
UNITED STATES DEPARTMENT OF THE INTERIOR

BUREAU OF RECLAMATION

DESIGN OF
SMALL DAMS/

if

it

A Water Resources Technical Publication

Second Edition
1973

Revised Reprint
1977

<i
I 

> 

r 
;■ 

!
■ L

:• 
(■ 

v

3

it I 
t

I 
if.

i

{
3



Contents

Page

B.

Chapter I—Project Planning

PURPOSE OF THE DEVELOPMENTA.

Section

BIBLIOGRAPHY

1932. Bibliography 

INTRODUCTIONA.

3

3

FISH AND WILDLIFE CONSIDERATIONSPROJECT STUDIESB. B.

22
(c)

26

RECREATIONAL CONSIDERATIONS

DESIGN CONSIDERATIONSD.

IX

Chapter II—Ecological and 
Environmental Considerations

Preface to the second edition .
Preface to the first edition . .

v 
vii

10
11
12

1
1
2
2
2
2
2
2
3

14
15
15
15
15
15

4
4
4
4
5
5
8

35. Recreational considerations . . .
(a) General
(b) Recreational development

21
21
22

22
22

29
29
29

31
31

(a)
(b)

Chapter I—Project Planning—Con.

PROJECT STUDIES—Continued

1. General
2. Irrigation
3. Domestic and municipal purposes .
4. Industrial use
5. Stock water
6. Power development
7. Flood control
8. Recreation
9. Wildlife

10. Water storage for streamflow reg
ulation ...........................

11. Miscellaneous water conservation
projects

33. The basis for environmental and 
ecological considerations . . .

(a) General considerations .
(b) Planning operations . .

34. Fish and wildlife considerations . 
General  
Ecological and environ

mental considerations 
for fish  

Environmental considera
tions for wildlife . . .

36. Environmental design considera
tions 

(a) General

12. Tests of feasibility
13. Esthetic values
14. Extent of studies
15. Stages of investigation ....
16. Related projects and studies of nee<
17. Development of the general plan
18. Outline of investigations . . .
19. Planning programs for surveys anc

investigations
20. Mapping
21. Hydrologic investigations . . .
22. Investigations of foundations and

materials
23. Sanitary studies
24. Recreation and fish and wildlife .
25. Design of structures ....
26. Preparation of cost estimates .
27. Quantity estimates

Section

28. Unit costs
29. Finalizing the project plans .
30. Planning reports
31. Report on design of dam . . .

Page

16
16
17
17



IB

CONTENTSX

PageSection

5733

BIBLIOGRAPHYE.

3537. Bibliography 

Chapter HI—Flood Studies

GENERALA.

67

76

C. BIBLIOGRAPHY

60. Bibliography 93

Chapter IV—Selection of Type of Damoccur

CLASSIFICATION OF TYPESA.

PROCEDURES

47

47

46
46
46
46

44
45

42
43
44

40
40
41
41
42
42
42

39
40

37
37
39

97
97
97
98
98
100
100
101
101
102

61
64
64

52
54
54

65
67
67

73
73
73

84
92

61. General
62. Classification according to use .
63. Classification by hydraulic design
64. Classification by materials . .
65. Earthfill
66. Rockfill
67. Concrete gravity
68. Concrete arch
69. Concrete buttress
70. Other types

D.
Section

38. Scope
39. Streamflow data
40. Precipitation data
41. Use of streamflow and precipita

tion records 
42. Watershed data
43. Factors to be considered in estimat

ing flood flows
(a) General
(b) Geographical location . .
(c) Storm potential ....
(d) Drainage area ....
(e) Soil and cover ....
(f) Runoff distribution. . .

44. A method of computing maximum
probable flood discharge . . .

45. Inflow design flood . . .
46. Envelope curves ....
47. Estimates of frequency of

rence of floods ....
48. Special cases

(b) Structural considerations
(c) Landscape considerations
(d) Protective considerations
(e) Construction considera

tions 

(e) Design storms for low 
hazard areas ....

51. Estimating runoff from rainfall. .
(a) General
(b) Analysis of observed rain

fall data
(c) Estimating direct runoff

from soil and covei- data
52. Unitgraph principles
53. Hydrograph analysis
54. Unitgraph derivation for ungaged

areas 
55. Triangular hydrograph analysis .
56. Estimating time of concentration .
57. Application of triangular hydro

graphs 
58. A method of computing an inflow

design flood
(a) Watershed data ....
(b) Magnitude criteria . . .
(c) Computation of inflow de

sign floods — east of 
105° meridian ....

(d) Computation of inflow de
sign floods — west of 
105° meridian ....

59. Frequency curve computations . .

B.
49. Introduction 
50. Estimating storm potential .

(a) General
(b) Definitions
'cf Probable maximum storm 

considerations . . .
) Generalized precipitation 

charts

Chapter II—Ecological and 
Environmental Considerations—Con.

DESIGN CONSIDERATIONS—Continued
Page

31
32
33

Chapter III—Flood Studies—Continued
B. PROCEDURES—Continued



XICONTENTS

SOIL CLASSIFICATION—Continued

C.

ROCK CLASSIFICATIOND.

SCOPE OF INVESTIGATIONSA.

142

146SOURCES OF INFORMATIONB.

SOIL CLASSIFICATIONC.

SURFACE EXPLORATIONSE.

77. Statutory restrictions
78. Purpose and benefit-cost relation .
79. Appearance

80. General
81. Foundations . . .
82. Embankment soils .
83. Riprap and rockfill .
84. Concrete aggregate .

85. Topographic maps . . .
86. Geologic maps
87. Agricultural soil maps . .
88. Airphotos

Chapter V—Foundations and 
Construction Materials

LEGAL, ECONOMIC, AND ESTHETIC
CONSIDERATIONS

104
104
105

107
107
110
112
113

114
115
118
124

127
128
128
128
130
131
132
132
132
135

136
136
137
138
139

139
139
139

140
141
141

144
144
144

147
148
148

148
149

150
150
150
151
151
156

Page

135
135
135
136

Page

102
102
102
103
103
104

100. General
101. Fluvial soils

(a) Definition . . .
(b) Torrential outwash
(c) Valley fill . . .
(d) Lake beds . . .

89 General
90. Soil components

(a) Size
(b) Gradation ....
(c) Shape

91. Soil moisture
92. Properties of soil components

(a) Gravel and sand . .
(b) Silt and clay .
(c) Organic matter . .

95. Rocks and minerals
(a) Definition and types . .
(b) Mineral identification . .
(c) Common rock-forming

minerals
96. Igneous rocks

(a) General
(b) Classification of igneous

rocks 
(c) Primary structural fea

tures of igneous rocks .
97. Sedimentary rocks

(a) General
(b) Classification of sedimen

tary rocks 
(c) Primary structural fea

tures of sedimentary 
rocks 

98. Metamorphic rocks
(a) General
(b) Classification of common

metamorphic rocks . .
99. Engineering properties of rocks .

Section

71. General
72. Topography
73. Geology and foundation conditions
74. Materials available
75. Spillway size and location .
76. Earthquake

Chapter IV—Selection of 
Type of Dam—Continued

B. PHYSICAL FACTORS GOVERNING 
SELECTION OF TYPE

C.
Section

93. Unified Soil Classification System
(a) General
(b) Field classification . .
(c) Laboratory classification

94. Engineering characteristics of soi
groups 

(a) General
(b) Permeability ....
(c) Compressibility . . .
(d) Shear strength . . .

Chapter V—Foundations and 
Construction Materials—Continued



CONTENTSXII

I.E.

SUBSURFACE EXPLORATORY METHODSF.

203
(a)

SAMPLINGG.

204

Chapter VI—Earthfill Dams

INTRODUCTIONA.

H. LOGGING OF EXPLORATIONS

I. FOUNDATION DESIGN

 211193

113. Identification of holes .
114. Log forms
115. Description of soils . . . .
116. Description of rock cores .

185
186
189
191

173
173
173
175
179

171
172
172
173

158
158
158
159
160
160
163
167
168

169
171

199
199
199
200
200
200
201
201

203
203
203

205
205
207
207
207
208
209

210
210

(a)
(b)
(c)
(d)
(e)
(f)

(a)
(b)
(c)
(d)

(b)
(c)

(a)
(b)
(c)
(d)

Page

156
156
156
156
157
158

FIELD AND LABORATORY TESTS

117. General

Chapter V—Foundations and 
Construction Materials—Continued

SURFACE EXPLORATIONS—Continued

C.

128. General

Section

102. Glacial deposits ....
(a) Definition .
(b) Morainal deposits
(c) Glacial outwash .

103. Aeolian deposits ....
104. Residual soils

Chapter V—Foundations and 
Construction Materials—Continued

FIELD AND LABORATORY TESTS—Continued
Page

193 
193 
193 
195 
196 
196

123. Origin and development . . .
124. Scope of discussion
125. Selection of type of earthfill dam 

General  
Diaphragm type. . . 
Homogeneous type . . 
Zoned embankment type

105. Test pits, trenches, and tunnels 
General .... 
Test pits .... 
Trenches .... 
Tunnels ....

106. Auger borings
107. Rotary drilling
108. Standard penetration borings
109. Geophysical methods . . .

Section

118. Field permeability tests . . . .
(a) General
(b) Open-end tests ....
(c) Packer tests ....

119. Density-in-place tests
(a) Sand density method .
(b) Method for dry, gravel-

free soils
120. Laboratory tests on soils ....

Gradation  
Water content . . . . 
Atterberg limits .... 
Specific gravity .... 
Proctor compaction . . 
Relative density ....

121. Laboratory tests on riprap and con
crete aggregate  

Specific gravity and ab
sorption  

Abrasion  
Soundness

B. DESIGN PRINCIPLES

126. Design data
127. Criteria for design . . . .

110. General
111. Disturbed samples

(a) Sampling open excava
tions 

(b) Sampling auger holes . .
(c) Sampling stockpiles . .
(d) Riprap samples . . . .
(e) Concrete aggregate sam

ples 
112. Relatively undisturbed samples . .

(a) Penetration samples . .
(b) Hand-cut samples . . .
(c) Rock cores

J. BIBLIOGRAPHY

122. Bibliography



I

XIIICONTENTS

Page

250

EMBANKMENTSD.

260

232

EMBANKMENT DETAILSE.

241
(c)

. 242

243

244

245

247

219
219
220
221

222
222
223
225
225

225
226
231
231

236
237

239
239

246
246
246

249
249

254
257
258
259
260

261
262
264
264
268

270
270
270
270
270
271
271
271
271
271
274
274

274
275
279
279
280
281
282
283

(a)
(b)
(c)

Page

212

135. Fundamental considerations . . .
136. Pore-water pressure
137. Seepage through embankments . .
138. Stability analyses
139. Embankment design

(a) Utilization of materials
from structural excava
tion 

(b) Embankment slopes, gen
eral 

(c) Diaphragm type. . .
(d) Homogeneous type . .
(e) Zoned embankment. .

140. Seismic design

141. Crest design
(a) General
(b) Width
(c) Drainage
(d) Camber
(e) Surfacing
(f) Safety requirements . .
(g) Zoning
(h) Typical crest details . .

142. Freeboard
143. Upstream slope protection . . .

(a) General
(b) Selection of type of pro

tection 
(c) Dumped rock riprap . .
(d) Hand-placed rock riprap
(e) Concrete paving....
(f) Soil-cement

144. Downstream slope protection . .
145. Surface drainage
146. Flared slopes at abutments . . .

Section

129. Rock foundations
130. Characteristics of sand and gravel

foundations
(a) General
(b) Amount of underseepage .
(c) Seepage forces ....

131. Methods of treatment of sand and
gravel foundations

(a) General
(b) Cutoff trenches ....
(c) Partial cutoff trenches . .
(d) Sheet piling cutoffs . . .
(e) Cement-bound curtain

cutoff
(f) Slurry trench cutoff. . .
(g) Grouting
(h) Upstream blankets . . .
(i) Downstream embankment

zones for pervious foun
dations 

(j) Toe drains and drainage
trenches 

(k) Pressure-relief wells . .
132. Designs for sand and gravel foun

dations 
(a)
(b)

Chapter VI—Earthfill Dams—Continued
C. FOUNDATION DESIGN—Continued

General
Case 1—Exposed pervi

ous foundations of shal
low depth 

Case 1—Exposed pervi
ous foundations of in
termediate depth . .

(d) Case 1—Exposed pervi
ous foundations of great 
depth

(e) Case 2—-Covered pervi
ous foundations . . .

(f) Summary of pervious
foundation treatments

133. Methods of treatment of silt and 
clay foundations  

General  
Saturated foundations 
Relatively dry founda

tions 

Section

134. Designs for silt and clay founda
tions 

(a) Saturated foundations
(b) Relatively dry founda

tions 

Chapter VI—Earthfill Dams—Continued
C. FOUNDATION DESIGN—Continued



CONTENTSXIV

Page

327

Chapter VIII—Concrete Gravity Dams

INTRODUCTIONA.

B.

G. BIBLIOGRAPHY

149. Bibliography 297

Chapter VII—Rockfill Dams

A.
301

338302

292
292
292
292
294

297
297

286
287
287
288
288
288
289
289
290
290
290
290
291
291
292
292

283
283
284

164. Origin and development . .
165. Scope of discussion . . . .

305
308
311
313

303
303

314
315
319
322
326

329
330

331
331
331
332
333
333
335
335
336
337
337
337GENERAL

150. Origin and usage
151. Definition and types of rockfill

dams

FORCES ACTING ON THE DAM

166. General
167. Water pressure

(a) External
(b) Internal or uplift pressure

168. Silt pressure
169. Ice pressure
170. Earthquake

(a) General
(b) Horizontal earthquake
(c) Vertical earthquake . .

171. Weight of structure
172. Reaction of foundation

Section

152. Foundation requirements and treat
ment 

153. Membrane cutoffs

Chapter VII—Rockfill Dams—Continued
B. FOUNDATION DESIGN

D. MEMBRANE DESIGN

158. Impervious central core . .
159. Reinforced concrete . . . .
160. Asphaltic concrete . . . .
161. Steel
162 Timber planking

E. BIBLIOGRAPHY

163. Bibliography

C. EMBANKMENT DESIGN

154. Selection of rock materials .
155. Embankment sections . . . .
156. Placement of rockfill materials .
157. Seismic design

Section

147. General
148. Maximum sections

(a) Amarillo Regulating Res
ervoir 

(b) Cawker City dike .
(c) Big Sandy dike . . . .
(d) Carpinteria Reservoir

dike
(e) Carter Lake Dam No. 3 .
(f) Crane Prairie Dam .
(g) Crescent Lake Dam . .
(h) Dickinson Dam . . . .
(i) Dry Falls Dam . . . .
(j) Fruitgrowers Dam . .
(k) Howard Prairie Dam .
(l) Lion Lake dikes ....
(m) Lovewell Dam . . . .
(n) Eklutna Dam
(o) Lower Two Medicine Dam
(p) Olympus Dam ....
(q) Picacho North Dam . .
(r) Picacho South Dam . .
(s) Pishkun dikes . . . .
(t) Lubbock Regulating Res

ervoir 
(u) Shadow Mountain Dam .
(v) Soda Lake dike ....
(w) Stubblefield Dam . . .
(x) Tiber dike
(y) Sheep Creek Barrier

Dam
(z) Wasco Dam

Chapter VI—Earthfill Dams—Continued
F. DESIGN EXAMPLES OF SMALL EARTHFILL DAMS

Page

283
283

C. REQUIREMENTS FOR STABILITY

173. General



XVCONTENTS

REQUIREMENTS FOR STABILITY—Continued
Section

DAMS ON PERVIOUS (SOIL) FOUNDATIONSD.

(c)

361

DETAILS OF LAYOUT AND DESIGNE. 362

362

BIBLIOGRAPHYF.

344185. Bibliography 

Chapter IX—Spillways

GENERAL

HYDRAULICS OF CONTROL STRUCTURESC.
372

347

373

373

(c) 376

DESCRIPTION OF SERVICE SPILLWAYS' B. 376

376

Chapter VIII—Concrete Gravity Dam 
Continued

177. General ....
178. Aprons ....
179. Cutoff walls . .
180. Filters and drains
181. Uplift and seepage

182. General
183. Nonoverflow sections
184. Overflow sections

191. Selection of spillway layout . .
192. Spillway components . . . .

(a) Control structure . .
(b) Discharge channel . .

339
340
340
340
340

342
343
343

345
345
345

348
348
350
350

354
355

356
356
356
357

358
359
359

359
360
361

363
368
368
370
370
371
371
372

373
373
373

(a)
(b)

(a)
(b)

Page

338
338
339

Page

357
Section

174. Overturning 
175. Sliding .
176. Overstressing 

Chapter IX—Spillways—Continued
B. DESCRIPTION OF SERVICE 

SPILLWAYS—Continued

195. Shape for uncontrolled ogee crest .
196. Discharge over an uncontrolled

overflow ogee crest
(a) General
(b) Pier and abutment effects

197. Coefficient of discharge for uncon
trolled ogee crests

(a) Effect of depth of ap
proach 

(b) Effect of heads differing
from design head. . .

(c) Effect of upstream face
slope

(d) Effect of downstream
apron interference and 
downstream submer
gence 

186. Function
187. Selection of inflow design flood . .

(a) General considerations .
(b) Inflow design flood hydro

graphs 
188. Relation of surcharge storage to

spillway capacity
189. Flood routing
190. Selection of spillway size and type .

General considerations . 
Combined service and aux

iliary spillways . . .
Emergency spillways . .

(c) Terminal structure . . .
(d) E ntrance and outlet chan

nels  
193. Spillway types  

General  
Free overfall (straight 

drop) spillways .
Ogee (overflow) spillways

(d) Side channel spillways .
(e) Chute (open channel or

trough) spillways . .
(f) Conduit and tunnel spill

ways 
(g) Drop inlet (shaft or

morning glory) spill
ways 

(h) Baffle apron drop spill
ways 

(i) Culvert spillways . . .
(j) Siphon spillways . ; . 

194. Controlled crests
(a) General
(b) Flashboards and stoplogs
(c) Rectangular lift gates . .
(d) Radial gates



1 ..

CONTENTSXVI

Section

412

D.

433

(c)

G. STRUCTURAL DESIGN DETAILS

396

397

H. BIBLIOGRAPHY

219. Bibliography 447

Chapter X—Outlet Works

449

451

405
408
408

410
410

397
401
403
403

383
384

390
392
392

392
393

385
385
385
388

379
379
383

415
415
415
416
417
424
425
430
430

434
435
436
436
437
438

439
440
442
446
446
446
446

(a)
(b)

(a)
(b)
(c)

(a)
(b)
(c)
(d)
(e)
(f)

(b)
(c)
(d)
(e)

HYDRAULICS OF FREE-FLOW DISCHARGE
CHANNELS

Section

198. Examples of designs of uncontrolled
ogee crests

(a) Example 1
(b) Example 2

199. Uncontrolled ogee crests designed
for less than maximum head .

200. Gate-controlled ogee crests . . .
201. Discharge over gate-controlled ogee

crests 
202. Side channel spillways

(a) General
(b) Design example . . . .

Chapter IX—Spillways—Continued
F. HYDRAULICS OF SPILLWAYS—Continued

Page

410 
412 
412

A. GENERAL

220. Functions of outlet works ....
221. Determination of required capaci

ties 

F. HYDRAULICS OF SPILLWAYS

211. Free overfall (straight drop) spill
ways . . .

(a) General

HYDRAULICS OF TERMINAL STRUCTURES

393
394
394

203. General
204. Open channels  

Profile  
Convergence and diver

gence 
Channel freeboard . . .

E.

205. Deflector buckets
206. Hydraulic j ump basins

(a) General
(b) Basin design in relation to

Froude numbers . . .
(c) Rectangular versus trape

zoidal stilling basin . .
(d) Basin depths versus hy

draulic heads ....
(e) Tailwater considerations .
(f) Stilling basin freeboard .

207. Submerged bucket dissipators . .
208. Examples of designs of a stilling

basin and an alternate sub
merged bucket dissipator . . .

209. Impact type stilling basins . . .
210. Plunge pools

Hydraulic jump basin 
Impact block type basin . 
Slotted grating dissipator 
Example of design of a 

free overfall spillway .
212. Drop inlet (shaft or morning glory)

spillways  
General characteristics . 
Crest discharge . . . . 
Crest profiles  
Transition design . . . 
Conduit design . . . . 
Design example . . . .

213. Culvert spillways
(a) General
(b) Circular conduit with ver

tical headwall . . . .
(c) Box culvert with vertical

or warping inlet walls .
(d) Conduit pressures .
(e) Anti vortex devices .
(f) Energy dissipators. . .
(g) Design examples . . .

214. Siphon spillways

215. General
216. Crest structures and walls
217. Open channel linings . .
218. Miscellaneous details . . 

Cutoffs .... 
Backfill .... 
Riprap ....

Chapter IX—Spillways—Continued
C. HYDRAULICS OF CONTROL STRUCTURES—Con.

Page



XVIICONTENTS

PageSectionPageSection

455

459
(c)

STRUCTURAL DESIGN DETAILSD.460

OUTLET WORKS COMPONENTSB.

BIBLIOGRAPHYE.

Bibliography 497244.

DIVERSION REQUIREMENTS
HYDRAULIC DESIGN

METHODS OF DIVERSIONB.

512

SPECIFICATIONS REQUIREMENTSC.

(c)

Chapter XI —Diversion During 
Construction

456
456
459
459

461
461
461
462
462
463
463
463
464
464
465

466
467

467
467
469
471
471
471
472
472
472
473
473
473
473
473

474
474

245. General
246. Characteristics of streamflow .
247. Selection of diversion flood . .

254. Contractor’s responsibilities . .
255. Designer’s responsibilities . .

477
477
477
477

477
482
482
483

485
486
489
489
489
492
495
496

507
507
507

508
509
511

515
516

518
518

(a)
(b)

(a)
(b)

(a)
(b) 
(e) 
(d)

(a)
(b)
(c)
(d)
(e)
(f)
(g)
(h)

237. Terminal structures
(a) General
(b) Plunge basins . . . .
(c) Stilling wells

238. Chart for estimating pressure con
duit sizes

239. Design examples
(a) Example 1
(b) Example 2

248. General
249. Tunnels
250. Conduits
251. Temporary diversion channel—

earthfill dams
252. Multiple-stage diversion for con

crete dams
253. Cofferdams

226. General
227. Waterways

(a) Open channels . . .
(b) Tunnels
(c) Cut-and-covei- conduits

228. Controls 
(a)
(b)
(c)
(d)

Chapter X—Outlet Works—Continued
A. GENERAL—Continued

Chapter X—Outlet Works—Continued
C. HYDRAULIC DESIGN—Continued

222. Outlet works position in relation to
reservoir storage levels ....

223. Conditions which determine outlet
works layout

224. Arrangement of outlet works . .
225. Location of outlet works controls .

General
Control at upstream end 

of conduit  
Control at intermediate 

point along conduit .

Control devices .... 
Arrangement of controls 
Control and access shafts . 
Control houses . . . .

229. Intake structures
230. Terminal structures and dissipat

ing devices
231. Entrance and outlet channels . . .

240. General
241. Tunnel details
242. Cut-and-cover conduit details 

General . . . . 
Cutoff collars. . . 
Conduit joints . . 
Design loads .

243. Details of typical structures .

C.
232. Nature of flow in outlet works . .
233. Open channel flow in outlet works .
234. Pressure flow in outlet conduits . .
235. Pressure flow losses in conduits . .

General  
Friction losses .... 
Trashrack losses . . . 
Entrance losses .... 
Bend losses  
Transition losses . . . 
Gate and valve losses . . 
Exit losses

236. Transition shapes  
Entrances  
Contractions and expan

sions 
Exit transitions . . . .



r
CONTENTSXVIII

SectionBIBLIOGRAPHYD.

GENERALA.

521

521

INSPECTION AND MAINTENANCE OF DAMSB.

536
(d)521

538
(e)

538
522

523
Appendix B—Hydraulic Computationsc. OPERATION

A. HYDRAULIC FORMULAS

555
(f)

556

1

Chapter XII—Maintenance and 
Operation

A- 1. Introduction
A— 2. Hydrologic soil groups .

(a) Purpose . . . .

Appendix A—Estimating Rainfall 
Runoff from Soil and Cover Data

Chapter XI—Diversion during 
Construction—Continued

523
523
524
524
524

527
527
527

522
522

521
521

522
523

528
528
529
529
529

529
529
529
529
535
535
536
536
536
536

540
540
543

545
547
547
550
553
555

Section

256. Bibliography 

(a)
(b)
(c)

(a)
(b)
(c)

(d)
(e)
(f)
(g)
(h)
(i)

(a)
(b)
(c)
(d)
(e)

Page

519

257. Inspections and schedule of obser
vations 

258. Maintenance and operating instruc
tions 

B- 1. Lists of symbols and conversion 
factors  

B- 2. Flow in open channels .... 
Energy and head . . . 
Critical flow .... 
Manning formula. . . 
Bernoulli theorem . . 
Hydraulic and energy 

gradients  
Chart for approximat

ing friction losses in 
chutes

263. Storage dams
264. Diversion dams
265. Flood detention reservoirs .
266. Changes in operating plan .
267. Coordination of multiple uses

(b) Determination of hydro
logic soil groups .

(c) Soil arrays  
A- 3. Land use and treatment classes .

Purpose  
Crop rotations .... 
Native pasture and 

range  
Farm woodlots 
Commercial forest . 
Miscellaneous . . . . 
Straight-row farming . 
Contouring  
Terracing  

A- 4. Hydrologic soil-cover complexes .
Purpose  
Table A-2  
Forest Service proce

dure  
Supplementary infor

mation  
Determination of curve 

numbers (CN) for 
mixed areas . . . . 

A- 5. Estimation of direct runoff from 
rainfall

(a) General storm rainfall .
(b) Thunderstorm rainfall .

259. Earthfill dams
(a) General information .
(b) Inspection of embank

ments and foundations
260. Concrete dams and concrete struc

tures 
(a) General information .
(b) Inspection of concrete

structures 
(c) Inspection of channels

and surrounding areas .
261. Mechanical equipment
262. Reporting of abnormal develop

ments 

Appendix A—Estimating Rainfall 
Runoff from Soil and Cover Data—Con.

Page



f

XIXCONTENTS

A.

(a)
556

(b)
560

(c)

FLOW IN NATURAL CHANNELSB.

574

Appendix F—Concrete in Construction

CONCRETE AND CONCRETING MATERIALSA.

C. BIBLIOGRAPHY

B-ll. Bibliography 588

Appendix C—Structural Design Data

650

651589

Appendix B—Hydraulic 
Computations—Continued

HYDRAULIC FORMULAS—Continued

Appendix C—Structural Design Data— 
Continued

Appendix D—Soil Mechanics 
Nomenclature

Appendix E—Construction of 
Embankments

562
562

562
563

573
573
573

573
573

574
576
576

582
586
587

589
589

589
589
589

D- 1. Introduction
D- 2. Definitions, symbols, and units .

599
599

619
621
623
624
629
639
640
641
641
641
644

645
645
645
645

645
648

648
649
649
649

(d)
(e)

(a)
(b)

(c)
(d)

E- 1. General  
E- 2. Soil mechanics of control . . . 
E- 3. Preparation of foundations . . . 
E- 4. Earthfill  
E- 5. Rapid compaction control method 
E- 6. Pervious fill  
E- 7. Rockfill and riprap  
E- 8. Miscellaneous fills  
E- 9. Records and reports  
E-10. Control criteria  
E-ll. Bibliography

Page

596
598

Page

556

Section

C- 5. Cast-in-place concrete conduits .
C- 6. Bibliography

B- 5. General  
B- 6. Collection of data  

Streamflow records . 
Topographic maps and 

aerial photographs .
Field surveys .... 
Determination of n val

ues 
B- 7. Slope-area method of computing 

streamflow  
B- 8. Development of rating curves . .

(a) Approximate method .
(b) Water surface profile

method  
B- 9. Critical flow  
B-10. Computer applications . . . .

C- 1. Introduction
C- 2. Earth pressures on retaining walls 
C- 3. Allowable bearing values for 

structure footings
C- 4. Precast concrete pipe conduits . .

(a) General
(b) Design of precast con

crete pipe . . . .

F- 1. Important properties of concrete . 
F- 2. Workability  
F- 3. Durability

(a) Weathering resistance .
(b) Resistance to chemical

deterioration . . .
F- 4. Effects of curing on strength . . 
F- 5. Effects of entrained air on the 

properties of concrete ....
F- 6. Types of portland cement . . . 
F- 7. False set in cement  
F- 8. Use of pozzolans  
F- 9. Quality and gradation of aggre

gates  
F-10. Quality of mixing and curing 

water

Section

B- 3. Flow in closed conduits ....
Part full flow in con

duits  
Pressure flow in con

duits  
Energy and pressure 

gradients  
Friction losses .... 
Design charts for flow in 

culverts  
B- 4. Hydraulic jump



11

CONTENTSXX

A.A.

Section

654

EXCAVATIONB.

G-c.

660

D. BIBLIOGRAPHY
F-31. Bibliography 665

676

Appendix G—Sample Specifications

1. Introduction 667

A. ENVIRONMENTAL QUALITY PROTECTION

2. Landscape preservation . . 667

4

661
661

661
662
664
665

653
654
654

655
656

656
657

658
658
659

G-
G-
G-

G-
G-

671
672
672
672
672
672
672
672

. 672

668
668
668
668
669
669

669
669
670
671
671

673
673
673
674
675
675

677
677

678
678
678

Section

F-ll. Use of admixtures 
F-12. Field control .

CONCRETE AND CONCRETING MATERIALS— 
Continued

(a)
(b)
(c)
(d)

(e)
(f)

(a)
(b)
(c)
(d)
(e)

(a)
(b)
(c)
(d)
(e)
(f)
(g)
(h)

Page

667
668
668

Page

653
653

MANUFACTURE, PLACEMENT, CURING, AND 
INSPECTION OF CONCRETE

Appendix G—Sample Specifications— 
Continued

ENVIRONMENTAL QUALITY PROTECTION— 
Continued

General  
Construction roads . 
Contractor’s campsite .
Borrow areas and 

quarry sites . . . .
Blasting precautions . 
Costs

3. Prevention of water pollution .
4. Abatement of air pollution . .
5. Dust abatement

F-24. Aggregate production and control 
F-25. Batching methods and facilities at 

concrete mixing plants .
F—26. Production of quality concrete .
F-27. Preparations preliminary to plac

ing 
F-28. Transporting  
F-29. Placing  
F-30. Curing

6. Clearing damsite
(a) General
(b) Disposal of materials .
(c) Payment

7. Classification of excavation . .
8. Classification of excavation 

(Alternate)
9. Definitions of materials . . . 

Rock  
Common material . . 
Formation  
Cobbles  
Boulders  
Rock fragments . . . 
Soil components . . . 
Geologic definitions of

other materials. . . 
G- 10. Opencut excavation, general . .

General  
Structure foundations . 
Pipe trenches .... 
Excavated materials 
Measurement and pay

ment  
G- 11. Drilling line holes for rock exca

vation  
G- 12. Excavation for grout cap . . . 
G- 13. Excavation for dam embankment 

foundation (Earthfill dam) .
(a) General
(b) Stripping

B. DESIGN OF CONCRETE MIXES

F-13. Introduction  
F-14. Estimate of water requirement . 
F-15. Estimate of cement requirement . 
F-16. Estimate of admixture require

ments  
F-17. Estimate of aggregate require

ment  
F-18. Computations of proportions . . 
F-19. Alternate method of computations 

of proportions  
F-20. Batch weight computations . . . 
F-21. Determination of actual quanti

ties per cubic yard  
F-22. Adjustment of trial mix . . . . 
F-23. Mixes for small jobs



XXICONTENTS

EMBANKMENT—ContinuedEXCAVATION—Continued C.B.
PagePageSection

678

678

688679

679

680

693

693

683

694

694

686

686

687

679
679

680
680
680

681
681
682

683
683

684
684
684

684
685

685
685

Appendix G—Sample Specifications— 
Continued

687
687
688

688
690
690
691

691
691

692
692
692

692
692

693
693
693

693
694

694
695
695
695
696
696
697
697

Appendix G—Sample Specifications— 
Continued

(c) Excavation below
stripping ....

(d) Measurement and pay
ment  

G- 14. Excavation, in opencut, for 
structures  

G- 15. Protective coating for structure 
foundations

(a) General
(b) Sprayed protective

coating
(c) Concrete protective

coating
(d) Measurement and pay

ment  
G- 16. Borrow areas

(a) General
(b) Roads, buildings, and

utility lines in bor
row areas ....

(c) Moisture and drainage
(d) Stripping and waste .
(e) Excavation and trans

portation ....
(f) Separation plant . .
(g) Measurement and pay

ment  
G- 17. Rock deposits (Rock to be fur

nished by contractor) . . .
(a) Quality
(b) Sampling and testing .

G- 18. Rock source (Source furnished 
by contracting authority) . . 

G- 19. Disposal of excavated material .

Section

G- 21. Earthfill in dam embankment, 
zone(s) 1 (and 2) . . . .

(a) General
(b) Materials
(c) Preparation of founda

tions 
(d) Moisture and density

control
(e) Placing
(f) Rollers
(g) Compaction ....
(h) Measurement and pay- .

ment
G- 22. Specially compacted earthfill . .
G- 23. Sand, gravel, and cobble fill in 

dam embankment, zone .
(a) General
(b) Materials
(c) Preparation of founda

tions 
(d) Moisture control . .
(e) Placing and compact

ing 
(f) Measurement and pay

ment 
G- 24. Miscellaneous fill in dam em

bankment zone
(a) General
(b) Materials
(c) Preparation of founda

tions 
(d) Moisture control . .
(e) Placing and compact

ing 
(f) Measurement and pay

ment 
G- 25. Rockfill in dam embankment, 

zone  (Earthfill dam) . . .
G- 26. Impervious backfill
G- 27. Compacting impervious backfill .

(a) General
G- 28. Pervious backfill
G- 29. Rock backfill
G- 30. Filters
G- 31. Bedding for riprap

C. EMBANKMENT

G- 20. Embankment construction, gen
eral 

(a) General
(b) Foundation prepara

tion 
(c) Placing embankment

materials . . . .
(d) Measurement and pay

ment 



CONTENTSXXII

EMBANKMENT-—Continued D.C.
Section

699

706TUNNEL AND SHAFT CONSTRUCTIOND.

700

701

701

701 708
701

702
709

PRESSURE GROUTINGE.703

711
713

L

-

703
703

703
703
704

702
702
702
703

701
702

700
700
700

Appendix G—Sample Specifications— 
Continued

705
705
705
705
706

706
706
707

707
707

707
708
708

708
708
709

709
709

710
711

Page

698
698
698
698
699
699
699

r.-

-

Appendix G—Sample Specifications— 
Continued

TUNNEL AND SHAFT CONSTRUCTION—Con.
Page

704
704
704

G- 44. Requirements for grouting, gen
eral 

G- 45. Drilling grout holes
G- 46. Pipe for foundation and joint 

grouting
G- 47. Hookups to grout holes and con

nections 

(a) General
(b) Materials
(c) Installation . . . .
(d) Measurement and pay

ment  
G- 40. Chain link fabric

(a) General
(b) Materials
(c) Installation . . . .
(d) Measurement and pay

ment  
G- 41. Preparations for placing con

crete tunnel lining . . . .
(a) General
(b) Cost  

G- 42. Concrete in tunnel and shaft lin
ings 

(a) General
(b) Measurement and pay

ment  
G- 43. Backfill grouting

(a) General
(b) Pipes for backfill grout

ing 
(c) Drilling grout holes for

backfill grouting . .
(d) Composition . . . .
(e) Grouting operations .
(f) Filling spaces between

liner plates or lag
ging and excavated 
surfaces 

(g) Filling spaces in
arches 

(h) Costs

Section

G- 32. Riprap
(a) General
(b) Rock source . . . .
(c) Quarry operations . .
(d) Quality
(e) Gradation
(f) Placing
(g) Measurement and pay

ment 

G- 33. Construction of tunnel and shaft, 
general  

G- 34. Draining, lighting, and ventilat
ing tunnel  

G- 35. Tunnel and shaft excavation . .
(a) General
(b) Definitions of “A” and

“B” lines . . . .
(c) Locations of “A” and

“B” lines . . . .
(d) Miscellaneous require

ments .....
(e) Measurement and pay

ment  
G- 36. Mortar protection of excavated 

surfaces 
(a) General
(b) Pneumatically applied

mortar
(c) Measurement and pay

ment  
G- 37. Structural-steel tunnel supports .

(a) General
(b) Installation . . . .
(c) Measurement and pay

ment  
G- 38. Foot blocks, lagging, blocking, 

and spreaders 
(a) General
(b) Placement of lagging

and blocking . . .
(c) Costs

G- 39. Rock bolt supports



XXIIICONTENTS

CONCRETE SPECIFICATIONS—ContinuedPRESSURE GROUTING—Continued F.E.
Section

714

716

CONCRETE SPECIFICATIONSF.

718

715
715
716

717
717
718

718
718
719
719

719
719
719
719
719
720

720
720
721
721

721
721

722
722
722
722
722
722
723

723
723
723
724

724
725
725
725
725
725
725
726
726
726
726
727
727
727
728
728
729
729
729
730
730

730
730

731
731
731

Appendix G—Sample Specifications— 
Continued

Page

713
713
713
714

Page

721

1. Concrete Specifications for 
Small Jobs

G- 49. Introduction
(a) General
(b) Ready-mixed concrete .
(c) Reference specifica

tions 

G- 50. Source  
G- 51. Materials

(a) Cement
(b) Water
(c) Sand and coarse aggre

gate 
(d) Air-entraining agent .
(e) Reinforcing bars . .
(f) Sealing compound . .

G- 52. Composition
G- 53. Batching and mixing . . . . 
G— 54. Forms, preparations for placing, 

and placing  
G- 55. Protection and curing . . . . 
G- 56. Reinforcement  
G- 57. Measurement and payment . .

Appendix G—Sample Specifications— 
Continued

Sect ion

G- 48. Pressure grouting
(a) General
(b) Materials
(c) Plant and equipment .
(d) Stages and sequence of

operations . . . .
(e) Water testing grout

holes
(f) Grouting procedures .
(g) Joint grouting . . .
(h) Measurement and pay

ment 

(c)
(d)
(e)

G- 60. Cement 
(a)
(b)
(c)

General  
Inspection  
Measurement and pay

ment 
G- 61. Admixtures

(a) Accelerator ....
(b) Air-entraining agents .
(c) Water-reducing, set

controlling admix
ture 

(d) General
G- 62. Water
G— 63. Sand

(a) General
(b) Quality
(c) Grading

G- 64. Coarse aggregate
(a) General
(b) Quality
(c) Separation ....

G- 65. Batching
(a) General
(b) Equipment ....

G- 66. Mixing
(a) General
(b) Central mixers . . .
(c) Truck mixers ....

G- 67. Temperature of concrete . . .
G— 68. Forms

(a) General
(b) Form sheathing and

lining
(c) Form ties
(d) Cleaning and oiling of

forms
(e) Removal of forms . .
(f) Costs

(a) General
(b) Maximum size of ag

gregate 
Mix proportions . . 
Consistency . . . 
Tests

2. Concrete Specifications for 
Large Jobs

G- 58. Source
G- 59. Composition



!!
CONTENTSXXIV

CONCRETE SPECIFICATIONS—Continued G.F.
Page

747

G. MISCELLANEOUS

740

740

Appendix G—Sample Specifications— 
Continued

741
741

732
734
734
734
735
735
735
735
736
737
737
738
738
738
738
739
739
739

739
739
740

731
731

732
732
732
732

741
741

742
743
743
744
744
744
744
745
745
745
746
746

747
747
747
747
747
747
747
747
748
748
749

749
749
749
750
750
750
752

752
752
752
752
752

Appendix G—Sample Specification 
Continued

MISCELLANEOUS—Continued

Page

731
Section

G- 69. Reinforcing bars (and fabric) .
(a) Furnishing reinforce

ment 
(b) Placing reinforcement 

G- 70. Tolerances for concrete con
struction 

G- 71. Preparation for placing . . .
(a) General
(b) Foundation surfaces .
(c) Surfaces of construc

tion and contraction 
joints

G- 72. Placing
(a) Transporting. .
(b) Placing ....
(c) Consolidation. .

G- 73. Finishes and finishing . .
(a) General....
(b) Formed surfaces
(c) Unformed surfaces

G— 74. Repair of concrete . . .
G- 75. Protection
G- 76. Curing

(a) General....
(b) Water curing . .
(c) Membrane curing
(d) Costs ....

G- 77. Measurement of concrete .
G— 78. Payment for concrete . .

G— 79. Diversion and care of river dur
ing construction and removal 
of water from foundations . .

(a) General.
(b) Plan
(c) Diversion and care of

river
(d) Removal of water from

foundations . . .
(e) Cleanup and reservoir

regulation
(f) Cost

Section

G- 80. Concrete or cement-bound 
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H. BIBLIOGRAPHY

G-102. Bibliography ....
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sediment
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(d) Delta deposits . . . .
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