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 Engineer Construction in France
 Work of the Division of Construction and Forestry, A. E.F.

 By

 Lieut. Col.  J. A. Woodruff
 Corps of Engineers, U. S. Army

 Discussion and Comment by Maj. Gen. W. C. Langfitt, Maj. Gen. M. M. Patrick
 Brig. Gen. Edgar Jadwin, Col. J. B. Cavan a ugh, Col. Ernest Graves, and an

 Extract from the Final Report of General Pershing
 [See Index Map, Page 67]

 WITH in Division the the Gondrécourt exception of area a after few by troops barracks their arrival of erected the 1st in
 in the Gondrécourt area by troops of the 1st
 Division immediately after their arrival in

 their training area, the actual work of construction by
 the American forces in France was commenced by the
 15th (Railway) Engineers, Col. Edgar Jadwin, C. E.,
 commanding. This regiment was one of those raised
 in May, 1917, as a result of the Joffre Mission to the
 United States. It arrived at Yierzon July 28, 1917 ;
 its equipment, which consisted of about a trainload of
 tools and plant brought from America, also arrived
 promptly. The regiment at once began surveys, and
 construction detachments were distributed without de-

 lay to Issoudun, Bordeaux, Gondrécourt, and other im-
 portant points between the Atlantic ports and the
 combat sectors.

 The 17th Engineers (Railway), Col. J. S. Sewell,
 Engineers, commanding, arrived at St. Nazaire Au
 gust 17, 1917 ; the 16th Engineers (Railway) Col.
 Harry Burgess, C. E., commanding, arrived at Is-sur-
 Tille August 26, 1917 ; the 18th Engineers (Railway),
 Col. J. B. Cavanaugh, C. E., commanding, arrived
 at Bordeaux August 20, 1917 ; the 10th Engineers,
 (Forestry), Col. J. A. Woodruff, C. E., commanding,
 arrived at Nevers October 9, 1917 (later consolidated

 with the 20th Engineers, Forestry). Other regiments,
 such as the 11th, 23d, 25th, 33d, 55th, 32d, 106th,
 109th, 309th, 311th, 312th, 318th, 319th, and
 many other regiments and battalions performed valu-
 able service during the time they were in the S. O. S.,
 but the 15th, 16th, 17th, 18th, 10th and 20th, by vir-
 tue of their early arrival and long service may be
 considered as having formed the backbone of the field
 construction forces of the Services of Supply.

 The organization as modified by General Jadwin in
 May, 1918, consisted of a central office at Tours, the
 headquarters of the Services of Supply, organized
 into four sections, viz : Administration, General Con-
 struction, Railroads and Docks, and Forestry, all in
 charge of a deputy director.

 The construction work in the field was carried on
 through Section Engineer Officers whose territory
 corresponded with that of the sections of services of
 supply and consisted of an advance section, an inter-
 mediate section (divided into two construction sec-
 tions on account of its extent ) and seven base sections,
 each embracing the territory around a port of de-
 barkation.

 The forestry work in the field was carried on
 through district commanders, each of whom also com-

 prile Division of Construction and Forestry in France in its final form was one of the four great departments of the engineer organization
 under the Chief Engineer of the American Expeditionary Forces. Its history began with the arrival of General Pershing in France when General
 Taylor, the Chief Engineer, assigned to one of his assistants the duty of directing the construction immediately necessary and planning for that
 ultimately to be required by the American forces.

 In August of 1917 the Lines of Communication were formally organized to handle all phases of supply, housing and transportation in rear
 of combat sectors. Construction devolved upon the Chief Engineer of the Lines of Communication and was so continued until by a reorgani-
 zation in February of 1918, the Lines of Communication were designated as the Services of Supply. This included as one of its great operating
 divisions, a Service of Utilities, with Maj. Gen. William C. Langfitt at its head as Chief of Utilities. This service included among other functions
 a Department of Construction and Forestry and a Department of Light Railways and Roads. In July of 1918, the Service of Utilities was
 discontinued as such and the two departments named were merged with the previously existing Engineer Department. The chief of utilities
 became the head of the consolidated department and succeeded to the title of the Chief Engineer, A. E. F. The previously existing activities
 connected with military engineering operations, engineer supply, construction and forestry, and light railways and roads, were continued as
 operating divisions of the new and enlarged engineer organization with a director at the head of each.

 For brief periods in the summer months of 1917, Col. C. W. Kutz and Brig. Gen. C. H. McKinstry served successively as Chief Engineer,
 Lines of Communication. Brig. Gen. M. M. Patrick was appointed Chief Engineer, Lines of Communication, in September, 1917, and discharged
 the duties of the position until May 22, 1918, the title having been changed in the meantime to that of Director of Construction and Forestry,
 with no material change in duties. General Patrick having been appointed Chief of the Air Service, A. E. F.. he was succeeded as Director of
 Construction and Forestry by Brig. Gen. Edgar Jadwin, who remained in charge of the construction work of the A. E. F. until demobilization of
 the forces had been practically completed in July, 1919. - Ed.]
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 2 The Military Engineer

 manded a battalion of the forestry troops which oper-
 ated from two to eight saw-mills. The districts in
 the advance section and those in Base Section No. 2,
 where most of the forestry operations were located,
 were combined under a section forestry officer. These
 officers acted directly under the central office for pro-
 duction and shipments outside their own section, but
 filled local requisitions on orders of the section engi-
 neer officer in whose section they were located.

 The changing and rapidly increasing force, to-
 gether with the size which it had attained at the time
 of the armistice - 150,823 men, of which 127,000 were

 Organization Chart of the Division of Construction and Forestry

 DIRECTOR OF CONSTRUCTION AND FORESTRY
 BRIGADIER GENERAL EDGAR JADWIN

 DEPUTY DIRECTOR

 I I il,- I I
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 BASE SECTION No. 7
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 available for work - and its wide distribution, called
 for an elastic and adaptable organization and methods.
 This was obtained by means of a decentralized or-

 ganization and the use of type plans as far as prac-
 ticable. The work was handled by the Director of
 Construction and Forestry with a central office at
 Tours, operating through a section engineer officer in
 each of the sections. General instructions were origi-
 nally given to the S. E. officers, who were supported
 consistently so long as they observed the general
 policies of the director and of higher authority. Every
 possible help was given them by the central office in
 the securing of men and materials. The central office,
 under the immediate charge of the deputy director,
 carried on continuously along established policies and
 precedents. The director was thereby enabled to
 spend considerable time in inspections and consulta-
 tions with the officers in the field, and the consider-

 ation of special suggestions, recommendations and
 requests made by the various section engineer officers
 and others concerned.

 The results confirm this as a satisfactory type of
 organization for handling a large construction force
 under such varying and trying conditions.

 Throughout the entire period of construction the
 labor forces available were inadequate. There was in
 particular a shortage of technical troops. It was
 necessary to use combatant troops and general labor
 organizations to perform special construction work.
 Such technical troops as were available were necessar-

 ily used for purpose of supervision. Requests were
 repeatedly made on the United States for the selection
 and organization of technical troops, but the need
 for them and combatant troops at the front and the
 inadequate transportation facilities made it impos-
 sible to obtain adequate technical troops and common
 labor. The use of civilian labor recruited from men

 not physically suited for service at the front was not
 a success. Because of this constant shortage, it was
 necessary to curtail the construction program at ali
 times and to limit it to bare necessities.

 The various classes of construction work carried on

 may be sub-divided into -

 (1) Shelter for troops, including camps of various
 types such as rest and depot division areas, embarka-
 tion camps, camps for stevedores, women's campSy
 enclosures for American prisoners and prisoners of
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 4 The Military Engineer

 war, instruction centers and schools for army, corps,
 artillery, aviation, tank, motor transport, ordnance,
 chemical warfare service, etc.
 (2) Hospitalization , consisting of base, camp, evac-

 uation and red cross hospitals and convalescent camps.
 (3) Port s y comprising the construction of docks

 and warehouses thereon, railroad connections, and
 lighters.

 (4) Railroads, including engine terminals, regu-
 lating stations, double-tracking at various congested

 /

 I

 EEEEE===EEEE=īgEp#i
 - i 11 1 11 i- -F

 TOTAL TROOPS & LABOR '( / / ' 95,000

 / / ^ ' ' / / ' V'/v 65,000
 O.C. E - S. O S - A.E.F

 J' Í ' / ' 75,000
 ■

 ^222.

 mm

 -

 -

 /5,000

 10,000

 s, 000

 MEN mm SEPT. OCT. NOV. DEC. 'jAN.m FEB. MAfícA APRIL 'MAY' JUNE 'JULY' AUG. 'SEPT' OCT' NOV. DEC. 'jANm FEB'MARCI'APRII' MAY JUNE' MEN

 points, cut-offs, receiving, classification and departure
 yards and tracks in storage depots, and their connec-
 tions with the ports.
 (5) Storage depots, including large storage depots
 required at the ports and in the intermediate and ad-
 vance sections; also special ammunition and aviation
 depots, coal storage yards, gasoline and oil stations,
 motor transport centers, remount depots, veterinary
 hospitals, refrigerating plants and salvage plants.
 (6) Roads .

 All of the above work was in sole charge of the D. C.
 & F. from its beginning, except the following :

 (a) Railroad construction, which was in charge

 of the C. E., L. of C., up to September 14, 1917, when
 it was turned over to the transportation department.
 It was again placed under the D. C. & F. on March
 12, 1918. Of the 1,035 miles of railroad constructed,
 62 miles, or 6 per cent, were constructed while the
 work was in charge of the transportation department.
 ( b ) Air service construction, taken over by the D.
 C. & F. on December 31, 1917, when approximately 7
 per cent of the total work had been completed,
 (c) Ordnance construction, assumed by the D. C.

 & F. on January 17, 1918. About 1 per cent of this
 work had been completed before that date.

 Shelter for Troops

 Both in scope and general character of construction,
 the problem of providing shelter for troops had many
 features in common with the one of building hospitals.
 In fact, it was generally the erection of demountable
 barracks that served to initiate engineer troops newly
 arrived in France into actual construction work on

 foreign soil. Towns were flooded far beyond their
 billeting capacity as the stream of American soldiers
 came to flow inland from base ports, so that additional
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 6 The Military Engineer

 accommodations on a large scale in the form of camps
 cf various types had to be furnished. The engineer
 department undertook the task of supplying barracks
 for one-third of the United States troops in France,
 assuming that the remainder would be billeted.
 According to G. 0. No. 46, G. H. Q., A. E. F., 1917,

 prescribing the allowance for troops as 20 square
 feet per man, in addition to kitchens and mess halls,
 16 barracks 20 by 100 feet were required for 1,000
 men. Contracts were made for demountable barracks

 with the French and British governments and with
 civilian contractors in France and Switzerland. A

 total of approximately 23,000 barracks were con-
 tracted for, of which 15,000, including 4,500 hospi-
 tal barracks, were delivered. Most of these were of
 the demountable type. Deliveries were very slow
 except during August, September, and October, 1918,
 when over 1,000 barracks per month were received.
 On account of these slow deliveries, it was necessary
 to construct barracks in place from lumber furnished
 by forestry troops. Two types of barracks were de-
 veloped, utilizing the minimum of lumber. Type
 "B" barracks required only 6,100 feet b. m. of lum-
 ber, and the type "C" barracks using corrugated
 iron roof and sides, with frame of wood, requiring
 only 1,600 feet b. m. of lumber. These barracks were
 furnished with 4-man bunks and would accommodate
 about 100 men.

 A total of approximately 17,120 barracks were
 erected, which represents 324 miles of barracks.

 The largest camp involving the construction of
 barracks and other facilities was the Pontanezen

 Camp at Brest, for 80,000 men - 25,000 in tents and
 55,000 in barracks - for which over 500 barracks for
 officers and men were constructed. There were also

 constructed for this camp 15 mess halls and kitchens,
 each with a rated capacity for 4,500 men per hour ; a
 complete bathing, delousing and laundry plant and
 numerous administration, storage and welfare build-
 ings. The tendency at the larger concentration and
 embarkation camps has been towards large kitchens
 operated by permanent personnel. There have been
 several types of these kitchens developed, the largest
 of which are those at Pontanezen camp, where, al-
 though these have a rated capacity of 4,500 men per
 hour, one of these kitchens has a record of 7,000 men
 served in 58 minutes.

 Hospitalization

 In August, 1917, instructions were issued to pro-
 vide for hospitalization on the lines of communica-
 tion for 300,000 men. In September, 1917, nine
 French hospitals were taken over, each of which was
 a nucleus for a hospital center, the original total
 capacity being about 6,000 beds, which were finally
 developed into about 34,800 beds.

 During the fall of 1917 it was found impossible to

 obtain many existing hospitals from the French, so
 that preparations were made to construct a large
 number of barrack hospitals. Meanwhile, hospitali-
 zation had been tentatively authorized for 10 per
 cent of the strength of the A. E. F. A great deal of
 time was consumed in determining upon the sites,
 due to the necessity of meeting the conditions pro-
 posed by French and American services interested.
 Plans of the standard type barrack hospital were
 developed. A type "A" standard hospital provided
 for 1,000 normal beds and 1,000 beds by crisis-ex-
 pansion in tentage, and a type "B" camp hospital
 provided 300 beds.

 The experiences of both the French and English
 were freely consulted in original type plans and
 much attention given in the preparation of revised
 plans to economy of materials and personnel. For
 further economy in personnel, administration, and
 supply, hospitals were grouped, as far as local condi-
 tions would permit, into centers of hospitalization.
 Those centers were usually developed in multiples of
 the Type "A" 1,000-bed base-hospital to any size
 required.

 Contracts were at once made for hospital bar-
 racks, but deliveries were slow and resort was had
 to construction in place, using materials most avail-
 able. Most hospitals were constructed of lumber,
 but in some cases light masonry walls and concrete
 floors were used. At first a number of contracts for

 this work were let, as the contractors were then able
 to obtain materials, supplies and labor not available
 to the A. E. F. This advantage steadily decreased
 during 1918 as the A. E. F. obtained access to all
 markets for materials and as the quantity of troop-
 labor increased, while at the same time it became in-
 creasingly difficult for the contractors to get labor
 and materials and to obtain transportation!

 In May, 1918, the rate of troop arrivals was doub-
 led and on June 1, 1918, the commander-in-chief
 directed that there be maintained an actual current

 bed status aggregating 15 per cent of the A. E. F.
 strength in Europe. The immediate effect was to triple
 the necessary rate of hospital construction. This in-
 creased rate was more than met.

 On November 14, 1918, due to the cessation of hos-
 tilities, the authorized capacity of hospitalization was
 reduced to iy2 per cent. At that date bed space had
 been provided for 280,000, or 14.2 per cent of the
 strength of the A. E. F.

 Of the hospital space of 280,000 beds provided on
 armistice day, 139,000 beds were in French build-
 ings, and space for 141,000 beds had been provided
 by construction. In other words, slightly over one-
 half of the total hospitalization was provided by con-
 struction. This amounted to 7,700 hospital barracks,
 which represents 127 miles of wards.

 In the 1,000-bed base hospitals spacing of beds pro-
 vided for 3 feet 4 inches between beds. This gave
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 8 The Military Engineer

 1,000 patients per
 unit; unit consisting
 of 20 ward buildings
 and other buildings
 necessary for admini-
 stration, feeding, op-
 erating, etc., and 13
 buildings for person-
 nel.

 As indicated above,
 the D. C. & P. was al-

 ways able to keep
 ahead of the number

 of patients on the
 standard basis, taking
 into consideration the

 French hospitals se-
 cured and tents erect-

 ed. The standard 1,000
 bed hospital unit con-
 templated tentage to
 the same amount, so
 that 2,000 men would
 be handled in these

 units in emergencies
 with the same general
 facilities intended, in
 normal times, for 1,000. Due to the lack of sufficient
 medical personnel and equipment to operate all the
 hospitals, particularly those in French buildings, and
 to the shortage of tents, there were frequently more

 Type of steel-frame warehouse; corrugated-iron roofing and siding, employed at Montoir yards

 Wooden barrack buildings at Camp No. 4, near Bordeaux

 than 1,000 men placed per unit of the base hospitals,
 as those units enabled the largest number of men to
 be taken care of with the minimum medical person-
 nel. At times the number thus handled per unit

 was as great as 1,500.
 The maximum num- "

 ber of beds occupied
 by sick, wounded, and
 convalescent never ex-

 ceeded 10 per cent,
 and the available bed

 space since the first
 week in July, 1918,
 was at all times at

 least 50,000 beds in
 excess of the number

 of beds occupied, al-
 though tentage for
 crisis expansion and
 operating personnel
 was not provided in
 sufficient amount to

 match the bed space
 provided by construc-
 tion.

 The large scale of
 hospital construction
 is typified by the 20,-
 000 bed type "A"
 base hospital centers
 at Mars and Mesves

 Continuedon page 49
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 The Military Engineer 49

 Engineer Construction in France
 Continued from Page 8

 By Lt. Col. J. A. W oodruff, C. E. ; Discussion and Comment
 by Maj. Gen. W. C. Langfitt, Maj. Gen. M. M. Patrick, Brig.
 Gen. Edgar Jadwin, Col. J. B. Cavanauģh, Col. Ernest
 Graves, and an Extract from the Final Report of General
 Pershing.

 in the intermediate section, each with 4,000-bed con-
 valescent camps, including road, water, sewerage
 and lighting facilities, and other features necessary
 that the projects might function as full grown munici-
 palities. Each of the twenty 1,000-bed units was en-
 tirely self-contained and provided for the functioning
 of a completely equipped hospital, in addition to the
 buildings for administration and quarters for the oper-
 ating personnel. In each unit were 20 ward buildings,
 in addition to kitchens, dining rooms, store rooms,
 operating buildings, laboratory, morgue, baths and
 personnel quarters ; a total of 58 buildings per unit.

 Work on the Mars hospital project was commenced
 February 23, 1918, and was 60 per cent complete
 when stopped by the armistice on November 11th.
 At that time 700 buildings, covering a floor space of
 33 acres, had been completed and 14,000 wounded
 and sick American officers and soldiers were housed

 in comparative comfort, and provided all the facili-
 ties of a great modern hospital. In the specially de-
 signed operating rooms the most delicate operations of
 modern surgery could be undertaken with as much
 confidence as in the best appointed hospitals in the
 United States. The provision of these facilities ne-
 cessitated the construction of a water-supply system,
 involving a 10-inch pipe-line 5 miles long and a 100,-
 000-gallon reinforced-concrete reservoir; 6 miles of
 standard-gauge railroad; thousands of feet of con-
 crete sewer pipe, and a 15,000-volt transmission line
 11 miles long ; maximum labor employed, 4,152 men.

 In its scope and general layout, the hospital proj-
 ect at Mesves was practically a duplication of the
 20,000-bed base center at Mars. Access to the site
 was provided by the construction of 3 miles of stand-
 ard-gauge railroad, and on April 23, 1918, the first
 train-load of material was unloaded. At the time
 the armistice was signed, more than 4,000 carloads
 of construction material had been delivered and quar-
 ters had been provided for over 20,000 patients. An
 idea of the magnitude of some of the work involved
 may be obtained by considering the fact that the
 water-supply system necessitated the laying of 28
 miles of pipe, about the same amount also being re-
 quired in the sewer system. In November, when
 operations were curtailed, a total of 45 acres of con-
 crete floors for barracks had been laid and no less than
 23,000 windows, containing 270,000 panes of glass, in
 place. The maximum amount of labor was 5,184 men.

 The story of the Mesves project is one of contin-
 uous struggle against a shortage of material, labor

 and transportation. In July, many of the United
 States troops and many of the motor trucks were
 withdrawn from the work. At this time, materials
 were arriving in trains, requiring the unloading of
 115 cars daily, and wounded were arriving in consid-
 erable numbers. The maximum number of patients
 at Mesves, on November 11, was approximately 18,700.

 Ports

 At first the main ports for debarkation for Ameri-
 can supplies were St. Nazaire, Bordeaux, and La
 Pallice, using existing berths allotted to the A. E. F.
 by the French government. Brest was also used, but
 chiefly for the debarkation of troops. These ports at
 a later period were supplemented by Marseilles and
 certain small ports. Supplies coming through Eng-
 land were discharged at Le Havre. French ports of
 shallow draft, such as Tonnay-Charente and Les Sa-
 bles d'Olonne, were used for coal. At all French
 ports it was necessary to alter the railway facilities
 to American standard, which is explained later under
 the heading of railroads.

 Additional berths needed were constructed by the
 D. C. & F. Up to November 16, 1918, 67 ship berths
 had been obtained from the French government, 12
 had been constructed, and work had been projected
 and material and equipment obtained for the con-
 struction of a total of 40. The port program as
 finally adopted contemplated the use of 160 berths
 by June, 1919, 40 of which were to have been built,
 the balance secured from the French. At all times
 there was a sufficient number of berths in advance of
 the necessity of unloading of materials and troops.
 For September and October, 1918, the total number
 of month-berths actually used was 63, and the total
 number available 77. As against this there was an
 average of 7 vessels waiting berths in the harbors.

 During the early days of the A. E. F. the port
 program was the subject of much discussion. As a
 result of this discussion, the only construction author-
 ized during 1917 was the 10-bert'h dock at American
 Bassens, with a preponderance of opinion in favor
 of undertaking the construction of a dock at Montoir.
 A consolidation of this opinion began to take form in
 December, 1917, by the appointment of a board of
 engineers known as the " Bassens Board," primarily
 to make recommendations on the structural difficul-
 ties of the Bassens dock, but resulting in a general
 discussion of the port program.

 Further progress was made in January, 1918, when
 the Montoir board was appointed to report on the
 practicability of construction of a dock at Montoir.
 lhe action of this board was not only to recommend
 the construction of a dock at Montoir, but also to
 recommend further development at Brest and the
 possibility of using the port of Marseilles, provided
 the navy could furnish the necessary protection.

 In March, 1918, the Chief of Utilities appointed a
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 board to report on all possibilities of port develop-
 ment. This board again recommended the construc-
 tion of a dock at Montoir, also docks at Talmont and
 at Brest, and lighterage docks at St. Loubes and Dön-
 ges, with necessary lighters to serve them.

 Construction having been started on Montoir, there
 remained many details yet undecided. In July, 1918,
 the C. G., S. O. S., appointed Brig. Gen. Edgar Jad-
 win and Col. W. J. Wilgus as a board to make a defi-
 nite detailed report and program to be undertaken
 immediately and carried through to completion by
 June, 1919. The report of this board not only made
 recommendations, but also estimates of material and
 labor needed and transportation by rail required for
 each project, and was the final and consolidated pro-
 gram f(?r all port development in the A. E. F.

 Construction was

 started on a 10

 berth dock at Amer-

 ican Bassens in Oc-

 tober, 1917, and it
 was ready for berth-
 ing ships by the fol-
 lowing March. This
 dock was 4,100 feet
 long and 82 feet
 wide. As originally
 constructed, it was
 built of piles and
 timber mainly ob-
 tained from the
 United States. It

 had ample switch-
 ing facilities, inclu-
 ding classification
 and departure
 yards, and was con-
 nected by rail with
 the 10 berths used

 by the American
 Army at French Bassens, the 20 berths being con-
 nected- by a third track constructed parallel with the
 P. O. railroad in order that a shuttle service could be

 operated to the St. Sulpice storage project. In Au-
 gust it was decided to reinforce the dock for instal-
 lation of American gantry cranes, and 3,200 addition-
 al 80-foot piling were driven. This dock, as finally
 constructed, contained 11,000 piles and timber
 amounting to 4,500,000 feet b. m. It was equipped
 with 40 American gantry cranes.

 The port program at- Brest included the construc-
 tion of two berths on the Jetée de l'Est and four
 berths on the Jetée du Sud. The two berths on the

 Jetée de l'Est were the only ones completed. This
 dock included warehouses and direct track connection
 with the Etat railroad. Actual construction was

 started in July, 1918, and the dock was in use the
 following September.

 Because of the necessity of obtaining accurate
 soundings and other data, construction on the Mon-
 toir dock was not started until July, 1918. The orig-
 inal plan called for double-track trestle approach,
 4,000 feet in length, and a dock 3,230 feet long. At
 the time of the armistice the double-track approach
 had been completed and 40 per cent of the dock
 proper. Because of the armistice, it was decided to
 construct only three berths, and those were completed
 and in use January, 1919. The outstanding feature
 of the construction of this dock was that all timbers

 and most of the piles were obtained in France. Piles
 80 to 100 feet in length were found and cut in the
 Vosges, hauled to the nearest railroad point, and
 shipped by rail to Montoir.

 Preliminary work for the 10-berth dock and storage
 depot at Talmont
 was well advanced,
 equipment and ma-
 terial assembled,
 and railroad built
 into the dock site
 when all work was

 stopped by the sign-
 ing of the armistice.
 This dock would
 have been com-

 pleted by June 1,
 1919. A labor force

 of 2,500 men was
 engaged on this
 work during Octo-
 ber, 1918.

 Of the lighterage
 docks recommend-

 ed and authorized

 by the dock pro-
 gram, only one, St.
 Loubes, on the
 Dordogne River

 near Bordeaux, for 8 berths, was completed and in op-
 eration at the time of the armistice.

 Other docks of similar design were under construc-
 tion at St. Pardon, on the same river, and at Dönges,
 near Montoir, and material had been delivered and
 other dock construction was ready to start on the
 Jetée du Sud at Brest and at two points on the Seine
 River near Rouen. Fifty-eight 300-ton lighters were
 constructed from French timber and twenty-six 500-
 ton lighters from American timber, besides seven der-
 rick barges of from 30 to 100 ton lifting capacity and
 others in course of construction. A part of this work
 and a part of the construction of Bassens dock was
 done under contract by the Phoenix Construction
 Company and James Stewart & Co.

 In addition to the above construction, detailed
 plans had been provided, equipment assembled and
 construction started for adapting many French

 Ward Barracks, Base Hospital - 106, Beau Desert
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 berths to American standards, notably at Marseilles,
 Toulon, Cette, Brest, and Le Havre, in accordance
 with the program mapped out in the Jadwin-Wilgus
 report dated August 19, 1918. The 17th Engineers
 handled most of the work near St. Nazaire, and the
 18th Engineers that near Bordeaux.

 Railroads

 The main lines of communication for the A. E. F.

 utilized existing French double-track railroads, ex-
 tending from the ports of Brest, St. Nazaire, La Pal-
 lice and Bordeaux eastward and converging in the
 center of France within the quadrangle formed by
 the cities of Tours, Chateauroux, Bourges, and Or-
 leans, thence radiating easterly to Is-sur-Tille, Chau-
 mont, Neufchateau and St. Dizier, which points were
 in close proximity to the rear of the American armies.
 These railroads were the Paris-Orleans Railway, the
 Paris, Lyons and Marseilles Railway, the Etat
 and the Est railways. These railways comprised
 both the first and second lines of communication, and.
 were the lines of railway along which the main
 American facilities were constructed and upon which
 American trains with American train crews were

 operated. The P. L. M. Ry., from Marseilles and
 Toulon was also used, but with the exception of a
 few track changes at the ports included no Ameri-
 can facilities and was operated by the French.

 Starting at the ports and extending the entire
 length of the lines of communication, all construc-
 tion work was done in a very densely populated for-
 eign country, with all the consequent difficulties to be
 met and overcome.

 The track layouts at the dock and port facilities
 were entirely the French standard, where tracks were
 parallel and all connection was by means of turn-
 tables operated by hand, making a very slow and
 cumbersome operation. In order to get the maxi-
 mum capacity and use of American railway equipment
 it was necessary to change from the French standard
 to the American standard of switching. This change
 entailed a complete rearrangement of tracks with all
 the coincident troubles of street crossing, removal of
 buildings, overhead crossing, and the construction
 work carried on under traffic. At St. Nazaire, the
 first port used by the A. E. F., these changes entail-
 ed a rearranging and construction to the American
 standard of switching of a total of 23 miles of track,
 and at other French ports and docks in like propor-
 tion.

 There was urgent necessity for getting the supplies
 away from the ship's side as fast as possible, and in
 order to do this it was necessary to build direct track
 connection under American control between the

 docks and the storage and classification yards. At
 St. Nazaire, a double-track connection was built, ap-
 proximately 4 miles in length, involving considerable

 grading and one double-track bridge across the
 Etang de Mean. At Bordeaux a third track was built
 parallel to the P. 0. road, a distance of 8 miles, to
 the storage yard at St. Sulpice.

 In order to properly classify and store supplies
 pending shipment it was necessary to build extensive
 yards and storehouses as near to the ports as there
 was available ground. These were built at Montoir
 for St. Nazaire, at St. Luce for Nantes, at St. Sulpice
 for Bordeaux, and similar construction was started
 at Aigrefeuille for La Pallice, and Miramas for Mar-
 seilles.

 ■The storage depot at Montoir was originally de-
 signed for a total trackage of 240 miles. The con-
 struction work proceeded as the facilities were need-
 ed, and at the time of the armistice 128 miles of
 track had been built and were in operation. These
 facilities included complete operating facilities, com-
 prising 25 miles of track in receiving and departure
 yards, 5 miles in classification yards, 5 miles in en-
 gine terminal, 6 miles in ordnance storage yard, and
 the balance of track to serve general storage ware-
 houses and the many connections necessary to serve
 minor facilities. Construction of the project at Mon-
 toir started on September 30, 1917, and was completed
 December 31, 1918. The maximum number of men en-
 gaged in the construction work was 3,083. The project
 at St. Sulpice was practically identical with that at
 Montoir.

 The two large intermediate storage projects were
 located at Gièvres, and Montierchaume, near the city
 of Chateauroux. These projects were intended to
 accommodate the reserve supplies for the operation of
 the American Army.

 At the storage project at Gièvres, supplies were
 received from all ports and held in storage until
 needed in the advance depots or elsewhere. This
 project as originally designed contemplated a total
 trackage of 280 miles, and at the time of the armi-
 stice there was laid and in operation 143 miles of
 track, which comprised the 36 miles in the receiving
 and departure yard, 9 miles in the classification
 yards, 7 miles in engine terminal, 13 miles in engi-
 neer depot for open storage, and the balance, 69
 miles, to serve the 165 warehouses, refrigerating
 plant and other lesser facilities; Gièvres was the
 largest of the storage facilities. It covered an area
 6 miles in length and 2 in depth. There were 30,000
 men stationed in camps within the project, 20,000
 for construction and 10,000 for operation purposes.
 Construction work was started at Gièvres by the
 15th Engineers (Railway) in September, 1917, and
 the depot started functioning in November of the
 same year. The maximum number of men employed
 on construction was 5,877.

 The intermediate storage yards at Montierchaume
 were designed on approximately the same plan and
 size as Gièvres. Construction work was started on
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 a small scale in April, 1918, and was accelerated in
 June, and at the time of the armistice a total amount
 of 50 miles of track had been laid, including receiv-
 ing, classification and departure yards, engine ter-
 minal and storage tracks.

 Ammunition storage depots were constructed at
 Jonchery, Mehun, Issoudun and St. Loubes.

 Advance storage and regulating stations were
 built at Is-sur-Tille and Liffol-le-Grand, and the
 French regulating station at St. Dizier was used.
 At Is-sur-Tille, 10 miles north of Dijon, the largest
 advance storage and regulating station was built,
 comprising a total of 95 miles of track. This was
 divided into receiving, classification and departure
 yards, storage and miscellaneous tracks, and included
 engine terminal facilities. Construction on this
 project commenced October, 1917, by the 16th Engi-
 neers, and the station began functioning in December
 of the same year, and was practically completed in
 June, 1918. The construction of this yard involved
 heavy grading, a large part of which was in solid rock.
 The maximum number of men engaged on this work
 during the course of construction was 3,984.

 Liffol-le-Grand, near Neufchateau, was in reality
 a regulating station, with comparatively small
 amount of storage. It consisted of 26 miles of track
 in receiving, departure and classification yards, 7
 miles of track in engine terminal facilities, 12 miles
 for storage purposes. Construction was started in
 April, 1918, but for military reasons the work was
 not rushed until the following July. The maximum
 number of men engaged on work was 2,576. The
 work was practically complete, and the yard function-
 ing in October, 1918.

 It was found that the engine terminal facilities
 along the French railways would not be of sufficient
 capacity to handle the heavy traffic necessary to ade-
 quately supply the A. E. F., and as these engine
 terminals were in congested centers, it was decided
 to build new ones solely for American operations.
 Under this program engine terminals were built at
 Montoir, Saumur, Gièvres, Cercy-la-Tour, Is-sur-
 Tille, Liffol-le-Grand, and along the line out of Bor-
 deaux, at Nexon, Perigueux, and Montierchaume.
 All these engine terminals were constructed and in
 operation. Studies were made and in some cases
 construction was started on other engine terminals in
 order to further increase the American traffic, but
 these were suspended by the armistice.

 The engine terminals were practically of the same
 design, including receiving and departure yards, en
 gine house and repair shop and other necessary facil-
 ities. The trackage involved varied from 8 to 14
 miles. The water supply along the French railroads
 used by the À. E. F. was improved and augmented in
 numerous places.

 In addition to the railroad work as set forth above,

 it was necessary to construct sidings and spur lines at
 the various hospitals, aviation centers, camps, ord-
 nance storage projects, oil and gasoline stations, and
 to the many forestry operations. A total of 1,055
 miles of railroad was constructed. If this were laid
 in a continuous line it would reach from the At-

 lantic Ocean at St. Nazaire across France and Ger-

 many and to the Russian frontier.
 Comprehensive plans were prepared by the trans-

 portation service for all track facilities, but the
 shortage of materials and labor and the rapid in-
 crease of the program of troop arrivals called for
 wise discrimination as to what was needed and

 what was not, in order to meet the actual situation.
 It was necessary to make decisions almost from day
 to day as to what tracks should be put down on the
 various projects extending from the ports to the
 front, in order to provide facilities urgently and im-
 mediately needed, as there were neither labor nor
 materials to construct all facilities shown on plans.
 The comprehensive plans contemplated four tracks
 along each line of storehouses and open storage space,
 two on each side of the storehouse. It was found in

 practice that at the intermediate depots all the traf-
 fic could be handled on one track on one side of each

 line of storehouses without unreasonable delay in
 loading and unloading of cars. Later, the same type
 of arrangement was also being used at the large base
 depots.

 Experience and observation of the tracks which
 were used most and those that were not largely used
 led to the conclusion that on this class of work, un-
 der war conditions, to avoid loss of man-power and
 material without adequate return, considering the
 rapidly changing conditions, it was advisable to
 put in little more than the number of tracks that
 were needed to start operations, leaving space to add
 others as their necessity develops.

 Storage Depots

 The covered storage as estimated by the various
 services was originally 21 square feet per man in
 thè A. E. F., but it was found by experience that
 for a 90-day reserve, 10 square feet per man was
 sufficient for supplies actually requiring cover, inclu-
 sive of ammunition. This was later reduced to 5

 square feet when a reserve of 45 days was decided
 upon. These requirements were met as follows :

 Square feet
 Gièvres

 St. Sulpice

 Montoir

 Montierchaume

 Is-sur-Tille

 Other depots

 Square feet
 Total depot storage

 /Dock storage

 Miscellaneous storage

 Grand total
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 Original warehouses were constructed of lumber
 with ruberoid roofing. Owing to the difficulty in ob-
 taining lumber, a type was developed with wood
 frame and corrugated-iron roofing and sides, using
 round poles for posts. The warehouse was 50 by 490
 feet, and 12 feet high at the eaves and required only
 20,800 feet board-measure of lumber and 44,000
 square feet of corrugated iron, and could be easily and
 quickly erected. At Gièvres, on one occasion, a ware-
 house of 50 by 294 feet was erected by 60 men in 81^
 hours, only the roof and ends being covered - with
 corrugated iron.

 It was found necessary to omit floors except in
 buildings where supplies subject to injury by mois-
 ture, such as sugar, salt, and flour, were stored. In
 these cases a floor was built, or the supplies were
 placed on loose dunnage.

 Considerable attention was also given to the ques-
 tion of placing in open storage supplies that would
 not be damaged in the length of time that they would
 have to remain in the open. Experience has demon-
 strated that the following main classes of supplies
 can be placed in the open with paulin covers without
 material damage : hay, canned goods, small arms am-
 munition and projectiles.

 The principal motor transport project was the
 main base plant and repair shop at Verneuil, near
 Nevers. It was designed to serve as the base repair
 center for the motor transport corps. The total
 number of vehicles repaired in this plant up to
 March 1, 1919, amounted to: light and heavy trucks,
 4,592; automobiles, 1,700; ambulances, 324; motor-
 cycles, 3,230, and bicycles, 1,724. Repair parts,
 amounting to 485,724, have been manufactured from
 raw material, and 6,635 broken and salvaged motor
 vehicle parts have been returned to service. In ad-
 dition, repair and salvage work was done on horse-
 drawn vehicles and other miscellaneous equipment
 and material.

 The project consisted of the main base plant, which
 included 14,400 square feet of office space, 120,000
 square feet of stock storage, and 361,000 square feet
 of shops; the camp for personnel, amounting to a
 total floor space of 302,430 square feet; and the
 prisoner-of-war enclosures.

 The principal air service project was the air serv-
 ice production center, No. 2, at Romorantin, near
 Gièvres. This project was designed to be the main
 assembly and salvage depot for the air service in
 France and was to receive and assemble all airplanes
 from the United States, to salvage a large part of the
 planes from the front, to repair and rebuild planes,
 to repair and maintain all motor transportation for
 the air service, and to serve as a depot for air service
 supplies. Later, a complete balloon depot and repair
 station and 1,000-bed base hospital were added. The
 location was chosen principally because it was access-
 ible to the converging main lines of communication

 from the ports, and at the same time within easy
 flying distance of the distributing points near the
 front, while still near the extreme bombing radius
 for enemy planes.

 The supply depot and airplane spare parts depot
 handled all air service supplies and all airplane and
 engine parts. An average of 30 cars per day were
 used in handling these supplies.

 The original project was authorized December 27,
 1917. A small detachment of Engineers started work
 on the railroad on January 21, 1918. The first air
 service personnel arrived January 19, and began
 erecting barracks January 21. The maximum num-
 ber of men employed at one time was 2,684. When
 construction was stopped on November 15, 1918, 85
 per cent of the entire authorized work had been com-
 pleted. The construction consisted of 1,297,200
 square feet of shops, 765,200 square feet of store-
 houses and hangars, 616,000 square feet of barracks,
 and 126,000 square feet of hospital space.

 The plant as completed was capable of assembling
 about 30 planes per day and would have soon been
 able to handle double that number. The number of

 planes assembled was 1,177 ; liberty and foreign en-
 gines repaired, 1,670; salvaged, 212; planes repaired
 (all types), 776; planes of all types salvaged, 308.

 Remount Depots and Veterinary Hospitals

 In addition to the work of providing shelter for
 troops there was the problem of providing necessary
 shelters for animals required for the A. E. F.

 This construction was initiated in August, 1917,
 when a request was made for the immediate erection
 of temporary shelters for the mounts of a cavalry
 regiment expected to arrive at an early date. As a
 result of this request arrangements were made with
 the French government to supply 500 demountable
 wooden stables, each with a capacity of 50 horses,
 and to use many small existing remount stations to
 which additional capacity was added when possible.

 During May, 1918, a program of remount and
 veterinary hospital construction was instituted. A
 board selected sites in the base, intermediate and
 advance sections and visited the British area to study
 construction of buildings and accompanying facili-
 ties which had been developed during the four years
 of the war.

 Remount depots with veterinary hospitals in close
 proximity were established at the principal base
 ports to care for animals arriving from the states
 or other overseas sources, until they could be for-
 warded to the intermediate or advance depots. Large
 depots with veterinary hospitals adjoining were es-
 tablished at Gièvres, Selles-sur-Cher, and Sougy, in
 the intermediate section. In the advance section a

 large depot and veterinary hospital was built at Lux,
 near Is-sur-Tille, and many smaller remount depots
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 and hospitals between that point and the front lines.
 The total facilities authorized by the staff comprise

 remount depots for 61,200 animals and veterinary
 hospitals for 39,100 animals. Of these, there was
 actually available on February 1, 1919, the following
 space for animals:

 Ln remount depots constructed by the engineers. 27,700
 In remount depots obtained from the French... 12,000

 ln veterinary hospitals constructed by engineers. 16,500
 In veterinary hospitals obtained from the French 11,100

 Total space in remount depots and veterinary
 hospitals

 These facilities involved the construction of 2,210,-
 000 square feet of stabling, provision for quarters for
 650 officers and 17,000 enlisted men, and the various
 facilities required for the functioning of these proj-
 ects.

 At each separate remount depot and veterinary
 hospital there were required dressing rooms, operating
 rooms, dipping vats, sulphurizing chambers, forges,
 and blacksmiths' shops, and storehouses for equip-
 ment and forage.

 Each large project required a standard-gauge rail-
 road siding and spur with facilities for rapidly un-
 loading animals, an ample water supply and good
 roads and drainage.

 The type of horse shelter adopted for remount
 depots and veterinary hospitals after a study of the
 best French and British practice was a stable, 216
 by 23 feet, with a space for 100 animals. Supports
 were of 6-inch round poles with a framework of 2
 by 4 's and covered with corrugated iron if available,
 otherwise with 1-inch sheeting and tar paper.

 For shelter alone each animal required from 80 to
 140 feet board-measure of lumber, depending wheth-
 er or not corrugated iron was used for covering.
 The stables actually constructed consumed over five
 million feet board-measure of lumber.

 In general, remount depots were built for 2,000
 to 5,000 animals with a veterinary hospital near at
 hand for from 1,000 to 2,000 animals. The project
 at Sougy has a capacity for 5,000 animals in the re-
 mount depot and 2,000 in the veterinary hospital. It
 has quarters for 100 officers, 2,500 enlisted men, with
 necessary mess halls, bath houses, and includes a
 recreation building.

 Water Supply and Sewerage,

 In connection with the classes of work described

 above, much water supply and sewerage work was
 required. A large amount of labor was required
 in the listing of supplies to be purchased in Ameri-
 can and European markets and in the preparation
 of priority schedules to permit this material to be
 ordered and shipped so as to be available in time for
 use.

 A system of water analysis laboratories was estab-
 lished and the water supply in the S. O. S. placed
 under the same kind of care from bacteriological and
 sanitary point of view as is customary in the cities
 and states of the United States. Arrangements were
 made for the chlorination of various water supplies
 in the S. O. S. and the storage and forwarding of
 chlorinating apparatus for the armies. Arrange-
 ments were entered into with the cities of Tours,
 Vendôme, St. Nazaire, Le Mans and Dijon for the
 chlorination of the whole city supply.

 The water supply for the city of St. Nazaire and
 vicinity constituted the biggest single problem of
 the 1). C. & F. The ordinary French uses amounted
 to about 1,000,000 gallons per day and was obtained
 from reservoirs of a capacity of 160,000,000 gallons
 which were filled during the rainy season. During
 unusually dry seasons it was necessary to resort to
 tank boats in order to furnish the city. The com-
 bined French and American uses were estimated at

 about 3,000,000 gallons per day and, as the country
 does not yield deep well water, it being underlaid
 with solid granite rock, and as the nearest surface
 free from salinity was at a distance of about 15
 miles, it was decided to be more feasible to provide
 additional storage reservoirs of a capacity of 400
 million gallons. It was necessary to construct one
 rapid sand filter of 3,000,000 gallons daily capacity
 and another of 1,000,000 gallons daily capacity in
 order to provide satisfactory water. To fill the res-
 ervoirs in the rainy season and to elevate the water to
 the various levels of the project, 15 pumps with a
 total capacity of 30 million gallons per day had to be
 installed; 48,000 feet of 24-inch to 12-inch pipe,
 60,000 feet of 8-inch to 4-inch pipe, and elevated
 tanks of 200,000 gallons capacity were used in the
 supply and main distribution systems alone, not to
 mention miles of smaller pipe used for distribution
 as well as for interior plumbing and piping.

 The water supply of the docks and camps at Brest
 and vicinity offered another large problem. The
 original French systems which supplied Port de
 Commerce, Foutras Barracks, Bougen Fortress and
 Pontanezen Barracks, were insufficient and it was
 necessary to immediately make provision for an ad-
 ditional 900,000 gallons per day. A pumping station
 ort the Penfield River was installed with a daily ca-
 pacity of 1,300,000 gallons and 28,000 feet of pipe-
 line laid. In order to supply all portions of the
 projects and to provide adequate pressure, pumps of
 a total capacity of 2,000,000 gallons per day and
 elevated tanks of a total capacity of 100,000 gallons,
 were installed. Due to the increase in the size of the
 Pontanezen camp and constantly increasing needs
 at other ports of the project, this original augmenta-
 tion of the French supply, almost before completed,
 became inadequate and further provision had to be
 made. It was estimated that 3,000,000 gallons per
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 day would be necessary and with this to do away to
 a large extent with the use of the French system,
 particularly at Port de Commerce. The Penfield
 River was selected as the source. Two reservoirs, one
 of 23,000,000 gallons capacity and another of 2,000,-
 000 gallons capacity, were built. Two pumping sta-
 tions containing 6 pumps and with a total capacity
 of 4,700,000 gallons daily were constructed. Forty-
 one thousand feet of 14-inch to 10-inch pipe and
 10,000 feet of 6-inch and 4-inch pipe were used on
 the main supply and distribution system.

 While Brest and St. Nazaire presented the largest
 problems of water supply, practically all the other
 large projects constructed required water supply in-
 stallations of considerable magnitude, a few of which
 may be mentioned as of interest. For the Saveney
 Hospital water supply, a concrete arch dam 40 feet
 high and containing over 6,000 cubic yards of concrete
 to provide a reservoir storage capacity of 10 million
 gallons was constructed, in addition to 2 filter plants,
 each of 330,000 gallons daily capacity. Some 25,000
 feet of sewer lines and 50,000 feet of water mains
 were laid and a concrete standpipe of 50,000 gallons
 capacity was installed. For the Mars Hospital sup-
 ply a 10-inch force main, 5 miles long, was laid. A
 reinforced concrete reservoir of 100,000 gallons, on
 towers 30 feet high, was constructed. Two pumping
 stations, each of 500,000 gallons daily capacity, were
 installed, and a filter plant of 500,000 gallons per
 day was erected. For the Mesves Hospital an installa-
 tion practically duplicating that of Mars was made.
 At both Allerey and Beaune hospitals, some 57,000
 feet of sewer pipe and 40,000 feet of water mains
 were laid. At Romorantin air service plant two filt-
 ers, each of about 200,000 gallons daily capacity,
 were placed. A slow sand-filter was installed at both
 Langres and Chateauroux hospitals. The installa-
 tions at the Montierchaume storage depot involved
 the laying of some 30,000 feet of 4-inch, 6-inch, and 8-
 inch pipe, the installation of pumping stations of a
 capacity of 100 horsepower, the drilling of wells of
 a total depth of 1,700 feet, and the construction of
 elevated tanks of a total capacity of 150,000 gallons.
 The general intermediate storage depot at Gièvres
 called for even a larger installation than that at Mon-
 tierchaume. At Bassens, 1,500,000 gallons of water
 per day was obtained by drilling two artesian wells
 to a depth of 700 feet. A well of 1,520-foot depth
 was drilled at Beau Desert Hospital, and one of
 1,020-foot depth at St. Sulpice.

 Refrigeration

 In addition to such cold storage space as could be
 obtained from the French, plants were constructed
 by the D. C. & F., upon plans prepared by experts
 engaged by the Q. M. C., for the storage of frozen
 meats from the United States, with a total refri-

 gerated space for the storage of 14,900 tons, and ice-
 making facilities for 500 tons per day.

 The plants at Gièvres and Bassens are the largest
 of those constructed, having an ultimate capacity
 for 7,500 and 6,000 tons frozen beef, respectively.
 These figures are based upon full utilization of re-
 frigerated space with consequent elimination of al-
 leyways. The original rated capacities of these
 plants, making liberal allowance for alleyways, were
 5,200 and 4,000 tons, respectively. Plans were pre-
 pared and equipment obtained from the United
 States for a duplicate of the Bassens plant to be lo-
 cated in the advance section, as well as for a duplica-
 tion of the cold storage building at the Gièvres
 plant ; also plans for a 400-ton plant at Marseilles,
 these three projects being canceled after the armi-
 stice. A beef storage plant of 700 tons capacity was
 authorized at Bendorf, near Coblenz, February 6,
 1919. This plant is included in the above capacity
 figures.

 The beef storage building at the Bassens plant is
 cork insulated throughout, using 100,000 cubic feet
 cork obtained from a point near Bordeaux. The floor
 is of reinforced concrete over corkboard on a 4-foot

 sand fill. The cold storage rooms contain 134,800
 linear feet of 2-inch standard pipe. The engine room
 is modern in every respect; the refrigerating ma-
 chines are driven by cross-compound condensing Cor-
 liss engines. The boiler capacity is 900 horsepower.
 The reinforced concrete reservoir has capacity for
 130,000 gallons water. Due to the use of cork for in-
 sulation, and improved design, the amount of lumber
 used was reduced to 931,000 feet board-measure.
 This plant was constructed and in operation in 41/^
 months after commencement of work.

 Bakeries

 A mechanical bakery at Is-sur-Tille was construct-
 ed from plans furnished by the Q. M. C. with a ca-
 pacity of 800,000 pounds daily. This plant is
 capable of emergency production of 1,000,000 pounds
 daily. Mechanical bakeries were constructed from
 plans furnished by the D. C. & F. at Brest and Bor-
 deaux, with a capacity of 150,000 pounds daily and
 at St. Nazaire of 120,000 daily. Plans were com-
 pleted for a mechanical bakery at Liffol-le-Grand
 with a capacity of 400,000 pounds daily. Plans
 were furnished for the construction of field bakeries

 totaling in capacity approximately 600,000 pounds
 daily. Of this amount, construction capable of pro-
 ducing 500,000 pounds daily was completed.

 Two steel truss buildings, 240 by 380 feet, with a
 corrugated iron roof and sides, were erected for the
 mechanical bakery at Is-sur-Tille. The floors were
 concrete throughout. All machinery in the plant
 was electric-driven, power being furnished from a
 modern steam turbo-generating plant of 900 K.W.
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 capacity, the power-house being a separate build-
 ing, 55 by 125 feet. Ovens were built on standard
 British practice in groups of seven, so arranged as
 to lessen chance of plant being totally disabled.

 Electrical Installation

 Steam generating stations involving approximately
 3,000 K.W. of power were designated and in process
 of construction when the armistice was signed. The
 larger of these were a 200-K.W. plant for the
 bakery and storage project at Is- sur-Tille ; a 1,000-
 K.W. standby plant for the Bassens project; a 750-
 K. W. plant for the air service production center at
 Romorantin.

 Three thousand K.W., in rotary convertor sub-
 stations, were designed and under construction.
 These were at Neuvy Pailloux to serve the tank
 factory; at Marseilles, La Pallice and St. Nazaire, to
 serve the gantry cranes. A 2,500-K.W. substation
 was constructed at Mehun from plans furnished by
 the Ordnance Department to serve the ordnance
 shops. A 2,500-K.W. substation design by the Trans-
 portation Department was constructed at Bassens to
 serve the projects at that point. Of this station
 1,500 K.W. was in rotary convertors and the re-
 mainder in transformers for miscellaneous light and
 power.

 One hundred and twenty-five miles of transmission
 line had been constructed or was under way, the
 plans and specifications for which were furnished by
 the D. C. & F. Low-tension distribution systems and
 interior wiring of all hospitals, storage yards, ware-
 houses, docks, shops, schools, and camps in the S.O.S„
 were installed on the basis of plans and specifications
 furnished by the D. C. & F.

 Oil and Gasoline Storage
 The I). C. & F. was charged with the construction

 of the oil and gasoline seacoast storage stations, in-
 termediate storage station fabrication shops for
 small tanks at Gièvres, and the construction of the
 small gasoline distributing stations throughout
 France. The following seacoast gasoline storage sta-
 tions have been constructed and placed in operation :

 La Pallice, four 25,000-barrel tanks; St. Loubes,
 one 25,000-barrel tank. Two 25,000-barrel storage
 tanks were erected at Blaye, but this plant was never
 placed in operation.

 Intermediate storage station, four 10,000-barrel-
 tanks were constructed and placed in operation at
 Gièvres.

 At the Gièvres shop for the fabrication of small
 tanks there were constructed and tested 69 300-barrel
 tanks and 150 150-barrel tanks. Of this number 29

 300-barrel tanks and 119 150-barrel tanks were ship-
 ped out to small gasoline distributing stations at
 various field locations. To facilitate the installation
 of the small gasoline distributing stations, the neces-

 sary pipe, valves, fittings, and pumps were assembled
 and marked for field erection and shipped out at the
 same time as the small tanks. The construction work

 on the seacoast and intermediate gasoline storage
 stations and the 150 and 300 barrel tanks was largely
 done by contract with the James Stewart Company
 under the supervision of engineer officers. Thirty-
 seven complete installations of small gasoline dis-
 tributing stations were shipped out, 17 of which were
 placed in operation and other 20 were either can-
 celed or construction suspended. These stations were
 constructed by engineer troops.

 With the storage and distributing stations already
 erected, sufficient gasoline can be stored to provide
 for any emergency, and the small distributing sta-
 tions not yet erected could be relocated without much
 expenditure of labor, and without any further de-
 mand for material.

 Roads

 The D. C. & F. in the year 1918 had charge of all
 road work in the S. O. S. except that in the advance
 section, which was performed under the section engi-
 neer officer for the division of light railways and
 roads. During this period 90 miles of new road
 were constructed within projects such as the larger
 hospital units, general storage projects, ordnance and
 aviation projects. The major part of the road equip-
 ment available was needed at the front, and for this
 reason and for the lack of labor due to priority of
 other work, the maintenance and repair work was
 limited to approximately 300 miles. The repair
 work was performed mainly in congested centers,
 such as the immediate vicinity of Bordeaux, the
 docks at Bassens, and the streets of St. Nazaire ad-
 jacent to the docks and leading to the camps.

 The national highways and other French roads
 along our line of communications and serving the
 many camps, training centers, and other activities of
 the A. E. F. were under extremely heavy traffic dur-
 ing the summer and fall of 1918, and comparatively
 little repair work was undertaken because no labor
 was available either from French or American
 sources. The wet weather in the western and south-

 ern part of France and the freezing weather in the
 eastern and northern parts during the month of De-
 cember put the roads in bad condition and the C. in C.
 directed that month that extensive repairs be under-
 taken along the entire lines of communication, not
 only in justice to the French in repairing their roads
 damaged by the American traffic but also to permit
 continued use of the 'roads by the American Army.
 This resulted in the issuing on January 2, 1919, of
 an order placing all road work in the S. O. S. and
 Luxemburg under the direction of the D. C. & F. and
 that in the occupied areas of Germany under the
 C. G., 3rd Army, giving the D. C. & F. a co-ordina-
 ting supervision.
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 The D. C. & F. used his existing organization for
 this work and through the section engineer officers
 of the various sections, immediately started the leas-
 ing and acquiring of quarries, a system of distribu-
 tion of stone by rail haul and motor transportation,
 distributed labor upon roàds most requiring repair,
 put into service all available road equipment and
 tools, both from French and American sources. The
 section engineer officers were instructed to adopt the
 cantonier system, which was a system of constant pa-
 trol and of carefully placing well-tamped patches
 and resurfacing wherever the surface of the road
 developed weak spots. Special attention was also
 given to opening up all drains and ditches and the
 removal of accumulated mud, both from the surface
 of the road and ditches. The French government co-
 operated by issuing instructions to their department-
 al engineers to furnish all stone and equipment avail-
 able and in a few places stone was furnished by the
 French, transported in American cars and trucks
 and placed upon the roads by combined forces of
 Americans and French. The results obtained from

 the use of this system were very satisfactory and
 some roads that were almost impassable in January
 were put in reasonably good condition. This system
 reduces the cost of new roads and keeps all roads
 in better condition by constant patrols and repair.

 The maximum force engaged in road work has
 approximated 110,000 men who were scattered in
 small working parties over nearly 16,000 kilometers
 of road and placed about 90,000 tons of stone per
 week. This stone was obtained from quarries oper-
 ated by the French government and French con-
 tractors; also from quarries opened up and operated
 by the D. C. & F., any many small local quarries where
 the rock was taken out and broken up by hand. The
 quarries operated by American labor were 90 in
 number; the total number operated by the French,
 50. The stone was hauled by rail from the quarries
 to the nearest station and then distributed by motor
 truck. From the small quarries the distribution was
 made by means of motor trucks and horse-drawn
 wagons direct.

 The following table shows the work done from Jan-
 uary 1 to June 1, 1919, at which time the road pro-
 gram was practically completed in all sections.

 Roads Rock distrib- Man-days Truck-ton „ . „
 Section worked- ut ed- metric Man-days 8-hour days- 8-hour Roatl „ . ro11" „ km. tons 8-hour day day ers

 B. S. No. 1... 500 91,000 261,500 38,900 22
 B. S. No. 2... 1,700 154,000 295,450 51,830 27
 B. S. No. 5... 75 197,500 156,220 16,330 9
 B. S. No. 7... 575 25,200 80,530 12,580 8
 Int. Sec. W... 4,200 291,000 658,850 78,510 39
 Int. Sec. E... 550 95,000 115,230 24,310 17
 Advance

 Total in France 13,000 1,367,500 4,239,380 393,710 257
 Luxembourg . . 350 19,700 17,000 4,000
 Occupied ter. . . 2,500 307,500 487,250 80,320 40

 Total

 In the advance section 650 kilometers of road were
 reconstructed within the battle areas devastated pre-
 vious to the arrival of the American Army. There
 was also constructed 34,000 square yards of stone-
 paved street and 21,000 square yards of concrete
 road. In addition to restoring and maintaining the
 road surfaces more than 500,000 tons of crushed rock
 were distributed and left along the roads for future
 repair work by the French authorities.

 Forestry

 The lack of ocean transport made it necessary to
 obtain practically all of the lumber and other forest
 products required by the A. E. F. from the French
 and other European sources. Shipments of such
 bulky material from the United States was restricted
 to a small quantity of piling and dock timbers used
 chiefly in the Bassens dock. Furthermore, the short-
 age of forest products in France and the heavy re-
 quirements of the French and British armies made it
 necessary for the A. E. F. to be self-sustaining in the
 supply of these essential materials, which were called
 for in enormous and steadily increasing quantities.
 The current monthly requirements of the army at
 the time of the armistice totaled 50,000,000 feet board-
 measure of lumber and timbers, 250,000 railroad ties,
 6,500 pieces of piling and cribbing, 1,500,000 poles
 and entanglement stakes, and something over 100,000
 cords of fuel wood.

 Limited quantities of lumber were obtained from
 France, Switzerland and Norway. Approximately
 590,000 railroad ties used in the first installations
 were advanced by the French government and some
 additional ties were obtained under contracts placed
 in Spain and Portugal. Fully 75 per cent of the
 lumber and ties, over 90 per cent of the poles and
 piling, and a large part of the fuel wood required by
 the army were produced in France by the forestry
 section.

 Lumber production was begun in December, 1917,,
 by the 10th Engineers (Forestry), which operated
 two American and four French mills that month and

 cut 321,000 feet of lumber, 205 piles, 12,000 ties,,
 20,000 poles, and 1,200 cords of fuel wood. During
 the winter and spring of 1918, the Forestry troops,
 were augmented by the ten battalions of the 20th En-
 gineers (Forestry), and by three battalions com-
 prising the 41st, 42d, and 43d Engineers. Nine bat-
 talions of engineer service troops were also assigned
 to forestry work. Thirty-four mills were operated
 in March, 1918, and 59 mills in June. At the time
 of the armistice, 90 operations, including 81 saw-
 mills, were in progress, employing nearly 12,000 tech-
 nical engineer troops and 8,500 service troops.

 The earliest operations of the forestry section were
 undertaken (1) in the Landes pineries of base sec-
 tion No. 2, where there was an early demand for
 piling, warehouse lumber, and railroad ties; (2) in
 the Loire River valley near the line of eommunica-

This content downloaded from 
������������176.128.214.251 on Wed, 02 Jun 2021 19:56:14 UTC������������ 

All use subject to https://about.jstor.org/terms



 The Military Engineer 59

 tion and the large depots and construction projects
 in central France, and (3) in the soft wood forests
 of the Vosges and Jura mountains and the hardwood
 areas immediately behind the American Sector of the
 Front. The forest resources of these regions were
 fully explored and new operations placed as far as
 possible with reference to the main points of con-
 sumption and the varied demands of the army for
 different classes of forest products. Construction
 lumber had to be obtained mainly from the soft-
 wood forests of the south and of the eastern moun-

 tains. These regions also furiņshed the bulk of the
 piling. The hardwood forests of central and western
 France were drawn upon heavily for railroad ties,
 road planks, dock, barge, and bridge timbers, and
 fuel wood. In the summer of 1918, it was necessary
 to push out into the southern Jura region and the
 central plateau óf France, in order to obtain the
 quantities of timber needed.

 The forestry operations at the time of the armistice
 were grouped in the 14 operating districts, each under
 a battalion commander and organized as far as prac-
 ticable to function as a self-contained unit. In addi-

 tion, 8 operating units with portable sawmills were
 attached to the first and second armies, working near
 engineer camps and supplying them with the forest
 products most urgently needed from time to time.

 At the completion of its work June 25, 1919, the
 forestry section had produced approximately 206 mil-
 lion feet of lumber, 3 million standard-gauge ties, 1
 million small ties, 39,000 piles and 1,800,000 poles and
 entanglement stakes, for the A. E. F. In addition to
 these amounts, approximately 10,000,000 feet of
 lumber and 440,000 standard ties were cut by two
 forestry battalions which were loaned to the French
 and British armies. All told, the forestry section up
 to the same date supplied 400,000 cords of fuel-wood
 to the army. In addition, 30 of its officers were loaned
 to the quartermaster corps to direct the production
 of large quantities of fuel-wood by quartermaster
 troops.

 To maintain this enormous production, it was neces-
 sary to scout practically all of France south of the
 northern provinces for suitable timber and to nego-
 tiate its purchase through French channels. This
 work was extended into the Pyrenees, the French
 Alps, and the central plateau, in order not only to
 keep the forestry troops in France continuously sup-
 plied with timber, but also to obtain the large quan-
 tities needed for the operations of 24,000 additional
 troops approved by the War Department for forestry
 work in September. By the date of the armistice,
 630 million feet of timber and 700,000 cords of fuel-
 wood had been acquired ; and half as much had been
 located and cruised and was in process of acquisition.

 On account of the delay in the arrival of American
 equipment, 8 stationary French saw-mills were leased
 or requisitioned in the fall and winter of 1917 and 12

 portable French mills were acquired. This equipment
 aided greatly in meeting the acute shortage of lumber.
 The French plants were largely remodeled by the
 forestry troops and their production doubled or treb-
 led. Their capacity was still so limited, however, that
 they were discarded as rapidly as American mills
 could be obtained.

 Three types of American saw-mills were employed :

 (1) A heavy-powered, permanent steam plant,
 rated to cut 20,000 feet board-measure in ten hours.

 (2) A moderately powered, portable type of steam
 saw-mill, rated to cut 10,000 feet board-measure in
 ten hours.

 (3) A very light, portable " bolter mill" run either
 by steam or by gas tractor, rated to cut 5,000 board-
 feet in ten hours and especially suited to light prod-
 ucts, like railroad ties.

 Twenty of the large mills were installed at points
 where the supply of timber permitted their operation
 for eight months or longer. The other mills were well
 adapted to the many small wood-lots in France which
 it was necessary to utilize. In the face of a critical
 shortage of lumber, every possible effort was made to
 speed up production. Practically all saw-mills were
 operated day and night shifts and some of them three
 8-hour shifts. More than double the rated capacity of
 the plants was obtained currently in most of the for-
 estry operations. Upwards of 150,000 feet of lumber
 were cut in twenty hours at several of the large mills
 whose rated capacity for the same period was 40,000
 feet. Cuts as high as 66,000 feet of railroad ties were
 made in 20 hours on the little bolter mills. All of

 the large and many of the small mills were steamed
 successfully by means of " dutch" ovens for burning
 sawdust, designated and installed on the ground by
 forestry millwrights. An enormous quantity of fuel-
 wood was saved by this means.

 Standard or motor gauge railroad installations, up
 to 3 miles in length, were necessary at two-thirds of
 the mills to give them direct rail connections and pro-
 vide adequate facilities for loading cars. Light rail-
 roads of 3-foot, meter, or 60-centimeter gauge, with
 steam or gas locomotives or horse-drawn trams, were
 used for logging at many operations. A difficult area
 in the Vosges Mountains was logged by means of a
 4,000-foot meter-gauge incline, with an average grade
 of 35 per cent, down which carloads of logs were low-
 ered by donkey engine and cable. Much of the log-
 ging was done by horses with log wagons, spool carts,
 or high wheels. The excellent French roads were used
 extensively for bringing in logs by motor trucks and
 by tractors drawing a low-speed trailer of log- wagons.
 One hundred-foot piles were hauled by this means for
 distances up to 15 kilometers.

 One of the noteworthy accomplishments of the for-
 estry section was the cutting and logging of 15,000
 piles from 65 to 100 feet in length, under great diffi-
 culties, which assured the completion of the major dock
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 projects at the A. E. F. base ports. Approximately
 15,000,000 feet of long heavy timbers, requiring spe-
 cial selection and manufacture, were also furnished
 for dock, barge, and bridge construction. By an active
 field organization, it was possible to keep the current
 rail and cargo deliveries of lumber, ties and piling
 up to 70 per cent of current production in spite of the
 shortage of transportation facilities in France.

 While the changing program and the difficulties in-
 cident to the submarine warfare, an insufficient amount
 of ocean tonnage, cars, man-power and material, were
 all great, still the division of construction and forestry
 met all of its essential responsibilities and was equal to
 the situation in each of the various activities of the

 A. E. F. dependent on it for their success. This was
 due on the one hand to the organization, to the char-
 acter of the men in the service, their splendid loyalty,
 enormous amount of work which they performed, and
 their rapid adaptability to the changing conditions,
 and on the other hand to the backing received from
 the Chief Engineer, the C. G. S. O. S., and the C. in C.

 As an illustration of the work done, if all the rail-
 roads constructed were laid in a continuous straight-
 line track it would reach from the Atlantic Ocean at

 St. Nazaire, across France and Germany to the Rus-
 sian frontier. Similarly, if all the building construc-
 tion were consolidated into one building having the
 width of our standard barrack and hospitals it would
 reach from St. Nazaire, across France and to the Elbe
 River. The Forestry troops produced 75 per cent of
 the lumber and ties used on this construction, and in
 addition 375 miles of corded fuel wood, and 144 miles
 of piling.

 An appreciation of the work of the division of con-
 struction and forestry is contained in the following
 letter from the Commander-in-Chief :

 28 March , 1919 .
 Brigadier General Edgar Jadwin,

 Director , Construction and Forestry ,
 Through Chief Engineer , A, E. F .

 My Dear General:
 Now that hostilities have ceased it gives me great pleasure

 to thank you, and through you the officers and soldiers of your
 organization, for the splendid work you have accomplished.

 The Division of Construction and Forestry required the serv-
 icies and unselfish efforts of experts in many lines of skilled
 endeavor. It is a source of deep pride and satisfaction that
 numbers of this type of men responded readily, and through
 their invaluable assistance you attained the highest goal of
 achievement.

 The supply and shelter of troops was one of the most respon-
 sible tasks that befell any organization. Although operating
 in a foreign country, under conditions and circumstances vastly
 dissimilar to those accustomed to, you met successfully each
 and every demand.

 You, and the officers and men of your organization, labored
 in almost every department in France, often in isolated detach-
 ments, working under arduous conditions of service and making
 countless sacrifices. Yet they withstood all hardships and diffi-
 culties, surmounted all obstacles and kept tenaciously at their

 important tasks. Such tireless energy, actuated as it was by
 a high sense of duty, deserves the commendation of all.

 The vast projects wisely planned and boldly executed by you
 and your efficient personnel, the thoroughness and celerity with
 which you labored, the splendid co-operation maintained
 throughout, especially among the highly trained men of affairs
 who gave their best to the common cause, the keen foresight
 displayed in preparing for emergencies and the many sacrifices
 made are worthy of the highest American traditions.

 In the name of the American Expeditionary Forces, I thank
 them one and all and send them the appreciation of their com-
 rades and their Commander-in-Chief.

 Sincerely yours,
 John J. Pershing.

 Discussion and Comment

 Maj. Gen. W. C. Langfitt
 Chief Engineer, American Expeditionary Forces

 Colonel Woodruff's article describes in detail the

 operations of the Division of Construction and
 Forestry, one of the main divisions of the Office of the
 Chief Engineer, A. E. F. There seems but little room
 for comment by the Chief Engineer, except to express
 here publicly his very great appreciation of the loyal
 work of the Division of Construction and Forestry
 and of the great results achieved.

 The organization in its final form was necessarily a
 growth. General McKinstry, 1 think, first suggested
 the idea of districts somewhat along the lines of our
 river and harbor districts, but did not remain long
 enough in charge to develop the scheme. General
 Patrick worked along the same lines and the organi-
 zation was finally developed and perfected by General
 Jadwin. It, of course, met with my hearty approval
 and I know of no other suggestion which could have
 brought about such satisfactory results.

 The types of construction and, in fact, all plans
 were evolved always keeping in mind two main es-
 sential governing features. First, the views of the
 department for whom the construction or work was
 being undertaken. Second, to keep ahead, so far as
 possible, of the demands of the various departments.

 The first demanded much diplomatic interchange
 of ideas with the various supply departments, the
 Transportation Department and, in design of hospi-
 tals, with the Medical Department. The second re-
 quired simplicity and standardization. Standard-
 ized buildings were therefore designed, so as: (1)
 to be built with a minimum of material: (2), to re-
 quire minimum preparation for erection work: (3),
 to consume minimum time in erection, with minimum
 economical force.

 As a result of this foresight and care, the Di-
 vision of Construction and Forestry met all require-
 ments most satisfactorily. Full recognition was had,
 at all times that we were building only for the dura-
 tion of the war, resulting in suitability with the ut-
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