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FOREWORD

This manual has been prepared by the District Engineer, to acquaint
responsible local interests with the requirements of maintaining the
earthen channel, earth levees, drainage structures, riprap protection
and service roads constructed for the flood control project completed on
24 October 1968 on Redwood Creek, Humboldt County, California. Timely
effective maintenance in accordance with this manual is required to
assure the proper functioning of the improved channel and the continua-
tion of beneficial results from the project.

Revisions marked with asterisk (*) were made to this manual 
August 1977.
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REDWOOD CREEK
HUMBOLDT COUNTY, CALIFORNIA

LOCAL FLOOD PROTECTION PROJECT

OPERATION AND MAINTENANCE MANUAL

INTRODUCTION

I. AUTHORIZATION

The Redwood Creek Flood Control Project, Humboldt County,
California, was authorized by the Flood Control Act of 1962, Public Law
87-874, Eighty-seventh Congress, Second Session, under the provisions of
Section 203, approved 23 October 1962, which act reads in part as
follows:

"Section 203. The following works of improvement for
the benefits of navigation and the control of destruc-
tive flood waters and other purposes are hereby adopted
and authorized to be prosecuted under the direction of
the Secretary of the Army and the supervision of the
Chief of Engineers in accordance with the plans in the
respective reports hereinafter designated and subject
to the conditions set forth herein."

REDWOOD CREEK BASIN

"The project for flood protection on Redwood Creek,
Humboldt County, California, is hereby authorized
substantially in accordance with the recommenda-
tions of the Chief of Engineers and House Document
No. 497, Eighty-seventh Congress, at the estimated
cost of $2,580,000."

2. LOCATION

The project is located along the lower reaches of Redwood Creek
near Orick, Humboldt County, California. The creek discharges into the
Pacific Ocean approximately 50 miles south of the Oregon-California
border. The basin is an elongated area of approximately 280 square
miles. It extends about 56 miles from the northwest to the southeast
and has a maximum width of about 7 miles. The largest tributary to
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Redwood Creek is Prairie Creek which drains the northern part of the
watershed and joins the main stream about 3.5 miles above its mouth.
Prairie Creek drains an area of about 40 square miles, extending approx­
imately 12 miles north of the junction of the two streams. The other
tributaries are short steep-gradient creeks which extend to the main'
stream from each side throughout its length. The area protected from
floods by the completed project is the lower 3.5 miles of Redwood Creek
and the town of Orick.

3. DESCRIPT!ON OF PROJECT

The Redwood Creek flood control project consists of an improved
channel with a bottom width of 250 feet and levees along both banks. A
gravity drainage system has been provided to collect and divert local
drainage from behind the levees into the Pacific Ocean. Stone riprap
slope protection has been provided for the slopes of the channel and the
channel side slopes of the levees. The project extends from the mouth
of the creek upstream approximately 3.4 miles. A derrick stone control
sill was constructed at the lower end of the improved channel to stabil­
ize the ends of the levees and to prevent degradation of the channel
bottom in the lower reach. The two center piers of the u.S. 101 Highway
bridge were extended upstream to provide for more efficient hydraulic
conditions. A system of relief wells was installed adjacent to the
landward toe of the levees, in critical areas, to discharge the antic­
ipated seepage at high stages into the interior drainage system. Debris
de£ledtors were installed on each side just upstream of the highway
bridge to prevent log jams. County roads affected by the construction
of the project were relocated as necessary. Details of these features
of the project as constructed are shown on the appended plans.

4. PROTECTION PROVIDED

The project, as constructed, will provide protection to the commun­
ity of Orick and the adjacent agricultural and grazing areas behind the
levees against all floods up to the design flood of 77,000 cubic feet
per second. This design flood is about 40 percent greater than the
largest flood of record, that of December 1964. Protection from local
flooding behind the levees is provided by a gravity drainage system of
open ditches and storm drains with inlets as required.

5. CONSTRUCTION HISTORY

* The project constructed under Contract No. DA-04-203-CIVENG-66-l90
dated 20 April 1966 by Eugene Luhr & Co., was initiated in 1966, com­
pleted in October 1968, and formally transferred to Humboldt County on
14 November 1968 for maintenance and operation. In 1976 filter drain
was constructed for the right levee between stations 49+30 and 60+70
under Contract No. DAC-W07-76-C-0055 by the Venturini Corporation of San
Mateo, California.*
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ii. CHANNEL

a. Description. The improved channel, with a 250-foot-bottom
width throughout the project, extends from the mouth of Redwood Creek at
station 15+50 approximately 3.4 miles upstream, to station 192+90. The
natural earth channel bottom was constructed with a slope of 0.0014
throughout the project. The channel slopes were excavated to a slope of
1 vertical on 3 horizontal. Riprap was placed on the slopes the full
length of both slopes. This riprap varies in thickness from 12 inches
to 24 inches and the toe was carried to a vertical depth of 7 or i0 feet
below the channel bottom as shown on the appended plans. Where riprap
was placed under water, the thickness of the blanket was increased by 50
percent. On the right bank, the thickness of the riprap for the up-
stream i0 feet was increased to 60 inches; on the left bank, the upper
end of the riprap was keyed in with a 24-inch-thick layer to prevent
erosion. A control sill was constructed of derrick stone at the lower
end of the project to protect the downstream end of the project and to
prevent degradation of the channel bottom. Details of this sill are
shown on Sheet 21 of the appended plans. Maintenance of the sill to the

correct line and grade is essential to the proper functioning of the
project.

b. Maintenance. Inspection and maintenance of channels and
floodways shall be in accordance with paragraph 208.10(a) General, (see
paragraph 9 of this manual) and 208.10(g) which states:

"Channels and floodways

(i) Maintenance. Periodic inspections of improved channels and
floodways shall be made by the Superintendent 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 banks has occurred;

(v) Riprap sections are in good condition;

(vi) Approach and egress channels adjacent to the improved
channel or floodway are sufficiently clear of obstructions and debris to
permit proper functioning of the project works.
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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 remedy any adverse conditions disclosed by such
inspections. Measures will be taken by the Superintendent to promote
the growth of grass on bank slopes. Maintenance of the riprapped chutes
at stations 59+80 and 68+34 is particularly important in order to pre-
serve the hydraulic characteristics of the structures and to prevent an
increase of velocity in this reach of the channel. The structures
should be maintained to the dimensions and elevations that are shown on
the appended plans.

(2) Operation. The banks of the channel shall be patrolled during
periods of high water, and measures shall be taken to protect those
reaches being attacked by the current or by wave wash. Appropriate
measures shall be taken to prevent the formation of jams of debris.
Large objects which become lodged against the bank shall be removed.
The improved channel shall be thoroughly inspected immediately following
each major high water period as soon as practicable. Thereafter, all
snags and other debris shall be removed and all damage to banks, riprap,
deflection dikes and walls, drainage outlets or other flood control
structures repaired."

12. LEVEES

* a. Description. Levees were constructed along both banks up-
st~ea~ from station 17+00, tying into high ground near the upper end of
the project. The right bank levee extends upstream to station 171+75
that on the left bank to station 192+80. The levees, with an impervious
core, were constructed with a crest width of 12 feet, the channel side
slopes continue the slopes of the channel and are i vertical on 3 hori-
zontal; the land side slopes are i vertical on 2.5 horizontal. The
channel riprap was continued up the channel side slopes the entire
length of both levees. The riprap was continued on around the down-
stream ends of the levees in order to prevent erosion at these points.
Between stations 49+30 and 60+70, right levee, sand and gravel filter
drain was installed in the landside berm and spalls were placed along
the landside toe of the levee. Relief wells were installed at the
landside toe of the levees at appropriate points along both levees. The
wood stave screen type was used. The wells will discharge into the
gravity interior drainage system at high flow stages. Earthen berms of
pervious fill, averaging about 3 feet high were constructed along the
landisde toe of both levees at various points. Since the crests of the
levees will be used as service roads in maintaining the project, access
roads, ramps and turnarounds were provided as necessary. Wire-rope
barricades were erected to prevent unauthorized entry at various points.
The location and all details of the above features are shown on the
appended plans.*
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b. Maintenance. Inspection and maintenance of levees shall be in
accordance with paragraph 208.10(a) General, (see paragraph 9 of this

manual) and 208.10(b) which states:

"Levees

(i) Maintenance. The Superintendent shall provide at all times
such maintenance as may be required to insure serviceability of the
structures in time of flood. Measures shall be taken to promote the
growth of sod, exterminate burrowing animals, and to provide for de-
posits, and repair of damage caused by erosion or other forces.
Periodic inspections shall be made by the Superintendent to insure that
the above maintenance measures are being effectively carried out and,

further, to be certain that:

(i) No unusual settlement, sloughing or material loss 

grade or levee cross section has taken place;

(ii) No caving has occurred on either the land side or the
river side of the levee which might affect the stability of the levee

section;

(iii) No seepage, saturated areas, or sand boils are occur-

ring;

(iv) Drains through the levees and gates on said drains are

in good working condition;

(v) No revetment work or riprap has been displaced, washed

out, or removed;

(vi) No action is being taken, such as burning grass and
weeds during inappropriate seasons, which will retard or destroy the

growth of sod;

(vii) Crown of levee is shaped so as to drain readily, and
roadway thereon, if any, is well shaped and maintained;

(viii) Encroachments are not being made on the levee rights-
of-way which might endanger the structure or hinder its proper and
efficient functioning during times of emergency.

Such inspections shall be made immediately prior to the beginning
of the flood season; immediately following each major high-water period,
and otherwise at intervals not exceeding 90 days, and such intermediate
times as may be necessary to insure the best possible care of the levee
by such inspections. Regular maintenance repair measures shall be
accomplished during the appropriate season as scheduled by the
Superintendent.
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(2) Operation. During flood periods the levee shall be patrolled
continuously to locate possible sand boils or unusual wetness of the
landward slope and to be certain that:

(i) There are no indications of slides or sloughs developing;
(ii) Wave wash or scouring action is not occurring;

(iii) No low reaches of levee exist which may be overtopped;

(vi) No other conditions exist which might endanger the
structure.

Appropriate advance measures will be taken to insure the avail-
ability of adequate labor and materials to meet all contingencies.
Immediate steps will be taken to control any condition which endangers
the levee and to repair the damaged section."

Compliance with the provisions prescribed is essential for the
efficient maintenance of the levee system and the successful operation
of the project. Checklists suggested under Exhibit C should be used in
each inspection to insure that no feature of the protective works is
overlooked. Items requiring maintenance should be noted thereon; if
items are found satisfactory, they should be so indicated by a check.

13. RELIEF WELLS

* a. Description. Fifth-four relief wells have been installed
along the land side toe of the left and right levees, between stations
78+00 and 158+25. Locations of the relief wells are shown on Sheets 3,
4, 6 and 7. Details are shown on Sheet 22 and on Table i, Page 19.*

* b. Inspection. The relief wells shall be sounded annually to
check for sanding. The inspection should include an examination of the
cover plates, locks, tee outlets and other appurtenances. Any indica-
tion of piping or slumping of the ground around or near wells shall also
be included in the inspection. Relief wells shall be pump tested at 5-
year intervals to obtain the specific yield of the well (gallons per
minute per foot of well screen per foot of well drawdown). If this
yield is less than 80 percent of the installed yield as shown on Table
i, then corrective treatment surging and flushing shall be made and the
well pump tested again. The wells shall be checked for sanding before
and after each pumping. Damages to relief wells and associated dis-
charge systems shall be corrected as soon as practicable. Wells which
sand badly shall be filled with concrete and replacement wells installed.
During periods of high stream flow in Redwood Creek, the relief wells
shall be checked for discharge to determine specific yield and possible
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sanding. Results of inspections shall be reported to the District
Office, Engineering Division, ATTN: Design Branch. Relief wells which
do not function properly during periods of high stream flow shall be
reported immediately to the above by telephone.*~

c. Maintenance. Prior to 15 October of each year the relief

wells shall be sounded to determine the amount of sand that has accumu-
lated in the bottom of the pipes. If there is more than 12 inches in
the wells, they are to be flushed with a mixture of air and water until
all the material has been removed from inside the pipes. In addition,
any trash or debris which has accumulated in the outlets of collector
pipes shall be removed. Damaged relief wells and associated discharge
systems shall be corrected as soon as practicable. Wells which sand
badly shall be filled with concrete and replacement wells installed.

14. DRAINAGE STRUCTURES

a. Description. The area behind the levee is protected from in-
undation by local runoff by a gravity drainage system composed of con-
crete inlets, manholes where necessary and reinforced concrete pipes
discharging into ditches which in turn conduct the flow into natural
channels which drain into the Pacific Ocean at a point downstream of the

end of the levees.

b. Maintenance. Inspection and maintenance of drainage structures
shall be in accordance with paragraph 208.10(a) General, (see paragraph

7 of this manual) and 208.10(d) which states:

"Drainage Structures

(i) Maintenance. Adequate measures 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 structures. Flap gates on
drainage structures shall be examined, oiled, and trial operated at
least once every 90 days. Periodic inspections shall be made by the
Superintendent to be certain that:

(i) Pipes, 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 
trash and debris near the structures and that no fires are being built

near bituminous coated pipes;

(iv) Erosion is not occurring adjacent to the structure which

might endanger its water tightness of stability.

ii



Immediate steps will be taken to repair damage, replace missing or
broken parts, or remedy adverse conditions disclosed by such inspections.

(2) Operation. Whenever high water conditions impend, all gates
will be inspected a short time before water reaches the invert of the
pipe and any object which might ~revent closure of the gate shall be
removed. Automatic gates shall be closed. All drainage structures in
levees shall be inspected frequently during floods to ascertain whether
seepage is taking place along the lines Of their contact with the
embankment. Immediate step.s shall be taken to correct any adverse
condition."

Failures caused by neglected drainage structures are of common
occurrence; it is therefore of utmost importance that these structures
always be kept in perfect working conditiom in accordance with the
regulations.

15. MISCELLANEOUS FACILITIES

Inspection, maintenance and operation of miscellaneous facilities
shall be in accordance with paragraph 208.10(a) General, (see paragraph
7 of this manual) and 208.10(h) which states:

’~iscellaneous facilities

~i} M~im~em~ee. Mi~eell~ne~us str~ctures and facilities con-
structed as a part of the protective works and other structures and
facilities which function as a part of, or affect the efficient func-
tioning of the protective works, shall be periodically inspected by the
Superintendent and appropriate maintenance measures taken. Damages or
unserviceable parts shall be repaired or replaced without delay. The
Superintendent shall take proper steps to prevent restriction of bridge
openings.

(2) Operation. Miscellaneous facilities shall be operated to
prevent or reduce flooding during periods of high water. Those facil-
ities constructed as a part of the protective works shall not be used
for purposes other than flood protection without approval of the
District Engineer unless designed therefor."

16. FLOOD PLAIN MANAGEMENT

Flood plain zoning was not incorporated as a part of the plan as
set forth in the project document. However, subsequent to the comple-
tion of project construction the subject was investigated and Humboldt
County expressed an interest in flood plain zoning for these areas
around the community of Orick, California and adjacent to the mouth of
Redwood Creek. This interest is evidenced by Exhibit E.

12
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FOREWORD

This manual has been prepared by the District Engineer, to acquaint

responsible local interests with the requirements of maintaining the

earthen channel, earth levees, drainage structures, riprap protection

and service roads constructed for the flood control project completed on
24 October 1968 on Redwood Creek, Humboldt County, California. Timely

effective maintenance in accordance with this manual is required to

assure the proper functioning of the improved channel and the continua-

tion of beneficial results from the project.

Revisions marked with asterisk (*) were made to this manual 
August 1977.
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INTRODUCTION

i. AUTHORIZATION

The Redwood Creek Flood Control Project, Humboldt County,

California, was authorized by the Flood Control Act of 1962, Public Law

87-874, Eighty-seventh Congress, Second Session, under the provisions of

Section 203, approved 23 October 1962, which act reads in part as

follows:

"Section 203. The following works of improvement for

the benefits of navigation and the control of destruc-

tive flood waters and other purposes are hereby adopted

and authorized to be prosecuted under the direction of

the Secretary of the Army and the supervision of the

Chief of Engineers in accordance with the plans in the
respective reports hereinafter designated and subject

to the conditions set forth herein."

REDWOOD CREEK BASIN

"The project for flood protection on Redwood Creek,

Humboldt County, California, is hereby authorized

substantially in accordance with the recommenda-

tions of the Chief of Engineers and House Document
No. 497, Eighty-seventh Congress, at the estimated

cost of $2,580,000."

2. LOCATION

The project is located along the lower reaches of Redwood Creek

near Orick, Humboldt County, California. The creek discharges into the

Pacific Ocean approximately 50 miles south of the Oregon-California
border. The basin is an elongated area of approximately 280 square

miles. It extends about 56 miles from the northwest to the southeast

and has a maximum width of about 7 miles. The largest tributary to
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Redwood Creek is Prairie Creek which drains the northern part of the
watershed and joins the main stream about 3.5 miles above its mouth.
Prairie Creek drains an area of about 40 square miles, extending approx-’
imately 12 miles north of the junction of the two streams. The other
tributaries are short steep-gradient creeks which extend to the mai~
stream from each side throughout its length. The area protected from
floods by the completed project is the lower 3.5 miles of Redwood Creek
and the town of Orick.

3. DESCRIPTION OF PROJECT

The Redwood Creek flood control project consists of an improved
channel with a bottom width of 250 feet and levees along both banks. A
gravity drainage system has been provided to collect and divert local
drainage from behind the levees into the Pacific Ocean. Stone riprap
slope protection has been provided for the slopes of the channel and the
channel side slopes of the levees. The project extends from the mouth
of the creek upstream approximately 3.4 miles. A derrick stone control
sill was constructed at the lower end of the improved channel to stabil-
ize the ends of the levees and to prevent degradation of the channel
bottom in the lower reach. The two center piers of the U.S. i01 Highway
bridge were extended upstream to provide for more efficient hydraulic
conditions. A system of relief wells was installed adjacent to the
landward toe of the levees, in critical areas, to discharge the antic-
ipated seepage at high stages into the interior drainage system. Debris
deflectors were installed on each side just upstream of the highway
bridge to prevent log jams. County roads affected by the construction
of the project were relocated as necessary. Details of these features
of the project as constructed are shown on the appended plans.

4. PROTECTION PROVIDED

The project, as constructed, will provide protection to the commun-
ity of Orick and the adjacent agricultural and grazing areas behind the
levees against all floods up to the design flood of 77,000 cubic feet
per second. This design flood is about 40 percent greater than the
largest flood of record, that of December 1964. Protection from local
flooding behind the levees is provided by a gravity drainage system of
open ditches and storm drains with inlets as required.

5. CONSTRUCTION HISTORY

* The project constructed under Contract No. DA-04-203-CIVENG-66-190
dated 20 April 1966 by Eugene Luhr & Co., was initiated in 1966, com-
pleted in October 1968, and formally transferred to Humboldt County on
14 November 1968 for maintenance and operation. In 1976 filter drain
was constructed for the right levee between stations 49+30 and 60+70
under Contract No. DAC-W07-76-C-0055 by the Venturini Corporation of San
Mateo, California.*
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ii. CHANNEL

a. Description. The improved channel, with a 250-foot-bottom
width throughout the project, extends from the mouth of Redwood Creek at
station 15+50 approximately 3.4 miles upstream, to station 192+90. The
natural earth channel bottom was constructed with a slope of 0.0014
throughout the project. The channel slopes were excavated to a slope of
1 vertical on 3 horizontal. Riprap was placed on the slopes the full
length of both slopes. This riprap varies in thickness from 12 inches
to 24 inches and the toe was carried to a vertical depth of 7 or I0 feet
below the channel bottom as shown on the appended plans. Where riprap
was placed under water, the thickness of the blanket was increased by 50
percent. On the right bank, the thickness of the riprap for the up-
stream i0 feet was increased to 60 inches; on the left bank, the upper
end of the riprap was keyed in with a 24-inch-thick layer to prevent
erosion. A control sill was constructed of derrick stone at the lower
end of the project to protect the downstream end of the project and to
prevent degradation of the channel bottom. Details of this sill are
shown on Sheet 21 of the appended plans. Maintenance of the sill to the
correct line and grade is essential to the proper functioning of the
project.

b. Maintenance. Inspection and maintenance of channels and
floodways shall be in accordance with paragraph 208.10(a) General, (see
paragraph 9 of this manual) and 208.10(g) which states:

"Channels and floodways

(i) Maintenance. Periodic inspections of improved channels and
floodways shall be made by the Superintendent 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 banks has occurred;

(v) Riprap sections are in good condition;

(vi) Approach and egress channels adjacent to the improved
channel or floodway are sufficiently clear of obstructions and debris to
permit proper functioning of the project works.
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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 remedy any adverse conditions disclosed by such
inspections. Measures will be taken by the Superintendent to promote
the growth of grass on bank slopes. Maintenance of the riprapped chutes
at stations 59+80 and 68+34 is particularly important in order to pre-
serve the hydraulic characteristics of the structures and to prevent an
increase of velocity in this reach of the channel. The structures
should be maintained to the dimensions and elevations that are shown on
the appended plans.

(2) Operation. The banks of the channel shall be patrolled during
periods of high water, and measures shall be taken to protect those
reaches being attacked by the current or by wave wash. Appropriate
measures shall be taken to prevent the formation of jams of debris.
Large objects which become lodged against the bank shall be removed.
The improved channel shall be thoroughly inspected immediately following
each major high water period as soon as practicable. Thereafter, all
snags and other debris shall be removed and all damage to banks, riprap,
deflection dikes and walls, drainage outlets or other flood control
structures repaired."

12. LEVEES

* a. Description. ~ Levees were constructed along both banks up-
stream from station 17+00, tying into high ground near the upper end of
the project. The right bank levee extends upstream to station 171+75
that on the left bank to station 192+80. The levees, with an impervious
core, were constructed with a crest width of 12 feet, the channel side
slopes continue the slopes of the channel and are i vertical on 3 hori-
zontal; the land side slopes are i vertical on 2.5 horizontal. The
channel riprap was continued up the channel side slopes the entire
length of both levees. The riprap was continued on around the down-
stream ends of the levees in order to prevent erosion at these points.
Between stations 49+30 and 60+70, right levee, sand and gravel filter
drain was installed in the landside berm and spalls were placed along
the landside toe of the levee. Relief wells were installed at the
landside toe of the levees at appropriate points along both levees. The
wood stave screen type was used. The wells will discharge into the
gravity interior drainage system at high flow stages. Earthen berms of
pervious fill, averaging about 3 feet high were constructed along the
landisde toe of both levees at various points. Since.the crests of the
levees will be used as service roads in maintaining the project, access
roads, ramps and turnarounds were provided as necessary. Wire-rope
barricades were erected to prevent unauthorized entry at various points.
The location and all details of the above features are shown on the
appended plans.*

8



P
E
s
A
D
E
R
O.

0
1
3

b. Maintenance. Inspection and maintenance of levees shall be in
accordance with paragraph 208.10(a) General, (see paragraph 9 of this

manual) and 208.10(b) which states:

"Levees

(i) Maintenance. The Superintendent shall provide at all times
such maintenance as may be required to insure serviceability of the
structures in time of flood. Measures shall be taken to promote the
growth of sod, exterminate burrowing animals, and to provide for de-
posits, and repair of damage caused by erosion or other forces.
Periodic inspections shall be made by the Superintendent to insure that
the above maintenance measures are being effectively carried out and,

further, to be certain that:

(i) No unusual settlement, sloughing or material loss 

grade or levee cross section has taken place;

(ii) No caving has occurred on either the land side or the
river side of the levee which might affect the stability of the levee
section;

(iii) No seepage, saturated areas, or sand boils are occur-

ring;

(iv) Drains through the levees and gates on said drains are

in good working condition;

(v) No revetment work or riprap has been displaced, washed

out, or removed;

(vi) No action is being taken, such as burning grass and
weeds during inappropriate seasons, which will retard Or destroy the
growth of sod;

(vii) Crown of levee is shaped so as to drain readily, and
roadway thereon, if any, is well shaped and maintained;

(viii) Encroachments are not being made on the levee rights-
of-way which might endanger the structure or hinder its proper and
efficient functioning during times of emergency.

Such inspections shall be made immediately prior to the beginning
of the flood season; immediately following each major high-water period,
and otherwise at intervals not exceeding 90 days, and such intermediate
times as may be necessary to insure the best possible care of the levee
by such inspections. Regular maintenance repair measures shall be
accomplished during the appropriate season as scheduled by the
Superintendent.
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(2) Operation. During flood periods the levee shall be patrolled
continuously to locate possible sand boils or unusual wetness of the
landward slope and to be certain that:

structure.

(i) There are no indications of slides or sloughs developing;
(ii) Wave wash or scouring action is not occurring;

(iii) No low reaches of levee exist which may be overtopped;

(vi) No other conditions exist which might endanger the

Appropriate advance measures will be taken to insure the avail-
ability of adequate labor and materials to meet all contingencies.
Immediate steps will be taken to control any condition which endangers
the levee and to repair the damaged section."

Compliance with the provisions prescribed is essential for the
efficient maintenance of the levee system and the successful operation
of the project. Checklists suggested under Exhibit C should be used in
each inspection to insure that no feature of the protective works is
overlooked. Items requiring maintenance should be noted thereon; if
items are found satisfactory, they should be so indicated by a check.

13. RELIEF WELLS

* a. Description. Fifth-four relief wells have been installed
along the land side toe of the left and right levees, between stations
78+00 and 158+25. Locations of the relief wells are shown on Sheets 3,
4, 6 and 7. Details are shown on Sheet 22 and on Table i, Page 19.*

* b. Inspection. The relief wells shall be sounded annually to
check for sanding. The inspection should include an examination of the
cover plates, locks, tee outlets and other appurtenances. Any indica-
tion of piping or slumping of the ground around or near wells shall also
be included in the inspection. Relief wells shall be pump tested at 5-
year intervals to obtain the specific yield of the well (gallons per
minute per foot of well screen per foot of well drawdown). If this
yield is less than 80 percent of the installed yield as shown on Table
i, then corrective treatment surging and flushing shall be made and the
well pump tested again. The wells shall be checked for sanding before
and after each pumping. Damages to relief wells and associated dis-
charge systems shall be corrected as soon as practicable. Wells which
sand badly shall be filled with concrete and replacement wells installed.
During periods of high stream flow in Redwood Creek, the relief wells
shall be checked for discharge to determine specific yield and possible

i0
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sanding. Results of inspections shall be reported to the District
Office, Engineering Division, ATTN: Design Branch. Relief wells which
do not function properly during periods of high stream flow shall be
reported immediately to the above by telephone.*

c. Maintenance. Prior to 15 October of each year the relief

wells shall be sounded to determine the amount of sand that has accumu-
lated in the bottom of the pipes. If there is more than 12 inches in
the wells, they are to be flushed with a mixture of air and water until
all the material has been removed from inside the pipes. In addition,
any trash or debris which has accumulated in the outlets of collector
pipes shall be removed. Damaged relief wells and associated discharge
systems shall be corrected as soon as practicable. Wells which sand
badly shall be filled with concrete and replacement wells installed.

14. DRAINAGE STRUCTURES

a. Description. The area behind the levee is protected from in-
undation by local runoff by a gravity drainage system composed of con-
crete inlets, manholes where necessary and reinforced concrete pipes
discharging into ditches which in turn conduct the flow into natural
channels which drain into the Pacific Ocean at a point downstream of the

end of the levees.

b. Maintenance. Inspection and maintenance of drainage structures
shall be in accordance with paragraph 208.10(a) General, (see paragraph

7 of this manual) and 208.10(d) which states:

"Drainase Structures

(i) Maintenance. Adequate measures 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 structures. Flap gates on
drainage structures shall be examined, oiled, and trial operated at
least once every 90 days. Periodic inspections shall be made by the
Superintendent to be certain that:

(i) Pipes, 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 
trash and debris near the structures and that no fires are being built

near bituminous coated pipes;

(iv) Erosion is not occurring adjacent to the structure which

might endanger its water tightness of stability.

ii



....... - J

Immediate steps will be taken to repair damage, replace missing or
broken parts, or remedy adverse conditions disclosed by such inspections.

(2) Operation. Whenever high water conditions impend, all gates
will be inspected a short time before water reaches the invert of the
pipe and any object which might prevent closure of the gate shall be
removed. Automatic gates shall be closed. All drainage structures in
levees shall be inspected frequently during floods to ascertain whether
seepage is taking place along the lines of their contact with the
embankment. Immediate steps shall be taken to correct any adverse
condition."

Failures caused by neglected drainage structures are of common
occurrence; it is therefore of utmost importance that these structures
always be kept in perfect working condition in accordance with the
regulations.

15. MISCELLANEOUS FACILITIES

Inspection, maintenance and operation of miscellaneous facilities
shall be in accordance with paragraph 208.10(a) General, (see paragraph
7 of this manual) and 208.10(h) which states:

"Miscellaneous facilities

(1) Maintenance. Miscellaneous structures and facilities con-
structed as a part of the protective works and other structures and
facilities which function as a part of, or affect the efficient func-
tioning of the protective works, shall be periodically inspected by the
Superintendent and appropriate maintenance measures taken. Damages or
unserviceable parts shall be repaired or replaced without delay. The
Superintendent shall take proper steps to prevent restriction of bridge
openings.

(2) Operation. Miscellaneous facilities shall be operated to
prevent or reduce flooding during periods of high water. Those facil-
ities constructed as a part of the protective works shall not be used
for purposes other than flood protection without approval of the
District Engineer unless designed therefor."

16. FLOOD PLAIN MANAGEMENT

Flood plain zoning was not incorporated as a part of the plan as
set forth in the project document. However, subsequent to the comple-
tion of project construction the subject was investigated and Humboldt
County expressed an interest in flood plain zoning for these areas
around the community of Orick, California and adjacent to the mouth of
Redwood Creek. This interest is evidenced by Exhibit E.

12
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This uanual has been prepered by the District Engineer, to
acquaint responsible local interests vith the requirements of main-
taining the earthen channel, earth levees, drainage structures, rip-
rap protection and service roads constructed for the flood control
project completed on 24 October 1968 on Redwood Creek, Humboldt
County, California. T4mely effective maintenance in accordance
vith this manual is required to assure the proper functioning of
the improved channel and the continuation of beneficial results
from the project.
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REDWOOD CREEK
HUMBOLDT COUNTY, CALIFORNIA

LOCAL FLOOD PROTECTION PROJECT

OPERATION AND MAINTENANCE MANUAL

INTRODUCTION

i. AUTHORIZATION

The Redwood Creek Flood Control Project, Humboldt County,
California, was authorized by the Flood Control Act of 1962, Public
Law 87-874, Eighty-seventh Congress, Second Session, under the pro-
visions of Section 203, approved 23 October 1962, which act reads in
part as follows:

"Section 203. The following works of improvement
for the benefits of navigation and the control of
destructive flood waters and other purposes are
hereby adopted and authorized to be prosecuted
under the direction of the Secretary of the Army
and the supervision of the Chief of Engineers in
accordance with the plans in the respective reports
hereinafter designated and subject to the conditions
set forth herein."

* * ** * *

* * * * * *

REDWOOD CREEK BASIN

"The project for flood protection on Redwood Creek,
Humboldt County, California, is hereby authorized
substantially in accordance with the recommenda-

tlons of the Chief of Engineers and House Document
No. 497, Eighty-seventh Congress, at the estimated
cost of $2,580,000."

2. LOCATION

The project is located along the lower reaches of Redwood Creek
near Orlck, Humboldt County, California. The creek discharges into
the Pacific Ocean approximately 50 miles south of the Oregon-
California border. The basin is an elongated area of approximately
280 square miles. It extends about 56 miles from the northwest to
the southeast and has a maxlmumwldth of about 7 miles. The largest
tributary to Redwood Creek is Prairie Creek which drains the northern



part of the watershed and Joins the main stream about 3.5 miles above
its mouth. Prairie Creek drains an area of about 40 square miles,
extending approximately 12 miles north of the Junction of the two
streams. The other tributaries are short steep-gradient creeks which
extend to the main stream from each side throughout its length. The
area protected from floods by the completed project is the lower 3.5
miles of Redwood Creek and the town of Orick.

3. DESCRIPTION OF PROJECT

The Redwood Creek flood control project consists of an improved
channel with a bottom width of 250 feet and levees along both banks.
A gravity drainage system has been provided to collect and divert
local drainage from behind the levees into the Pacific Ocean. Stone
rlprap slope protection has been provided for the slopes of the channel
and the channel side slopes of the levees. The project extends from
the mouth of the creek upstream approximately 3.4 miles. A derrick
stone control sill was constructed at the lower end of the improved
channel to stabilize the ends of the levees and to prevent degrada-
tion of the channel bottom in the lower reach. The two center piers
of the U.S. i01 Highway bridge were extended upstream to provide for
more efficient hydraulic conditions. A system of relief wells was
installed adjacent to the landward toe of the levees, in critical
areas, to discharge the anticipated seepage at high stages into the
interior drainage system. Debris deflectors were installed on each
side Just upstream of the highway bridge to prevent log jams. County
roads affected by the construction of the project were relocated as
necessary. Details of these features of the project as constructed
are shown on the appended plans.

4. PROTECTION PROVIDED

The project, as constructed, will provide protection to the com-
munity of Orick and the adjacent agricultural and grazing areas be-
hind the levees against all floods up to the design flood of 77,000
cubic feet per second. This design flood is about 40 percent greater
than the largest flood of record, that of December 1964. Protection
from local flooding behind the levees is provided by a gravity
drainage system of open ditches and storm drains with inlets as
required.

5. CONSTRUCTION HISTORY

The project constructed under Contract No. DA-04-203-CIVENG-66-190
dated 20 April 1966 by Eugene Luhr & Co., was initiated in 1966, com-
pleted in October 1968, and formally transferred to Humboldt County
on 14 November 1968 for maintenance and operation.

2
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REQUIREMENTS OF LOCAL COOPERATION

6. ASSURANCE OF COOPERATION

By an unnumbered resolution, dated 16 November 1965, the Board of
Supervisors of Humboldt County stated that they would:

a. Provide, without cost to the United States, all lands, ease-
ments and rlghts-of-way necessary for construction of the
project;

b. Hold and save the United States free from damages due to the

construction works;

Maintain and operate all the works after completion in accor-
dance with regulations prescribed by the Secretary of the
Army;

d. Make all relocations of buildings, utilities, roads and re-
lated facilities necessary for the construction and malnte,
nance of the project;

e. Prevent any encroachment on flood channels, or pondlng areas,
which will result in decreasing the effectiveness of the
flood control improvements.

A copy of this resolution is included as ExhlbltA~

7, SEMIANNUAL REPORT

Attention is directed to paragraph 208.10(a)(6) of the Flood
Control Regulations (inclosed with this manual as Exhibit B) which
states that it shall be the duty of the responsible supervising
official, hereinafter referred to as the Superintendent, to submit
a semiannual report to the District Engineer covering inspection,
maintenance and operation of the protective works. The report
should be submitted within a 10-day period, prior to 1 June and 1
December of each year, and should include all dated copies of reports
of inspections made during the period of report. The report should
also include the nature, date of construction and date of removal of
all temporary repairs and the dates of permanent repairs. In accor-
dance with the regulations, inspections shall be made prior to the
beginning of the flood season and otherwise at intervals not to
exceed 90 days during flood seasons to forestall deterioration and
insure that all equipment is in proper working order and ready for
instant use. Immediate steps shall be taken to remedy any adverse
conditions disclosed by such inspections. The checklists shown in
Exhibit C should be used in each inspection to insure that no feature
of the protective system is overlooked. Items requiring maintenance
should be noted thereon; if items are satisfactory, they should be
so indicated by a check.

3



MAINTENANCE AND OPERATION

8. PURPOSE

The purpose of this manual is to assist the responsible local
authorities in carrying out their obligations through provision of
information and advice as to the operation and maintenance requirements
of the project. The appended construction plans are included as an aid
in proper maintenance and should be adhered to.

9. REGULATIONS

Section 208.10, Title 33 of the Code of Federal Regulations contains
rules for the maintenance and operation of local flood protection works
approved by the Secretary of the Army in accordance with authority con-
tained in Section 3 of the Flood Control Act of 22 June 1936, as amended
and supplemented. A copy of the complete regulations w-Ill be found in
Exhibit B. Compliance with these regulations is one of the requirements
of local cooperation. Applicable portions of the regulations are as
follows:

"General

(i) The structures and facilities constructed by the United States
for local flood protection shall be continuously maintained in such a
manner and operated at such times and for such periods as may be
necessary to obtain the maximum benefits.

(2) The State, political subdivision thereof, or other responsible
local agency, which furnished assurance that it will maintain and
operate flood control works in accordance with regulations prescribed
by the Secretary of the Army, as required by law, shall appoint a
permanent committee consisting of or headed by an official hereinafter
called the ’Superintendent,’ who shall be responsible for the develop-
mentand maintenance of, and directly in charge of, an organization
responsible for the efficient operation and maintenance of all of the
structures and facilities during flood periods and for continuous
inspection and maintenance of the project works during periods of low
water, all without cost to the United States.

(3) A reserve supply of materials needed during a flood emergency
shall be kept on hand at all times.

(4) No encroachment or trespass which will adversely affect the
efficient operation or maintenance of the project works shall be
permitted upon the rights-of-way for the protective facilities.

(5) No improvement shall be passed over, under, or through the
walls, levees, improved channels or floodways, nor shall any excavation
of construction be permitted within the limits of the project rights-
of-way, nor shall any change be made in any feature of the works without
prior determination by the District Engineer of the Department of the
Army, or his authorized representatives that such improvement,
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excavation, construction, or alteration will not adversely affect the
functioning of the protective facilities. Such improvements or
alterations as may be found to be desirable and permissible under the
above determination shall be constructed in accordance with standard
engineering practice. Advice regarding the effect and information
concerning methods of construction acceptable under standard engineer-
ing practice shall be obtained from the District Engineer or, if
otherwise obtained, shall be submitted for his approval. Drawings
or prints showing such improvements or alterations as finally
constructed shall be furnished the District Engineer after completion
of the work.

(6) It shall be the duty of the superintendent to submit a semi-
annual report to the District Engineer covering Iv~pectlon, malntev.ance,
and operation of the protective works.

(7) The District Engineer or his authorized representatives shall
have access at all times to all portions of the protective works.

(8) Maintenance measures or repairs which the District Englneer
deems necessary shall be promptly taken or made.

(9) Appropriate measures shall be taken by local authorities to
insure that the activities of all local organizations operating public
or private facilities connected with the protective works are coordl-
hated with those of the Superlntendent’s organization during flood
periods.

(i0) The Department of the Army will furnish local interests
with an Operation and Maintenance Manual for each completed project,
or separate useful part thereof, to assist them in carrying out their
obllgatlons under this part."

i0. DUTIES OF SUPERINTENDENT

In line with the provisions covered by the regulations, the
general duties of the Superintendent should include the following:

a. Trainin~ of key personnel. Key personnel should be trained
in order that regular maintenance work may be performed efflclently
and to insure that unexpected problems related to flood control may
be handled in an expeditious and orderly manner. The Superintendent
should have available the names, addresses and telephone numbers of
all his keymen and a reasonable number of substitutes. These keymen
should in turn have similar data onall of the men that will be
necessary for assistance in the discharge of their duties. The
organization of keymen should include the followlng:



(1) An assistant to act in the place of the Superintendent
in case of his absence or indisposition.

(2) Section foremen in sufficient number to lead maintenance
patrol work of the entire levee during flood fights. High qualities
of leadership and responsibility are necessary for these positions.

b. Stresmflow stages. Permanent arrangements should be made by
the Superintendent with the United States Weather Bureau at Eureka,
California, to secure forecasts of weather conditions to plan adequate
measures of protection.

c. Semiannual report. The semiannual reports required under
the regulations should be submitted within a 10-day period prior to
1 June and 1 December of each year and should include all dated copies
of reports of inspections made during the period of report. Also, the
nature, date of construction, and date of removal of all temporary
repairs and the dates of permanent repairs should be included in the
report. Other items and suggestions relative to public cooperation
are considered pertinent and desirable data for inclusion in the
report, but are not required. In addition, a brief narrative statement
on general functioning of the project, condition of the works and pro-
posals for repairing damages or remedying any defects that become
apparent will be helpful. A suggested form for submission of the
semiannual report covering the major features of maintenance, inspection
and operation is furnished as Exhibit C for the convenience of the
Superintendent. The organization responsible for the maintenance
and operation of the project is required to provide its own forms in
accordance ~-lth the sample.

d. Checklists. The checklists shown in Exhibit C should be
used in each inspection to insure that no features of the protective
system are overlooked. Items requiring maintenance should be noted
thereon; if items are satisfactory, they should be so indicated by a
check.

e. Proposed improvements or alterations. Drawings or prints of
proposed improvements or alterations to the existing Flood Control
Works must be subntitted for approval to the District Engineer, U.S.
Army Engineer District, San Francisco, Corps of Engineers, San
Francisco, California, sufficiently in advance of the proposed
construction to permit adequate study and consideration of the work.
The Humboldt County Public Works Department shall review all proposed
plans of improvement for appropriateness and assure the improvements
are located on the plans wlth reference to project centerllne station.
This reviewwi11 be accomplished prior to submittal to the District
Engineer. Drawings or prints, in duplicate, showing any improvements
or alterations as finally constructed should be furnished to the Dis-
trict Engineer, U.S. Army Engineer District, San Francisco, Corps of
Engineers, after completion of the work.
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Ii. CIIANNEL

a. Description. The improved channel, with a 250-foot-bottom
width throughout the project, extends from the mouth of Redwood
Creek at station 15+50 approximately 3.4 miles upstream, to station
192+90. The natural earth channel bottom was constructed with a
slope of 0.0014 throughout the project. The channel slopes were
excavated to a slope of i vertical on 3 horizontal. Riprap was
placed on the slopes the full length of both slopes. This rlprap
varies in thickness from 12 inches to 24 inches and the toe was
carried to a vertical depth of 7 or i0 feet below the channel bottom
as shown on the appended plans. Where riprap was placed under water,
the thickness of the blanket was increased by 50 percent. On the
right bank, the thickness of the rlprap for the upstream i0 feet was
increased to 60 inches; on the left bank, the upper end of the rip-
rap was keyed in with a 24-inch-thick layer to prevent erosion. A
control sill was constructed of derrick stone at the lower end of
the project to protect the downstream end of the project and to pre-
vent degradation of the channel bottom. Details of this sill are
shown on Sheet 21 of the appended plans. Maintenance of the sill to
the correct line and grade is essential to the proper functioning of
the project.

b. Maintenance. Inspection and maintenance of channels and
floodways shall be in accordance with paragraph 208.10(a) General,
(see paragraph 9 of this manual) and 208.10(g) which states:

"Channels and fl0odways

(i) Maintenance. Periodic inspections of improved channels
and floodways shall be made by the Superintendent 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 
the depositing of waste materials, building of unauthorized struc-
tures or other encroachments;

(ill) 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 banks has occurred;

(v) Riprap sections are in good condition;

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

7



Such inspections shall be made prior to the beginning of the
flood season and otherwise at intervals not to exceed 90 days. Im-
mediate steps will be taken to remedy any adverse conditions dis-
closed by such inspections. Measures will be taken by the Superin-
tendent to promote the growth of grass on bank slopes. Maintenance
of the riprapped chutes at stations 59+80 and 68+34 is particularly
important in order to preserve the hydraulic characteristics of the
structures and to prevent an increase of velocity in this reach of
the channel. The structures should be maintained to the dimensions
and elevations that are shown on the appended plans.

(2) Operation. The banks of the channel shall be patrolled
during periods of high water, and measures shall be taken to protect
those reaches being attacked by the current or by wave wash. Appro-
priate measures shall be taken to prevent the formation of Jams of
debris. Large objects which become lodged against the bank shall
be removed. The improved channel shall be thoroughly inspected im-
mediately following each major high water period as soon as practi-
cable. Thereafter, all snags and other debris shall be removed and
all damage to banks, riprap, deflection dikes and walls, drainage
outlets or other flood control structures repaired."

12. LEVEES

a. Description. Levees were constructed along both banks up-
stream from station 17+00, tying into high ground near the upper end
of the project. The right bank levee extends upstream to station
171+75 that on the left bank to station 192+80. The levees, with an
impervious core, were constructed with a crest width of 12 feet,
the creekside slopes continue the slopes of the channel and are 1
vertical on 3 horizontal; the land side slopes are i vertical on
2.5 horizontal. The channel riprap was continued up the creekside
slopes the entire length of both levees. The riprap was continued
on around the downstream ends of the levees in order to prevent
erosion at these points. Relief wells were installed at the land-
side toe of the levees at appropriate points along both levees. The
wood stave screen type was used. The locations of relief wells are
shown on Sheet 22 of the appended plans. The wells will discharge
into the gravity interior drainage system at high flow stages.
Earthen berms of pervious fill, averaging about 3 feet high were
constructed along the landside toe of both levees at various points.
Since the crests of the levees will be used as service roads in
maintaining the project, access roads, ramps and turnarounds were
provided as necessary. Wire-rope barricades were erected to prevent
unauthorized entry at various points. The location and all details
of the above features are shown on the appended plans.

b. Maintenance. Inspection and maintenance of levees shall
be in accordance with paragraph 208.10(a) General, (see paragraph 
of this manual) and 208.10(b) which states:

8
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"Levees

(i) Maintenance. The Superintendent shall provide at all
times such maintenance as may be required to insure serviceability
of the structures in time of flood. Measures shall be taken to
promote the growth of sod, exterminate burrowing animals,;and to
provide for deposits, and repair of damage caused by erosion or
other forces. Periodic inspections shall be made by the Superin-
tendent to insure that the above maintenance measures are being
effectively carried out and, further, to be certain that:

(i) No unusual settlement, sloughing or material loss
of grade or levee cross section has taken place;

(ii) No caving has occurred on either the land side 
the river side of the levee which might affect the stability of the
levee section;

(iii) No seepage, saturated areas, or sand boils are
occurring;

(iv) Drains through the levees and gates on said drains
are in good working condition;

(v) No revetment work or riprap has been displaced, washed
out, or removed;

(vi) No action is being taken, such as burning grass and
weeds during inappropriate seasons, which will retard or destroy
the growth of sod;

(vii) Crown of levee is shaped so as to drain readily, and
roadway thereon, if any, is well shaped and maintained;

(viii) Encroachments are not being made on the levee rights-
of-way which might endanger the structure or hinder its proper and
efficient functioning during times of emergency.

Such inspections shall be made immediately prior to the begin-
ning of the flood season; immediately following each major high-
water period, and otherwise at intervals not exceeding 90 days, and
such intermediate times as may be necessary to insure the best pos-
sible care of the levee by such inspections. Regular maintenance
repair measures shall be accomplished during the appropriate season
as scheduled by the Superintendent.

9



(2) Operation. During flood periods the levee shall be
patrolled continuously to locate possible sand boils or unusual
wetness of the landward slope and to be certain that:

(i) There are no indications of slides or sloughs
developing;

(ii) Wave wash or scouring action is not occurring;

(iii) No low reaches of levee exist which may be overtopped;

(vi) No other conditions exist which might endanger the
structure. ’

Appropriate advance measures will be taken to insure the
availability of adequate labor and materials to meet all contin-
gencies. Immediate steps will be taken to control any condition
which endangers the levee and to repair the damaged section."

Compliance with the provisions prescribed is essential for the
efficient maintenance of the levee system and the successful operation
of the project. Checklists suggested under Exhibit C should be used
in each inspection to insure that no feature of the protective works
is overlooked. Items requiring maintenance should be noted thereon;
if items are found satisfactory, they should be so indicated by a
check.

13. RELIEF WELLS

a, Description. Fifty-four relief wells have been installed
at the left and right land side levee toes along Redwood Creek be-
tweenStatlon 78+00 and Station 158+25. Locations and details of
the relief well installations are shown on Plates 1 through 5.

b. Inspectlon. The relief wells shall be sounded annually to
check for sanding. The inspection should include an examination of
the cover plates, locks, tee outlets and other appurtenances. Any
indication of piping or slumping of the ground around or near wells
shall also be included in the inspection. Relief wells shall be
pump tested at 5-year intervals to obtain the specific yield of
the well (gallons per minute per foot of well screen per foot of
well drawdown). If this yield is less than 80 percent of the in-
stalled yield as shown on Plate 5, then corrective treatment surging
and flushing shall be made and the well pump tested again. The wells
shall be checked for sanding before and after each pumping. Damages
to relief wells and associated discharge systems shall be corrected
as soon as practicable. Wells which sand badly shall be filled
with concrete and replacement wells installed. During periods of
high stream flow in Redwood Creek, the rellef wells shall be checked
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for discharge to determine specific yield and possible sanding.
Results of inspections shall be reported to the District Office,
Engineering Division, ATTN: Design Branch, except that relief wells
which do not function properly during periods of high stream flow
shall be reported immediately to the above by telephone.

c. Maintenance. Prior to 15 October of each year the relief
wells shall be sounded to determine the amount of sand that has
accumulated in the bottom of the pipes. If there is more than 12
inches in the wells, they are to be flushed with a mixture of air
and water until all the material has been removed from inside the
pipes. In addition, any trash or debris which has accumulated in
the outlets of collector pipes shall be removed. Damaged relief
wells and associated discharge systems shall be corrected as soon
as practicable. Wells which sand badly shall be filled with con-
crete and replacement wells installed.

14. DRAINAGE STRUCTURES

a. Description. The area behind the levee is protected from
inundation by local runoff by a gravity drainage system composed
of concrete inlets, manholes where necessary and reinforced concrete
pipes discharging into ditches which in turn conduct the fl~¢ into
natural channels which drain into the Pacific Ocean at a point down-
stream of the end of the levees.

b. Maintenance. Inspection and maintenance of drainage struc-
tures shall be in accordance with paragraph 208.10(a) General, (see
paragraph 7 of this manual) and 208.10(d) which states:

"Drainage structures

(I) Maintenance. Adequate measures 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 structures.
Flap gates on drainage structures shall be examined, oiled, and
trial operated at least once every 90 days. Periodic inspections
shall be made by the Superintendent to be certain that:

(i) Pipes, gates, operating mechanism, riprap, and head-
walls are in good condition;

(ii) Inlet and outlet channels are open;

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

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

ii



l~nediate steps will be taken to repair damage, replace missing
or broken parts, or remedy adverse conditions disclosed by such
inspections.

(2) Operation. D~enever high water conditions impend, all
gates will be inspected a short time before water reaches the in-
vert of the pipe and any object which might prevent closure of the
gate shall be removed. Automatic gates shall be closely observed
until it has been ascertained that they are securely closed. All
drainage structures in levees shall be inspected frequently during
floods to ascertain whether seepage is taking place along the lines
of their contact with the embankment. Immediate steps shall be taken

to correct any. adverse condition."

Failures caused by neglected drainage structures are of common
occurrence; it is therefore of utmost importance that these struc-
tures always be kept in perfect working condition in accordance with
the regulations.

15. MISCELLANEOUS FACILITIES

Inspection, maintenance and operation of miscellaneous facilities
shall be in accordance with paragraph 208.10(a) General, (see para-
graph 7 of this manual) and 208.10(h) which states:

’~iscellaneous facilities

(i) Maintenance. Miscellaneous structures and facilities con-
structed as a part of the protective works and other structures and
facilities which function as a part of, or affect the efficient
functioning of the protective works, shall be periodically inspected
by the Superintendent and appropriate maintenance measures taken.
Damaged or unserviceable parts shall be repaired or replaced without
delay. The Superintendent shall take proper steps to prevent re-
striction of bridge openings.

(2) Operation. Miscellaneous facilities shall be operated to
prevent or reduce flooding during periods of high water. Those
facilities constructed as a part of the protective works shall not
be used for purposes other than flood protection without approval
of the District Engineer unless designed therefor."

16. FLOOD PLAIN DL~NAGEMENT

Flood plain zoning was not incorporated as a part of the plan
as set forth in the project document. However, subsequent to the
completion of project construction the subject was investigated and
Humboldt County expressed an interest in flood plain zoning for these
areas around the community of Orick, California and adjacent to the
mouth of Redwood Creek. This interest is evidenced by Exhibit E.
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17. SUGGESTED METHODS

Most of the methods described herein have been developed
during years of experience with the various problems that often
come up during periods of high water, and they are not intended
to restrict the Superintendent, or others concerned, to a rigid
set of rules for every condition that may arise. The remarks are
primarily concerned with the earthen portions of the levee system.
If problems not covered by these suggestions arise, where the
Superintendent is in doubt as to the procedure to be taken, he
will be expected to consult the District Engineer, U.S. Army
Engineer District, San Francisco, Corps of Engineers, San Francisco,
California, and follow standard engineering practices in meeting
the situation. It should be noted that it is much better to be
over-prepared for a "flood fight" than to find at the last moment
that preparations were incomplete or unsatisfactory. Confidence
of the protected persons and firms is a valuable asset that should
not be carelessly lost through inefficient operation of the pro-
tection system in time of emergency.

a. Earthen levees. An earthen levee is in possible danger
whenever there is water against it. This danger varies with the
height of the water, the duration of the flood stage, and the
intensity of either the current or wave action. A well-constructed
levee of proper section should, if maintained and not overtopped,
hold throughout any major flood. However, a serious accident may
result in a break. Foundation troubles result in sand boils or
a sinking levee, and the local use of unsatisfactory materials
causes slides and sloughs. However, such threatened failures can
be met if prompt action is taken and proper methods of treatment
are used. Wave wash is to be expected whenever the levee is ex-
posed to a wide stretch of open water and is serious if permitted
to continue over a considerable length of time. Exhibit D, Plates
1 - 5 are attached to aid in flood emergency construction.

b. Premeditated damage. The Superintendent should continually
guard against premeditated damage to the levee.

c. Security. Personnel of the Corps of Engineers, U.S. Army,
whether military or civilian, are not vested with any civil police
authority in the performance of their engineering duties, and they
will not attempt to exercise any such authority. The responsibility
for protecting flood control works against sabotage, acts of depre-
datlon, or other unlawful acts rests with the local interests through
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local and State Governmental agencies. In the event local law
enforcement agencies prove inadeqate, local interests can request
the aid of State forces, and if additional support becomes necessary,
Federal troops can be requested as provided by law.

d. Human element. Panic does not directly endanger the levee,
but psychological fear due to ignorance of actual conditions may
seriously affect the high-water fight during a critical moment.
This fact may be considered in organization for emergency work.
Confidence, engendered by an efficient organization, free from
local jealousies, is the best guard against panic.

e. Inspection of flood control works. As soon as heavy rain-
fall that could result in floodflows is forecast, the Superintendent
should form a skeleton organization, capable of quick expansion,
and assign individuals (Sector Foremen) to have charge of definite
sections of levees. As his initial activity, each Sector Foreman
should go over his entire sector and parts of adjacent sectors,
making detailed inspection, particularly with reference to the
following matters:

(i) Sector limits; ascertain that the dividing line be-
tween sectors is plainly determined and, if necessary, marked.

(2) Condition of new levees and recent repairs.

(3) Condition of culverts, flap gates, and sluice gates.

(4) Transportation facilities; roads and rail.

(5) Material supply; quantity, location and condition.

(6) Communications; locate and check all necessary tele-
phones in the sector.

f. Preliminary repair work. After the initial inspection has
been made, each Sector Foreman should recruit a labor crew and pro-
vide it with tools such as shovels, axes, wheelbarrows, etc. In
addition, bulldozers, scrapers, trucks, etc., should be located and
made ready for use in case of emergency. Then immediate action
should be taken to perform the following work:

(I) Fill up holes or washes in the levee crown and slopes.
Where new construction has been completed during the year, rain
washes and deep gullies may have developed. While the levee is new,
preparations should be made in advance to combat wave wash along the
exposed reaches.

14
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(2) Repair gaps where road crossings have been worn down
and the levee is below grade. In filling the road crossings, it
may be necessary to obtain material from landside borrow pits, in
which case excavation for the material should be kept at least 50

feet from the toe of levee. Any filling done in this connection
should be tamped in place and, if in an exposed reach, subject to
wave wash, the new section should be faced with bags of sand.

(3) Repair and close all flap gates on culverts and see
that they are seated properly before they are covered with flood
waters.

(4) Ascertain that all roads to and along the levee are
in a good state of repair. The Superintendent should obtain
assistance from the county road forces to have all roads put in
flrst-class condition.

(5) Locate necessary tools and materials (sacks, sand-
bags, brush, lumber, lights, etc.) and distribute and store the
same at points where active maintenance is anticipated.

(6) Check and obtain repair of all telephone lines
necessary for operation, obtain lists of all team forces, motor-
boats, motorcars, and truck transportation that can be made avail-
able.

(7) Make thorough arrangements with reliable citizens
of the community for the supply, transportation, subsistence, and
shelter for the necessary labor.

(8) Investigate all drainage ditches on the landside 
the levee and open these drains when obstructions exist. PreDate
to cut the necessary seep drainage ditches; however, no attempt
should be made to drain the levee slope until actual seepage takes
place.

(9) Remove all dynamite and explosives of any kind from
the vicinity of the levee.

g. Disaster relief. It is the responsibility of local, State
and municipal authorities, supported by and/or working in connection
with the American Red Cross to adopt measures for the relief of flood
disaster victims. Relief measures can be undertaken by the Depart-
ment of the Army through its Army Area Commander under existing Army
Regulations, but such measures will be undertaken only as a last
resort, in extreme cases and under compelling circumstances where
local resources are clearly inadequate to cope with the situation.
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h. Flood fight. After the above preliminary organization
and precautions have been completed, the "flood fight" itself
commences. The methods of combating various defects in the earthen
levee described in the following paragraphs have been proved effec-
tive during many years of use by the Department of the Army.

(i) Drainage of slopes. This work can be done economi-
cally while awaiting developments and will serve to make the levees
more efficient. Crews should be organized to cut seep drains at all
places on the levee when seepage appears. The drains should be V-
shaped, no deeper than necessary, and never more than 6 inches deep.
Care must be taken not to cut the sod unnecessarily. In all in-
stances, drains should be cut straight down the levee slope or nearly
so. Near the toe of the slope the small drains should be Y’d together
and led into larger drains which, in general, should lead straight
across the landside berm into the landside pits or nearer natural
or artificial drain.

(2) Sand boils. These danger spots are serious if dis-
charging material. The common method of controlling sand boils con-
sists of walling up a watertight sack ring around the boil up to a
height necessary to reduce the velocity of flow to a point at which
material is no longer discharged from the boil. See Exhibit D,
Plate i. The sack ring around the boil should be large enough to
protect the defective area immediately surrounding the boil. If
several boils of sufficient force to displace sand are observed a
sack sublevee may be built around the entire nest of boils, rising
to such a heiEht that none of the boils will discharge with enough
force to displace sand.

(3) Wave wash. The Superintendent and Sector Foreman
should study the levee beforehand to determine the possibility of
wave wash. All such reaches will be located well in advance and
for use in emergency, a reserve supply of filled sacks and rolls
of cotton bagging will be kept on board flats. If the slope is
well sodded, a storm of an hour’s duration should cause very little
damage. During periods of high wind and high water, ample labor
should stand by and experienced personnel should observe where the
washouts are beginning. Sections of cotton bagging should be placed
over the washed areas, as shown in Exhibit D, Plate 3. As an
alternative, filled sacks should be placed in the cut in an effective
manner and as soon as possible. The filled sacks should be laid in
sections of sufficient length to give protection well above the
anticipated rise. Bagging so laid must be thoroughly weighted
down to be effective. Plate 2, Exhibit D, shows the movable type
of wave wash protection, also used with good results. Its advantage
is that it can rapidly be built at any convenient place and easily
set in place on the Job.
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(4) Scours. A careful observation should be made of
the riverside of the levee at all localities where high current
velocities are observed. Trouble may be looked for at road-crossing
ramps and places where pipes, sewers and other structures penetrate
the levee. The approved method of construction to check scour on
the slopes is to construct deflection dikes, using brush, treetops,
or lumber, driving stakes and wiring together, and fillin~ in be-
tween with brush and filled sacks or stone.

i. Topping. Immediate consideration should be given the grade
line of each levee section by comparison of existing grades with
those shown on the appended drawings. If any reaches show a grade
below the previous highest water, emergency topping should be under-
taken at once to such a grade as may be established by the District
Engineer, U.S. Army Engineer District, Corps of Engineers, San
Francisco, California, as follows:

(i) Sack topping. Sack topping may be used to raise the
crown of the levee about 3 feet. The sacks should generally
be laid stretcher-wise or along the levee for the firstlayer,
crosswise for the second layer, and so on. Sacks shouldbe lapped
at least 1/4 either way and well mauled into place. When properly
sacked and tamped, one sack will give about three to four inches of
topping. See Exhibit D, Plate 4.

(2) Lumber and sack topping. This is the most commonly
used method of raising low reaches in emergencies. In putting on
this topping, as well as other topping, a careful line of levels
should be run and grade stakes set in advance; 2" x 4" x 6’ stakes
should then be driven on the riverside of the crown 6 feet apart,
and 1" x 12" boards nailed to the landside of the stakes. This wall,
backed with a single tier of sacks, will hold out at least one foot
of water. If a second foot is necessary, the layers of sacks will
have to be increased in number and reinforced. The stakes should
be driven 3 feet in the ground, and should project out 3 feet, thus
providing, in extreme cases, a 3-foot topping if properly braced
behind with sacks and earth. In some instances, it may be practicable
to back up the planking with tamped earthobtained in the vicinity
in lleu of the sacks shown in the drawing, Exhibit D, Plate 5.

J. Transportation. In instances where it is necessary to
send equipment over roads that are impassable due to mud or sand,
their passage may be provided by the use of a plank road or by
means of steel or wire mats.
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k. Checklists. The inspection list in Exhibit C is furnished
for reproduction and use by the local interests as a checklist for
inspections and also for use in making the required semiannual
reports. This list should be used in each inspection to insure that
no feature of the protective system is overlooked. Items requiring
repairs should be noted thereon; if items are satisfactory, they
should be indicated as such.

i. Use of Government plant. The District Engineer, U.S. Army
Engineer District, San Francisco, Corps of Engineers, is authorized
to use or loan Government property and plant in cases of emergency
where life is in danger and there is no opportunity to secure prior
authority for such use. The authority also extends to saving of pro-
perty where no suitable private equipment is available, provided that
such use is without detriment to the Government.

m. Flood Emergency Manual. The most recent "FloodEmergency
Manual" published by the San Francisco District Corps of Engineers
should be used to supplement the information furnished in this
Operation and Maintenance Manual.
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CODE OF FEDIrRAL REGULATIONB

Title 3~l,--Novigatlan and NavileUe Wehlrl

Chapter II--Corps ef Intllneers

Part 208---Flood Control
Regulations

8ec.
208.10 Local flood protectlou works: main-

tenal)ce and operation of stru©-
tur~ and facllltles.

| NS.10 Local flood protection works.
maintenance and operation o! structure#
and [acilitiesm¢a) General. (I) The
strudtures end facilities constructed by
the United States for local flood protec-
lion shall be continuously maintained ID
such a manner and operated at such
times and for such periods as may be
necessary to obtain the maximum
benefits.

(2) The State, political subdivision
thereof, or other responsible local
agency, which furnished assurance that
it will maintain and operate flood con-
trol works in accordance with regulm-
tions prescribed by the Secretary of the
Army. as required by law, shall appoint a
permanent committee consisting of o,
headed by an o~cial hereinafter calla-4

the "Superintendent," who shall be re-
sponslble for the development end main-
termnce of. and directly In charge of. an
organization responsible for the emclent
operation and maintenance of all of the
structures Lnd facilities during flood
periods and for continuous inspection
and maintenance of the project works
during periods of low water, all without
cost to the United States.

{3) A reserve supply of materials
needed during a flood emergency shall
be kept on hand at all times.

(4) No encroachment or trespass
which will adversely affect the emcient
operation or maintenance of the project
works shall be permitted upon the rights-
of-way for the protective facilities.

(S) No Improvement shall be passed
over, under, or through the walls, levees,
Improved channels or floodways, nor
shall any excavation or construction be
permitted within the limits of the proj-
ect right-of-way, nor shall any change
be made in any feature of the works
without prior determination by the Dis-
trict Engineer of the Department of the
Army or his authorized representative
that such improvement, excavation, con-
struction, or alteration will not adversely
affect the functioning of the protective
facilities. Such improvements or alter-
atlons as may be found to be desirable
and permissible under the above de-
termination shall be constructed in ac-
cordance with standard engineering
practice. Advice regarding the effect of
proposed improvements or alterations
on the functioning of the project and In-
formation concerning methods of con-
struction acceptable under standard en-
glneering p/’actice shall be obtained from
the D/strict Engineer or, if otherwise
obtained, shall be submitted for his ap-
proval. Drawings or prints showing
such Improvements or alterations as
finally constructed shall be furnished the
District Engineer after completion of the
work.

(6) It shall be the duty of the super-
Intendant to submit a semiannual report
to the District Engineer covering inspec-
tion, maintenance, and operation of the
protective works,

(7) The District Engineer or his au-
thorized representatives shall have ac-
cess at all tlmes to all portions of the pro-
tectlve works.

(St Maintenance measures or repilrl
which the District Engineer deems nec-
essary .~hall be promptly taken or made.

(0) Appropriate measures shall 
taken by local authorities to insure that
the activities of all local organizations
operatln| public or private facilities con-
nected with the protective works are co-
ordinated with those of the 8uperintend-
ent’s orlenigetlon during flood perlodJ.

(10~ The I:~pertment of the Army will
furnl~h local interests with an Operation
and Maintenance Manuel for each com-
pleted project, or separate useful part
thereof, to assist them in carrying out
their obligations under this part.

(b) Levee~---(1) Maintenance. The
Superintendent shall provide at all times
such maintenance as may be required to
insure serviceability of the structures In
time of flood. Measures shall be taken
to promote the growth of sod; extermi-
nate burrowing animals, and to provide
for routine mowing of the grass and
weeds, removal of wild growth and drift
deposits~ and repair of damage caused by
erosicn or other forces. Where prac-
ticable, measures shall be taken to retard
bank erosion by planting of willows or
other suitable growth on areas riverward
of the levees Periodic inspecHons shall
be made by the Superintendent to insure
that the above maintenance measures
are being effectively carried out and,
further, to be certain that:

¢I) No unusual settlement, sloughing,
or material loss of grade or levee cross
secticL has taken place;

~ii) No caving has occurred ~n either
the land side or the river side of the levee
which might affect the stability of the
levee section:

~iii, No seepage, saturated areas, or
sand boils are occurring;

tiv~ Toe drainage systems and pres-
sure :ehef wells are in good working con-
dltion, and that such facfllties are not
becoming clogged;

iv* Drains through the levees and
gates on said drains are in good working
condition ;

(vi) No revetment work or riprap has
been displaced, washed out. or removed;

(vii) No action is being taken, such
as burning grass and weeds during in-
appropriate seasons, which will retard
or destroy the growth of sod;

(vlii~ Access roads to and on the levee
are being properly maintained;

(ix~ Cattle guards and gates are in
good condition;

(x) Crown of levee is shaped so as 
drain readily, and roadway thereon, if
any, is well shaped and maintained;

ixi) There is no unauthorized grazing
or vehicular frame on the levees;

Ix/l) Ineroaehments are not being
I~tda on the levee rllht-of-way which
~tlht endaneer the structure or hinder
its proper and eJmdent functioning dur-
al times of emersency.

Such inspections shall be made im-
mediately prior to the beflnning of the
flood scion; Immediately followln8 each
major h~h water period, and otherwise
at /ntervala not exceeding 90 days. and
such Lntermediate times as may be neces-
tory to insure the best possible care of
the levee. Immediate steps will be taken
to correct ~us conditions disclosed
by such inspections. Regular malnte-

mmN relm/r mesmrm shaU be aeoom-
durt~ the ai~owlate season

as mheduled by the Su~dntendent.
IS) Operatlon. During flood perlock

the levee shall be imtroUed oonUnuotudy
to locate i~asslble sand boils or unusual
wstnem of the landward slope and to be
cmrtaln that:

(I) There m no ~ of slides

~) Wave wash m" ~ utlon Is
air ol~-Irrl~;

lift) No loss ~ of levee exist
wldch ms~r be ~;

(iv) No other eend/Uons exist which
mlSht mdsm~ the structure.

J~a~x~ate advance memnn’es will be
tak~m to insure the avallabllit~ of 8de-
qus~e labor and materials to meet all
cent. Immediate stelm will be
taken to control any eondlUon which
endanl~’s the levee and to repot the
damas~ scet/c~

to) Flood ~a/~-..(1) Malntena~ce
PeriocUc b~peet/o~s ~ be made by the
8,~m~lntemdent to be certain that:

(I) No ~lmge. saturated mess, or
nmnd book are occ~;

(fl) No undue settlement has occurred
which affects the st~bility of the wall or
Its water I1111~;

(UJl No trees exist, the roots of which
might extend under the wall and offer
seeele~tod ~e paths;

(iv) The concrete ~ not undergone
eraeklng, ehi~/ng, or breaking to an
exUmt which might affect the stability
eg the wall or its water tlshtness;

(v) There are no encroachments upon
the rlght-of-way which might endanger
the structure or hinder, its functioning
in t/me of flood:

(vi) Care is bean8 exercised to pre-
v~mt ~ulation of trash and debris
adjacent to walls, and to insure that no
fires are being built near them:

(vi~.) No bank caving conditions exist
rlverward of the wall which might an.
danger Its stability;

(viii) Toe draina[e sy{stsms and pres-
sure relief wells are In good working con-
ditlon, and that such facilities are not
becoming clogged.

Such inspections shall be made imrve.
diately prior to the beginning of the floo~
season, [mmedlately fol]owlng each ma-
Jor high water period, and otherwise st
intervals not exceeding 90 days. Meas-
ures to eliminate encroachments and ef-
fect repairs founa necessary by such in~
spections shall be undertaken immech-
ately. All repairs shall be accomplished
by methods acceptable in standard en-
gineering practice.

(~) Operation. Continuous patrol of
the wall shall be maintained during flood
periods to locate possible leakage at mon-
olith Joints or seepage underneath the
wail. Floating plant or boats will not be
allowed to lie against or tie up to the
wall. Should it become necessary during
a flood emergency to pass anchor cables
over the wall. adequate measures shall
be taken to protect the concrete and con-
struction Joints. Immediate steps shall
be taken to correct any condition which
endangers the stability of the wall.

.(d) Dr~na~e structures--(1) Mainte-
nance. Adequate measures shall be taken
to insure that inlet and outlet channels

_ EXHIBIT A



are kept open and teat trash, drift, or
debris is not allowed to accumulate near
drainage structures. Flap gates and
manually operated gates and valves on
drainage structures shall be examined,
oiled, and trial operated at least once
every 90 days. Where drainage struc-
tures are provided with stop log or other
emergency closures, the condition of the
equipment and its housing shall be In-
spected regularly and a trial installation
of the emergency closure shall be made
at least once each year. Periodic inspec-
tions shall be made by the Superintend-
ent to be certain that:

(D Pipes, gates, operating mechanism,
rlprap, and headwalls are in good con-
dillon;

~li) Inlet and outlet channels are open;
(Iii) Care is being exercised to prevent

tht: accumulation of trash and debris
near the structures and that no fires are
beine built near bituminous coated pipes;

(Iv) Erosion is not occurring adjacent
to the structure which might endanger
!is water tightness or stability,

7mmedlate steps will be taken to re-
pair damage, replace missing or broken
parts, or remedy adverse conditions dis-
closed by such inspections.

(2) Operation. Whenever high water
conditions impend, all gates will be in-
spected a short time before water reaches
the invert of the pipe and any object
which might prevent closure of the gate
shall be removed. Automatic gates shall
be closely observed until it has been as-
certained that they are securely closed.
Manually operated gates and valves shall
be closed as necessary to prevent inflow
of flood water. All drainage structures
in levees shall be inspected frequently
during floods to ascertain whether seep-
age is taking place along the lines of
their contact With the embankment.
Immediate steps shall be taken to cor-
rect any adverse condition.

(e) Closure s~ructuresm(l) Mainte-
nance. Closure structures for trafllc
openings shall be inspected by the super-
intendent every 90 days to be certain
that:

(i) No parts are missing;
(It) Metal parts are adequately coy=

ered with paint;
(I/i) All movable parts are in satis-

factory working order;
(iv) Proper closure can be made

promptly when necessary;
(v) Su~cient materials are on hand

for the erection of sand bag closures end
that the location of such materials will
be readily accessible in times of emer-
gency,

Tools and parts shall not be removed
for other use. Trial erections of one or
more closure structures shall be made
once each year, alternating the struc-
tures chosen so that each gate will be
erected at least once in each 3-year pe-
riod. Trial erection of all closure struc-
tures shall be made whenever a change is
made in key operating personnel. Where
railroad operation makes trial erection of
a closure structure infeasible, rigorous
inspection and drill of operating per-
sonnel may be substituted therefor.
Trial erection of sand bag closures ’.s not
required. Closure materials willbe care-
fully checked prior to and following
flood periods, and damaged or missing
parts shall be repaired or replaced tin-
mediately,

(2) Operation. grectionofeachmov-
able closure shall be started in m1~dent ̄

time to permit completion before flood
waters reach the top of the Jtructure
sill. Information resardln$ the prol~lr
method of erecting each individual clos-
ure structure, together with an estimate
of the time required by an experienced
crew to complete its erection will be given
in the Operation and Maln~ Man-
ual which will be furnished local interests
upon completion of the project, Clo~lre
structures will be inspected frequently
during flood periods to ascertain that no
undue lealr~e is occurring and that
drains provided to care for ordinary leak-
age are functioning properly. Boalm o~
floating plant shall not be allowed to tie
up to closure structures or to diseharfe
passengers or cargo over them.

(f) Pumping p/ant~--(l) Malnteo
n4nce. Pumping plants Mmll be inspected
by the 8uperlnttmdent at intervals not
to exceed 30 days during flood sealmlzl
and 90 days during off-flood seasons to
insure that all equipment is in order for
instant use. At regular lntmwals, proper
measures shall be taken to provide for
cleaning plant, buildings, and equilmneut,
repainting as necessary, and lubricating
all machinery Adequate supplies of
lubricants for all types of machines, fttel
for gasoline or diesel powered equipment.
and flash lights or lanterns for emergenels
lighting shall be kept on hand at all
times. Telephone service shall be mat~
tained at pumping plants. All ecWd~
ment. including swttch gear° trandorm°
ers. motors, pumps, valves, and gates
shall be trial operated and checked at
least once every 90 days. Megger testa
of all insulation ahall be made whenever
wiring has been subjected to undue damp-
ness and otherwise at Intervals not to
exceed one year. A record shall be kept
showing the results of such tests. Wir-
ing disclosed to be in an unsatts~actory
condition by such tests shall be brought
to a satisfactory condition or shall be
promptly replaced Diesel and ~e
engines .~h~dl be ~ at such inter-
vals and ~owed to nm for such length
of time as may be necessary to
thelz se~llce~blilty in times of t~ner-
gency. Only skilled electri~anB and me-
chanics shall be employed on tests tnd
repairs. Overatln8 personnel for the
plant shall be present during testa. Any
equipment removed from the stat/un for
repair or replacement shall be returned
or replaced us soon as pr~tlcable and
shall be trial operated after reinstal-.
laUon. Repairs r~luiring removal of
equipment from the plant shaE be made
during on-flood seasons insofar as prac~
tieable

(I} O~ra~/ou. Competent operators
ahall be- on duty at pumping plants when~
eve~ it appears that necessity for pump
ope~tion is imminent, Th~ operator
sha)~ thor~ghly inspect, trial operate,
and place in readiness all plant equip-
merit ~e operator sh~ll be familiar
~th *.~he equipment manufacturers’ in-
stxuetio~s and drawings and with the
"Operating InstrUctions ’° for each sta-
tion. ’I~he ~pment sht~ll be operated
In accordance with the above-mentioned
’~Operatinx InstrucUons" and care shall
be exereJsed th&t proper lubrication is
bein~ supplied all equipment, and that no
overht~tin~, undue vibration or noise is
o~. Immediately upon final re-
cession of flood waters, the pumping sta®
t/on ~hah be thoroughly ~le~ned. pulr.p
hou~ sumps flushed, ~u~d e~uipment
thorou~hl~ l~w)ected, oiled and greased°
A record or Io~ of pumping plant opera-
tio.~ shall be kept for each station, a copy
of which shoal be furnished the District
¯ ngineer following each flood.

(g) ChanneLs and ftood~ays ~ (1)
Maintenance. Periodic Inspections Of
improved channels and floodways shall
be made by the Superintendent to be
certain that:

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

(il) The channel or floodway is not
being restricted by the depositing of
w~te materials, building of unauthoro
ized structures or other encroachments;

(lid The caI~tclty of the channel or
floodway is not being reduced by the
formation of shoals:

(iv) Banks are not being dammed by
or wave wash. and that no slough-

lng of banks has occurred;
(v) Riprap sections and deflection

dikes and walls are in good condition;
(Vl) Apprmw~ and egress channels

adjacent to the improved channel or
floodway are su~ciently clear of obstruc-
tions and debris to permit proper func-
tioning 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
remedy any adverse conditions disclosed
I~ such i~moections. Meusures will be
taken by the Superintendent to promote
the growth of grass on bank slopes and
earth deflection dikes. The Superin-
tendent shall provide for periodic repair
and cleaning of debris basins, check
dams° and related strtictures as may be
necessary.

(2) Operation. Both banks of the
channel shall be patrolled during peried~
of high water, and measures shall be
taken to protect those reaches being at-
tacked by the current or by wave wash.
Appropriate measures shall be taken to
prevent the formation of Jams of ice or
debris. Large objects which become
lodged against the bank shall be re-
moved. The improved channel or flood-
way shall be thoroughly inspected Imme-
diately following each major high water
period. As soon as practicable there-
after° all snags and other debris shall be
removed and all damage to banks, riprap,
deflection dikes and walls, drainage out-
lets. or other flood control structures
repaired.

(h) Miscellaneous /actlittes ~ (I)
Maintenance. Miscellaneous structures
and Iacilitles constructed as a part of
the protective works and other structures
and facilities which function as a part
oL or affect the efficient functioning of
the protective works, shall be periodically
inspected by the Superintendent and ap-
propriate maintenance measures taken.
Damaged or unserviceable parts shall be
repaired or replaced without delay.
Areas used for ponding in connection
with pumping plants or for temporar~
storage of interior run-off during flood
periods shall not be allowed to become
filled wlth silt, debris, or dumped ma-
terial. The Superintendent shall take
proper steps to prevent restriction of
bridge openings and, where practicable.
shall provide for temporary raising dur-
Ing floods of bridges which restrict chan-
nel capacities during high flows.

(2) Operation. Miscellaneous facili-
ties shall be operated to prevent or re-
duce flooding during periods of high
water, Those facilities constructed as
a part ~i the protective works shall not
be used ~or purposes other than flood project
tection w~thout approval of the Distric~
Engineer unless designed therefor, v
(See. $, 49 Stat. 1571. as amended; 33 U. S. C,
701c} [9 F. R. 9999. 10203]
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BOARD OF SUPERVISORS, COUNTY OF HUMBOLDT, STATE OF CALIFORNIA

Certified copy of portion of proceedings, Meetings of November 16, 1965

~N THE MATTER OF GIVING ASSURANCES IN CONNECTION
WITH REDWOOD CREEK FLOOD CONTROL PROJECT OF U. S.
ARMY CORPS OF ENGINEERS AT ORICK.

Upon the motion of Supervisor Landis, seconded by Supervisor Mitchell, this Board of

Supervisors hereby gives assurance to the U. S° Army Corps of Engineers of the willingness of

the County of Humboldt to furnish the following items of local cooperation in connection with

the construction of the Redwood Creek Flood Control Project at Orlck:

a. Provide, without cost to the United States, all lands, easements and rights-of-
way necessary for construction of the project°

b° Hold and save the United States free from damages due to the construction works.

c. Maintain and operate all the works after completion in accordance with regula-
tions prescribed by the Secretary of the Army.

d. Make all relocations of buildings, utilities, roads and related facilities necessary
for the construction and maintenance of the project.

e. Prevent any encroachment on flood channels, or ponding areas, which will re-
sult in decreasing the effectiveness of the flood-control improvements.

AYES: Supervisors--
NOES: Supervisors--
ABSENT: Supervisors---

Lindley, Bareilles, Robertson, Mitchell, Landis
None
None

STATE OF CALIFORNIA, |
County of Humboldt~ ss.

I, FRED J. MOORE, JR., County Clerk of the County of Humboldt, State of California, and ex-
officio Clerk of the Board of Supervisors of the County of Humboldt, do hereby certify the foregoing
to be full, true and correct copies of the original orders made in the above entitled matters by said
Board of Supervisors, at a meeting held in Eureka, California, on November 16; 1965
and as the same now appears of record in my office.

IN WITNESS WHEREOF, I have hereunto set my hand and
affixed the Seal of said Board of Supervisors this ] 8th

day of November, 1965
FRED J. MOOREr Jr.

County Clerk and ex-offlclo Clerk of the Board of Supervisors of the
~mnty’ o~, Humboldt,. State of California

By
" -- - - " / ~/~ - Deputy Clerk.
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SEMI-ANNUAL REPORT FOR
INSPECTION, MAINTENANCE, AND OPERATION OF

FLOOD CONTROL PRO3ECT
R~WOOD CREEK, HUMBOLDT COUNTY

Period from
to

Submitted by
Date

INSPECTION

: LOCATION AND ~’~ENT OF

0
4~
9

NO. : FEATURE : MAINTENANCE REQUIRED

: Settlement, sloughing, or
1 : loss of ~rade

: Graveled roadway on service :

2 : roads :

3~ : Access Road rmps

4 : Fences

5 : Barrtcaaes

6 : Riprap

7 : Subdraln system

8 : Sod on levee slopes

9 : Seepage

I0 : A~,..I burrows

11 : Flap ~ates
: Weeds or undesirable

12 : ve~etation
: Accumulation of drift,

13 : trash~ or debris
: Cracks, chips or broken

14 : concrete

15 Inappropriate bur-~nZ
: Unauthorized grazing or

16 : traffic
: Unauthorized encroachment

17 : of rights-of-way
: Unauthorized excavation

18 : -_-_~ loose backfill

19 : Drainage culverts

20 : Cb---el

EXHIBIT C SHEET I OF 3



MAINTENANCE

On the chart below list the maintenance performed and submit a
separate tabulation of the expenditures for equipment rental, materials,

inspection, supervision, labor, etc.

IT~ : : LOCATION AND EXTENT OF
NO. : FEATURE : MAINTENANCE PERFORMED

EXHIBIT C SHEET 2 OF 3
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On the chart below list the operations performed during the flood
periods and submit a separate tabulation of the expenditures for equip-
ment rental, material, patrolling, supervision, labor, etc.

A
D
E

ITEM : : LOCATION AND EXTENT OF
NO. : OPERATION : OPERATION PERFORMED

R
O

0
5
i

:

:

:

:

:

:

:

:

:

:

:

:

:

:

:

:

:

:

:

:

:

:

:

:

:

:

:
:

:

:

:
:

:

:

:

:

:

EXHIBIT C SHEET 3 OF 3
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SECTION A-A

LI

.,[

!’i- ....

:i i
i:

13o nd,uck t~; which ~ ~1 Put

Hml~ of sick Io~ 0r nnl Ihel~l be oNy

luf~ to cnN,~ ~ I~ to m

dewri flow tl~ou|h boil SO lhlt nO mote

material ~s d,s~laced and ~ ~ clear.
~tm¢ ~o ¢~,~l~etely m

PLAN

FLOOD EMERGENCY
CONSTRUCTION

CONTROL OF SAND BOLLS !
|

U.i. ARId’( [NG|NE[lt D’S IRI¢¥ SAN FllAqClSCO J

CORPS OF I[NidI[l[~l ISAN FRAI~IS¢O, CALIl ~OItNsj*



II II I

I

SECTION A-A PLAN

RIVERSIDE ~ J~
htin| rare

SECTION

BILL OF MATERIAL FOR 100 FEET
LUMBER

pieces l"xl 2"x 12’-0"
32 pieces l"x4"x2’.6’"
32 pmces 2"x4"xg*.o"

¯ 32 pm:es 2"x4"x2’.O"

WIRE
200’ bolln| wire

NAILS

FLOOD EMERGENCY
CONSTRUCTION

MOVABLE
WAVE WASH PROTECTION

g.s. ARMY I[NGIN IrlrR DISTRICT SAN FRANCISCO

CORPS OF (NGINEIrRs
I~AN FRANCISCO, CALIFORNIA J

EXHIBIT D PLATE ;~
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PLAN

Riverside toe of

\

SECTION

Lily leniths as required ot colton blaine
approximately parallel w01h levee slope
and across damlqled section Weillht
top I~1 edles 0# bl~linl with filled
SlICkS IIS shown alDo~ The tilled sicks
should be wired Or tied to each strip
before Ilyinll in place Stake the corners
of each strip alive water surface.
Where cotton I)alllinll is not available
burlap .sackinll may be substituted.

FLOOD EMERGENCY

CONSTRUCTION

WAVE WASH PROTECTION



SANDBAG LEVEE CROSS SECTION
I 0 * Z S

Scale in feet

I

1 l
IOOO 2000

Minimum per I00 Feet of Levee.

NUMBER OF SANDBAGS

Note

I.

Z

.

4

.

.

s:

Entire base to be cleared and scarified.

Best material for filling sandbags is o fine sand or coarse silt. Avoid, as much as
possible, the use of coarse grovel and heavy cloys.

Fill sandbags 1/2 to 213 full, 50 to 60 pounds, and leave enough flop to turn
under Do not tie.

Numbers shown on the sandbags are for the general order of placing the sandbog,~
togive the highest protection with the minimum number of sandbags.

When bags ore placed, flatten out and fill voids by mashing bogs with feet and
wgorously tromping each course of the levee section, Prowde o levee section as
impervious towoter ospossible. Alternate direction at socks and stagger )oinls
wherever practical.

The above section is based upon an overage in place sandbag section of 4" x
12" x 18"

FLOOD ,EMERGENCY
CONSTRUCTION

SACK TOPPING

U S &PldY [NGINI[ER DtSTR~CT S&N FRANCISCO
CORPS OF fl~fl’NeeRII

$111N FItANC *SC ~ ;, ALIIrOIIINtA

............. EXHIBIT D PLATE 4
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SECTION

Crown of levee,

-’ 6’°" ’
v

FRONT ELEVATION

BILL OF MATERIAL FOR 100

LINEAR FEET OF LEVEE

LUMBER

25 pmcel l"xl2"xl2’~)"
17 pieces 2"x4"xlO’.O"

.:* 17 ~ 2"x4"x6’4)"
|7 pilces 2"x4"x 2’.0"

. (S~arpanod)
NAILS

] lb. 8(I nails
2 Ib$. 16(I nails

SANOBAGS

1100

FLOOD EMERGENCY
CONSTRUCTION

LUMBER AND SACK TOPPING

U,S, ARMY ENGINEER DISTRICT SAN FRANC -~,i
CORPS OF ENGINEERS

SAN FRANCISCO, CALIFORNtA

EXH’IBIT D PLATE b
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GHAIRMAN

JAMEB W. ROGERS
DISTRICT 4

VIC[ CHAIRMAN

JOSrPH RUSm IV
AQRICULTURr

MARVIN FORK
DISTRICT 1

JAMEg N. PRIMROS£

DISTRICT :i

DR. L A. FULLER
DISTRICT 3

WILLIAM £. (PAT) OORm[Y
DISTRICT 5

[X-OlrlrlClO
MEMB[R8

NORMAN ROB£RT80N
SUPrRVImOR, 3RD DIBTRICT

THOMAS M. MONTOOME:RY
COUNTY :COUNm[L

GUY r% KULSTAID
PUBLIC WORKS DIRECTOR

HUMBOLDT COUNTY

PLANNING COMMISSION
3130 JACOB8 AV[NU[ rURE:KA, CALIF’. 95501

TrLI[PHON[: 443*?SSS - [XT. 3aS- 31B6

HARV[Y H. HII)QIN8, OIRI:CTOR

December 10, 1968

Mr. H. E. Pape, Jr.
Acting Chief
Engineering Division
i00 McAllister Street
San Francisco, California 94102

Dear Sir:

This office is in receipt of your letter dated
December 9, 1968 requesting information regarding
zoning around the mouth of Redwood Creek.

Humboldt County is still very interested in the
zoning around Orick and the mouth of Redwood Creek,
however, there have been several delays in the
process of any zoning in this area. We are, at the
present, holding the matter up in order %o meet
with Mr. Murdock who is in charge of the new Redwood
National Park. Since the proposed zoning will extend
%o the park boundaries, we feel we should coordinate
any zoning in this area with the park development
plans.

We hope to be meeting with Mr. Murdock sometime within
the next couple of weeks for this very purpose, after
which, we will proceed with the feasibility of zoning.

Yours very truly,

HUMBOLDT COUNTY PLANNING COMMISSION

. j:/..< ,

:/ Pl~nning Dire,~tor
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EXHIBIT E



k
%

~r

TITLEOf" DRAIh’IN~.~
o rE#=ION or ~o~ PRo rxc rlo~¢~vo~A TP~AIRI¢ CR£ ~ PLA~ ¯ TYPICAL EROSJ ~ECT/ONJ~T~JO~VOr ~CO~E PROT~¢T/G#~O~K# 4T u~~

5~~k~L:~ir QrL~rrBA~ P~AN~ TY~/C4L

=$CHEOULE OF DRAW/NG3~’"~" ~"or,¯ r.’L~ OF ~RAWIN~:
2 PLAN AND P~OFI~£-ETA, I/*O0 TO JTA.46*O0

4 PLAN A,’VD PROFILE -~TA. Z~*~6.4¢ TO 3TACII~5 IpLAU ~,.~,C P~O,VL~-~~
-- ~-]l P L AN AND PROrlLE-~ TAJZ(~ *OO TO ~T~I¢2+O0
-- ~ PLAN ANO PROFILE- ..S TA./4Z ÷00 TO STA,I~O÷O08 PLAN ~ND PROFILE-~ TA,IGO÷O0 TO 5TA,177+Z5
__~ ~ PLAN AND PROFILE -STA.177+Z~ TO ETA.192 *~0~-~o I0 I TYPICAL CROSS SEC TJON~AMtz~ PEOFILES
~5-~____ I/~_~A. 43+00-
__. :~ LCRO33,SECF/ONS-3 TA.IIB÷50 TO 5TA.,50+O0

/E J CROSS SECT/ONS-STA.155~O0 TO 5TA~
5"-T6~ ’~ iC:,’OSs SgCT:ONS -3rA./7~ *00 ro STA./)i’~50

SCHEDULE OF DRAWINGS
~BA~//NG 3HT TITLE OF DRAW/NG~/VO. NO
0=5"~5-~ i~ C’EA/TE~C:WE PRO:lee/~/GI4T /NT~/OR D~AsNAG~" SY3 r~f

C~MTEBL[~ DR~f~/LE~5"~5-~~0LEFF/NTER/O~ D~Z/VA68 SY~’TE/t#
,l COnTrOL 511..#..
55-4,5-52~REL:EP WELL AND CABLE GATE"
~,5-45-~’---~- -~ DRdI,VAGE STRUCTURES

__ ANO. #OX CQq. VERY~.~-4~I~ ~5 i~EINFORCEo C~/VC~E T~ MA/VH¢~_~
~S-4L#-~ z~ I D/SROSAL ~E~S
~45~ E7 LOCATION 0: EXPLORATION HOLES
~5-a5-~ ~t-$~,I dOGS OF ~}~PLORAT/ON HOL~S
85-45.~ ~7-~ CO(JWTY ROAP RELOCAT’/O,V
~.s-. #s-6 40 COU,,YTY ROAD RELOCAT/ON~45. ~ ’i cou#rY ~04D ~EC OCAT/O~V

COUNTY ~OA~ ,C"ELOCATION~-5 COU/VTY ~OAP ,@ELOCAT/ON

45" 6 J ~E/~FOREE~ CO~R~7~ ~ C~V~RT~ i

LEGEND
CONSTRUCT~ON R/GIrT OF K,AYPAVED ROAD
~ECOCA TED ROA D

: :=-- -- : UN;MPROVED ROAD
- -~r-~-O--T£LEFHONE L/NE ~ POLES
-- ~ -~-~-POWER LINE 6( POLE,~x F£ NC[
...... EDGE OF WATEQr---1 su/L~w~

DEPRESSEO AREA
CUL VENT - NEW

)- - - - "IF, CC/L VE~ T - EXISTIN~
VE~ TA TION

--SD~"- S[ORM DRA IN " NEW
tT~3 SEPTIC TAA’K¯ REL/EF WELL - NEW

~ /NTER/O~ PICA/NAG.~ ~TCH-N~
¯ ~ ̄ , LEVEE

O/SPOS4L A/~EA O~ FILL AREA
~ZF-6EX.~LORAT/ON HOLE (AUGER)
~7~-6 EXPLORATION HOLE (UNDISTURBED SAMPLE)
¯ rM-/ A C/GER BORING, COURTESY OF" MVI~IONOF HIGHWAYS, STAFE OF CALIFORNIA
C. R REINPORCED CONCRETE PIPE

~UILDIA/~,S TO BE REMOVED ~Y OY/4ER,,~
A CORP50FENOINE-FR5 D/EX SEFIN CONCRET~

POSTNOTE5 ."
I. ~L£VA TION~ 4R~ ~ASEO ON TH~ DATUM Of MEaN J~,4" LEVEL,Z.DIS 7ANCE.¢, ~ARINGJ A NO CDOROINAT~3 AR.~ ~43ED ONTHE 3TATS OF CALIFORNIA COGRDINAT~ Sy.¢TEM (’LAM~.FRTCONFORMAL PROJEC t’ION) ZON~ 1, CAL/PDRNIA A3 D£SCRI~E~IN ~PCC/AL PUBLICAT ON N’O, *~53 PfJ~LISHED BY THE t~.~.COAST AND GEODETIC SURVEY.
CREEK ~L£ V 34.360 ~ L.fO~ PR~’/{.E ~/NTERyOR D~AIN~G~ DITCHES 5~.~ SMELTS 19 ~ ~0,
P~tloR TO COt~STR~C}’/O,W
QNL ~ EXACT LQEA TIOA’$ ~vl~ @E ~ TE/#~Z, YE~ ,W r/El/t.,E~,~ ~y T#~ CQ~ T£’,~QTOR

iiYIIIONI

i:AZi,"~R,,’. A
REDWOOD CREEK

~.~,.,,. I CHANNEL IMP,~VE,.’.AENT.S~ I VICINITY MAP, SITE PLAN AND
~’~~1"~- =~ 3CMEDULE..,=. ~=.OF DOAIYlNG~=.=:

ROBERT N 4~L~
1

~l,&W~li NUt4J~I



~T- -*

I

v

\
+
\\.//+

/



Top or , £sr L EVEI --
~’L .Z6" /0 top OF RIOH r A,VD ~ trr LE’~EE~ S’O qC~60-~-.-----’--’~,’4#.~__TOP o? ~i~x LEVee £L .25.30

....... -- --- ; s,e,ooTES-- ~" 7-Z,............... % ...........,--y- ~ ......

...... -pr .........../ \/f
/ t__Y\ ....... I

CHANNEL ~orr~ ~ --.J ~ ̄  0 00t40 EL, ~, 00/
_._____-------,

~6
E ī
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