equipment Pico® 
T6 (continued) the Stage 1 or 2 operation* Tower is 

6» I.D* Cu cylindrical shell, 36» 11 3/8" 
overall length, and contains 20 bubble 
oap plates*

Renarks
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TABLE B

Explanatory nates on equipment illustrated in Figure 2, Process Flow
for Secondary Concentration plant*

Equip. No*
(See Att'd' Drwg*)
?k-l

Sleetrolytic 
Cells

Tk-2

K-l

C-l
Tk-5

Tk-4

Tk-5

Tk- 6

K2

Remarks

Feed preparation tank for cells 1 through 125. Has 
capacity of 8000 lbs* HgO* Receives approximately 
2140 lbs. water (2 .2 to 2.4$ OgO) Psr ^ay ^roia the 
Primary Plant. To this about 53 lbs. KOH is added 
in preparing the electrolyte for cells 1 to 125*
1000-ampere cells vdth NI plated anodes and Fe 
cathodes. Nos. 1 through 126 are for the initial 
feed to the secondary plant end concentrate the 
water from about 2*5$ DgO to about 16$ DgO*
Ros. 126 through 146 concentrate the water to 76$ DgO#
Hos. 147 through 160 concentrate the water to 99.8$
d2o.
Sump tank and earbonator for residue from cells 1 to 
126. Has a capacity of 1000 lbs* HgO*
Horizontal, gas-fired evaporator for th© carbonated 
residue (or rundown) from cells 1 through 146.
Condenser for K-l.,
Feed tank for calls 126 through 146. Has capacity 
of 3600 lbs. EgO*.
Sump tank and carbonabor for residue from c ells 126 
through 146* Has a capacity of 460 lbs. HgO*
Feed tank for cells 147 through 150. Has a capacity 
of 900 lbs. HgO.
Sump tank and earbonator for residue from cells 146 
through 150. Has a capacity of 220 lbs. HgO*
Horizontal, gas-fired evaporator for the carbonated 
residue from c ells 147 through 150*

C-2 Stainless Steel condenser for K-2.

App* A5.10
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Equip. Ho,
(See Att'd lirwg.)
Tk-8

D-l ft, b, Cf 
d, e
SC-1

Tk-7

15-2

BC-2

0-3

BC-3

Product storage tank. Has a capacity of 1000 lbs* 
H20.
Gas dryers for gaseous mixture Hg 4 ^Og fros cells 
1 through 125. Packed with solid KOH.
Gas burner and condenser for Hg 4 |0g mixture from 
cells 1 to 125. Fxcese Og is supplied for flushing
the burners rand eliminating nitrogen oxides from 
burned gas.
Sump tank for burned gas condensate from BC-1* Has a 
capacity of 4000 lbs. HgO# Receives about 2000 lbs* 
HgO (o*7?b DgO) from SC-I por day which is returned to 
the Primary Plant*
Gas dryers for Hg ♦ -|Og from cel Is 126 through 146. 
Packed with solid KOH*
Gas burner and cmdenaar for Hg 4 Og mixture from 
cells 126 through 146* Condensate from BC-2 is fod 
into Tk- 1  from ladier® it is charged to cells 1 through 
125*
Gas dryer for H2 4 |02 from cells 147 through 160* 
Paoked with solid KOH.
2 gas burnersatnd condensers of stainless steel con­
struction for Eg f |0g mixture from ce 11s 147 
through ISO* Condensate from BC-3 is fed into Tk-3 
from where it is charged to cells 126 through 146*

Bemarks
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APFEBDIX A6
DESCRIPTION OF THE DP FONT HFAVY IftATES DISTILLATION PLABTS

Du Pont plants located at the Morgantown, Alabama and Wabash 
Hirer Ordnance Works provide for the separation of heavy water by 
continuous vacuum distillation. The equipment at each of the sites 
differs only in sise, eaeh plant consisting essentially of an eight- 
stage continuous distillation train in which ordinary water Is 
stripped from the slightly lese volatile heavy water. The distil- 
lation plants concentrate the mater to about 90# DgO. The remain­
ing separation takes plaoe in the du Pent Finishing Plant at Morgan­
town by eleotrolysis (See App. A7).

The following is a brief description of the process flow for 
the dietillatlon plant to accompany Figure I* Table A gives a brief 
explanation of the various pieces of equipment.

The first stage of the distillation train ooneists of a seriee 
of towers arranged In parallel in groups of five, one group at 
liorgantown Ordnance Works* two at Alabama Ordnance Works, and three 
at Wabash River Ordnanoe Works. The feed to the distillation train 
is steam condensate from the calandrias of the first stage columns, 
and enters the eystem at the top of the 16* diameter towers in the 
first stage units. The condensate passes down through the tower 
and undergoes a vacuum distillation wherein the less volatile heavy 
water content becomes more concentrated In the liquid as it passee

App. A6»l
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SECRET
down through the towers while the vapor depleted in heavy water pas­
ses up and out the top of the towers* This vapor from the tops of 
the first stage units Is condensed In barometric condensers and 
discarded (except at Morgantown ordnance Works where it is used as 
make-up for the cooling water to the condensers).

The concentrated material from the bottoms of each of four of
the groups of five first stage unitst which are designated as
straight away units, is drawn off at a predetermined rate and pumped
Into the line leading from the fifth unit (which is designated as the
circulation unit)* The concentrated material from the bottom of the
circulating unit and the straight away units is fed to the top of a
single second stage unit at a rate approximately equal to the boilup
of the latter* Distillate from the second stage unit is returned 

■ ' ‘ . 1 
near the bottom of the first stage circulating unit at a point in
the column having the same concentration*

An alternative method of feeding the Second Stage Units with
the First Stage tower concentrate is to feed the concentrated
material from the bottoms of eaoh first stage unit directly to the
top of the aeoond stage unit and distillate from the second stage
is returned directly near the bottom of eaeh first stage unit*
In this latter alternative eaoh first stage unit is termed a
circulatory unit (See Fig* 2). Wabash River Or d m  nee Works at
present employs this method successfully*

App * A6* 2
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The liquid leaving the bottom of the second itog« Is concen­

trated to suoh an extent that it is necessary to put it through
«y

an evaporation step for the removal of dissolved solids. Condensate 
from the evaporators is fed to the top of the third stage ooluan.

The third and succeeding stages at eaoh site are single 
columns vftiose sises are determined by the number of first stage units 
at the site, and at any given site the columns are progressively 
smaller as the concentration of heavy water increases through the 
system. In every stage the system le essentially the samet feed 
to the stage Is liquid from the base of the preceding stage and 
the vapor from the top of the stage is condensed and returns to 
near the bottom of the preceding stage.

The product from the eighth stage is pumped to a draw-off 
can espeoially designed for this purpose, at scheduled Intervals 
and quantities. A final evaporator is provided for removal of any 
solids remaining In the product.
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TABLE A

Explanatory Kotos on Equipment illustrated in Figure X. 
Process Flow for Distillation Train*

Equipment Pieoe 
First Stagei

(1) Tower*

(2) Calandrias*

(S) Condenser*

(4) Pumps*

(5) Feed Coolers*

Remarks
Several Units in parallel make up first 
stage at each site. Units are headerod 
in groups of five, each group supplying 
a second stage unit. There are 15 Units 
at Wabash River Ordnance Works, 10 at 
Alabama Ordnance Works, and 5 at Morgan­
town Ordnance Works.
Each first stage unit tower is in two 
sections so conneoted in series as to 
function as a single fractionating column. 
The top, or feed, section is 16 feet 
diameter X 100 feet high, and contains 
80 tunnel cap plates* The bottom section 
is 12 feet diameter X 106 feet high, and 
contains 90 bubble oap plates.
Attached at bottom of 12 ft. seotion. 
Construction is of conventional shell 
and tube type.
Each unit has a barometric condenser 
and a two-stage steam jet vaouum pump 
with barometric inter-eondenaer.
All pumps in duplicate to insure oper­
ating continuity. Pumps used to transfer 
steam condensate frcm calandria, thru 
ooolers, to top of 15 ft. tower section* 
to transfer liquid from bottom of 15 ft. to 
top of the 12 ft. seotionj to take liquid 
from base of 12 ft. seotion and deliver 
it to the second stage feed header..
(Not illustrated in process Flow Diagram) 
Drip coolers provided to cool stfcam con­
densate from the calandria to the correct 
feed temperature.
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ĉ EPPFT
Equipment Pi<09

B. Second Stage >

(1) Tower*

(2) Calandria*

(3) Condenser*

(4) Fvaporators*

C. Third Stage $

(1) Tower*

Remarks
Ob* Second Stag* Unit provided for eaoh 
group of five first stage units*
Eaeh Seoond Stags Unit Is in two series 
stations functioning as a single column* 
top section Is 10| ft* diameter X 83 ft.
7jjf in. high, and contains 72 bubble cap 
plates. The bottom ssotion is S ft. 
diameter X 92 ft. 10| in. high, and eon- 
tains 83 bubble cap plates.
Conventional shall and tube type attached 
to bottom of 8 ft. Column.
Conventional shell and tube, water cooled 
condenser used on eaoh Second Stage Unit. 
These condensers are of "falling film" 
type. In addition to the main condenser, 
two HHj-cocled condensers are provided te 
reduce vapor losses to a minimum.
Used to remove solid impurities from fsed 
to Third Stage. Four parallel evaporator 
units are provided at Wabash River Ordnance 
Works, three at Alabama Ordnance Works, and 
two at Morgantown Ordnance Works. A con­
denser is provided for eaeh evaporator 
with a single set of refrigerated vent 
condensers for the group. The evaporators 
are of suoh sise that the total evaporation 
lead at any site can be handled with one 
evaporator out of service.
Third Stage at eaeh site is a single con­
ventional bubble cap tower, with the usual 
auxiliaries*.
All towers have 71 aetlve bubble cap plates 
and one spray catching plate*
Tower diameters vary at different sites as 
followsi
6i ft* diameter at Wabaah River Ordnance Works 
4a ft* diameter at Alabama Ordnance Works 

ft* diameter at Morgantown Ordnance Works

App*. A6.6
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Equipment Piece Remarks
(2) Calandriasj

(3) Conder.s ers t

shell and tube, steam heated, similar 
in type to those on previous stages.
essentially similar to system used 
on stage two.-

D. Fourth, Fifth, Sixth, essentially similar in arrangement 
Seventli & Eighth with that of stage three. Sizes
Stagesi vary as follows?
(1) fourth Stage 

Tower t

(2) Fifth, Sixth, 
Seventh and 
Elghthj

£• Final Evaporatori

Z\ ft. diameter end 72 bubble cap 
plates at Wabash River Ordnance Works;
2 ft* diameter and 72 plates at Alabama 
Ordnance Worksj and lb ft. diameter and 
paoked with 6/8" X 5/8" ceramio rings 
at Morgantown Ordnance Works.
ljjf ft. diameter X 72 ft* high, packed, 
at Wabash River Ordnance Worksj 16" 
diameter X 72* high, packed, at Alabama 
Ordnance Works; and 10" diameter X 72* 
high, packed, at Morgantown Ordnance 
EVorks.
Patterson steam jacketed kettle, for 
removal of solid impurities from dis­
tillation train product*,

App.. A6 . 6
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APPENDIX A7

UESCiKIPTlOK OF TH" DU PONT HEAVY VAT Hi FINISHING? PLANT

The du Font Heavy Water Finishing Plant was designed to process 

9600 lba (1150 gal*) of material containing 50$ Heavy Water per month* 

The present operations call for the processing of 2300 to 2400 lbs. of 

90# heavy water per month. The current production efficiency of the 

Finishing Plant ranges between 96 and 98%•

The following is a brief description of the process flow for the 

Finishing Plant to accompany Figures 1 and 2. Table "A* describes the 

various pieces of equipment.

The incoming product (90?» heavy water) from the 8th stage tower 

of the d istillation  train is fed into Tk-1 from where it  is pumped to
v

Tk-2, the head tank for the in itia l evaporation in the Dopp Kettle, K -l. 

The vapor from K-l is condensed in C-l and th® condensate ia moved to 

Tk-3 where i t  is mixed with KgCOg to form the eleotrolyte (7 -l /2 #  by 

wt KgCOg) for cells 33 to 48. Thegases (2Kg ♦ Og) from the cell elec­

trodes pass through the liquid-gas separators S -l and S-2 and the NH3 

coolers. The gaseous mixture is then burned in excess Og. (to recombine 

Hg and Og to give HgO) and condensed in C-3. The oondensate from the 

burned gases is then moved to the cut tanks whore i t  is held according 

to concentration (See Cut tanks. Table A)* Before the oondensate is  

added to the cut tanks, 20$ KgCOj is added in order to neutralise any 

acid (eg HHOg formed by oxidation of any of Ng which might be present) 

and thus prevent corrosion in cut tanks.

App. A7*l
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SECRET
After the concentration of the oondensate from the burned gases 

reaches 99.45* heavy water (at which time the c e ll residue is at least 

99.8$ heavy water), the ce ll residue from oells S3 to 48 is drawn off  

into Ik-4 from where i t  is pumped to K-2, by way of Tk-5, for final 

evaporation* The K-2 vapor ia condensed in C-2 and the condensate 

cooled. At this point a conductivity control test is made, and i f  

the conductivity is within lim its, the liquid is dropped into the 

produot tanks*

The liquid from the liquid-gas separators, S -l through 4 , and the 

liquid from the explosion traps, Tks 13 k 14, are added to the oarbonate
I

mixing tank Tk-9, or to the cut tanks, by way of Tk-8. The eleotrolyte 

for cells  11 to 32 is prepared in Tk-9 and, prior to the KgCC&mixing, 

ranges in concentration from 5 to Q0% heavy water. The gases from oells  

11 to 32 are separated from liquid entrainment (S-3 & S -4), cooled, burned 

and condensed (C-4) in the same manner as are the more concentrated gases 

from cells  33 to 48. The oondensate from C-4 is neutralized with 

and plaoed in the cut tanks according to concentration..

The out tanks feed the eleotrolyte oells by way of the carbonate 

mixing Tks 3 and 9. Tks 7b through 7f are used for cells  11 to 32. Tks 

7g and 7h are used for cells 33 to 48. Tk 7a is used to store material 

of concentration less than 6% which to date has not undergone further 

treatment.

App. A7.2

bensokr
Line

bensokr
Line



SECRET
TABLE A

Explanatory notes on Equipment illustrated in Figure No. 1, Process

Flow Diagram of Finishing Plant*

Equip. No.

(S©o Att'd Drwg.) Remarks

Tk-1 20-gal. hold tank from which feed is pumped
to K-l head tank. Necessary inasmuch as 
distillation  train product container could 
not withstand pressure resultant of this 
pumping operation direct from the container.

Tk-2 100-gal. head tank for K -l.

K-l 50-gal. Dopp Kettle for in itia l evaporation
to eliminate solid impurities which are dis­
charged to sewer.

C -l Condenser for K -l. Consists of Stainless
Steel coil immersed in cooling water.

Tk-3 200-gal. KgCOg mixing tank used to prepare
electrolyte for cells 33 to 48.

Tk-9 150-gal. KgCOg mixing tank used to prepare
eleotrolyte for cells 11 to 32.

Electrolytic Capacity per cell is IS gal.
Cells Pach cell comprised of a Hi anode and Fe

cathode.
Cells 11 to 32 are used for concentrations 
less than 80$ heavy water (22 ce lls  now in opr.) 
and oells S3 to 43 are used for concentrations 
greater than 80$ heavy water (10  cells in opr.) 
Cells 49 to 64 are fed with normal water and 
serve as a ballast to maintain or exceed th© mini­
mum load requirements on the rectifier*.

Tk-4 500-gal. cell residue receiver for final product
concentrations.

Tk-5 350-gal. head tank for final evaporation.Tk-5
was previously used as a carbonating tank when 
KOH was used as the electrolyte.

K-2 30 gal. Dopp Kettle evaporator*

App. A73
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Ejulp. No*
(See Att'^d Drwg.)

C-2

Conductivity
Cell

Tks. 6a, 6b

S -l

3-2

S-3

S-4

Igniters

C-3

C-4

Cut Tks 
7a to 7H

Remarks

Condenser for K-2. Is backward return type 
( i .e .  Condensate loaves condenser at boiling 
temp.)

Used to check purity of final d istillate  
wherein conductivity is indicative of 

product contamination*.

100 gal* stainless steel product tanks*
No blown into tanks to swoep out COg and 
thus reach pH specifications (pK specifications 
for product 5 6.0 to 6*6)

Liquid-gas separator before NH* cooler 
(cells S3 to 48) '

Liquid-gas separator after HH» cooler 
(oells 33 to 48)

Liquid-gas separator before NHg cooler 
(cells 11 to 32)

Liquid-gas separator after NH3 cooler 
(cells 11 to 32)

Oases (2Hg ♦ Og) are burned with slight 
excess Og to give HgO)*

Condenser for ignited gases from cells  
33 to 48*i

Condenser for ignited gases from cells 
11 to 32*

Used to hold water of varying concentrations 
which must undergo further electrolysis 
(exception 7a)
(7a) 800-gal* tk* for cono* of 0 to 5% and 

used to store vrater which does not 
warrant further process at present time*

(7b) 300-gal* tk for conc* 6 to :\0%
(7o;) 300-gal* tk for cono. 10 to 20%
(7d!) 150-gal* tk for cono* 20 to 40%
(7eJ) ISO-gal* tk for 00 nc* 40 to 60%
(7fjI 100-gal * tk for conc* GO to 8O7I
(7g;1 100-gal* tk for conc* 80 to m *
(7h) 0 0 1 S • tk for oono. 95 to 99.4J?

App. A7.4- —■CEE!
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Equip. No,
(See Att*? Drwg.)

Tk-8

Tks. 11, 12 

Tks. 13, 14

Remarks

50-gal. oell header drainage tank. From 
Tk-8 the material moves to the out tanka.

60-gal. hold tanks for liquid from liquid- 
gas separators S -l, S-2, 3-3, S-4.
From Tks/II and 12 the liquids move to the 
out tajiks via Tk-8.

75-gfal. tanks which serve as explosion traps. 
L^uid collected in these t^aps moves to out 
tanks.

Tk. 10 350-gal. auxiliary storage tank.
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AFPENDIX B

PHOTOGRAPHS

Bl. Trail Plant
(Bl-1 to Bl-29 inolusive, 17 pages)

B2. Plant at Morgantown Ordnance Works
(B2-1 to B2-9 inclusive, 9 pages)

B3. Plant at Wabash River Ordnance Works
(B3-1 to B3-5 inclusive, 5 pages)

B4. Plant at Alabama Ordnance Works
(B4-1 to B4-14 inclusive, 7 pages)

App. B
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l

31-1 Booster Room From We at (8 November 1943)

Bl-2 Booster Room Operating Panel From East 
( 3 November 1943)

App B l.l
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//
31-3 Pumpp In Evaporator Building (15 April 1943)

fi

31-4 Primary Plant Evaporator Booa froa 3, W. (13 Nov* 1943)

App. B1.2
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31-5 Primary Plant Evaporator Hoorn from I"?. B» (13 Kov. 1943)

App, 31.3
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91-6 Primary Towers from South (13 October 1943)

31-7 Primary Towers from North (13 October 1943)

App. 31.4
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31-8 "xohanf;* Towara -  Jround Floor -  South Side from Eft at
(13 October 1943)

App. 31.5
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3 1-9 2xohange Tower* -  North oi«i* from est (13 Ootober 1943)

f
31-10 "xoliang* Tower* -  Mortl* Did* -  3rd Floor from lYoat

(13 Ootober 1943)

A pp.. J l . 3
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31-11 xchange Towers -  Korth 3ids -  5th Floor from East
(13 Ootobor 1943)

31-12 •’xoban.ie Powers -  Korfch iiids -  Top Floor from Seat
(13 October 1943)
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31-13 Exchange Tower Condenser -  South Jida from East
(13 Ootober 1943)

Jl-14 Primary Tower 2nd Floor -  South Slda from tfaat 
(13 October 1243)

App. i l .8
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31-15 3en«ral Exterior from H. 7T. 
(8 Sf0T0mb«r 1243)

App. 31.9
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Sl-16 Secondary Plant Ganarator R ook  from V . S* 
(• Jlorembar 1945)

Bl-17 Saoondary Cell Hoorn fro* H. ff* 
(8 Hovembar 1943)

Q  17 /->  D  T7'T'
O ^ L l i  fa I

App. 31*10 S6
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31-18 Seoondary Cell Hoorn from 3. HI#
(8 November 1943)

31-19 ilarloy Cooling lower from U, W*
(19 May 1943)
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31-20 Float in Dola's Continuous Analyser 
(13 February 1943)

App. 31*12
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31-21 Float -  Dole Apparatus 
(10 January 1S44)

31-22 Tungsten Decomposition Apparatus 
(10 January 1944)

App* 31*13
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Jl-23

31-24

0

Dole Apparatus 
(10 January 1944)

Sleotrolytio Apparatus for  Preparation of 100  ̂ P-9 
(10 January 1944)

App* 31*14
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31-25 Palling Drop Apparatus 
(10 January 1944)

31-26 Pyonomater#
(10 January 1944)

App* 131*16
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8 1 -3 7

31-28

Mas* Speotromaters 
(10 January 1944)

Tower T-8 Oxygen Stripper from South 
(13 October 1943)

App. 31*16
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31-29 3oil«r Plant
(15 April 1943)
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92-1 Distillation lowers

App* 32.1
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32-3 Distillation Towart

App. B2.2
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32-8 D istillation To wars and Prooes* Pump and Control Building

App. 32.3
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Right Wing, Ch«ng» Ilouaa, Offio# and Laboratory 
Building
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Left Wing* Chang* House* Offloe and Laboratory 
Building
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92-6 Product 3torag« 3uilding

App. 32*6
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32-8 fin ish in g  (E la c tro ly tio ) Building

A p p .  3 2 . 3
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32-9 Steam Supply Low Pressure Boilar Eous#

<

App* 32.9
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D is tilla tio n  Tower* (October 1943)
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33-2 Process Pump and Control Building* and D is tilla tion  
Towora (October 1943)

App. 53 #2
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33-3 Chang* Houee, O ffloe and Laboratory Building 
(Ootober 1943)

* 1

App. B3»3
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B3-4 Ranney TTatsr Colleotor Well 
(October 1943)

App. .33.4
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33-5 Addition to Steam Power House
(in  right foreground as indicated)

(October 1943)

(

App. 33.5
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B4-1

B4-2

Distillation Tower* (July 1943)

In terio r o f D is tilla tion  Tower, during construction 
(June 1943)

App. B4.1
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B4-3 Fabrication o f In ter io r  Bubble Cap Plate Section* 
fo r  D ic t illa t lo n  Tower* (May 1943)

B4-4 Fabrioation o f In terio r Bubble Cap Plate Sections 
fo r  D is t illa tio n  Tower* (May 1943)

App. 34.2
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B4-5

34*6

Fabrioation o f In terio r Bubble Gap Plat® Seetione 
fo r  D is t illa tion  Towers (May 1943)

Top Section o f D is t illa tio n  Tower (May 1943)

App. B4.3
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I

B4-7 D is t illa t io n  Tovars* from on® side (Hovember 1943)

34-8 D is t illa tio n  Towers, from near one end 
(November 1945)

App* B4.4
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B4-9 Process Pump and Control Building (July 1943)

B4-10 Process Pump and Control Building (November 1943)
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34-13 Area Gate and Guard House (Hovember 1943)

B4-14 Warehouse or Shop (tfov'ember 1943)
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APPENDIX C

LISTS OF SPECIAL DOCUMTKTS

Cl* Technical Reports. MED Research Control Seotion F ile . 

C2. Contracts. MED C lassified  Contract F iles .

App. C
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APPENDIX Cl

TECHNICAL REPORTS

(F iled  in  MED Researoh Control Section F ile )

Report
Number Subject J2L

A-102 Hydrogen-Exchange Reaction on 
Metal Catalysts*

A-104 The Calculation o f the Performance 
o f Exchange Columns for the Separa­
tion  o f Hydrogen Isotopes

A-1J.5 Catalyats fo r  the Production o f
Heavy Water by Means o f the Hydrogen 
Via ter Exchange Reaction*

A-144 Theoretical Values of Equilibrium
Constants fo r  Deuterium Exchange Re­
actions Involving Hydrogen & Water*

A-160 Third Progress Report on the Hydro- 
gen-Water Vapor Exchange Reaotion on 
Metal Catalysts.

A-268 Sixth Progress Report on the Hyiiro- 
gen-ftater Vapor Eiohange Reaotion on 
Metal Catalysts*

A-299 Second Report on Catalysts fo r the 
Production o f Heavy ffater by Meant 
o f the Hydrogen-^ater Exchange 
Reaotion*

A-315 R e lia b ility  of Catalyst Testing 
Procedures at Columbia*-

A-S27 Calculation of the Performance o f
Exchange Tower in the Produotion o f 
Heavy 1/Hater*

A-359 Continuous Deuterium Analysis*

H. S* Taylor
G. G.- Joris

G* I* Kimball

A* V* Grosse

G. 1. Kimball 
V?« H* Stookmayer

U. S* Taylor

G. G. Joris 
H* S* Taylor

J* E* Ahlberg 
C* F* Hiskey 
J* R. Huffman 
E* H* Taylor 
A. V* Grosse

R. H* Crist

H. C. Carlson 
J* 0- Maloney

Malcolm Dole 
R* L* 3urwell,Jr. 
R* J. Voskuyl 
W* E* Roalce

Date

Undated

24 Jan 1942 

15 Jan 1942 

7 Apr 1942 

17 Apr 1'942 

27 Aug 1942 

Undated

25 Sep 1942 

7 Oct 1942

4 Nov 1942

C l. l
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A-361

A-364

A-393

A-394

A-398

A-399

A-400

A-401

A-501

Report
Number Subject JSL Date

Columbia Mass Spectromoters.

Theoretioal Value* o f Equilibrium 
Constanta for Deuterium Exchange Re« 
actions Involving Hydrogen Sulfide#

The Concentration o f  Deuterium by 
the S-Process. Fundamental Princi­
ples and Basis o f Calculations*

Final Report Under Contraot Mo.
OEMsr-776 fo r  the Production of 
EDO Water by the Direct Method.

Memorandum on L ife  Tests Con­
ducted on Baker Pt-Charooal 
Catalysts*

Gyclohexane-Ben*ene-Hydrogen 
as a Possible System fo r  the Con­
centration o f Deuterium*

R. U. Kelley 27 Oct 1942
D. S. McClure 
C. E. Herrick, Jr.

Iff. H. Stockmayer 29 Oct 1942 
H. Jacobson

J. S. Spevaok 5 Deo 1942

M. 8. Amick 4 Deo 1942

II. S. Taylor 6 Dec 1942

H. S. Taylor 5 Dec 1942
0. 0* Joris

Progress Report on the Experimental 
Determination o f the Equilibrium 
Constant fo r  the Reaotion between 
Deuterium Oxide and Hjdrogen Sulfide.

Memorandum on Testing Program fo r  
Platinum-Charooal Catalyats Prepared 
by BakBr k Co. fo r use at No. 9 Pro­
je c t , T ra il, B. C.

Contains follow ing reports re la t iv e  
to Project Ho. 9.

a. Progress Report o f Thermal Studies 
~  at the Ohio State University.

(Columbia Seria l Ho. 100XR-18)

b. Monthly Report on the D Prooess.
“  (Columbia Seria l Ho. 3R-21)

i

c. Monthly Keport on the Prooess. 
(Columbia Seria l Ho. 5K-25).

II. S. Taylor 4 Dec 1942

E. S. Taylor 5 Deo 1942

14 Jan 1943

L. Johnston 9 Jan 1943

J. R. Huffman 7 Jan 1943

J. R. Huffman 7 Jan 1943

C l.2
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Hep or t
Number Subject By_________

d* Catalysts fo r Water-Hydrogen and H. R. Arnold 
~  Ammonia-Hydrogen Exchange. (Colum­

bia Seria l No. 2A-R-4).

a. Progress Report No. 3. Properties 0. U. Webb 
~  o f Test Batohea o f Produot 80*.

(Columbia Serial No* 100XR-26).

£. Progress Report of the Chemioal R. H* Crist 
Research Group 9 Dec 1942 to 9 Jan 
194S. The Separation o f Deuterium*
(Columbia Serial No. 2D R-3).

g* Eighth Progress Report on the Hydro- 9. 0. Joris 
gen-Water Vapor Exchange on Metal 
Catalysts. (Columbia Serial No. 100X 
R-26).

h. Progress Report on Dual Temperature J. H. Chapin 
*“  Systems. (Columbia Seria l No. 3R-23)

i *  progress Report* Catalyst-Poison- C. F* Hiskey 
*“  ing Experiments* Five Stage Catalyst 

Column and E lectro ly tic  Cell P ilo t  
Plant* (Columbia Serial No* 3A-R-5)*

Progress Report o f Disposal and De- A* 0* C* Nier 
vslopment o f Spectrometers* (Colum­
bia Seria l No. 100XR-21).

A-610 The N Process. 0. F* Quinn

A -613 Equilibrium Constant, HDO ♦ BgS* E* S. Taylor

A-514 Progress Report for December, 1942 0. M. Webb 
on Preparation o f 4th P ilo t  Plant 
Satoh (Universal O il Products Co.) 
and Transmittal Letter.

A -626 E. 1. du Pont de Nemours Co* Monthly W* S* Caloott 
Report, Jaclcson Laboratory*

A-627 Final Report on Work Done Under Maloolm Dole
Extension o f Contraot No* OEMsr-482. L. P* Saxer 
Deuterium Content o f Some Water 
8amples*

A-528 Progress Report by Engineering C. F* Hiskey
Laboratory*

Date 

9 Jan 1943

8 Jan 1943

7 Jan 1943

7 Jan 1943

6 Jan 1943

6 Jan 1943

7 Jan 1943

4 Jan 1943 

16 Jan 1943 

19 Jan 1943

9 Mar 1943 

1 Feb 1943

12 Feb 1943

Cl*3
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Report
Number Subject By

A-532 Mnth Progress Report on Hydro- 
gen- V»ter Exchange Reaqtion on 
Metal Catalysts#

A-534 Progress Report No* 4 on Uanu-
facture o f Product No. 80 for Proj­
ect So* S.

A-637 Monthly Progress Report, Chemistry 
D ivision, Deuterium Separation- 
Dual Temperature Systems.

A-639 Catalysts for Water-Hydrogen and
Ammonia Hydrogen Exchange, Progress 
Report from 9 January to  16 Febru­
ary 1943.

A-541 The S Plant.

A-544 The W Process, Monthly Report* Con­
struction o f Plants by du Pont Co* 
for Production o f Heavy Water by the 
D is tilla tion  o f 18ater*

A-545 The Operation o f a Glass Five Stage 
Catalytic Heavy Water-Hydrogen 
Exchange Tower.

A-643 E ffect o f Risons on Products No.
43 and No. 80. Report No. 1*

A-649 The Effect o f Temperature on the 
Murphree Plate E ffioienoy fo r  the 
D Exchange between Water and Hy­
drogen Sulfide.

A-553 Report No* 2 on the Operation o f  * 
Glass Five Stage Catalytic Heavy 
Water Exchange Towerj The E ffect o f 
Super-Heat*

A-656 The W Processi Literature Survey 
on the Fraetionation Factor*

H. S* Taylor

G. M. Webb

R. H* Crist

H. R* Arnold

J* H* Chapin
G. F* Quinn 
J. S. Huffman

M. L. E idinoff 
E. V. Sayre 
C. F* Hiskey

C. F* Hiskey 
U. t .  E idinoff

«F. S. Spevack 
J. R. Huffman

M. L. E id inoff 
E. V. Sayre 
C. F. Hiskey

J. R. Huffman

A-559 The Use o f A Separating Agent in  the 
Extraction or D is tilla tion  o f HDO 
from H20 Apparent Increase.

A. P. Colburn

12 Feb 1943

13 Feb 1943 

13 Feb 1943

15 Feb 1943

17 Feb 1943 

11 Feb 1943

16 Feb 1943

20 Apr 1943 

24 Feb 1943

6 Mar 1943

9 Mar 1943 

16 Feb 1943

Date

C1.4
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A-660 

A-562 

A-663 

A- 66 4

A-566

A-676

A-379

A-S82

A-683

A-688

A-589

A-590

Report
lluraber Subjeot JSL

S Process, Revision o f Five Ton Per 
Month Plant Design*

Progress Report by Engineering 
Laboratory.

Progress Report by Engineering 
Laboratory*

Hydrogen Exchange. Progress 
Report 16 February to IS March,
1945*

the Separation o f Deuterium. Progress 
Report on the Chemical Research 
Group.2B -  10 February to  11 March 
1943.

Analysis fo r  Deuterium in Water by 
Equilibration with Hydrogen.

S Process| Comparison o f Five 
Ton Per Month Plant Designs.

S Process Data -  Temperature 
C oeffic ien t of Bcchange Constant 
fo r  the Hydrogen Sulfide -  M ter 
System.

Report So. 3 on the Operation o f 
a Glass Five Stage Catalytio Heavy 
Water •  Hydrogen Exohange Tower*
A study o f Operation in the 60° 
Temperature Kange.

M. I .  T. Monthly Prograss Report 
fo r April on VSX Process.

Tenth Progress Report on the 
Hyfrogsn-Water Vapor Exohange 
on Metal Catalysts.

Project So. 9 -  Catalysts fo r  
ttater-Hydretgen Exohange. Monthly 
Progress Report 16 March to 16 
A p ril 1943.

J. H. Chapin 

C. F. Hiskey

C. F. Hiskey 

H. E. Arnold

F* B. Brown

J. S. Smith 
C. A. Hutchison
C. M. Judson

J. H. Chapin
G. F. Quinn

D. S. MoClure
C. E. Herrick,Jr

M. L. E id inoff
E. V. Sayre 
C. F. Hiskey

Geo. Soatohard

H. S. Taylor

H. R. Arnold

C l. 6

SECRET

Date 

9 Mar 1943

12 Mar 1943

12 Mar 1943

16 Mar 1943

12 Mar 1943

23 Apr 1943

6 Apr 1943

6 Apr 1943
►

6 Apr 1943

13 Apr 1943

14 Apr 1943
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A-591

A-695

A-697 

A-598 

A-608

A-707 

A-714

A-716

A-716 

A-718

A-722 

A-723

Report
Number

SECRET

Subject By Date

The Separation o f Deuterium, 12 
March to 14 April 1943.

Vapor Liquid Equilibrium Data fo r 
the System HgO-HDO in  the Range o f 
Two Mol Peroent HDO.

S-Proceua, Temperature and Pressure 
vs. E fficiency.

U. I . T. Monthly Report fo r  May on 
VOL Process.

Report #1* Operation o f Experimental 
Celia lbs 1 and No. 2 for Secondary 
Concentration.
Report #2. E lec tr ica l Tests During 
a Period of Operation of the Secondary A. P. Blake 
P ilo t  Plant. (T ra il )

F. B# Brown 

P. W. Schutc

J. S. Spevaok 
E. J. Qrabowaki

Geo. Soatchard 

J. K. Douglas 

J. M. Douglas

Columbia Monthly Report fo r  Produot 9* R. H. Crist

E ffect of Poisons on Products Ho. 
43 and So. 80*

Report No* 4 (F in a l) on Operation 
o f a Glass Five Stage Catalytic 
Heavy Water-Hydrogen Exchange 
Tower| Performance Using Produot 
Ho. 80.

A Review o f Research and Develop­
ment o f  the Dual Temperature Pro­
cess fo r  Concentrating Deuterium*.

Glass Unit S-Process. The Oper­
ation o f a Dual-Temperature Single 
Stage Tower fo r  Deuterium Concen­
tration .

Analysis o f Low Deuterium tibter 
by the Maas Spectrometer*.

Analysis o f Heavy Water on the 
Interferometer.

C. F. Hiskey 
R. X. Klebanow
S. Steingiser

C. F. Hiskey
A. Te lle r

M. L. E idinoff 
C. F. Hiskey

M. L. E idinoff 
C. F. Hiskey

B. Weinstook

1. Kirshenbaum

12 Apr 1943

17 Apr 1943 

12 May 1943

11 Nov 1942 

2 Deo 1942

15 May 1943

7 June 1943

1 June 1943

29 June 1943 

28 May 1943

21 May 1943

Aug 1942

Cl-6
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Report
Kumber Subjeot By Date

A-724 Compariaon of the Columbia C. E. Herrick,Jr. Aug 1942
Spectrometer and Interferometer. • I .  Kirahenbaum

A-726 Equilibrium Constant for the
Reaction IiD 4 il OS^HDO f  H„. P. B. Brown Aug 1942

I .  Kirahenbaum
C. E. Herriok,Jr.

A-727 Measurement of Density D iffe r -  R. J. Voakuyl 6 June 1945
encea with the Temperature Con- Herbert Davia
tro lled  Float* L. P. Saxer

A-733 M.I.T. Monthly Report fo r  June 
on M  Prooeaa.

Geo. Soatohard 14 June 1943

A-736 Summary Report o f Complete 
Iaotopio Analyais o f Pure Product

R. H, Criat 18 June 1943

A-741 Production o f HDO Water by 
Hydrogen Sulfide Method.

M* G. Amiok 5 Deo 1942

A-745 YJi Procea8 C. A. Hutchison 
A. U. Lyon

1 July 1943

A-754 I&ohange o f  Deuterium Between 
Mercaptana and Water.

C. A. Hutchison 
Daniel G illiea

9 July 1943

A-75 6 The Denaity o f Heavy Water, I .  Kirahenbaum 14 July 1943

A-758 Phyaical Propertiea o f 
Heavy Water, I .  Kirahenbaum 23 Aug 1943

A-759 Final Report on the WX Proceaa. Geo. Scatchard 27 July 1943

A-760 Final Report on Catalyat8 fo r the 
Production o f Heavy Water by the 
Hydrogen-Water Exchange fo r  the 
Period 1 September 1942 to 31 July 
1943.

H. R. Arnold 
J. E. Ahlberg 
A. de Bethune 
H. C. Henoken 
H. Kwart 
E. H. Taylor

31 July 1943

A-765 The Equilibrium Constant fo r the 
Exchangei NHg 4 HD «£ NHgD 4 Hg.

C. E. Herriok,Jr.
K. Sabi

30 July 1943
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A-778 

A-79 7

A-1201 

A-1206 

A-1208 

A-1214

A-1222 

A-12S3 

A-1238

A-1916

A-1933

M-18

Report
Humber

tf-19

Subject M . Dr to

Mechanical Teste and Mechanical 
Properties.

Final Report Under Contraot 
OEMsr-149.
Mass Spectrometer Development.

Calculation o f Rydrogen Iso topic 
Composition in Water.

The ftX Process.

Analysis o f M ter in the Normal 
Range.

Supplemental Final Report on 
Product No. 80 fo r Projeot 9.

Analysis o f ^.ater Samples by 
Equilibration.

Equilibration Method.

Report on Survey o f Operations 
in  Connection with the Production 
o f heavy Water by the Consolidated 
Miciing and Smelting Co., T ra il, B. C.

Final Report Under Contract So.
Hi-7412 eng- 68 for Manufacture o f 
F-9 by the tQL Process j Laboratory 
and Semi-Works Tests o f Triethylamine 
in  solvent Extraction.

Final Report on Contracts 0EMsr-106, 
0EMsr-107, OEMsr-192, OEMsr-412, 
and Associated Sub-Contracts.

T©8t  on I .C .I .  Catalyst

Letter to C. H. bright, res 
Abundance of Deuterium in Lake 
Michigan and Tn .il ftater 4 CM&S 
Coke Ammonia Hydrogen.

C. Beck 
C. J. 'Craven

A.O. C. Hier

16 Aug 1943 

20 Oct 1943

R. J. Voskuyl 2 Sept 1943

Geo. Soatohard 3 Sept 1943 
C. A. Hutchison

M. 0. Inghram 6 Oot 1943
H.A. Chase

J. E. Ahlberg 6 Nov 1943 
T. S. B lair 
A. J. de ^ethune

R. H. Crist

R. H. Crist
I .  Kirshenbaum

6. 0. Joris

23 Feb 1943

9 Jan 1944

2S Jan 1944

P. Bebbington 15 Deo 1943

H. C. Urey 28 Feb 1944

A. J. de Bethune 5 May 1943 

R. H. Crist 26 May 1943
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M-31

M-33

M-4S

M-68

M-92

14-109

M -lll

M-112

M-114

M-122

M-130

M-131

M-136

M-145

Report
Number

M-160

Subject By Date

Determination o f  Deuterium 
Oxide in ftater by the Falling 
Drop Method4

The Hydrogen Isotopes Thermodynamic 
Properties of th e ir compounds*

M. m. aright

T. a. Fox

Complete Isotopie Analysis o f  Special R. J* Voakuyl 
Water Samples*

Bibliography -  Information Service -  S. M. Feldman . 
Report Library.

Letter to F. H. Pine (Harshaw) Rei 
Conference in Cleveland! Calcination 
it Reduction o f Dry, Dncalcined Powder*

Analysis #4 on Check System -  Mass 
Spectrometer Standards.

Report #5 on Check System -  Mass 
Spectrometer Methods.

Hoport #6 on Check System - Mass 
Spectrometer Standards.

Report #8 on Check System.

Technical Progress Report, Period
1 »  16 August, 1943* P-9 Production 
and Analysis. 1

Report #9 on Check System -  Mass 
Spectrometer Standards for Period
14 August to 21 August 1943.

Analysis o f Pure Product by the 
F loat.

Report #10 on Check System -  Mass 
Spectrometer Standards. Period 
21 August to 21 August 1943.

F-S Production and Analysis, 91- 
Weekly Heport fo r  the Period
15 -  31 August 1943.

P-9 Production and Analysis, Report 
fo r  the Period 1-15 September 1943.

E. R. Arnold

R. J. Voskuyl

R. J. Voskuyl

R. J* Voskuyl

R. J» Voskuyl

H. C. Urey
R. fi. C rist

15 June 1943

Sept 1942

15 June 1943 

28 July 1943 

23 July 1943

20 July 1943 

27 July 1943

2 Aug 1943

16 Aug 1943 

18 Aug 1943

R. J. Voskuyl 24 Aug 1943

R. J. Voskuyl

H. A. Chase

fl. C. Urey 
R. H. Crist

H. C. Urey 
R. H. Crist

12 Aug 1943

1 Sept 1943

4 Sept 1943

20 Sept 1943
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M-165

M-179

M-527

M-628

M-531

M-533

M-829

M-1169

S-68

S-78

3-85

S-87

Keport
Mumber Sub jeot JfiL Date

Memo on Conference at tfilmingtoni H. C. Urey
Relative to Possible Research on the 
Production o f Heavy VKator.

F-9 Production and Analysis, Bi- 
Weekly Report fo r  the Period 16 -  30 
September 1943,

Informal Report, Analytical Labor­
atory at T ra il.

Memorandum to fi. C. Urey, Analysis 
o f Special Rater Sample.

narrative Report on four Projects — 
K-26, Vitamin B, P-C and P-9.

Standard O il Development -  Summarising —  
Report to OSRD Covering Work on Project 
Ko. 9, including attachments A. B. C*

narrative Report, Research and Develop——
ment •

H. C. Urey 
R. H. Criet

R. J. Voskuyl 

R. J. Voskuyl

Analysis o f Water fo r  Deuterium I .  Kirshenbaum

Memorandum to Dr. L. J. Briggs on T. H. Chilton 
Recommendations Concerning the Pro- H. S. Taylor 
duction o f Heavy Water by Fleotro lye is K. C. Urey 
at T ra il, B. C., Plant o f the Consoli­
dated Mining and Smelting Co. o f Canada,
Ltd,
The Separation o f Deuterium by the 
D is tilla tio n  of Liquid l|drogen -  
Supplementary Memorandum.

9 Sept 1943

6 Oct 1943

9 Sept 1943

2 July 1943

2 Deo 1943

12 Aug 1943

1 Mar 1944

7 Sept 1944

21 Sept 1942

Determination of the Isotopio 
Composition o f Rater with the Zeiss 
Lab. Interferometer.

Fourth Progress Report Centrifugal 
Separation. Progress fo r month of 
September 1942.

0. H. Vsalden,Jr. 29 June 1942

Z. 0. Deutsoh 
E. W. Thiele 
R. Rosen

14 Oct 1942

S-90 Engineering Division -  Monthly
Report on Fractionation of Liquid 
Hydrogen.

J. R. Huffman 11 Bov 1942
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5-92

Report
Number

S-97

S-lOO

S-101

S-108

S-117

S-124

F ifth  Progress Report Centrifugal 
Separation. Progress fo r  Month 
o f  October 1942.

Final Report on the Concentration 
o f Deuterium Oxide by Catalytic 
Exchange at High Pressures.

Pressure Drops Through Catalyst 
S0-11-BC.

Sixth Progress Report ** Centrifugal 
Separation. Progress fo r  Month o f 
November 1942.

Final Report on the Concentration 
o f Deuterium Oxide by Vapor Phase 
Catalytic Exchange a t Low Pressures.

Eighth Progress Report on the Centri­
fuge Project, the Heavy Vteter Project 
and Miscellaneous Chamioal Projeots 
Dealing Mainly with Fluorooarbon* and 
Fluorine.

Progress Report fo r Month o f February 
Centrifuge Plant.

Subjeot______________________
_________ f r - -

E. V. Murphree

A. K. Redcay

C. F. Hiskey 
O. F. Quinn

A. K. Redcay

W« J. Thompson
E. W. Thiele 
R. Rosen

E. V. Murphree

Date 

9 Nov 1942

24 Nov 1942

6 Deo 1942 

14 Deo 1942

16 Deo 1942

11 Feb 1945

10 Mar 194S

C l. 11
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APPENDIX C2

CONTRACTS

(F iled  In MED C lassified Contract P ile s )

Contract Number Contractor Sub jeo t Date
(E ffeo tive  
From) *

OEMsr 107

OEMsr 142

OFMsr 166

OEMar 407

OHMsr 412

OHHar 482

OEMar 6S3

Columbia University In ves tiga tion  o f  29 Oct 1941
catalyata and other 
aidB for separation 
of deuterium.

1 July 1941

Univ. o f Minnesota

Standard O il Deve­
lopment Company*

Standard Oil Deve­
lopment Company

Columbia Univ.

Investigations o f 19 Bov 1941 1 July 1941 
mass speotrographa 
and the construction 
o f spectrometers*

Investigation , con- 8 Deo 1941 1 Aug 1941 
struct!on and opera­
tion  o f p i lo t  plant 
fo r  production of 
heavy water*

21 Jan 1942

Northwestern Univ.

Investigations o f 23 May 1942 
catalysts fo r  large 
soale use for pro­
moting exchange o f 
deuterium.

General investtga- 23 May 1942 1 Deo 1941 
tions including that 
o f aeparating heavy 
water.

Investigations o f 18 June 1942 1 May 1942 
development and con­
struct! on o f continu­
ous analytical appara­
tus*

Universal Oil 
Products Company

Investigations o f 
n ickel, or other 
oatalysts for pro­
moting exohange 
roaction.

16 Oct 1942 10 Sept 1942

OEMsr 776 E.I.duPont de 
Nemours & Co.

Engineering studies 8 Dec 1942 
for production of a 
certain chemical by 
d is t il la t io n .

1 Oct 1942

C2.1
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Contract Mumber Contraotor Subjeot Date
( E ffective
From)

QEMsr 797 Consolidated Min­
ing & Smelting Co*, 
of Canada, Ltd*

t  7401 eng IS Stone 4 Webster 
Ftogineering Corp.

ft 7405 eng 10 Consolidated Min­
ing & Smelting 
Co., o f Cansda, 
Ltd.

Vf 7405 eng 11 Consolidated Min­
ing & Smelting 
Co. o f Canada, 
Ltd.

V> 7405 eng 10 Harshaw Chemical 
Company

Preliminary enginaer- 4 Jan 1943 1 Feb 1942
ing on a large scale
P-9 plant. Alterations
at contraotor’ a plant
to allow up to 5 stage
cascade operation.
Investigations and 
t e s ts 'o f  catalysts.

General A-F-M ser- 29 June 1942 As dated 
vices Including those 
applicable to CM&S Co. 
plant at T ra il, 6. C.

A lteration  o f e x is t-  31 July 1942 As dated 
ing fa c i l i t ie s  and con­
struction o f new f a c i l i ­
t ie s ,  at contractor's 
T ra il, B. C., p lant, fo r  
production o f P-9.

Operation o f P-9 31 July 1942 
( Government) plant 
at T ra il, B. C.

As dated

Processing and de- 3 Mov 1942 As dated 
livo rin g  90,000 
pounds o f Product 
Ho. 80*

W 7405 eng 50 Columbia Univ. Continuation of 
work terminated 
under preceding 
contract OEKsr 
412.

7 June 1943 1 May 1943

IS 7407 eng 6 Baker k Company, 
Ino.

V; 7412 eng 4 E.I.duPont de 
Ncanours & Co.

(Letter Contract)

Supply o f the se- 29 Mar 1943 As dated 
cond charge, appro­
ximately 36,000 
pounds, o f product 
Mo. 43.

Investigation o f 16 Nov 1942 As dated 
data, from engineer­
ing and operating 
viewpoint, for plant 
practicable for manu­
facture of P-9.
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Contract Number Contractor Subject Date

ft 7412 eng 4 (Continued)

>>-0RD-490, E, I.dupont de 
Supplemental Nemours & Co* 
Agreement No. 7

W-QKD-626, 
DA-W-ORD-1 
Supplemental 
Agreement 
Number 13

E.I.duPont da 
Nemours Sc Co*

Preparation o f 
design fo r the 
preoeding plant.
Consultant servioea 
regarding develop­
ment and adaptation 
of the eubject 
design* Development, 
construction, and 
operation o f the P-9 
plant unit*

Supersedes Letter 11 May 1943 
Contract W 7412 eng 4 
fo r  design, engineer­
ing, construction 
and operation of 
fa c i l i t ie s  for the 
production o f Pro­
duct No* 9 near 
Morgantown, W. Va*

Supersedes Letter 11 May 1943 
Contract W 7412 
eng 4 fo r design, 
engineering, con­
struction and opera­
tion  of fa c i l i t ie s  
fo r  the production 
o f Product Ho, 9 at 
Childersburg (Sylacauga), 
Alabama*

lfi-QRD-556, 
DA-ft-ORD-36 
Supplemental 
Agreement 
No. 6.

E.I.duPont de 
Nemours & Co*,

Supersedes Letter 11 May 1943 ! 
Contract W 7412 
eng 4 for design, 
engineering, con­
struction and opera­
tion  o f fa c i l i t ie s  
fo r  production o f 
Product No* 9 at 
Newport (Montefcuma),
Indiana*

C2.3

(E ffective
From)

16 Nov 1942

16 Nov 1942

Nov 1942
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)

Contraot Number Contractor

V? 7412 eng 63 E.I.duPont de 
Ueiaours A Co.

>V 7418 eng 70 A llied  fcar
Supplies Corp.

Studies o f data 15 Mar 1944 
re la ting to ex­
traction  o f P-9, 
making uae of t r i -  
othylamine and pro­
vide confirmation by 
construetion and opera­
tion  o f a sraall semi- 
wor ks t unit. Furnish 
consultant service to 
individuals to be 
designated*

Agreement to the 9 Dec 194S 
Boiler Plant Fxtension 
erection at T ra il, B.C.

» Subject___________ Date

C l-v 
OJCjV

C2.4

/'"ir")RET

19 July 19 4S

(E ffeo tive
From)

12 Jan 194S
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APPKMDIX D

LIST OF OTHER DATA IN PILES

Dl. Minutes o f meetings o f  Policy Making Committee** MED C lassified  
F iles*

D2. General correspondence, Manhattan D is tr ie t C lass ified  F ile s .

D3. Table, "Production o f Ammonia in  the United States and Csnada • • • 
Movember 27, 1941", transmitted by le t t e r  11 December 1941*
MD 400,17 (9 ).

D4, Letter, 4u Pont Co* to D istric t Engineer, 7 April 1943, MD 600.11 
(P -8) .

D5. Letter, Dr. H. C. Vernon, Columbia University, to General Groves,
9 A pril 1943. MD 600.12

D6» Memorandum, D is tr ic t Engineer to  General Groves, 27 April 1943.
MD 400.1149

D7. Letter, Stone & Webster to MED Area Engineer, Boston, Mass.,
18 June 1943. MD 600.914 (Completion Report)

DB. Letter, du Pont Co. to D is tr ic t Engineer, 24 Deoaaber 1942.
MD 600.1 (x463) (9 )

D9, Letter, du Pont Co. to  D is tr ic t Engineer, 29 December 1942.
MD 600.1 (x463) (J?)

DIO. Memorandum, Major Traynor to D is tr ic t Engineer, 23 November 1943.
IS 337 (P-9)

D ll. Letter, D istrio t Engineer to Dr. C. H. Wright, C. M. ft S. Co.,
27 Maroh 1944. MD 400.1141 (9 )

D12. Letter, D is tr ic t Engineer to  Dr. J. A. Monier, du Pont Co.,
6 September 1944. MD 400.1141 (9 )

D13. Completion Report, Construction o f Projeot Ho. 9, T ra il Area,
T ra il, 8. C., 1 September 1942 to SO June 1943,
MD 600.914 (T ra il Completion)

D14. Maps shoving outlines o f property leased by 8. Government,
at T ra il, B.C. With Contraot W-7406 eng-10 (see App. C2).

App. D .l
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APPEHDXX D (Continued)

*

D15. Organising and Operating Instructions, Secondary Concentration 
Plant (Trail) -  Operating Manual, Project 9, Ssotion 900, 
Report 14* MD 461* (Dated 26 August 1945, with subsequent 
revisions)

D16. Completion Report of Manhattan Dlstriot Project eonstruoted at 
Morgantown Ordnance Works. MD 600.014 MOW Completion

D17. Completion Report, Job P-9, Wabash River Ordnance Works*. MD 
600.914. WOW Completion

DlS. Completion Report of P-9 Plant, Alabama Ordnance Works. 18 
Vovember 1943. MD 600.914 AOW Completion

D19. Letter, du Pont Co. to MSD, 51 Maroh 1945, MD 400.112

D20. Operating Manual for Plants in U. 3. To supersede i "Memorandum 
Report ID-1, Preliminary Operating Manual, P-9 Manufacture, 
W-Proeess", dated 17 May 1945. MD 461.

D21. Construction Drawings, Trail Plant. MSD Record Retirement Seetion.

D22. Construction drawings, Plant at Morgantown Ordnanoe Work*. MED 
Reoord Retirement Seotlon.

D23. Construction drawings. Plant at Wabash River Ordnanoe Works. MED 
Reeord Retirement Section.

D24. Construction drawings, Plant at Alabama Ordnanoe works, MED 
Reoord Retirement Seotlon.

I
D26. Letter, du Pont Co. to Dlstriot Engineer, 25 February 1945.

MD 121.4 (9)

D26. Letter, Dlstriot Engineer to du Pont Co., 8 May 1945. MD 121.4 (9)

D27. Letter, du Pont Co. to MED Area Engineer, Wilmington, Del., 27 
July 1945, transmitted to Dlstriot Engineer, 29 July 1945.
MD 121.4

D28. Monthly reports of operations from Area Engineer at Trail, B. C.
MD 600.91 (9)

D29. Letter, Dr. Ursy to Major Traynor, 2 February 1944. MD 600.18 (9)

D50. Memorandum, Major Sally to Major Traynor, 4 Maroh 1944, MD 600.18 (9)

App. D.2
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APPENDIX D (Continued)

D31. Memorandum, Copt. Barnett to Major Traynor, 4 Mar oh 1944*
MD 400.17 (9)

D32. Memorandum, Capt. Barnett to Major Traynor, 17 June 1944*
MD 887 (9)

D33. Memorandum, Capt* Barnett to Major Traynor, 18 August 1944* 
MD 400.17 (9)

D34. Production records of Trail Plant. MED Production Files.

DS6. Operating costs of Trail Plant, MH) Fiscal Disbursing Toucher

D87. Letter, Field Direotor of Ammunition Plants, 0C0, to C.O., 
Morgantown Ordnance Works, 4 June 1943. MD 600.18

D88. Monthly reports of operations from du Pont Co. MD 600.914 (9)

D39. Memorandum, Capt. Barnett to District Engineer, 17 June 1944*
MD 400.17 (9)

D40. Memorandum, Capt. Barnett to Major Traynor, 20 July 1944. - 
MD 837 (MOW) (X400.17 (9 ))

D41. Letter, Dr. Urey to Distrlot Engineer, 17 July 1944. MD 600.17 (9)

D42. Letter, Dr. W. K. Lewis' Connnittee to Distrlot ftigineer, 18 
August 1944. MD 400.17 (9)

D48. Letter, du Pont Co. to District Engineer, 85 August 1944.
MD 600.18 <9)

D44. Letters (2 ), du Pont Co. to District Engineer, 8 January 1946.
MD 600.914 (9)

D46. Production records of plants in U. 8. MED Production Files.

D46. Operating costs of plants in U. 8. MED Flsoal Disbursing Voucher 
File.

D47. Letters (8 ), du Pont Co. to Distrlot Kbgineer, 9 February 1943,
80 March 1943, and 80 March 1943. MD 121.4 (9)

D48. Operating Fees, Plants in U.S. MED Cost Section File.

File.

D86. Manor “ t . Barnett to Major Traynor, 2 Horember 1944*

App. D.8

bensokr
Line

bensokr
Line



h
SECRtT

IBDEI 

Abbreviations t
AOWt Alabama Ordmnoe Works MOW* Morgantown Ordnance Works 
Appt Appendix VffiOfTr Wabash River Ordmnoe Works

Aokart, E. C.,'6*3 
Administration, 6*1 
Alabama Ordnanoe Works, 1.2, 2.10 

3.16
buildings, 4*22 
Construction, 4.21j Costs, 

4i2S, 4*26 
Contracts, 3.16, 4.21, 6*12, 

App. C 
Decisions, 2*10 
Design, 3.15
fixed  fe e , construction, 4»26 
operation, 5.12»*oosta, 6.25j 

h istory o f, 5.14 
process, description o f ,  5*18 
production, oapaoity, 2. 10, 

6. 12, 6*16 j
oosts, 6.26| fe e s , 6. 12, 
records, 6.25 

progress o f construction, 4.24 
s it e ,  3.15) plan, 4.21, App. A 
u t i l i t i e s ,  4.25 

A llie d  Yfar Supplies Corp, Canada,
5.5

Area Gate and Guard Bouse, AOW, 
4.23j  WROW, 4.18 

Areas, ground, at t ra i l*  3.3 
Artisan lfetal Products, In c ., 4.2 
Assay Laboratory, 4.4 
Authorisation, 1.5

Badger ft Sons Co., E. B ., 2.10, 
3.4, 5.6

Baker, ft Co., J .T ., 5.8, 4.1, 4.2 
Barnett, Capt. K. J ., 6.1, 6.2 
Basio Theory, 2.1 
Bebbington, Dr. W.P., 6.5, 6.4 
B oiler Bause, T ra il, 4 .6 j MOW,

4.12} WROW, 4.18 
Booster Building, 4.3 
Brinkman, Major, E. A ., 6.2 
Bubble caps, 4.11, 4.17, 4.22,

6.19, 6.20

Buohanan,' J ., 6.4 
Buildings, T ra il, 4 .5 j AOW, 4.22j 

MOW, 4.101 WROW, 4.16

Canadian Government, 5.5, 6.5 
Catalysts, 3*7j oontraots, 3.4, 5*8,

5.9, 5.10, 4.1) studies and 
investigations, 2.2

Catalyst Shed, 4.6 
C a tle tt, Capt* W* A ., 6*2 
Change Bouse, O ffice and Laboratories, 

AOW, 4.22} MOW, 4*11 j WROW, 4*17 
Chicago, Bniv* o f ,  2*15, 5*52 
Childersburg, See Ala* Ordnanoe Works* 
Chimneys, 6*20, 5*21 
Christiaan, J. M«, 6*5 
Coke and natural gas, 2*6 
Columbia River, 2.8 
Columbia University, 2*5, 2*8, 5*8,

5.9, 6*2
Completion o f construction, T raU , 4*7, 

4*8} AOW, 4*24| MOW, 4*15, 4*14f 
WROW, 4*19, 4*20 

Concentration o f heavy water, 2*1,
2*13, 2*14, 5*6, 5*20 

Congress, authority granted by, 1*5 
Consolidated Mining ft Smelting Co., 2*8 
’ contracts, 2.9, 5*2, 5*5, 4.1, 5*1, 

App* C
decision, 2.8 
fixed  fee , 4.9
personnel, 6.1, 6*2, 6.3, 6*4 
plant, 2.5, 3.1 
studies, 2.3 

Construction, 4.1
T ra il, 4.1, costs, 4.9, progress,
4*7
AOW, 4.21} oosts, 4.26, progress, 
4*24
MOW, 4*10, oosts, 4.16, progress,
4.13
WROW, 4.16) oosts, 4.20, progress, 
4.19

I I
\
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Construction coats. Recapitu­
la tion , 4.26 

Construction Personnel, 6.5 
Consultants during operation, 

6.19, 6.4 
Contents, 1 
Contracts, 1pp. C

fo r  research projeots, 2.2 
plants In U*S*, 2*12, 5*16

4.10, 4.16, 4.21, 6.11 
v T ra il p lant, 2.9, 5.3, 4*1

5.1
Cooling Tower, MO1.';, 4.12, T ra il, 

4.4
Coosa R iver, 5*16 
Corpus Chriati, Tex., 2*11 
Costs, *

plants In  U«S*, 5.21, 4.15,
4.20, 4.25 

recapitulation (construction) 
4.26

T ra il*  3*11, 4.9, 6.9 
Custer, Cordon, 6.4

Data in  f i l e s ,  technical reports 
and contracts, App. Cj 
other, App. D 

Decisions, principal, 2.8 
required, 2.6 

Design and Engineering, 5.1 
personnel, 6.5 
plants in  U.S., 5.11} 
prooedure, 5.17 
T ra il, 5.1j  procedure, 5.4 

Deuterium Oxide, 1*1, 2.1 
Development, Research and, 2.1 

personnel, 6.2 
Diagrams, flow  (prooess),

App. A 
"Direct Mothod", 2*4 
D is t illa t io n  prooess, water,

2.7, 3.18 
D is t illa t io n  Towers, AOff, 4.22; 

MOST, 4.11) VffiOW, 4.17 - 
correction a t KOW, 6.19,

6.20, 6.21 
proposed at T ra il, 5.8 

Dole, Dr. U ., 6.2

Drawings, App. A, D 
du Pont Co. (E.X* du P* de Nemours 

Sc Co. )  ,
contracts, 2.12, 5.16, 5.18, 4.10, 

4.16, 4.21, 6.11 
fixed  fe e , AOW, 4.25| HOW, 4.16* 

WROW, 4.21 
personnel, 6.5, 6.4 
studies, 2*8 .

E lec tro ly tio  C e lls , T ra il,  5*6, 4«4j 
proposed increase, 6.7 

E lec tro ly tic  Finishing prooess, 5.20j 
building, 4.11 

E lec tro ly tic  Method (hydrogen pro* 
duction), 2.6, 2*7, 5.2 

Engineering, Design and, 5.1 
personnel, 6*5 
plants in  U*S., 5.11 
T ra il, 5*1

Farrow, Edward S ., 6*4 
Fence, T ra il, 4*7 
F ile s , data In , App. C» D 
Finishing (E leo tro ly t io ) B ldg., 4*11 

prooess, 5*20 
Fisher, H. E., 6*5 
Fixed fe e , AOW, 4.25» HOW, 4*16j 

T ra il, 4*9| KSOW, 4.21 
Flow diagrams, App* A 
F r its , H. W*# 6.5

Gary, Tom C., 6*5 
General Investigations, 2.6 
Germans, 1*1 
Graphite, 1*1
Ground areas, a t T ra il, 5*5
Groves, Maj. Gen* L*H., 1*5, 2*12, 6.1

Harshaw Chemical Co., 5.9, 5 .1 0 ,5 .1 1 , 
4*1

Hartridge, A* L . ,  6*5 
Bbavy hydrogen, basio theory, 2*1 } 

ra tio  in  natural hydrogen, 2*1 
Heavy water, 1*1| basic theory, 2.1 j 

concentration, 2.1, 2.13, 3.6j 5*20) 
ra tio  in  natural water, 2.1 

Heresite, 2.7
flicks Engineering Co., S. D., 4*2
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History o f operation, plants in  
U. S ., 5*14} T ra il, 6.4 

Hopkins, H. S ., 6.4 
Housing, AOW, S . l6i MOW, 3*12| 

WROW, 3.14 
Hydrogen, basic theory, 2.1 
Hydrogen, gas process, 2.6, 2.8,

3.6
Hydrogen Sulphide process, 2.7

«*
Inh ib itors, 2.7 
Investigations, 2.6 
Isotopes, 2.1

Jones, T. A ., 6.4

King, Capt. Joseph H., 6.2 
Krewatch, W. V ., 6.4

Layouts, o f plants, App. A 
Leases, a t T ra il, 3*2, 4.2} 

(operation contract), 6.2 
Lewis, Dr. W. K., 6.4

Marshall, Col* J. C., 6.1 
Massachusetts Institu te o f 

Technology, 2.3, 2.8 
M ilita ry  Po licy  Committee, 1*3, 

6.1
Minnesota, University o f ,  2.3,
i 6.2
Monier, Dr. J* A*, 6*3 
Monongahela R iver, 3.11 
Montesuma, see Wabash River 

Ordnanoe Works 
Morgantown Ordnanoe Works, 1*2 

2.10
buildings, 4.10 
construction, 4.10; oosts, 

4.15, 4.26 
oontraots, 3.17, 4.10, 6.11, 

App. C 
decisions, 2.10 
design, 3.11
fixed  fee , construction, 4.16 
operation, 6.11 } oosts, 6.25) 

h istory o f, 6.14

prooess, 3.18
production, capacity, 2*10,  6. 11, 

6*16j
oosts, 6*25j fe e s , 6.11, reoords 
6.23

progress o f  construction, 4*13 
s ite , 3 * l l j  plan, 4.10, App. A 
u t i l i t ie s ,  4.13 

Murphree, Dr. E. V ., 6.2

Sew Orleans, La ., 2.11 
Newport, see Wabash River Ordnanoe 

Works
Nichols, Col. K. D«, 2*12, 6.X 
Niokel-ohramium. ca ta lyst, 3*4, 3.7,

3.9
H e r ,  Dr* A. 0 .,  C., 6.2 
Nomenclature, 2*8 
Northwestern University, 2.3, 6*2

Operating Costs,
plants in  U .S., 5.26) T ra il, 5.9 
recapitulation# 6.29 

Operating personnel, 6.4 
Operation, plants in  U .S., 6.11j 

procedure, 5.13 
T ra il, 6.1 

Ordnanoe Plants, see Alabama, 
Morgantown and Wabash River 
Ordnanoe Works 

Organisation and Personnel, 6*1 
OSRD, 1.3, 2.2 , 2.6, 2*9, 2.10, 6.1 
Oxygen Sorubbtor, Tower, 4.4

Personnel, Organisation and, 6*1 
Photographs, App. B 
P ilo t  Plants, 2.2
Platinum-Charooal oata lyst, 3.7, 3.8 
Plutonium, 1*1 
P-9, d e fin ition , 1*1 
Power House, See Boiler House 
Primary Evaporator Bldg., 4.3 
Primary Plant, T ra il, prooess, 3.5 
Primary Tower Struoture, 4.3 
Princeton University, 3.8, 6.2 
Problem fo r solution, 2.1
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Procedure, fo r  design and 
engineering,
plants in  U. S*, 3.17j T ra il, 

5*4
fo r  operation, plants in  

U. S ., 6.13 '
Prooess, description, plants 

in  U*S*, 3*18j T ra il, 3.5 j 
diagrams, App* A 

Processes considered, 2*6 
Prooess Pump and Control B ldg., 

AOW, 4*22| 21077, 4.10j m m , 
4*16

Product, specifica tions, 2*18 
"Produot 45*, 3.8 
"Product No. 80n,  3.10 
Product Storage Bldg, AOW, 4.23j 

MOW, 4*12 j  WROW, 4.17 
Production, plants in  U.S., 6.15| 

T ra il, 8.6
capacity, plants in  U.S.,

2. 10,  2. 11, 6.11,  5.15, 
T ra il, 2.8, 6.6 

oosts, plants in  U*S.# 6.25f 
T ra il, 6.9 

estimates, plants in  U.S., 
5.15| T ra il, 6.6 

fees , 5*12
recapitu lation, records,

6.29j oosts, 6.30 
records, plants in  U.S.,

5.23| T ra il, 5.8 
Progress o f construction, ,v 

AOW, 4.24i MOW, 4.13|
THROW, 4.191 T ra il, 4.7 '

Pump House, T ra il, 4.4| WROW,
4.18

Purchase Orders, 4.2 
Purpose, 1.1

Bead, Granville M*, 6.3 
Recapitulation, construction 

oosts, 4.26 
production oosts, 6.30 
production records, 6.29 

Reports, technical, 2.2, App. C 
Research and Development, 2.1j 

personnel, 6*2

Research projeots, sp ec ific , 2.2 
Rosbach, Major L. £ ., 6.2

Sa lly , Major J. F*, 6.2 
Seoondary plant, building, T ra il, 4.4 

proboss, T ra il, 3.7| (fin ish in g )
MOW, 3,20

Semi-finished produot, specifica tions,
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