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EXECUTIVE SUMMARY

Description: The Support and Utility Structures and Facilities {1917 - 19486)
Overview, Inventory, and Treatment Plan presents an historic context and treatment plan
for support and utiity properties constructed between 1917 and 1946 at military
installations. From Word War | to Workd War il, miltary installations -underwent
development and modernization that required extensive construction of support and utility
facilities. Support and utility buildings and structures consist of. general storage, ordnance
storage, fuel storage, water supply systems, sewage disposal systems, power and heating
systems, and refuse disposal.

Purpgse: The purpose of this project is to assist the Department of Defense with
compliance with the National Historic Preservation Act {NHPA) of 1966, as amended.
NHPA established the National Register of Historic Places, the nationhal list of properties
‘significant in American history, archeology. architecture, engineering, or culture. Section
110 of NHPA requires federal agencies to establish a program to identify, evaluate, and
nominate to the National Register historic properties under their control or jurisdiction.
Section 106 of NHPA requires federal agencies to consider the effects of their actions on
historic properties; the first step in the Section 106 process is the identification of historic
properties. The results of this project will assist DoD with fulfilling its responsibilities under
NHPA through providing consistent and comprehensive information on a large segment of
real property potentially eligible for the National Register.

' Objectives and Resuits: . The objective of this project was to develop a mechanism
for the classification, evaluation, and treatment of support and utility buildings and
structures constructed between 1917 and 1946. This project presents the following data
in fulfilment of these objectives:

(1) an overview of the construction and historical associations
of support and wility facilities;

(2) a classification system for support and utility buildings and
structures;

(3) a partial inventory of the frequency and distribution of
35,077 current support and utility buildings and structures;

(4) a methodology for evaluating the significance of these
facilities within a DoD-wide context; and,

(5} recommendations for the treatment of these properties.

Evalyation Recommendations: Individual examples of support and utilty buildings
or structures typically do not meet the National Register Criteria for Evaluation; however,
suppornt and utility buildings or structures may contribute to National Register historic
districts. Suppiy depots and ordnance or ammunition depots may meet the National
Register Criteria for Evaluation as historic districts if they have an important and specific
association with military logistical support or ordnance storage in World War | or World War
Il and embody the distinctive characteristics of depot construction.
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Application: The results of this project can assist DoD with the following actions
at U.S. military instaliations in the Continental United States:

o Section 110 surveys to identify and evaluate historic propertles; and,
. Section 106 review, including

. Consultation with the State Historic Preservation Officer (SHPO) and
Advisory Council on Historic Preservation; or

. Developing a Programmatic Agreement.
This project is particularly relevant to pre-1946 supply or ordnance/ammunition depots.
Authority; This projocf was conducted in ‘acoordance with the Nationa! Historic

Preservation Act of 1966, as amended. "Protection of Historic Properties” (36 CFR 800) also
Is applicable. This project also complies with OPNAVINST 5090.1B, Chapter 23, "Historic

and Archeclogical Resources Protection,” and Army Regulation 42040 (the Army's new

historic preservation regulation, AR 200-4, is in draft).

Project Background: This project was conducted as a demonstration project
{Legacy Project No. 899) of the DoD tegacy Resource Management Program. R.
Christopher Goodwin & Associates, Inc. completed this project on behalt of the U.S.
Department of Navy, Atlantic Division, Naval Facilities Engineering Command. The Support
and Utility Structures and Facilities Qverview, Inventory, and Treatment Plan project was
designed to fulfill the Legacy Program legislative objectives and to assist DoD in meeting
its responsibilities under the National Historic Presetvation Act of 1966, as amended.

Bio s e

ke .



TABLE OF CONTENTS

EXECUTIVE SUMMARY . . ... . i it et e il
LISTOFFIGURES ......... e e b e et xi
ST OF TABLES . . ... . it i it et e xix
N INTRODUCTION ... . e e e e e i 1
Cultura Resources inthe Departmentof Defense . . . ....................... 1
Legislative Background . . ... .. ... ... ... i e 1

Project Description . ... ....... ... .ttt 2
Definition of Support and Utility Facilities . ... ...................... 2

Project Background .......... ... .. .. .. . ... ... 2

Project Objectives . ... .. ... . ... . e e 3

Report Organization . ......... ... ... .. . i i 4

1. PROJECTMETHODOLOGY ... ...... ... ... ... ... .... e 5
Archival Research . . ... ... ... .. . e 5
Database ................ ... .. P 7

Fleld SUIVeY . . ... e e 8

fL. SUMMARY OVERVIEW OF MILITARY CONSTRUCTION, 1917-1846 . ... ... .. 11
Word Warl ... e e e e e 11

NaVY . e e e e e e 11

ATy L e e e e it 13

Inter-war Pariod .. .. ... ... . e 15

VY . i e e e e e e 15

Y 2 O 16

Word War | ... ... e 18

7 Y 19
A 20

v. GENERAL STORAGE . . ... ... .. it e e 23
Naval General Storage . ............ccvviireneneranrnnnan. P 23
WordWarl .. ... ... . i e 23

Interawar Period . ... ... .. ... .. e 27

Word Warll . .......... ... e 28

Naval Bulding Types . ... ... i i i i it e i it e i c s 37
Multi-Story General Storehouses . . .......... .. ... o i, 37

Aircraft/Heavy Materials Storage . ...... ... ... . ... ... o il 37

One-Story General Storehouses . ................c.cvineraennnn 37

Cold Storage ..........ouiiir i it e e 38

Inflammable Materials Storage Buildings .. ............... ... ... a9

Army General StOraQe . . . . ... .ot e 51

World Warl . ... ... i it tiaan e 51

installation Storage ... ........ .. it e 52

Supply DBpOts ... ...t e e 52

AviationDepots . .. ... ... oo e 52

Inter-war Period . ......... .. ... i et 53



Supply Depots ... ... ... ... . 53
AVIatioON Depots . . . ... ... ... . e e 54
WordWarll . ... ... .. e 54
Installation Storage . ........... . . . .t 54
SUpPly DBPOLS ... .. ... ..., 54
AVIHON DEPOS . . . .ottt 58
Army Building TYPES . . . .. ... o e e 58
Multi-Story General Storehouses . . .............. . ... .. ... ..., 58
One-story Warehouses with Multiple Loading Doors
Along SideElevations . ....... ... ... ... . ... il 58
Heavy Materials Storehouses .................... ... .. v, 58
Quartermaster/Commissary Storehouse . ........................ 60
AirCompsWarehouse . .......... ... ... . .. i iiiiiiianan. 60
Inflammablte Materials Storage Bulldings ............ ... ... .. ... 60
O HOUSE - . . ..t i e et e 60
Cold Storage ... ... ... i e e 60
ORDNANCE STORAGE . ...... ... .. i iy P -
Naval Ordnance SIOrage . . .. .. ...ttt i i e 82
Wardd War l ... . e e e 82
Inter-war Pariod . . ... ... 83
Wordd Warll ... ... . et e 84
Naval Bullding Types .. ... ... .. it ne e 85
AboveGround Storage ....................... ... IR 85
Fixed AmmunitionMagazines . ....................... ... 85
Depot Fuse and Detonator/Smokeless Powder/Small
Amms/Pyrotechnics Magazines .. ....................... 88
Installation Ready/Small Arms/Pyrotechnics Magazines . ....... 88
MIne Storage ..........cv ittt 89
Topedo Storage . ... ..............- e 89
Warhead Magazings . ....... ... .cuiinrrinrnrnnaerons 89
FS Smokadrum Storage . .............oviiuiiriiaienan 89
Earth-Covered StOfage . ... .........civrnrmnenrannenennenenn 89
Subsurface Magazines ............. ..o 89
Rectangular Box Magazines ............................ 90
Arched-Type, High-Explosive Magazines ................... 90
Corbetta Beehive Magazines . ............ ... .o iiie.n. 90
Warhead Magazines ............... ... iiiiininnnnen. 20
NGt StorehoUSes . . ..... ... ovueiiinienmanannensnens N
Amy Ordnance SIOTAQE .. ... ... iinn it iiaan e 17
WoRd War | ... i e i i e e i 17
Inter-war Peniod .. .. ... ... ... it i e 117
World Wardl . ... ettt 120
Army Bullding TYpes . .. ... ... .. i e 125
Above-Ground STOFaJe . ... ... ..ot et rnnini e aaaanans 125
PowderMagazines ............c.cuvcemnuneinnnannnenns 125
Ammuniion Magazines . .. ...... ... . ... .ol iann 125
Smokeless Powder Magazines . . .. ............ ..ot 126
Explosives/Primer and Fuse/Post Ordnance/
Smokeless Powder Magazines . ....................... 126
Segregated /Bomb Loading,/Air Corps Magazines . .. ......... 126
Richmond Magazines ................coiiuininnnn.. 126

e

L ﬂh»—:ﬁ ] -.u‘: ll-l-man —— —:‘ .

[ - -l

skl [——
- R o

Pro————



IGO0 - - o« vt ot e e e e e 127

Rectangular Boxes ...............cc.oiiinironeenn nn. 127

Corbetta Beehive Magazines ... ... ..................... 127

V. FUEL STORAGE .. ... ... it e e e e 141
Naval Fuel Storage ... ... ittt e i i 141
WorldWarl ......... ... .. ... ... e e e e 142
Inter-war Period . ... .. ... . e 143

Wond Wardl . ... .. . 143

Naval Building Types .. ... ... ... i 144
Underground Concrete Tanks ... ......... .. ... .. 0ooimannnn. 144

Steel TanKs .. ... .ot i e 144
Pumping Stations . ........ ... ... . i 144

Army Ful SIOTa0R . ... .. .. i i e 153
Word Warl . ... e e e 153
Inter-war Period . . .. ... . ... e 153

Word Warll . ... ... e e e 153

Army Building Types . . ..o coevviiei P 154
Underground Steel Tanks .. ............. ... ... .. .. ... BT 154
Above-Ground Storage .. .......... ... e 154
Pumping Stations .. .......... ... ... i e 154

VIi. WATER SUPPLY SYSTEMS . .. ... ... e cia 159
Technological Bvolution ... ... .. ... . i i 160
Navy/Marine Corps Application of Water Treatment Technology . ... ......... 161
World Warl ... .. e 161
Inter-war Period and World Warlf .. .............. .. ... ........ 162

Naval Bullding Types . .. ... oot it i 162
Water Treatment Plants . .. ... . ... ... .. ... i, 162
RESBIVOITS . .. .. i i i i e e 162
Elevated Water Storage TANKS . . . . ... .. ... ittt 166
Pumping/Metering Buildings . ............. ... . ... il 166
Army/Air Corps Application of Water Treatment Technology . ... ............ 171
Word War | .. ... e 17
CinterwarPeriod ... ... 172
World War ll .. ... i i e 172

Army Bullding Types . . ... ... ot s 173
Water Treatment Plants . . ....... ... ... ... ... .. . iaiian. 173
ROSBIVOINS . o vt it ittt ettt et e 173
Elevated WaterStorage Tanks . ... ........ .. i iiiinnnn. 173

Pump Houses/Stations . ............. et e 174

DAMIE .. ittt e e e 174

VIll. SEWAGEDISPOSALSYSTEMS ..............c i, e 183
Technological Evalution .. ...... ... . ... i 183
Navy/Marine Corps Application of Sewage Treatment Technology . .......... 184
Naval Bullding Types . ........ ...ttt inniianaiarnennen 191
Seitling Tanks/Trickling Fiters . . . ............ ... ... ....... . 191
Digesters . .......... ottt 191

Control HOUSES .. ... . .ovviiriiniranrrnenaernnerranannns 191
PUMPING StAtIONS . .. ... .. it ittty 191

vii



lxi

Xl

Xll.

Army/Alr Corps Appiication of Sewage Treatment Technology . .............. 195
Army Bulding Typas . . ............ . ... e L. 2
Settling Tanks/Trickling Fiiters . . . .. ........ ... ................ 201
DIOSIONS . . ..\ . 201
Control Houses ........... ... i, 201
Pumping Statlons . ............... .0 i, 201
POWER AND HEATING SYSTEMS .. .. ... ... ... . . ... i 207
Technalogical Evolution . ............ . .. ... .. . . i, 207
Electic Power . ... ... ... . .. . . e 207
DIStCt HBANNG . . . . ot oo e e e 208
Navy/Marine Corps Power and Heating Systems . . . ..................... 210
WorldWarl ... ... ... . e c.... 218
Inter-war Period .. ... ... ... .. e 214
WorldWarlt . ... ... ... . . . 217
Naval Bullding Types .. ...... ...ttt ittt 218
Central Power and Heating Plants . . ........................... 218
Substations /Distribution Transformers/Switching Stations . . . ......... 219
Army/Army Air Corps Power and Heating Systems ... ................... 227
WorldWar!l ......... ... .. . ... . ... ..., e 227
Inter-war Pariod . ..... ... .. ... 228
Word War il .. ... .. . e e e 229
Army Bulding Types . . ... ... . e 230
Central Power and Heating Plants ... .......................... 230
Stand-by Generator Bulldings . ... ... .. .. Lo ol 230
District Heating Plants/Boller Plants . . . ... ...................... 230
SUDSIAHIONS ... ...t e e e e 230
Distribution Transformer Buildings .. ........... ... .. ... ...... 231
REFUSE DISPOSAL . ... it i et e 239
Technoiogical Evolution . ......... ... . it 239
Naval/Marine Corps Application of Refuse Disposal Technology ... .......... 241
Naval Bullding Types . ... ... . ..ttt r i aa s 241
incinerators .. ... S 241
Army/Air Corps Application of Refuse Disposal Technology ................ 245
Army Bulding TYpes . ... ... .o o vt i e e e 245
INCIBIAONS . .. .. .. i e a s 245

CURRENT INVENTORY OF SUPPORT AND UTILITY BUILDINGS

AND STRUCTURES . ... .. .. ic it it i et ia e 249
General Storage .................... e 249
Fuel SIOMGE .. .. iiii it ittt e i it e 263
Ordnance SIOTagE .. .........cvievieinnurninmannsoeonacnsonanans 263
UUBIOS .. ... .. it ittt e 267
RECOMMENDATIONS FOREVALUATION ... ......................... 279
National Register Criteria for Evaluation . .. ............................ 279
Methodology for Evaluating Propertles . ... ............ ... ..o iiinn 279

Categorize the Property . ....... ..ottt innranenenas 279
Determine What Historic Context the Property Represents . .......... 283
Determine Whether the Propeity Is Significant Under the 283
National Register Criterla ... ............ ... .. ... ... .. ... 283
Criterion A: AssociationwithEvents ..................... 283
viii

[ .: u.._nj o U - -



Criterion C: Design/Construction . . ..................... 283

Determine Whather the Froperty Retains Integrity . . . .. ............. 284
Application of Evaluation Criteria . . ... ............ .. ... .. .. ... . 285
Information Needed to Evaluate Propertles . ... .................. 285
Historic Districts vs. Individual Buildings or Structures . ............. 285
20 T - T P 286
General Storage . .............. i 286
Ordnance SIOrAge . ..... ...t i it 287
Fual Storage ............... . .iiiiniiiinnuiannnnons 287
LT DU 288
Water- Supply Systems . .. ... ... ... . 288
Sewage Disposal Systems . ............. ... ... ... ... 288
Power and Heating Systems . .. .. [P 288
Refuse Disposal . ..................iiiuiiiiiininannn 289
X  TREATMENT PLAN ... .. ...ttt 201
Treatment of Historic Properties ... ...... ... . ... . . ... . i i 291
Summary of Treatment Oplions . .. ... .. i e 291
Programmatic Agreements . ... ........ ... ...ttt 292
Treatmant Plan ... .. ... 293
DEPOlS ... i i 293
Support and Utility Buildings and Structures at
Other Types of Installations ... .......... ... ... .. ... . ..., 293
Contributing Properties in Historic Districts .. .............. 293
Isolated Examples ... ............ .. ... i 294
Application of this Study . ......... ... . ... . i 294
DepartmentofDefense . ............... ... . ... . ... ... ... 204
ServiceorMajorCommand . .. ... ... e 294
Installation or Activity . . .. ... ... .. L e 295
REFERENCES . ... ... .. .. ittt e e e c e 297
ACKNOWLEDGEMENTS . ... ... ittt it e et e e caaaa s 305
Appendix A: Aberdeen Proving Ground, Maryland, Site Visit Summary
Appandix' B: Kelly Air Force Base, Texas, Site Visit Summary
Appendix C: Norfolk Naval Base, Norfolk, Virginia, Site Visit Summary
Appendix D: Marine Corps Development and Education Command, Quantico, Virginia, Site Visit
Summary
Appendix E: Distribution of Curmrent Use Classifications of Utility and Support Buildings and
Structures Tables at Active-Duty Installations Generated from 1994 Real Property
Inventory
Appendix F:  Scope of Work
Appendix G: Resumes of Key Project Personnel



LIST OF FIGURES

Figure 1.

Figure 2.

Figure 3.

Figure 4.

Figure 5.

Figure 6.

Figure 7.

Figure 8.

Figure 9.

Figure 10.

Figure 11.

Standardized architectural field survey form developed by R. Christopher Goodwin
S ASSOCIALES, TG, . . i i i e e it e it e i e e ]

Plate showing cross section and partiai elevation of general storehouse
constructed at Washington Navy Yard, D.C. {U.S. Navy Department, Bureau of
Yards and Docks, Public Works of the Navy, Bulletin 23, June 1916:22} Drawing
depicts contrast between storehouse constructed before 1916 and storehouse
construCted N 1916 . . . L. ... e e .. 25

(top) World War if view of Naval Base Notfolk, Hampton Roads, Virginia (Photo

courtesy of U.S. Navy)

{bottom) World War 1l view of Naval Supply Depot, Clearfield, Utah (Photo courtesy of
U NaVY) .. e e 31

1937 drawing of steel-frame, one-story warehouses (Drawing 124, 801, Reel 1293,
Frame 716, Naval Construction Battalion Center, Port Hueneme, California) . ... ... ... 33

Standard World War il warehouse, Port Hueneme, California (Photo courtesy of
LT 35

(top) 1919 sbx-story general storehouse (Building Z101, Naval Base Norfolk,
Virginia) .
{bottorn) 1943 multiple story storehouse (Building W143, Naval Base Norfolk, Virginia) . . 41

{top) 1919 aviation supply storehouse (Buiding Z107, Naval Base Norfolk,

Virginia)

(bottom) 1940 aircraft storehouse constructed at aviation depot (Buiiding X136,

Naval Base Norfolk, Virginia) ... ......... ... . it iin i 43

(top) 1919 one-story warshouse (Buliding Z105, Naval Base Norfolk, Virginia)
{bottom) 1945 transit warehouse (Buik;ling Z2, Naval Base Norfolik, Virginia). . ...... ... 45

(top) World War Il cold storage building constructed at Oakiand Naval Supply

Depat, California (Photo courtesy of U.S. Navy)

(bottom) 1942 cold storage buiding (Building 680, Naval Complex Pensacola,

[ T3 47

{top) 1830 drawing of paint storehouse, Hawthome Ammunition Depat, Nevada

{NARA, Cartographic Branch, RG 71, microfim reel 1092)

{middle) 1839 drawing of paint and oil storehouse, Naval Air Station Alameda, California
(NARA, Cartographic Branch, RG 71, microfilm reel 1048)

(bottorn) 1942 paint and oil storehouse (Building SP83, Naval Base Norfolk,

Virginga) . ... i i e T 49

(top) 1918-1919 Field Service Storage (Buliding 530, Aberdeen Proving Ground,
Maryland}
(bottom)} 1919 installation storehouse (Building 61, Fort Knox, Kentucky) ............ 63



Figure 12.

Figure 13.

Figure 14,

Figure 15.
Figure 18,
Figure 17.

Figure 18.

Figure 19.

Figure 20.

Figure 21.

Figure 22,

Figure 23.

Figure 24,

(top) 1933 Quartermaster warehouse (History Office, U.S. Army Corps of
Engineers, OQMG Drawing 422-145, Box 88)
(bottom) 1941 general storehouse/inent storage (Building ES246, Aberdeen

Proving Ground, Maryland) . ... ... .. .. . i e 65
1840 warehouse, Allanta General Depot (History Office, U.S. Army Corps of

Engineers, OOMG Drawing 422-296, BoxB88) ..................ccivtvienan. .. 67
(top) 1918 Air Corps Depot Headquarters and main storehouse (Building 30001,
Wright-Patterson AFB, Ohia)

(bottom) 1941 Air Corps Depot warehouse (Building 30255, Wrigm-Pauerson AFB,

10 1 ) 69
1941 Signal Corps Warehouse (History Office, U.S. Army Corps of Engineers,

OQMG Drawing 70-0-3.A-2, Box 146) . ... ... ... ...ttt e e 71
1838 quartermaster storehouse (History Office, U.S. Army Corps of Engineers,

OQMG Drawing 422-116, BOX 8B) .. ... .. ...ttt 73
1930 Air Corps warehouse (History Office, U.S. Army Corps of Engineers, OQMG

Drawing 695-2687, BOX 117) .. ... . . et 75
(top) 1934 inflammable materials storehouse (Building 531, Aberdeen Proving

Ground, Maryland)

{bottorn) 1941 paint, oll, and dope storage building (History Office, LL.S. Army

Corps of Engineers, OOMG Drawing 87-0-1.A-2, Box147) .............. P 77
1934 oil house (Building 342, Aberdeen Praving Ground, Maryland .. .. ............ 79
(top) 1918 standard magazine building, shell house, and fixed ammunition storage

(Building 75, St. Juliens Creek Naval Annex, Virginia)

(bottorn) 1942 fixed ammunition magazine (Bullding 169, St. Juliens Creek Naval ‘
Annex, Virginia) . ... ... e e e 93
{top) 1918 fuse and primer storage buildmg at (Buliding 83-Y, St. Jullens Creek

Nava! Annex, Virginia)

(bottom) 1942 magazine (BuRding 176, St. Juliens Creek Naval Annex, Virginia) ....... 95
(top} World War ! naval air station magazine (Buliding Y10, Naval Base Norfolk,

Virginia)

(bottom} 1942 naval alr station magazine (Building SP5, Naval Base Norfolk,

VI GINIA) ... ... it 97

1918 mine storage building (Building 64, St. Juliens Creek Naval Annex,
R+ 1 99

(top) 1918 torpedo warehouse (Building 68, St. Juliens Creek Naval Annex,

Virginia) '

{boftom) 1926 drawing of torpedo storehouse at Naval Destroyer Base, San

Diego, California {NARA, Cartographic Branch, RG 71, microfim reel 1059). This

basic design was used throughWord Warll .. ............................. 10

xii



Figure 25.

Figure 26.

Figure 27.

Figure 28.

Figure 29.

Figure 30.

Figure 31.

Figure 32.

Figure 33.

Figure 34.

Figure 35.

Figure 36.

{top) 1920 warhead magazine (Drawing 88829, Reel 1290, Naval Construction
Battalion Center, Port Hueneme, Califotnia)

(bottom) FS smokedrum storehouse (Drawing 179467, Reel 508, Naval
Construction Battalion Center, Port Hueneme, California) ......................

{top) 1917 sub-surface magazine at Lake Denmark NAD, New Jersey (NARA,
Cartographic Branch, RG 71, microfilm reef 66)

(middie) Fuse magazine constructed at lona island, New York (NARA,
Cartographic Branch, RG 71, microfim reel 63)

{bottom) Earth-covered rectanguiar box storage at McAlester AAP, Oklahoma
{Photocourtesy of US. Army) . ... ... ... .

{top) 1927 arched-type high-explosive magazine constructed at Naval Mine Depot,
Yorktown, Virginia (NARA, Cantographic Branch, RG 71, microfim reel 549)

{bottom) 1945 arched-type high-explosive magazine (Bullding 251, St. Juliens

Creek Naval Annext, Virginia) . ... ...... ... . ot i it i ia i eas

Drawing of Corbetta dome type magazine (Drawing 225518, Reel 1290, Naval
Construction Battalion Center, Port Hueneme, California) .. ....................

Warhead magazine constructed at Alameda NAS, California, 1940 (NARA,
Cartographic Branch, RG 71, microfimreel 1047) .. ......... ... ... ... .......

{top) 1918 standardized two-story storehouse for ammunition depots (Building 69,

St. Juliens Creek Maval Annex, Virginia)

{bottom) 1918 standardized one-stary storehouse for ammunltion depots (Building

80, St. Juliens Creek Naval Annex, Virginia) ... ............. .. . ... ..,

(top) 1941 Standardized design for inert storehouse (NARA, Cartographic Branch,
RG71, microflmreel B7) .. ... .. i i e e

World War H construction of igloos at Red River Army Depot, Texas (Photo
coutesy of ULS. Army) . .. ... . e e
(top) 1919 high explosive magazine (Building E2148, Aberdeen Proving Ground,
Marytand)

(bottom) 1934 high explosive magazine (Building M-376, Aberdeen Proving
Ground, Maryland) . ...... ... .. .. i e e

(top) 1918 ordnance magazine (Building E1930, Aberdeen Proving Ground,
Maryland) _

(bottom) 1941 ammunition magazine (Building E5892, Aberdeen Proving Ground,
Maryland) .. ... ... e i

(top) 1941 standard smokeless powder magazine (E5844, Aberdeen Proving
Ground, Maryland)

(bottom) 1934 explosive magazine (Bullding 435, Aberdeen Proving Ground,
Maryiand) .. ... .o e et

(top} World War Il smokeless powder magazine (Building JB-605, Ravenna AAP,

Ohio)

(bottom) 1942 Air Corps ammunition storage magazine (Bullding 442, Scott AFB,

[ S

xiii



Figure 37.

Figure 38.

Figure 39.

Figure 40.

Figure 41.

Figure 42.

Figure 43.

Figure 44.

Figure 45.

Figure 46.

Figure 47.

Figure 48.

Figure 49.

Figure 50.

{top) World War Il Richmond magazine, Indiana AAP, indiana

(bottom) 1930 igioo (Building M-732, Aberdeen Proving Ground, Maryland) .. ... ... .

(top) 1941 igloo (Building 5018, Indiana AAP, Indiana)
(bottom)} 1931 earth-covered magazine (History Office, U.S. Army Corps of
Engineers, OQMG Drawing 652-287, BOX 110) . ... oo ure et ee e ee e,

1943 standard underground concrete tank for fuel oil and diesel oil (Drawing
203660, Naval Construction Battalion Center, Port Hueneme, California) ...........

(fop} 1922 diesel steel fuel oil storage tank (Building W110, Naval Base Norfolk,
Virginia)

(bottom) 1940 aviation gasoline storage tank (Bulldmg 643, Naval Complex
Pensacola, Florida) ... ....... .. ... . i it i,

{top) 1923 aircraft fuel oil storage tanks (Building W360, Naval Base Norfolk,
Virginia)
(bottom) 1931 fuel pump house (Building W&9, Naval Base Norfolk, Virginia) ........

1832 typical fuel oil distribution system (History Office, U.S. Army Corps of
Engineers, OQMG Drawing 691-105, BoX 116) . .. ... ...t iimiiiin e

{top) Typical above-ground fuel-oil storage tank (Building 345-A, Aberdeen
Proving Ground, Maryland, Maryland)

(bottom) 1937 liquid fuel pump building (Bullding 1618, Kelly AFB, Texas). This
building served ten underground storage tanks, which have since been
remediated . ... i e

(top) 1926 reservoir for potable water (Building 365, Naval Complex Pensacoia,

Florida)

(bottom) 1919 elevated water storage tank (Building P17, Naval Base Norfolk,
VIEgINIR) . .. e e e e

1942 water pumping station and substation (Building 706, Naval Complex
Pensacola, Flonda) ........... .. i i i e e e

1943 standard water filtration plant (History Office, U.S. Army Corps of Engineers,
OCQMG Plan 6714187, Box 118) ... ... ... . i i i e et et e et eannns

(top) 1918 covered reservoir (Buiiding 252, Aberdeen Proving Ground, Maryland)
and 1934 water treatment plant (Buiding 250, Aberdeen Praving Ground)
(bottom) 1938 water treatment plant (Bullding 1205, Fort Knox, Kentucky) ..........

(top) 1943 water treatment plant (Building 3009, Fort Knox, Kentucky)
{boitom) 1918 and 1940s water towers at Edgewood Arsenal, Aberdeen Proving
Ground, Mamyland . ..... ... i i e e

{top} 1934 Water standpipe at Barksdale AFB, Louisiana
(bottorn) 1942 water well with pump house (Building 314, Kelly AFB, Texas) . ... ... ..

Sewage disposal plant at U.S. naval training camp, Gulfport, Mississippi (U.S.

Navy, Bureau of Yards and Docks, Public Works of the Nawy Bulletin 31
B 703

xiv



Figure 51.

Figure 52.

Figure 53.

Figure 54.

Figure 55.

Figure 56.

Figure 57.

Figure 58.

Figure 59,

Figure 60.

Figure 61.

Figure 62,

Figure B3.

1839 drawing of sewage disposal system, Marine Corps Development and
Education Command, Quantico, Virginia (NARA, Cartographic Branch, RG 71,
microflm real B74) . .. .. e e e

(top) Overview of trickling filter sewage treatment plant at Farragut, ldaho (Photo
courtesy of U.S. Navy)
(botrom) 1940 sewage lift station (Building 645, Naval Complex Pensacola,

1918 sewage layout (History Office, U.S. Army Corps of Engineers, OQMG
Drawing 672-108, BOX 115} . ... ... .ttt it it e sttt

1944 sewage treatment plants for 20,009, 30,000, 35,000, and 40,000 population
(History Office, U.S. Army Corps of Engmeers. OQMG Drawing 672-345, Box
1= [ PP

(top) 1941 sewage treatment plant control house (Building 398, Aberdeen Proving

Ground, Maryland)
(bottom) 1945 digesters at sewage Treatment Plant (Building 399, Aberdeen

Proving Ground) .. ... ... .. it i e et e e

1941 sewage pump station (Building E5296, Aberdeen Proving Ground,
Maryland) .. ... ... i e e e e

1907 central power house (Building 32, Naval Base Charleston, South
CaroliNa) . ...t e e it e et -

1919 power plant (Building 23, Philadelphia Naval Base, Pennsylvania) ............

{top} 1919 central power house {Building 90, St. Juliens Creek Naval Annex,
Virginia)

(bottom) 1929 power house {Building 2012, Marine Corps Development and
Education Command, Quantico, Virginia) ............. ... ...t

{top) 1942 heating plant (Building 458, Naval Complex Pensacola, Florida)
{bottom) 1943 steam heating plant (Building SP85, Naval Base Norfolk,
o137

{top) 1921 substation (Building 317, Substation #3, Naval Complex Pensacola,
Florida)

{bottom) 1942 distribution transformer buiiding (Building P63, Naval Base Norfolk
MIgINIA) ...ttt i e i e

(top) 1918 central heating plant (Building 345, Aberdeen Proving Ground,

Maryland)
(bottom) 1837 central heating plant (Building 30170, Wright Patterson AFB,
10317 O e

(top) 1941 district heating plant (Building 3062, Aberdeen Proving Ground,
Maryland) ‘

(bottorn) 1943 awxdliary generator building (Building 318, Aberdeen Proving
Ground, Maryland) . ... ... . .. e i it et



Figure 64.

Figure 65.

Figure B66.

Figure 67.

Figure 68.

Figure 69.

{top) 1923 electrical substation (Building 7, Scett AFB, Hiingis)
(boitom) 1835 brick distribution transformer building (Building 46, Aberdeen
Proving Ground, Maryiand) . ... ... ... . ... ... e 237

1846 standard incinerator (Drawing 429,228, Reel 1299, Naval Construction
Battalion Center, Port Hueneme, California) . ............. ... ... ... cccoiunn. 243

(fop) 1919 three-ton capacity incinerator plant (History Office, U.S. Army Corps
of Engineers, OQOMG Drawing 414.43-148, Box 86)
(bottom) 194t incinerators (Buildings 5010 and 5071, Aberdeen Proving

LT ) 247
Frequency of Construction of Navy/Marine Corps Support and Utility Buildings

BY Dale . ..o ettt 251
Frequency of Construction of Army Support and Utility Buildings by Date . ......... 253
Frequency of Construction of Air Force Support and Utility Buildings by Date .. ..... 255



FIGURES IN APPENDICES

Figure A-1
Figure A-2
Figure B-1
Figure B-2
Figure C-1

Figure D-1

Map of Aberdeen Area, Aberdeen Proving Ground, Maryland . . .................. A-3
Map of Edgewood Area, Aberdeen Proving Ground, Manyland . . ............... .. A5
Map of Kelly AFB, TeXas . .............o ittt B-3
Map of East Kelly AFB, formery Camp Normoyle, Texas . ...................... B-5
Map of Naval Base Norfolk, Virginia .. .......... ... ... . ooiiinnn, .. G3
Map of Marine Corps Development and Education Command, Quantico, Virginia . . . .. D-3



LIST OF TABLES

Table 1.
Tabile 2.
Table 3.

Table 4.

‘Table 5.
Table 6.
Table 7.

Table 8.

Table 9.

Table 10.
Table 11.
Table 12.
Table 13.
Table 14.
Table 15.
Table 16.
Tabie 17.

Table 18.

World War | Continental Navy SupplyDepots .. ... ... .. ... .. ...,

World War il Army Supply Depots ........................ I

World War 1 Aviation Depots . ... . ... oo i ‘

1942 Classification of Ordnance Storage Buildings at Principal Naval Ordnance

5 T e 1 OO
1929 List of Army Reserve and Intermediate Ammunition Depots . ................
World War Il Army Ordnance Depots and Chemical Warfare Service Depots .. ... ...
World War H Fuet Navy Depots .. ...y

Sample of Water Supply and Sewage Treatment Systems at U.S. Navy Facilities
M AO4T e e e e e e e e e e

Summary of Properties Currently Classified as Support and Utility Buiidings and
Structures in DoD Inventory, 1917 -1946 . . ... ... ... .

Frequency of Properties Currently Categorized as Fuel Storage and General
Storage Constructed Between 1917 - 1946 in Navy and Marine Corps inventory . . . . ..

Frequency of Properties Currently Categorized as General Storage Constructed
Between 1917 - 1846 in Army Inventory . . ... ... .. ... e

Frequency of Properties Currently Categorized as General Storage and Fuel
Storage Constructed Between 1917 - 1946 in Air Force Inventory

Frequency of Properties Currently Classified as Ordnance Storage Structures
Constructed Between 1917 - 1946 in Navy and Marine Corps Inventory .. ..........

Frequency of Properties Currently Categorized as Ordnance Storage Structures
Constructed Between 1917 - 1946 in Armylaventory . .. .... .. ..o v v,

Frequency of Properties Currently Categorized as Ordnance Storage Structures
Constructod Between 1917 - 1946 inAirForcelnventory . .. ... ... ... . ... ...

Frequency of Properties Currently Categorized as Utility Buildings and Structures
Constructed Between 1917- 1946 in Navy and Marines Corps Inventory . . ..........

Frequency of Properties Currently Categorized as Utility Buildings and Structures
Constructed Between 1917 - 1946 inAmmy dnventory .. .. ... ...t

Frequency of Properties Currently Categorized as Utility Buildings and Structures
Constructed Between 1917 - 1846 in Air Force lnventory .. .............. .. ...

Xix



Table 19.  National Register Criteria for Evaluation .......................

Table 20. Methodology for Evaluating Support and Utility Facilities (1917 - 1946)

s il

[ R



CHAPTER |

INTRODUCTION

Cultural Resource Management in the Department of Defense

The Department of Defense (DoD) manages 25 million acres within the United States.
These lands contain a range of properties associated with the historical development of the
military, as well as with many other facets of North American history and prehistory. Cultural
resources are non-renewable resources that docurment the historical development of the nation;
they include real property, personal property, records, and community resources.

Military cuitural resource programs, including the identification, evaluation, and
management of historic properties, are on-going functions within the respective services. Although
Federal Preservation Officers for each service provide guidance in cultural resource management,
responsibility for the majority of DoD cultural resource management duties falls upon individual
installations, activities, and commands.

As installation-based cultural resource programs evoilved, DoD recognized the complex
historical inter-relationship of properties associated with the military services. Military construction
typically was planned and executed as part of a national defense program. As a result,
assessment of the historical significance of DoD properties requires comprehensive comparative
data on the historical development of DoD construction. Such comparative data provides a basis
for developing consistent management strategies for historic properties. Through the development
of comprehensive historic context studies, Dol seeks to provide background and comparatwe
information in a practical and cost-effective manner that is in the public interest.

Legislative Background

The National Historic Preservation Act (NHPA) of 1966, as amended, established the
legislative basis for federal historic preservation programs. The implementing reguiat:ons are
entitled "Protection of Historic Properties” (36 CFR 800).

The NHPA estabiished the National Register of Historic Places, the national inventory of
properties significant in American history, architecture, engineering, archeology, and cuiture. The
National Register is continually updated to include significant properties that represent many facets
of American history. DoD manages thousands of historic properties that are listed in or eligible
for listing in the National Register.

Section 110 of NHMPA requires federal agencies to identify, evaluate, and nominate to the
National Register historic propesties under their control or jurisdiction. Section 110 also requires
federal agencies to consider the preservation of the cultural and historicai values of historic
properties under their control or jurisdiction (16 U.S.C. 470h-2). The Section 110 Guidelines,
developed by the Advisory Council on Historic Preservation, direct federal agencies to establish
historic contexts to identify and evaluate historic properties (S3FR 4727-46).

Section 106 of NHPA requires federal agencies 1o take into account the effects their
actions may have on properties listed in or eligible for listing in the National Register. Prior to the



appraval of an undertaking, DoD must allow the Advisory Councit on Historic Preservation a
reasonable opportunity to comment on the undertaking.

Project Description

The Support and Utility Structures and Facilities (1917 - 1946) Overview, Inventory, and
Treatment Plan presents an historic context and treatment plan for support and utility properties
constructed between 1917 and 1946 at military instaliations. The report examines the historical
development of infrastructure and logistical support on mititary facilities from the beginning of
World War [ through the end of Word War il. During that period, military instaliations underwent
rapid development and modernization that required extensive construction of support and utility
facilities. '

The majority of DoD installations active prior to the end of World War Il include pre-1946
support and utility facilities classified as permanent construction. Current DoD real property
records list 35,077 properties currently categorized as support and utility buildings or structures
constructed between 1917 and 1946. These properties are eligible for consideration for listing in
the National Register, but evaluation of their significance was difficult due to the lack of consistent,
comprehensive, DoD-wide information about their construction and historical associations. This
report provides the comparative data necessary for DoD personnel to identify, evaluate, and
manage historic properties that are support and utility facilities constructed between 1917 - 1946.

Definttion of S rt and Utillty Facilitie

" This study covers specific categories of properties related by their original function. Two
broad categories of properties were identified as support and utility facilities: (1) storage and (2)
utility infrastructure. Storage properties were further subdivided into:

general storage
] ordnance storage
. fuel storage

Utility infrastructure consists of:

water supply systems
sewage disposal systems
power and heating systems
refuse disposal

Proi kar

" This project was conducted as a demonstration project (Legacy Project No. 898) of the
DoD Legacy Resource Management Program. The Legacy Program was created by the
Department of Defense Appropriations Act, 1991 (P.L. 101-511). The purpose of the Legacy
Program is:

To better integrate the conservation of irreplaceable biological, cultural, and
geophysical resources within the dynamic requirements of military missions. To
achieve this goal, the Department of Defense will give high priority to inventorying,
conserving, and restoring biological, cultural, and geophysical resources in a
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comprehensive, cost-effective manner in partnership with federal, state, and local
agencies and private groups (U.S. Department of Defense 1991.3).

The lessons and data derived from demonstration projects are designed to be incorporated into
the DoD cultural resource management program, and then applied to the on-going mission of
cultural resource stewardship. '

R. Christopher Goodwin & Associates, inc. completed this project on behalf of the U.S.
Department of Navy, Atiantic Division, Naval Facilities Engineering Command. The Support and
Utility Structures and Facilities Overview, Inventory, and Treatment Plan project was designed to
fulfil the Legacy Program legislative objectives and to assist DoD in meeting its responsibilities
under the National Historic Preservation Act of 1966, as amended.

Project Objectives

The purpose of this project was to develop a mechanism for the classification, evaluation,
and treatment of support and utility buildings and structures. This purpose was accomplished by
completing the following:

. an historical overview of military construction of support and
utility facilities, 1917 - 1946,

. a classification system for support and utility buildings and
structures constructed between 1917 and 1946;

° an inventory, listing frequency and distribution, of exant
properties currently described in DoD real property inventories
as support and utility bulldings and structures constructed
between 1217 and 1946;

o a methodology for evaluating the National Register eligibility of
support and utility facilities constructed between 1917 and 1946;

° slte visits to four active-duty installations to test the classification
systemn and develop the evaluation methodology; and,

° a treatment plan that provides strategies for the treatment of
support and utility buildings and structures constructed between
1917 and 1946.

The primary objective of this project is 1o assist DoD with compliance with Sections 110
and 106 of the National Historic Preservation Act of 1965, as amended. The results of this project
will assist DoD cultural resource managers with fulfilling their NHPA responsibilities through:

. the synthesis and analysis of existing information related to these
properties;

. the development of a consistent historic context that
encompasses a large segment of similar DoD properties,

. the completion of a partial inventory of a large segment of DoD
property; and,



. the establishment of a standard methodology for the
identification and evaluation of a large segment of DoD property.

Report Organization

Chapter | presents an introduction to the project. Chapter 1l describes the project
methodology. Chapters lil - X provide historical background information and the classification
system for support and utility buildings and structures. Chapter il presents an overview of military
developments and construction between 1917 and 1946 that summarizes the background historic
context. Chapters IV - X are each devoted to a specific type of support and utility property type;
each of these chapters provides the technological background for the property type, describes
the history of its development and construction at military installations, and presents a list of
building types within each category. Chapter XI presents an analysis of the current DaD inventory
of support and utility buildings and structures, and relates the current inventory to the classification
system developed for this project. Chapter Xl presents a methodology for evaluating these
properties, and Chapter Xilt presents recommendations for how to treat these properties in
accordance with the National Historic Preservation Act of 1966, as amended.

Appendices A - D contain the reports for the installations selected for site visits for this
project: Aberdeen Proving Ground, Kelly AFB, Naval Base Norfolk, and Marine Corps
Development and Education Command, Quantico. Each site visit report provides a sumrmary
description of the installations, a description of the methodology used to identify the support and
utility buildings and structures at the installations, the expected results of the survey, and the
actual resuits of the survey. Appendix E contains the inventory that describes, the distribution of
cufrent support and utility facilities at DoD installations. Appendix F contains the Scope-of-Work
for the project. Appendix G is the resumes of the key project personnel.

W lm o

o .-.n)



CHAPTER Il

PROJECT METHODOLOGY

The research methodology utilized for this project combined three tasks: archival
research, database analysis, and field investigation. This methodology was designed to
accomplish the goals of the research design: (1) to develop an historic overview of utility and
support buildings; (2) to classify building types; and (3) to anticipate the frequency and distribution
of these resources.

Archival Research

Archival research was divided into two phases. Phase | research was designed to collect
information on the general development and evolution of infrastructure, utilities, general storage,
and ordnance storage. Phase |l research focused on support and utility facilities construction by
the military. The results of both phases of research were analyzed to develop topologies for the
building types relevant to this study.

Secondary sources were reviewed at the Library of Congress, the Naval Historical Center,
Command Historian's Office of the Naval Construction Battalion Center at Port Hueneme, the
Histary Office of the U.S. Army Corps of Engineers, and the Library of the National Archives. In
addition, periodical literature between 1917 and 1946 was reviewed to identify articles about the
development of infrastructure technology. Publications, journal articles, and other secondary
sources were sought that contained specific information on the military application of these
technologies.

Previous historic contexts developed for military construction were reviewed to provide
an overview of military construction and to identify any information relating specifically to support
and utility buildings. The National Historic Context for Department of Defense Installations, 1790 -

1940 {Draft: Cannan et al. 1993) provides a chronological overview, thematic studies, and
property types for military construction between 1790 - 1940. The relevant contexts identified in
this study are:

The Mllrtary and the Progressive Era, 1890-1918
Development of Logistical Functions
Wartime Cantonments
World War | Army Aviation
Logistical Support of the Fleet
Personnel Support
World War | Navy Construction

The Inter-War Years, 1918-1940
Instailation Improvement
Training, Coastal Defense Schoals and Logistics
New Construction of Air Corps Installations
Air Corps Logistical Support
War Plans and the Shift to the Pacific
Marine Corps Installations



The 1790 - 1940 historic context also defines the property types of general storage, ordnance

storage, power plants/ electrical systems, and water and sewage systems. The Historic Context
for Departrment of Defense Facilities World War If Permanent Construction (Draft: Hirrel et al.
1994) provides an historic context for permanent construction in the United States during World
War Il. The report develops the themes of military history, social history, architecture, and
technology. The report identifies the primary installation types directly associated with military
operations on the homefront: air fields and air stations; coastal fortifications; depots; hospitals;
naval bases and stations; naval vyards; research, development and testing; strategic
communications; training; aircraft production and repair; Chemical Warfare Service installations;
and ordnance works or plants. Support and utility buildings and structures are identified as
component parts of these different types of installations. '

Primary sources included drawing collections at the History Office of the U.S. Army Corps
of Engineers at Fort Belvoir, Virginia; Department of Navy drawings in Record Group 71 at the
Cartographic and Architectural Branch of the National Archives in College Park, Maryland; and,
drawings located at the Naval Construction Battalion Center at Port Mueneme, California.
Drawings were examined to classify types of infrastructure and storage buildings and to Hlustrate
the evolution of building types between World War | and the end of Worid War !I. information
collected from drawings included drawing subject, plan number, location of drawing, major
construction materials, notable features, and dimensions.

The drawings at the History Office of the U.S. Army Corps of Engineers are organized
numerically by drawing series; the collections includes drawings from 1917 through the 1970s.
In the mid 1980s, the History Office prepared an index to the drawings. The index is keyed to
subjects without reference to drawing date. To utilize this collection, researchers recorded all
subject headings related to utility and support buildings and examined drawings included under
these index headings.

The drawings that yielded the most information for buildings constructed between 1917
and 1946 were assigned three digit numbers and are contained currently in boxes 85-118 and 145-
148. All drawings originally labeled with two digit or alphabetical sequences were developed after
1946, Drawings labeled 700, 800, 900-1100, or T.Q. {theater of operations) are temporary
mabilization building and were not examined as part of this study. In general, the Quartermaster
Corps coded construction drawings numerically by building type and date. This organization
greatly assisted the curfent investigation by llustrating the evolution of specific building types. In
most cases, the drawings represent Quartermaster standard plans; few actual construction
locations were recorded on the drawings. No assessment has been made of the completeness
of the drawing collection in relation to Army construction. Not all support and utility building types
were represented in the collections; few drawings date from World War (1.

The Cartographic Branch of the National Archives maintains Department of Navy drawings
from the nineteenth century through 1941 that were microfimed during World War Il. The
drawings were organized by installation, except for fifteen microfilm reels that contain standard
drawings. Each installation was assigned a file number. Within each installation file, drawings
were grouped according to specific building type. Forty-five categories were established including
sewers, water systems, heating systems, efectric systems, power plants, magazines, miscellaneous
buildings, Marine Corps construction, coaling piants, incinerators, and fuel storage. In addition
to the microfim records, the National Archives also maintains some flat files of architectural
drawings.

Eight mictofilm reels of standard drawings were examined. Drawings for utility and
storage buildings were examined for each major category of active naval installations. The major
categories of naval installations included: shipyard, air station, training station, radio station,
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supply depot, ammunition depct, fueling depot, operating base, and Marine Corps installation.
Unigue, special-purpose installations were not represented in the sample. After examining the
sample installations, the results of the records search were reviewed to ensure that examples of
all property types included in this study were represented. Where few examples of a specific
building type were documented, additional microfilm reels that contained examples of under-
represented property types were examined.

World War i drawings also were reviewed at the Naval Construction Battalion Center at
Port Hueneme, California. The drawings were sampled according to the same methodology used
for the pre-1841 records at the National Archives. All indices for standard drawings of utility and
support structures were inspected and representative drawings were examined. In addition,
drawings for one example of each major type of naval installation were reviewed. Particular
emphasis was placed on locating examples of utility and support building types constructed during
World War ll. The World War Il drawings located at Port Hueneme were crganized using the same
principles as at the National Archives. Each installation was assigned a number, and the building
types located at the instaliation were grouped by category.

Database

To quantify extant military utility and support structures built between 1917 - 1946, real
property databases were obtained from the Departments of Army, Air Force, and Navy. Current
use classifications for each service branch were reviewed and appropriate "use categories” for
utility and storage buildings selected, often in conjunction with military personnel. Real property
information for seiected use categories was requested in a computer database in ASCI! format for
use in a dBase !ll program. The purpose of this effort was to obtain an inventory of buildings and
structures, built between 1917 and 1946, currently classified as utility and support structures for
each service,

The Army provided a computerized database that included the location, category code,
construction date, number of buildings constructed in each category code per year, and the
current status of the structure. The Navy provided a computerized database that included
location, category code, construction date, description, and square footage for Department of
Navy properties including the Marine Corps. The Air Force supplied a paper printout of utility and
support structures including the location, building number, category code, and construction date.

Record keeping systems vary among the services. The Army and Air Force databases
record one use per building while the Navy database lists each use of a building as a separate
record. As a result, the Navy database contains muitiple records for many buildings. For
example, a power house at Cherry Point Marine Corps Base is listed under eight different category
codes. Where possible, the Navy database was edited to eliminate secondary building uses and
thus, multipie records. In instances where the primary use was impossible to determine, muitiple
uses were retained in the database. As a result, subtotals of structures by use exceed the total
number of buildings in the inventory. The current use data are very detailed. In some cases,
identicat buildings are classified differently; the two classifications differentiate between use by an
installation or by a storage depot. The services do not maintain data indicating the original or
historic uses of buildings in their current real property databases; such information must be
gleaned from site-specific archival research.

Comparisons hetween current use classifications and the historic building topologies
developed from archival records revealed that building have been reclassified as their uses have
changed over time. Current databases cannot be used to predict the complete scope of DoD
construction activity for a property type in a particular period since these databases reflect the



current use and status of a structure. In general, water, sewage, and electrical utility buildings
continue to serve their original function, and thus often retain their historic building use
classifications. Discrepancies between historic and current uses often were found for general
storage buildings. Many general storage buildings have been converted to other uses since their
construction. Conversely, many buildings originally constructed for other uses have been
converted to storage.

Thus, while the database provides a useful inventory of current reai property constructed
between 1917 and 1946 that are classified as support and utility structures, it is not an accurate
summary of the property historically associated with the subject of this study. Instead, the
database serves as a baseline guide and rough estimate of the frequency and distribution of the
building types relevant to this study.

Field Survey

Fouw installations, one from each service, were chosen for on-site investigation and
analysis: Aberdeen Proving Ground, Maryland; Kelly Air Force Base, Texas; Norfolk Naval Base,
Virginia; and, Marine Gorps Development and Education Command, Quantico, Virginia. Each
instaliation was established about 1917 and expanded during the inter-war period and World War
Il. Archival research and real property databases indicated that these installations encompassed
a wide range of examples of utility and support buildings constructed during the time period
relevant to this study. In addition, a draft historic property inventory or a draft cultural resource
management plan existed for each installation.

Three objectives were established for each site visit. The first objective was to field verify
the building topologies developed during the archival research phase of work. The second
objective was to compare historic building use with current use recorded in the real property
databases to identify patterns of building change. The third objective was to assess the current
appearance of the properties in order to develop guidelines for assessing the integrity of the
support and utility structures.

Current maps and real property lists were obtained from the installations before each site
visit. Historical building uses were identified from cultural resource inventories or other sources.
Buildings were categorized according to the typology developed for this study: utility buildings
(water, sewage, refuse disposal, and power) and storage (general, fuel, and ordnance). A
windshield survey was conducted of all utility and support buildings identified from the instalfation
real property lists. During this windshield survey, additional properties that fit the topologies also
were identified. Representative bulldings and structures that retained sufficient integrity to llustrate
the property type or that. were uncommon examples were selected for survey. Property locations
were recorded on installation maps and property descriptions were recorded on standard survey
forms (Figure 1). Properties alsc were documented photographically; two biack and white
photographs were taken of each surveyed property, except where site access was restricted.
Survey teams also interviewed installation personnel knowledgeable about infrastructure and
utilities to obtain further site-specific information about the construction, use, and operation of
utility systems.




Figure 1.

Building Number:
Location:

Construction Date:
Ciry/County/State:
Historic Use:

Present Use:

ARCHITECTURAL FIELD SURVEY

Originat Building No:

Rating/Treatment Category: 01 OIl DHI QIV OV

Property Type:

Subtype:

Building Name:

USGS Quad:

Archireer:

Contractor:

Condition: [ Excellent

0O Goed 0 Fair

Styl. Inf:

Hist. Fanction: O Domestic £ Social [ Education O Religion [] Recreation U Industrial { Medical O Trans. O Defense O Govt.

Integrity: T3 Location [ Design D Serting O Materials O Workmanship O Asscciation

Historic Context:

Registration Status: [ listed

O not listed

Construction Category: [ Permanent O Semi-Permanent

Surveyor:
Photo Data:

1. Location
original location
moved

buiiding Taces

2, Staries
— specify #

Lasement

3. Construction
wood frame
brick

__ dclay tile

___ tonerels block
___ poured concrere
__ stone

____ tomposite masonry
__ sperify other

4. Plan

. Tectangular
circular
square

___ irregular
_ Leshaped
__ U-shaped
__ B-shaped
__ Teshaped
___ specify other

8. Ground Floor
_ #xdofbays
__ symmetrical
___ asymmetrical

6. Upper Floors
o Fofbays
___ symmetrical
____ asymmetrical

Modifications/Alterations:

B&W Roll:

LT

Date Surveyed:

7. Foundation Material
conerere slab
congrete pier
masonry wall
concrete wall
specify other

erior Wall Surface

stutco

brick

clay tile

stone

concréte block

wood siding
horizontat
vertical

wood shingles

synthetic shingles

synthetic siding

specify other

g

ARRRRRRRANY

9. Roof Type
____ gable (front)
____ gable (side)
hipped

flat w/parapst
Nat w/caves
shed

maonitor
specify other

10. Roof Description
____ clay tile
___ synthetic tike
metal standing seam
" composition shingles
compasition roll
slate shingles
# dormers
gable
other

9

Frame:

Eligibility Recommendation: QO eligible O individual
O Temporary

Color Roll:

exposed raftsr ends

boxed ecaves
ventilator
specify other

11, Doors/Entries
muitiple entry (#)
recessed  entry
single door
double door
poriico entry

gable

arch

flat

entabl.
transomn
sidelights
sliding track
overhead track
loading docks
specify other

ARERARRRRERRRA

Porches

# of bays
shed roof
hipped roof
gable roof
flat ool

inger
extension
arcade
balusters
__ brackets
__ porte rochere
___ specily other

8

FEEELLL T

13. Windows
wood sash
metal sash

0 Feeling

O district O not eligible

Frame:

single hung
double hung
fixed
casement
awning
hopper
pivot

# lights
specify other

14. Window Details
__ jack arched
round arched
lintels
sills
keystones
specify other

15, Chimneys

___ specify #
interior
extericr wail
Stuceo
bellow clay tile
britk
detached

Rear Elevation
windows

singie doot eatry
double decr entry
multiple door entry
ioading dock
overhead track

Standardized architectural field survey form developed by R. Christopher
- Goodwin & Associates, Inc.



CHAPTER IlI

BACKGROUND HISTORY OF MILITARY CONSTRUCTION, 1917 - 1946

The support and rtility facilities and structures that are the subject of this study were built
to serve the logistical and infrastructure needs of a growing, modern military. During the first half
of this century, military supplies and logistics increased in complexity to support the growing
breadth and size of military operations. The military devoted more resources towards developing
storage facilities, particularly during wartime. During the same period, the government funded
programs to improve the standards of living at military facilities, which housed larger populations
than ever before. These improvements included utility systems comparable to those in civilian
communities of the same period. Improved infrastructure also supplied electricity and other
services to industriat military facilities that developed, produced, and repaired the increasingly
mechanized means of modern warfare.

The following summary of military development and construction is drawn from two broad
context studies funded by the Degartmant of DafentéNational Mistoric: C‘ontexr for Departmenr
of @efense !nsraﬂat:on 1790. - 1940 {Draft Cannaﬁ et al 19931 and

During the time period covered by this study, what later became the U.S. Air Force was
part of the Department of Army, under various names, including Army Air Carps and later Army
Air Force. Historical background information related to pre-1846 Air Force installations is included
with the discussions of Army construction. Marine Corps facilities are included within the
discussion of the Department of Navy.

World War |

The United States entry into World War | required a full-scale mobilization of national resources,
inctuding a conscription program and government management of war-related industres. The
Americans contributed more than four million soldiers to the eventual Allied victory. in the years
preceding the First World War, the services had embarked on a systematic program to improve
military training, consolidate and upgrade installations, and adopt new technologies. During the
war, extensive construction was undertaken of training camps and stations, and of depots for the
storage and shipment of supplies and ordnance.

Navy

By the early twentieth century, new technologies had dramatically affected the Navy's
operations and shore establishment. Heavily armored steel warships replaced old wooden ships.
New weapons, the submarine and the aircraft, played an important role during World War |,
foreshadowing their greater usefulness during World War II.

The nineteenth-century shore establishment of a few yards and stations unable to
construct a modern warship grew into a multitude of bustling facilities, each capable of supporting
the demands of a rapidly modemizing, ocean-going fleet. Shipyards were modernized to
construct and repair steel warships. New research and development facilities opened to test
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ordnance and ship design. Old methods of instructing recruits on training ships were replaced
with new training stations. Communication facilities, rmagazines, and coaling stations all added
to the complexity of the shore establishment instailations.

To meet the needs of the modernizing fleet, the Navy began to establish fuel cil depots
in 1910 to supply the needs of submarines and destroyers. Its first fuel oil facilities were located
on the East Coast at Key West, Charleston, Norfolk, and Narragansett Bay (U.S. Navy Department
1910:25). Another logistical requirement of the Navy was for ammunition storage facilities. To
meet this need, the Ordnance Bureau expanded an existing set of naval magazines to serve the
fleet. By 1915, the Navy operated six magazines on the East Coast, three of which were within
the New York area. Facllities on the West Coast were located at Mare island and Puget Sound
(U.S. Navy Department 1915:312-313).

With the nation’s entry into the First World War, the Navy's activities expanded with
extraordinary rapidity. Expansion of the fleet also required expansion of the Navy shore
establishment. The Navy, like the Army, conserved available resources through stringent economy
measures. Wherever feasible, buildings were temporary, wocden buildings, not intended to last
beyond the duration of the war. However, the heavy industrial functions of Navy shore facilities
required more permanent construction than was necessary for other wartime military construction.

One of the most pressing wartime requirements was the construction of training
installations to accammodate the influx of new sailors. The Navy planned a rapid expansion of

existing training stations and the addition of training camps to existing Navy installations. These

additions generally consisted of hastily constructed temporary barracks, designed to provide a
minimum standard of shelter to recruits, and minimal infrastructure to ensure heslthy living
conditions {U.S. Navy Department 1921:41-73).

Ship repair and service facilities were not constructed so readily. The Navy began to pian
for expansion of its yards in 1916. These plans called for new dry docks and supporting industrial
facilities. As the United States entered the war, a massive construction program at existing Navy
yards was initiated, at a final cost of over $210,643,000.00 (U.S. Navy Department 1921:160-161).
Typical improvements included slips for building ships, machine shops, structural shops, cranes,
and related industrial buidings. Unlike the training camps, shipyards required permanent
construction.

In 1917, the term "operating base™ entered the Navy's iexicon with the creation of the
Norfolk Navy Base, a new type of installation and one of the most ambitious wartime projects.
The new Norfolk Base was the rendezvous point for the Atlantic Fleet. It provided all logisticai and
personnel support functions, except ship construction and repair. Among the features included
at the base were storage facilities, drill and training facilities, barracks for the enlisted personnel,
and a large auditorium {Foss 1984:66-69).

The war also multiplied the activities of the Navy's Ordnance Department, which had
responsibility for production of weapons and ammunition, storage of ammunition, and testing
activities. Such activities required a proportionate increase in the facilities of the Ordnance
Department, which was normally accompiished through the expansion of existing installations.
Physical improvements were undertaken at the Navy's ammunition depots, the Naval Gun Factory
in Washington, the Powder Factory in indian Head, and the various torpedo stations. The
buildings added to the ordnance activities were functional designs characterized by contemporary
industrial design without references to historical styles. The Navy also constructed several new
Ordnance Department installations. These additional facilities included a new proving ground at
Dahigren, Virginia, a mine depot at Yorktown, Virginia, and an armor and projectile factory in
Charleston, West Virginia (U.S. Navy Department 1921:279-313).
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To meet the storage and distribution requirements for its expanded fleet, the Navy also
added to its warehouse capabilities. New warehouses were added to existing yards and stations;
two new Fleet Supply Bases were established at Brookiyn, New York, and Norfolk, Virginia.
Construction consisted of a combination of permanent and temporary buildings. The permanent
buildings were generally multi-story warehouses, constructed from reinforced concrete, while the
temporary buildings were wooden warehouses (U.S. Navy Department 1921:317-347).

- The Navy's contribution to the Allied victory in World War | marked a significant milestone
in the growth of the American Navy. Within a single generation, the United States emerged as one
of the world’s leading naval powers. Moreover, it accomplished this feat at a time when naval
technology was changing rapidly. This time was noteworthy for its rapid growth and change for
both the fleet and shore establishment. The history of navy instaliations reflects these changes,
as the shore establishment acquired the sophistication to support a modern fleet.

Army

During the early twentieth century, the Army studied the lessons learned in the Spanish-
American War of 1898, and instituted reforms to remedy problems related to the mobilization for
that war, particularly in supply distribution and recruit housing. The War Department applied the
lessons from the 1989 mobilization to the mabilization for Wodd War 1.

The Quartermaster Department underwent some important changes following the
appearance of major logistical problems during the Spanish-American War. Several depariments
were consolidated into the Quartermaster Corps and the Quartermaster depot system was
reorganized. Under the reorganization, the quartermasters of the various geographic departments
were allocated a budget that could be spent by drawing supplies from the Quartermaster
Departiment’s general depots. These general depots were the wholesale purchasers and managers
of selected equipment. The systern of general depots was expanded until the Quartermaster
Corps controlled 12 depots in World War | (Risch 1985:562, 590-592.)

Jothe Spanish-American War, the Armmy had. established.a series-of encamprnents-across
the United States for training. and housing recruits before their transport to Cuba.. In its haste to
SSEANITER e cAthpS, the Army neglected to construct proper water.and sewage facilities. This
@eission,:when combined with:the-crowded. h\,gmg conditions, resuited in serious problems: with
sanitation and disease, including typhoid ‘féver epidemics. After the war, two commissions were
appointed to study the medical disasters of this war (Ashburn 1929:168-177).

In. April 1917, the United States entered¥Wiorid War i, which had been davastating Europe
since August 1914. «Fer:the: Army;:this.war posed new problems that. fully .challenged its
sapabilities. The-warintroduced the wide-spread:-use of poison gas and indirect artillery, and new
wigapons; -such. as, machine guns;. airplanes, and-tanks. War and :Navy Department officials
developed programs for coordinating America’s industrial resources. Finally, the Army needed to
.ingduct and train more than two million: soldiers as rapidly as possible.

Cantonment construction became a critical factor in the war effort. The Army's expansion
depended an an ability to sheiter soldiers while they were trained and organized. With the
experiences of the Spanish-American War still in memory, senior officers wanted to ensure that
the new cantonments contained adequate shelter and sanitary facilities. The War Department
planned to construct 32 training camps by September 1, each capable of sheltering 40,000
soldiers. Responsibility for these camps was removed from the Quartermaster General and placed
in a special “Cantonment Division,” later called the “Construction Division,” that reported directly
to the Secretary of War (Risch 1989:605-609).
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These camps were divided into two categories: (1) camps for the National Guard units that
had been mobilized, and, (2) camps for the National Army, soldiers conscripted into the Army.
Because the National Guard units were expected to be trained more quickly, the War Department
decided to sheiter the soldiers in tents, and to construct only the minimum number of wooden
buildings. Even these modest requirements involved considerable construction effort, as the War
Department built roads, storehouses, and administrative buiidings. The Army also constructed
water and sewage connections to avoid the sanitation problems of the Spanish-American War.
The National Army cantonments were constructed using standard plans developed by the
Construction Division for as temporary wooden-frame buildings (U.S.-War Department 1918:64-65;
Garner 1993:22-33). .

TSI & THe affort for these camps was enormous, especially considering that:the
Army:lang.had been accustomed to small posts. The cantonments contained laundries,-bakeries,
kitchens, hospitals, cold storage facilities, utilities, theaters, and other buildings normally
agsociated with a large city. Water and electricity often were drawn from nearby cities. A typical
camp, Camp Grant at Rockford, Winois, cost about $11,600,000.00 to house 45,000 men and
12,000 horses (Crowell 1919:541-545). The tight time schedules required some compromises on
sanitation requirements. At Camp Lee, Virginia, the water pipes were constructed using wood
staves, and leaked despite the best efforts of the builders. Sewage was poured directly into a
iocal creek (Cannan et al. 1983:V.1 71).

In addition to the camps for line units, the War Department also constructed facilities to
train soldiers in the technical branches. The Signal Corps required a training site near the major
electronics manufacturers, and with sufficient real estate for students to practice communicating
over a distance; it established Camp Alfred Vail near Monmouth, New Jersey, which was later
renamed Fi. Monmouth, The Signal Corps, which at this time inciuded the Army's nascent aviation
program, aiso established 33 flying fields, 5 aviation supply depots, 3 general aviation depots, and
4 acceptance parks for receiving aircraft from manufacturers (Brown 1980:44-46). The Army
created Camp Bragg, North Carolina, as a field artillery range, and it created another field artillery
camp at Camp Knox, Kentucky. The Armmy expanded the School of Musketry into the Infantry
School, and placed it at Camp Benning, near Columbus, Georgia. The Quartermaster Corps
trained its soldiers at Camp Joseph F. Johnston, near Jacksonville, Florida, and at Camp
Montgomery Meigs, in Washington, D.C. Camp Humphreys (later Ft. Belvoir), Virginia, became
an engineer school, while Camp Eustis, at Willlamsburg, Virginia, became a coastal artillery school
(Crowell 1919:545).

These training camps did not mark the end of the construction needs of the war. The
Army also required a multitude of support installations, including quartermaster, ordnance, and
. medical facilities. The quartermaster constructed a series of depots near the Atlantic ports, and
interior depots, such as the ones at Chicago and at New Cumberland, Pennsylvania. The number
of Army depots proved woeifully insufficient for the requirements of World War |, and the
Quartermaster Corps retied heavily on commercial warehouses and railroad cars to supplement
their storage facilities. This situation led to the creation of a Warehousing Division within the Office
of the Quartermaster General, with the responsibility for managing Quartermaster Depots (Risch
1989:629-630; 638). The largest construction project for the Ordnance Department was the
construction of Aberdeen Proving Ground, with a sub-post at Edgewood Arsenal for preparing
chemical munitions. The Ordnance Department also constructed new arsenals across the nation,
including Raritan Arsenal, New Jersey, for holding munitions prior to shipment. Finally, the Army
expanded medical facilities to care for war-related casualties and designated specific installations
as general hospitals.
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Inter-war Period

With the close of World War |, American interest in miltary affairs declined sharply. The
war left an enormous debt that limited military expenditures. When the apparent prasperity of the
1920s ended in one of the worst depressions in U.S. history, the public correspondingly was
unwilling to spend maoney on the military.

During the 19203, international events seemed to support the belief that large armed forces
would be unnecessary in the future. European nations formed the League of Nations in an effort
to solve their disagreements peacefully. The Washington Naval Disarmament Conference of 1821 -
1922, followed by the London Naval Disarmament Conference of 1930, provided further confidence
that future conflicts could be avoided through limiting Pacific fortifications and the ratio of capital
ships. In the Kellog-Briand Pact, world powers outiawed war as an instrument of national policy.
The rise of international tensions during the 1930s proved the hope for permanent peace to be
llusory. ‘

During this period, the services languished under restricted appropriations and slow
growth, yet they also developed technologies and mobilization and operational plans that laid the
groundwork for the massive World War || effort.

Navy

The history of the Navy during these years was dominated by international naval
disarmament conferences, the growing threat of Japan, and the emergence of aircraft and
submarines as formidable new weapons. Each of these trends affected naval installations. Even
with the limitations of the naval disarmament conferences and the generally pacifist mood of the
inter-war years, the Navy made some improvements in its facilities. The Navy focused its attention
on the Pacific Ocean and on improvement of its installations on the West Coast and in Hawaii. -
Despite the traditional preference for surface warfare, the Navy incorporated aircraft and
submarines into its system, and improved the capabilities of both weapons. When war returned
during the 1940s, these improvements contributed significantly to the American war effort.

The Navy traditionally had concentrated in the Atlantic Ocean, with most of its facilities on
the Atlantic or Gulf coasts. The possibitity of war with Japan forced the Navy to shift its forces to
the Pacific. In 1922, it divided the fleet intc a Battle Fleet stationed in the Pacific, and a Scouting
Fleet in the Atlantic. The next problem for the Navy was to find the shore facilities to support a
Pacific fleet. The Mavy began an expansion program for its Pacific bases; the three leading
beneficiaries were San Diego, California; Bremerton, Washington; and Pear Harbor, Hawaii.
improvements began slowly during the 1920s and accelerated during the 1930s. '

Navy Department activity in the San Diego area began with a coaling station in 1801, and
a communications station in 1906. A training facllity and an air station were added during World
War I, After the war, these facilities were retained and expanded to augment the Navy's presence
in the Pacific. The coaling station was expanded into the Naval Supply Depot, and later the Naval
Supply Center, complete with warehouses and piers. In 1920, the Navy activated a Naval
Operating Base at San Diego, and in 1921, it estabiished the Eleventh Naval District Headquarters
at San Diego. Until the fleet was moved to Pear Harbor in 1940, San Diego served as the
principal operating base for the Pacific Fleet. The Navy also acquired a marshland area from the
city of San Diego that it improved into a destroyer base. Like other Pacific Coast facilities, this
destroyer base was improved steadily during the 1820s and 1930s by the addition of marine
railways, dry docks, piers, and related facilities (Coletta 1955:553-584).
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The deep channel at the Puget Sound Naval Shipyard in Bremerton made it an idea! site
for a yard. Even before World War |, the yard was improved in response to the Japanese threat.
During the inter-war years, the yard's importance increased in proportion to the potential for war
with Japan. Even with the limited shipbuilding programs resulting from the disarmament
conferences, Puget Sound received its share of projects (Coletta 1985:512-514).

Since its establishment as a coaling station at the beginning of the twentieth century, Pear
Harbor had been valued as an outpost against Japan. The Navy deveioped Pear Harbor into a
major repair and supply facility by dredging the channel, improving dry docks, creating a fuel il
depot, and otherwise adding to the base. Pear! Harbor also became the home of a submarine
base and Navy alrfields (Coletta 1985:431-463).

During the Inter-war years, the military developed important new policies for ordnance
storage. Following World War |, the military possessed large quantities of excess ammunition.
In July 1926, lightning struck an ammunition magazine at the Lake Denmark Naval Ammunition
Depot in New Jersey. The lightning caused an explosion within the magazine and a chain reaction
of sympathetic explosions throughout the depot. The Lake Denmark Depot was destroyed, and
the Army’s adjacent Picatinny Arsenal and nearby towns were damaged heavily. As a result of
investigations that followed the disaster, the Army and Navy adopted stringent new safety
reguiations for ammunition storage. The first ammunition depot to incorporate these new
regulations in its design and construction was the Naval Ammunition Depot at Hawthorne, Nevada,
the Navy's first large inland depot (U.S. Navy Department 1938:03-014).

As naval aviation slowly increased in importance, the number of installations supporting
aviation increased proportionally. Pensacola, Florida, already had become the location for initial
flight training of heavier-than-air aviators. Sailors learned aircraft maintenance and associated skills
at the Great Lakes Naval Training Station, lllinois. The Anacostia Naval Air Station conducted
testing and experimental work. Norfolk, San Diego, and Pearl Harbor stations were fleet aircraft
bases, supporting their respective fleets.

During the inter-war years, the Marine Corps developed into the Fleet Marine Force that
operated effectively during World War I and afterwards. As part of the Marine Corps’ emphasis
on functioning as an amphibious force in support of naval campaigns, the Marines maintained their
installations at Parris Island, San Diego, and Quantico. Though a large number of marines
remained assigned to Navy installations, on ships, or in foreign nations, the Marine Corps
maintained distinct installations, primarily as training facilities.

Army

In many respects, the Army grew very slowly during the inter-war years. Because the
nation did not foresee significant conflicts, the military operated under severe budget constraints
untit the {ate 1930s. During this era, the Army implemented some important administrative retorms
and experimented with new technology on a limited scale~Bespite-the gersrdr 3tk of interest in
the miltary.. he.Army-undertaok 'a caordihated effar to improve the-design-of deteriorating World
FT.cantonimients.  One of the Thost conspicuous achievements of the Army during these years
Mwas the physical improvement of its installations. With congressional authorization, the Army
dnsposed of its unnecessary installations and constructed some of its most comfortable posts
during this time. The Army survived these lean years until the Protective Mobilization phase that
prebidds .S, involvement in World War 1.

Army installations initially suffered from the neglect of the post-war years. Following the
war, the Army had retained a significant number of its World War | cantonments. Lacking funds
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for proper maintenance, let alone improvement, the installations fell into disrepair. in 1926,
Congress took the first step towards improving the condition of Army posts by enacting Public
Law No. 45, which authorized the Secretary of War to dispose of 43 military installations, or
portions thereof, and to deposit the money received from sales into a special fund designated the
“Military Post Construction Fund"® to towards construction at the remaining posts (Risch 1989:713).

In impiementing this law, the Quartermaster Corps changed its emphasis from improving
single buildings to wholesale installation planning. The Quartermaster General employed a group
of distinguished architects, landscape architects, and planners, bath uniformed and civiiian, to
apply the latest city planning techniques to Army posts. Remaining World War | cantonments
particularly received the benefit of the new "garden city” and "city beautiful” movements in urban
planning (Ford 1929:19-22). The*Quartermaster Corps -also decided to incorporate regional
arghitecture in its standard designs. Generally, the Georgian or Colonial Revival style prevailed
irthe northieastern states, while Spanish Mission architecture was deemed most appropriate for
the southemn regions (Wheaton 1928:10-13).

During this wave of installation improvement, the Quartermaster devoted attention to the
installation of modern utilities. One Quartermaster engineer wrote:

For the comfort and health of troops quartered in army posts or camps, it is
essential that not only the necessities of life be provided by the Quartermaster
Corps but that the comforts to which our civilization and early training have
accustomed us be here furnished substantially as they are supplied in the best
and most progressive of our cities. In order to maintain the vigor and
contertment of our troops in camps and barracks it is quite necessary that the
“utilities™ be provided, maintained and operated in an efficient manner, so that no
unnecessary drudgery shall enter the daily life of the soldiers stationed in posts
or camps (Chamberlain 1929:12).

During the economic depression of the 1830s, limited construction projects on Army posts
continued. By using the Works Progress Administration (WPA) and Public Works Administration
(PWA) programs to provide employment, the Army continued to improve its installations while
other military funds were reduced.

The new posts allowed the Army to concentrate larger units at one installation, or to use
larger training areas. Although small by late twentieth century standards, Army posts had
increased to the point where some installations could house a brigade. One measure of the
increase in size of the new posts was size of the new barracks building. A standard barracks
constructed in 1928 housed four infantry companies, or about 400 soldiers. In 1894, an entire
installation contained between 60 and 750 soldiers (Wheaton 1928:10). :

The same conditions and legislative actions that affected other Army posts affected air
fields. Army aviation received an additional boost through the Air Corps Act of 1926. Among
other provisions, the law authorized additional men and aircraft. Although the new law did not
mention new installations, the expansion of Army aviation implied new facilities. The Chief of the .
Air Corps proposed further development at 32 fields and construction of two other fieids. Although
the Air Corps’ impiementation of the plan fell short of its desires, the years from 1926 to 1932
marked some of the first permanent construction and physical improvements of aviation facilities
(Brown 1990:73-89). :

As Army aviation increased in operational autonomy, it also acquired greater control over

its jogistical support. Some aviation-related depots had existed since World War |, such as the
Engine and Repair Depot in Montgomery, Alabama, which later became Maxwell AFB. With the
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special logistical requirements of aviation, the depot system expanded during the inter-war years.
Despite ovarall reductions after World War |, the Air Corps maintained its separate depot system,
and even added ancther depot at Sacramento, Califarnia, now McClellan AFB. Dayton, Qhio, had
been important to Air Corps logistics since the creation of Fairfield Depot during Word War i.
Kelly Fleld became the San Antonio Intermediate Air Depot, later renamed Duncan Field (now Kelly
AFB). In 1926, the Air Corps established a Materiel Division in McCook Field, also at Dayton.
Upon completion of Wright Field in Dayton, the Materiel Division moved to the new field. Today,
Wright-Patterson AFB containg both the former Wright Field and the Fairfield Depot (Brown
1990:78,-99, 44, 57).

World War Il

World War il was a “war of resources,” in which the effective marshalling of unprecedented
amounts of resources played a decisive role in the defeat of the Axis forces. These resources
included personnei, weapons, ammunition, food, transportation facilities, funding, and all the other
itermns needed to sustain fighting forces. Mobilization of U.S. resources began in earnest after the
fall of France in 1940. President Roosevelt implemented the Protective Mabilization Plan
developed during the late 1930s: the plan called for the activation of National Guard units, the
establishment of a peacetime Selective Service for the Army, strengthening the Navy, and
development of an ammunition industry. One historian noted that,

... [T]he eighteen months of preparation before Pearl Harbor played a crucial, if
not decisive, part in the outcome of the war. During this period the Military
establishment of the United States was rehabilitated and.the foundation laid for
America’s tremendous war production achievement. The greatest barrier to .
mititary preparedness at the time of the crisis of 1940 was the lack of capital
facilities, and these required from several months to two years or even longer to
create. To have delayed the construction of such faciiities until the United States
was actually involved in battle might have lost the war before it began (Smith
1959:437).

The Japanese attack upon Pearl Harbor in December ended the Protective Mobitization
phase. During the first two years of war, defense construction continued at even greater rates
than during the Protective Mobilization phase. Because the outcome of the war depended so
much on the proper management of resources, particutarly scarce labor and raw materials, military
construction received considerable attention. New facilities were required to train and equip the
new forces; additional facilities were required to produce, repair, store, and transport the vast
amounts of required weapons, ammunition, and supplies.

The War and Navy Departments divided their construction programs into command and
industrial construction. Command construction included all installations that operated in direct
support of the military forces. Examples included training camps and stations, air bases, Navy
yards and bases, storage and maintenance facilities, research and development facllities, medical
facilities, and all other types of construction necessary for the actual operation of the forces.
Industrial construction included facilities for producing explosives, ammunition, and other
implements of war. Command facllities construction programs were characterized by a wide
variety of building types and purposes. In keeping with wartime economy measures, the military
used temporary construction wherever possible. Yet some command facilities unavoidably
required permanent construction. In other cases, permanent construction presented long range
advantages for use after the war, which outweighed its short term disadvantages. Industrial
construction typically required pesmanent construction, though fater waves of construction utilized
temporary construction as possible.

18

P kel Pouviiadl] il

Wb |l

P el

[ - Pz

s il

Fou—

ro——— PR

[ ———

[ ——



Navy

Immediately after the fall of France, the Navy initiated a massive fleet and shore
establishment build-up. During the eighteen months before Pearl Harbor, the Bureau of Ships
transferred over $250 million to the Bureau of Yards and Docks to prepare shore facilities for the
expanded fleet. Congress passed a bill calling for the establishment of a two-ocean Navy and
increasing the existing force by 70 per cent (U.S. Navy Department 1947a V.I:1,171). The massive
increase in fleet size demanded more shore faciities, while placing severe constraints on the
availabilty of steel and other essential materials. Due to the constraints of time and material
shortages, the Bureau ordered that all new naval building construction, except for structures
whose function or intended post-war use required permanent construction, consist of temporary
construction. Speed was the primary consideration in the construction of naval shore facilities,
with cost or architectural planning ranking as secondary factors:

The Bureau of Yards and Docks recommended that shipbullding facilities receive the
construction highest priority. The Navy yard building construction program reached its peak on
the East Coast in early 1943. Building construction continued at a significant pace at West Coast
Navy yards until the end of the war. The total value of structures built for ship construction and
repair purposes between 1 July 1840 and 31 December 1945 was $1,116,258,384.00 or 13.7 per
cent of total building construction performed for the Navy shore establishment (Hirrel et al.
1994:47-50).

The Navy supported the fleet's vessels and ships crews at naval bases and stations. Navy
bases played an increasingly important role in American mobilization. The Pacific Fleet was
transferred to Pearl Harbor in 1940 to discourage further Japanese aggression. The newly created
Atlantic Fieet established its headquarters at Naval Base Norfolk. The Norfolk Base aiso played
an important role as the staging area for neutrality patrols on the East Coast. Naval operating
bases provided anchorage facilities; replenished fuel, ammunition, and supplies; minor repait
facilities; and recreational and hospital facilities for personnel. Examples of this type of installation:
included Naval Base Norfolk and the Naval Base Pearl Harbor. Naval operating bases had
administrative control over activities such as Marine Corps barracks, training functions, naval air
stations, and supply depots located within the installation's boundaries. Smaller bases were
designed to handle specific types of vessels, such as destroyers or submarines. Examples include
New London Submarine Base, Connecticut, and the San Diego Destroyer Base, California.

With American mobilization in 1940, construction of aviation faciiities acquired a new
urgency. German submarine activity in the Atlantic Ocean prompted the Navy to establish more
bases for seaplane patrois of the Atlantic. By the end of June 1941, the Navy owned 13 East
Coast stations, 10 Caribbean stations, 6 West Coast stations, 3 Alaskan stations, and 9 Pacific
stations (U.S. Navy Department 1947a V.1:233-234). Despite these significant increases, America's
entry into the war again required more bases. The Navy established a war time goal of 27,000
thousand aircraft, which required shore facility suppon, including training stations and bases for
anti-submarine patrols.

The Marine Corps continued to employ its own aviation in close support of Marine Corps
ground forces. The rapid expansion of Marine Corps aviation reguired a cormmmensurate expansion
of its air stations, which were used primarily to train aviators (U.S. Navy Department 1947a:v.1,
257-260). '

The Navy Department developed an extensive system of supply depots for the receipt,
storage, and issue of general supplies. At the beginning of the war, the Navy Department had only
two operating supply depots, which were located in Norfolk and San Diego. Their proximity to
the major bases on the Atlantic and Pacific coasts enabled these depots to support the fieet. The
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expanded operations of World War 1l required rapid expansion of the Navy's supply storage
facilities.

in 1940, construction began on two supply depots located near major bases. These
facilities were located in Bayonne, New Jersey, and Oakland, California. At the same time, the
existing Norfolk and San Diego depots received funding for additional buildings. As the war
progressed, the Navy established new supply depots along the coasts, and near the major naval
installations (U.S. Navy Department 1947a V.1:291-301). in 1941, the Navy initiated a new
approach to its distribution system, and began to select depot sites that were not adjacent 1o a
specific port or base. These inland depots supported naval activities in particular regions (U.S.
Department of Navy 1947a:V.1, 298-305).

The Navy Department also maintained an active research and deveiopment program
during World War Il. Its programs covered all aspects of naval development, including ship
design, naval ordnance, aviation, and rocket development. Older installations, such as the
Communications Laboratory in Anacostla, District of Columbia, or the Naval Proving Ground at
Dahigren, Virginia, were improved. Important new installations were established, including the
Naval Ordnance Test Station Inyokern, California (better known as China Lake), White Oak Naval
Ordnance Laboratory, Maryland, and the David Taylor Model Basin, Maryland.

The Army and Navy Munitions Board coordinated industrial production for both services
and agreed that the Army would provide the Navy with explosives material and that the Navy
woulld be responsible for loading and assembling its own finished artillery rounds. Thus, the Navy
established fewer industrial plants than the Army, though the Navy did operate several ordnance
plants, torpedo stations, ammunition depots, and a mine depot. To provide for the safe storage

and efficient distribution of critical ammunition supplies, the Navy undertook a tremendous

expansion of ts ammunition depats, both through expanding existing installations and construction
of new installations. Some Navy depots such as Hawthorne, Nevada; Crane, illinois; McAlester,
Oklahoma; and Hastings, Nebraska, included ammunition assembly lines, in addition to large
numbers of ammunition storage facilities.

Army

The Protective Mobilization Plan of 1940 spurred an unprecedented wave of War -

Department construction. Among the most critical elements of the mobilization construction were
the construction of training cantonments and the deveiopment of ammunition facilities.
Responsibility for War Department construction within the United States was transferred from the
Quartermaster Corps to the Corps of Engineers in December 1941,

The War Department hurriedly constructed training facilities for the miltions.of new recruits.
For the most part, these camps consisted of temporary, wooden-frame buildings based on the
700 Series" and "800 Series” of standard plans developed by the Quartermaster Corps. During
the initial phase of mobilization, some posts received funding for construction of facilities that were
intended for permanant use. The LL.S. entry into the war accentuated shortages of labor and raw

materials, which greatly affected the construction standards, causing masonry and steel

construction to give way to less durable construction whenever possible.

industrial mobilization was a critical component of the war effort. The military of the1930s

lacked the materiel necessary to fight a sustained war, especially using the blitzkrieg tactics of
World War Il. In 1940, the United States lacked enough smokeless powder to supply even one
,cf‘ay of fighting (Thomson and Mayo 1960:194-195). Even worse, the United States lacked the
production capacity to produce munitions. n response to private industry’s reluctance to invest
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in~ specidlized military munitions plants; ‘the government developed a national system of
government-owned, contractor-operated ammunition production facilities. The War Department
constructed 25 loading and component plants, 23 prapellant/high explosives works, 13 small arms
plants, and 13 chemical ordnance works (Voight 1947:passim). These facilities cost about three
billion dollars in capital investment and employed almost a quarter million workers {Thomson and
Mayo 1960:105). Most of these facilities were located in the interior of the country, away from
large cities.

During the inter-war years, little had been done to address the military's potential storage
needs. In response to the absence of these essential facilities, the Army established extensive
depot systems to hold military materiel for long term storage, to provide supplies to units stationed
in the United States, and to support the movement of materie! to units stationed overseas.
Categories of supplies handied within the depot system ranged from large items such as tanks and
artillery, to small items such as the individual repair parts for those machines. The Army also
operated an extensive network of depots for the sola purpose of receiving, storing, and issuing
general military supplies.

The scope of depot operations during World War Il greatly exceeded anything within the
military's previous experience. The Ordnance Department, Quartermaster Corps, and Air Corps
operated the most extensive depot systems. The Signal Corps, Corps of Engineers, and Chemical
Warfare Service operated smaller logistical systems. Ordnance Department depots were unique
among the service depots. While other depots primarity consisted of facilities for the storage of
inert raterials, the primary mission of ordnance depots was the storage and distribution of
explosive materials. Prior to 1940, ordnance depots were concentrated disproportionately near
the East Coast; by 1942, the Army had developed an extensive system of ordnance depots
throughout the nation to accommodate the influx of material from the new ordnance plants
(Thomson and Mayo 1960:363, 384).

Fuli-scale plans for the general depots were not implemented until after the Japanese
attack upon Peart Harbor. When the United States entered World War Il, Army planners estimated
that the Army, excluding the Air Corps, possessed about half of the general storage space it would
need to service the Army force expected to be raised by late 1942 (Fine and Remington 1989:481-
482). Funding was plentiful after war was declared, and new depot facilities were erected
nationwide. The Materiel Division of the Army Air Forces maintained the system of separate
depots for aviation supplles. These depots stored aircraft and repair parts, plus performed
extensive overhaul of engines and equipment (Walker and Wickam 1986:264-266).

Army air fields were another critical type of installation that received high construction
priority. The Air Corps received an estimated 3.2 billion dollars for the construction and leasing
of facilities (Fine and Remington 1989:703). in cooperation with the Quartermaster Corps
Construction Branch, and later the Corps of Engineers, the Air Corps expanded from a handful
of facilities in 1939 to a peak of 783 operational facilities by the war's end. Of these, 345 were
main bases, 116 were sub-bases, and 322 were auxiliary fields (Mueller 1989:iii}.

More than in previcus conflicts, World War | demonstrated the importance of
technological superiority. New or improved weapons provided a sighificant advantage. The extent
of the research performed during World War Il is indicated by the fact that seventy-five per cent
of the ordnance equipment used by the Army either was replaced completely or radically improved
(Hirrel et al. 1994:88). The government undertook complex research and development functions
in specially designed buildings at installations across the country. For example, new weapons and
equipment, inciuding artiliery, tanks, rockets, bombs, and trucks, were developed and tested at
Aberdeen Proving Ground, Maryland. The Signal Corps developed communications and
electronics at Ft. Monmouth, New Jersey.
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From the first projects of the mobilization period to the final efforts at the close of the war,
military construction within the United States played an essential role in the Allied victory. Given
the limitations of time and material, the domestic construction programs of the Navy and War
Departments were a remarkable achievement.
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CHAPTER IV

GENERAL STORAGE

Between 1917 and 1946, the number of storage buildings on military installations increased
tremendously, especially during World Wars | and Il. The construction of storage buildings is
related directly to logistical support for military activities, particularly training and combat.
Supplying the modern military became increasingly complex as the military began to rely on
mechanized weapons and to expand its mission beyond the continental United States. During
bath world wars, the amount of supplies atwl material required to fight each war increased
dramatically. In addition, both wars were fought overseas and supplies were shipped long
distances. The number of storage buildings correspondingly increased to handle increased
amounts of material. During the inter-war period, the numbers of new storage buildings
constructed remained small.

General storehouses were constructed at all military installations to house various supplies:
personnel suppiles, equipment, spare parts, machinery, lubricants, and oils. In some cases,
storage strictures were designed to store specific items. In other cases, generic building designs
were used to store a wide variety of supplies. Storehouses varied in size and in construction
materials, depending on their purpose and time of construction. Typical construction materials
include concrete, brick, structural clay tile, corrugated metal, or wood. General storage buildings
can be divided into two categories: installation storage and depot storage. installation storage
buildings include the many different types of buildings built to support a specific installation’s
activities. Depots are installations with the primary mission of storage and distribution of supplies
within a region or for a branch of service. Supply depots typically are composed of complexes
of large warehouses. Storage buildings discussed in this chapter were designed to hold non-
explosive materials; ordnance storage is discussed in a separate chapter.

Naval General Storage

Historically, the Navy located general storage buiidings at its shipyards to store ship
building supplies and general provisions to outfit personnel and ships. In the early twentieth
century, the demand for storage space outgrew avallable warehouse space.

World War |

On the eve of World War |, the Navy took advantage of the preparedness program to
analyze and assess its storage needs. In 1916, personnel from the Bureau of Yards and Docks
studied the merits of three popular types of fireproof construction: (1) structural steel frames with
reinforced-concrete floor slabs; (2) reinforced-concrete column, girder, beam, and slab systems;
and (3} reinforced-concrete column and fiat-slab systems. After weighing the merits of each
structural system, the Bureau of Yards and Docks chose reinforced-concrete column and flat-slab
construction for permanent warehouses. The Bureau of Yards and Dock noted the following
advantages of reinforced-concrete column and fiat-slab construction: economy, speedy
construction, floor headroom, ahd natural light. When combined with the reinforced-concrete
column, girder, beam and slab, the structure was more fireproof than steel construction alone
(U.S. Navy Department, Bureau of Yards and Docks 1921:317, 322).
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Following the March 1917 Congressional appropriations, the Navy expanded its storage
capacity by constructing several general storehouses. The typical naval general storehouse
ranged from four to eleven stories in height and was capped by a fiat roof (Figure 2). The
structure comprised reinforced-concrete columns spaced every 20 to 21 feet to support concrete
slabs, providing a four-way system of reinforcement. This reinforcement system was used in
conjunction with design codes issued by the Joint Committee on Concrete and Reinforced
Concrete of the Bureau of Yards and Docks. The area covered by these buildings generally was
comparable to a city block. Concrete loading platforms were located along the long elevations
of each buiding. The main floors were generally 4 feet above street level to facilitate loading
material directly from railroad cars and trucks. The exterior walls consisted of the exposed
concrete frame infilled with steel sash windows, with heavy wire glazing, and hollow brick
spandrels below the sills (U.S. Navy Department, Bureau of Yards and Docks 1921:322, 327).

in 1917, the Navy awarded contracts to construct large, reinforced-concrete general
storehouses at New York Shipyard and Brookiyn Supply Depot, New York; Boston Navy Yard,
Massachusetts; Philadelphia Navy Yard, Pennsyivania; Mare isiand Navy Yard, California; Puget
Sound Navy Yard, Washington; Naval Submarine Base, New London, Connecticut; Hampton
Roads Naval Operating Base, Virginia; Charleston Navy Yard, South Carolina; Pearl Harbor Navy
Yard, Hawali; and, Washington Navy Yard, D.C. The Medical Corps alsc constructed this type of
general storehouse for their supplies in Brooklyn, New York, and Mare Island, California (U.S. Navy
Department, Bureau of Yards and Docks 1921:317; U.S. Navy Department, Bureau of Yards and
Docks Builetin 29 1918:Table 2). The muiti-story general storehouse utilized the restricted space
avaiable at naval shipyards most efficiently. In additlon, these warehouses took advantage of
existing infrastructure, such as heating, lighting, and docking.

While one general storehouse was constructed at each shipyard, storage space was sti
insufficient to meet wartime storage requirements. The Navy decided to stockpile supplies
necessary for one to three years to meet the needs of U.S. and Allied forces. To store this amount
of supplies, the Navy required greater storage capacity than ever before.

The Navy initiated a study to assess the nature of its purchased commodities, storage and
distribution requirements, and shipping and transhipping methods. The object of the study was
to develop efficient supply depots with a full complement of rallroad facilities, modern water fronts,
and up-to-date handling equipment. The Navy analyzed the storage capacity of its two maost
important East Coast shipyards: New York and Norfolk. Neither shipyard contained enough
space for fleet storage. Due to the war emergency, the Navy selected South Brooklyn, New York,
and Hampton Roads, Virginia, as the sites for two new fleet supply bases (U.S. Navy Department,
Bureau of Yards and Docks 1921:338, 341). The Hampton Roads facility now is part of Norfolk
Naval Base.

The two new depots exhibited the most elaborate World War | general storeshouses. The
Brooklyn depot was constructed on land owned by the Navy and on land leased from the city.
It took advantage of existing ralircads and plers. Buildings constructed at South Brookiyn {closed
following World War 1) inciuded two, eight-story, permanent general storage bulldings measuring
700 x 200 feet. The eight-story buildings were constructed of reinforced-concrete column and flat-
slab design and included 2 passenger elevators, 21 freight elevators, and 3 automatic conveyors.
These two buildings were amonyg the largest buildings ever constructed by the Navy at that time.
At Hampton Roads, Virginia, the Navy constructed two six-story permanent storehouses (U.S.
Navy Department, Bureau of Yards and Docks 1921:341-345).

In addition to general storehouses, both supply depots were outfitted with other buildings

and infrastructure. At South Brooklyn, the Navy constructed two semi-permanent warehouses, a
permanent power plant, over ten miles of railroad track, two float bridges, a Marine Corps
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Figure 2. Plate showing cross section and partial elevation of general storehouse
constructed at Washington Navy Yard, D.C. (U.S. Navy Department, Bureau of
Yards and Docks, Public Works of the Navy, Bulletin 23, June 1916:22) Drawing
depicts contrast between storehouse constructed before 1916 and storehouse
constructed in 1916.
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barracks, an office building, and a fire alarm system. At Hampton Roads, Virginia, the Navy
constructed a cold storage building, seven large temporary warehouses, a one-story permanent
warehouse, and a three-story aircraft storehouse. In addition, two merchandise piers, measuring
125 x 1,400 feet, were constructed at the supply depot for berthing, loading, and unioading supply
ships and barges. The piers were constructed cf creosote-coated timber and supported a transit
shed measuring 67 x 1,192 feet. Auxiliary improvements to the installation included nine miles of
railroad tracks, several miles of concrete and timber roads, sewers, water, and steam and electric
distributing lines (U.S. Navy Department, Bureau of Yards and Docks 1921:341-347).

The Navy determined that some commodities were stored more efficiently on ground-
floors rather than on upper floors of multi-story warehouses. Thus, the Navy also constructed one-
story storage and transit buildings. Often the one-story buildings were considered temporary
construction for the duration of the war emergency. This type of building was built of wooden
frame on a concrete foundation and floor. in some cases, light-weight portable steel-frame
buildings were constructed; this type of construction was useful i a particular building was
unheated. At South Brooklyn, the Navy constructed two one-story, semi-permanent, wood-frame
warehouses with hollow-tile walls that measured approximately 300 x 335 feet. At Mampton
Roads, the Navy built seven temporary one-story storage buildings, as well as one-story transit
sheds on the shipping piers. The Marine Corps built a one-story brick permanent storehouse at
their main depot at Philadelphia (U.S. Navy Department, Bureau of Yards and Docks 1921:342,
328, 321, 344, 3456; U.S. Navy Department, Bureau of Yards and Docks 1947b V.1I, 318).

In addition to multi-story and one-story general storeshouses, the Navy constructed
specialized permanent storage buildings to meet specific requirements. Cold storage was required
to store perishable items. The largest cold storage plant was constructed at Hampton Roads,
Virginia (U.S. Navy Department, Bureau of Yards and Docks 1921:328-331).

The Navy designed a special one-story building to store bulky and heavy materials,
salvage materials, materials turned in from ships, aircraft and aircraft parts, and boats. The one-
story building featured a monitor roof that supported overhead cranes to move heavy materials
{U.S. Navy Department, Bureau of Yards and Docks 1921;327, 331).

Naval shipyards also required special storage for industriai purposes. Specialized storage
buildings were constructed for boat storage, metal storage, and lumber storage. Freight sheds
and piers for receiving and shipping yard freight also were constructed: In some instances, the
buildings appear similar to the general heavy materials storehouse type (UJ.S. Navy Department,
~ Bureau of Yards and Docks 1921:327, 332, 337).

Between 1916 and 1919, the Navy constructed about 30 large permanent storage
buildings and over 100 temporary and minor structures, providing a total of 15,000,000 square feet
of storage (U.S. Navy Department, Bureau of Yards and Docks 1921:318).

Inter-war Period

Following World War |, most construction of storage buildings stopped. The Navy finished
construction of permanent storage buildings at Hampton Roads, Virginia, to replace leased storage
space {U.S. Navy Department, Bureau of Yards and Docks 1921:344). After the war, the Navy
closed the fleet supply depot at South Brooklyn, New York, and established a new fleet supply
depot at San Diego, California, to support the Pacific fieet. Two muilti-story general storehouses
were constructed at San Diego during the early 1920s (U.S. Navy Department, Bureau of Yards
and Docks Bulfetin 35 1925).
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The Navy classified its storage buildings into the following types: general, medical, heavy
materials, airplane, cold, inflammable, boat, drydumber, and temporary (U.S. Navy Department,
Bureau of Yards and Docks 1938:K1-K8). In practice, several of the categories utilized the same
building type. General and medical storage ware similar and the heavy material type storehouse
also was designed to store heavy matetials, airplanes, and boats. :

The general storehouse remained the same as during World War I a multi-story building,
ranging from 3 to 12 stories, constructed of reinforced concrete with flat slab floors. Flat siab
construction with round columns was considered especially resistant to fire damage. Building
height depended on available land area. required storage space, and foundation conditions. The
Bureau of Yards and Docks recommended a rectangular plan as the simplest, but the U-shaped
building plan afforded better natural lighting and ventilation and greater loading access. The U-
shape and the hollow rectanguiar plans also allowed space for a courtyard bridge crane over
tracks with loading piatforms at various floors of both wings {U.S. Navy Department, Bureau of
Yards and Docks 1938:K2-K3). The Navy continued to prefer the multi-story general storehouse
where space was limited, particularly at naval shipyards. It also was used for medical supplies,
fleet supplies, and general aviation supplies.

Even though the Bureau of Yards and Docks preferred multi-story general storage
buildings, it acknowledged the advantages of one-story warehouses. The one-story building was
particulady suited to store bulk materials at installations where ground space was not limited. The
one-story building also was economical due to reduced handling costs through eliminating
elevators {(U.S. Navy Department, Bureau of Yards and Docks 1938:K2).

The design for heavy materials storage buildings featured a monitor roof to support a
bridge crane. The building was one-story due to heavy fioor and crane leads and had interior
railroad tracks. This kind of building stored machinery, metals, ordnance, and bulky materials.
This building form also was adapted to store aircraft and boats (U.S. Navy Depantment, Bureau
of Yards and Docks 1938:K2-5; Q115-16).

The Bureau of Yards and Docks specifications aliowed for temporary construction during
emergencies. Temporary storage buildings were usually one-story, wood-frame buildings with
concrete floors. The roofs were covered with composite roofing (U.S. Navy Department, Bureau
of Yards and Docks 1938:K7).

Although the Navy defined these different categories of storage, it constructed few storage
bwildings during the inter-war years. During the 1930s, naval appropriations increased, allowing
the Navy to construct some new permanent installations and to expand older installations.
General storage buildings were included in the designs of new installations, such as at Alameda
Naval Air Station in California. Shipyards inciuded new storage buildings to support expanded
shops and shipways. During the late 1930s, the Navy planned two additional supply depots, one
at Oakland, California, and the other at Bayonne, New Jersey. The Navy constructed multi-story
storage buildings at these two hew depots beginning in 1940.

Worl rl

When the attack on Pearl Harbor precipitated U.S. entry into World War |l, the Navy had
two commissioned supply depots -- one at Norfolk, Virginia, and one at San Diego, California. The
total square footage of covered storage space equalled 2,114,933 square feet. The supply depots
at Oakland and Bayonne almost were completed; Qakland was commissioned one week after the
attack on Peard Harbor (U.S. Navy Department, Bureau of Yards and Docks 1947a 294).
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By 1945, the Navy had 12 continental supply depots (Table 1) and over 50 special function
depots, including fuel depots, landing-craft equipment depots, advance base supply depots,
aviation supply annexes, and medical supply depots. On V-J day (15 August 19456), navai storage
operations occupied a total of 144,207,169 square feet of covered storage. Thirty-five per cent of
this storage space was located at supply depots; twenty-five per cent at navy yards; twelve per
cent at naval air stations; and ten per cent at ordnance stations. The remaining storage space
was located at miscellaneous naval facilities. In addition, the Navy also utilized a large amount
of paved, open storage space for items that were unaffected by weather {U.S. Navy Department,
Bureau of Yards and Docks 1847a V.11:291, 308).

The Navy continued to build multi-story, concrete-frame, general storage buildings to
augment existing storage capacity at the coastal supply depcts where land was at a premium.
Between 1940 and 1945, the Navy completed multi-storied buildings at Bayonne, New Jersey;
Oakland, California; Hampton Roads, Virginia (Figure 3, top); and San Diego, California (U.S. Navy
Department, Bureau of Yards and Docks 1947a V.11:291-293, 298, 322).

One-story warehouses were constructed at installations where acreage permitted,
particularly at large inland suppty depots or installations that acquired additional land. Initially
during World War I, the sizes of one-story warehouses varied based on the width of the steel-
framing members (Figure 4). At Naval Base Charleston, South Carolina, the Navy constructed
additional storage buildings when it acquired more acreage. The storehouses constructed during
1941 were one-story, metal-frame buildings clad with corrugated metal roofs and walls. When
metal became a critical material, the Navy utilized wood-frame construction. Other materials used
for storehouse construction at Naval Base Charleston included concrete block, poured concrete
frames, and corrugated asbestos siding.

As the need for storage buildings increased, the Navy determined that one-story general
storage buildings were more useful than multi-story buildings. The one-story design was better
suited to the new packaging and handling technology of paliets and fork-lift trucks. Pallets, as
standardized by the Navy's Bureau of Supplies and Accounts, consisted of four-foot square
wooden platforms. The pallet, when loaded with packaged material, formed a four-foot cube of
material that could be handled easily by a fork-lift truck and cargo sling. The Bureau of Yards and
Docks designed a new standard for one-story storehouses to accommodate this change: a one-
story building, measuring approximately 200 x 600 feet, that could store 300 carloads of palletized
material (U.S. Navy Department, Bureau of Yards and Docks 1947a V.11:283).

The new standard was used widely at the inland supply depots that the Navy constructed
to relieve pressure at coastal supply depots and industrial shipyards and to remove supplies out
of potential coastal bombardment range. The new standard one-story storage buildings first
appeared at the Navy's great inland storage depots of Mechanicsburg, Pennsylvania, and
Clearfield, Utah (Figure 3, bottom). The new standard-size warehouse soon appeared at the other
large inland depots and at annexes. The depot constructed at Stockton, California, completed in
1945 as an annex to QOakland, included only the new standard, one-story warehouses (U.S. Navy
Department, Bureau of Yards and Docks 1947a V.1i:293, 316).

The standard one-story warehouse was constructed using many types of building
materials, depending on when construction occurred and which materials were in short supply.
Design variations included adaptation to regional climates, inclusion of loading docks, and
variations in roof forms. At Mechanicsburg, Pennsylvania, the first storehouses were constructed
using a timber frame system with concrete floors directly on the ground without loading docks.
Loading docks were incorporated later to assist handling shipments brought in by railroad or
trucks. At Bayonne, New Jersey, one-story standard warehouses had barrel-arched concrete
roofs. Other roof forms included monitor (Figure 5), segmental arch, and gable. By the end of
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1293, Frame 716, Naval Construction Battalion Center, Port Hueneme,
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the war, the Navy resumed using steel-framing for its new standard storehouses constructed at
the Stockton depot, since metal was no longer in critical short supply (U.S. Navy Department,
Bureau of Yards and Docks 1947a V.1:310, 315, 316-317). '

Naval Building Types
Multi-Story General Storehouses

The typical naval general storehouse was from two to eleven stories in height and utitized
the restricted space avallable at naval shipyards most efficiently. The structure comprised
reinforced-concrete columns spaced every 20 to 21 feet that supported concrete slabs; this
structural system provided a four-way system of reinforcement. The ground floor generally was
15 feet high; upper floors were 10 feet 6 inches. Concrete Icading platforms were located along
the exterior elevations. The main floors were generally 4 feet above street level to facilitate loading
material directly from railroad cars and trucks. The exterior walls consisted of an exposed
concrete frame infilled with steel sash windows, heavy wite glazing, and holiow brick spandrels
below the sills. Stairways and elevator shafts were located adjacent to outside walls in fireproof
wells. Interior fire walls with automatic fire doors and automatic sprinkler systems also werg
provided (U.S. Navy Department, Bureau of Yards and Docks 1921:322, 327).

The Navy began to construct this type of general storehouse in 1917 during World War
| (Figure 6, top). The Bureau of Yards and Docks recommended multi-story general storehouses
for general storage buidings through World War I, particularly at coastal supply depots (Figure
8, bottom). The general storehouse type was constructed to store medical supplies, general
aviation supplies, and fleet supplies.

Aircraft /Heavy Materials Storage

The design for aircraft/heavy materials storage buildings featured interior raéiroad tracks
and a monitor roof to support a bridge crane. The height of this building type varied; one, two,
and three-story examples have been identified. Building Z107 is a 1912 exampile of an aircraft
storehouse located at Naval Base Norfolk (Figure 7, top). Building 2107 measures 168 x 935 feet.
It has a steel frame, tile walls, steel sash windows, reinforced-concrete floors, and a flat, gypsum
roof slab. A 10-ton crane located above the third story operated along an open aisle through the
center of the building to move heavy parts directly from cars 1o loading platforms at the various
floor levels (U. 8. Navy Department, Bureau of Yards and Docks 1921:331-332).

During World War |, this type of storage building was constructed to store airplanes,
aircraft parts, and other heavy materials. During the inter-war period, the Navy built a few heavy
materials/aircraft storage buildings at shipyards and air stations. During World War |l, the Navy
erected heavy materials /aircraft storage buildings at supply depots, where they were used 1o store
machinery, metals, ordnance, bulky materials, aircraft, and boats. During World War [, this type
of building generally was constructed with a steel frame. The exterior walls were clad in brick or
corrugated metal siding and featured the characteristic monitor roof (Figure 7, bottom).

One- General Storehouses

The one-story general storehousaes were constructed in a variety of sizes and materials.
Most storage buildings had multiple loading doors located along the long elevations to
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accommodate rail or truck traffic. Some storage buildings had more controlled access through
loading doors in the narrow end. In some cases, loading doors were located in all four elevations.

During World War |, one-story storehouses often were built using temporary construction
with wood framing and metal siding. Drawings for one-story storage buildings at Marine Corps
bases and naval air stations depict buildings constructed of wood framing and clad with wood
siding. Permanant one-story warehouses were constructed at yards and supply depots. At Naval
Base Norfolk, Virginia, the Navy constructed one permanent, brick, one-story warehouse with
loading doors along the long elevations and in each end (Figure 8, top) (U.S. Navy Department,
Bureau of Yards and Docks 1921:327, 341-347).

During the inter-war period, the architectural design of general storehouses was similar
to'the design of the other permanent installation buildings. At Hawthorne AAP in Nevada, the one-
story general storage building was constructed of concrete in a style similar to other permanent
construction of the time period. During the 1930s, the Navy produced drawings of standard steel-
frame, one-story buildings (Figure 4). During the early 1940s, examples of these steel-frame,
metal-clad designs were constructed at yards and supply depots. Examples exist at Naval Base
Charleston, South Carolina, and Naval Supply Annex, Naval Base Norfolk, Virginia. Other one-
story buildings included long transit sheds that stored materials ready for shipment (Figure 8,
bottom).

During World War I, the Navy developed a new standard general storehouse plan for a
one-story building, measuring approximately 200 x 600 feet, that could store 300 caroads of
palietized material (Figure 5). The standard-size one-story warehouse was constructed using many
types of building materiais, depending on where construction occurred and which materials were
available. Framing materials included wood and steel. Drawings for the standard warehouses also
depict buildings clad with mineral surfaced siding, concrete block, and corrugated asbestos siding
(U.S. Navy Department, Bureau of Yards and Docks 1947a V.1:283, 310, 315; Drawings, Naval
Construction Battalion Center, Port Hueneme, California).

Cold Storage

Cold storage buildings were first constructed during World War |, though in relatively few
numbers and at few locations. The largest World War | ¢cold storage/ice plant was constructed
at Naval Base Norfolk, Virginia (now demolished). The building was a windowless, concrete-frame
building that measured 118 x 263 feet. The main, 194-foot long part of the building was four
stories high with a coil loft addition. Each of the lower floors was divided into six longitudinai
insulated compartments. The inner compartment recorded temperatures of 30 degrees below zero
(Fahrenhegit). A one-story, lean-to addition housed the engine and compressaor room, the freezing
tanks for ice manufacture, and ice-storage space (U.S. Navy Department, Bureau of Yards and
Docks 1921:328, 331). The Navy also constructed the same general design for large concrete
cold storage buildings during World War Il at coastal supply depots where perishable foods were
collected. The four-story, concrete-frame, cold storage building constructed at Oakland Naval
Supply Depot, California, is shown in Figure 9, top.

One-story cold storage buildings generaily were constructed during the inter-war period
at installations located in remote areas or where large numbers of personnel were stationed. At
Hawthorne AAP in Nevada, cold storage was included in a multi-purpose building that also
included a cafeteria and personnel support activities. At Naval Complex Pensacola, Florida, the
one-story cold storage building was constructed of brick and ornamented with Georgian Colonial
Revival motifs to complement the other buildings in the training area (Figure 9, bottom).
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Where space was available at supply depats, the Navy constructed utilitarian one-story,
cold storage bulldings. The brick cold storage building constructed in 1843 at Fleet and Industrial
Supply Center, Cheatham Annex, Virginia, measures 200 x 877 feet. it was constructed to hold
meat, butter, and eggs. The low huilding features concrete loading docks located along both long
elevations.

Inlammable Materials Storage Buildings

Specialized storage buildings also were constructed for inflammable materials, such as
oils, paints, and dope. They generally are one-stary buildings constructed of permanent materials,
including brick and concrete. These typss of buildings were constructed as needed and their size
depended on the operations at a particular installation. At shipyards and air stations, inflammable
material storage buildings can be large structures to contain the amounts of paints or lubricants
used to maintain and operate ships or aircraft (Figure 10).
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Figure 8. {top} 1919 six-story general storehouse (Building 2101, Naval Base Norfolk,
Virginia}
{bottom) 1843 mulitiple story storehouse (Building W143, Naval Base Norfolk,
Virginia)
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Figure 7. {top) 1918 aviation supply storehouse (Building Z107, Naval Base Norfolk,

Virginia)
{bottom) 1940 aircraft storehouse constructed at aviation depot (Building X138,

Naval Base Norfolk, Virginia)
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Figure 8. {top) 1919 one-story warehouse (Building Z105, Naval Base Norfolk, Virginia)
{bottom) 1945 transit warehouse (Building 22, Naval Base Norfolk, Virginia)
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Figure 9. {top) World War It cold storage bullding constructed at Oakiand Naval Supply
Depot, California (Photo courtesy of U.S. Navy)
{bottorn) 1842 cold storage building (Building 680, Naval Complex Pensacola,
Fiorida} ‘
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Figure 10. {top) 1930 drawing of paint storghouse, Hawthorne Ammunition Depot, Nevada
{NARA, Cartographic Branch, RG 71, microfilm reel 1092)
{middie) 1938 drawing of paint and ol storehouse, Naval Air Station Alameda,
California (NARA, Cartographic Branch, RG 71, microfiim reel 1048)
{bottom} 1942 paint and oil storehouse (Building SP83, Naval Base Norolk,
Virginia} 49 '



Army General Storage

The Army historically provided troops with necessary supplies, including food, clothing,
and weapons. To control the distribution of supplies, the Army developed a dual storage system
during the nineteenth century. Each permanent installation had one or two storehouses to store
and distribute subsistence and other supplies to troops at the installation. In addition, the
Quartermaster Corps developed central depots to store Quartermaster supplies for regional
distribution. Access to transportation influenced the location of general depots. During the late
nineteenth century, railroads replaced mule trains as the primary method of supply delivery, The
spread of railroads increased the effectiveness of supply distribution from regional supply depots.
Other technical setvices, including the Corps of Engineers and the Signal Corps, established their
own supply systems to distribute equipment to their personnel. During the twentieth century, the
amount of supplies required to outfit and support troops increased. The Quartermaster and other
Army technical services required larger and more numerous warehouses, particularty during times
of war.

World War |

As the United States entered World War |, the Army found that its storage facilities were
inadequate to support the war effort. In November 1917, the Quartermaster Corps possessed less
then 3 million square feet of storage space (Risch 1989:630). The wartime troop mobilization
required corresponding increases in the supplies for those troops. Rapidly constructed training
camps required hundreds of installation storehouses. Shipping terminals and depots were
insufficient to handle the material needed to support a large expeditionary force. Docks and
storage facilities for overseas shipments were dilapidated and handicapped by out-of-date
technology to handle large quantities of goods (Nimmons 1918). In addition, the Army needed
to transport new equipment that never had been used in battle, such as motorized vehicles, tanks,
and aircraft. These items required specialized repair and supply depots.

The logistical organization during World War | suffered from lack of adequate storage
facilities. Shipments of goods were deliverad directly from factory production lines to the Army's
eastern shipping terminals. The numerous shipments clogged the piers and prevented the ready
assignment of priorities to the goods. Harried officials often organized shipments by what was
available on the dock rather than by need. ‘

The Army soon took steps to improve the distribution of supplies within the country and
overseas. In early 1918, the government took control of the railroads. The Army began to
construct new storage buildings and to lease commercial warehouses. The Army established
secondary depots near the shipping terminals to free up space at the terminals. The depot system
was reorganized into geographic zones, including specialized technical supplies organized along
supply service lines. Depots supplied all camps, posts, and stations located in a specific
geographical area (Risch 1953:326-327). By December 1918, the Army had over 64.5 million
square feet of storage space (Risch 1989:702).

Towards the end of the war, the Construction Division of the Quartermaster Corps, which
was charged with the design and construction of the mobilization facilities, began to plan for the
return of men and material from overseas. On 23 August 1918, the Secretary of War authorized
the funding to construct repair shops, warehouses, and other necessary facilities for salvage
purposes at each of the National Army cantonments and National Guard camps (Risch 1989:705-
708). Construction of wood-frame storage buildings continued during 1919.
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Installation Storage. The Army's Quartermaster Corps required new storage buildings to
supply troops at training camps. One or two Quartermaster storehouses could not hold all the
supplies needed at the training cantonments. Multiple storehouses were required, each with
access to rait siding. Warehouses constructed at Army cantonments during 1918 typically were
one-story, long, narrow, wood-frame buildings with loading platforms along the side elevations to
provide access to railroad cars and/or trucks. The Construction Division built 789 small
storehouses at National Army cantonments alone (Crowell 1919:544).

One special type of storage that became widespread during World War | was the cold-
storage building. Where possible, camps relied on cold-storage space obtained from the civilian
community or refrigerated raillroad cars; however, at some camps, it was necessary to buid
special refrigeration plants. These refrigeration plants had an ice-making capacity ranging from
6 to 35 tons daily. The ice consumption of American soldiers in the U.S. proved to be 2 3/4
pounds per man per day (Crowell 1918:544).

Supply Depots. At the beginning World War |, the Construction Division included
Quartermaster storage depots In its extensive construction program. Between April 1917 and
January 1918, the Construction Division constructed new starage facilities at seven expeditionary
supply bases and nine interior depots. The expeditlonary supply bases were located at: Brookiyn,
New York; Boston, Massachusetts; Philadelphia, Pennsylvania; Norfolk, Virginia; Charleston, South
Carolina; New Orleans, Louisiana; and, Port Newark, New Jersey. The interior depots were
located at: Baltimore, Maryland; Chicago, lliincis; Columbus, Ohio; Jeffersonville, Indiana; New
Cumberiand, Pennsytvania; Philadelphia, Pennsylvania; Pittsburgh, Pennsylvania; Schenectady
New York: and St. Louis, Missouri (Crowell 1919:5862).

Two types of buildings appeared at Quartermaster supply depots: multi-story buildings
and one-story buildings. The multi-story warehouses typicaliy were built in urban areas, where
available land was expensive and scarce. The buildings were fireproof with reinforced-concrete
flat-slab construction. Muitipte-storied warehouses were constructed at Brooklyn, New York;
Boston, Massachusetts; Chicago, lliinols; and, St. Louis, Missouri (Nimmons 1919; Crowell
1919:554-556).

One-story warehouses were constructed of a variety of materials. At New Cumberiand,
warehouses were constructed of structural clay tile and brick walls on a concrete foundation
{Building Technology Inc. New Cumberiand 1984:15-16). At the depot at Charleston, South
Carolina, six warehouses with a storage capacity of 1,152,000 square feet also were constructed
of tile walls with concrete fioors (Nimmons 1918). The Construction Division also built one-story
warehouses with timber framing. These one-story buildings contained windows for hatural lighting
and sliding doors spaced in alternate 20-foot bays. These buildings were constructed with
firewalls that extended from a concrete footing wall to about three feet above the roof (Engineering
News-Record 1918:464).

Aviation Depots. At the beginning of World War |, the growth of aviation required not only
recruit receptions centers and training fields, but also aviation general supply depots, aviation
general repair depots, and acceptance parks for new aircraft. Aviation supply depots stored
supplies, engines, and spare parts for distribution. Supply depots included: Americus, Georgia;
Middletown, Pennsylvania; Richmond, Virginia; Fairfield Depot, Ohio; Little Rock Depot, Arkansas;
San Antonio Depot, Texas; Morrison Depot, Virginia; and, Middletown Depot, Pennsylvania. Repair
depots provided maintenance and overhaul of aircraft. Repair depots included: Indianapolis,
Indiana; Montgomery, Alabama; and, Dallas, Texas (Brown 1990:44, 47, 50).

Aviation depots required special fireproof warehouses because of the flammable nature
of the oil and other materials used by the Signal Corps (Crowell 1919:553). One example of an
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aviation depot was Fairfield Air Depot located outside of Dayton, Ohio, and now part of Wright-
Patterson AFB. Established in June 1917, the first permanent building (Building 30001) completed
was a one-story, U-shaped building that measured 262 x 825 feet. The U-shape allowed for the
construction of a railroad spur through the center of the building. The roof covered the two wings
and the railroad spur and contained storage space as well as offices. Six other buildings were
completed during Word War | including three steel storage hangars and a depot garage (Walker
1986:51-53).

Inter-war Period

Following the Armistice on 11 November 1918, the Army arranged for permanent storage
of massive amounts of military material that was returned from Europe. While general construction
projects were halted after the Armistice, the Army continued to build storage facilities. By
December 1919, the Army owned more that 76.25 million square feet of storage space and rented
more that 300 million square feet, the majority of which was open storage. The Army began a
massive effort to salvage and sell surplus property, which effectively reduced its storage space
requirements. Perishable goods and food stuffs were sold. The Army retained non-perishable
itemns, such as tanks, automobiles, and aircraft parts for future use. Often this material was stored
at existing Army arsenals. For example, at Rock Island Arsenal, the Army constructed eleven, flat-
roofed, one-story, brick, vehicie warehauses, to store World War | equipment {Bouilly and Slattery
n.d.:19). In 1922, the Army announced a policy requiring the use of on-hand equipment until the
wartime supply was exhausted (Risch 1989:702, 711).

Installation Storage. The Army did not resume major construction projects until after the
enactment of a nationwide Army construction program in 1926. The permanent construction.
program was initiated to address the poor housing conditions, particulary for enlisted and NCO
personnel, reported at military installations throughout the United States. In 1929, Congress.
appropriated money to fund the construction of miscellaneous construction projects, including
shops, warehouses, and magazines at specific installations (Risch 198%:714). '

The permanent construction program had widespread impact on Army and Air Corps
instaliations. Many installations retained after World War | were improved with permanent buildings
during this period. Quartermaster Corps plans for new installations sought ta provide both
aesthetically pleasing layouts and practical utility and support areas. Thaough storage construction
was not the primary purpose of the new building program, some World War |-era warehouse areas
at installations were expanded through the addition of permanent masonry warehouses.
Construction of storage buildings at this time focused on adequate instaliation storage; no new
depots were constructed during the inter-war period. Some of the installations that received
permanent construction between 1927 and 1940 include: Fort Belvoir, Virginia; Fort Benning,
Georgia; Fort Bragg, North Carolina; Fort Devens, Massachusetts; Fort Knox, Kentucky; Fort
Lewis, Washington; Fort Meade, Maryland; Fort McClellan, Alabama; Barksdale AFB, Louisiana;
Bolling AFB, Washington, D.C.; Chanute AFB, lllincis; March AFB, California; Maxwell AFB,
Alabama; Pope AFB, North Carolina; Randolph AFB, Texas; Scott AFB, lllinois; Selfridge ANG,
Michigan; and, Wright-Patterson AFB, Ohio.

Supply Depots. During the 1920s, activity at general storage decreased. Activities were
consolidated and the numbers of active depots decreased. The Army discontinued the
geographical zane supply system instituted during Word War | and reverted to a system of branch
depots where supplies belonging to different technical branches were stored at different depots.

During the 1930s, activity at Army supply. depots increased after the Quartermaster Corps
became responsible for supplying the Civilian Conservation Corps. In 1940, the Quartermaster
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Corps maintained 12 storage depots, totaling over 7.5 miilion square feet of storage space. This
was enough storage capacity 1o maintain the inter-war employment level of Army personnel, since
it was estimated that each serviceman required 17.5 square feet of storage. The supply depots
included six general depots (San Francisco, California; San Antonio, Texas; Columbus, Ohio: New
Cumberiand, Pennsylvania; New York, New York; and, Schenectady, New York) and six
Quartermaster depots (New Oreans, Louisiana; Chicago, lllinois; Washington, D.C.; Jeffersonville,
indiana; Philadelphia, Pennsylvania; and, Boston, Massachusetts) (Risch 1953:329, 331).

Aviation Depots. During the inter-war pericd, activity at aviation depots alsc decreased.
By 1925, The number of aviation depots was reduced to three: Fairfield, Ohio; San Aniznio,
Texas; and, Middletown, Pennsylvania. In 1939, aviation depots numbered four: Middletown,
Pennsylvania; Fairfield, Ohio; San Antonio, Texas; West Coast Depot, California (Brown 1990:70-
71, 112-113). '

World War i

Beginning in 1939, when President Roosevelt proclaimed a limited national emergency,
the Quartermaster Corps planned the expansion of storage at installations and at existing depots.

installation Storage. To supply increased numbers of recruits and trainees, the Army
constructed numerous installation storehouses. For the most part, these warehouses were one-
story, wood-frame, temporary mobilization buildings. Lodding doors with loading platforms were
located along the long elevations. In general, installation storage buildings were clustered in
Quartermaster support areas with accessibility to road and railroad networks. Cold storage for
perishable items often was located in the same support area. In most instances, cold storage
buildings also were constructed from temporary mobilization plans.

Supply Depots. In 1940, the Quartermaster Carps began to expand its storage capacity
at existing depots and to construct new depots.  Locations of new depots was determined by their
proximity to troop training instaflations, transportation, and commercial handling facilities. By
December 1941, the Quartermaster Corps controlled 11.5 miillion square feet of storage space.
Warehouse construction continued untii 1943 when the Army Service Forces stopped all depot
construction, unless such construction was required to maintain the efficiency of depot operations.
By 1944, the Quartermaster Corps controlled eleven Armed Service Forces depots, ten
Quartermaster depots, and eight sub-depots. By 1945, the Quartermaster's storage space totaled
close to 75 million square feet including leased storage (Risch 1953:332-333, 334-335). Major
Army depots are listed in Table 2.

In addition to Armed Service Forces supply depots and Quartermaster depots, other
technical services also established supply depots. The Signal Corps established seven depots
and the Corps of Engineers estabiished seven depots (Table 2).

During World War li, the Army adopted the one-story storehouses for new construction
at its general storage and specialized depots. World War |l storehouses were long buildings with
multiple loading doors and loading docks along side elevations. The loading docks and loading
doors faciltated loading from trains and trucks. Often the depot complex was arranged so that
one side allowed access to motor vehicies while the other side had railroad access. High ceilings
and wide floor area allowed use of fork-ift equipment and stacking supplies on pallets (Risch
1953:333, 347-348).

Originally the buildings were constructed with structural steel framing. Critical shortages
of steel during the early 1940s required the substitution of wooden and concrete framing. A
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TABLE 2. WORLD WAR Il ARMY SUPPLY DEPOTS

Original Name Current Name Location Date Type of Depot
Established
Atlanta Army N/A GA 1941 Army Service Forces
Depot .
Belle Meade N/A NJ 1941 Army Service Forces
Army Depot
r‘ Columbus Army Defense OH 1918 Army Service Forces
Depot Construction
Supply Center
Memphis Army Memphis TN 1941 Army Service Forces
Depot Defense Depot A :
New DDRE (New PA 1918 Army Service Forces
Cumberiand Cumberiand)
Army Depot
Richmond Arrny Defense General VA 1941 Army Service Forces
Depaot Supply Center
 Salt Lake City N/A uT 1941 Army Service Forces
Army Depot
San Antonio N/A ™ 1918 Army Service Forces
Army Depot
Savannah Army N/A GA N/A Army Service Forces
Depot
Schenectady N/A NY 1918 Army Service Forces
Army Depot
Seattle Army N/A WA 1941 Army Service Forces
Depot
Albany Engineer N/A NY N/A Corps of Engineers
Depot
Granite City St. Louis IL 1842 Corps of Engineers
Engineer Depot Support Center
Lathrop Engineer Sharpe Army CA 1942 Corps of Engineers
Depot Depot
Marion Engineer N/A OH N/A Corps of Engineers
Depot
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Original Name Current Name Location Date Type of Depot
Established
Pasco Engineer N/A Corps of Engineers
Depot
8an Bernardino N/A CA N/A Corps of Engineers
Engineer Depot
Sharonsville N/A OH N/A Corps of Engineers
Engineer Depot
e ———— — — ——
Boston Army N/A MA 1918 Quartermaster
Depot
Charlotte Army N/A NC N/A Quartermaster
Depot
Chicago Army N/A IL 1918 Quartermaster
Depot
Fort Worth Army N/A TX 1940 Quartermaster
Depot
Jeffersonviile Jeffersonville iN 1864 Quartermaster
Army Depot Depot Activity
Jersey City Army N/A NJ N/A Quartermaster
Depot
Kansas City N/A MO N/A CQuartermaster
Army Depot
Dakland Army Qakland Army CA 1941 Quartermaster
Depot Base
Philadeiphia N/A PA N/A CQuartermaster
Army Depot
Washington N/A DC N/A Quartermaster
Army Depot
- Chicago Signal N/A L N/A Signal Corps
Depot :
Dayton Signal N/A OH N/A Signal Corps
Depot
Lexington Signal | Lexington Army KY 1941 Signal Corps
Depot Depot
Ogden Signal N/A ) N/A Signal Corps
Depot
Philadelphia N/A PA N/A Signal Corps
Signal Depot
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Original Name | Current Name | Location |  Date Type of Depot
Established
MI
Sacramento Defense Depat, CA 1842 Signal Corps
Signal Depot Sacramenio
San Bernadino N/A CA N/A Signal Corps
Signal Depot

SOURCE: Risch 1953:335; Hirrel et al. 1994.
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description of six one-story storehouses measuring 180 x 960 feet was published in Engineering
News-Record in 1942, The foundations and wall bases were poured concrete constructed without
steel reinforcement; the walls were built of brick. The interior columns were concrete and the
roofs were framed with wood trusses (Engineering News-Record 1942:204-206). As the war
progressed, warehouses were constructed of structural clay tile or corrugated transite siding.

Aviation Depots. The number of aviation depots also increased during World War Il (Table
3). Often aviation depots also served as repair depots. Storage capacity that had been adequate
during the inter-war period suddenly became insufficient. New one-story warehouses were
constructed at a rapid pace. At Fairfield Aviation Depot (Wright-Patterson AFB), Ohio, one-story
brick storage buildings were constructed toc augment existing World War | storage buildings. At
Duncan Field (Kelly AFB), Texas, warehouses were constructed of wood frame with wood siding.
in addition, open space was utilized for materials that were impermeable to weather.

Army Building Types

Multi-Story General Storehouses

Multi-story storehouses were constructed at Army supply bases during World War |. This
type of fireproof warehouse was constructed of reinforced concrete using flat slab construction.
At Brooklyn Army Supply Base in New York, two eight-story warehouses were constructed. One
warehouse measured 200 x 960 feet, while the other measured 230 x 980 feet. Similar multi-
storied warehouses were constructed at Boston, Massachusetts; Chicago, lllinois; and, St. Louis,
Missouri. These permanent warehouses were fireproof and contained up-to-date technology
(Nimmons 1919; Crowell 1919:554-556). Multi-storied storehouses were built where land was
expensive, as in major cities or at ports. The Army did not construct this type of warehouse after
World War 1.

One-story Warshouses with Multiple Loading Doors Along Side Elevations

Between 1917 and 1946, one-story warehouses dominated storehouse construction.
These storehouses are characterized with multiple loading doors along side elevations. Concrete
loading platforms often were built along the long side elevations. Generally one side of the
building was used to load and unload trucks, whiie the opposite side was used to load or unload
railroad cars. The size of the warehouse depended on its purpose and the size of installation that
it served. The buildings were constructed of all types of materials. During wartime emergencies,
temporary wood-frame or steel buildings were constructed that were clad with wood or corrugated
metal or transite siding. During World Wars | and Il, long wood-frame storehouses were
constructed with firewalls (Figure 11; Figure 12, bottom). Permanent warehouses were built of
masonry materials, including brick, structural clay tile and concrete (Figure 12, top). The roofs
typically were low-pitched gable roofs or monitor roofs, which allowed additional light into the
building (Figure 13).

Heavy Materials Storehouses

This type of one-story storehouse is characterized by loading doors in the narrower end
elevations rather than the long side elevations. This type of storehouse was built to store heavy
materials, aircraft parts, or specialized supplies that did not require constant access. Interior
cranes were installed along the long axis of the building to move the heavy supplies. This type
of storehouse was built at Air Corps depots during World War | and World War I (Figure 14).

58



TABLE 3. WORLD WAR Il AVIATION DEPOTS

Qriginal Name

Type of Depot

Current Name Location Date
Established
Fairfield Air Depot Wright-Patterson OH 1918 Army Air Force
AFB

Galena Field Fairchild AFB WA 1942 Army Air Force

Midwest Air Depot Tinker AFB OK 1941 Army Air Force

Sacramento Air McClellan AFB CA 1936 Army Air Force
Depot

Rome Air Depot Griffiss AFB NY 1942 Army Air Force

San Antonio Air Kelly AFB TX 1917 Army Air Force

Depot '

Robins Field Robins AFB GA 1941 Army Air Force

Little Rock Depot Little Rock AFB AR 1939 Army Air Force

Middletown Air N/A PA 1918 Army Air Force
Depot

Mcbile Depot N/A AL 1940 Army Air Force

Ogden Air Depot Hill AFB ut 1940 Army Air Force

SOURCE: Brown 1990:124-125; Mueller 1989.
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Other heavy materials storehouses were constructed at storage depots and to meet specific
installation requirements (Figure 15).

Quartermagter/Commissary Storehouse

The Quartermaster storehouse generally was a one- or two-story, gable-roof buliding
constructed of brick, with standard-size windows and doors. This building type was the standard
- Quartermaster installation storehouse during the nineteenth century. It often contained storage
and offices for the commissary and Quartermaster departments. During the wave of permanent
construction during the inter-war period, one or two of these building types were often built at
installation. The buildings may feature simplified detailing that reflects the architectural revival style
selected for the main bulidings of the cantonment. These buildings are smaller than the wartime
warehouses. They usually are located in the Quartermaster support area set apart from the
administrative and residential areas of the cantonment (Figure 16).

Air Corps Warehouse

The Air Corps warshouse is a one-story, rectangular, gable-roof building, typically
constructed of brick, and characterized by bands of industrial steel sash windows {Figure 17).
Entries are located on all four elevations. The Army constructed this building type at Air Corps
installations-during the inter-war period. With some variation of window and door openings, this
building type also was constructed as maintenance and repair buildings at many installations. One
variation of this warehouse type is the one-story tripled version often constructed at airfields.

Inflammable materials storehouses generally are small one-story buildings that are used
to store smali amounts of iflammable materials, such as petroleum products (e.g., grease and
lubricating oils), paints, dope, or other substances that were necessary in repair or maintenance
activities. Between 1919 and throughout the 1930s, infflammable materials storehouses genérally
were constructed of masonry. They were located approximately 50 feet from the operations they
supported. During World War I, the Ammy constructed metal frame buildings with corrugated
metal siding to store inflammable materials. Often these buildings were located in installation
support complexes such as quartermaster maintenance areas or, as at Aberdeen Proving Ground,
in the test and shop area (Figure 18).

Qil House

A special bullding type constructed for one kind of inflammable material was the ol house.
This storage bullding was one-story, generally constructed of perranent building materials. The
main entrance was located in the front gable where drums of oil were loaded and unioaded.
These buildings often were located near installation gasoline stations (Figure 18).

Cold Storage
Cold storage facilities first appeared on a Widespread basis during World War I. They

often were constructed as temporary mobilization buildings at training camps. During the inter-war
period, the World War ! cold storage buildings often were converted to permanent bulldings; few
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new cold storage buildings were built during the inter-war period. On the eve of World War |, few
installations incduded cold storage buiidings. During World War Il, the Army started a concerted
effort to construct this bullding type using temporary mobilization plans. This building type is
characterized by few window and door openings with loading platforms. No permanent examples
of cold storage buildings were identified on site visits to Army or Air Force installations during this

study.
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Figure 11. (top} 1818-1919 Field Service Storage (Building 530, Aberdeen Proving Ground,
Maryiand)
{bottorn} 1919 instailation storehouse (Building 81, Fort Knox, Kentucky)
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Figure 12. {top; 1933 Quartermaster warehouse (History Office, U.S. Army Coms of
Engineers, OQGMG Drawing 422-145, Box 88)
{bottorn) 1941 general storehouse/inert storage (Building E5248, Aberdeen
Proving Ground, Maryland}
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1940 warehouse, Atlanta General Depot (History Office

Engineers, OQMG Drawing 422-296, Box 88)
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Figure 14. {top} 1918 Air Corps Depot Headquarters and main storehouse (Building 30001,
Wright-Patterson AFB, Ohio)
{bottorn) 1841 Alr Corps Depot warehouse (Building 30255, Wright-Patterson

AFB, Ohio)
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{top) 1934 inflammable materials storehouse (Building 531, Aberdeen Proving
Ground, Maryland) '
{bottorn) 1941 paint, ofl, and dope stcrage building (Mistory Office, U.S. Army
Corps of Engineers, OQMG Drawing 87-0-1.A-2, Box 147}
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CHAPTER V

ORDNANCE STORAGE ?

Military weapons, along with ammunition and related egquiipment, are defined as ordnance.
The development, production, use, and storage of ordnance(arg)directly reiated to the military’s
mission of defense. Storing ordnance requires specialized stordge structures that generally are
recognizable as separate building types from general storage. Ordnance storage buildings are
further distinguished by the material they store. The design and construction of ordnance storage
buildings over time was influenced strongly by the type of ordnance stored in the building.
Explosives were divided into two categories: high explosives and propellants. High explosives,
which exploded with greater force, were used to fill artillery shells or aerial bombs. Propeltants
were comparatively slow burning materials used to force the round out of the gun barrel, or to act
as a rocket motor. Smokeless powder was the most common propellant,

During World War Il, the military had three broad classifications of ordnance materials:

M most hazardous materials, inciuding bulk high explosive, high explosive
loaded in thin containers, such as aircraft bormbs, and fuses and
detonators;

(2) less hazardous materials such as smokeless powder, loaded but unfused

projectiles and smali-arms ammunition, which are more stable than the
materials in the preceding group; and,

(3) inert materials, such as unloaded shells, cartridge cases, empty powder
cans, and bag materiais (U.S. Navy Department, Bureau of Yards and
Docks 1947a V.11:328).

The Navy designed and constructed specific bullding types for each of the three classifications
at its naval ammunition depots. The Army designed specific building types for the first two
ordnance classifications. - To store inert ordnance materials, the Army used general storage
building types. )

The organization of the military services, the development of ordnance technology, and
level of military activity influenced construction of ordnance storage. Within the Department of
Army, the Ordnance Department was responsible for the production, repair, testing, and storage
of military weaponry. The Bureau of Ordnance was responsible for naval ordnance. The military
developed a system of distributing ordnance from strategically located depots to installations or
activities. This resulted in the construction of large numbers of identical ordnance storage
buildings at ammunition storage depots, and small numbers of ordnance storage bulldings at other
installations to support specific missions. During the twentieth century, especially during wartime,
the military required vast storage depots to hoid the large amount of ammunition and explosives
produced for modern warfare.
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Naval Ordnance Storage

Historically, the Navy provided each ship with enough ammunition to fill its magazines and
maintained reserve ammunition supplies on shore. During the nineteenth century, each naval
shipyard had one or two buildings designated as ordnance magazines. in general, these buildings
were one story with thick masonry walls to contain potential explosions.

As the Navy expanded and modernized its fleet during the mid and late nineteenth
century, it required more ordnance storage structures. By 1915, the Navy operated six magazines,
or ammunition storage depots, on the East Coast, three of which were within the New Yark area.
Ordnance starage on the West Coast was located at Mare Island, California, and Puget Sound,
Washington. {U.8. Navy Department 1915:312-313). The term magazine was used to mean both
groups of and individua! ordnance storage structures.

The Navy's magazine system evolved into a system of depots to store ammunition and
outfit ships. Personnel at ammunition depots monitored the life of volatile ammunition, checked
ammunition supplies, inspected ship ordnance, and replaced old stocks of ordnance. To prevent
accidental explosions from damaging valuable shipyards and other ships, the Navy prohibited
combat ships with full magazines from entering Navy yards. Early twentieth-century ammunition
depots were located either on naval installations, such as Mare Island, California, or within 50 mites
of major Navy yards (U.S. Navy Department, Bureau of Yards and Docks 1947a V.11:323).

World War |

Naval depots were classified into two types: (1} assembly and loading and (2) storage.
The first type of depot contained buildings for assembling and loading ammunition, as well as
storage buildings. Ammunition components were shipped to the depots, where laborers
assembied the ammunition and prepared it for distribution. The second type of depot provided
storage for both loaded ammunition and raw materials. - Depots of the first type, ammunition
assembly and loading, included: Hingham, Massachusetts; iona Island, New York; Fort Mifflin,
Pennsyivania; 5t. Juliens Creek, Virginia; Puget Sound, Washington; Mare Island, California; and
Kuahua, Hawaii. Examples of the second type of ammunition depot (sterage only) included: New
London, Connecticut; Fort Lafayette, New York; Lake Denmark, New Jersey; Charleston, South
Cardlina; Olongapo, Philippine Islands; and Cavite, Philippine Islands. The Navy also established
specialized depots to store torpedoes and mines. Mine and torpedo storage depots inciuded Goat
Island, Rhode Island, and Yorktown, Virginia (U.S. Navy Departrment, Bureau of Yards and Docks
1621:280, 283, 288).

Just prior to and during World War |, the Navy expanded both ammunition storage and
assembly depots, concentrating its efforts primarily on the Atlantic seaboard because of its
proximity to the European conflict. In order to accomplish the necessary construction within a
tight schedule, the Bureau of Yards and Docks developed standard designs for different types of
ordnance storage buildings based on the type of material it stored. Standard plans were
deveioped for above-ground storage buidings, including ammunition storage, mine storage,
torpedo storage, and inen storage. Above-ground storage was considered safe for ait types of
explosives and ordnance. In addition, the Bureau of Yards and Docks issued plans for subsurface
storage buildings, although few were constructed.

While ammunition depots supplied most ammunition required by ships, Marine Corps
installations and naval air stations required a small amount of ordnance storage on site for training
and to equip aircraft. In 1918, the Bureau of Yards and Docks issued a magazine building design
for air stations.



Inter-war Peri

During World War |, the storage capacity of naval ammunition depots was extended
beyond safety levels. After the war ended, the need to store ammunition returned from Europe
further stretched available storage space at depots. In 1926, a severe electrical storm ignited a
fire in one storage magazine at Lake Denmark Naval Ammunition Depot, New Jersey. The fire
initiated a series of explosions that spread quickly throughout the depot. Fires burned for weeks
at the instaliation, affecting every building and destroying many storage structures at Lake
Denmark and at the Army’s nearby Picatinny Arsenal (U.S. Navy Department, Bureau of Yards and
Docks 1947a V.11:324).

The military responded to the disaster with a series of investigations into ammunition
storage procedures. A joint Navy and Army board conducted the investigations and determined
that storage procedures at Lake Denmark were recklessly inadequate. The investigation revealed
that one magazine containing 1,691,000 pounds of TNT was located only 80 feet from another
magazine containing 789,400 pounds of TNT. At the time of the explosion, Lake Denmark was
one of several naval ammunition depots overcrowded with unused World War | munitions.

The official investigation resulted in new construction procedures and storage practices
at both Navy and Army ordnance depots. Wider dispersal of ordnance storage buildings became
a key feature of future depot construction. The amount of ammunition stored in a single storage
unit was reduced considerably, while the space between storage units was increased. The revised
Navy poalicy specified that single magazines contain less than 143,000 pounds of high explosives,
and be located at least 500 feet apart (U.S. Navy Department, Bureau of Yards and Docks 1947a
V.11:324; U.S. Navy Department, Bureau of Yards and Docks 1938:03-012).

As a result of the investigation, the Bureau of Yards and Docks issued new designs for
ordnance storage structures. The new designs called for non-combuistiblé construction materials
that did not splinter. Reinforced concrete replaced structural clay tile. A new type of high-
explosive magazine was devised; the new magazine was a low, arched structure constructed of
reinforced concrete and covered with earth. This design directed the force of an explosion up
instead of out (U.S. Navy Department, Bureau of Yards and Docks 1947a V.11:324; U.S. Navy
Depariment, Bureau of Yards and Docks 1938:03-012). The new arched-type magazine was
adopted by both the Navy and the Army. The Navy called the new design the arched-type high-
explosive magazine; the Army called the new design the "igloo.”

In addition, the Bureau of Yards and Docks increased lightning protection at ordnance
depots (U.S. Navy Department, Bureau of Yards and Docks 1947a V.1:339). Any metal used in
the construction of buildings storing explosive or flammable materials was required to be
grounded. Each building was provided with an *umbrella of protection.” Several grounded steel
masts surrounding the building were joined beneath its surface by a heavy wire "girdle,” providing
extensive protection from lightning (U.S. Navy Department, Bureau of Yards and Docks 1938:016-
019).

The Navy revised storage conditions at depots as space and budgetary constraints
allowed. During the late 1920s, the Navy received minimal appropriations and could not institute
a large construction campaign. At this time, the Navy maintained eight depots located near its
shipyards: Hingham, Massachusetts; lona Island, New York; Lake Denmari, New Jersey; Fort
Mifflin, Pennsylvania; St. Juliens Creek, Virginia: Yorktown, Virginia; Puget Sound, Washington;
and, Mare Island, California. However, few existing depots possessed sufficient land to aliow the
wide spacing between storage buildings required by the new policy. The first construction of the
new arched-type magazine occurred at Yorktown, Virginia with the completion of 77 arched-type
magazines (U.S. Navy Depantment, Bureau of Yards and Dacks 1947a V.11:325).
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Hawthorne Naval Ammunition Depot was the Navy's ninth ammunition depot and the first
ammunition storage depot entirely planned and constructed after the Lake Denmark explosion.
Located in the middle of a desert near Hawthorne, Nevada, the installation served Mare Island and
Puget Sound Navy Yards by rail. Construction began at Hawthorne in 1928, The installation was
commissioned in 1930 and contained B4 arched-type high-explosive magazines; 2 fuse and
detonator magazines; a mine-filling plant; and, a personnel support area. The construction and
design of Hawthorne reflected the Navy's revised storage policy. The magazines were designed
according to the new capagcity and spacing standards. Each magazine was spaced 600 feet from
other magazines, and groups of magazines were separated by more space (Building Technology
Inc., Hawthorne, 1984:32).

As Hlustrated in the construction of Hawthorne Naval Ammunition Depot, the Bureau of
Yards and Docks continued to utilize three general types of ordnance storage structures during
the 1930s. The three types were: (1) earth-covered structures for most hazardous materials; (2)
above-ground magazines for less hazardous but still highly inflammable materials including
smokeless powder, fixed and semifixed ammunition, small arms ammunition, and loaded
projectiles; and, (3) storehouses for inert material. Though the Navy constructed few ordnance
storage during the early and mid 1930s, the Bureau of Yards and Docks issued drawings for these
three types of ordnance storage (U.S. Navy Department, Bureau of Yards and Docks 1947a
V.1:339; U.S. Navy Department, Bureau of Yards and Docks 1938:012; NARA, Cartographic
Branch, RG 71, microfilm reel B7). _

Naval air stations also required ordnance storage. Typical ammunition storage structures
at naval air stations included: bomb sights storage, -torpedo storage, bombtail storage,
pyrotechnics storage, small arms storage, FS (a smoke agent}) smokedrum storage, fuse and
detonator storehouses, high-explosive magazines, and a war-head magazine. The number and
size of the storage buildings varied depending on installation size and the number of aircraft
assigned to the station (NARA, Carntographic Branch, RG 71, microfilm reel 87).

During the late 1930s, the U.S. Navy began to improve its forces in response to the
international aggression and naval expansion that followed the expiration of naval limitation
treaties. With this expansion came the demand for additional ammunition storage buildings,
particulafly on the West Coast. After 1938, the Navy expanded the Pacific fleet an additional 20
per cent. To accommodate storage needs for the enlarged fleet, the Navy constructed more than
100 new magazines of all types at three western depots: Puget Sound, Washington; Mare Island,
California; and, Hawthorne, Nevada (U.S. Navy Department, Bureau of Yards and Docks 1947a
V.11:325).

World War Ul

During the Protective Mobilization phase and World War li, the Navy established new
. ammunition depots and expanded existing depots to accommodate the increased needs for
ammunition storage. The Navy utilized the standard plans for ordnance storage structures that
were developed during the 1930s. The main types of ordnance stofage structures remained earth-
covered magazines, above-ground magazines, and inert storehouses. While the Navy utilized
temporary construction wherever possible, ordnance storage structures were constructed of
permanent materials to prevent and contain explosions, Inert storehouses were constructed using
both temporary and permanent construction materials. When construction materials shortages
became critical during World War I, inert storehouses often were constructed of timber frame and
corrugated siding.
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During World War II, the Navy enlarged the ammunition depot at Hawthorne, Nevada, and
built three additional vast inland storage depots: Crane, Indiana; McAlester, Oklahoma; and
Hastings, Nebraska. The inland storage depots were designed to supply regional coastal depots
and transhipment points. Regional depots established during World War | included Charleston,
South Carolina, and New Qrleans, Louisiana. Earle, New Jersey, and, Port Chicago, California,
were established as transhipment points. The Navy expanded older depots through acquiring
additional nearby acreage. Cohasset, Massachusetts, and Puget Sound, Washington, were
expanded using this method. A 1942 inventory of ordnance storage buildings located at principal
naval ordnance stations is contained in Table 4.

Hawthorne Naval Ammunition Depot, one of the four inland depots, illustrates the three
types of ordnance storage constructed during World War 1. By the end of World War |,
Hawthorne contained the following earth-covered magazines: 1,100 concrete arched-type, high-
explosive magazines measuring 25 x 80 feet; 80 concrete, rectangular box fuse and detonator
magazines measuring 25 x 20 feet; and, 400 reinforced concrete rectangular boxes measuring 50
x 100 feet. Above-ground concrete magazines were constructed to store smokeless powder. The
installation also had 222 concrete inert material storehouses (U.S. Navy Department, Bureau of
Yards and Docks 1947a V.11:339, 340; Building Technology Inc., Hawthorne, 1984:35-38). The
other three inland ammunition depots contained the same building types.

During World War |l, the Navy experimented with new designs of earth-covered
magazines. The Bureau of Yards and Docks issued designs for a concrete rectangular box
magazine that measured 50 x 100 that had concrete loading platforms. Other designs were
proposed to save critical construction materials. Designers developed double- and tripie-barrel
vauited magazines, which were comprised of two or three arched segments that shared commaon
walls, foundations, and loading docks. Examples of multi-vaulted sarth-covered magazines were
built at the Naval Ammunition Depot, McAlester, Cklahoma.

The Corbetta beehive magazine alsc was developed to reduce material requirements and
to simplify construction. Designed in 1942 by the Corbetta Construction Company of New York
City, this structure consisted of an elliptical, dome-shaped magazine. The advantage of the
Corbetta beehive was that it equaled the arched, earth-covered magazine in structural strength,
but required oniy half the steel, one-third the copper, and two-thirds the concrete required by the
standard type of magazine (MaclLeay 1942;74-75; Fine and Remington 1972:333-334, 530-531).
The Corbetta beehive magazine was constructed at the Naval Ammunition Depot, McAlester,
Oklahoma {Komatsu 1990:16}.

Naval Building Types
Above-Gr Storage

Untit 1927, above-ground magazines were the primary structures for ordnance storage;
such structures stored powder, shelis, and fixed ammunition. After 1927, above-ground magazines
stored ammunition classified as less hazardous, including smokeiess powder, loaded but unfused
projectiles, and small-arms ammunition.

Fixed Ammunition Magazines. in 1917, the Bureau of Yards and Docks issued a standard
plan titled "Magazine Building, Shell House, Fixed Ammunition House.” The plan depicted a one-
story structure with a standard width of 50 feet and standard height of 14 feet from ground level
to the roof framing. The building length was based on 10-foot bays and varied in length up to a
maxirmum of 250 feet. The magazine was constructed of structural clay tile that supported a steel-
truss roof clad with asbestos shingles. Windows, doors, and a concrete loading platform were
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located along one long elevation. The buildings were oriented along railroad tracks to insure easy
loading and uniocading of ammunition (U.S. Navy Department, Bureau of Yards and Docks
1921:281-283) (Figure 20, top).

The structure was designed to protect stored explosives from heat outside of the building.
induction ventilators punctured the roof of the building in alternating bays to allow air circulation,
At installations located south of Hampton Roads, Virginia, the Navy modified the design to
accommodate the warmer climate. The ceilings were suspended from the lower chords of the roof
trusses, and vents opened into the space directly under the roof. In addition, the Navy installed
a lightning-protection system to guard against the effects of thunderstorms (U.S. Navy Department,
Bureau of Yards and Docks 1921:281).

Within a year, the standard plan was modified. In 1918, the Navy issued a drawing entitled
"Standard Magazine Building” using the same basic plan, but without windows (NARA,
Cartographic Branch, RG 71, microfilm reel B7). In 1921, the Navy reported the construction of
over 100 of this type of standard magazine at ammunition storage depots during World War | (U.S.
Navy Department, Bureau of Yards and Docks 1921:281).

The design of fixed ammunition storage buildings was modified again following the 1926
explosion at the Lake Denmark Ammunition Depot, New Jersey. The Bureau of Yards and Docks
replaced structural clay tile construction with reinforced concrete. The buildings generaliy had a
concrete frame with concrete walls. A concrete loading platform was located along one long
elevation. Throughout World War I, the Navy continued to construct fixed ammunition storage
buildings at ammunition depots and installation magazine complexes (Figure 20, bottom).

ot Fuse and Detonato gkeless Pow Small Arms/Pyrotechnics Magazines. The
fuse and detonator magazine originally was designed as a small version of the fixed ammunition
magazine. This magazine type appeared primarily at large ammunition depots and installation
magazine areas that were constructed for long-term storage. Cne 1918 example located at St.
Juliens Creek Naval Annex, Virginia, Is a one-story brick building that measures 86 x 25 feet. The
foundation is concrete and the gable roof is clad with asbestos shingles (Figure 21, top).

After the 1926 Lake Denmark explosion, the Navy stored fuse and detonators in earth-
covered structures. Yet, the Navy continued to build the former above-ground fuse and detonator
magazine type 10 store smokeless powder, small arms, or pyratechnics. In many cases, these
buildings were concrete-frame buildings with concrete walls. Roofs were gabled and featured
metal ventilators. Concrete loading platforms were located along one long elevation of the
buildings (Figure 21, bottom).

Installation R mall Arms/Pyrotechnics M ines. The Navy issued a specific
building design for ready/small arms magazines located at naval air stations and other types of
installations that only required a small amount of ordnance. The u,pg&i,[gigm.’gmgn&l_ly were small
structures constructed of concrete and were intended only fg?%%ﬁ'ﬁdﬁﬁfﬁéﬁﬁﬁltefﬁ"’?t’“"c‘ii‘ﬁéé"‘of
ammunition. One example of a 1918.installation ready magazine is located at Naval Base Norfolk.
The building measures 35 x 14 feet It was.constructed of concrete with a concrete floor. The
hipped roof was clad in asbestos shingles (Figure 22, top).

During World War II, NW s generally retaingd the same shape and had either a flat |
concretg roof or hipped roof. - Instaflation ready magazines appeared as either oné-bay bufdings”
or muttiple-bay buildings (Figure 22, bottom). In general, these buildings were utilitarian in design.
in some cases, as at Moffett Naval Air Station, California, the buitdings were finished in a fashion
to reflect the prevailing architecture of the installation. The small, one-story installation ready
magazine at Moffett had a red clay tile hipped roof and stuccoed exterior. Though located in an

88



isolated area, the building's design reflected the Spanish Coionial Revival matifs of the main
portion of the installation.

Mine Storage. During World War |, the Navy developed a specialized storage structure
for use at naval mine depots to house 1,008 mines. The one-story building had a concrete
foundation and fioor, steel framing, and brick or structural ciay tile walls. The roof was bullt-up
on wood sheathing (Figure 23). In each building, mines were stored on steel-frame racks and
moved mechanically by cranes that ran along tracks. Twenty mine storage structures were
construcied during World War |. The locations included St. Juliens Creek, Virginia (6); U.S. Naval
Torpedo Station, Rose island, Rhode island (2); New London, Connecticut (3); Hingham,
Massachusetts {2); Weymouth, Massachusetts (2); lona island, New York (2); Pensacola, Florida
(1}; and Guantanamo, Cuba (1) (U.S. Navy Department, Bureau of Yards and Docks 1921:289;
NARA, Cartographic Branch, RG 71, microfilm reel B7). No mine storage buildings constructed
after World War | were identified.

Jorpedo Storage. Worid War | torpedo storehouses resembled the standard fixed
ammunition magazine with the addition of loading doors in the gable end elevations (Figure 24,
top). As the war progressed, the Navy modified the design for torpedo storehouses to include
improved methods for storing, handling, and overhauling torpedoes {U.S. Navy Department,
Bureau of Yards and Docks 1921:286-287). For example, the 1918 designs for torpedo
storehouses incorporated a monitor roof with a band of windows along the clerestory to provide
additional light (NARA, Cartographic Branch, RG 71, microfiim reel 549). The monitor-roof design
for torpedo storehouses remained in use through Word War Il (Figure 24, bottom). Torpedo
storage was constructed at ammunition depots and naval air stations.

‘Warhead Maqgazines. The warhead magazine evolved as a separate building type. A 1920
drawing depicted a ane-story structure with clay-tile walls that contained steel storage racks:
specifically designed to handle more than 200 war heads (Figure 25, top). Following the Lake
Denmark explosion, warhead magazines were designed as earth-covered storage

FS Smokedrum Storage. The FS smokedrum storehouse was constructed at both
ammunition depots and naval air stations. FS is a chemical smoke agent that was stored In metal
drums. The storehouse generally was a one-story building with a single access door. The drums
were stored on metal racks installed in the interior. During World War i, the building was
constructed with corrugated asbestos siding.

Eanth-Covered Storage

Earth-covered storage was used to store the most hazardous materials, including buik
high explosives, high expiosives loaded in thin containers, such as aircraft bombs, and fuses and
detonators. Underground storage offered a greater measure of protection and a greater control
over temperature than above-ground storage buildings. Temperature control and protection were
essential considerations for safe storage of dangerously explosive material.

Subsurface Magazines. In 1917, the Navy issued a design for a reinforced-concrete,
subsurface magazine for construction at Lake Denmark Naval Ammunition Depot, New Jersey.
It was a rectangular thick concrete box with a metal-clad door that measured 15 x 20 feet. The
subsurface magazine had a heavy concrete roof designed to contain possible explosions. The
structure was built into the side of a hill (Figure 26, top) (U.S. Navy Department, Bureau of Yards
and Docks 1921:282). These subsurface structures survived the 1926 expiosion intact.
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Rectangutar Box Magazines. Afterthe 1926 explosion at Lake Denmark Naval Ammunition
Depot, the Navy redesigned its subsurface magazines for use at ammunition depots and
installation magazine complexes. The heavy concrete roof was abandoned because of the danger
fiying pieces of concrete presented to adjacent buildings. The Navy concluded that constructing
a roof heavy enough to contain an expiosion was impractical. New roof designs were thinner and
were covered with earth; this design directed the force of an explosion upward, instead of out
towards other magazines. The new design also used less construction materials, and thus were
more economical than the old, heavy concrete designs. Initially, the Navy constructed small -
boxes of 12 x 17 feet and 10 x 14 feet to store black powder and fuses and detonators (Figure
26, middie). During World War |l, the Navy constructed large rectangular boxes that measured
100 x 50 feet to store smokeless powder, fixed ammunition, or small projectiles (Figure 26, bottom)
(U.S. Navy Department, Bureau of Yards and Docks 1938:013-14; Building Technology inc.,
McAlester, 1984:29). The large rectangular box provided more efficient storage space than the
arched-type magazine and still is constructed to store high explosives.

-Type, High-! ive Magazines. Afier the 1926 Lake Denmark explosion, the
Navy introduced a new design for ordnance storage structures. Bulk explosives, high explosive
loaded in thin containers, fuses, and detonators were stored in low, arched structures constructed
of reinforced concrete and covered in earth. The general dimensions of the arched-type
magazines were 25 x 40 feet, although the length couid be as long as 80 feet. The Navy first
constructed the arched-shape magazines at Yorktown, Virginia, and Hawthorne, Nevada (Figure
27, top).

The Navy constructed the earth-covered, arched-type high-explosive magazine during
World War 1l at ammunition depots and installation magazine complexes (Figure 27, bottom). The
structure stored many kinds of explosives. The spacing of the structures depended on the type
of explosive stored and construction of earth-bermed, protective barricades. Another advantage
of the earth-covering was protection from aerial observation.

During World War |l, the Navy experimented with construction materials and designs to
conserve critical materials. Atthe Marine Corps Development and Education Command, Quantico,
Virginia, the magazines are basically Quonset huts covered with earth. The Navy also constructed
double and triple arched-type magazines. The triple arched-type magazine was composed of
three arched sections that shared common walls, foundations, and loading docks. In this design,
three structures spaced approximately 12 feet apart were interconnected by a common concrete
wall and loading platform. Each unit measured 26 feet-6 inches wide x 80 feet long. The concrete
walls were 12 inches thick at the base, and tapered to 6 inches near the peak. A pair of doubie
metal doors was centered on each vault (Building Technology Inc., McAlester, 1984),

Another variation were called "Keypott” magazines. As surveyed at Naval Base Norfolk,
the Keyport magazine is a shallow, vauited, concrete structure with paired metal doors over the
opening. The magazines are located in a row of 15 adjoining magazines; the complex contained
12 rows. Each row of magazines faced an access road.

Corbetta Beehive Magazines. The Corbetta beehive magazine also was deveioped to
reduce material requirements and to simplify the construction process. It was a circular, dome-
shaped magazine that was as strong as the standard arched-type magazine, but required less
construction material. The beehive magazine design became the standard for later magazine
construction (Figure 28).

Warhead Maqgazines. During the 1940s, the Navy issued drawings for an earth-covered
warhead magazine. Constructed of concrete, the buildings was rectangular with a gable roof
(Figure 29).



inert Storage

During World War |, the Navy developed special plans for storage buildings to house inert
materials at naval ammunition depots. inert materials included unloaded shells and non-flammable
materials. The World War | standard magazine storehouse was generally two stories in height.
The ficor load requirements for the facility were less than those of the storehouses containing
more volatile material. Lighter fioor loads allowed greater flexibility in the construction and height
of the building. Elevators frequently were installed between stories. Construction materials
included brick and structural clay tile. Often repair and maintenance work was performed inside
the inert storage building. Therefore, the buildings had windows and were equipped with heating
and electrical lighting systems (UJ.S. Navy Department, Bureau of Yards and Docks 1921:282)
(Figure 30, top). The Navy also constructed two-story inert storage buildings during World War
Il (NARA, Cartographic Branch, RG 71, microfim reels B7, 63).

In 1918, the Bureau of Yards and Docks issued plans for a one-story standard storehouse
for ammunition depots. This building was constructed of brick and measured 60 feet by a varied
number of 20-foot bays; the storehouse could extent 200 feet. |t contained three-ply metal-
covered doors and steel-sash windows. The roof was a low-pitched gable with two lines of metal
ventilators. As constructed at St. Juliens Creek Naval Annex, Virginia, this building had no
windows, only loading doors along the side elevations (Figure 30, bottom}.

During World War I, one-story inert storage buildings were constructed of brick, structural
clay tile, or concrete. A standard plan for inert storehouses issued in 1941 depicted a one-story
building measuring 50 feet wide with varying length dimensions. A concrete loading piatform was
located along the long elevation and the loading doors were sliding metal-clad doors. The loading
elevation was punctuated with small pivat windows (Figure 31). The one-story inert storehouse
became the most common type of inert storage building.
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Figure 20. (top) 1918 standard magazine bullding, shell house, and fixed amrmunition storage
{Building 75, St. Juliens Creek Naval Annex, Virginia)
(bottom) 1842 fixed ammunition magazine (Building 169, St. Juliens Creek Naval
Annex, Virginia}
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Figure 21.

(top) 1918 fuse and primer storage building at (Building 83-Y, St. Juliens Creek

Naval Annex, Virginia)
{bottom) 1942 magazine (Building 178, St. Juliens Cresk Naval Annex, Virginia)
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Figure 22. {fop) World War | naval air station magazine (Building Y10, Naval Base Norfoli,

Virginia)
{bottom) 1942 naval air station magazine (Building SP5, Naval Base Norfolk,

Virginia)
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Figure 23. 1918 mine storage building (Building 64, St. Juliens Creek Naval Annex, Virginia)
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Figure 24, {top} 1818 torpedo warehouse (Building 68, St. Juliens Creek Naval Annex,
Virginia) ,
(bottorn} 1926 drawing of torpedo storehouse at Naval Destroyer Base, San
Diego, California (NARA, Cartographic Branch, RG 71, microfilm reel 1059). This
basic design was used through Word War §.
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(top) 1920 warhead magazine (Drawing 88829, Reel 1290, Naval Construction
Battalion Center, Port Hueneme, California)

{bottom) FS smokedrum storehouse (Drawing 179467, Reel 508, Naval
Construction Battalion Center, Port Hueneme, California)
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Figure 26. {top} 1917 sub-surface magazine at Lake Denmark NAD, New Jersey (NARA,
Cartographic Branch, RG 71, microfiim reel 66)
(middle) Fuse magazine constructed at lona Island, New York (NARA,
Cartographic Branch, RG 71, microfilm reel 63) _
{bottorm} Earth-covered rectangular box storage at McAlester AAP, Oklahoma
{Photo courtesy of U.S. Army)
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Figure 27.

(top) 1927 arched-type high-explosive magazine constructed at Naval Mine
Depot, Yorktown, Virginia (NARA, Cartographic Branch, RG 71, microfiim reel
549) :
{bottorn) 1945 arched-type high-explosive magazine (Bullding 251, St. Julfiens
Creek Naval Annex, Virginia) '
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Warhead magazine constructed at Alameda NAS, California, 1940 (NARA,
Cartographic Branch, RG 71, microfim reel 1047)

Figure 29.
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Figure 30. (top) 1918 standardized two-stary storshouse for ammunition depots (Building 69,
St Juliens Creek Naval Annex, Virginiz)
(bottorn} 1918 standardized one-story storehouse for ammunition depots (Building
80, St Juliens Creek Naval Annex, Virginia)
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Figure 31.

(top) 1941 Standardized design for inert storehouse (NARA, Cartographic
Branch, RG 71, microfiim reel B7)
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Army Ordnance Storage

Historically, Army troops transported ordnance supplies with them. At permanent
encampments, one building generally served as the powder magazine for the unit. The magazine
generally was a small, masonry building with thick walls to contain potential explosions.

During the nineteenth century, the Army developed a two-tier system of ordnance
distribution. Installation magazine buildings were supplied with powder and ordnance from
strategically-located arsenals. The term "arsenal" indicated two functions. Arsenals produced
ordnance and also stored ordnance supplies until shipment; examples of production arsenals
include Springfield Arsenal, Massachusetts; Watervliet Arsenal, New York; Rack lIsland Arsenal,
Minois; Picatinny Arsenal, New Jersey; and, Frankford Arsenal, Pennsylvania. in some cases,
arsenals only served as ordnance storage depots; examples of such installations include West
Point Arsenal, New York; New York Arsenal, New York; and, the Fort Leavenwarth Ordnance
Depot, Kansas. During the twentieth century, the Army expanded and improved its ordnance
distribution system.

The number of ordnance buildings constructed at installations depended on the size of
the installation and its mission. Production arsenals, artillery training instaliations, or ordnance
testing installations often included large numbers of ordnance storage structures. At other
installations, such as air fields, only a few ordnance structures were required.

World War |

When the United States entered the war in 1817, the Army was unprepared to wage a
massive military campaign in Europe. Between 1917 and 1918, the Quartermaster Departmaent
constructed Aberdeen Proving Ground, Maryland, a large proving ground, and five large
ammunition depots along the Atlantic Coast. The five ordnance depots were Raritan Arsenal,
Metuchen, New Jersey; Curtis Bay, Maryland; Pig Point, Nansemond, Virginia; Charleston, South
Caroling; and, Delaware, New Jersey {Thomson and Mayo 1960:353, 385). The Construction
Division located-the new depots near desp water to minimize handiing of high explosives and far
from inhabited areas to minimize impacts of potential explosions.

The largest of the new ordnance depots was Raritan Arsenal. A description of its
construction reveals that the Army constructed above-ground magazines to store ordnance during
World War |. By 1918, Raritan Arsenal contained 85 terra cotta tile magazines that stored shells,
black powder, and miscellaneous items. In addition, 12 high-explosive magazines were
constructed of sheet-metal; each magazine measured 26 x 42 feet. At the time of the Armistice
in Naovember 1918, 80 additional steel magazines were under construction to store smokeless
powder (Crowell 1919:551-552).

During World War |, the Army also expanded ordnance storage capacity at existing
installations. For example, at Picatinny Arsenal, 54 new ordnance storage buildings and a powder
house were constructed (U.S. Department of Interior, National Park Service, HABS, 1985:24).

inter-war Period

Following the end of the war in November 1918, War Department planners adopted a plan
to improve the system of ordnance depots based on European combat experience. The plan
recommended establishing reserve depots to store large stocks of ordnance supplies; establishing
intermediate depots to store a three-month supply of ordnance; and, establishing area depots
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located at installations to store a one-month supply of ordnance. Due to severe budget
constraints, the Army implemented the new plan slowiy, using existing instailations where possible.

Immediately following Worid War |, five production arsenals were converted to reserve
depots: Frankford Arsenal, Pennsylvania; Springfield Arsenal, Massachusetts; Watertown Arsenal,
Massachusetts; Waterviiet Arsenat, New York; and, Rock island Arsenal, ilinois. During the 1920s,
two more reserve ordnance depots were constructed: Savanna Ordnance Depot, lllinois, and
Ogden Ordnance Depot, Utah (Thomson and Mayo 1960:353). By 1929, the Army's ordnance
depot system included 11 installations (Table 5).

The 1926 explosion at the Navy's Lake Denmark Ammunition Depot aiso affected Army
ordnance storage practices. The Lake Denmark explosion spread to nearby Picatinny Arsenal,
which suffered extensive damage from the explosions and subsequent fires. As a result of
investigations that followed the disaster, the Army and Navy adopted stringent’ new safety
regulations for ammunition storage. The most notable consequences of the Lake Denmark
explosion were the development of a new type of ammunition magazine and the adoption of new
quantity and distance requirements for ordnance storage. The Army adopted the barrei-vaulted
magazine, known as the *igloo," to store high explosives. The structure was constructed of
reinforced-concrete and earth-covered. The design and shape of the igloo directed the force of
potential explosions upwards, rather than out toward adjacent magazines (Thomson and Mayo
1960:361). Lightning rods and extensive grounding of all metal prevented lightning from causing
explosions. In addition, the Army recommended a dispersed plan of widely spaced and isolated
igioos. The minimum width between barricaded igloos was 400 feet; between igloos without
barricades, 800 feet (U.S. War Department, Ordnance Department 1941.26-27).

in 1928, the first igloos were completed at Savanna Ordnance Depot, llinois; Benecia
Arsenal, California; and Aberdeen Proving Ground, Maryland (Thomson and Mayo 1960:361). The
igloo magazines at Aherdeen Proving Ground are recorded in real property records with a 1930
date of construction (Directorate of Public Works, Real Property Records, Aberdeen Proving
Ground). At Savanna Ordnance Depot, 24 igloos were arranged in parallel rows along six roads
and were spaced 400 feet from each other to minimize the potential for the spread of explosions .
(Buiding Technology Inc., Savanna, 1984:38). igloo storage also was constructed at Army Air
Corps installations including Selfridge Field, Michigan, and Langley Field, Virginia (History Office,
U.S. Army Corps of Engineers, Quartermaster drawings, Box 110). From 1929 through World War
Il, the igioc was the Army’'s preferred structural design for high-explosive storage (U.S. War
Department, Ordnance Department 1941:26-27). The Army continued to design non-igloo
ordnance storage structures for storing other types of ordnance. During the 1930s, the
Quartermaster Department issued a series of standard plans for ammunition magazines. The
types of ordnance storage magazines included: standard post magazine, also for bulk high
explosives, or primers and fuses; black powder magazine; standard ammunition magazine; bomb
loading magazines; and, smokeless powder magazines. Despite these plans, the Army initiated
little new construction at ordnance depots during the late 1920s and early 1930s. A few ordnance
storage buildings were constructed at new or expanded installations that required the storage of
small amounts of ordnance to fulfiif their mission; for example, Air Corps installations typically
included one or two bomb storage structures.

During the late 1930s, the War Departrnent reorganized its ordnance storage system. The
Army planned to reduce the number of eastern ordnance depots and to expand the number of
western ordnance depots where the dry climate was more suitable for long-term storage.
Geographic distribution was another important criterion for establishing new depots. Immediately
after the passage of the Protective Mobilization legislation in 1940, the Army planned to locate one
depot in each of the four corners of the country to support forces repelling attacks from any
direction. The four locations selected were: Fort Wingate, New Mexico; Ravenna, Ohio; Umatilla,
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TABLE 5. 1929 LIST OF ARMY RESERVE AND INTERMEDIATE AMMUNITION DEPOTS

_ e
Name State Date of Type
Establishment’
Curtis Bay Ordnance Depot MD 1418 Reserve
Delaware Ordnance Depot NJ 1918 Reserve
Raritan Arsenal NJ 1918 Reserve
Pig Point {Nansemond} Ordnance VA 1918 Reserve
Depot
Savanna Ordnance Depot iL 1917 Reserve
Qgden Ordnance Depot ut 1920 Reserve
Wingate General Ordnance Depot NM 1870 Reserve
Augusta Ordnance Depot GA Unk, Intermediate/Area
Benicia Arsenal CA 1851 Intermediate /Area
Rock Island Arsenal IiL 1861 Intermediate /Area
San Antonio Arsenal T 1920

Intermediate /Area

Sources: Thomson and Mayo 1960:353-354; Ft. Sam Houston Museum 1990:43-47.
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Oregon; and, Anniston, Alabama. Construction at these locations began in 1941 {Thomson and
Mayo 1960:361-362; 366-367).

World War Il

During World War |, the Army’'s ordnance requirements greatly expanded. Storage
capacity available during 1940 was overtaxed by 1942. The Army rapidly expanded its ordnance
depot system, adding 16 new ordnance depots by 1943,

To meet the overwhelming need for new facilities during Word War H, the Army adopted
a policy of temporary construction wherever possible. At ordnance depots, however, the Army
generally utilized permanent construction materials, particularly for ordnance magazines and
igioos. The first wave of ordnance depots planned and completed before 1942 were intended for
use after the war and thus were constructed using permanent construction design and materials.
These depots, termed the "Class A" included the four depots established in 1340, plus four
additional depots: Milan, Tennessee; Seneca, New York; San Jacinto, Texas; and Red River,
Texas.

The Ordnance Department constructed a second wave of eight depots, termed the "Class
B" depots, after December 1941, to handle the ever-increasing supply of ordnance. Wherever
feasible, the Ordnance Department located its depots near ordnance loading plants to reduce
transportation costs. While permanent construction occurred within the explosives storage areas,
administration and other non-explosives-storage structures were built utilizing temporary
mobilization building plans and materials when possible. "Class B” depots included Sierra, Navajo,
Letterkenny, Sioux, Black Hills, Tooele, Blue Grass, and Pueblo (Thomson and Mayo 1860:372-
378) (Tabie 6).

The reinforced-concrete igloo was the most common structure constructed at ammunition
depots during World War ll. After January 1941, the Ordnance Department required concrete
igloos for all types of ammunition except for small arms ammunition (Figure 32). While basic
design and construction of the igioo remained the same as the early 1930s designs, minor design
modifications were made as the construction of large numbers of igloos progressed. While the
width of the igioo remained constant at 26 feet, the length of the igloos varied from 40, 60, to 80
feet. In addition, during construction of the Anniston depot, the construction of metal ventilators
were added to the igleos design. This modification became part of the subsequent igloo standard
plan (Thomson and Mayo 1960:366-368; History Office, U.8. Army Corps of Engineers,
Quartermaster drawings, Box 110; Bullding Technology (nc., Anniston 1984:19).

The large numbers of igloos constructed at ordnance depots followed a distinctive site
plan. Igloos were located in blocks of 100, with a minimum distance of 1,400 feet between blocks.
Within each block, magazines were separated by atieast 400 feet. These minimum distance safety
standards required that ordnance depots include considerable acreage, as well as extensive road
and railroad networks to link the different areas within the depot (Thomson and Mayo 1960:368-
369).

The Army also constructed above-ground magazines at ordnance production plants,
ordnance depots, and chemical warfare depots. In 1941, the Ordnance Department published a
safety manual that contained descriptions of the following types of above-ground magazines:
explosives magazines, smokeless powder magazines, primer and fuse magazines, and ammunition
magazines (U.S. War Department, Ordnance Department 1941:26-27). In general, these types of
magazines were constructed of structural clay tile with concrete foundations. These buildings
were arranged in rows with access to both railroad and road transportation networks. The
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TABLE 6. WORLD WAR Il ARMY ORDNANCE DEPOTS AND
CHEMICAL WARFARE SERVICE DEPOTS

— —————

=

Original Name Current Name Location Date WWI Program
Established Type
e e et
ORDNANCE DEPARTMENT DEPQOTS
" T
ﬁ Anniston Ordnance | Anniston Army Depot AL 1941 A
Depot
Benecia Arsenal Benecia Arsenal CA 1851 N/A
Black Hills Black Hills Army SD 1942 B
Ordnance Depot Depot
Biue Grass Lexington Blue Grass KY 1941 B
QOrdnance Depot Depot Activity
Charleston Charleston Army sC 1916 MN/A
Ordnance Depot Depot
Curtis Bay N/A MD 1918 N/A
Ordnance Depot _
Delaware Ordnance N/A NJ 1918 N/A
Depot
Letterkenny Letterkenny Army PA 1942 B
Ordnance Depot Depot
Lima Army Tank Lima Army Tank OH 1942 N/A
Depot Plant
Milan Ordnance Milan AAP TN 1941 A
Depot
Nansamond N/A VA 1918 N/A
Ordnance Depot
Navajo Ordnance Navajo Army Depot AZ 1942 B
Depot ‘
Ogden Ordnance Ogden Defense utr 1920 N/A
Depot Depot
Portage Ordnance Ravenna AAP OH 1940 A
Depot
Pueblo Ordnance | Pueblo Army Depot Co 1942 8
Depot
Raritan Arsenal N/A NJ 1918 N/A
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WWII Program

Type
I . e
Red River Red River Army 1941 A
Ordnance Depot Depot
$an Jacinto N/A- 1941 A
Ordnance Depot
Savanna Ordnance | Savanna Army Depot iL 1917 N/A
Depot Activity
I Seneca Ordnance Seneca Army Depot NY 1941 A
Depot
| Sierra Ordnance Sierra Army Depot CA 1942 B
Depot
Sioux Ordnance Sioux Army Depot NE 1942 B
Depot
Tooele Ordnance Tooeie Army Depot (1) 1942 B
Depot
Umatilla Ordnance | Umatilla Army Depot OR 1942 A
Depot
Wingate Ordnance Fort Wingate Army NM
Depot Depot
CHEMI WARFARE SERVICE
| Deseret Chemical Toosle Ordnance ut 1942 N/A
Warfare Depot Depot
Eastemn Chemical Edgewood Area, MD 1940 N/A
Warfare Depot Aberdeen Froving
Ground
Guif Chemical Redstone Arsenal AL 1941 N/A
Warfare Depot
| Northeast Chemical | Lake Ontario Arsenal NY 1942 N/A
Warfare Depot

Midwest Chemical

Pine Bluft Arsenal

Warfare De
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Figure 32.
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World War |l construction of igloos at Red River Army Depot, Texas {Fhoto
courtesy of U.8. Army)
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structural clay tile magazine was the second most common type of ordnance storage building
constructed during World War il.

Construction of igloos required an excessive guantity of steel, a critical war material.
Between 1942 and 1943 engineers proposed an alternate design for munitions storage structures
to reduce the amount of steel required for in each magazine. The design consisted of a circular,
dome-shaped magazine, known as a "beehive." The new design proved to be equal to the igloo
in structural strength, while using half the steel, one-third the copper and two-thirds the concrete
required by the standard igioo (MacLeay 1943:74). The savings in construction materials was due
to the shape of the magazine. The Corbetta Construction Company of New York City was the first
company to construct the *beehive” storage igloos. Development of the beehive design, however,
was undertaken after most ordnance depots already had been completed (History Office, U.5.
Army Corps of Engineers, Quartermaster drawings, Box 112).

Other plans for storage magazines constructed during wartime included wood-frame
storage buildings with extensive earth berms, “Richmond” magazines, and earth-covered steel
structures. The "Richmond” magazine had a concrete foundation with brick or concrete block
walis, and was surrounded by earth on three sides up to the roof line. This type of magazine was
identified at ammunition plants such as Cornhusker, Kansas; Holston, Tennessee; and Newport,
Indiana (Building Technalogy Inc., Cornhusker 1984:20; Holston 1984:25-28; Newport 1984:21,24;
History Office, U.S. Army Corps of Engineers, Quantermaster drawings, Box 112).

Other installations besides ordnance production ptants and depots also required ordnance
storage structures, notably installations involved with artillery training, ordnance testing, or aviation.
For example, at Fort Knox, Kentucky, an armored forces training installation, a separate
ammunition storage area was constructed during World War |l that contained both above-ground
and earth-covered storage. Earth-covered storage included reinforced-concrete igloos, arched
steel magazines, and circular steel magazines. Above-ground storage included a structural clay
tile magazine and a segregated magazine. At Aberdeen Proving Ground, Maryland, igloos and
above-ground magazines were dispersed throughout the testing areas of the installation. At Army
airfields, a few above-ground magazines generally were located near the hangars. If an installation
required long-term storage, then groups of magazines were constructed in an isolated area
{Grandine et al. 1994; History Office, U.S. Army Corps of Engineers, Quartermaster drawings, Box
145).

Army Building Types
Above-Ground Storage

Powder Magazines. The standard biack powder magazine was generally small in size,
ranging from 8 x 8 feet to 20 x 24 feet, and was constructed for instaliation ammunition storage
(Figure 33). The Quartermaster issued the first designs for a powder magazine during the
nineteenth-century. The earliest designs of this building type depicted a stons or brick building
with a gable roof and gable-end doorway. During the twentieth century, the building type was
designed with a shed roof, often of concrete, and a central metal door (History Office, U.S. Army
Corps of Engineers, Quartermaster drawings, Box 110). The powder magazine building type with
the concrete shed-roof also stored dynamite and other high explosives as well as fuses and
detonators.

Ammunition Magazines. The Quartermaster Department developed plans for larger

ammunition storage structures in response to the expanding storage needs during World War |
and attempted to standardize the construction. At Raritan Arsenal, New Jersey, the Army
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constructed 85 magazines that measured 51 x 218 feet. These magazines stored shell, black
powder, and misceflaneous items (Crowell 1919:551-552). At Edgewood Arsenal, Maryland, the
Army constructed rectangular, one-story structurai clay tile magazines with monitor roofs (Figure
34, top).

di nghn‘ thelon'-'

_ vatlons and a gable TOOf clad w:th flra ratardant
rﬁg - The, building generally contained metal ventilators on the:roof ridge and was protected
bylightningpods: The-magazines were 51:feet wide and of various lengths, including 78, 98, 118,
and 218 feet long (Figure 34, bottom). During the 1930s, concrete loading docks along one side
elevation became a characteristic feature for this type of building, particularly at ordnance
“production plants, ordnance depots, and chemical warfare depots (History Office, U.S. Army Corps
of Engineers, Quartermaster drawings, Box 110).

Smokel inggFPUring the 1930s, the Quanermaster Department issued
a ;standard. plan. for & smokele.%s powder magazine. It measured 37 x 110 feet and was
constructed of structural clay tile walls with a gable roof clad with fire resistant materia! (Figure 35,
top). Loading doors were iocated along the long elevations. During World War Il, the Army
constructed smokeless powaer magazines with smaller dimensions, such as 51 x 78 feet or the
size of explosives magazines described below (History Office, U.S. Army Corps of Engineers,

Quartermaster drawings, Box 110}.

Explosives/Primer and Fuse/Post Ordnance /Smokeless Powder Magazines. DuringWorld

War |, the Amy constructed metal-frame high-explosives magazines that measured 26 x 42 feet
(Crowell 1919:551-562). This building type had a single entry in the gable end (Figure 35, bottom).
In 1933, the Quartermaster Department issued a plan for a standard magazine for storage of bulk
explosives or primers and fuses, or for use as a standard post ordnance magazine. The building
was constructed of terra cotta tile and measured 27 x 43 feet.

The magazine had two design variations. One variation had a single entry in the gable
end. Examples of this kind of magazine appeared at artillery and armored forces installations such
as Fort McClellan, Alabama, and Fort Knox, Kentucky, and at Air Corps installations, such as Scott
AFB, lllinois. The second variation contained multiple entries located along the long elevations.
The second variation appeared at ordnance production plants, ordnance depots, and chemical
warfare depots (Figure 36, top).

Segregated/Bomb Loading/Air Corps Magazines. This magazine generally was a small,

masonry building with a shed roof (Figure 36, bottom). It was constructed in self-contained bays;
each bay had one entry. The length of the buiiding varied, depending on the number of
compartments. Common lengths include two or six compartments. This type of magazine was
constructed during the inter-war period and World War li at Air Corps installations and installation
ordnance starage complexes.

Richmond Magazines. The "Richmond® magazine had a concrete foundation with brick
or concrete block walls, without steel reinforcement. The roof was a slightly pitched gable roof.
The magazine was surrounded by earth on three sides up to the roof line (Figure 37, top). The
Army constructed "Richmond" magazines at World War li-era “Class B* ordnance depots and at
ammunition plants such as Corphusker, Kansas; Molston, Tennessee; and Newpor, Indiana
(Buiding Technology Inc., Cornhusker 1984:20; Holston 1984:25-28; Newport 1984:21,24; History
Office, U.S. Army Corps of Engineers, Quantermaster drawings, Box 112).
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Agloos. The Army completed its first igloo magazines in 1928, This building type Is similar
to the Navy's arched-type magazine, and was used to store high explosives. The igloo magazine
was a barrel-vaulted structure constructed of reinforced-concrete and earth-covered. The sides
of the igloo were semicircular so that the weakest structural point was the roof. The igloo’s shape
directed the force of potential explosions upwards, rather than out toward adjacent magazines.
The earth that covered the igloo was stabilized with grass. A metal door set in the center of the
concrete wall protected the exposed end of the magazine and provided access into the igloo
{(Figure 37, bottomn).

During World War |l, the concrete igloo was the most common ordnance storage structure
constructed, especially at ordnance storage depots. The size of the igloo varied. While the width
of the igloo remained constant at 26 feet, the length of the igloos ranged from 40, 60, to 80 feet
{Figure 38, top).

Ryring World War I, some temporary igloos were constructed at small ammunition
Storage areas located on Army mstallatiops At Fort Knox, Kentucky, the igloos were constructed
olesteet-and covitad” With “éar{h"(Hustory ce, U.S! Army Corps of Engineers, Quartermaster
deewiris: Box 1107 U.S. Ordnance Department 1941:31).

Rectangular Boxes. During the 1930s, the Quanermaster Department issued a standard
plan for an earth-covered, rectangular magazine that measured 8 x 10 feet. This structure was
constructed of reinforced concrete and covered with earthen berms (Figure 38, bottom).

Corhetta Beehive Magazines. The Corbetta beehive magazine was developed to conserve
critical construction materials and to simplify the construction process. It was a circular, domed
structure constructed of reinforced concrete. The Corbetta beehive magazine was tested at the
Naval Ammunition Depot, McAlester, Oklahoma (Komatsu 1990:16). it was constructed at several
Army ordnance depots, including Volunteer Ammunition Depot, Tennessee (History Office, U.S.
Army Corps of Engineers, Quartermaster drawings, Box 112} (Figure 28).
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" Figurs 33.

{top} 1919 high explosive magazine (Bullding E2148, Aberdeen Proving Ground,
Maryland)

(bottom) 1934 high explosive magazine (Building M-376, Aberdeen Proving
Ground, Maryland)

129



|
1

Figure 34. ({top) 1918 ordnance magazine (Building E1930, Aberdeen Proving Ground,
Maryiand)
(bottom)} 1941 ammunition magazine (Building E5832, Aberdeen Proving Ground,
Maryland)

1

131




Figure 35.

{top) 1841 standard smckeless powder magazine {E5844, Aberdeen Proving
Ground, Maryland)

(bottorn) 1934 explosive magazine (Building 435, Aberdeen Proving Ground,
Maryland) -
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Figure 36. (fop) World War Il smokeless powder magazine (Buliding JB-605, Ravenna AAP,
Ohio) ‘
{bottom) 1942 Alr Corps ammunition storage magazine (Building 442, Scott AFB,
linois) :

135



Figurs 37, (top) World War il Richmond magazine, indiana AAP, indiana
{bottorn) 1830 igloo (Building M-732, Aberdeen Proving Ground, Maryiand)
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Figure 38. {top} 1841 igloo (Building 5018, Indiana AAP, Indiana)
(bottorn} 1931 earth-covered magazine (History Office, U.S. Army Corps of
Engineers, COMG Drawing 652-287, Box 110}
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CHAPTER VI

FUEL STORAGE

Fuel storage facilities were constructed to store coal and fuel oil. The military's increasing
use of machinery and electric power equipment required stable supplies of fuels. Wood was the
first fuel source used to power steam ships and locomotives. Coal replaced wood as the primary
fuel source during the second half of the nineteenth century. Merchant ships began to experiment
with fuel oil during the last decade of the nineteenth century. However, coal remained the
dominant fuel source for the military through Word War I. During the inter-war period, coal and
fuel oil competed in the fuel source market. Fuel oil and gasoline were used to power aircraft,
maotor vehicles, and military ships. Coal remained the primary fuel source for power houses and
boilers at military installations until World War l.

Naval Fuel Storage

The Navy required fuel for two functions: powering ships and supplying central power
houses and boiler plants at shore installations. in both cases, the Navy initiaily relied on coal for
fuel. Coal is a bulky substance that was stored .outdoors in most cases. In some cases, shed-
roofed structures wete constructed to protect coal supplies. Coal needed to fuel central powar
plants was stored near the plant within easy distance of coal handling equipment.

During the 1880s, the Navy began to construct ships that relied on steam power rather
than sails. Coal was the principal fuel source, and the Navy established coal depots at strategic
coastal locations. Coaling stations included wharves to unload coal and fuel ships, open storage
bunkers, a boiler house, a power house to provide steam power to coal handling equipment such
as cranes, coal towers, and a system of dump cars. The Navy’s largest coal depot on the Pacific
Coast was established in 1904 at Tiburon, California (U.S. Navy Department, Bureau of Yards and
Docks Bulletin 7 1911:12-18).  Other coal depots included Melville, Rhode Island; Narragansett
Bay, Rhode Island; San Diego, California; Key West, Florida; Pearl Harbor, Hawaii; and, the
Panama Canal Zone.

The Navy experimented seriously with liquid fuel during the 1890s. In 1897, a torpedo
boat was out-fitted with a steam system fueled by oil. Tests conducted during the first years of
the twentieth century proved that oil-burning engines produced steam more rapidly and efficiently
than coal-burning ones. In 1908, the Navy built its first large-scale, oil-burning steam plant in the
monitor Wyoming (Alden 1972:224).

The new fuel source required that a new type of storage structure be constructed at
strategic locations. In 1811, the Navy began to construct above-ground, steel fuel-oil storage
tanks at Charleston Navy Yard, South Carolina; Norfolk Navy Yard, Virginia; Boston Navy Yard,
Massachusetts; Key West, Florida; Melville, Rhode Island; San Diego, Caiifornia; Puget Sound
Navy Yard, Washington; Mare Island Navy Yard, California; Pearl Harbor, Hawaii; and, Cuba
(Drawings, Resl 1299, Naval Construction Battalion Center, Port Hueneme, California). On the
West Coast, the Navy used commercial oil storage facilities (U.S. Navy Department, Bureau of
Yards and Docks Builetin 17 1914:32-39). However, coal still remained the primary fuel for Navy
ships through World War L.
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Coal was the primary fuel source for central power houses and bailer plants at installations
located in the East and Midwest. Storage bunkers were constructed as part of power houses or
boiler plants to stockpile a 24-hour fuel supply. Additional coal supplies were stored in outdoor
areas. The Navy constructed oil-fired power houses at the Mare Istand and Puget Sound Navy
Yards because of the availability of oil on the West Coast (U.S. Navy Department, Bureau of Yards
and Docks 1921:255-277). '

World War |

Fuel storage and distribution became critical during the war. The Navy required fuel
supplies to operate its industrial plants and ships. The Navy was charged with transport
operations of American troops and supplies to Europe. As part of transport operations, the Nawvy
was responsible for fuel supplies. During World War |, fuel sources for ships included both coal
and fuel oil. However, coal supplies remained most critical to naval pianners. The Navy provided
coal storage at points of troop and supply embarkation to refuel ships transporting supplies
overseas (U.S. Navy Department, Bureau of Yards and Docks 1921:321). Coai also remained the
primary fuel source for most naval power and heating plants during World War .

During the winter of 1917-1918, a coal shortage crippled shipping on the East Coast. To
avoid future problems during wartime, the Navy established five émergency coaling stations at
critical ports to augment existing coaling stations. The new stations included: Boston,
Massachuseits; New York, New York; Baltimore, Maryland; Hampton Roads, Virginia, and
Charleston, South Carolina. These facilities generally were open areas that were serviced by a
dock and ore-loading cranes.

Just prior to World War |, the Navy decided 1o increase its fuel-oil storage capacity along
the coasts in response to the increased number-of oil-fueled naval vessels. The Navy anticipated
that oil-fueled ships would replace coal burners and incorporated technological changes into their
training. At the naval training camp at Newport, Rhode Island, the new power plant was oil-fueled
$0 that enlisted personnel could train using oil-burning equipment before ship assignment (U.S.
Navy Department, Bureau of Yards and Docks 1921:263).

Construction of permanent fuel-oil storage facilities progressed during the war, even
though such construction was not considerad a wartime project. The Navy did not expect to use
the storage during the war. The new storage structures were rectangular, reinforced-concrete
tanks located underground. The tanks were equipped with special heaters to allow the oil to flow
easily since the oil purchased from Mexican fields was a heavy grade. The Navy constructed
concrete reservoirs at Guantanamo Bay, Cuba; Melville, Rhode Island; Puget Sound Navy Yard,
Washington; San Diego, California; Pearl Harbor, Hawalii: and, Yorktown, Virginia (U.S. Navy
Department, Bureau of Yards and Docks 1921:359-360).

The Navy constructed above-ground steel tanks to store ail at several installations.
However, war time contingencies interrupted planning efforts. Fuel-oil and gasoline storage
became critical in France during the war, so several steel tanks intended for use at U.S. Navy
yards were shipped to Brest, France. Three steel tanks constructed at Norfolk Navy Yard, Virginia,
were disassembled and shipped overseas before they were filled with oli. The fuel oil located at
Brest supplied destroyers that protected the transport ships against submarine attack (U.S. Navy
Department, Bureau of Yards and Docks 1921:359-361). '
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Inter-war Period

During the inter-war period, oil replaced coal as the primary fuel for powering ships. The
. Navy converted its pre-1918 coal depots to general fuel depots that eventually stored fuel oil
exciusively. By the late 1930s, coal depots were obsolete.

During the inter-war period, the Navy classified its liquid fuels as fuel oil, diesel oil, and
gasoline. Locations of fue! depots depended on fleet needs, availability of local fuel-ofl supplies,
and availability of commercial supplies. A fuel depot required fueling wharves, storage structures,
and, if possibie, a fire protection system. During the 1930s, the Navy recommended construction
of steel tanks to store liquid fuels. The tanks were spaced to minimize the spread of fire (U.S.
Navy Department, Bureau of Yards and Docks 1938:L1-L2).

The fuel depot at San Diego, California, illustrates the evolution of most fuel storage
depots. San Diego originally was established as a coaling plant. During World War |, the coaling
plant dominated the shoreline. One concrete oil storage reservoir was constructed at the plant.
During the inter-war period, the number of fuel storage tanks increased and the coaling plant was
disbanded. By World War ll, the coaling plant was entirely replaced by fuei-cil storage tanks.
Administration buildings were constructed on the location of the original coal yard.

The Navy required a variety of liquid fuels. Types of fuels needed included gasoline for
aircraft; commercial-grade gasoline for trucks, automobiles, and boats; and, fubricating oils. The
Bureau of Yards and Docks recommended construction of underground storage tanks at naval
air stations that could be operated by remote-control pumps or compressed air. Capacities
ranged from 20,000 to 30,000 gallons at patrol stations, to 120,000 to 130,000 gallons at fleet
bases (UI.S. Navy Department, Bureau of Yards and Docks 1938:Q17).

During the inter-war period, power and heating plants at naval installations continued to.
operate using fuels based on regional availability. The Navy continued to use coal at power plants:
on instaltations in the East and Midwest. The power plant constructed in 1928 at the Marine Corps
Base, Quantico, Virginia, was the first system that used puiverized coal as fuel. Oil-burners
continued in use at Mare [sland, California; Puget Sound, Washington; and, Newport, Rhode
Island. Gas was used at few installations during the late 1930s because of its high costs. Where
used, the gas-fueled system was constructed for easy conversion to oil if the price of gas
increased (U.8. Navy Department, Bureau of Yards and Docks 1938.07-D8).

World War I

Curing World War ll, the Navy expanded Rts liquid fuel depots. In 1941, stored fuel
supplies included 3,500,000 barrels of fuel oil; slightly less than 200,000 barrels of diesel oil; and,
148,810 barrels of aviation gasoline. No excess commercial fuel storage was availabie. The
Council on National Defense, organized in 1940, recommended that the military construct and fil
reserve storage tanks with enough fuel oll to last through 100 days of war, an estimated 7,500,600
barrels {U. 8. Navy Department, Bureau of Yards and Docks 1947a V.11:319). ‘

in 1939, the Secretary of the Navy established the Fuel Storage Board to direct its fuel-
storage expansion program. One of the board’s first recommendations was that fuei-oil storage
tanks be located underground to safeguard against air attack. The officers considered camoufiage
alone insufficient for protecting large tank farms, although camouflage might work for smaller
storage plants. The board recommended that tanks be constructed of reinforced concrete and
buried at ieast two feet underground. The Bureau of Yards and Docks prepared standard designs
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for a pre-stressed reinforced concrete tank meeting these specifications (U.S. Navy Department,
Bureau of Yards and Docks 1947a V.I1:318).

Tank storage facilities generally were constructed near navy yards, operating bases, or
other major installations. Air stations were equipped with their own fuel storage facilities. A
separate systemn of fuel-oil depots also was established (Table 7). The Navy recommended that
all liquid fuel storage facilities include two pumping systems so that fuel could be accessed at all
times. Fuel depot installations included boiler houses, electric transmission lines, pump houses,
transformers, water supply, roads, rallroads, piers, and moatings. Fuel depots generally were
located near coastlines, although safety precautions required the construction of storage tanks a
mile or more inland (U.S. Navy Department, Bureau of Yards and Docks 1947a V {1:319-320).

Naval Building Types
Underground Concrete Tanks

Underground fuel-oil storage were rectangular, reinforced-concrete tanks. The Navy
constructed concrete reservoirs during World War | at Guantanamo Bay, Cuba; Melville, Rhode
Island; Puget Sound Navy Yard, Washington; San Diego, California; Pead Harbor, Hawaii; and,
Yorktown, Virginia (U.S. Navy Department, Bureau of Yards and Docks 1921:359-360).

Underground storage tanks also were constructed during World War I (Figure 39). The
Bureau of Yards and Docks prepared standard designs for a-pre-stressed, reinforced-concrete
tank. The tank featured a new design in which a concrete cylinder was compressed by steel
tension rods tightened by turnbuckles. This construction eliminated the hairdine cracks that
appeared in reinforced concrete tanks and saved critical amounts of stesi (U.S. Navy Department,
Bureau of Yards and Docks 1947a V.11:318}.

Steel Tanks

Abave-ground steel riveted tanks were constructed throughout the time period included
in this study, 1917 - 1946. The earliest designs for steel tanks date from 1910. These structures
were cylindrical with rivetted exterior steel plates. Often the steel was set on a concrete
foundation (Figure 40). The size of the tank was determined by the amount of il that it was
designed to hold. The largest tanks held 150,000 barrels of cil. During the 1930s, the Bureau of
Yards and Docks determined that this size was too large for effective use and posed too great a
fira hazard. The Navy recommended 100,000 barrels as the maximum size for fuel oil storage
tanks and 5,350 barrels for gasocline storage (U.S. Navy Department, Bureau of Yards and Docks
1938:L4}. During World War |I, steel tanks also were placed underground as protection against
possible air attack. Fuel storage tanks were constructed at fuel depots, navy yards, fleet supply
centers, and naval aviation installations (Figure 41, tap).

Pumping Stations

Fuel pumping stations are one-story buildings, generally constructed of permanent
materials such as brick, concrete, or hollow clay tile (Figure 41, bottom). In general, pumping
stations are utilitarian buildings with little architectural ornamentation. If a pumping station is
located near a group of prominent buildings on an installation, it might be ornamented with
elements reflecting the architectural character of an area.
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TABLE 7. WORLD WAR Il FUEL NAVY DEPOTS

- Original Name State Date Established
Point Molate Fuel Depot CA 1941
Middle and Orchard Point Fuel Depots WA 1941
Yorktown Fuel Depot VA 1917
Melville Fuel Depot RI 1899
Richmond Fuel Depot CA 1841
Craney Island Fuel Depot VA 1936
Long Island Fuel Depot ME 1942
Crient Heights Fuel Depat MA 1942
San Pedro Fueling Annex CA 18942
Cheatham Annex VA 1942
Fuel Depot, Naval Operating Base, San Diego CA 1904
Charleston Navy Yard sC 1941

Source: U.S. Navy Department, Bureau of Yards and Docks 1947:318-322.
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{top} 1922 diesel stee! fuel oil storage tank (Building W110, Naval Base Norfolk,
Virginia)

{bottom) 1840 aviation gasoline storage tank (Buiiding 643, Naval Oompiex
Pensacolg, Flotida)

Figure 40.
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Figure 41. {top) 1923 aircraft fuel oil storage tanks {(Building W360, Naval Base Norfolk,
Virginia)

(bottorm) 1931 fuel pump house (Building W88, Naval Base Norfolk, Virginia)
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Army Fuel Storage

The Army primarily required fue! to support motor vehicles, aircraft, and power and heating
plants. In general, heating and power plants at Army installations were coal fueled between Worid
War | and World War Il. Coal bunkers were constructed as part of power and heating plant
buildings. Additional coal supplies were stored outdoors. Between 1917 and 1946, the
construction of fuel-oil storage at installations was determined by the installation mission. Before
World War li, the Army did not develop fuel storage depats.

World War |

World War | was the first U.S. war where fuel oil became a critical commodity due to the
development of motor vehicles and aircraft as weapons of war. Motor vehicles and aircraft
required steady gasoline or diesel oil fuel supplies. To support this equipment, the Army needed
flexible fuel storage arrangements so that fuel supplies accompanied troop movements. In
Europe, the Quartermaster Department, charged with handling American gasoline supplies,
established a system of bulk gasoline distribution that utilized tank storage, railway tank cars, and
motor truck tanks. Fuel was then pumped into cans that were transported with the vehicles (Risch
1989:660-662). This system was successful and required the construction of a number of new
structures overseas, not in the continental United States.

Inter-war Period

During the inter-war period, the Quartermaster Corps designed gas stations to supply
motor vehicles at instalfations. Air Corps installations were equipped with aviation fuel storage.
In most cases, fuel-oil storage tanks were underground steel structures attached to pumping
mechanisms to transfer the fuel (Figure 42). In some cases, the tanks were located above ground.
Oil houses were constructed to contain lubricants and greases that were stored in drums.

World War I

During World War ll, the need for fuel supplies increased greatly. The Council on National
Defense, organized in 1940, recommended that the military construct and fill reserve storage tanks
with enough fuel oil to last for 100 days of war, an estimated 7,500,000 barrels (315,000,000
gallons). The Army and the Navy shared the responsibility for fuel-cil storage (U.S. Navy
Department, Bureau of Yards and Docks 1947a V.11:319).

The Army adapted the fuel-oil distribution systems used during World War |, i.e., tank cars,
tank trucks, portable pipelines, and cans. During the war, the Army improved distribution
equipment including larger tank trucks and improved pumping technology. To support the war
effort abroad, the Army developed a centralized procurement system for petroleum products,
excluding aircraft fuel. Petroleum products and equipment were procured and stored at five
depots: Jersey City, New Jersey; Washington, D.C.; Oakland, California; Seattle, Washington; and
Jeffersonville, Indiana {Risch 1953:143-144, 250).
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Army Building Types
Underground Steel Tanks

Underground steel storage tanks were constructed during the inter-war period and World
War ll. The largest tanks were constructed for Army Air Corps installations. At Kelly AFB in Texas,
for example, three separate underground fuel storage areas were constructed. The tank area
constructed in 1922 comprised five 10,000 gallon and six 5,000 gailon fuel tanks. The tanks were
horizontal steel cylinders buried underground. The fuel tanks were removed during the early
1990s (Don Ficklen, Environmental Management, Kelly AFB, personal communication). The
majority of drawings identified at the History Office, U.S. Army Corps of Engineers depicted
horizontal underground steel tank structures.

Abave-Ground Storage

Above-ground steel rivetted tanks also were constructed by the Quartermaster
Department. The Quartermaster Department first constructed steel tanks in Europe during World
War i. The Quartermaster Department again prepared standard plans for steel tanks during World
War Il. The steel tank was described as a bolted steel tank for temporary bulk storage. Often,
steel tanks were used to store small amount of fuel to power steam plants (Figure 43, top).

Pumping Stations

Fuel pumping stations are one-story buildings, generally constructed of permanent
materials such as brick, concrete, or hollow clay tite. In general, pumping stations are utilitarian
bulldings with little architectural ornamentation. If a pumping station is located near a group of
prominent buildings on an installation, it may be ormamented with elements reflecting the
architectural character of an area. At Kelly AFB, the liquid fuel pump house is a one-story building
with a geometrically ornamented roof parapet and molded comer pilasters (Figure 43, bottorn).
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1932 typical fuel oil distribution system (History Office,
OQMG Drawing 691-105, Box 116}

Engineets,

Figure 42.



Figure 43. {top) Typical above-ground fuel-oil siorage tank (Bullding 345-A, Aberdeen
Proving Ground, Marviand, Maryland}
(bottorn} 1937 liquid fuel pump building (Building 1618, Kefly AFB, Texas). This
building served ten underground storage tanks, which have since been
remediated.
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CHAPTER Vil

WATER SUPPLY SYSTEMS

Water supply systems provide and store clean, potable water. Water supply systems
inciude four main elements: (1) water collection from a primary dependable source; (2) water
distribution systems; {3) water treatment facilities; and, (4) storage facilities.

Water sources are either underground, such as artesian basins, or above-ground, such
as rain water, springs, streams, lakes, and rivers. Water purity depends on the source.
Historically, wells and lakes often contained purer water. Efforts were made to collect water as
close to the original source as possible. The further from the source, the higher the potentlal for
water pollution.

Collection systems are designed to tap or contain water. Examples of collection systems
include wells to tap underground water sources and cisterns and roof catchments that colfect
above-ground water sources. Surface water collection often requires storage near collection
points. In some cases, the collection system combines collection with storage functions. Storage
reservoirs or dammed lakes often are constructed near the water source to ensure a dependable
supply of water.

Distribution systems transport the water to its final destination. For large urban areas,
water often is transported long distances through open or closed conduits, including culverts or
aqueducts. Once at the final destination, the water is distributed to consumers. Historically, water
was distributed at central points; users collected water from these central points for private use.
Distribution systems expanded during the late nineteenth century when indoor plumbing was
introduced widely into private residences.

Water treatment plants are used to purify drinking water suppiies. Two techniques have been
used since ancient times: sedimentation and filtration. Sedimentation is the process of storing
water to aliow large particles to filter out. Filtration is the process in which water seeps through
sand and stones to remove impurities. :

Twentieth-century water treatment techniques comprise a variety of processes, including:
long-term storage; aeration; coagulation; sedimentation; softening; filtration; and, disinfection.
Sedimentation and filtration remain the basis for all water treatment. Additional steps for water
treatmant reflect technological improvements to the basic purification methods.

Water supplies typically are stored in reservoirs or settling basins. Storage allows
suspended bacteria and sediment to filter to the bottom of the reservoirs. Aeration is the process
of mixing air with water, and Is accomplished by contact bed or spray, cascade, muitiple-tray, or
air injection aerators. Aeration reduces odors and bad taste, and removes hardness and
corrosiveness from the water. The addition of coagulants, such as aluminum sutphate, to water
also causes the colloidal, color, and mineral particles to agglomerate into a floc that then settles
out of the water. This process reduces the bacterial content and turbidity of water. The softening
process reduces calcium and magnesium in the water. The process is carried out by either
chemical precipitation or by ion exchange. The most common softening process is lime-soda
softening. Lime-soda is added to water, causing calcium carbonate and magnesium hydroxide
precipitation, followed by sedimentation (Williams 1978:1373).
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Technological Evolution

Sedimentation and filtration techniques have been used to treat water suppiies since
ancient times. For sedimentation to be effective, water must sit for periods of time. Filtration was
developed as an alternative method to quicken the purifying process. Modern methods of water
filtration were developed during the nineteenth century. By the eaty 1900s, filtration of water
through sand beds was the primary process of water treatment. Two methods of filtration evolved:
(1) slow sand filtration, and (2) rapid sand filtration.

The principles of slow sand filtration were developed by the middle of the nineteenth
century. In this method, water drained through beds of finely granulated sand to filter out
suspended solids from the water. The process also removed manganese, bacteria, and turbidity.
The purification process depended on blological organisms that lived on the top surface of the
sand bed (Williams 1978:1373).

The use of the slow sand method of water filtration proved successful in England during
the latter part of the nineteenth century. The use of the siow sand filtration process prevented the
spread of cholera and typhoid fever in London. The slow sand filtration method of water treatment
remained the unchallenged method of water treatment for the first several decades of the twentieth
century. Though the principles of the treatment method itself did not change during this period,
materials used in the construction of the filter mechanisms evolved. Concrete construction
replaced brick and stone construction (Williams 1978:1373).

By the 1940s, fewer stow sand filters were being built for new treatment plants. Rapid
sand filtration processed raw water at about 50 times the rate of the slow sand filter. Rapid sand
filtration depended aimost entirely on straining suspended solids out of the water through coarse
sand filters. The process relied either on gravity filters or on pressure filters. In the gravity filter
system, the water surface was at atmosphetric pressure. In the pressure filter system, the system
was enclosed in a boiler-type shell of wrought iron or steel. Nearly all of the earliest filters were
built as small filtration units enclosed in & circular shell. Pressure filters generally were small in
size, limited by the process itself. Gravity filters tended to be built in large, rectangular open tanks
constructed of reinforced concrete.

The rapid sand filtration method, though much faster than the slow sand filtration method,
did not produce as pure a drinking water supply as the slow sand filtration process. The coarser
the sand, the more rapid the filtration process. However, the coarser sand left higher levels of
bacteria in the water.

Rapid sand filtration techniques became popular after the adoption of aluminum sulphate
as a coagulant to clarify the water before it passed through the sand filter. The two-step process
resulted in a highly potable end product. Coagulation was first used in New Jersey in 1885 as a
preliminary treatment to rapid sand filtration. By 1900, many American communities found the
combination of the two processes as the most efficient means to filter drinking water. The
coagulant was used first to remove numerous impurities in the water. The sand filtration system
then retained fine suspended sofids, including bacteria, just as the biological fim did on the slow
sand fiter. By the -mid-twentieth century, the two-step process that combined chemical
coagulation of impurities followed by rapid sand filtration was the typical method of water
treatment (Willlams 1978:1375).

. Additional improvements-in water treatment technology were introduced during the eary
twentieth century. Throughout the first half of the twentieth century, aluminum sulphate was the
most common chemical for coagulation prior to rapid sand filtration. Two other chemicals
frequently used as coagulants were ferrous sulphate and ferric chloride. Sodium aluminate was
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introduced in conjunction with aluminum sulphate during the 1920s. During the 1820s and 1930s,
different chemical combinations were used to create more effective coagulants to produce denser
flocs that were filtered more easily from the water (Williams 1978:1373).

Settling basins reduced the amount of solid matter for removal by slow and fast sand
fiters. Settling tanks in the treatment of drinking water were used for years before the
development of modern treatment methods. When coagulation became a common element of
the water treatment process, settling or sedimentation tanks allowed the growth and settlement
of chernical flocs. Tanks were built with paddles that provided slight turbulence, which helped the
process of flocculation. Several different flocculation patents were granted during the early
twentieth century. During the 1930s, developments occurred in the softening of flocs with the
addition of different chemicals for either normal coagulation or lime softening.

In 1945, the microstrainer was introduced for the removal of algae from water. The
microstrainer consisted of a rotating drum screen that carried a specially woven stainless steel
wire mesh with apertures as small as 20mm. Microstrainers removed algae and other
microparticles from water prior to the rapid sand filtration process (Williams 1978:1377).

The introduction of gaseous or liguid chlorine to disinfect water after filtration became
relatively common after 1913 in the United States. At this time, mechanical chlorinators also were
introduced for the precise measurement of the additive.

Navy/Marine Corps Application of Water Treatment Technology

Until the twentieth century, the Navy's shore installations did not house large numbers of
permanent residents, and thus did not require large supplies of potable water. Water was
collected from wells, nearby streams and rivers, and rain water. One important need for farge
supplies of water was fire prevention, but salt water was acceptable.  Sait water fire prevention
systems were constructed at shipyards, ammunition depots, and other naval installations.

When the Navy constructed central power houses, pure water was needed to avoid
corrosion and to keep boilers functioning properly. Water filtration systems often were installed
in power houses to purify water for bolters since water purity standards for boilers exceeded purity
standards for domestic use (U.S. Navy Department, Bureau of Yards and Docks 1938:02).

When the Navy constructed on-shore training stations during the twentieth century,
potable water supplies for large populations of recruits were needed. At the Great Lakes Naval
Training Station, the Navy completed a water filtration system in 1911. Water was pumped from
Lake Michigan through an intake well and a suction well, and then passed through a filtration plant
and was stored in.a sedimentation basin. From there, water was distributed throughout the
installation. The water filtration plant was located next to the power house {Hasbrouck Peterson
Associates 1987:33; Drawing files, reel 680, frame 162, Naval Construction Battalion Center, Port
Hueneme, California). '

World War |

The Navy extensively expanded its shore installations during World War . Where possible,
the Navy preferred to utilize existing municipal water systems to supply the new and expanded
installations. This proved successful for several naval training camps. At other camps, for
example Coddington Point, Rhode Island, the Navy instalied both a fresh water and a salt water
system. The naval station at Newport, Rhode Island, received fresh drinking water from the city
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of Newport. Salt water drawn from the bay was used for bathing, toilets, and fire protection. At
Great Lakes Naval Training Station, the water filtration and distribution system was expanded to
accommodate 48,300 personnel (U.S. Navy Department, Bureau of Yards and Docks 1921:81-82,
a1).

Other examples of World War I-era water supply systems were established at the Marine
Corps bases at Quantico, Virginia, and Parris Island, South Carolina. At Quantico, the initial main
water source was artesian wells. When wells proved inadequate, the Navy constructed a dam on
Chopowamsic Creek. Water was pumped from the creek and filtered at a water filtration plant.
The water filtration at the plant was accomplished by sedimentation, coagulation by alum and soda
ash, rapid sand filtration, and the addition of chlorine and lime. The water was pumped to the
installation four miles away. At Parris Island, water originally was pumped from wells. When wells
showed a high level of salt, fresh water was transported to the installation by barge. The final
solution to this problem was an underground pipe joining the water supply of nearby Port Royal
(Navy Department, Bureau of Yards and Docks 1921 94 U.S. Navy Department, Bureau of Yards
and Docks 1938:M11),

Inter-war Period and World War

During the 1920s and 1930s, the Navy constructed permanent buildings at several
temporary World War | installations and established new installations, notably air stations. In
preparation for World War |1, the Navy greatly expanded its shore establishment. During the late
1930s, the Navy continued its practice of supplying potable water from existing neighboring
municipal or metropolitan water supplies. Water was piped onto the installation and stored in
reservoirs. This method worked for installations located near large cities (U.S. Navy Department,
Civil Engineer Corps 1945).

For bases not located near municipal water supplies, the Navy constructed ground wells
or dams to secure water supplies. Water pumped from wells or streams was filtered through a
filtration plant and stored in concrete reservoirs and/or elevated water storage tanks before
distribution throughout the installation. A sampling of World War Il water sources and storage
structures on naval installations is contained in Table 8.

Naval Building Types

Water Treatment Plants

The Navy constructed water filtration plants only as needed. In general, the buildings are
masonry buildings with a utilitarian appearance. Only one water treatment plant was identified
during the site visits: Building 1303 at the Marine Corps Development and Education Command,
Quantico, Virginia. Building 1303 is a one-stary brick building, originally constructed in 1918.
Since its initial construction, the building has received several additions and equipment upgrades
in response to increasing demands for water.

Reservoirs

The Navy generally constructed rectangular concrete reservoirs to store potable water
supplies (Figure 44, top). These reservoirs were constructed both underground and above-
ground; above-ground reservoirs often were surrounded by earthen berms. During World War I,
concrete blocks, wood, and metal also were used to construct water reservoirs.
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TABLE 8. SAMPLE OF WATER SUPPLY AND SEWAGE TREATMENT SYSTEMS
AT U.S. NAVY FACILITIES IN 1947

Name Date Water Source Water Storage Sewage
| Established Disposal
Alameda Naval Air 1938 Municipal and 2 | 5 concrete Digester
Station, CA wells Teservoirs; sedimentation
3 elevated steel tanks and sludge
tanks beds
Bayonne Naval Supply 1941 Municipal Nane listed Sewage disposal
Depot, NJ plant shared with
naval annex
Charleston Navy Yard, 1901 Municipal 1 elevated steel Direct into
SC tank; Cooper River
1 underground
concrete reservoir
Chelsea Naval Hospital, 1836 Municipal Elevated water Municipal
MA tank
Chollas Heights Radio 1914 Municipal with t elevated steel Imhoff tank
i Station, CA Navy pumping tank;
plant 1 concrete
resarvoir
Corpus Christi Naval 1938 Municipal 3 concrete Trickling filter
Air Station, TX Teservoirs; disposal system
1 elevated steel
tank
Crane Naval 1940 Springs through | 1 natural lake; Biofiltration plant;
Ammunition Depot, IN filter system 2 underground Imhoff settling.
concrete system, activated
clearwells; sludge type
5 elevated steel
tanks;
1 wood tank;
1 concrete tank
Dahlgren Proving 1918 Wells None listed Activated Sludge
Ground, VA Digester
Great Lakes Naval 1911 Lake Michigan, 1 steel tank; 2 sewage
Training Center, IL normal filter 2 concrete tanks; | disposal plants
1 wood tank
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Name Date Water Source Water Storage Sewage
Established Disposal
%
Hawthorme Naval 1929 Waells 3 concrete and 2 Imhoff tanks;
Ammunition Depot, NV earth-filled 2 digestion
reservoirs; tanks;
B elevated steel 2 sludge beds; l’
tanks 20 effluent tanks;
49 septic tanks
Lake Denmark Naval 1892 Wells 5 concrete 2 disposal plants
Ammunition Depot, NJ reservoirs;
2 basins;
1 cistern;
2 standpipes
Lakehurst Naval Air 1921 8 Wells 3 elevated steel Primary and
Station, NJ tanks; secondary
1 concrete treatment
reservoir for fire
protection
Mare Island Navy Yard, 1853 Municipal 2 concrete Direct into bay
CA feservoirs;
3 steel reservoirs
Marine Corps Base, 1917 Chopowamsic 2 dams; Disposail system
Quantico, VA Creek 3 reservoirs; with settling
' 2 elevated tanks tanks, dosing i
tanks, filters,
digesters, sludge
drying beds
Moffett Naval Air 1931 Municipal 1-elevated steel Imhoff tanks and
Station, CA tank; sludge beds ||
1 concrete
{ reservoir
Norfolk Naval Station, 1917 Municipal 7 concrete Municipai
VA reservoirs;
1 elevated tank
Norfolk Navy Yard, VA 1801 Municipal 4 elevated tanks; Direct
[ 6 concrete
‘ reservoirs
Qakland Naval Supply 1940 Municipal - None listed Direct into bay
Depot, CA '
Pensacola Naval Air 1914 Wells 6 concrete Direct into bay
Station, FL reservoirs;
2 glevated steel
J tanks
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Name Date Water Source Water Storage Sewage
Established Disposal
Port Hueneme Acdvance 1942 Wells 2 wood elevated 3 Imhoff tanks;
Base Depot, CA tanks 23 septic tanks
Puget Sound Navy 1891 Municipal with 3 steel tanks Direct into sound
Yard, WA standby well
St. Juliens Creek Naval 1897 Municipal Elevated tank for Effiuent
Ammunition Depot, VA fire fighting discharged to
river
San Diego Naval 1822 Municipal None listed Municipal
Supply Depot, CA
Stockton Naval Supply 1943 Municipal None listed Imhoff tank
Annex, CA
U.S. Naval Academy, 1845 Wells 1 concrete Municipal
MD reservoir
Yorktown Naval Mine 1917 Spring-fed pond | 1 concrete Filtration and
Warfare Schoal, VA reservoir; chlerination and
2 elevated steel discharge to river
tanks
Yorktown Naval Mine 1917 Municipal 2 concrete Septic tanks;
Depot, VA reservoirs; sand and rock
5 elevated steel filters;
and wood tanks Imhoff tanks;
biofilter and
chlorination

Source: U.S. Navy Department, Bureau of Yards and Docks, Data Book, 1847:Vol .
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* Elevated Water Storage Tanks

Elevated water storage tanks generally were constructed of steel. Steel plates were
rivetted to form the tank. The elevated tank was supported by a steel frame (Figure 44, bottomn).
. In general, the size of the tank increased between World War | and World War I to supply the
increasing population of naval installations. The World War |-era tank has a cylindrical shape with
. & conical roof. The World War ll-era tank has a wider diameter and lower roof profile. During
World War I, poured concrete frames also were used to support elevated tanks in an effort to
conserve steel.

Pumping /Meter Building

This building type is generally a one-story building that contains pumping, valve, or
metering equipment. it generally is constructed of permanent materials, including brick or
concrete {Figure 45).
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Figure 44. {top} 1926 reservoir for potable water (Building 365, Naval Complex Pensacola,
Florida)
{bottom) 1919 elevated water storage tank (Building P17, Naval Base Norfolk,.
Virginia)
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Figure 45. 1842 water pumping station and substation (Building 706, Navai Complex
Pensacola, Florida)
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Army/Air Corps Application of Water Treatment Technology

The Army became aware of the importance of a safe water supply during the Civil War
when impure drinking water contributed to massive outbreaks of typhoid fever. When the Army
consolidated its troops in larger and more permanent installations during the 1880s and 1890s,
the Quartermaster Department included plans for water supply systems. During the 1880s, the
Army included indoor plumbing in housing. By 1892, all but 130 company barracks contained
indoor plumbing. By 1896, the Quartermaster Department’s annual budget for water supply,
plumbing, sewage. and drainage exceeded $250,000 (Clary 1983:14, 21-22). Construction
included water storage reservoirs, water towers and tanks, pumping stations, and distribution
systems at new and expanded posts. During the late nineteenth century, the Quartermaster
primarily was concerned with maintaining a steady water supply and a workable distribution
systemn. Before World War |, the primary testing procedures for water purity were visual inspection
of water supplies. '

Word War |

During World War I, the Army constructed approximately 46 mabllization training
instaflations. The new installations often were the size of a small city, accommodating in some
cases a population of 45,000. Each installation required a safe and secure water supply as well
as sewers, electrical power, and other utilities. The Construction Division of the Quartermaster
Corps estimated that each trainee required a water supply of 55 gallons per man per day, a
capacity of 2,250,000 gallons of water daily for each cantonment (Crowell 1919:543).

Where possible, the Army utilized water drawn from nearby municipal water mains.
However, in many cases, the Army was forced to develop separate water supplies. In these
cases, water was drawn from local streams or rivers or from wells, then stored in reservoirs and
fitered. Filter houses became common features of Army installations during World War I. At the
fiter houses, water quality was tested; if necessary, the water was disinfected using chlorine.
Water quality testing reduced the number of recruits hospitalized because of water-borne diseases
{Crowell 1919:543, 535). The water was distributed by a system of centrifugal pumps and gravity
tanks. Each cantonment contained miles of underground wooden water mains through which
water was piped 1o each barracks. The water pressure was sufficient for personal use and for fire
fighting (Crowell 1919:541, 536).

Several cantonments provide examples of a World War | training cantonment water supply
system. At Camp Grant, in Rockford, llinois, the water was drawn from six wells drilled 175 feet
deep. The cantonment had 38 miles of underground water mains and reservoir tanks stored up
to 550,000 gallons (Crowell 1919:541). At Aberdeen Proving Ground, Maryland, the Army also
relied on water pumped from wells. The water was purified through a filter house and stored in
a square, concrete reservoir with a hipped roof.

At Edgewood Arsenal, Maryland, the Army constructed two independent water supplies:
a salt water supply pumped from the Bush River for fire prevention and a fresh water supply
pumped from a local stream located off the installation (U.S. Departrment of Interior, National Park
Service, HABS 1982). On the stream, the Army constructed a permanent dam, a pumping station,
and a pipe line. The water was pumped to an enciosed concrete and metal reservoir that had a
storage capacity of 1,750 gallons. The water was distributed on the installation through
underground cast-iron water lines (U.S. War Department, Construction Division 1919¢:29-30).
Pressure in the system was maintained through elevated water storage tanks.
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Inter-war Period

The Army continued to construct water supply systems to supply its new Army and Army
Air Corps instailations during the natlonwide Army permanent construction program that started
after 1926. During this construction program, the Army achieved a high degree of standardization
in its installation planning and construction. Utilities, including installation water supplies, received
a high priority in the planning process. Planners estimated that the normal daily per capita water
consumption at permanent posts was between 100 and 200 gallons {Engle 1937:20).

The same trends evident during World War | continued during this period. Where
possible, the Army tapped into existing municipal water supply systems to supply installations.
in these cases, the Army's primary concern was with storage and distribution systems. Reservoirs
and elevated storage tanks or standpipes were constructed to store sufficient supplies of water
and to increase pressure for the distribution system. Water distribution pipes typically were cast
iron, replacing the wood piping installed during Word War | (Engle 1937:23).

In cases of large, isolated installations, the Army constructed its own dams, pumping
stations, and water filtration systems to insure adequate supplies of drinking water. The Army
preferred rapid sand filtration systems that operated either by gravity or by pressure filters (Engle
1937:21). The buildings constructed to contain these systems were either utilitarian or elaborate
structures, depending on the location of the building. Where water filtration plants were located
near or within the main post area, these buildings often exhibited remarkable architectural
detailing. When located near the water source, away from the main post these buildings were
utilitarian structures, lacking architecturdl distinction.

The Army widely utilized chemical treatments during this time period. Chiorination was
a widespread technique, used when water supplies required sterilization. Other chemicals used
in water treatment included alum, sodium aluminate, lime, soda ash, caustic soda, activated
carbon, copper suifate, and ammonia. At each installation, the treatment depended on the
chemical composition of the water source (Engle 1937:21).

The methods of water treatment at Army installations did not differ from municipal
treatment plants. Water treatment was under the control of personnel trained in applying and
controlling water treatment methods. The treated water supply was monitored and tested to
maintain purity standards (Engle 1937:22).

Wortd War 1l

During the Protective Mobilization phase and during Word War |l, the Army again
constructed mobilization cantonments to train new recruits. The new cantonments required
extensive construction of water supply systems to meet the demands of increased numbers of
recruits. Expansion often required new sources of water, either located on an installation or
outside of its boundaries. During wartime, speed and scarce materials were constant concemns.
Therefore, the Army constructed utilitarian water supply buildings (Figure 46).

At Aberdeen Proving Ground, for example, ground wells no longer provided adequate
water supplies. The Army acquired property near Deer Creek, approximately nine miles northwest
of the installation, to expand its water supply. Water was pumped from Deer Creek to a water
treatment facility four miles away. The Chapel Hill Water Treatment Plant comprises sedimentary
basins, a filter building, and a clearwell. Water is then pumped five miles to Aberdeen Proving
Ground.
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At Edgewood Arsenal, water supplies were -expanded through the construction of wells
on the installation and the expansion of the off-post water supply. During World War I, the Army
constructed a reinforced concrete dam that provided a large open reservoir. Water was then
piped 1o a separate water treatment area, then pumped to the instaltation.

To store and distribute water supplies on instaliations, the Army relied on rivetted-steel,
elevated water storage tanks. Often one tank served several temporary cantonments. Elevated
water storage tanks served as effective storage structures and maintained sufficient water
pressure. During this time period, the Army also expanded its numbers of concrete underground
reservoirs.

Army Building Types.

Water Treatment Plants

Water treatment plants typically are constructed of permanent materials, including brick
and concrete. During World War {, the water filtration plant typically was a two-story, utilitarian
building that often contained wooden filtration tanks. During the inter-war period and World War
ll, the water treatment plant was either two stories or composed of a two- or three-story section
and a long one-story section (Figure 47, top). The water treatment building generally contained
circular steel tanks that held media for the filtration process. After filtering, water was stored in
an enclosed concrete clearwell before final distribution. During the inter-war period, these
bulldings sometimes featured architectural detailing that complemented the main architectural
design of the installations (Figure 47, bottom). During wartimes, these buildings often were
utilitarian structures (Figure 48, top). :

Reservoirs

The Army employed two types of reservoirs: open and enclosed. Open reservoirs often
are lakes restrained by dams. Enclosed reservoirs can be underground or above-ground
structures. Reservoirs constructed during World War | often were square or rectangular
reinforced-concrete structures (Figure 47, top). In many cases, these reservoirs were above
ground, with earthen berms. During World War I, concrete block was used to construct water
reservoirs. During World War 11, the Army also experimented with circular above-ground water
tanks constructed of prestressed concrete or steel. These tanks rested directly on the ground.

Elevated Water Storage Tank

Elevated water storage tanks generally were constructed of steel. The tank was
constructed of rivetted steel plates and supported by a steel frame. The World War l-era tank has
a cylindrical shape with a conical roof. The World War Il tank has a wider diameter and lower roof
profile (Figure 48, bottom). In general, water tanks constructed during World War Il were larger
than earlier water tanks. During World War ll, conerete frames were constructed to support new
water towers in an effort to conserve steel. During the inter-war period, water storage standpipes
and tanks sometimes displayed elaborate architectural ornamentation. In two instances, notably
Randolph AFB, Texas, and Barksdale AFB, Louisiana, the water towers were elaborate,
architectural focal points on the installations (Figure 49, top).
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Fump_Houses/Stations

Pump houses or pumping stations were constructed to shelter pumping equipment
located above water wells of used in distribution systems. Pump houses and stations generaily
are one-story structures constructed of permanent materials. Architectural detailing on pumping
stations was determined by the location of the structure. During the inter-war era, if the structure
was located in a cantonment area, the building often exhibited materials and design compatible
with nearby construction {Figure 49, bottom). If located in an isolated part of the installation, the
pumping station generally was of utilitarian design.

Cams -

The Army constructed two types of dams: embankment and masonry dams.
Embankment dams were built of earth or rock, usualiv of ¢compacted or dumped fills. Large
masonry dams generally were constructed of concrete and are either gravity supported, arch
supported, or buttressed.
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Figure 47.

(top) 1918 covered reservolr (Building 252, Aberdeen Proving Ground,

!garyland) and 1934 water treatment plant (Buliding 250, Aberdeen Proving
round)

(bottom) _1938 water treatment plant (Building 1205, Fort Knox, Kentucky)
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Figure 48 (fop} 1943 water treatment plant (Building 3009, Fort Knox, Kentucky)
{bottom) 1918 and 1940s water towers at Edgewood Arsenal, Aberdeen Proving
Ground, Maryland
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Figure 48, {top} 1934 water standpipe at Barksdaie AFB, Louisiana
{bottorm) 1942 water well with pump house (Building 314, Kelly AFB, Texas)
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CHAPTER VI

SEWAGE DISPOSAL SYSTEMS

Sewage disposal systems are desighed to collect and treat water before returning the
water to the environment. Sewage systems handle two types of water: storm water and waste
water generated by industrial and domestic use. One system usually handles both types of water.
Communities create two types of waste water: domestic and industrial. Domestic waste includes
water and sewage from dwellings as well as waste from businesses and office buildings. Industrial
waste water is produced during industrial operations,

Three levels of sewage treatment exist: primary, secondary, and tertiary. Primary
treattment removes the heaviest solid materials from sewage through processes of sereening and
seftling. Primary treatment removes approximately 30 per cent of organic wastes. Secondary
treatment removes approximately 85 to 90 per cent of solids and oxygen-consuming wastes after
primary treatment. Secondary treatment relies on biclogical activity and includes trickling filter and
activated sludge processes. Tertiary treatment follows primary and secondary treatment and
includes chemical treatment, microscopic screening, or radiation treatment. The evolution of
sewage treatment reflects the growing awareness of water pollution levels and increased
sophistication in applying various treatment techniques.

Technological Evolution

In early methods of sewage disposal, waste was deposited in pits, cesspools, privies, or
latrines. These methods took advantage of the natural process that occurred as the sewage
settied, waste water filtered through the ground, and bacteria removed or stabilized poliuting
matter. In nineteenth-century England, sewage was dumped onto agricultural property, known as
sewage farms. This practice provided fertilizer for crops and fiitered waste water.

The development of septic tank systems was based on these earlier practices. With this
method, sewage enters an underground steel or concrete tank through pipes. The heavy particles
settle to the bottom of the tank. The effluent water passes through a leaching field where bacteria
break down the remaining organic material. Bacteria digest sludge left in the tank and convert it
into a gas. Periodically, the sludge is pumped out of the tank. This system is acceptable for
residences, rural areas, and isclated institutions.

A larger version of the septic tank process is the imhoff tank developed by Karl Imhoff and
introduced in the United States in 1907. The Imhoff tank is a vertical structure, comprising two
chambers, which allows settling and digestion processes to occur separately. Sewage settles in
the upper chamber and sludge drops to the bottom chamber where digestion occurs. The Imhoff
tank became a popular method for primary sewage treatment and also was adapted in
combination with secondary sewage treatment methods (McGraw-Hill 1992 9:31-32}.

During the Industrial Revolution, cities experienced unprecedented population and
industrial growth, as large numbers of people migrated to industrial centers. Growing urban
populations overtaxed septic systems and sewage farms. To rid cities of sewage, it was dumped
into nearby streams and rivers. While this removed sewage from the immediate area and aliowed
natural processes eventually to purify wastes, it also polluted water supply sources. The discovery
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of the link between untreated sewage and waste water to iliness and epidemics provided an
impetus to develop better sanitation systems,

Subsequent sewage treatment techniques simulated purification methods accomplished
naturally by rivers and streams. It was observed that moderate amounts of organic wastes
discharged into a watercourse underwent a natural purification process. Sewage and other wastes
were diluted as they entered another body of water. As sewage travelled over a water course, it
mixed with air, interacted with biclogical organisms, and filtered through rocks and sand. Sewage
treatment plants often are described as compressed rivers, because the plant accomplishes in a
few hours and in a small area what a river accomplishes in several days over the course of several
miles.

To simulate natural purification processes, waste water flow was exposed to air and
biologleal filtering systems were developed. Biological filtering was accomplished in large tanks
filled with stones measuring from three to eight inches in diameter. The tanks were fililed and the
waste water settled in the spaces between the stones. After several hours, the tanks were drained,
leaving much of the organic matter trapped in the bacterial growths on the stones.

Improvements to biclogical filters included trickling filter method of sewage treatment. In
this method, waste water was allowed to settle, which removed the heaviest matter. Then rotating
pumps poured waste water over large, shallow, stone-filled tanks. The waste water flowed through
the crevices between the stones, and drained to the bottom of the tank. Pumps were operated
on intermittent cycles to oxidate the bacterial growths. Typically, several tanks operated
simultaneously. Each tank was rotated on a "fill and draw basis,” and operated at separate stages
in the process. Trickling filter sewage treatment systems became widespread by the mid-twentisth
century.

Between 1912 and 1915, the British developed a more efficient method of sewage
treatment, the activated sludge method. |n this method, compressed air was released into a waste
water tank to circuiate sludge, thus the term “activated sludge.” The circulation of sludge within
the tank created greater biological activity than the trickling filter process. The combination of
organisms carried in the circulated sludge, oxygen supplied in the compressed air, and food
supplied by the settled waste water entering the aeration tanks, produced cleaner waters than the
trickling filter process alone. The activated sludge process occurred in tanks or in oxidation ponds
or lagoons.

Chemical precipitation methods also were developed to treat sewage. Initially, chemicals
were introduced to reduce the amount of particles in the effluent so that the effuent could be
treated on land. in modem sewage treatment, chemicals are used to control the quality
_sterilization of the final effluent. Widespread use of chemicals became prevalent after the mid-
twentieth century.

Navy/Marine Corps Application of Sewage Treatment Technology
Between 1917 and 1946, the Navy's standard sewage disposal practice was to discharge

sewage directly into the nearest body of water. This was the cheapest and simpiest method since
most Navy installations were located near water. In cases where sewage disposal was located

near shelifish beds, ships’ berths, residences, or bathing beaches, the Navy recommended some’

form of treatment and disinfection prior to discharge (U.S. Navy Department, Bureau of Yards and
Docks 1938:M13). -
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During the eariy twentieth century, the Navy constructed underground sewer lines at mast
of its instaillations. Mowever, no sewage treatment was provided and the sewers led directly to the
nearest large body of water. The earliest identified sewage treatment system constructed by the
Navy was located at Great Lakes Naval Training Station, lilinois. The Navy started construction
on the new training station for 1,500 enlisted recruits in 1904. A one-story, brick sewage disposal
plant was among the original buildings completed in 1911 (Hasbrouck Peterson Associates
1987:30).

The Navy monitored the development of municipal and Army sewage treatment plants.
During World War |, the Navy constructed a sewage treatment piant at the Naval Training Camp
in Gulfport, Mississippi. The camp had two main sewer lings, one serving the main portion of the
camp and the other serving the hospital. The disposal plant utilized a septic system with a siudge
chamber where sewage was treated chemically with a solution of chloride of lime. The effluent
passed through a screen and was disinfected with calcium hypochlorite {Figure 50) (U.S. Navy
Department, Bureau of Yards and Docks, 1921:84-85).

During World War | and the early 1820s, the Bureau of Yards and Docks collected
drawings of standard sewage tanks designed by the Army's Construction Division (Drawing files,
Reel 1263, Naval Construction Battalion Center, Port Hueneme, California). Reviews of articles on
municipal sewage treatment appeared in publications of the Bureau of Yards and Docks during
the 1930s (U.S. Navy Department, Bureau of Yards and Docks, Bureau News Memarandum).

in 1935, the Navy compiled a list of sewage disposal at 141 yards and stations. Sixty-
three installations discharged sewage directly into nearby bodies of water. Thirty-four installations
had septic tanks. Eighteen installations discharged sewage into municipal sewage systems, and
eight used a combination of municipal sewers and direct discharge. Other methods included
cesspools (12); settling basins (2); and, local open culverts (1). Only three installations treated
sewage: Submarine Base, New London, Connecticut; Great Lakes Naval Training Station, Winois;
and, Sand Point Naval Air Station, Washington. The New London Sybmarine Base had an imhoff
tank. The plant at Great Lakes Naval Training Station, illinois, {constructed 1911) had digestion
and sedimentation tanks. The plant at Sand Point Naval Air Station, Washington {constructed
1928), had an Imhoff tank, sprinkler filter, sludge bed, and dosing tank (Drawings files, Reel 1263,
Frames 512-523, Naval Construction Battalion Center, Port Hueneme, California; U.5. Navy
Department, Bureau of Yards and Docks 1938:M19-M20).

As the Navy developed its shore establishrent, improved sewage treatment became part
of the standard infrastructure requirements. In 1938, the Bureau of Yards and Docks described
the following sewage treatment methods as acceptable for naval installations: dilution; septic
tanks and imnoff tanks for primary treatment; and, subsurface irrigation beds, contact beds, and
filter beds for secondary treatment following sedimentation in septic tanks or as primary treatrment
for small instaltations (U.S. Navy Department, Bureau of Yards and Docks 1938:M19-M20).

Construction at new installations and improvements at older installations during the late
1830s and early 1940s often included new sewage treatment plants. New piants were constructed
at Great Lakes Naval Training Station, Ulinois (1936); Marine Corps Base, Quantico, Virginia (1839);
Alameda Naval Air Station, California {1939); Dahlgren Naval Proving Ground, Virginia (1941); and
Moffett Naval Air Station, California (1943). The 1939 sewage treatment plant at Quantico inciuded
sludge digestion tanks, trickling filters, primary and secondary settling tanks, and a sludge drying
bed (Figure 51) (NARA, Cartographic Branch RG 71, microfim reels 574; Drawings No. 317951
and Reel 502, Naval Construction Battalion Center, Port Hueneme, California). In 1940, the Bureau
of Yards and Docks issued a "Standard sewage disposal plant” pian that included an Imhoff tank
and an aerating tank (Drawings No. 137,403 and 137,404, Naval Construction Battalion Center,
Port Hueneme, California).
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After the U.S. declaration of war, the Navy limited construction to conserve labor and
materials. In 1942, the Bureau of Yards and Docks issued & policy allowing the construction only
of primary sewage disposal plants unless exceptional circumstances warranted additional waste
water treatment. In 1946, 25 naval installations were included in a study of military sewage
treatment plants. The study found 6 activated sludge systems; 12 trickling filters; 2 primary
treatment systems; 3 contact aeration system; 1 oxidation pond; and 1 sand filter {Committee on
Sanitary Engineering 1946 811-813).

By 1946, the Navy prepared training documents for its Civil Engineering Officers that
described sewage treatment. At the primary level of sewage treatment, the sewage was screened
for large solids, and placed in sedimentation tanks. The most common tanks were septic tanks,
Imhoff tanks, and mechanically cleaned sedimentation tanks with separate sludge.digesters.
Secondary treatment included biochemical aeration of effluent after removal of solids. Sand
fiitration and chlorination were considered tertiary treatment (U.S. Navy Department, Civil Engineer
Corps, 1945, upgrade 1946:6).

Naval Building Types

Settling Tanks/Trickling Filters

Settling tanks and trickling filters generally are open structures constructed of concrete.
Primary and secondary settling tanks generally are rectangular. These structures hold waste water
to allow large particles to settle out of the water. Trickling filters are either rectangular with
stationary piping or circular with rotating piping. Trickling fiiters are filled with media, generally
stones, through which the waste water is filtered to oxidize bacterial growths (Figure 52, top).

Digesters

Digesters are masonry structures where sludge left from the filtering process is broken
down by bacterial processes. The digesters are one-story, roofed structures that have a footprint
of connected adjoining circles.

Control Houses

In general, sewage treatment plants also had control houses and small storage buildings
located in the sewage disposal area to allow personnel to monitor the sewage treatment
processes, to provide quality control, and to store chemicals used in treatment. These buildings
generally were one-story buildings constructed of permanent materials with littie ornamentation
{Figure 52, top).

Pumping Stations

Pumping stations were constructed to pump sewage to and through the sewage treatrment
plant and to pump effluent to is final destination. Sewage pumping stations generally were either
partially buried in the ground or one-story. These structures generally were constructed of
permanent materials including brick, concrete, or concrete block. Generally utilitarian structures
with no ornamentation, these buildings might exhibit some ornamentation if they were located near
areas of high building density {Figure 52, bottom).
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Figure 52. {top) Overview of trickling fiter sewage treatment plant at Farragut, Idaho (Photo
courtesy of U.S. Navy) .
{bottom) 1940 sewage lift station (Building 645, Naval Complex Pensacola,
Florida)
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Army/Air Corps Application of Sewage Treatment Technology

During World War |, the Army constructed a total of 46 temporary training instaliations,
including 16 Army cantonments, 16 National Guard camps, and 14 specialized training camps
(Crowell 1919:546-5647). During this massive mobilization program, the Army emphasized clean
water supplies. In addition to clean water supplies, the Army began to organize sewage disposal
systems to avoid polluting installation drinking water and to protect the health of the troops. The
mobilization cantonments included construction of underground tile, cast iron, or concrete pipes.
Where possible, the camp or cantonment sewage system was connected to nearby municipal
sewage systems.

World War | sewage disposal utilized three methods: diiution, septic tank systems, and
biciogical oxidation. Biological oxidation was the rarest method of sewage treatment; it was used
at selected aviation fields. Dilution was the most common method when an installation was
located near a running body of water and dilution did not poilute neighboring water supplies
(Committee on Sanitary Engineering 1946:794). In this case, the camp or cantonment sewage
system generally carried sewage to the nearest body of water. This was the case during
construction of Aberdeen Proving Ground, Maryland, where the underground sewer lines emptied
directly into the Chesapeake Bay and Swan Creek.

When sewage treatment facilities were installed during World War |, the Army constructed
septic tank systems. In 1818, the Construction Division issued a drawing of a sewage disposal
plant (Figure 53). In this plan, sewage first settled in a septic tank. The effluent then passed
through a filter bed and was released through the outfall sewer into nearby water bodies. Sludge
that accumulated in the septic tank was pumped to a sludge drying bed (History Office, U.S. Army
Corps of Engineers, Quartermaster drawings, Box 115). Other septic tank systems included
installation of Imhoff tanks. ‘

The Army continued to install septic tank sewage disposal plants at its permanent
installations during the inter-war period. The 1933 sewage disposal plant constructed at Fort
Knox, Kentucky, included intake chamber, settiing (septic) tanks, filter beds, and sludge beds
(Suitland Federal Records Center, RG 77, Completion Reports, Fort Knox).

When the War Department began to plan for emergency mohilization in 1240, sewage
treatment was one of the problems encountered in constructing mobilization training cantonments.
An Engineering Board was appointed to prepare recommendations for sewage disposat plants.
The constraints for selecting sewage treatment options included security to public health, sufficient
treatment to prevent a serious nuisance, economy, and speed of design and construction
(Committee on Sanitary Engineering 1946:800).

The Army policies established for sewage treatment practices depended on the size of the
installation and the location and condition of the water bodies receiving the effluent. The lowest
amount of partial treatment of sewage was sedimentation tanks and chiorination. For camps
where higher levels of treatment were required, the Army used activated sludge process, trickling
filters, or multi-stage high-capacity filters (Committee on Sanitary Engineering 1946:803){Figure 54).

Army policy was to locate sewage treatment plants as far away as possible from
residential and administrative areas, depending on the topography and the location of the
discharge stream. The plants also were located in areas where they would not interfere with
military operations, particuiarly artillery ranges (Committee on Sanitary Engineering 1946:804). At
Aberdeen Proving Ground, Maryland, the sewage treatment plant is located just northeast of the
administrative area, close to Swan Creek. The Army selected the site of the sewage disposal plant
because of the location of the artiliery ranges.
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The number of sewage works constructed by the Army during World War Il provided a
rare opportunity to study sewage treatment operations and compare various processes. In 1945,
the Committee on Sanitary Engineering performed a survey of Army and Navy sewage treatment
practices. The study included 108 Army and Air Corps sewage treatment plants. The sewage
treatment processes represented in the survey included: 10 activated sludge systems, 16 primary
systems, 66 trickling filter systems, 2 trickling filter and activated sludge systems, 12 contact
aeration systems, 1 oxidation pond, and 1 contact aeration and oxidation pond system (Committee
on Sanitary Engineering 1946:811-813}.

Army Building Types
Settling Tan rickling Filters

Settling tanks and trickling filters generally are open structures constructed of concrete.
Primary and secondary settling tanks generaily are rectangular. These structures hoid waste water
to allow large particles to settle out of the water. Trickling filters are either rectangular with
stationary piping or circular with rotating piping. Trickling filters are filled with media, generaily
stones, through which the waste water is filtered to oxidize bacterial growths (Figure 52, fop).

Digesters

Digesters are masonry structures where sludge left from the filtering process is broken
down by bacterial processes. The digesters are one-story, roofed structures that have a footpnnt
of connected adjoining circles (Figure 55, bottorn).

Control Houses

In general, sewage treatment plants also had control houses and small storage buildings
located in the sewage disposal area to allow personnel to monitor the sewage treatment
processes, to provide quality control, and to store chemicals used in treatment. These buildings
generally were one-story buildings constructed of permanent materials with little ornamentation
{Figure 55, top).

Pumping Station

Pumping stations were constructed to pump sewage to and through the sewage treatment
plant and to pump effluent to its final destination. Sewage pumping stations generally were either
partially buried in the ground or one-story. These structures generally were constructed of
permanent materials inciuding brick, concrete, or concrete block (Figure 56). Generally utilitarian
structures with no ormamentation, these bulidings might exhibit some omamentation if they were
located near areas of high building density.
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Figure §5. {top) 1941 sewage treatment plant control house (Building 398, Aberdeen Proving

Ground, Maryland) :
(bottom} 1945 digesters at sewage Treatment Plant (Building 399, Aberdeen Proving

Ground)
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iidi ing Ground,
Figure 56 1841 sewage pump station (Building E5208, Aberdeen Proving
Maryland)
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CHAPTER IX

POWER AND HEATING SYSTEMS

Power and heating plants and their associated distribution systems on military installations
provided power, heat, and electricity. Power plants provided power for industrial production, while
heating plants provided heat to residential and office buildings. Power plants, whether coal or oil
fueled, operated in the same way: water was converted into steam that, in turn, was used to heat
buildings or to power generators that converted steam into mechanical power or alectrical power.
Power and heating technology developed during the last half of the nineteenth century and is’
related directly to industrial development. '

The military adopted power and heating technology by the end of the nineteenth century.
The Navy constructed large central power plants to support manufacturing activities at shipyards;
central power plants provided electricity, steam heating, and compressed air. The Army built
power plants primarily to heat cantonments composed of barracks, residences, and administrative
buildings. In general, the Army did not produce its own electrical power, but purchased it from
local utility companies.

The distinctions between central power plants and heating plants have changed over time.
The term "central power plant” originally indicated that the building included electrical generating
equipment. However, by World War Il central power plants constructed during the inter-war period
no ionger included primary electrical generation equipment. By this time, most naval installations
purchased electric power from local utilities. Currently, the Army, Air Force, Navy, and Marine
Corps purchase the bulk of electric power from local utility companies. Many original power
plants, where in service, currently are categorized as heating plants aithough they may possess
auxiliary or stand-by generators.

Technological Evoiution

Electric Power

During the last quarter of the nineteenth century, steam engines were devaloped to
generate mechanical power to operate a variety of machinery and equipment. Steam engines
became popular in milis and factories following the Civii War. Dynamos, the first practical cost-
efficient electric generators, were produced in Europe during the 1870s. Inventors used dynamos
to explore commercial uses for electricity; one of the sarly uses was for lighting. During the mid
1870s, Charles Brush developed an electric arc lighting system to replace outdoor gas lighting.
Brush installed his first arc lighting system in San Francisco in 1879, where he built a central
electric station that powered 22 electric arc lamps (Marcus and Segal 1989:143-144).

. During the late 1870s, the first commercially successful incandescent light bulb was
developed and marketed. In 1882, the Edison Electric lluminating Company constructed a central
power plant in New York City that served as the heart of an electrification system. The system
included underground conduits and insulated wiring. The central power station used steam
engines to power generators. Innovations in this power plant included water-tube boilers, direct-
current Jumbo generators, mechanical coal and ash handling devices, direct-connected prime
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movers, parallei operation, forced draft, and ventilated windings (Webster 1930:359; Orrok
1830:324).

The earliest power plants generated direct current (DC). In 1888, George Westinghouse
began to experiment with alternating current (AC) motors. Alternating current could be transmitted
longer distances with less cost than DC. By 1892, Wastinghouse adapted an AC motor for power
generation and transmission machinery. Early electric customers chose between alternating and
direct current. By 1900, electrical substations contained equipment to transfer AC to DC and vice
versa (Marcus and Segal 1989:156).

While improvements were being made in the instailation and commercialization of electric
power, efforts also were undertaken to improve electrical generation equipment. During the late
nineteenth century, electrical generators were powered by two principal types of engines:
reciprocating steam engines and turbine steam engines. Between 1893 and 1903, the most
popuiar engine was the reciprocating steam engine. After about 1905, the use of steam turbine
engines became more widespread, although both types of engines existed until about World War
| (Orrok 1930:324-325).

After generators were improved, efforts were undertaken to increase bolier efficiency.
Boliers heated water to provide steam to pawer the equipment that generated electricity. Boilers
increased in size and water capacity. Fuel efficiency in combustion and water evaporation also
were Improved (Orrok 1930:325). The 1890s central power plants generally contained one or more
horizontal tubular boilers that were enclosed by brick walls. The most popular boller
manufacturers were Heine, Babcock & Wilcock, Campbell & Zeil and Atman Taylor (Boomhower
1944a:74).

Coal was the principal energy source for power plants during the late nineteenth and early
twentieth centuries. Coal-fired bollers required space below the firing floor to accommodate ash
hoppers, wind baxes, sifting hoppers, ash removai equipment, and portions of the coal conveying
machinery. Automatic stokers appearad before 1900 and were in general use by 1910. The chain-
grate and the overfeed types of fuel conveyers appeared first, but were repltaced by the underfeed
system by 1910 (Orrok 1830:325). Pulverized coal was introduced as a fuel for steam turbines
during the 1920s. Gasoline and diesel fuels were introduced in 1895, particularly for small engines
{Mechanical Engineering 1930:584). Oil became a competing fuet in steam plants following Worid
War | (Hubbard 1923:143).

Another challenge of electrification was transmission of electric current. Transmission of
elactric current over wire lines began in the United States during the 1830s. In 1891, a 10 kilovolt
line operated. By 1896, an 11 kilovolt, three-phase line transmitted electrical energy generated in
Niagara Falls to Buffalo, New York. Transmission lines increased their voltage to successively
higher tevels. In 18386, the highest kilovolt transmission lines began operation in the United States
between the Moover Dam and Los Angeles, California (McGraw-HIill 1992 V.6:43).

With the rise of electric power generation came the question of what to do with the
exhaust steam from the engines used to drive electric generators. The disposal of the exhaust
stearn led to the birth of district heating. District heating systems distributed heat, usually in the
form of steam or hot water, from a central source. Eady district heating systems utdized thermal
energy gensrated from electric power generation.
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The first successful district heating system was established by Birdsill Holly, a hydraulic
engineer from Lockport, New Yark, in 1877. Hoily installed a bolier in the basement of his house
and heated the dwelling by steam pipes extending from the boiler. Once the system was
established, Holly successfully extended it to the residence of a neighbor almost 500 feet away.
This experiment also was successful and Holly organized the Holly Steam Combination Company
in Lockport, New York (Broders 1981:13).

The news of Holly's success spread quickly throughout the Northeast; and, by 1890,
district heating systems were installed in numerous small cities and towns in New York. By the
beginning of the twentieth century, many cities in the northeastern United States, especially
industrial communities, installed district heating systems. Other northern and midwestern cities
soon built district heating systems.

Philadelphia established that city's first district heating system in 1887. During this period,
many of the city’s electric. utility companies merged with the four district heating concerns that
were recently established in the city. Most electric companies were located within central business
and industrial areas. The companies marketed steam generated by electricity production as a heat
source and sold steam to electric customers (Broders 1981:13-15),

By the end of the nineteenth century, power and heating utilities operated joint utility
companies. The process of utilizing the exhaust steam from steam engines used to drive electrical
generators was called cogeneration. Both electricity and thermal energy were produced
simultanecusly from a single power source. Electrical generators continued to be the principal
energy source for district heating well into the twentieth century. in addition to power companies,
many industrial and commercial power customers also operated individual steam-driven electric
generators; the excess steam was used as heat (Broders 1981:13-18).

During the 1920s, advancements made in the technology of electricity production reduced
the efficiency of cogeneration systems. Changes in fumaces designed to generate electricity
eliminated the exhaust steam utilized for district heating. At the same time, electric current
transmission over high-tension lines improved dramatically. This improvement permitted the:
construction of iarge electric power plants removed from population centers. During the 1920s,
district heating was effective only within a 15 mile radius of the steam source. The distance
between modern electric power plants and population centers prohibited the distribution of thermai
energy through district heating networks. These advances in technology implemented in new
plants reduced the cost of electricity production and distribution. As a consequence, smaller, less
modern neighborhood electrical-generating plants, which also provided steam for district heating,
were forced to restructure their services {Broders 1981:13-18).

Some of the smaller, urban power companies competing with the more modemn power
companies left the electrical generating business and became distributors of thermal energy in
district heating systems. These companies raised the price of steam, making the business
profitable. The first commercial plants devoted solely to thermal energy production for use in
district heating networks appeared during the late 1920s. In 1527, the Wilow Steam Plant in
Philadelphia was opened. The plant operated with three boilers and provided steam for district
heating only; it did not generate electricity (Broders 1981:18).

During the 1920s, small cogeneration district heating and electric power generation plants
powered by steam turbines were established. Like earlier cogeneration facilities, these plants
utilized the exhaust steam created by the smail power plants for district heating purposes. Steam
turbines were small in size, and unsuited for major urban use. Steam turbine cogeneration
facilities efficiently served smalil, contained communities, such as office complexes, factories,
college campuses, and miiitary installations where exhaust steam heated adjacent buildings.
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Numerous small district heating networks flourished during the 1920s and 1930s. District heating
remained popular until the wide availability of ol and natural gas. With these plentiful and cheap
fuel sources, consumers turned to individual building heating systems {Broders 1981:13-18).

Navy/Marine Corps Power and Heating Systems

During the late nineteenth and eary twentigth centuries, the Navy installed power-
generating equipment at s naval yards. The construction of power-generating plants at Navy
yards accompanied the development of the modern Navy at the end of the nineteenth century.
In 1883, the Navy began construction of three "protected” steel cruisers. The transition from
wooden to steel ships required greater industrial capacity at navy yards. In 1898, the Navy
initiated a nationwide construction program to improve and to expand its shore facilities. The
program included the addition of new shipbuilding, maintenance, storage, and industrial facilities
at existing naval vards and stations, as well as the creation of new installations.

Initially, shop buildings were outfitted with individual power plants for operating shop
machinery. in 1904, in an effort 10 consolidate the management of power generation, the Navy
assigned the Bureau of Yards and Docks with the responsibility to administer Navy power plants
and distribution systems (U.S. Navy Department, Bureau of Yards and Docks 1921:18). The Naval
Act of 27 Apri 1904 was enacted to promote economies of scale, to avoid repetitive power
services, and to standardize the design and equipment for all naval power plants.

Between 1904 and 1914, the Navy invested heavily in the construction of central power
plants at navai shipyards and training stations. Central power plants and distribution systems
typically pravided electrical power, steam heat, compressad air (high and low pressure), hydraulic
power, and gas (illuminating, hydrogen and acetylene) 1o the entire installation. The size of the
power piant depended on the needs of the installation. For example, the 1907 central power piant
at the Charleston Navy Yard contained two 625-kilovolt-ampere turbo-alternators and four 350-
horsepower boilars (Figure 57). The Navy generally used AC steam turbine generators. Oniy a
few naval power plants generated DC power: Portsmouth Navy Yard, Maine; Washington Navy
Yard, Washington, D.C.; and, Newport Torpedo Station, Rhode Island (U.S. Navy Department,
Bureau of Yards and Docks 1921:255-277). At the Washington Navy Yard, the power plant
contained vertical and horizontal steam engines.

Fuel used in the power plants reflected regional markets. Coal was the preferred fuel in
the East and Midwest. Oil-fired plants were constructed at Mare Island and Puget Sound Navy
Yards. Both coal and oil required specialized storage. Coal generally was transported by rail,
ship, or barge and was stored in open piles or under covered sheiters. Oil was stored in
undetground and above-grount tanks.

Central power plants constructed by the Navy before 1914 typically were grand industrial
buildings with classically-inspired designs sited in prominent locations. They symbolized the
Navy's growing industrial strength and were built in permanent materials to harmonize with the
architectural character of the installation. At Great Lakes Naval Training Station, illinois, noted
architect Jarvis Hunt designed the exterior of the power plant, as well as the other station
buildings. Naval enginears designed the interior machinery and pian (Hasbrouck and Peterson
Associates 1987:118). The central power and heating plant included electrical generating
equipment, water pumping equipment, refrigerating plant, and machine shop, all operated by a
single boiler plant (U.S. Navy Department, Bureau of Yards and Docks, Sulletin 5, 1913:17-35).
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Figure 57. 1907 central power house (Buliding 32, Naval Base Charieston, South Carolina)

211



Warld War 1

After the beginning of World War | in 1914 in Europe, the Navy realized that naval shore
facilities would require expansion if the United States entered the conflict. The power-piant section
of the Bureau of Yards and Docks was charged with the design and construction of new plants,
extending existing plants, and upgrading existing machinery. Mr. L W. Bates, a civilian, jed the
power-plant section of the Bureau of Yards and Dock; other staff included three aids, five clerical
assistants, and sixty draftsmen. During the war years, private engineering firms and consuitants
augmented the Navy's small staff of electrical and mechanical draftsmen. The Bureau of Yards
and Docks awarded approximately 140 public works contracts to upgrade power plants,
equipment, and other components between April 6, 1917 and November 11, 1818 (U.S. Navy
Department, Bureau of Yards and Docks 1921:255).

The two largest and most important power plants constructed by the Bureau of Yards and
Docks during World War | were the central plants at the Notfolk and Philadelphia Navy Yards,
which were identical in design (Figure 58). The two plants were equipped with the most modern
equipment and contained high-efficiency power generating systems. The Bureau of Yards and
Docks- shipbuilding and yard development section designed the buildings while the power plant
section prepared the plans and specifications for the machinery. Machinery included 11,250
kilovolt-ampere turbo-generators, reciprocating air compressors, and turbo-compressors. The
boiler equipment consisted of tweive 600-horsepower water-tube boilers equipped with
superheaters, mechanical stokers, forced and induced draft apparatus, soot blowers, balanced
draft reguiators, draft gauges, and automatic flue gas analyzers and meters. Two rows of boilers
lined a firing aisle. The equipment was capable of operating at 300 per cent of rating, providing
a maximum capacity of 21,600 horsepower. The buildings were designed to accommodate
additional boilers. Coal was delivered to the plants on railroad cars; the coal was transferred from
the cars to outside ground storage, then to the power plant bunkers. To remove ash from the
plants, the buildings were designed to allow standard-gauge railroad cars to enter the building and
receive loads from the stoker ash pits. The Norfolk and Philadelphia power houses were designed
without interior columns; side-wall columns supported the elevated bunkers and roof. Although
this design increased the cost of construction, it provided unobstructed interior spaces for the
boilers. Window spans were considerably greater than normal industrial design to provide natural
light to the interior (U.S. Navy Department, Bureau of Yards and Docks 1921:255-259).

The power plant machinery at most other Navy yards was upgraded without building
expansions. At Charieston Navy Yard, South Carolina, more powerful turbo-generators and air
compressor equipment were installed during World War |. In some instances, shipyards
augmented their power supply by purchasing power from local public utilities. Electric power was
transferred through transmission lines and regulated through a yard substation. At the Naval
Aircraft Factory at the Philadelphia Navy Yard, the shipyard power plant could not accommaodate
the increased demands for power. The Navy constructed a separate boiier plant to provide heat
and energy for the factory. Until the new boiler plant was completed, the factory purchased
electricity from the local public utility, and a brick substation was constructed to regulate the flow
of electricity to the instaliation. At the New York Navy Yard, a substation was constructed that
convested DC from the public utility te AC for the yard (U.S. Navy Department, Bureau of Yards

and Docks 1921:270-277).

The Navy also secured power supplies at mine filling plants and ordnance depots to meet
the pawer needs of the small scale industrial activities at these instaliations. At Yorktown Mine
Depat, Virginia, the Navy initially powered the depot by electricity purchased from the local utility
and transported through transmission lines. Permanent plans for the installation included a small,
one-story power plant that was compileted immediately after the war (U.S. Navy Department,
Bureau of Yards and Docks 1921:289).
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Power sources varted at other naval stations and shore installations. Where possible, the
Navy purchased eiectric power from iocal utilities for training, air, and Marine Corps stations.
These stations were not involved in manufacturing or repair work and demand was limited to
building services and personnel activities.

The Navy constructed central heating plants at three training stations (Cloyne Fleld at
Newpaort Training Center, Rhode Island; Pelham Park, New York; and Hampton Roads, Virginia).
Before the permanent heating plant at Hampton Roads was completed, the Navy proposed adding
electrical generating capabilities. However, funding prevented these improvements (U.S. Navy
Department, Bureau of Yards and Docks 1921:263-264; 402). Small district heating systems were
constructed for discrete groups of buildings such as barracks and hospitals. Two boiller houses
were constructed at the Marine Corps Base, Quantico, Virginia, for the hospital and barracks
during World War | (NARA, Cartographic Branch, RG 71, microfim reel 575). Central heating
plants also ware constructed at mine and ordnance depots.

Coal remained the primary fuel source for most naval power and heating plants. However,
at the navy yards at Mare Island, California, and Puget Sound, Washington, the power plants
utilized fuel oil instead of coal. The only other oll-fueled central power plants were located at the
naval training camp at Newpaort, Rhode Island, and at New Oreans. The Newport power plant
used oil fuel so that enlisted personnel could be trained using oil-burning equipment before being
assigned to ships (U.S. Navy Department, Bureau of Yards and Docks 1921:273, 263).

Inter-war Period

The Navy's need for power and heating plants declined dramatically following Worid War
I. During this period, naval shipyards relied on the power plants constructed and improved during
the war. At new installations, the Navy constructed cogeneration plants that produced electricity
as weil as heat. Cogeneration plants were constructed at Naval Proving Grounds, Dahigren,
Virginia, and Alameda Naval Alr Station, California.

Technological improvements in the transmission of electric current greatly reduced the
need for each naval installation to install its own electrical generating power house. These
improvements encouraged the Navy to purchase electricity from local utility companies. The Navy
installed overhead and underground transmission lines. At the installation, electricity was
distributed through substations, switching stations, and transformers. The equipment housed in
these buildings regulated electrical flow and voltage between the source and the consumer.

Substations connected generators, controlled voltage levels, or connected alternate
sources of power. Switching stations provided connections for various levels of voltage.
Transformers were used to increase alternating current to high voltages for long-distance power
transmission to minimize drops in voltage and to convert voltage for consumer use. Industrial
establishments required high and medium voltages, whereas light industry and residential use
required medium and low voltages. Transformers generated varying amounts of heat; oil, air, or
pyranol were commonly used to cool enclosed transformers to avoid circuit failure.

improved transmission lines assisted with the construction of Hawthorme Naval
Ammunition Depot, Nevada, begun in 1929. Hawthome was a vast, inland ammunition depot in
an isolated location. Electricity was provided from a 54-mile, 3-wire, high-tension line that crossed
a mountain range and was routed to a substation of the local utility (U.S. Navy Department,
Bureau of Yards and Docks 1947:340). A boller plant was constructed to supply heat at the
installation (NARA, Cartographic Branch, RG 71, microfilm reel 1089).
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Figure 58. 1918 power plant {Building 23, Philadelphia Naval Base, Pennsylvania)
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To heat buildings, the Navy either constructed central boiler plants for groups of buildings
or installed boilers in individual buildings. At Moffett Naval Air Station, California, the Navy
constructed a central steam heating piant (Building 10) that served ten buildings; the plant was
located in the central administrative area. In addRion, individual barracks and quarters contained
gas-fired boilers.

During the inter-war period, the basic technology of steam plants remained essentially the
same as during World War i. Technological improvements focused on increased efficiency.in fuel-
handling, fuet consumption, boiler pressures, and power or steam heat distribution. While coal
was the dominant fuel source before and during World War |, a critical coal shortage during the
war shifted attention to the potential for oil. During the 1920s, oil began to compete successfully
with coal as a fuel. Each type of fuel had its own challenges in use and storage.

Coal was bulky to load, unload, store, and transpont. Transporting coal required a system
of belt conveyors, scrappers, or overhead grab buckets. Reserves of coal were stored in outdoor
pile and spontaneous combustion was a hazard to stockpiled coal reserves. As a result, coal was
piled in thin layers and each layer was packed firmly with a steam roller to prevent air circulation
to the interior of the coal pile and thus reduce the hazard of spontaneous combustion. in addition,
coal burning produced ash and discharged soot, creating disposal and poliution problems
{Boomhowar 1944b:71).

In contrast, oil was pumped directly to the combustion chamber of the furnace from large
storage tanks. OQil-fired furnaces were smaller in size then their coal-fired counterparts, though the
boiler systems were identical. While oil-fired power plants were comparatively more expensive to
operate due to the higher price of oil, they did not have the storage and disposal problems
associated with coal-fired plants (Boomhower 1944b:71).

World War i

During the late 1930s, the Navy undertook its first significant expansion since World War
| and began to modernize its shore installations. As part of these improvements, the Navy
reassessed its policies on electric power. In December 1938, the Navy proposed that each naval
installation maintaln two sources of power to provide a backup electrical system in case of power
failure. The new policy recommended that Navy yards and industrial stations with on-site primary
electrical generating capabilities establish connections to local utility companies through
transmission lines and transformers. The policy also recommended equipping naval stations that

purchased electric power from private companies with stand-by generators (U.S. Navy
Department, Bureau News Memorandum #214, 1939:B174-B175).

The 1939 policy was implemented during World War Il. Navy yards upgraded their power
generation equipment to accommodate increased industrial activity. In some cases, new power
plants were constructed to provide power to the main shipyard and nearby annexes; in other
cases, new boilers and turbines were installed in existing power plants. At the New York Navy
Yard, an entire new bullding and plant was constructed for $8 million. At Charleston Navy Yard,
new boilers were installed in the central power plant and three existing turbo-generators were
upgraded (U.S. Navy Department, Bureau of Yards and Docks 1947a V.l1:191-192).

The primary power source at most non-industrial stations, including air stations, training
stations, operating bases, storage depots, radio station, and Marine Corps bases, was electricity
purchased from local utilities. By the end of World War |, local electric companies were the
primary power solirce even at instaliations where central power houses were constructed during
the inter-war period. Navy generators provided a backup electric power system. This pattern was
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followed at the Naval Air Station, Alameda, California; Naval Air Station, Corpus Christi, Texas;
Naval Station Norfolk, Virginia; Marine Corps Base, Quantico, Virginia; Hawthome Naval
Ammunition Depot, Nevada; Naval Proving Grounds, Dahigren, Virginia; and, Yorktown Mine
Depot, Virginia (U.S. Navy Department, Bureau of Yards and Docks, Data Book 1947b:V.1).

During Workd War K, substations, transformers, and switching stations proliferated. The
Bureau of Yards and Docks made increasing use of self-contalned unit substations. The unit
substation used three-phase power transformers and vertical lift metal-clad switchgear for high
voltage circuits; it was a self-contained unit clad in a metal box. The unit substation had several
advantages. it was manufactured and assembled at the factory, and thus simply required site
installation. It was portable and had no exposed parts, so that the unit substation was suited to
indoor or outdoor locations. If the unit was cooled by a non-inflammable cooling medium, it could
be installed indoors without a special vault. The adoption of the unit substation eliminated the
need for substation buildings. The unit could be installed outdoors on a concrete pad or in an
existing building (U.S. Navy Department, Bureau News Memorandum #223, 1940:F1430-F1432).

The Navy continued to heat its instaliations through a combination of central heating
plants and building boilers. New naval stations often included several central heating plants and
numerous individual building boilers. Small heating plants were used to heat specialized functions
such as hospitals, laundries, and small groups of buildings, such as a Marine Corps barracks
complex located at a Navy-yard.

Naval Building Types
entl Wi eating Pl

Before 1914, the Navy constructed iarge central power plants at industrial yards. These
huildings typically were monumental industrial buildings situated in prominent locations. Generally
constructed of masorwry, the power plants were designed to harmonize with the prevailing
architectural style of the installation. Some designs are attributable to noted architects. At Great
Lakes Naval Training Station, illinois, noted architect Jarvis Hunt designed the exterior of the
power plant, while naval engineers designed the interior machinery and layout (Hasbrouck and
Peterson Associates 1987:118). '

During World War |, few new central power and heating plants were constructed. Instead,
the Navy chaose to upgrade equipment in their plants. The two exceptions were massive utilitarian
industrial structures constructed of steel and concrete completed at Norfolk and Philadelphia Navy
Yards.

During the inter-war pericd, the Navy constructed power and heating plants at newly
established instailations. The type and size of the buidings depended on the size and energy
requirements of an installation, Central power and heating plants generally were two-stories and
constructed of similar permanent materials as other buildings on an installation. They often had
tall industrial sash windows for lighting and classically-inspired architectural ornamentation. In
general, the central heating plant buiidings occupied prominent locations on the installations.
Where an installation had different activities located over a wide geographical area, each area
might have a separate heating plant. At some depots, the central power or heating plants were
one-story bulldings (Figure 59).

During World War i, central power and heating plants were constructed of permanent
materials. The buildings were functional with litle architectural omamentation. The number of
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window openings was reduced to a minimum, creating farge expanses of blank wall space (Figure
60).

In general, the Navy continually upgraded equipment in the power houses and heating
plants to meet current energy and heating requirements. The general pattemn established during
World War | was to replace and upgrade equipment in an existing central power house or heating
plant rather than build a new one. In fact, equipment may have been replaced two or three times.

Substations /Distribution Transformers/Switching Stations

Substations, distribution transformers, and switching stations housed equipment to
regulate the flow and voltage of electricity to various sections of an installation. In general, these
one-story buildings were constructed of permanent materials, typically brick or concrete. These
buldings usually included a single door and few windows (Figure 61), Currently, many of these
buildings are being replaced by self-contained transformer units located on concrete pads.
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Figure 59. {top) 1919 central power house (Building 80, St. Juliens Creek Naval Annex,
Virginia}
{bottom} 1929 power house (Building 2012, Marine Corps Developmen% and
Education Gommand Quantico, Virginia}
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Figure 80. {fop) 1942 heating plant (Buiiding 458, Naval Complex Pensacola, Florida)
(bottom) 1943 steam heating plant (Building SP85, Naval Base Norfolk, Virginia)

223



Figure 61. {top) 1921 substation {Building 317, Substation #3, Naval Complex Pensacoia,

Florida)
(bottom) 1942 distribution transformer building {Building P63, Naval Base
Norfolk, Virginia}
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Army/Army Air Corps Power and Heating Systems

In general, the Army maintained heating and electrical generation as two separate systems
and did not adopt the civilian technology combining electrical generation and steam heating.
Steam heating plants are more common on Army and Air Corps installations than electrical
generation facilities.

During the iate nineteenth century, the Army consolidated its troops on larger installations.
The Army constructed permanent buildings and made conscious efforts to improve living
standards on posts. During the 1880s and 18590s, the Quartermaster Department experimented
with steam heating systems. The Army built both central steam heating plants for entire
installations and separate building boilers. By 1892, a quarter of the Army's barracks were heated
by steam or hot air. During the same period, the Army experimented with electric lighting;
electricity was introduced Into barracks in 1891 (Clary 1983:34).

By 1904, Quartermaster personnel were expected to have a thorough knowledge of hot
air, steam, and hot water heating systems for bath building bollers and for central heating plants.
While five paragraphs of instructions explained the Quartermaster responsibilities concerning
heating systems, only one paragraph of instructions was devoted to electricity. At instailations
with electricity, Quartermaster personnel were expected to be knowledgeable about the care of
generators, transformers, rheostats, ammeters, and wattmeters (U.S. War Department,
Quartermaster Department 1904:16-17). The Quartermaster Department does not appear to have
issued standard plans for boiler houses and power plants before 1918; the indices of
Quartermaster standard plans do not include boiler houses or power plants (NARA Cartographic
Branch, RG 77, index to standard plans). ‘

Before World War 1, the Army only required a steady source of power for its manufacturing
arsenals. For example, at Waterdiet Arsenal, New York, the main gun shop included a boiler that
produced the power for the shop. At Rock Istand Arsenal, linois, a hydroelectric plant on the
Instaliation produced power for the arsenal (Building Technology Inc., Waterviiet, 1984:77-78;
Building Technology !nc., Rock Island, 1985:45-50,58).

World War i

During World War |, the Army established standard practices for supplying heat and
electricity at its installations. Manufacturing installations were the only faciities where the Army
built power plants. At most installations, the Army typicalty purchased electricity from local utilities.

At Edgewood Arsenal, Maryland, a World War | chemical weapons manufacturing facility,
the Army generated electricity as an integral service of the installation. The central power plant
at Edgewood Arsenal, completed in 1918, provided electricity, steam heat, and compressed air
for the central industrial area. The plant's electricity also was used to light the hospital and
permanent barracks. The plant’s original equipment included eight coal-fired water tube boilers,
and two electric generators and air comprassors. To supplement the installation’s internal power
production, Edgewood Arsenal was connected to the local power utility through a high tension
transmission line (U.S. War Department, Construction Division 1919a:28).

The majority of Army installations during this period were training camps, where protected
power supplies were not as critical to the mission as at a manufacturing facility. The Army
purchased electricity from local utility companies for its training cantonments and distributed the
electricity by above-ground transmission lines. For example, at Aberdeen Proving Ground,
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Maryland, the main electricity source was the local utility company; emergency power generating
equipment was part of the central steam heating plant.

The Army used stoves to heat barracks and other buildings at its temporary training
cantonments {Rowan 1927:22). At permanent installations, the Army constructed central and
district heating plants. At Aberdeen Proving Ground, the central heating plant provided steam heat
to 62 buildings in the administrative and testing areas. At Edgewood Arsenal, separate district
heating plants were constructed to heat permanent barracks and the hospital. In many cases,
post haspitals were heated by separate heating plants.

' Small oil- or coal-fueled power piaints were constructed to provide electricity for specific

tasks. Drawings indicate that the Army constructed small power houses to provide electricity for
laundries and hospitals (History Office, U.S, Army Corps of Engineers, Quartermaster drawings,
Box 108).

Inter-war Peri

During its nationwide construction program begun during the late 1920s, the Army
continued its earier practices. The Army continued 1o rely on commercial utilities for eiectricity
at most posts. Improvements to high-power transmission lines expanded the Army's ability to
purchase electricity from local electrical utility companies (Rowan 1927:22). Overhead and
underground transmission lines distributed electricity within the installation. Substations and
transformers adjusted the electric current.

The Army employed three methods of supplying heat to its permanent installations:
building boilers, central heating plants, or district heating plants. Individual building boilers was
the most prevalent method of supplying heat. This method proved most efficient on instailations
where buildings were scattered over large tracts.

At installations where buildings were located in compact plans, the Army typically
constructed central or district heating piants. . Centrai heating plants were large buildings that
provide heat for an entire installation. At permanent Alr Corps installations, buildings often were
clustered to maximize space for the flying field; thus, the Army often constructed central heating
plants at Air Corps installations. In these cases, due to its location in the main cantonment, the
heating plant often exhibited architectural detailing compatible with the architectural character of
the surrounding builldings.

District heating plants were used for distinct compiexes within an instaliation. The district
heating plant also was suited to building compiexes removed from the main development area.
For example, post hospitals or residential areas often included district heating plants. At Fort
Knox, Kentucky, when the officer housing area was expanded in 1938 through the addition of 10
field officers’ quarters and 61 company officers’ quarters, the Army proposed the construction of
a coalfired district heating plant (Suitland Federal Records Center, RG 77, Completion Reports,
Fort Knox}. District heating plants often supplied heat for small adjunct air fields. Educational
complexes, such as the Ordnance School located at Aberdeen Proving Ground, also were heated
through a district heating plant. District heating plants often exhibited architectural design that
complemented the major buildings in the complex.
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World War I

During the massive mobilization for Word War |l, the Army relied on standard pians for
most of its wartime construction to conserve materials and time. The Army standardized its
electrical systems to a greater degree than previously. The primary factors in selecting an
slectrical system for an installation were site conditions and application. Thesa factors determinad
the amount of electricity required and the general layout of the electrical distribution systems.

Most Army instaliations were located close to large electric utliity production stations and
private utility companies provided a transmission line to a govemment-built high-voitage
substation. From the substation, electricity was distributed throughout the installation.

The most common type of substation used during World War 1t comprised electrical
equipment mounted on a concrete platform. Small buildings containing monitoring squipment
often were constructed near the concrete pad. Most substations were constructed of metal, but
during the last years of the war the Army sometimes built wood superstructures over substation
equipment. Metal-clad switches and rubber insulators protected the hardware of the high voitage
substations from the weather. Smaller metal transformers located throughout the installation
further refined the electrical voltage for use in individual buildings {Tugby 1944:78-79; Power Plant
Engineer 1842:68-73).

Electrical power was distributed throughout an installation via overhead wire systems.
During World War il, the Army preferred overhead wire systems to underground systems due to
their flexibility, economy, and adaptability. Overhead wires couid be repaired easily and
constructed quickly. The overhead system also offered the advantage of easier material salvage
after the war (Tugby 1944:78-79).

At installations where distances made overhead wire systems uneconomical or where a
dependable power source was required, the Army installed electrical generating equipment.
Stand-by electric generators often were constructed at Army ordnance plants, air fields, and other
installations where interruption of power would hamper operations. Auxiliary electrical generating
equipment was either coal- or oil-fueled. During World War I, oil began to replace coal as the
primary fuel, particufarly at inland ordnance plants.

Heating plants also were constructed at new installations. District heating remained a
common method for heating groups of bulldings located closely together. Heating plants often
were constructed to support the central administration area of ammunition plants. Otherwise,
individual boilers were used to heat buildings.

During World War Il, power and central heating piants were designed to meet wartime
defense measures. The early threats of alr attack led to the use of *blackowt” designs. In place
of windows, architects substituted recessed brick panels in the curtain walls that couid be
converted to regular window bays after the war. Power plants were difficult to conceal because
of their size and prominent smoke stacks. Shorter smoke stacks were constructed during the war
to eliminate hazards to aircraft and to manipulate the image of the building as camouflage
protection against air raids. Induced draft fans made shorter smoke stacks possible (Kahn
1944:96). At the start of the mobilization, the Army constructed boller plants in masonry, but later
in the war wood-frame construction was adopted to preserve scarce building materials.

229



Army Building Types
ntral Pow Heating Plants

Central power and heating plants generally are large masonry structures often with tall
masonry or metal chimney stacks. The buildings typically appear from the exterior as multi-story
buildings. The interior space is undivided to accommodate large boilers; a mezzanine provides
access to the upper levels of the boilers. The earliest power and central heating plants were coal
fired and included coal hoppers for coal storage. During World War II, the increased use of oil
eliminated the need for coal hoppers. Central power and haating plants often are located centrally
oh an instaliation (Figure 62).

Common modifications to central power and heating plants included the removal of smoke
stacks following the conversion to oil. Equipment may also have been modified. Equipment in
central power and heating plants constructed before Worid War |l usually were upgraded during
the war. Central power or heating plants in limited service during the last fiity years may contain
original intact equipment. Where a boiler system has been in constant use since World War I, it
is probable that the equipment has been, or is scheduied for, modification.

tangd- nerator Buildin

Stand-by generators were constructed primarily during World War il as backup: power
systems. In some cases, stand-by generators were part of central heating plants. In cther cases,
separate buildings were constructed to house these generators. Generator buildings generally are
one-story, utilitarian structures located in shop or support areas. One auxiliary diesel-fueled
generator piant was surveyed at Aberdeen Proving Ground, Maryland. Building 318, constructed
in the shop area, was used to charge batteries and contained two electric generators as an
auxiliary/stand-by power supply. The building is constructed of prefabricated, synthetic panel,
exterior walis with a transite skirt at the foundation (Figure 63, bottom).

District Heating Plants/Bailer Plants

The typical district heating plant or boiler plant is a small, one-story masonry structure.
In general, the design and construction of district heating plants reflects the design of surrounding
buidings. If the boiler plant supported a compiex of architecturally prominent buildings, the plant
often was designed with architectural elements that complemeantad the main buildings. If the plant
served utilitarian structures, it typically was constructed according to a utilitarian design with little
or no architectural ormamentation (Figure 63, top). ‘

One major modification to boiler plants often is the removal of original tall smoke stacks.
This is particularly noticeable in cases where the original masonry smokestacks for coal-fired
boilers have been replaced by metal flues.

tion:
During the inter-war period, the Army enclosed substations in small, one-story, masonry
buildings {Figure 64, top). During Worid War |, substations consisted of electrical equipment

mounted on concrete pads. In general, slectrical substation equipment continually has been
upgraded and no longer reflects the technology of earlier time periods.
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bistribution Transformer Buildings

Distribution transformer buildings appear during the 1930s phase of permanent Army
construction. They are most common in permanent housing areas and distinct building
complexes, such as Army air fields. Distribution transformer buildings were one-story buildings,
often designed to complement the architecture of the surounding area. Two designs of
distribution transformer buildings are identifiable. One design has a metal door in the front gable
end; the other design has a door opening in the side elevation (Figure 64, bottomn).
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Figure 62. (top) 1918 central heating plant (Bullding 345, Aberdeen Proving Ground, Maryland)
{bottom) 1937 central heating plant (Building 30170, Wright Patterson AFB, Ohio)
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Figure 83. {fop} 1941 district heating plant (Building 3062, Aberdeen Froving Ground,
Maryland}
(bottom) 1943 auxiliary generator bullding (Buliding 318, Aberdeen Proving
Ground, Manyland)
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Figure 64. (top} 1923 electrical substation {Building 7, Scott AFB, lllinois)
{bottorn} 1935 brick distribution transformer building (Building 46, Aberdeen
Proving Ground, Maryiand)
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CHAPTER X

REFUSE DISPOSAL

Industrial, commercial, and domestic activity produces solid wastes that people have
disposed of in various ways over time. Refuse is classified into three categories: (1) garbage, (2)
rubbish, and (3) trash. Garbage is a mixture of solid wastes that result from food preparation and
primarily contains vegetable matter. Only a small percentage of the refuse produced in the United
States is classified as garbage. Rubbish is a mixture of combustible materials composed primarily
of paper and light plastics. Trash includes all other solid wastes. R consists predominantly of
noncombustible materials and yard and garden trimmings (Fife 1966:93). Communities manage
solid waste through the development and operation of refuse disposal systems that dispose of
community refuse in a healthy and economic manner according to the standards of the time. As
military installations developed and knowledge about the connection between health and refuse
disposa! grew, the military developed better means of refuse disposal,

Technological Evolution

Management of solid wastes generally relied upon methods that salvaged as much of the
waste as economically possible, and reduced the remainder through bumning or compaction. Solid
wastes were disposed using a variety of methods: dumping on land or in water, feeding animals,
or bumning.

The most popular method of refuse removal was dumping. Most cities and towns
disposed of community wastes by dumping refuse in lakes, sireams, and fields. During the
nineteenth century, public health officials demanded the removal of refuse dumps from populated
areas. lLand dumping continued 1o be the most common method of refuse disposal until the
middie of the 1910s.

During the late nineteenth century, refuse disposal in the United States was primitive. In
the last quarter of the nineteenth century, only 43 per cent of American cities provided any sort
of municipal waste collection and disposal (Melosi 1981:152). Two methods of waste disposal
gradually supplanted dumping: incineration and reduction. These two technologies rermained
popular until World War |

Reduction is the process of compacting solid waste to decrease its volume. Machines
shred, hammer, and puiverize the refuse into small particles.

Incineration is the process of burning combustible waste at high temperature to produce
an inent residuye. Burning originally was done in open areas or pits. During the late nineteenth
century, European inventors developed a special incineration furnace that controlled the burning
process. The incinerator included a furhace where combustible refuse was charged and ignited,
a secondary combustion chamber where high-temperature burning completed the combustion
process, and flues and chimneys to provide an exhaust system.

in 1885, the Army instailed the first refuse incinerator. This system was imported from

Europe and located in the United States at Governors Island in the harbor of New York City (Fife
1966:95). At the beginning of the twentieth century, approximately 32 per cent of American cities
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utilized incineration to dispose of refuse. Another 13.5 per cent of Ametican cities relied on
reduction; 32 percent on land dumps; and, 13.5 percent on farm use (Melosl 1981:163).

While proponents claimed that incineration provided the most sanitary and economic
means of refuse disposal, American engineers were unhappy with the most commonly-used
incinerators, which were European imports. Operators complained that existing incinerators did
not compete effectively with dumping practices because of inefficient fuel use. By 1910, many
engineers claimed that new technology made incinerators more efficient. By 1914, approximately
300 incineration plants operated in the United States and Canada; 88 of these plants were
constructed between 1908 and 1914. In 1916, 43 per cent of American cities used incineration
{Melosi 1981:163;170-175). :

The improved incinerator plants frequently included space for unloading and storing refuse
tor short periods of time to permit uniform charging of the furnaces. As the technology improved,
the heat generated by the incinerators was sometimes used to generate steam for industrial
processes, space heating, or power generation. incineration was especially practical for smail
communities such as large commercial establishments or military installations.

Between 1910 and 1920, the percentage of American cities providing municipal waste
collection and disposal rose to approximately 90 per cent (Melosi 1981:152). However, during the
first two decades of the twentieth century, no single method of refuse disposal was preferred by
the majority of American communities. Both incineration and reduction were promoted as the
most efficient means of waste disposal.

During World War |, other refuse disposal methods included recycling materials and swine
feeding. Popular in the United States until the 1890s, swine feeding was adopted during the war
as a way to incraase food production. Swine feeding continued in the Northeast as a method of
refuse disposal until the 1930s. The practice became less popular when the federal government
passed laws requiring that garbage fed to hogs be cooked to prevent the spread of disease. Sites
for hog feeding bacame increasingly difficult to locate within a reasonable distance from highly
populated areas. ,

As American society became more affiuent following World War |, the problem of refuse
disposal increased in magnitude and complexity. The dramatic rise in the number of automobiles,
as well as the growth of the chemical and electrical industries during the 1920s, transformed the
economy. The appearance of a variety of consumer products and diverse disposable packaging,
changed the nature of refuse (Melosi 1981:190).

After World War |, refuse disposal methods remained varied. 1n 1924, 29 per cent of
American cities used incineration; 2 per cent reduction; 38 per cent farm use; 17 per cent land
dumping; and 14 per cent relied upon other methods (Melosi 1981:163). Both reduction and
incineration facilities continued to operate during the 1920s, although reduction nhever regained Its
pra-World War | popularity.

: Many coastal communities dumped refuse at sea during the early twentieth century. The
problems presented by this method of disposal became evident quickly as trash washed back on
share. After the first half of the twentieth century laws were passed that generally preciuded the
direct disposal of waste in bodies of water.

incineration continued to be a practical method of refuse disposal until Word War If.

However, during the 1930s, the use of sanitary landfills increased in popularity, and the number
of incinerators declined significantly. Since World War Il, the sanitary landfill has remained the
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primary method of refuse disposal, particulady with rising concems about air poliution from
incineration.

Naval/Marine Corps Application of Refuse Disposal Technology

The Navy's use of refuse disposal technology followed civilian patterns. The Navy
recognized the importance of refuse disposal to avoid health hazards. The Navy disposed of
garbage by dumping, sanitary filling, burning, and hog feeding. Trash usually was salvaged or
burned (U.S. Navy Depantment, Civil Engineer Corps 1945). Review of the Navy's archival records
did not locate any plans of or references to reduction plants.

After incineration was introduced in the United States in 1835, the Navy gradually adopted
this technology for naval installations. in 1905, a crematory with the capacity to bum five 1o seven
tons of garbage was constructed at the New York Navy Yard. The Morse-Boulger Destructor
Company of New York provided the equipment and the building designs (NARA, Cartographic
Branch, RG 7t, microfilm reei 59).

In 1913, the Navy reported a problem with the crematory at the Norfolk Navy Yard. In
1912, the oid crematory had been replaced. The furnhaces were removed from the old crematory
and the plant was closed. Just after the new crematory was completéd, cracks developed in its
stack, and the yard closed the new plant. The lack of a crematory at the shipyard formed a
menace to the health of shipyard workers. The Navy solved the problem by using the Army’s
open pit furnace method of incineration. This method disposed of 2 tons of animal and vegetable
matter per day (U.S. Navy Department, Bureau of Yards and Docks, Bulfletin 13, June 1913:35-36).

Anather example of a crematory was built at the Naval Training Station at Newport, Rhode
Island. The incinerator contained concrete floors and walis lined with enameled brick. Garbage
was dumped onto the upper fire-clay grates of the incinerator through two openings in the top of
the fumace. The draft from coal fires on lower grates located at each end of the furnace, passed
over the garbage, and another grate. Exhaust exited the system through the flue, which was partly
below the furnace and ied back to the chimney (U.S. Navy Department, Bureau of Yards and
Docks, Bulletin 14, June 1914).

Between 1917 and 19486, incinerators were constructed at many types of naval instaliations
including training stations, hospitals, air stations, supply depots, ammunition depots, and Marine
Corps installations. During the late 1930s and throughout World War |I, incinerators were a typical
building type constructed at most installations.

Naval Building Types

Inginerators

Incinarators generally are two-stary, rectanguiar buildings (Figure 65). The first floor often
is partially below ground and houses the furnace. This level generally is constructed of permanent
materials, typically concrete. The refuse is unioaded and prepared for incineration on the upper
level. The exterior of the upper story of the buildings could be constructed of brick, concrete, or
corrugated metal. The choice of material depended on the iocation of the incinerator and its
capacity. Incinerator buildings could be windowiess or feature industrial steel sash or doubie-hung
sash windows. A prominent feature of the incinerator building is its tall smokestack. The size of
installation incinerators depended on the number of personnel stationed at the instafiation. The
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Navy estimated that one person generated one-half pound of garbage and ohg-and-one-half
pounis of refuse per day (U.S. Navy Department, Bureau of Yards and Docks 1938: T17-19).

Between 1917 and 1946, incineration technology remained the same. The incinerator was
compaosed of a fumace, charging and combustion chambers with Interior walls lined with fire brick,
and a chimney stack. The refuse entered the furnace from the upper level and was burmad by
fires fueled by wood, coal, or oil. Large incinerators had mechanical stoking equipment; small
incinerators were hand stoked. The Bureau of Yards and Docks recommended the installation of
hot water coils to harness the heat generated to produce hot water and steam. At some
installations, incinerators were connected to the power plant so that the two processes couild
share the same chimney stack (U.S. Navy Depanment, Bureau of Yards and Docks 1938: T17-19).
Hawthorne Ammunition Depot in Nevada included an example of this combined building type.

Eary incinerators were small buildings. The 1905 incinerator designed for the New York
Navy Yard measured 26 by 29 feet. Its capacity was between five 1o seven tons of garbage. The
incinarator constructed at Quantico during the 1820s measured 28 by 28 feet. The largest Navy
incinerator of the era was constructed in 1938 at the New York Navy Yard. It measured 72 by 42
feet and had a capacity of 76 tons (NARA, Cartagraphic Branch, RG 71, microfim reels 59, 60).
Incinerators typically were located away from personnel structures; if the installation had limited
land, then the incinerator might be attached to the power house.
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1846 standard incinerator (Drawing 429,228, Reel 1299, Naval Construction

Battalion Center, Port Hueneme, California)

Figure 65.
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Army/Air Corps Application of Refuse Disposal Technology

During the nineteenth century, the Army typically disposed of refuse through burning in
open pits. As the Army improved living standards for its personnel during the late nineteenth
century, waste control methods also were improved. In 1885, the Army installed and operated the
first refuse incinerator (no longer extant) in the United States at Governors Isiand, New York. The
incinerator, which was imported from Europe, was a single refractory-lined chamber with a
stationary grate. Refuse was loaded into the furnace through a top opening, and stoked by hand.
The incinerator did not inciude a means to collect fly ash or an exhaust system (Fife 1966:95).

in 1902 and 1904, the Quartermaster Corps issued standard plans for crematories (NARA,
Cartographic Branch, RG 77, Standard plans). According to the extant drawings, the plans were
not revised many times; the absence of revisions typically indicates that the plans were not used
often. Quariermaster personnel were assigned the responsibilities for the operation of crematories.
In 1904, Quartermaster personnei were instructed to operate crematories efficiently within the
capacity of the equipment and t¢ watch the grate bars and stack carefully {U.S. War Department,
Quartermaster Department 1904:17). Betwean 1318 and 1946, the Quanermaster Department
issued additional drawings for incinerators (History Office, U.S. Army Corps of Engineers,
Quartermaster drawings, Box 86).

During Wond War 1, the Army built cantonments across the country to house and train
recruits. These cantonments consisted primarily of temporary, wooden buidings. Fire prevention
was a major concern in these wooden cantonments (Crowell 1919:535-536). Because of the fire
risks associated with open pit burning, most temporary cantonments included a masonry
incinerator building. Another building that sometimes was associated with incinerator buildings
was the garbage can washing bullding where personnel washed garbage cans, generally using
water heated by the incineration process.

Between 1917 and 19486, incinerators were constructed at most Army instaliations. During
the late 1930s and throughout World War Il, incinerators were a typical building type constructed
at most installations.

Army Building Types

Inginerators

incinerators generally are two-story, rectangular buildings. The first floor often is partiaily
below ground and houses the furnace. The basement walls generally are constructed of
permanent materiais such as poured reinforced concrete or masonry block. The first floor can
also be constructed of permanent materials such as brick. More common is a steel-frame
structural system clad with corrugated metal siding. The building often has a gable roof clad with
corrugated metal. Metal sash windows and metal doors often are incorporated into the bullding.
A prominent feature of the incinerator bullding was the smokestack that released heat into the
atmosphere from the furnaces iocated in the basement. Incinerators used naturat or forced draft
fans to aid in the burning process. Raised concrete loading platforms often are part of the
structure (Figure 66).

in 1942, standard plans developed by the Corps of Engineers specified the use of a wood

superstructure for the incinerator building. These substitutions were in response to the shortage
of critical materials during the war.
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The size of the incinerator dependad on the number of persons served. Incinerator
capacities ranged from one-half ton to thirty-three tons per eight hours. Incinerator operation was
the same regardless of size. Refuse was unloaded onto a concrete raised platform from trucks.
Refuse then was moved to the enclosed first floor, known as the charging room. The refuse was
collected here until firing. During firing, the refuse was shoveled into brickdined combustion
chambers. The incinerators were oil-fusled. The waste was fired and finished using oil; the
material was allowed to burn naturally when possible. Smoke stack temperatures were maintained
above 225° C during burning (U.S. Army Environmental Hyglene Agency 1989:815). Ash was
removed from the incinerator from the basement level through large sliding doors located on the
rear elevation.
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Figure 66,
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{top} 1919 three-ton capacity incinerator plant (History Office, U.S. Army Corps
of Engineers, OQMG Drawing 414.43-148, Box 86)
{bottorn) 1841 incinerators (Buiidings 5010 and 5011, Aberdeen Praving Ground)}
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CHAPTER XI

CURRENT INVENTORY OF SUPPORT AND UTILITY BUILDINGS AND STRUCTURES

The numbers of buildings and structures constructed between 1917 and 1946 currently
classified as support and utility buildings are summarized in Table 9. The classifications are based
on the gurrent use of bulldings or structures as recorded in 1994 real property Inventories of the
Army, Air Force, Navy, and Marine Corps. The total number of buildings currentty classified as
support and utility buildings is 35,077. The Army's inventory contains the most support and utility
buildings (24,378), followed by the Navy {8,375). Ordnance storage represent the most numerous
support buildings (23,389). General storage buildings total 6,808, and utilities total 4,880.

This investigation revealed that the most support and utility buildings were constructed
during World War Il (1940-1945). The peak construction years for the Navy, Marine Corps, and
Air Force were 1942 and 1943. The Army’s peak construction years were 1941 and 1942 {Figures
67, 68, and 69).

Each setvice has developed a system of category codes that identify property use. The
Department of Navy and the Department of Army have five-digit classification codes; the Air Force
uses six-digit classification codes. The tables included in this chapter present tallies of the number
of buildings and structures within each category code organized according to the general
classifications of generai storage, ordnance storage, and utilities.

The Department of Defense (DoD) has demonstrated exceptional resourcefuiness in
managing its building inventory and has been extremely invertive in adaptive reuse. Therefore,
the current use building and structure classifications do not necessarily reflect original buiding
use. Field investigations revealed that often an examination of original drawings combined with
building survey was the only reliable method of determining the original use and thus the original
inventory of utility and support buildings and structures at an instaftation.

The building typoicgies for support and utility structures developed for this project are
based on griginal use as identified through archival research and field survey. The typologies are
described in Chapters IV - X. The identification of a building’s origing/ yse is important because
original yse establishes a property’s historical associations and defines the parameters for
assessing historical integrity. Association with significant historic contexts and integrity are the
key factors assessing National Register eligibility. Guidance on evaluating the National Register
eligibility is found in Chapter Xil.

Despite DoD’s practice of adapting buildings for new uses, analysis of the current real
property inventory provides preliminary data for quantifying the identification and management of
this class of buildings. An analysis of DoD’s inventory of 1817-1946 general storage, ordnance
storage, and utility buildings and structures follows. Tables listing the distnbution of support and
utility buildings by installation are contained in Appendix E.

General Storage

A total of 6,808 buildings currently are classified as general storage (Tables 10, 11, and
12). Of the categories of bulldings included in this study, general storage buildings are the most
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TABLE 8. SUMMARY OF PROPERTIES CURRENTLY CLASSIFIED AS SUPPORT AND UTILITY
BUILDINGS AND STRUCTURES IN DoD INVENTORY, 1917-1948

Army Air Force Navy Marine Totals
Corps
I e e ————————

|
&

General 3,812 516 1,835 545 6,808
Storage
Ordnance 19,186 209 3,881 113 23,389
Storage
ﬂ Utiitiies 1,380 456 2,659 385 4,880
“ Totals 24,378 1,281 8,375 1,043 35,077
— e

Source: 1994 Real Property Inventories, Departments of Army, Navy, ang Air Force



NAVY/MARINE CORPS GENERAL STORAGE BUILDINGS

2000

1800

31600

£ 1400

= 1200

51000

< 800 603647

g 600

Z 400 4 258

20018 57 2614 41 3. . 4..4. 3 3 5 4 @9 3 10 5§ 7 16 15 42 12 4o 64 63

L e A e T e B B S L e i s e S i
@ 0 @ ~ N MY )W DO ™ N WD W00 O = N T WD D
> > 20000009000 8083003833333 333
Al o L o S L R . i B R = =
Construction Date
NAVY /MARINE CORPS ORDNANCE STORAGE BUILDINGS

2000 1847

1]

o

=

=2

S

m

L3

o

]

=z
u o} o
P~ @ O © — N 3 T 0 = €0 O O v N 0 = N O M~ 0 o O = &6 00 3 I w
aaagsgagaﬁaaagsasgsssgaggagaa;
= T e T e e T T T T T T YT OY Y T T Y v T T T T T Y oY T v T

Construction Date

NAVY/MARINE CORPS UTILITY BUILDINGS

No. of Buildings

- ; . ; : . -
M~ 90 O © = ™ & < W § = @ & QO « N M 9 Wk 0 & O «— N M ¢ w0 O
™ = v NN NN S N N B MMM N M o
T T T T T T T T T T Y T e T T T v v v v e oy v e e e

Construction Date

SOURCE: 1994 REAL PROPERTY INVENTORY, U.S. NAVY
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Date
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TABLE 10. FREQUENCY OF PROPERTIES CURRENTLY CATEGORIZED AS

FUEL STORAGE AND GENERAL STORAGE CONSTRUCTED

BETWEEN 1917 - 1946 IN NAVY AND MARINE CORPS INVENTORY

257

Category Description Navy Marine Corps
Code _ _ Fraquenc! Frequency
FUEL STORAGE T'
12110 Aircraft Direct Fueling Station - -
12120 Aircraft Truck Fueling Facility 14 4
12130 Alrcraft Defueling Fachlity - -
12210 Marine Corps Fueling Facility 5 -
12220 Marine Corps Small Craft Fueling Facility 5 1
12310 Filling Station 43 7
12315 Filling Station Building 8 3
12420 Drum/Can Ready Fuel Storage 10 -
12430 Aircraft Ready Fuel Storage 105 33
12440 Small Craft Ready Fuel Storage 16 14
12450 Vehicle Fuel Storage )| 23
12465 Activity Heating Fuel Storage ] 1
12470 Surge Storage 1 -
12520 Shed/Shelter for Miscelianeous POL Pipeline 140 -
Facilities

12610 Drum and Can Loading Facility 1 -
12630 Tank Truck/Tank Car Loading Facility 20 4
12640 Tank Truck/Tank Car Unloading Facility 3 1
82160 Distillate Heating Fuel Oil Storage 94 24
82161 Residual Heating Fuel Oil Storage 25 9
82320 Gas Storage Tanks 3 4

. ' TOTAL 593 . 118



e e
Category Description Navy
Code Frequency

l GENERAL STORAGE
43110 Cold Storage Warehouse 19 K]
44110 General Warehouse-Navy 265 17
44111  General Purpose Warehouse-Marine Corps 3 a5
44112 Storage for Marine Corps Air or Ground 5 308 !
Organic Units
44113 Specific Purpose Warshouse, Marine Corps 2 20
Logistics Supporn Base
’I 44114 Specific Purpose Warehouse, Marine Corps - 1
SASSY Management Unit

44120 Controlled Humidity Warehouse 40 1

44130 Hazardous and Flammable Storehouse 193 25
44135 General Storage Shed 91 14
44140 Underground Storage 1 -
44170 Disposal-Salvage-Scrap Building 23 3

i
TOTAL 1,242 427 I

Source: 1994 Real Property Inventory, Department of Navy
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TABLE 11. FREQUENCY OF PROPERTIES CURRENTLY CATEGORIZED AS
GENERAL STORAGE CONSTRUCTED BETWEEN 1917 - 1946 IN ARMY INVENTORY*

i Category Code

Description

Frequency l

I COLD STORAGE
42410 Cold Storage Battery . 2
43110 Cold Storage Warehouse 2
43210 Cold Storage Warehouse 36
43211 Cold Storage | & R Warehouse a
43220 Meat Cut Plant 3
43230 Refrigerator Warehouse-Perishables‘ 2
TOTAL 48
GENERAL STORAGE .
44110 General Purpose Warehouse 633
44130 Controlled Humidity Warehouse 133
44150 inflammable Material Storehouse 30
44160 RADA Storage Warehouse 1
44180 Open Warehouse Facility 19
44181 Vehicle Storage Facility 3z
44190 Other 1
44210 Air Conditioned Parts Storage Buiiding 4
44212 Air Conditioned Parts and Table of 1
Organization Equipment Storage
44215 Oxygen Storage Facility 1
44217 Acetyl Storage Facility 3
44219 Steel Storage Facility 4
44220 General Purpose Warehouse 1,073
4421 Target Storage 17
44222 Storage Shed 96 H
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Source: 1994 Real Property Inventory, U.S. Army.

* Fuel Storage Structures were not contained in database supplied by U.S. Army.
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Category Code
44223 Arms Building 12 )
44224 Deploy Storage Building 1 ]
44225 Medical Supply Warehouse 17
44226 Supply/Maintenance Warehouse 10
44228 ISECT Storage Facility 11
44230 Controlled Humidity Warehouse 38
44240 inflammable Material Storehouse 319
44245 Air Conditioned Inflammable Storage 0
44250 Underground Storage Facility 10
44260 Transit Shed 13
44261 Lumber and Paint Shed, Facility Engineer 23
44262 Vehicle Storage 71
44270 General Storehouse 933
n 44271 General Storage, Family Housing 14
44275 Facility Engineer Storehouse 158
44276 Structura! Material Handling Equipment 5
44280 Open Warehouse 2
44285 Salvage and Surplus Property Storage 53
44286 Division Breakdown Building 2
44290 Cther 24
— TOTAL 3,764 I -



TABLE 12. FREQUENCY OF PROPERTIES CURRENTLY CATEGORIZED AS
GENERAL STORAGE AND FUEL STORAGE CONSTRUCTED
BETWEEN 1817 - 1846 IN AIR FORCE INVENTORY

Category COdeT_ l _=Deseription ] Frequency I
141387 Film Storage -
141782 Air Freight Terminal 1
141787 : Consolidation/ Containerization Point -
141821 Material Processing Depot - -
159353 Warehouse Transit Cargo -
171472 Range Supplies & Equipment Storage .
171473 Range Target Storage & Repair -
219946 Base Engineer Covered Storage 135
219947 Base Engineer Storage Shed 40
319985 Research Equipment Storage 6
432283 Cold Storage Base 6
441257 Hazardous Storage Depot 8 E
441628 Shed Supplies and Equipment Depot 8 !
441758 Warehousing Supplies and Equipment Depot 44 l
442257 Hazardous Storage Base 34 I
442258 Storage Liquid Oxygen 6
442515 Medical Storage i0 I
442628 Base Supplies and Equipment 21
442758 Warehousing Supplies and Equipment Base 159
442765 Warehousing Troop Subsistence 4
442768 Warehousing Forms and Publications 20
Equipment Base
442769 ‘ Housing Support Storage Facility ag
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Frequency
740397 Exchange Central Warehouse 3
740387 Exchange Retail Warehouse 14
740672 MWR Supply and Non-Appropriated Fund 35
Central Storage
TOTAL : 616

Source: 1994 Real Property Inventory, U.S. Air Force. The Real Property Inventory did not include

structures.



likely to have been modified for adaptive reuse. Current use classifications of general storage
buildings often do not reflect the original use of the buildings. Archival research and site
investigations identified general storage buidings that were converted to other uses and
reclassified in real property inventories according to new use. In addition, many buildings
currently classified as general storage originally were constructed for a variety of other purposes.
To evaluate this class of buildings the identification of original building uses is imperative.

The site survey at Aberdeen Proving Ground, Maryland, illustrated the challenge created
by changes in classification from original use to current use for general storage buildings. At
Edgewood Area, five identical ordnance storage buildings were constructed in 1918. Three
buildings currently are classified as general storage buildings while two buildings are classified in
categories not included in this study. The same pattern of reuse and reclassification was identified
for above-ground magazines constructed during World War Il at Edgewood Area. Of the 18
buildings originally constructed as above-ground magazines, all 18 buidings currently are
classified as general storage.

Data collected during other site visits revealed similar reclassification patterns for storage
buildings. Site visits to Naval Base Norfolk, Virginia, and at Marine Corps Development and
Education Command, Quantico, Virginia, reveaied that many multi-story storage buildings were
adapted to administrative uses. The identification of general storage buildings depended heavily
on archival research and on-site survay.

Fuel Storage

Only the Department of Navy included fuel storage structures in their real property
inventary (593 for Navy and 118 for Marine Corps). Information collected during the four site visits
revealed that efforts are underway to remove underground storage tanks throughout DoD to
comply with environmental regulations. The number of fuel storage facilities in the DoD inventory
has decreased since the real property database was obtained for this study. For example,
information collected during the site visit at Marine Corps Development and Education Command,
Quantico, indicated that all underground fuel storage tanks have been removed. Similar efforts
to remove underground fuel storage tanks were noted at Kelly Air Force Base, Texas.

Ordnance Storage

Ordnance storage, totaling 23,389 buildings and structures, represents the largest single
classification of utility and support structures (Tables 13, 14, and 15). Of these, 18,768 buildings
are classified as igloos (Army/Air Force terminology) or high explosive magazines (Navy/Marine
Corps terminology). Another 835 buildings are classified as fuse and detonator magazines. The
concrete arched-type magazines generally are classified as igloos or high-explosive magazines.
Rectangular box magazines also are included in the counts for high-explosive, and fuse and
detonator magazines. The original Navy designation of arched-type magazines as high-explosive
magazines has been retained in Army reai property records for former naval installations that have
been transferred to the Army, such as Hawthorne AAP, Nevada.

Current classifications of above-ground ordnance storage buildings also differs from
historical classifications. For the Department of the Navy, above-ground magazines classified
under the ordnance category codes include: inert storehouse, ready magazine, smokedrum
storehouse, small arms/pyrotechnics magazines, or smokeless powder projectie magazines
(Table 13). These classifications originally were developed to identify specific historic building
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TABLE 13. FREQUENCY OF PROPERTIES CURRENTLY CLASSIFIED AS
ORDNANCE STORAGE STRUCTURES CONSTRUCTED BETWEEN 1917 - 1946
IN NAVY AND MARINE CORPS INVENTORY

42112 Fuse & Detonator Magazine 360 | 26 ,
42122 High Explosive Magazine 1,908 48 H
42132 | Inert Storehouse 333 11
42135 Ready Magazine 89 -

i 42142 Smokedrum Storehouse 1 5|
42148 Small Arms/Pyrotechnics Magazine 232 19
42152 Smokeless Powder Projectile Magazine 824 © 4 1
42162 Special Weapons Magazine 23 -
42172* Misslle Magazine 1 | -

: TOTAL | 3,881 113

Scurce: 1994 Real Property Inventory, U.S. Navy.

* The dates of construction for some structures with this code pre-date missiles, therefore, these

structures probably are other types of magazines that have been adapted to missile storage.
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TABLE 14. FREQUENCY OF PROPERTIES CURRENTLY CATEGOHIZED AS ORDNANCE STORAGE
STRUCTURES CONSTRUCTED BETWEEN 1817 - 1948 IN ARMY INVENTORY

Fuse & Detonator Magazine-Bulk

42120 High Explosive Magazine-Bulk 1,555

42150 Smaokeless Powder Magazine 421

42160 Special Weapons Magazine-Bulk 73

42170 GM Magazine-Bulk 8

42180 Igioo Storage-Bulk 11,998

421814 Storehouse 31

42182 Small Arms Magazine 3

42183 General Purpose Magazine 257

42184 Ammo Hut 5

42190 Other 2

42210 Fuse Detonator Magazine 72

42215 High Explosive Magazine 983

42225 Smokedrum Storehouse 15

42230 Small Arms/Pyrotechnics Magazine 73

42231 Storehouse 88

42235 Ready Magazine 325

42240 Fixed Ammo Magazine 128 i

42250 Special Weapons Magazine 1

42260 GM Magazine 4

42280 igloo Storage 2,145

42281 Ammo Hut 10 |

42283 General Purpose Magazine 549 H

42285 Unit Small Arms Storage 1 E

42286 Arms Storage 4
|[ 42290 Other 19 I
H TOTAL 19,186 n

Source: 1994 Real Property inventory, U.S. Army.



TABLE 15. FREQUENCY OF PROPERTIES CURRENTLY CATEGORIZED
AS ORDNANCE STORAGE STRUCTURES CONSTRUCTED BETWEEN 1917 - 1946
IN AIR FORCE INVENTORY

Category | Code _ _Description ‘
422283 Storage-Multi-Cubicie Magazine -

422256 Storage-Rocket Check Out and Assembly 2 J

H 422257 Storage-Segregated Magazine 27 |
422258 Storage-Magazine Above Ground Type A, B, & C 33
Il_ 422259 Storage-Missile Facility -
422264 Storage-igloo 131
422265 Storage-Spare Inert 16

422271 Storage-Module Barricaded - i
422273 Storage-igioo Steel Arch Underpass -
Ir 422275 Ancillary Explosives Facility -

ﬂ TOTAL L 209 N

Source: 1994 Real Property Inventory, U.S. Air Force.
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types. Current classifications do not necessarily denote historic bullding types. In addition, the
number of categories for ordnance storage facilities has decreased between 1942 and 1994,

For the Army, above-ground crdnance storage buildings can be recorded in any of the
current use classifications for ordnance storage aside from igloos (Table 14). The Army’s current
category code classifications differentiates between depot storage (421-) and instaliation storage
(422-). In general, small arms magazines, general purpose magazines, smokeless powder
magazines, ready magazines, and inert storehouses probably are included within current
classifications of above-ground storage buildings. However, many of the above-ground magazines
currently serve as general storage.

Utilities

Buildings and structures numbering 4,880 currently are classified as utilities. In general,
there is a close correlation between current use classifications for utiiity buildings and their original
uses (Tables 16, 17, and 18). Utility buildings typically were retained in service and expandead or
upgraded to contain modern equipment. When upgrading was no longer possible, the buildings
were left vacant or scheduled for demolition. In some cases, information obtained from site visits
identified more pre-1946 utility buildings than were recorded on current real property lists. Inthese
cases, the original utility buildings were vacant, reclassified to other uses, or dropped from the real
property inventory lists.

in general, utility systems were designed to meet specific installation requirements. The
range and number of utility building and structure types located on installations reflect site-specific
requirements. The building typologies developed in this study apply to power/heating, water -
supply, waste treatment, and refuse disposal systems.

Power and heating plants with their attendant distribution systems are likely to be found
at every installation. Heating plants are more numerous than electric power plants. Between 1918
and 1946, especially during wartime, miltary policy required installations to maintain an
independent power supply as well as a backup supply. At most Navy instaliations, this policy
resulted in the construction of a central power plant with stand-by connection to the local power
company. At most Army installations, the pattern was reversed; the local utility company provided
the primary electric power supply, with stand-by generators at the Army Installation. In most
cases, one large steam heating plant at the installation was equipped with stand-by generators.
The most numerous power structures on most installations are substations. and distribution
transformers.

The other utilities systems (water, sewage, and refuse) also refiect site-specific
requirements. Sewage and water supply systems often were designed to take advantage of the
services of neighboring communities. This was particularly true for Navy instailations; Army
installations tended 1o establish independent water supplies and to construct sewage treatment
plants. The majority of the water and sewage related utility buildings found at installation are
buildings and structures associated with distribution, such as pump houses, reservoirs, and
elevated water storage tanks.

Utility buildings and structures classlified as miscellaneous in real property records include
compressed air plants, ice plants, utility vaulis, and valve houses. Tha Navy has the largest
number of miscellaneous utility buildings and structures; many are related to technical functions
undertaken at shipyards.
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TABLE 18, FREQUENCY OF PROPERTIES CURRENTLY CATEGORIZED AS UTILITY
BUILDINGS AND STRUCTURES CONSTRUCTED BETWEEN 1917 - 1946
IN NAYY AND MARINES CORPS INVENTORY

Category Description Navy Marine
Code ‘ Frequency Corps
Frequency

ELECTRIC POWER/HEATING

81109 Electric Power Plant 14 -

81110 Electric Power Plant-Diesel 7 1

81125 Electric Power Plant-Steam 6 1

81145 Electric Power Plant-Gas Turbine - -

81158 Stand-by Generator Buiiding 49 4

81160 Stand-by Generator Plant 50 4

81209 Electric Distribution Building/Shelter 322 7

gi1212 Transformer Station less than 500 KV 271 39

81310 Switching/Substation Building/Shelter 113 2

81320 Substation more than 499 KV 118 26 jl

81330 Switching Station for Sectional Distribution 29 3 H

Circuits

- TOTAL
HEATING/COOLING

82109 Heating Plant Building 150 | 16

82112 Surge Storage 26 4 i
82122 Fossil Fuel Heating Piant-Medium 94 19
82150 Non-Nuclear Steam Plant 18 1

82209 Steam/Heat Building/Sheiter 20 1

82309 Gas Generating Building - -

82310 Gas Generating Plant 1 -

82315 Gas Meter Shed/Sheiter 14 - Iﬂ
82610 Refrigeration/Air Conditioning Plant Buiiding 4 . |
82620 Chilled Water Plant, 25 to 100 Tons - - H
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Description

mﬂmT

Navy
Code Frequency Corps
Frequency
82625 Chilled Water Plant over 100 Tons 1 -
82630 Air Conditioning Plant, 25 to 100 Tons - -
82640 Alr Conditioning Plant over 100 Tons 5 -
82710 Air Conditioning Valve House/Shed /Shelter - -
TOTAL 333 41

u SEWAGE AND INDUSTRIAL WASTE-TREATMENT AND DISPOSAL

83109 Combined Sewage and Industrial Waste 29 30
Treatment Buliding
83110 Combinad Sewage and Industrial Waste 74 4
Treatment Plant
8311t Ballast Contamination Skimmer 2 -
il 83114 Industrial Waste Treatrnent Buiiding - -
" 83115 Industrial Waste Treatment Facllity 2 -
83116 Runoff/Qil Separator 5 -
" 83130 Septic Tank/Drain Field 54 23
83141 Hazardous Waste Storage and Transfer Facility 26 13
83229 Sewage Pumping Station Shed /Sheiter 114 17
83230 Sewage/Industrial Waste Pumping Station 60 9
83309 " incinetator Bullding and Incinerator 13 -
a3310 incinerator-Exterior 2 -
83315 Santtary/Cut-fill disposal area - -
H 83320 Solid Waste Grinder Building - -
83321 Solid Waste Grinder-Nongalley - -
83330 Solid Waste Stand-Nongaliey 1 1 "

Water Treatment Facllity Building

Water Treatment Facilities
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Category Déscriptlcm Navy
Code Frequency
84120 Supply Mains and Pumping Facilities 20
(Pretreatment Only)
84130 Elevated Potable Water Storage Tank 63
84140 Ground Level Potable Water Storage Tank 115
84150 | Walls-Potable Water 109
| 84151 Reservoir-Potable Water 32 8
84152 Water Catchment Area - -
84209 Water Distribution Building/Sheiter, Potable 134 20
84215 Pumping Stations, Potable 35 7
84320 Fire Protection Pumping Station 27 -
{l 84330 Fire Protection Water Tank 26 -
'I 84335 Fire Protection Reservoir 7 1
84340 Fire Protaction Water Well 69 -
84350 Fire Protection Valve House 22 -
84410 Water Supply Storage Building, Nonpotable 3 1
84420 Wells, Nonpotable 6 1
84430 Supply Pumping Station, Nonpotable Water 3 1.
84440 Storage Tanks, Nonpotable Water 19 -
84510 Pipeline Buiidihg-Nonpotabla Water 7 -
84450 Reservoirs, ‘Nonpotabie Water 2 4
84530 Booster Pump Station, Nonpotable Water 2 1
837 151

' MISCELLANEOU

86041 Railroaﬁ Scalehouse 5 -
87115 Storm Watér Pumping Station 4 -
87125 Dyke/Dam 12 -
87220 Guard and Watch Towers 7 -
89010 Acetylene Plant 2 -
89011 Acetylene Distribution System 4 -
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Category Description ~ Navy Marine
Code ‘ Frequency Corps
Frequency

89015 Nitrogen Plant - -
89020 Compressed Air Piant 25 1
89025 Carbon Dloxide Plant 2 2
89027 Icemaking Plant - 1
89030  Industrial Oxygen Plant 2 -
89042 Air Conditioning Plant (5 to 25 Tons) 3 -
89045 Valve House or Other Shed/Sheiter 38 1
89077 Utility System Storage 17 -

ﬂ TOTAL 118 5

Source: 19394 Real Property Inventory, Departmant of Navy.
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TABLE 17. FREQUENCY OF PROPERTIES CURRENTLY CATEGORIZED AS
UTILITY BUILDINGS AND STRUCTURES CONSTRUCTED BETWEEN 1917 - 1946

IN ARMY INVENTORY

Category Code Description Frequency
ELECTRIC POWER/HEATING ]
81110 Power Plant Building-Fossil 3
81150 Uninterrupted -System Facility 1
81160 Standby Generator 27
81170 Power Plant Buiding-Hydraulic 1
81180 Power Plant Building-Other 5
81190 Other 1
81281 Distribution Transformer Building 105
81280 Power Distribution Building 0
81321 Substation Building 38 u
81351 Switch Station Building 35
81360 Transformers 1
TOTAL 215 |
HEATING/COOLING
Heating Plant Coal
82115 High Pressure Boiler Plant Building 16
82116 Heat Plant Building 77
82120 Heat Plant-Of 117
82130 Heat Plant-Gas 56
82150 Steam Plant-Power 15
82180 Other Heat Plant Building 4
82190 Other 4
82230 Heat Distribution Station 93
82310 Gas Generation Plant 1 "
82311 Heat Gas Generation Building 4 “
82380 Other Heat/Gas Building 1 Ji
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Category Code Description Frequency
82420 Gas Distribution Station 16
82610 Air Condition Plant 3
82615 Air Condition Plant Building 0
82623 Refrigeration Plant Building 1
82634 Mechanical Ventilation Plant Building 1
TOTAL 433
| SEWAGE/WASTE TREATMENT
83114 Sewage/Waste Treatment Plant Building 82
83128 Effluent Containment Facility 3
83140 Industrial Waste Treatment 16
83190 Other 1
83231 Sewage Pump Station Buliding 118
83280 Sewage Collection Building 1
83311 Incinerator Bullding 24
83312 Refuse Collection Building 3
83320 Recycling Facility 5
u TOTAL 253
WATER TREATMENT .
| 84111 Water Treatment Building 32
84123 Pressure Containment Valve 13
84125 Filter Plant Facility 8
84131 Water Well with Pump Station 140
84132 Water Well & Pump Building 40
84141 Pump Station 41
84142 Water Pump Station Buiding 50
84150 Chiorinator Building 16
84190 Other 3
84220 Water Pump-Paotabie 27
84310 Fire Pro'tecﬂon Pump Station g
84461 Fire Protection Pond Building 1
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i Category Code Description

84470 Well Non-Potable with Pump Station 4
84471 Water Well Building 2
84480 Water Supply Building-Other 3 |
84520 Water Pump-Non-potable 20
84580 Water Distribution Building 1
410

MISCELLANEOUS UTILUMES

. 89015 Environment Test Facility 6
H 89017 Inert Gas Facllity 1
89023 Compressed Air Plant Buiding 53
89046 Combination AC-HT Building 2
89050 Ice Plant 2
89080 Other Miscellaneous Plant Building 5 l'
- 69

Source: 1994 Real Property Inventory, U.S. Army.
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