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STANDARD OPERATION AND MAINTENANCE MANUAL 

of the  

SACRAMENTO RNER FLOOD CONTROL PROJECT 

SECTION I 

1-01, Authorit The Sacramento River Flood Control Project + was authorize by the Flood Control Act of 1 March 1917, Public 367 - 
64th Congress, (H. Bc. 81, 62nd Congress, 1st Session, as modified 
by Rivers and Harbors Committee Doc. No. 5, 63rd Congress, 1st session), 
and modified by the Flood Control Act of 15 May 1928, Public No. 391970th 
Congress, (S. Doc. No. 23, 69th Congress, 1st Session), the River and 
Harbor Act of 26 August 1937, Public 392, 75th Congress, 1st Session, 
(Senate CoaPnittee Print 75th Congress, 1st session), and the Flood 
Control Act of 18 August 1941, Public 228, 77th Congress, 1st ~ e s s i o n ) ,  
(H. Doc. No. 2@, 77th Congress, 1st Session). 

e of the Manual. The purpose of t h i s  manual is to  
information f o r  use by loca l  i n t e re s t s  who maintain 

and aperate the various geographical uni t s  comprising the Sacramento 
Rives Flood Control Project, This general information applies t o  all 
un i t s  of the project  and conforms with Section 208.10, T i t l e  33 of the 
Code of Federal Regulations a s  approved by the Acting Secretary of Amy 
on 9 August 194.4, and published i n  the Federal Register of 1 7  August 
19b .  A copy of t h e  approved regulations is bound in this volume. as 
Exhibit A. Detailed information f o r  each separate un i t  will be nirnished 
under a separate Supplement Manual t o  be prepared when each un i t  ia com- 
pleted. 

1-03. Location and Description. The Sacramento River Flood Control 
Project ia located on the Sacramento River azld the lower reaches of its 
principal t r i bu ta r i e s  in north-central. California. The principal features  
of the project  extend from Ord Bend downstream t o  CollinsviLle near the  
mouth of the river,  a distance of 184 miles, and include a comprehensive 
system of levees, overflow weirs, drainage pumping p h t s ,  and flood 
bypass channels. T h i s  composite flood control project  represents many 
years of planning and incorporates many plans of Federal and Sta te  
agencies and l o c a l  interests ,  The present project provides f o r  the  
enlargement of the Sacramento River channel below the mouth of Cache 
Slough (about 20 r ive r  miles upstream from Suisun Bay)j f o r  making two 
cutoffa hetween the mouth of the  Feather River and Colusa; f o r  the  
construction of four  bypass weirs and the reconstruction of Tisdale 
Weir3 f o r  construction of ou t fa l l  gates a t  the mouth of Butte Slough 



and at  Knights Landing; f o r  levees along c e r t a h  reaches of the 
main r ive r  and t r ibutar ies3 f o r  drainage pumping plants  on the eas t  
side of the  Sutter Bypass; f o r  bank protection work and levee set-  
backs on the maim river and t r ibutar ies  from Ord Bend t o  Coll insvi l le j  
f o r  maintenance of the enlarged r iver  channel below Cache Slough 
during construction, including revetment of the banks of t he  cut; and 
f o r  maintenance and operation of gaging s tat ions on navigable r ivers  
and streams during the construction period. The project also includes 
channel clearing, rect i f icat ion,  snagging, and bank protection along 
the Sacramento River and t r ibutar ies  in Tehama County and from Red 
B l u f f  southerly. A map showing the  location of the features of the 
project i s  included in the f r o n t  of this manual. 

1-Oh+ Protection Provided. The Sacramento River Flood Control 
ProJect, when completed, will provide adequate protection from a l l  
floods of record t o  about 800,000 acres of f e r t i l e  agricul tural  lands; 
t o  the  c i t i e s  of Colusa, Yuba City, Marysville, Sacramento, North 
Sacramento, West Sacramento and about eleven smaller communities; to 
other areas developed f o r  residential and indus t r ia l  purposes3 t o  
two transcontinental railways, one transcontinental highway, and 
other feeder railways and numerous State and County higbays, It will 
make -possible the reclamation of swamps and other areas which can be 
developed to  a high degree when protection against flood hazard ia 
assured. 

1-05. Construction History. Prior  t o  1850, low levees were first 
constructed in the Sacramento Valley by a few individual landowners 
t o  protect t he i r  properties from hundation. Between the years 1855 
and 1871 about 1,000,000 acres of swamp and overflow lands were trans- 
fer red  from Federal ownership t o  State ownership and in turn were sold 
t o  private  interests. In an e f fo r t  t o  reclaim these lands, levees were 
extended, encroaching on the streams and confining the waters. Land- 
owners then formed reclamation d i s t r i c t s  around which they constructed 
higher and more substantial  levees t o  provide more protection. Federal 
participation in the improvement of the Sacramento River for  flood con- 
t r o l  began with the Act of 1 Pmch 1917, and conthued under subsequent 
Acts as mentioned in paragraph I - O l o  



SECTION I1 

LOCAL COOPERATION 

2-01. Federal Requ*emonts. .- The Act of 18 August 1 9 b ,  provides 
tha t  "The projects f o r  the control of floods and other purposes in the 
Sacramento River, California, adopted by the Acts approved Plarch 1, 1917, 
May 15, 1928, and August 26, 1937, Public 392 (Senate Committee Print, 
75th Congress, 1st session), are hereby modified substantially in 
accordance with the recommendation of the Chief of Engineers i n  House 
Document Nwlbered 205, Seventy-Y eventh Conpeso,  first session, 

The recommendation of the  Chief of lhgheers contahed i n  
House Document 205, 77th Congress, 1st Session, provides f o r  the  ltcorn- 
plet ion of the sacramento valley Flood ~ o n t r o l - G o  jec t  

subject t o  the provisions that the State of California, or  
responsible local agencies give assurances sat isfactory t o  the Secretary 
of Gar that they w i l l  provi&, without cost t o  the united States, a l l  

- 

larrds, easements and rights-of-tray necessary f o r  the completion of the 
project; bear the expense of necessary highway, railroad, and bridge 
alterations; hold and save the United States free from claims f o r  damages 
resultSng from construction of the works; and maintain and operate a l l  
works, after  completion, i n  accordance with regulations prescribed by 
t h e  Secretary of War," 

2-02. State  Legislation, 

a. Adoption of Federal Policyc The origFnal legis lat ion 
adopting Federal policy requiring loca l  in teres ts  t o  give assurances 
of local cooperation was enacted by the State of California on 22 June 
1939¶ as o u t l b e d  Fn State  Senate Bill No, 950, Chapter 656. This 
legis lat ion was l a t e r  incorporated under Chapter 1528, Statutes of 
1947, which amends Article 2 and adds Articles 4, 5 ,  and 6 t o  Chapter 3, 
Part 2, Division 5 of the State Water Code. The approval and adoption 
by and on behalf of the State of California of the  conditions, plans, 
construction and mode of h t e n a n c e  and operation of works within the 
Sacramento River Flood Control Project set f o r t h  i n  Senate Comnittee 
Pr in t ,  75th Congress, 1st Session, as authorized and approved by the 
Act of Congress, Public No. 392, 75th Congress, approved 26 August 1937, 
including the holding and saving the United States from damages due t o  
construction works are continued in effect* 

b. Powers and Duties of Department of Public Works and 
Reclamation Distr icts  hc lude  the followingt 

"8360. On behalf of the  State the Department of 
Public Works, acting by and through the State Engineer, has supervisory 
powers over the maintenance and operation of  t h e  flood control worka of 
the Sacramento RTvcr Flood Control froject. 



"8361. The department, acting by and through the  
State  Engineer, shall maintain and operate on bohalf of the State the  

I* 

following units or  portions of the works of the  Sacramento River Flood 
Control Project, and the cost of suoh maintenance and operation sha l l  
be defrayed by the State." 

(a) The east  levee of the Sutter By-pass 
north of Nelson Slough. 

(b) T h e  levees and channels of the Wadsworth 
Canal, the intercepting canals draining into it, and a l l  struotures 
inaidental thereto, 

(c) The  collecting canals, sumps, pumps and 
structures of the drahage system of Project NO. 6 eas t  of the Sutter  
By-pass . 

(d)  The by-pass channels of the Butte Slough 
By-pass, the  Sut ter  By-pass, the Tisdale By-pass, t he  Yolo By-pass and 
the Sacramento By-pass with all cuts, canals, bridges, dams and other 
structures and improvements contained therein and in the  borrow p i t a  
thereof 

(a) The levees of the Sacramento By-passa 

( f )  The channels and overflow channels of 
the Sacramento River and i ts  t r ibutar ies  w i t h i n  the Sacramento and 
San Joaquin Drainage District. 

(g) The Knights Landing ridge cut flowage area. 

(h) The flood re l i e f  channels controlled by 
the Moulton and Oolusa Weirs and the t raining levees thereof, 

( i )  The levee on the  l e f t  bank of the Sacramento 
R i v e r  adjloining Butte Basin, from the Butte Slough o u t f a l l  gates upstream 
t o  a point four  miles northerly from the b u l t o n  Weir, a f t e r  completion. 

(3) A l l  weirs and re l i e f  structures. 

(k) The west levee of the  Yo10 By-pass, extend- 
ing from the  west end of the  Fremont Weir southerly t o  the Cache Creek 
Sett l ing Basin and the east levee of the Yo10 By-pass from the  Fremont 
Weir southerly two miles. 

(1) The levee on the west bank of Feather River 
extending a diatanee of about two ass southerly from the Sutter-Butte 
Canal headgate. 

{m) The levees of Cache Creek and the easter ly 
and westerly levees of Cache Creek settling basin. 



118370. It is the responsibility, l i a b i l i t y  and duty 
of the reclamation d i s t r i c t s ,  levee d i s t r i c t s ,  protection d i s t r i c t s ,  
drainage d i s t r i c t s ,  municipalities, and other public agencies within 
the Sacramento River Flood Control Project limits, t o  maintain and 
operate the works of the project within the boundaries of jurisdiction 
of such agencies, excepting only those works enumerated in Section 8361 
and those f o r  which provision fo r  maintenance and operation is made by 
federal 1aw.n 

c. Establishment of Maintenance Areas. 

A s  amended by Chapter l.528, the State Water Code s e t s  
f o r t h  a procedure, available when necessary, whereby adequate and uniform 
maintenance of flood control projects may be secured. In substance, when 
the State Engineer finds that there is a failure on the pa r t  of loca l  
agencies t o  properly maintain project works o r  that a loca l  agency no 
longer desires t o  csrry out project maintenance, a report t o  that effec t  
is made to the State Reclamation Board, which is empowered, a f t e r  hear- 
ing, t o  form a Itmaintenance areal1 and thereafter the Department of Public 
Works maintains that part icular  uni t  of project works, and the Reclamation 
Board apportions the cost thereof upon the property benefited within the  
nmafntenance area" on an ad valorem basis and the assessment is extended 
for collection together with county taxes on the county assessment roll .  







3-04. Proposed Improvements or Alterationo. Drawings or prints or 
proposed improvcments or alterations to the existing Flood Control 
Works must be submitted for approval to the District Engineer, Sacramento 
District, Corps of Engineem, Sacramento, California, sufficiently in 

sdvanc@ of the proposed construction to permit adequate study and con- 
sideration of the work. Drawtngs or prints, in duplicate, showing any 
improvements or alterations as fimdly constructed should be furnished 
to the Corps of Engineere after completion of the work. 

3-05. Semi-annual Report. The semi-annual reports required under 
Paragraph 208.10(~)(6) of the regulation6 should be submitted within a 
ten day period prior to l June and 1 December of each year and should 
include a l l  dated copies of reports of inspections made during the period 
of report. Alao, the nature, date of construction, and date of removal 
of all temporary repairs and the dates of permanent repairs should be 
included in this report. Other items and suggestions relative to public 
cooperation, public sentiment on the protection obtained, and other allied 
eubJects are considered pertinent and desirable data for inclusion in the 
report, but are not required, A suggested form for the Semi-annual Report 
is included as Exhibit Q of the Supplement Manuals. 

3-06. Coordination with Operation of Public and Private Facilities. 
The Superintendent should have specific knowledge of all pertinent public 
utilities and private facilities located within the unit for which he is 
responsible In order to coordinate alL phases of the flood fighting 
activities. Buch knowledge should be extended to include the names, tele- 
phone numbers and addresses of all persons who might necessarily be con- 
tacted in case of damage to highway roads and bridgee, railroads, power 
linea, telephone lines, gas lines or structures. 

3-07. Safety Requirements. Bince patroling of leveee, maintenance 
of channels and operation of irrigation or drainage structures will expose 
operating personnel to certain hazards, it is suggested that all pertinent 
safety codes be incorporated into operating procedures and that permanent 
operating personnel or temporarily employed personnel be given the 
necessary protective equipment and apparel together wlth instructions 
to conduct their work without undue exposure to existing hazards. Watch- 
men or patrols employed during flood periods should consist of teams of 
not less than two men. 

3-08. Stream Flow Stages. Permanent arrangements should be made by 
the Superintendent with the Corps of E!ngineers at Sacramento, California, 
to eecure stream flow stages and forecasts of stream flow stages and 
weather conditions of effected streams and drainage areaa to properly 
plan adequate measures of protection. 

3-09. Periodic Inspections. Inspections should be made by the 
Superintendent at the times specified below: 

a. During the month of October, which is prior to the 
beginning of the flood season. 





SECTION IV 

LEVEES 

4-01. Description. The Sacramento River Flood Control Project  has 
been divided i n t o  geographical un i t s  f o r  ease of reference. These u n i t s  
usual ly  conform t o  p o l i t i c a l  subdivisions which a re  responsible fo r  oper- 
a t ion  and maintenance of t he  project  unf t s  within t h e i r  boundaries. 
Levees of t he  various u n i t s  a re  described i n  d e t a i l  i n  t he  applicable 
Supplement Manuale which a r e  prepared a f t e r  completion of t h e  construc- 
t i on  work wi th in  the  uni ts .  The extent of the  levee system of the  
Sacramento River Flood Control Project  i s  shown on the  map i n  the  f ron t  
of t h i s  manual. The levees of t he  Project  a r e  constructed generally with 
a crown width of 20 f ee t ,  with landside slopes of 1 on 2 and r ivers ide  
slopes of 1 on 3. Some bypase levee8 and some r i v e r  levees do not have 
t he  standard elopes o r  crown widths. On the  Sacramento River and t r i b -  
u t a r i e s  the  levee grade provides f o r  a freeboard of 3 f e e t  above adopted 
flood plane p ro f i l e  ( 5  f e e t  freeboard below the  mouth of Cache Slough) 
and on the  bypass levees t he  freeboard is  6 feet .  Reasons f o r  departure 
from the  standard conditions a re  explained i n  the  Supplement Manuals. 
Pa t ro l  roads, earthen ramps, road crossings and turn-outs have been con- 
s t ruc ted  a t  in te rva l s  o r  wherever necessary throughout the  length of the 
levees. 

4-02. Maintenance. Applicable portions of t he  Flood Control Regula- 
t ions ,  paragraph 208.10(b) (l), pertaining t o  maintenance a re  quoted a s  
follows : 

(b) Levees - (1) Maintenance. The Superintendent a h a l l  
~ r o v i d e  a t  a l l  times such maintenance as m y  be required 
t o  insure se rv iceab i l f ty  of the  s t ructures  i n  time o f  
flood. Measures s h a l l  be taken t o  p romte  t h e  growth 
of sod, exterminate burrowing animals, and t o  provide 
f o r  routine mwing of the  grass  and weeds, r e m v a l  of 
w i l d  growth and d r i f t  deposits ,  and repa i r  of damage 
caused by erosion o r  other  forcee, * * * +c Periodic 
inspections s h a l l  be made by the  Superintendent t o  
insure t h a t  the  above maintenance measures a r e  being 
aarr ied out and fur ther ,  t o  be cer ta in  tha t :  

( i )  No unusual settlement, sloughing, o r  m t e r i a l  
l o s s  of grade o r  levee cross sect ion has taken 
place ; 

( i i )  No caving has occured on e i t h e r  the  land s ide  o r  
the  r i v e r  side of the  levee which might a f f ec t  the  
s t a b i l i t y  of the  levee section; 

( i i i )  No seepage, saturated areas, o r  sand b o i l s  are  
occurring; 



( i v )  Toe drainage systems and pressure r e l i e f  w e l l s  
a r e  i n  good working condition, and t h a t  such 
f a c i l i t i e s  are not becoming clogged; 

(v) Drains through the  levees and gates on sdid drains 
a r e  i n  good working condition; 

(XI.) No revetment work o r  r ip rap  has been displaced, 
washed out, o r  removed; (soe a lso  paragraph k-05 a)  

(dl) No act ion is being taken; such a s  burning grass  
and weeds during inappropriate seasons, which will 
r e t a rd  o r  destroy the  growth of sod; (eee para- 
graph 4-05 b) 

(viii) Aacess roads t o  and on the  levee a r e  being properly 
maintained; 

(fx) Catt le  guards and gates a r e  i n  good condition; 

(x) Crown of levee i a  shaped so as t o  drain  readily,  
and roadway thereon, i f  any, i s  w e l l  shaped and 
maintained; 

(Id) Thereisnounauthorizedgraaingorvehicular 
t r a f f i c  on the  levees; 

( x i i )  Encroachments are  not being made on the  levee 
right-of-way which d g h t  endanger t he  s t ructure  
o r  hinder i t s  proper and e f f i c i e n t  functioning 
during times of emergency. 

Such inepections s h a l l  be mde immediately pr io r  t o  the  
beginning of t he  flood season; i m d i a t e l y  following each 
major high water period, and otherwise a t  i n t e rva l s  not 
exceeding 90 days, and such intermediate times a s  m y  be 
neaessary t o  ineure the  best possible care of t he  levee. 
Immediate ateps w i l l  be taken t o  correct  dangerous 
conditions disclosed by such inapectiona. Regular main- 
tenanae repa i r  maaurea s h a l l  be accomplished during t he  
appropriate season as scheduled by t h e  Superintendent." 

4-03. Check Lis ts .  A suggested check l is t  form f o r  reporting in- 
speatlons of the  levee is contained i n  t h i s  manual as Exhibit D. Addi- 
tional check l i a t s  a re  contained i n  the Supplement Manuals as Exhibit E. 
A s  many copies of t he  form a s  a r e  necessary t o  record a l l  needed min-  
tenanae should be used f o r  reporting such inspections. 



4-04, Operation. Applicable portions of the  Flood Control Regula- 
t ions ,  paragraph 208.10(b) (2) , are  quoted as follows: 

"(2) Operation. During flood periods the levee s h a l l  be 
patrolled continuously t o  locate  possible sand bo i l s  o r  
unusual wetness of the  landward slope and t o  be cer ta in  
t h a t  r 

(i) There are  no indiaations of s l i de s  o r  sloughs 
developing ; 

( i i )  Wave wash o r  scouring act ion i s  not occurring; 

( i i i )  No low reaches of levee e x i s t  which my be over- 
topped t 

(iv) No other condition6 e x i s t  which might endanger 
the  structure.  

Appropriate advance measures w i l l  be taken t o  insure 
the  a v a i l a b i l i t y  of adequate labor and m t e r i a l s  t o  
meet a l l  contingencies, Immediate s teps  w i l l  be taken 
t o  control  any condition which endangers the  levee and 
t o  repa i r  the  damaged s e c t f ~ n . ~  

445. Special Ins t ruc t  ions. 

a. Revetment work, h e  t o  the fact t h a t  many reaches of 
levees w i t h  t h e i r  contiguous banks have been constructed 
Kith stone protection work consist ing of quarry stone o r  
cobbles, t h e  provisions of paragraph 4-02(b) (vi) a re  
expanded t o  include the  following: 

Where scour, wash, settlement or f a i l u r e  of a portion 
of the  or ig ina l ly  provided stone protection has bean 
noted, o r  where inspection indicates  t h a t  such damage 
m y  r e s u l t  during the  next flood o r  high water period, 
t h e  scour o r  wash s h a l l  be f i l l e d  with ear th  f r ee  from 
blush, roots,  sod o r  other unsuitable material  and 
addi t ional  stone s h a l l  be placed upon the  ear th  f i l l  
t o  bring t h e  stone protection to i ts  o r ig ina l  section. 
I n  case of emergency and when stone i s  not available,  
sand baga o r  bag8 filled Kith gravel my be used f o r  
temporary repa i r  measures, 

2.. When permanent repair of the stone protection i s  made, 
the  stone used s h a l l ,  as far  a s  possible, be similar t o  
the  kind and gradation as or ig ina l ly  used, and s h a l l  be 







5-01, Description. !Fhis section of the manual deals with the 
numerous irrigation and drainage etzvcturee which pass through, under 
or over the levees to provide for the passage of water from the water- 
way to the protected area for irrigation or other ussge or fma the 
protected area to the watervay for drainage purposes. fn general, theee 
structures a m  constructed of corrugated metal pipes, steel pipes or re- 
inforced concrete pipes or culverts all controlled on the riverside with 
positive closure devices accessible during high water or w i t h  automatic 
flap gatea. Detailed descriptionr of the individual structures are 
contained in the applicable Supplement Wnuale. 

a. Flood Control Regulations. Applicable portiona of the 
Flood Control Regulations, paragraph 208.10(d) (1) pertaining to maintenance 
of irrigation or drainage structurea are quoted as follows: 

(d) Drainage Structures (1) Maintemae. Adequate 
measure8 shall  be taken to insure that inlet and outlet channels are kept 
open and that trash drift or debris is not allowed to accumulate near 
drainage rtructures. Flap gatea and manually operated gates and valves 
on drainage structures shall be examined, oiled and trial operated at Leaet 
ones every 90 days. * * + Periodic inspections shall be m;ade by the 
8uperintendent to be certain that: 

(I) Pipee, gates, operating mechanism, riprap and 
headwalls are in good condition; 

( ii) Inlet and outlet channels are open; 

(iii) Care is being exercised to prevent the accumulation 
of trash and debris near the structurea and that no 
fires are being built near bituminous coated pipes; 

(iv) Erosion is not occurring adjacent to the structuree 
which might endanger its water tightness or stability. 

Immedate steps will be taken to repair damage, 
replace missing or broken parts, or remedy adverse 
con&itions disclosed by such inspection." 

b. At each inspection aa required above, the following item, 
if appliaable, shall be particularly noted: 

(1) Debris or other obetructions to flaw. 

(2) Damage or settlement of pipe. 

( 3) Condition of concrete -cracks, spalle, erosion. 



(1) All eroded concrete eha l l  be repaim8 a8 soon as 
erosion reachee a depth of 4 inches o r  any reinforcing steel is exposed. 
A l l  evidences of settlement, up l i f t ,  o r  f a i l u r e  of concrete should be 
referred t o  the S t a t e  Engineer f o r  analysis and r e c o ~ n d a t i o n  of remedial 
measures. 

(2) If the impact ion shows t h a t  the  au tomt i c  drainage 
s t ructures  have been jammed i n  an open posi t ion by debris  o r  other  
obstructions, they shall be thoroughly cleaned so t h a t  they swing f ree ly  
t o  a true closure. If any par t s  of the gates have been damaged o r  
broken, they s h a l l  be replaced by new par t s .  

( 3) Couplianca with the provisions prescribedl above 
pertaining t o  drainage s t ructures  is essential f o r  proper mlntenance 
of the levee rystem covered by t h i s  manual. Levee f a i l u re s  caused by 
neglected drainage s t ructures  a r e  of common occurrence; it is, therefore,  
of ,utYmst importance that these s t ructures  always be kept in perfect  
working aondition i n  accordance with the regulatione. 

L 

(4) Care ehould be taken not  ta bury any of tha s ide 
drainrrge inlets i n  the event t h a t  it becomes necessary to f l l l  any of the 
lowlying pockets i n  back of the levee. Plans for the  maintenance of 
drainage f a c i l i t i e s  a t  any auch points should be submitted t.a the  State 
Engineer f o r  approval before such work is started. 

5-03. Check Lists.  A f o m  suggested as a check l i s t  for reporting 
inspectionu ,of drainage s t ructures  w i l l  be found i n  the Suppl-nt Manuals, 
mibit E. As many copies of the  form a s  necessary tm record all  needed 
maintenance should be used f o r  reporting such inspections. 

5-04. Operation. Applicable portions of the  Flood Control 
Regulations, paragraph 208.10(d) (2), a re  quoted as follows I 

" (2) Operation. Whenever high water conditions impend, 
a l l  gates will be 1nspec.ted a short time before water 
reaches the inver t  of the  pipe and any object  which 
might prevent closure of the  gate  shall be removed. 
Automatic gates  and valves s h a l l  be cloeed as necesrary 
t o  prevent inflow of flood water. AU drainage 
s t ructures  i n  levees s h a l l  be impectedfiequently 
during floods t o  ascer ta in  whether seepage i a ,  taking 
place along the l i n e s  of t h e i r  contact with the em- 
bankment. I h e d i a t e  stepe shall be taken t o  correct  
any adverse condition." 

5-05. Additional Requirmenta. 

a. Inspection. Periodic inapectiona should hn made t o  
insure t h a t  a l l  f a c i l i t i e s  a r e  i n  good operating c o n d i t i m  a s  followe: 



(1) Since the outlets of pipen crossing under the levee 
are inundated at relatively low river stages, all 
pipes croesing under the levee should be inspected 
considerably in advance of the beginning of the flood 
season. The gates on these pipes should be checked 
at the same time. 

(2) Inspection of all drainage etruatures should also 
be made following each major high water period. 

(3)  Otherwise at periods not exceeding 90 days. 

b. Check Lists for Inspection of Drainage Structures. Check 
lists ouggested under Exhibit E of the Supplemental Manuals should be ueed 
in each inspection to insure that structures are kept in working condition 
at all timeer. Exhibit E will be furnished by the Sacramento District 
Engineer a8 provided under paragraph 5-03 of thie manual. 

a .  Positive Closure Devices. It is eesential that the prim 
funation of the flood protection works cannot be nullifled by back flow 
through irrigation and drainage structures. Accordingly, a reliable means 
of positive closure of conduits must be provided on the riverside of the 
protective works and such closure devices must be accessible arming flood 
periods. Conduits through the flood protection works fall into two 
categories and the requirements for each are as follows: 

Those located through the levee above the proJeot 
flood plane. Emergency closure devices will not be 
required on those structures where they connect 
canals and drains which have ample capacity to 
handle any flow which might pass through the pipe 
during flooda. Where such outlets are not connected 
to canals or drains of ample capacity an accessible 
closure device will be required on the river side. 

(2) Those located through the levee below the project 
flood plane. All structures inetalled by the 
Federal Qovernment and all new structures to be 
installed under permit by local interests will be 
required to have an accessible closure device on 
the riverside of the levee. All existing structures 
which do not have an accessible cloaure device on 
the riverside of the levee will be modified by 
local interests to meet that criteria when the 
structure is rebuilt or modified in any way. Where 
it ia evident that it may be some years before 
riverside closures will be provided on existing 
outlets which are at present ungated on that side, 
it is essential that local interests place, at an 
early date, an emergency flap gate on the rivereide 
of each outlet now ungated on that aide. The flap 
gate i a  to be equipped with a cable extenaion to 



the levee crown, or other device to hold if open 
except when necessary to be released for emergency 
closure d the pipe. 

5-06. Safety Requirements. In removing large objeats which have 
lodged against gate structures during periods of high mbr, expoeed 
vorlanen ahould be provided with life vests and, if neceese~ry, should 
have 8 W e t y  line attached to their person attended by another worker. 
Bimiltar hazardous m r k  in the vicinity of structures shrruld not be 
attempted unlese two or =re perrone are present. 

Cmpliance with the maintenance provisions preeoribed in 
Paragraph 5-02 above pertaining to drainage etructurer I 8  essential for 
proper maintenance of the levee system covered by this manual. Invee 
failurea cawed by neglected drainage etructurer are of cannon occurrenosj 
it ie therefore of u m s t  importance that these structuree always be 
kept in perfeat working condition in accordance with the regtiL8tions. 



6-01. Description. lfhe channels of the ProJect constitute that 
part of the waterway which lies between the levees of the Sacramento 
River from Ords Ferry to Collinsville; the channels of the lower reachee 
of the Feather and American Rivers; and all tributary and distributary 
streams. The area in general is shuwn on the map located near the front 
of this manual. More complete detailed descriptions and limits of channele 
are contained in the Supplement 'Bnuals. 

a. Flood Control Regulations. Applicable portions of the 
Federal Flood Control Regulations, Paragraph 208.10 (g) (1) , pertaining to 
maintenanae of channels are quoted as follows: 

" (g ) Channels and Floodways -- - (1) -3kintenance. 
Periodic inspections of improved channels and floodwaye shall be made by 
the Buperintendent to be certain that: 

(i) The channel or floodway is clear of debris, weeds, 
and wild growth; 

(ii) The channel or floodway is not being restricted 
by the depositing of waste materials, building of 
unauthorized structures or other encroachments; 

(iii) The capacity of the channel or floodway is not 
being reduced by the formation of shoals; 

(iv) Banks are not being damaged by rain or wave wash, 
and that no sloughing of bankshs occurred; 

(v) Riprap sections and deflection dikes and walls are 
in good condition; 

(vi) Approach and egress channels adjacent to the in- 
proved channel or floodway are sufficiently alear 
of obstructions and debris to permit proper 
functioning of the project works. 

Such inspections shall be made prior to the beginning 
of the flood season and otherwise at intervals not to 
exceed 90 days. Immediate steps will be -taken to remay 
any adverse conditions disclosed by such inspeations. . . I1 



b. Other Maintenance Requirements. The purpose of the 
floodflow channele inspection and maintenance is to insure that conditions 
which affect the channel capacity will remain substantially the stme as 
those considered in the design assumptions and that no new conditions 
develop that may affect the stability of the project struc-turee. Channel 
maintenance along navigable waterways relates to such maintenance as is 
required for flood control and is not to be confused with the snagging, 
clearing and dredging operations carried on by the United Btates in con- 
junction with maintenance of Federal. navigation projects. Maintenance 
along channels which are not navigable waterways are the sole respon- 
sibility of local interests when such channels must be maintained to a 
certain capacity for flood control. Particular attention will, therefore, 
be given the following: 

(1) Weeds and other vegetal growth in the channel shall 
be cut in adwnce of the flood season and, together with all debris, 
removed from the channel. 

(2) Operations of any nature upstream from the project 
that would affect flow conditions. 

(3)  Shoaling or aggradation at the inlets or outlets 
of side drainage structures may render them inoperative. It is, there- 
fore, imperative that all drains be kept cleaned out and unobstructed at all 
time. 

(4 )  Dumped rock or other suitable types of protection 
should be placed at locations found by experience to be critical trouble 
pointa, with a view to stabilizing the channel alignment aria praeerving 
the general uniformity of the bank lines. 

( 5 )  Sediment, rubbish, industrial waste or any debris 
plugs or other obstructions should be removed from the channel to prevent 
any tendency for the flows to be deflected within the channel. The heavy 
material likely to accumulate in the new channel at the mouths of 
tributarie~ should be removed to keep the channel clear. 

( 6 )  All eroded concrete shall be repaired as soon as 
reinforcing steel is exposed or erosion reaches a depth of 4 inches. 
For this purpose, it i a  recommended that the repair be made by thoroughly 
cleaning the surface by sandblasting an8 building up the section with 
pneumatically placed Portland cement mortar. All evidence of ~ettlement, 
deviation from grade, uplift, or failure of concrete structures shall be 
referred to the State Engineer for analysis and remedial measwee. 

( 7 )  All damage to fencing, posts, barbed wire or 
galvanizing whether resulting f r o m  accidental or willful induries or from 
corrosion, shall be promptly repaired with new material in order to maintain 
satisfactory protection to the public. 



(8) Earth f i l ls  should be checked f o r  settlement, 
erosion of levee slope8;6xcessive seepage o r  saturat ion area back of 
f i l l r  and condition of bank protection - concrete o r  stone blanket. 

(9) Right-of-way should be checked f o r  presenae of 
dLmped refuse and encroachment of trespass.  

6-03. Check Liets . A form suggested as a cheak list f o r  reporting 
iuspections of the channel w i l l  be found i n  the  S u p p l e m e n t ~ u 8 l . ,  
Exhibit  E. As many copies& the f o m  as necessary to record all needed 
maintenance should be used f o r  reporting such inspections. 

6-04. omrat ion. 

a. Pertinent Requ i rmen t~  of the Code of Federal. Regulatione, 
Par. 208.10(~)(2), a r e  quoted i n  part a8 follows : 

" (g ) Channels and f loodways . . . . . (2) Operation- Both 
banks of the channel shall be patrolled during periods 
of high water .... Appropriate measures s h a l l  be taken 
to  prevent the  formation of jam .... of debria. Iargs 
objects  which become lodged against  the  bank shall be 

, removed. The improved channel o r  floodway shall be 
thoroughly inspected h tmdia te ly  following each major 
high water period. As  soon as practicable thereafter 
all snags and other debris s h a l l  be removed and all 
damage t o  .... walls, drainage ou t l e t s  o r  bther f lood 
aontrol  etructures repaired." 

6-05. Safety Requirements. 

:a. Clearing of ahamels preaent hazards which, unless fore- 
reen and guarded against, may r e s u l t  i n  serious consequences. Clearing 
the ahannel of growing v e g e t a l m t t e r  involves the use of axes, brush- 
hooks o r  other  sharp edged hand tools. I n  order t h a t  t he  work may be 
accomplishe& with a minimum of elrpoeure, the following precautions ehodd 
be obsemed: 

(1) Ins t ruc t  employees i n  proper use of tools and 
equipment. 

(2) Keep tools aha- and inepect toola f o r  possible 
loose or warp& handles or lack of proper vedgee. 

(3)  m o w  suff ic l en t  distance between workers. . 

(4) Clear area of b m c h e s  o r  vines which might 
def leu t  ming  of axe. 

(5) When clearing channel of debria, workmen should 
be cautioned to keep a sharp lookout f o r  poisonous snakes. 



(6) Extra care should be taken t o  prevent expooure 
of eueceptible workmen to  poison oak. 

(7) Should it beaomae necessary to  remove large objects  
which have lodged against  the bank o r  which a re  caueing an obstruction 
t o  the  flow, during the period of high water, workmen who may beeacpoeed 
to  water hazards should be provided wi th l i fe  vests  and, if neoessary, 
ehould have a safety  l i n e  attaahed t o  t h e i r  person, attended by another 
worker. 



SECTION VII 

MISCELLANEOUS FACILITIES 

7-01, Deecription. Miscellaneous s t ructures  o r  f a o i l i t i e s  which 
are constructed a s  a par t  o f ,  o r  ex i s t  i n  conjunction with t he  protective 
works, and which might a f f ec t  t h e i r  functioning, include bridges, u t i l i t y  
croaaings, hydrographic f a c i l i t i e s ,  road crossings and other s t ructures  
not c laes i f ied  aa drainage o r  i r r i g a t i o n  f a c i l i t i e s .  Detailed desaription 
of individual s t ructures  o r  f a c i l i t i e s  pert inent t o  each unit w i l l  be 
contained i n  t he  supplement manual. 

7-02. Maintenance, 

a. Applicable portions of t h e  Federal Regulations, paragraph 
208.10(h) (1) , a r e  quoted a s  f o l l o w :  

"(h) Miscellaneous Fac i l i t i e s .  (1) Maintenance. 
Miscellaneous s t ructures  and f a c i l i t i e s  conatructed a s  
a part of the  protective works and other s t ructures  and 
facilities which function as a par t  o f ,  o r  a f f ec t  t he  
e f f i c i en t  functioning of the  protective works, s h a l l  be 
per iodical ly  inspected by the Superintendent and appro- 
priate maintenance moasures taken. Damaged o r  unservice- 
able par t s  s h a l l  be replaced without delay. , . II 

b. Inspection of t he  ndscellaneous f a c i l i t i e e  and maintenance 
requfrements a h a l l  be mde a t  the  same time t h a t  t he  inspection of the  
other features  of the  project  a re  mde, and s h a l l  be reported on check 
l i s t  Exhibit E, as shown i n  the  Supplement Manuals. 

c. The i n t e r e s t  of the  Corps of Engineers and the  respon- 
s i b i l i t y  of the  l oca l  i n t e r e s t s  i n  the ex is t ing  highway and ra i l road  
bridges is primarily confined t o  t h e i r  e f f ec t  on the  sa fe ty  and function- 
ing of t he  flood control  works. However, any conditions noted i n  t he  
inspections t h a t  may affect them i n  any way should, as a matter of courtesy, 
be brought t o  t he  a t ten t ion  of the r e s p n s i b l e  agencies. If the  inspection 
of any miscellaneous s t ruc ture  ( e i t he r  ex i s ten t  o r  constructed i n  the  future  
under permit) d iscloses  any condition tha t  indicates  the  probabi l i ty  of 
f a i l u r e  during periods of high water, the Superintendent aha l l  address a 
l e t t e r  t o  the  owner of t h e  s t ructure ,  quoting t h i s  mnual  a s  au thor i ty  and 
Invi t ing a t ten t ion  t o  t h e  conditions observed and requesting t h a t  i m d i a t e  
steps  be taken t o  correct  them. A copy of such l e t t e r  s h a l l  be forwarded 
t o  the  D i s t r i c t  Engfneer f o r  his informtion.  A report  on the  act ion taken 
by the  owner s h a l l  be submitted t o  the D i s t r i c t  Engineer t o  accompany the  
next send-annual report. 



7-03. Check Lists.  A check list f o r  miscellaneous structure8 has 
not been prepared, A check list similar t o  t ha t  found i n  the  Supplement 
Manual, Exhibit E, may be used by loca l  in terests .  

744. Operation, 

a. Flood Control Remlations. Appliaable portions of the 
Federal Flood Control Regulations, paragraph 208.10(h) (2), are quoted as 
follows r 

"(2) Operation. Miscellaneous f a c i l i t i e s  shall be 
operated t o  prevent o r  reduce flooding during periods 
of high water. Those f a c i l i t i e s  constmated as a part 
of the  proteative works s h a l l  not be used for purpose8 
other  than flood protection without appmval of the 
D i s t r i c t  Engineer unleas designed therefor." 



SECTION V I I I  

SUGGESTED METHODS OF COi'BATING FMOD CONDITIONS 

8-01. General. Most of the methods described herein have been 
developed during years of expericnce with the various problems that 
often come up during periods of high water, and they are not intended 
t o  r e s t r i c t  .Lhe Superintendent, o r  others concerned, t o  a r i g i d  s e t  of 
rules  f o r  every condition tha t  may arise. The remarks are primarily 
concerned with the earthen portions of the levee system. If problem 
not covered by thsae suggestions arise, where the Superintendent is  in 
doubt as to the procedure t o  be taken, he w i l l  be expected t o  consult 
the Dis t r ic t  Engineer, U. S. Corps of Engineers, Sacramento, California, 
and subsequently t o  follow standard engineering practices i n  meeting the 
situation, It should be noted tha t  it is much be t t e r  t o  be over-prepared 
for a Itflood f ight"  than t o  f i n d  at the l a s t  moment that  preparations a re  
incomplete or  unsatisfactory. Confidence of the protected persons and 
firms is a valuable asset that  should not be carelessly l o s t  through in- 
e f f i c i en t  operation of the protection system i n  time of emergency. 

8-02. Earthen Levees. An earthen levee is in danger whenever there 
i s  water against it, This danger increases with the height of the  water, 
the duration of the  flood stage, and the  intensi ty  of e i the r  the current- 
or  wave action. A well-constructed levee of correct cross section should, 
if properly maintained and not overtopped, hold throughout any major flood. 
Threatened fai lures ,  such as sand boils, sinking levees, s l ides ,  o r  slough- 
ing  can be met if  prompt action i s  taken and proper methods of treatment 
are used. 

8-03. Premeditated Damage. In the event of an extraordinary flood 
requiring a f igh t  over long s t retches of levee on both sides of a r iver ,  
there is a natural temptation t o  attempt some re l ie f  from the  s t r a i n  by- 
breaking the opposite levee. The Superintendent should continually guard 
against premeditated damage t o  the levee, and when the s i tuat ion demaridS, 
immediate action should be taken t o  establ ish idequate protective forces. 

8-04, Secudty. Personnel of the Corps of Engineers, whether 
military o r  c ivi l ian,  are not vested with any c i v i l  police authority i n  
the performance of t h e i r  engineer- duties, and they w i l l  not attertpt 
t o  exercise any such authority. The responsibil i ty f o r  proteoting flood 
control works against sabotage, ac t s  of depredation, o r  other unlawful 
acts vests with the loca l  in te res t s  through local  and State Governmental 
agenaies. 



8-05. Inspection of Flood Control Worlcs. Immediately upon receipt 
of information that a high water i s  j_lnminent, the Reclamation Dis t r ic t s  
through t h e i r  Superintendents, should form a skeleton organization, 
capable of quick expansion, and assign individuals (sector Foremen) t o  
have charge of defini te  sections of levees, A s  h i s  initial activity,  
each Sector Foreman should go over his ent i re  sector and par ts  of adjacent 
sectors, malting a detailed inspection, part icular ly with reference t o  the 
following matters: 

a, Sector l i m i t s 3  ascertain tha t  the dividing l ine  between 
sectors is  plainly deterxinod and, Ff necessary, marked, 

be Condition of new levees and recent repairs, 

c, Condition of culverts, f l a p  gates, and s luice gates. 

d, Transportation f a c i l i t i e s ;  roads, r a i l  and water 
communications. 

e, Material supply; quantity, location, and condition, 

f, Cormnunications; locate and check all necessary tele- 
phones in the sector. 

8-06. Preliminary Repair Work, After the initial inspection has 
been made, each Sector Foreman should recru i t  a labor crew and provide 
it with tools  such as shovels, axes, wheelbarrows, etc. In addition, 
bulldozers, scrapers, trucks, etc,, should be located and made ready 
f o r  use in case of emergency. Then immediate action should be taken t o  
perform the following work : 

a, F i l l  up holes or washes i n  the levee crown, slopes, and 
landslide berms. Where new construction has been completed during the 
year, ra in  washes and deep gul l ies  may have developed. When the levee 
is new, preparations should be made i n  advance t o  combat wave wash along 
the exposed reaches, 

b. Hepair gaps where road crossings have been worn down 
and the levee is  below grade. In  f i l l i n g  the road crossings, it may be 
necessary t o  obtain material from landside borrow pi t s ,  i n  which case 
excavation f o r  the  material should be kept a t  l e a s t  50 f e e t  from lh 
toe of levee, Any f i l l i n g  done in t h i s  connection should be tamped i n  
place and, if i n  an exposed reach, subject t o  wave wash, the new section 
should be faced with bags of sand 

c, Repair and close all f l a p  gates on culverts and see 
tha t  they are seated properly before they are covered with flood waters. 



d, Ascertain t ha t  a l l  roads t o  and along t h e  levee are i n  
a good s t a t e  of repair .  The Superintendent should obta in  ass is tance 
from the  county road forces  t o  have a l l  roads put  i n  f i r s t - c l a s s  con- 
df t ion,  

e Locate necessary t oo l s  and mater ia ls  (sacks, sandbags, 
brush, lumber, l i gh t s ,  etc.), and d i s t r ibu te  and s t o r e  the  same a t  po in t s  
where act ive  maintenance is anticipated. 

f. Check and obtain r epa i r  of a l l  telephone l i n e s  necessary 
f o r  operation, obta in  lists of a l l  team forces,  motorboats, motor cars, 
and t ruck t ranspor ta t ion t h a t  can be made available. 

g, Make thorough arrangements with r e l i a b l e  c i t i z ens  of t he  
community f o r  t h e  supply, transportat ion,  subsistence, and she l t e r  f o r  
the  necessary labor. 

h, C o m n i c a t e  d i r ec t l y  with owners of all stock pastured 
on t he  levee and d i r ec t  t ha t  all stock be removed from the  levee r ight-  
of-way, Cut a l l  fences crossing t he  levee t h a t  do not have gates provided. 

i, Investigate a l l  drainage ditches on t he  landside of t h e  
levee and open these  drains when obstructions exis t .  Prepare t o  cu t  t he  
necessary seep drainage ditches; however, no attempt should be made t o  
drain the levee slope u n t i l  ac tua l  seepage takes  place. 

j. Remove all dynanvite and explosives of any kind from t h e  
v i c i n i t y  of t h e  levee. 

8-07, Disaster  Relief, It is the  primary respons ib i l i ty  of local ,  
Sta te ,  and municipal au thor i t i es ,  supported by o r  tiorlcing i n  connection 
with t he  American Red Cross t o  adopt measures f o r  the  r e l i e f  of f l ood  
d i s a s t e r  victims. The primary mission of t h i s  D i s t r i c t  is t o  maintain 
the  i n t eg r i t y  of f l ood  control  works, However, relief measures may be 
undertaken by the  Sacraraento D i s t r i c t  i n  extreme cases and under com- 
pe l l i ng  circumstances where l o c a l  resources a re  c l e a r l y  inadequate t o  
cope with the  si tuation.  

8-08. General Matho6.s of Treatment. After t he  above preliminary 
organization and precautions have been completed, t h e  Itflood-fightH 
i t s e l f  commences. The methocis of combating various defects  i n  an earthen 
levee as described in the  following paragraphs have been proved e f f ec t i ve  
during many years of use by the  Corps of Engineers. The time, manpower, 
and materials  expended on t he  corrective measures shown below have an 
equal bpor tance  as at tending the  d e t a i l s  of the  closure s t ructures ,  and 
other port ions of t he  system a s  described elsewhere within this manuale 

Sand Boi.1~.  

a, General. A sand boil is  the r e s u l t  of a transfer of 
pressure head and seepage from the r i v e r  through a ~ e r v i o u s  stratum near 
o r  a t  the  surface of the landside of the  levee. This seepage under pressure 



tends t o  push i ts way t o  the surfa.ce and actually f l o a t s  the  material 
through which it flows. If the weight of the more irmpervious s o i l  over- 
lying the pervious stratum, i n  which the flow under pressure is occurring, 
is  suff ic ient  t o  counterbalance t h i s  pressure, no harmful e f fec ts  results.  
h%en the s o i l  stratum overlyirlg the pervious layer f a i l s  t o  counterbalance 
the upward pressure, or  when no such stratum exis ts ,  boils break through 
the landward surface. The sand b o i l  may discharge re la t ive ly  clear  water 
or  the discharge may contain quantit ies of sand and s i l t ,  depending upon 
the magnitude of the pressure and tb size  of the boil ,  

b, Effects of Sand Eoils. Sand boi l s  can produce three 
d is t inc t ly  different  effects  on tb fkvee, as i l l u s t r a t e d  on Pla te  6 ,  
FXhibit C, In Figure 1, the seepage flow develops a very defini te  pipe 
o r  tube under the levee which breaks out a t  the landward toe in the  form 
of one o r  more large sand boile, Unless checked, a cavern is  created 
under the levee, causing subsidence and subsequent overtopping. Slumping 
of the levee w i l l  identify t h i s  type. Figure 2 i l l u s t r a t e s  how pressurized 
seepage water flows under the levee without following a well-defined path, 
and re su l t s  i n  one o r  more boi l s  outcropping a t  o r  near the landward toe. 
The flow from these boi l s  tends t o  produce sloughing of the slope, and is 
evidenced by cutting and ravelling a t  the landward toe. Figure 3 shows a 
th i rd  type of e f fec t  of a sand boil ,  wherein numerous small boils,  many of 
which are scarcely noticeable, outcrop at or  near the toe. While no b o i l  
may appear t o  be dangerous i n  i t s e l f ,  a group of boi l s  causes f lo t a t ion  of 
the soi l ,  erosion of the toe, and ultimate f a i lu re  of the  slope through 
sliding. 

c, Method of Treatment. 

(1) The accepted method of t reat ing sand boi l s  is t o  
construct a r ing of sandbags around the boil ,  building up a head of water 
within the r ing suff ic ient  t o  prevent fur ther  movement of sand and s i l t  
(see Plate  1, Exhibit C). The usual practice of ringing a sand b o i l  is, 
as  followst 

(a) The en t i r e  base f o r  the  sack ring is cleared 
of debris, in order t o  provide a watertight bond between the natural ground 
and the sack ring. 

(b) The sacks a re  then l a i d  in a r ing around the 
boil ,  with joints  staggered, and with loose ear th  between a l l  sacks* 

(c)  The ring is carried only t o  a height suf f ic ien t  
t o  prevent material from being discharged. The r ing should not en t i r e ly  
stop the flow of water, because of the probabili ty of the excessive loca l  
pressure head causing additional ruptures of impervious s t r a t a  and bo i l s  
nearby, 



(d) A V-shaped drain constructed of two boards, 
or  a piece of sheet metal, i s  then placed near the top of the ring t o  
carry off the water. 

(2) Actual conditions a t  each sand b o i l  w i l l  determine 
the exact dimensions of the  ring. The necessary diameter and height of 
the r b g  will depend upon the s i z e  of the boil ,  and the flow of water 
from it, In general, the f o l l o ~ d n g  considerations should govern t 

(a) The base width should not be l e s s  than 1 $ 
times the contemplated height,, 

(b) "Weak" ground near t h e  bo i l  should be included 
within the ring, thereby preventing a break-through l a t e r ,  

( c )  The r ing should be of suf f ic ien t  diameter t o  
permit sacking operations t o  keep ahead of the flow of water. 

(3) Where many boi l s  are  found t o  ex i s t  in a given area, 
a r ing levee of sandbags should be constructed around the en t i re  area and, 
if necessary, water should be pumped into the area to  provide suf f ic ien t  
weight t o  counterbalance the upward pressure, 

8-10, Sub-levees or  Bow Levees. Sub-levees a re  smaller levees b u i l t  
t o  the landsi.de of the  main levee i n  ord.er t o  form pools t o  reduce the 
effect ive water pressure on the landside and conseq&ntly prevent the 
formation of boi ls  and movement of foundation material, If' sub-levees 
in certain locztions prove advisable, the following treatment is recommended: 
(a)  siphons should be available f o r  f i l l i n g  al l .  sub-levees, and (b) when 
deerned necessary, the siphons should be put in to  operation and kept running 
u n t i l  each sub-levee basin is f i l l e d *  The siphons, of course, need not be 
run if the basin fills of i ts own accord from normal seepage. 

8-11, Sloughs, If any sloughs develop i n  the levees, all s o f t  areas 
should be thoroughly drained by excavating shallow ditches (see Pla te  No,?, 
=bi t  C), a f t e r  which a single layer of willow brush, if obtainable, or  
any small t rees  or  limbs should be l a i d  up and down the  slope, laying the 
bu t t s  up and tops down, and weighted with sacks (see Plate No. 10, Exhibit C). 
If the slope begins t o  slough down, a but t ress  of sacks should be built on 
the toe and extending up the slope, The buttress  on the toe should be 
built in the shape of a small berm. No sacks or  weight other than necessary 
t o  hold the brush i n  place should extend up the slope more than two-thirds 
of the distance from toe of slope t o  the fault. 

8-12. Wave Wash, The  Superintendent and Sector Foremen should study 
the levee beforehand to determine the poss ib i l i ty  of wave wash, All such 
reaches will be located well  in advance and f o r  use i n  emergency, a reserve 
supply of f i l l e d  sacks and rolls of cotton bagging will be kept on board f la t s .  



If the dope  is w e l l  sodded, a storm of an hour's duration should cause 
vcry l i t t l e  damge. During periods of high wind and high water, ample 
labor should s t m d  by 'and experienced personnel should observe where 
the washouts are beginning by sounding o r  by ackually wading along the 
subnergcd slope. Sections of cotton bagging should be placed over the 
washed areas, as shown on Exhibit C, Plate  3. A s  an alternative,  f i l l e d  
sacks should be placed in the cut i n  an effective manner and as soon aa 
possible, The f i l l e d  sacks should be l a i d  i n  sections of suff ic ient  
length t o  give protection well  above the anticipated rise. Bagging so 
l a id  must be thoroughly weighted down t o  be effective. Plate  2, Ekhibit C 
shows a movable type of wave wash protection, also used with good results. 
Its advantage is  tha t  it can rapidly be b u i l t  a t  any convenient place and 
easily s e t  i n  place on the job, 

8-13. Scours, A careful observation should be made of the  r iverside 
of the levee a t  dl loca l i t i e s  where a current of more than two f e e t  per 
second is observed, Trouble may be looked f o r  at the ends of old levee 
dikes, mad-crossing ramps, old traverses, and places where pipes, sewers 
and other structures penetrate the  levee. If any sign of scour is ob- 
served in the p i t s  o r  a t  the ends of the dikes, soundings should be taken 
t o  observe the amount and progress of the scour, The usual method of 
construction t o  check scour i n  the p i t s ,  on the slopes, or  a t  the ends of 
dikes w f l l  be t o  construct deflection dikes using brush, treetops, o r  
lwnber, driving stakes and wiring together, and f i l l i n g  in between with 
brush and f i l l e d  sacks or stoneo 

8-4, Topping* Immediate consideration should be given the grade 
l i n e  of each levee section by conparison of existing grades with those 
shown on the drawings,  "As Constructedfr, b h i b i t  B of Supplement Manuals. 
If any reaches show a grade below the previous highestwater,  emergency 
topping should be undertaken a t  once t o  such a grade as may be established 
by the Dis t r ic t  Engineer, U. S. Engineer Office, Sacramento, California, 
as follows: 

a. Sack topping, If lumber is not available, a sack topping 
may be used t o  raise  the crown of the levee about three feet.  The sacks 
should be laid stretcherwise or  along the levee f o r t  he f i r s t  layer, 
crosswise f o r t h e  second layer, and so on. Sacks should be lapped a t  
l e a s t  1/3 either way and w e l l  mauled into place. When properly sacked 
and tamped, one sack will give about three t o  four  inches of topping, 
If gravel i s  available, it should be used f o r t h e  f ront  facing so as t o  
avoid washing out, 

b, Lwnber and sack topping, This i s  the  most commonly used 
method of raising low reaches in emergencies. In putting on this topping, 
aa w e l l  as other -topping, a careful  l ine  of level; should be run and grade 
stakes s e t  i n  advance. 2" x 4'1 x 61 stakes should then be driven on the  
riverside of the crown six feet apart, and 1' x 1211 boards nailed t o  the 



landsidc of t k  stakes, This wall, backed with a single t i e r  of sacks, 
w i l l  hold out a t  l e a s t  one foot  of water. If a second foot  is necessary, 
the layers of szcks w i l l  have t o  be increased i n  number and reinforced, 
The stzkes should be driven three f e e t  in the ground, and should project 
out three feet ,  thus providing, i n  extreme cases, a three-foot topping jf 
properly braced behind with sacks and e?xth, In some instances, it rnay 
be practicable t o  back up the planking with t q o d  earth obtained in the 
vicini ty in l i e u  of the sacks shown in the drawing, Exhibit C, Plate 5., 

cs  llud Box, Tua types of mud box levees are shown on Plates: 
N O ~  8 and 9 ,  Exhibit C. The size of box is  controlled by the conditions 
under which the box will function, available materials, method of placing 
the dir t ,  and the t h e  elements 

d. Cut-Crown Topping. This form of work should never be 
resorted t o  except in extreme emergency, when f i l l e d  sacks and lumber 
cannot be secured, 

8-15. Caving Bvlk Protection. As protection against active caving 
of riverbanks, roclr-f ill-ed cr ibs  are very effective if properly placed. 
Cribs are  usually lh by l4 f e e t  in plan by 10 t o  l.4 inches in inside 
depth. The cr ibs  are constructed on a double thickness of 1" x 411 x lhl 
lumber, equivalent t o  2t l  x 4" pieces, lapped r a i l  fence fashion a t  all 
corners and intersections. They are divided in to  four compartments of 
about equal area by two perpendicular cross w a l l s  constructed i n  the same 
manner as the side w a l l s ,  The f loors  and covers are b u i l t  ul, of doublc 
1" x 411 boards spaced about 9" center-to-center. Uncler the f loor  and per- 
pendicular t o  the direction of the  f loor  boards are f ive  equally spaced 
pairs  of 1" x 41r boards about 3 feet center-to-center. On top of the 
cover, perpendicular t o  the direction of the cover boards, are three pai rs  
of top boards, one over each of the side walls and one o v e r t h e  central  
division w a l l .  A l l  intersections are  nailed with one 20d nail. The com- 
pmtments are f i l l e d  with rock before covering, Each wall intersection 
of the fabricated cr ibs  i s  securely fastened by a loop of No. 9 wire, 
See Exhibit C, Plate 4, 

8-16, Transportation, In instances where it is necessary t o  send 
equipment over roads t h a t  are impassable due t o  mud o r  sand, t h e i r  passage 
may be provided by t h e  use of a plank road o r  by means of steel  or wire 
mats* Telephone o r  "walkie-talkiem communication should be provided 
along dangerous stretches of the levee when t r ave l  or  other sat isfactory 
means of communication cannot be maintained, 

8-17. Check Lists. The  check lists shown Fn Exhibits D and E are 
furnished f o r  reproduction and use by the  loca l  interests ,  These lists 
should be used in each inspection t o  insure t ha t  no features  of the pro- 
tect ive system are overlookede Items requiring repairs  should be noted 
thereon; i f  items are satisfactory, they should be indicated by a check 
mark,, 



8-18, Use of Government Plant. The District Ehgineer is authorized 
(Orders and Kegulations, Par. 4227.12) t o  use or loan Oovemunent plant in 
sudden emergencies when l i f e  is  i n  danger, The use of such plant i s  alao 
permitted t o  save private property provided that no suitable private plant 
is available and that t h e  plant can be spared without detriment to 
Government works. 



TITLE SS-NAVIGATION AND 
NAVIGABLE WATERS 

Chapter II-Cerpa o f  Engineerr, War 
Department 

Rususnt to the  pmvhiona of W l m  I 
of the Act af Cangrem approved June 11. 
1938. as mended  and supplemented. (49 
Btnt. 1671; 60 Mat. 877; and 66 Stat. 
838; 93 U, 8. C: 701C: 701~-11, tb 101- 
lowing regulations are hereby preuulbcd 
to govern the maintenmm and o m r w  
tion uf fload control work:  

4 108,lO Local flood protection (wrh; 
matntenance and operation o j  rtructvrcr 
and fadlltfes--(a) GenemL (1) The 
structures nnd facllftles constructed by 
the  Unlted ~ t a & a  for lo& flood protec- 
tlon ahall be continuously mnlntaLned in 
auch a, msnncr m d  operated a t  mch 
tlmeq and for auch periods as may ba 
necessm ta ob tdn  the maximum 
beneflta. 

( a )  Ths State. pdltlcal 8ubdlvlnion 
thereof. or other responsible loeal 
agency, wblch iurntshed mmca that 
I t  will malntfdn and operate flood ccn- 
trol work8 in accordance with r e d s -  
tlons prescribed by the Secretary of War. 
as requlred by law. shall spwln t  a per- 
manent committee con6l.stin~ of or 
headed by an ofeclal hereinafter called 
the "Superintendent," who shrill be re- 
npomlble for the development and m b -  
knnnce of, and directly i n  charge of, nn 
orannizGtlon respomlble for the emtiant 
operntion and m d n t e n m c e  of all of the 
stnrctures snd f W t l e s  durlns flood 
prrlads and far continuous Inspection 
find malntennnce of the project w o r h  
d u r h ~  periods of low water, all without 
cost to the Unlted 6takq. 

( 3 )  A reserve supply of mttrl8U 
needed during a flood emergency a h d l  
be kept on h n d  a t  all timea. 

(4 )  No encroechcuent or trcsparr 
which win sdversaly affect the die tent  
operation or malnknnnce of the project 
works ahdl  be permitted upon the rights- 
of-any for the protective facllltles. 

(6) No improvement shall be pnssed 
over, under, or tbrounh thc walls, l e v a  
improvcd chnnneh or tloodwapa, nor 
ahnll any excavntlon or construction be 
permitted wltNn the limlts of the pmj- 
ect right-of-way, nor s h n U  nny chfbnlc 
be mnde in any feature of the workd 
without prlor determination by the Dls- 
trlct EngJnecr of the War Department 
or hls authorized representative tha t  
such Improvement, excavatlon, construc- 
tlon. or nltcrnrlon wlll not adversely af- 
fect ' the functioning of the prot&ctlve 
facilltfes, Buch lmprovementd or alter- 
atlone ss mny be found to be desirable 
and permlsslble under the above de- 
termination shall be conntntcted b M- 
cordnnce with standard engineering 
prnctlce. Advice regnrdlng the effect of 
promsed improvements or nlteratlons 
on the functlonlng of the proJect and @P 
formntlon concerning methods of con- 
structlon acceptable under stnndard en- 
glneering prnctlce shall be obtnlned from 
t h r  Dlstrict Engineer or, if otherwise 
obta lnd,  shall be submitted for Ma ap- 
pkoval. Drawingr or prints showing 
auch lplprovernenta or alterations as 
mall9 comtructed shall be furnlshcd the  
Dlstdct Engineer d t e r  completion of the 
work. 

(6)  It ahdl  be the dub of super- 
lntendent to  rubmtt 8 semiannual report 
to the Matrict Engineer coverinu inwee- 
tlon, malntennnce, and operation of the  
p ~ t c c t i v e  $orb. 

(7) The Dlstrict Enclneer br MI bu- 
thohed r e ~ r ~ s w t n t l v e a  ahdl  have .e- 
 ear a t  all times to ali portions of the pro- 
tective works. 

(8) Mnlntenance mcoaum or remn 
whlah the Dlatriet Engineer d e e m  nec- 
esssry shall be promptly taken or made. 

(8 )  Appropriate measures rhall be 
taken by local authoritioa to insure tha t  
ths bctlvltles of all local o r p ~ t l o ~  
operathg ~ u b l l c  or private lacillkles con- 
ncctM with the protective w o r h  m a- 
ordlnated with thm of the Buperintend- 
ent'a oruanlaation during ilmd m o d s .  

(10) The War Department wlll furnlsh 
local lnierests with nn Operation and 
MaLntc~nce  Manual for each complcttd 
project. or separate useful pnrt thereof. 
to arsist them In carrying out thtir ob- 
ligat!onn under these regulations. 

(b) Leuecs-(l) lfaintenonra. Th a 
Buparinkndent ahall provide a t  LU tlllW 
aucb mnLntenmce m may be required to 
innure aervIcenbULty of the atructuru in 
Ume af flood. Ueoswes shall be mken 
to p r o s o b  the growth of sod. txtenzll-  
nab byrrowlm anlmnls, and to provlda 
far routlne mowing of the mars and 
w e d s .  removal of ~r l ld  growth and drlft 
deposib, and repnlr of dnmage c n w d  by 
eroslon or other forces. Where prac- 
tlcable, meosures shnll be taken to retard 
bank erosion by planting of U o w a  or 
other suitable growth on arens riverward 
of the levees. Perlodlc Inspections s h d  
be made by the Superintendent to h a u n  
tha t  the above rnalntenknce meaaurn 
are be- effectively cnnied out and, 
further. to be certaln that: 

(1) No unusual settlement. rlo~hlng, 
or material loss of grade or.1- c rou  
wctlon h m  taken place; 

(11) .No cnvirw has occurred on either 
the lmnd slde or the dver side of tha levee 
which mlsht affect the stability of the 
levee ection: 

(lU) No seepaire, naturuted areas, or 
u n d  bolls are ocmrlng;  

(Ir) T o e  dralnage syatem and pm- 
m e  rellef wells are In good working con- 
dltlon. and that  such facu~tles am not 
becoming clogged; 

(v) Drains through the loveam .nd 
gates on said dra!h a n  in good wrk lnu  
condltlon; 

tvl) No revetment work or rlvmp h u  
been dlsplnced, washed out, or removed: 

(vll) No action is being taken; m c h  
u burning grass m d  weeds during ln- 
appropriate seasons. which ~ 1 1 1  retard 
br Uestroy the growth of sod: 

tvlil) Accwroada and on the lwea 
U s  king properly G%tnlod: 

(Ix) Cattle guards and pafa am in 
mod mndltlon; 

(x) Crown of levee b ah8ped ro u b 
draln rendlly, and roadway thereon, U 
m y .  Is weU ahaped and malntaincd; 

(xi) There Ls no unauthorlmd g r n w  
or vehlcu!ar tramc on the levees: 

(xii) Encroachments ere not be- 
made on the levee rlght-of-way whlch 
mluht endanger the structure or hlnder 
ita proper hnd eflclent functioninr dur- 
in t h e 8  of emewency. 

Buch lmpcctlone shall be made 4- 
medlataly prlor to the besinnlns of the 
flood season; immddiately foHowinu erch 
major hlgh water pertcd, and otherwiss 
a t  lntervaLa not exceedlnn 80 days, and 
much lntermedlate tlmea as may be n m -  
r a w  to Insure the b a t  pxdble  ura of 

the levee. Immediate stens wlll be taken 
to correct dangerous condltlons dtsclosnl 
by ruch Inspectlon8. Regular rnalnk- 
nanca rep& meesurea shall be: acwm- 
plished during the appropriate s e w n  
ra scheduled by tha.0uperlntendent. 

(1) Operation. Liuring flnad period8 
the levee shall be gatrolled continuously 
ta locate posslble a n d  boil8 or unusunl 
wetness of the landward alope aad ta be 
certain that:  

(1) There are no  indlcatlona of slldtr 
or sloughs developing: 

(111 Wave wash or seourlng action ic 
not occurring; 

(Uil No low re~chca  of levee a r t  
which may be overtopped; 

(Iv) Nb other condltiom exbi whlch 
might endanger the structure. 

Approprlnte advnnce mewurea nil1 be 
frken to lmure the avallabilltp of ads- 
puate labor and material5 to meet 111 
conttnsencies. Immtdlnta atem wlU bt 
taken to control nny condition whlch 
sndnnuem the' levee and to repdr  the 
dnmaaed metion. 

(c) Flood waU#.-(1) Afalntm(IEa. 
Periodlc lnsptctiom nhdl be made by the 
mperlntendent to be certain that: 

(1) No seepage. sdturated nreu ,  or 
rand boll8 are o c c ~ d w ;  

(11) No undue settlement ham aceurtsd 
wNch affects the stnblllty of the  wnll or 
jtr wster tightness; 

(iH, No trees exht. the roota of rhkh 
m g h t  extend under the wall and offer 
nccelenrted seepn[le paths: 

(lv) The concrete has not undemna  
cracklne, chlpplne, or brenllng to m 
extent which m i ~ h t  affect the atablllky 
of the wall or Its water t l g h h a s ;  

(v) There are no encroachments up(m 
the right-of-way which mlnht endanger 
the structure or hlnder Its functlonlng 
In time of mod:  

tvl) Care Is bein= uerclsed t o  me- 
vent accumuhtlon of trash and debris 
Wacen t  to walls. and to lnnure that  no 
B e s  are betns bullt near them: 

(vll) No b ~ n k  covlng conditloru &t 
rlverward of the wall whlch mlght m- 
daancr lts.~tnblUty; 

(vU) ?be drchage mntcma and paw- 
nrre relief mclla w e  In Bood worktns cw- 
dltlon, and t h t  such fracilltlw are not 
becomlno clozced.  

8uch impactlam shall be made Immc- 
djntely prlor to the bezlnnino of the ibod 
reason. immedlntely following each ma- 
jor hlgh water perlod, and otherwise at 
Intervals not excecdlng CO days. Mew- 
ures to e lMnnte  encroachmenl and el- 
fect repairs found necesznry by such in- 
rnc t lons  a h l l  be undertaken i m ~ e d l -  
ately. All repairs shnll be accompliahtd 
by methoda acceptable in standard en- 
glneerlna practice. 

( 2 )  Omat ion .  Contlnuou pa- of 
the  wall shall be rnalntained durlns flood 
perlods to locate podiblc leakaee a t  mon- 
.oUth jolnta or s c c p c p  underneath the 
wall. f'lonting plcnt or b a t a  wlll not be 
nUowed to Ue runinst or tie up to Lhe 
wRU. Should i t  h m m s  necessary durlna 
a f l a  emernency to paw encyor cnbler 
ovar the wdl. adequnte mce uen ahdl 
k tektn to protect ths  concrccz and con- 
rtruction joints. Immedfa* atepa shall 
be taken to correct any condltlon whlch 
endangen the stablllty of the wall. 

(d) Dratnape rtructures-(1) Mainlc- 
mnce. Adequate measurea shall IM talten 
b lnsure that intet and outlet channth 
us  kept open and that tmxh, Wt, or 
debris la not alloWed to acwmulata nFU' 
dralnsge atructurca, Flap gatea m d  
mnnually operated &ate6 and v d v u  on 
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dr~ lnege  structures shall be examined, 
oiled, and trinl operated a t  least once 
every DO days. Where drainage struc- 
tures are provided with stop log or other 
emergency closures. the condltfon of the 
equipment and it8 housing shall be in- 
spected regularly and R trlnl installation 
of the emergency closure shall be made 
a t  least once each year. Pel-lodlc inspec- 
tlone shnll be mnde by the Superintend- 
ent to be certain that:  

ti) Pipes, gates, opersting mwhanlam, 
r l p r ~ p ,  and headwalls are  in good con- 
dition; 

(il) Inlet and outlet channels are open; 
till) Care is b ~ i n g  exerclsed k, prevent 

the ~ccumulation of tra* and debris 
near the structures and tha t  no flres are 
belng built near bituminous coated pipes; 

(!v) Erosion Is not occurring adjacent 
to the structure which might endanger 
its water t!nhtness or etabflity. 

Imrnedlatc atew wlll be taken to re- 
pair dnmnze. replace mlsslng or broken 
parts, or remedy adverse condltlona dls- 
closed by such inspectlons. 

( 3 )  Operallon. Whenever hish wabr 
condlltons Impend, all gates wlll be in- 
8pccted n short tlme before water reaches 
the invert of the plpe and any object 
whlch mlght prevent closure of the gate 
Bhnll be removed. Automatic gatetl 6haU 
h clocely observed until it hss  been as- 
certained that they are securely closed. 
Manunlly operated gates and valves shall 
be clo:ed as necessary to prevent inflow 
o! flood water. All drainage structure.! 
in levees shall be inspected frepuently 
during Iloods to ascertain whether seep- 
nge Is tnhlng place along the lines of 
their contact wlth the embankment. 
h m c d l a t e  steps shall be taken to cor- 
rect any adverse condltlon. 

(e) Closure structures-(1) Illdnte- 
nonce. Closure structures for tram0 
openings shall be inspected by thesuper- 
intendent every 00 days to  be certain 
that: 

(11 No parts are misslng: 
(11) Pbetnl parts are adequately cov- 

ered with paint; 
tu) AU movable parts are in satk- 

factory worklng order, 
(IVI Prowr closure can be made . - . . - . - .- - 

promptly when necessary: 
(v) fiufffcient materials are on hand 

for the erection of sand bag closures and 
tha t  the locution of such materials wlll 
be ;endlly nccessible In times of emer- 
gency. 

Tools and parts shall not be removed 
for other use. R i a l  erections of one or 
more closure structures shall be made 
once ench year, alternetlng the struc- 
tures chosen so that each gate will be 
erected a t  least once In each 3-year pe- 
rlod. Trlal erectlon of all closure struc- 
turesshnll be made whenever a change IS 
made In key operntmg personnel. Where 
railroad operntfon makes trial erection of 
a closure structure infeasible, rlgorous 
inspect4on and drlll of operating per- 
sonnel may be substituted therefor. 
Trlsl erectlon of sand bng closures is not 
required. Olosure materials wlll be care- 
fully checkee prlor to  and following 
flood perlods, and damaged or mlsslng 
parts shall be repelred or replaced Im- 
mediately. 
(3) Operation. Erectlon of each mov- 

able closure shall bc started In sufecleht 
tlme to permlt completion before flood 
wnters reach the top of the structure 
6111. Inforrnatlon regsrdlng the proper 
method of ercctIng each indfvld~id clos- 
ure structure. together wlth an estlmnte 
of tbct tlme r ~ u i r e d  by a n  exjxrlenced 
crew tocomplrte Its erectlon wlll be given 

In the Operstion and Malntenance Mm- 
us1 whlch wlll be furnished local interests 
upon completion of the project. Closurs 
structures wlll be inspected frequently 
durlng Rood periods to ascertain tha t  no 
undue lenkase 1s occurring and tha t  
dralns provided to Care for ordinary leak- 
ago are functioning properly. Bcats or 
ftoatlng glnnt shall not be allowed to tle 
bp to closure structures or to dlscharge 
pmensera or cargo over them. 

( f )  Punaping plants-(1) M a  l n t e- 
~ n c e .  PumpIng plants shsll be inspected 
by the Buperintendent a t  intervals not 
to  exceed 30 days durlng flood seaaons 
and 90 days clurlng off-flood seesons to  
imure tha t  all equipment la In order for 
instant use. At regular intervals, proper 
measures shsll be taken to provide for 
cleaning plant, bulldlngs, and equipment, 
repnlntlng as  necessary, and lubricating 
aII machinery Adequate supplies of 
lubricants for all types of machines. fuel 
for gnsoline or diesel po6ered equlpment, 
and fmsh light.! or lanterns for emergency 
llghtlng ahnll be kevt on hand a t  all 
times. Telephone service shall b e  maln- 
tnined a t  pumplng plants. AU equip- 
ment, Including switch gear, trbnsiorm- 
ers, motors, pumps, valves, and nates 
filial1 be trinl operated and checked at 
least once every DO days. Megger tests 
of all insulation shall ke made whenever 
wiring has been subjected to undue damp- 
ness and otherwise a t  intervals not to 
exceed one year. A record shall be kept 
showlng the results of such tests. Wir- 
ing disclosed t a  be in an ussatisfactory 
condltlon by such tests shall be brought 
to a satisfactory condltion or shall be 
promptly replaced. Diesel and gnsollne 
e n ~ l n e s  shall be startcd a t  such inter- 
vals nnd sllowed to run for such length 
oi time as  may be necessary to  insure 
thek serviceabillty in times of emer- 
gency. Only skilled electricians and me- 
chanics shall be employed on tests and 
repalta. Operating personnel for the  
plont .shall be present during tests. Any 
equlpment removed from the station for 
rcpalr or replacement shall be returned 
or replnced as soon a s  practicable and 
shall be trial operated after reinstal- 
lation. Repalrs requiring removal of 
equlpment from the plant, shall be made 
during off-flood seasons Insofar as  prac- 
ticable. 

( 2  ) Operalfon. Competent operators 
shall be on duty at pumping plants when- 
ever i t  appears tha t  necessity for pump 
operation is imminent. The operator 
shall thoroughly inspect, trlal operate. 
and place in readiness dl plant equip- 
ment. The operator shall be familler 
with tho equipment manufacturers' in- 
structlons and drawings and with the 
"Operaling Instructlons" for each sta- 
tlon. The equlpment shall be operated 
in accordance with the above-mentioned 
"OperatinP Instructions" and care shsll 
be exercbed tha t  proper lubrication is 
belng supplied all equlpment, and tha t  no 
overheating, undue vibration or noise is 
occurrlng. In~mpdiately upon Unnl re- 
cession of flood waters, the pumpins sta- 
tlon shall be thoroughly cleaned, pump 
house sump# flushed, and equlpment 
thoroughly impected, oiled and greased. 
A recmd or log of putnplng plant opera- 
tion shnll be kept for each stntlon. a copy 
of whlch shall be furnished the Mstrict 
Eng~neer following each flood. 

(g) Channels and Poodwaus - (1) 
Maintenance. Periodic inspectlone of 
improved channels and flnodways .!hall 
be made by the  Buperlnt~ndent to be 
certoln that: 

( I )  The channel or floodway is clear of 
debda. weeds, and wUd growth; 

(11) The channel or amway is not 
belng restricted by the depoaiUng of 
waste materiels, building of unauthor- 
lzed structures or other encroachmenb: 

(ill) The capaclty d the chnnnel or 
ilooawey Is not being reduced by the 
formation OI shoals; 

(iv) Banks are not belna damaged by 
ralh or wave wash, and that  no slough- 
lng of banks has occurred; 

(v) Riprap aections aQd deflection 
dlkes and walls are in good condltlon; 

tvl) Approach and egress channels 
adjacent to the improved channel or 
ffoodway are  sufeciently clear of obstruc- 
tlons and debris to permit proper func- 
tioning of the project works. 

Buch inspections shall be made prior to 
the  beginning of the flood season and 
other-lse a t  Intervals not to exceed 80 
days. Immediate steps wlll be taken to 
remedy ahy adverse conditions discloeed 
by such inspections. Measures wlll be 
taken by the Buperlntendent to promote 
the growth of grass on bank slopes and 
earth deflection dlkes. The Guperln- 
tendent shall provide for periodic r e W  
and cleaning oi  debris basins, check 
d a m .  and related structures m may be 
necessary. 

(a) Operatfoft. Both b a n  k B of the 
channel shall be patrolled during perlodo 
of hfgh water, and measures shall be 
taken to protea those renchea belng at- 
tacked by the current or by wave wash. 
Appropriate measures shall be taken to 
prcven'; the f o r ~ a t t o n  of Jams of Ice or 
debris. U r g e  objects which become 
lodged against the bank shall be re- 
moved. The improved channel or flood- 
way shall be thorouehip inspected lmme- 
dlately follow in^ ench major hloh water 
period. As soon 8s practicable there- 
after, all snags and other debris sh~U be 
removed and all damage to banks, riprap, 
deflection dikes and walls, drnlnage out- 
let.;. or other flood control structures 
repaired. 
(h) Mfscellanem faciZlt4et1 - t l )  

Maintenance. Miscellaneous structures 
and facllitles constructed as a part  of 
the protective works nnd other structures 
and facllitles whlch function as a part 
of, or affect the efilefent functioning of 
the protective works, shnll be perlodlcally 
inspected by the  Superlntendent and ap- 
propriatc malntenance measures taken. 
Damaged or unservlceable pnrta shall be 
repaired or rcplaccd without dclsy. 
Arees used for pondlng in connection 
wlth pumplng plants or for tempornry 
s t o r ~ g e  al interlor run-off during flood 
periods shall not be allowed to become 
fllled wlth silt, debris, or dumped ma- 
terlnl. The Buperintendent shall taka 
proper steps to prevent restriction of 
brldge openlrws and, where practicable, 
8haiL provide for temporary raislng dur- 
@g floods of bridges which restrlct chan- 
nel cspaclties durlng high flows. 

(2) Opsratfon. Mlscellancous facut- 
tles shall be operated to prevent or re- 
duce flooding during perlods of hlgh 
water. Tl~oae Incilltlts conetructed ad 
a part of the protective works shall not 
be used for purposes other than flood pro- 
tectlon wlthout approval of the District 
Engineer unless deslgned therefor. (48 
Btat. 1571,50 Btat. 077: and 66 Btat. 898; 
33 U.6.C, 7 0 1 ~ ;  701c-1) (Regs. O August 
1944, CE BPEWS?) 

[IirA~l J. A. UUO. 
Mdor  Generar, 

The Adjutant General. 

[P. R. Doc  k l l 2 R 6 :  Pllod, AugOt 16. 19+(: 
o : rc  a.m.] 
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WAR DEPARTMENT CORPS OF ENGINEERS, U. S. ARMY 

RIVERSIDE 

Bottom width to k no bss than 1) times hat@t 
. Bn sum to h r  sand discham. ELEVATION 

Tw into lsvw if boil is near tot. 

SECTION A-A 

Not= 
Do not sack boil which does not put 
out mabwial. 
lpght of sack bop w ring should b only 
sUftiFiMlttOcrwteenoughheodbdow 
dorm flow thruugh boil so that no mare 
material is displeced and boil runs clear. 
M a r  attempt to cmplrtdy stop flow 
through boil. 

PLAN 

SACRAMENTO RIVER , CALIFORNIA 

FLOOD CONTROL PROJECT 

CONTROL OF SAND BOILS 

U.S. ENGINEER OFFICE, SACRAMENT0,CALIF. 
MAY, 1946 

I I 

EXHIBIT "C" -PLATE I 



- 
~ A R  E P A R ~ M ~ F ~ T  COWS O f  ~GlWEERS. 11 S A&?Wv 

i 

SECTION A-A PLAN 

SECTION 

B#L OF MATERIAL FDR - a !OC FEET ' 

Lwwn 
56 l'%ll'"rl?'~' 
32 piresr i"U"x2'6" 
32 pkcer, 2"~4"r90* 

r 32 pieces 2'W"xY.&' 
+ mw-d) 

- % = - I  
2W balrnp vrks I 

MfLS 
41 tbaa nails I I 

b 

SACRAMENTO RIVER , CALIFORNIA 
FLOOD COMT ROL PROJECT 

MOVABLE 
WAVE WASH PROTECTION 
U. S ENGINEER OFFCE, %CRAMENTO ,CAt I F. 

MAY ,1946 1 



Riverside edge of levee crown 7 1 

Allow appmximstcly b n  begging Riverside toe of levcrey' 
2" lap for aach varlabk lengths 
strip i f  bw-' 

PLAN 

SECTION 

Note: 
Lay lengths as required of cotton bagging 
approximately parallel with levee slope 
and across damaged section. Weight 
top and edges of bagging with filled 
sacks as shown above. The filled sacks 
should be wired or tied to each strip 
before laying in place. Stake the corners 
of each strip above water surface. 
Where cotton bagg~ng IS not ava~lable 
burlap sacking may be substituted. 

MATERIAL REQUIRED FOR 100 

LINEAR FEET OF LEVEE 

LUMBER 

U JO Staka~  1"x2"~1'.6 

SANDBAGS 
120 sand bags 

8s requlmd 



IAR DEPARTMENT 
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CORPS OF ENGINEER6 U. 8. ARMY 

I I 

SACRAMENTO RIVER, CALIFORNIA 
FLOOD CONTROL PROJECT 

CAVING BANK PROTECTION 

U. S. ENGINEER OFFICE, SACRAMEMO, CALIF. 
MAY, 1946 

b 
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IAR DEPARTMENT 

- - - 
CORPS OF ENQINEERS U. 8. ARMY 
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SACRAMENTO RIVER, CALIFORNIA 
FLOOD CONTROL PROJECT 

I 

CAVING BANK PROTECTION 

U. S. ENGINEER OF F I E ,  SACRAMEMO, CAUF. 



WAR DEPARTMENT CORPS OF ENGINEERS, U. S. ARMY 

1 
4 

BILL OF MATERIAL FOR 100 

LINEAR FEET OF LEVEE 

LUMBER 

25 p l m  l"x12"x12'0" 
17 pi- Z"n4"x100' * 17 pi- 2"~4"%6'q" 

* 17 p i u c ~  Z"n4"x 2'-0" 
* (Sharpened) 

NAILS 
1 Ib. 8 d  nalls 
2 lb..16d n n ~ h  

WNDR4GS 

1100 b a a  

SECTION 

I 

FRONT ELEVATION 

C 

SACRAMENTO RIVER, CALIFORNlA 
FLOOD CONfROt PROJECT 

UMBER AND SACK TQPPllh86 

U. S. ENGINEER OFFICE, SACRAMENTO, CALIF: 
MAY, 1946 

EXHIEWT "C" M E  5 
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LAU0310t 
Sub8td.m. of crown 

FIG. I 

I 

DI- OF W R  8LIQC 
F r n  
.r 

SACRAMENTO RIVSR ,CALIRXtWtA 
FLOOO CWTROL -07 

EFFECTS OF SAND W 
ON LeSvee 

M.UBIC+) 01 a-rm, m u w r o , ~ ,  

: 

EXHlelT G PLATE 6 





3-6FT. MUD BOX LEVEE 
.CONvWUC710N DETAILS 



F- V T  bL PROJECT 

I I 
EX)IIBIT 0 PLATE 9 



SACRAMENTO RIVER,GAtlFORNIA 
FLOOD CONTROL PROJECT 

METHOD OF 
DRAINING LEVEE SLOPE 

I 
EXHIBIT G PLATE 10 



CHECK LIST NO. 1 

L E m  INSPECTION REPORT 

Date 

Inspected by 

Report number of place8 requiring maintenance work opposite each 
i t e m l i s b d  below. A separate report should be submitted describhg 
the necessary maintenance work for each location. 

Reference Manual No. - 
Itan t r N&er of 

No. t Description r Plaaes 
1 s Settlement, sloughing, o r  loss  of grade . . . . r  
2 a Caving, (either side of levee) .......... 

. . . . . . . . . . . . . . . .  3 r Seepage, aaturated 
b I Rip-rap ....................: 
5 . Sod . . . . . . . . . . . . . . . . . . . . . . I  
6 : Access roada and road ramps . . . . . . . . . . :  
7 r Cattle guards and gates . . . . . . . . . . . . .  
8 1 Crown of levee . . . . . . . . . . . . . . . . :  
9 : Unauthorized grazing or traff ic  . . . . . . . . :  

10 r Unauthorized encroachment on rights-of-way. . . :  
11 2 Unauthorized excavation and loose backfill. . . t  
12 r Accumlations of drift, trash o r  debris . . . . .  
13 . Weed or undesirable vegetation, . . . . . . . . .  
2.4 r Miscellaneous pipe crossings. . . . . . . . . . :  

t Inappropriate burning of grass. . . . . . . . . :  
16 r Other items not Included above. . . . . . . . . :  

Inspected by 



EXHIBIT E 

CHECK LISTS OF LEVEES, 

CWJU AID STRUCTURES 

(See Supplement Manuals) 

EXHIBIT E 
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EXHIBIT F 

LETTER OF ACCEPTANCE 

BY STATE RECLAMATION BOARD 

(See Supplement Manuals) 

EXHIBIT F 
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