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PREFACE

Certification and approval of the Final Environmental Impact Report, completed in
April 1990, were delayed until a cooperative stability investigation of the
embankment at Misselbeck Dam could be completed. The investigation, completed
in July 1990, was reviewed by the Division of Safety of Dams, which concluded in
September 1990 that the embankment should perform satisfactorily during the
design earthquake. However, siltation at the outlet pipes and hydraulic and
structural spillway deficiencies must still be corrected. An addendum, which
precedes the text of the Environmental Impact Report, discusses the results of this
investigation and the still existing safety deficiencies at Misselbeck Dam.

The Final Environmental Impact Report incorporates additional discussion in
response to comments received on the Draft Environmental Impact Report.
Changes from the Draft Environmental Impact Report are shown in italics.

The Final Environmental Impact Report includes as appendices A) the Initial Study
on the revocation of the Certificate of Approval for Misselbeck Dam and Reservoir;
B) the proceedings of the public hearing held at Ono on November 2, 1989 to receive
comments on the Draft Environmental Impact Report; C) comments received on
the Draft Environmental Impact Report; D) letters expressing concern about the
effects of revocation, but not commenting on the Draft Environmental Impact
Report; E) a list of persons, organizations, or public agencies commenting on the
Draft Environmental Impact Report; and F) loan and grant programs available to
assist with water supply issues.

This report was prepared for consideration by the Division of Safety of Dams during

the process of determining whether the Certificate of Approval for Misselbeck Dam
should be revoked.
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ADDENDUM

The Final Environmental Impact Report was completed and routed for certification
and approval within the Department of Water Resources in early April 1990. Prior
to approval, however, a cooperative stability investigation of the embankment at
Misselbeck Dam was begun by the Igo-Ono Community Services District, Northern
and Central Districts of the Department of Water Resources, Centerville
Community Services District, and Shasta County. Approval of the Final
Environmental Impact Report was delayed pending the outcome of the stability
investigation.

The Central District completed the report "Geotechnical Investigation and Stability
Evaluation - Misselbeck Dam, No. 2220-2" in July 1990 (Sweigert and Senter 1990),
which was critically reviewed by the Division of Safety of Dams (Gutierrez and
Mihyar 1990). The previous investigation by CH,M Hill, Inc. in 1986 had provided

sufficient information to confirm the concern for the condition of the hydraulic fill
dam embankment, which could not be considered safe without further
investigation. Results of the present cooperative investigation, however, indicate
that the dam embankments are sufficiently stable to withstand the maximum
credible earthquake. The Division of Safety of Dams review concluded that the
embankment would perform satisfactorily during the design earthquake.

However, siltation at the outlet pipes and hydraulic and structural spillway
deficiencies must still be corrected before unrestricted storage could be allowed. The
Igo-Ono Community Services District has been requested to provide a plan and
schedule for correcting the outlet and spillway deficiencies.

Field Exploration

Exploratory drilling and trenching began on April 18 and was completed on April
27, 1990. Seven bore holes and four exploratory trenches were used in the
investigation. Six of the holes were through the main embankment, while one
hole was through the auxiliary embankment. Standard penetration tests were
conducted in each hole at about 5 foot intervals. Disturbed and undisturbed samples
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were obtained for laboratory testing.

Two trenches were excavated on either side of the crest of both the main and
auxiliary embankments. Sand-cone density tests were conducted in the main
embankment trenches to estimate the in situ density and moisture content of the

core and upstream shell.
Embankment Conditions

Results of the exploration revealed that both the main and auxiliary embankments
are internally zoned (Sweigert and Senter 1990). The zones identified include the
core, upstream and downstream shells, upstream and downstream transitions,

downstream face, and road base.

The core consists of thinly interbedded brown to grey silt, sandy silt, and silty sand,
which are very loose to loose. The silt beds are thinly laminated, and the sand beds
are very fine to fine grained. The upstream shell is brown to grey, loose to compact,
medium to coarse grained silty sand and poorly graded sand with occasional gravel
and sandy silt interbeds. The percentage of fines decreases with distance from the
centerline. The downstream shell is notably more dense than the upstream shell,
and is composed of slightly compact to compact, well-graded grey sand with minor
reddish-brown mottling. The transition zones are areas of variable width occupied
by interfingering core and shell material created during construction of the
embankment. The downstream face of the embankment is covered with a 6 foot
thick layer of gravelly well-graded sand, which is grey with brown mottling, loose to
slightly compact, and contains subangular to angular rock fragments up to 6 inches
in diameter. This material was apparently placed on the embankment after the
hydraulic fill was completed to achieve a uniform downstream slope. The road base
occurs as a veneer at the crest of both embankments and has an average thickness of
5 feet. The road base is brown, loose, dry to moist, medium to coarse grained silty
sand, poorly graded sand, and well-graded sand.

Uncorrected blow-counts within the core increased with depth and proximity to the
left abutment, ranging from less than 1 to 20 blows per foot. Blow-counts within the
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shells generally increased with depth, and ranged from 6 to 48 blows per foot in the
upstream shell and 19 to 69 blows per foot in the downstream shell. Uncorrected
standard penetration blow-counts in the outer extents of the transition zone near
the bottom of the embankment ranged from 32 to 48 blows per foot.

Foundation Conditions

Two foundation materials are apparent for the dam. Construction drawings show
that much of the foundation for the dam was covered with native soil. The native
soil and upper decomposed granodiorite were removed from the cutoff and from
the keys excavated along the toe for the upstream and downstream shells. The
native soil is brown, very fine to fine grained, compact, poorly graded sand and silty
sand. Bedrock is brown to grey, strongly weathered to decomposed, soft and weak to
moderately strong granodiorite.

The native soil and weathered granodiorite were judged to provide an adequate
foundation for the embankment, and not liquefy during the design seismic loading
(Sweigert and Senter 1990).

Evaluation of Liquefaction Potential

Liquefaction potential was analyzed for full reservoir storage and seismic shaking
from a maximum credible earthquake of 7.75 on the Gorda Plate subduction zone
located 33 miles from the dam, which would produce a peak bedrock acceleration of
0.24g. The core would liquefy under these conditions, while most of the shell will
not loose significant strength (Gutierrez and Mihyar 1990). The shell is the critical
material for stability considerations. The upper portion of the upstream shell may
liquefy while the lower portion nearer the upstream toe may develop high pore
pressures. However, residual strength would assure stability of the upper portions
of the dam. Discounting residual strength, some shallow movement could occur,
but release of the reservoir would not be likely. No pore pressures would likely
develop in the downstream shell.

Minimum safety factors calculated using the computer program STABL for the
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upstream and downstream slopes are 1.1 and 1.4, respectively (Gutierrez and Mihyar
1990). Generally, a factor of safety greater than one for post-earthquake stability is
sufficient to consider a dam as safe. The dam is not considered to be well built from
the standpoint of seismic stability, but because of the low accelerations expected and
the 14 feet of available freeboard, the dam should not fail during the expected
maximum credible earthquake.

Certificate of Approval

Based on the cooperative investigation, the Division of Safety of Dams issued a new
Certificate of Approval for Misselbeck Dam in September 1990. Water may be stored
to gage 50, assumed datum, which is 36 feet below the spillway crest, from October 1
to April 30, and to gage 86, which is at the spillway crest, from May 1 to September
30.

Safety Deficiencies

The Igo-Ono Community Services District was requested on September 14, 1990 to
provide a plan and schedule by October 15, 1990 for correcting the still existing outlet
pipe and spillway deficiencies. As of November 19, 1990, the Igo-Ono Community
Services District has not responded.

Failure to correct the outlet pipe and spillway deficiencies could allow unsafe
conditions to develop. The outlet pipes could become clogged with sediment and
debris, which would eliminate any means of controlling water storage levels behind
the dam, except from the spillway. Discharges through the inadequate spillway
could result in overtopping of chute walls and erosion of concrete lining and
backfill materials during moderate surface runoff into the reservoir. Hazards
associated with failure of the dam are discussed in the Final Environmental Impact
Report.

The Division of Safety of Dams, therefore, is proceeding with completion of the
Final Environmental Impact Report as part of the actions that could lead to
" revocation of the Certificate of Approval to store water behind Misselbeck Dam.




Environmental effects from revocation of the Certificate of Approval are discussed
in the Final Environmental Impact Report. The Igo-Ono Community Services

District continues to have the options of complying with directives of the Division

of Safety of Dams to submit plans and schedules, and undertaking actions for -

correcting the safety deficiencies, or removing the dam from service.
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SUMMARY

The Department of Water Resources is responsible for supervising the safety of
dams in California. Misselbeck Dam in Shasta County has several structural
deficiencies that create unsafe conditions for the storage of water. At least a portion
of the dam embankment may be subject to failure during an earthquake. The
spillway is badly deteriorated but discharges at moderate runoff levels. Reservoir
sediment deposits are starting to interfere with operation of the outlet pipes. The
Rainbow Water Company, which owned and operated the dam prior to August 8,
1989, had failed to comply with orders directing correctional work. The Department
of Water Resources, therefore, initiated proceedings to revoke the Certificate of
Approval issued April 29, 1981, for Misselbeck Dam and Reservoir. This action
would prohibit at any time the impoundment of water behind the dam, thereby
requiring that the spillway or embankment be lowered or the embankment
removed. The Igo-Ono Community Services District, which purchased the dam,
must now correct the structural deficiencies to prevent revocation of the Certificate
of Approval to store water.

Prohibiting storage behind Misselbeck Dam would produce several significant
effects. The loss of storage would reduce the water supply available to the Igo-Ono
Community Services District, which serves about 70 customers in the Igo-Ono area.
Some revenue to the water company would be lost. Though sufficient water may be
available from natural streamflow in normal runoff years to meet current supply
requirements, the water company may not be able to meet demands during dry
years. Natural annual fluctuations in runoff would produce an undependable water
supply. Sufficient water may not be available to maintain flow through the entire
distribution canal, which would result in loss of recharge to some wells and loss of
some riparian habitat maintained by canal leakage. Some wildlife associated with
the riparian habitat would also be lost. Future growth and agricultural
development would be limited. Fire suppression capabilities would be reduced.
The potential for catastrophic failure of the dam embankment and subsequent mass

downstream movement of fill materials and stored water and sediment would be
eliminated.




The Igo-Ono Community Services District is responsible as a public utility for
mitigating any loss of water supply. This mitigation could be done in several ways.
Engineering evaluation and remedial actions may allow continued water storage
behind Misselbeck Dam, either at full capacity or some reduced level. Several
potential sites exist for construction of a new dam. Transportation losses of water in
the distribution system could be greatly reduced by canal rehabilitation or
installation of plumbing. The water supply in the Igo area could be augmented by
developing a plumbed system from the Muletown Conduit of the Central Valley
Project.

The dbjective of revocation of the Certificate of Approval is to eliminate the risk to
life and property from possible dam failure. Alternatives to this action include
rehabilitation of the dam to existing safety requirements, allowing limited
non-jurisdictional storage which lessens, but does not eliminate, the safety hazard,
or taking no action. The Department of Water Resources is directed by the Water
Code to eliminate safety hazards associated with dams. Unless the Igo-Ono
Community Services District rehabilitates Misselbeck Dam in a timely manner, the
only viable alternative to eliminate hazards to life and property from possible dam
failure would be to revoke the Certificate of Approval. Such action would lead to
the removal of the dam or physically reducing the height or storage capacity of the
dam so it would no longer fall within jurisdiction of the State.



INTRODUCTION

Misselbeck Dam impounds water to form Rainbow Lake on the upper reach of the
North Fork of Cottonwood Creek in southwestern Shasta County. Stored water is
used for municipal and agricultural supplies in the communities of Igo and Ono
and the surrounding area, and incidentally supports wildlife habitat.

Misselbeck Dam was constructed using hydraulic fill techniques. Such dams have
shown susceptibility to severe damage from earthquakes. This, along with several
other structural deficiencies, makes the dam unsafe for the storage of water.
Therefore, the California Department of Water Resources, Division of Safety of
Dams, has initiated proceedings for the revocation of the Certificate of Approval to
store water behind Misselbeck Dam.

Ownership

Misselbeck Dam was owned and operated by the Rainbow Water Company when
the Draft Environmental Impact Report was prepared. The Rainbow Water
Company was a partnership among four parties: Jack and Caroline Schreder, Norm
and Andrea Warnke, Peter Fry, and Ralph and Lois Skinner. Transfer of ownership
to the Igo-Ono Community Services District became effective on August 8, 1989,
upon approval by the California Public Utilities Commission.

Background

A regional water system was originally established about 1870 by the Dry Creek
Tunnel and Fluming Company to provide water for mining operations. Water
diverted from area creeks was transported via ditch and flume to the Happy Valley
area. The water system and water rights were acquired by the Happy Valley Land
and Water Company in 1907 and by the Happy Valley Irrigation District in 1917.
Misselbeck Dam, Hoover Dam, and Hoover Diversion Tunnel were completed in
1920. The irrigation district became bankrupt and was dissolved in 1925,
whereupon the Happy Valley Water Company was organized to continue operation
of the water system. The Happy Valley Water Company changed ownership in 1965



and again in 1967, becoming the Trisdale Water Company. The water company was
sold in 1984 and became known as the Rainbow Water Company. In 1989,
ownership was changed to the Igo-Ono Community Services District.

State regulation of Misselbeck and Hoover Dams began in 1929 with the
establishment of the Division of Safety of Dams in the Department of Public Works.
In 1956, the Division of Safety of Dams was transferred to the Department of Water
Resources. Hoover Dam was removed from State jurisdiction in 1933 when an act
of the State Legislature increased the size of a reservoir subject to State jurisdiction.

Routine inspection of Misselbeck Dam by the Department on November 5, 1958
found two conditions considered to be unsafe. First, the left spillway wall had been
overtopped by spillway flows, leaving that wall unsupported, partially undermined,
and in danger of collapse. Several areas of the spillway channel lining had also been
eroded. Second, the outlet pipes in the outlet tunnel had corroded to such an extent
that failure due to internal pressure was considered possible. On December 22, 1958,
the Department issued an "Order Directing Necessary Work to Be Done to Render
Dam Safe and Fixing Time for Completion Thereof" to the Happy Valley Water
Company. The order directed that repairs be made to the spillway by January 31,
1959 and plans be prepared for correcting deficiencies of the outlet pipe (DWR, 1958).
The area behind the spillway wall was backfilled with uncompacted decomposed
granite and the channel lining patched with concrete. The Happy Valley Water
Company cited lack of sufficient funds to proceed immediately with plans to repair
the outlet pipes. The upstream control valves for the outlet pipes were moved to
the bulkhead at the upstream end of the outlet tunnel in November 1960. Gunite
was placed around the pipeline between the cement bulkhead and control valves in
November 1962. No repairs were made to the outlet pipes, which began to spurt
water by January 1964 from holes formed by corrosion.

The Department issued another "Order Directing Necessary Work to Be Done to
Render Dam Safe and Fixing Time for Completion Thereof" on May 14, 1964. The
Happy Valley Water Company was directed to correct the deficiencies of the outlet
pipes by November 1, 1964 and the spillway, buckled gunite lining on the upstream
face of the dam, and the unprotected downstream face by November 1, 1965. The




only alternative was to drain the reservoir and remove the dam from service by
November 1, 1964 (DWR, 1964a). Water users in the Happy Valley service area near
Olinda requested on June 25, 1964 a delay for correction of the dam deficiencies until
the Clear Creek South Unit of the Central Valley Project was completed. The Clear
Creek South Unit would provide water from Whiskeytown Reservoir to the Happy
Valley service area (Division 3) around Olinda, but would not provide water to the
Ono (Division 1) and Igo (Division 2) areas. Water stored in the reservoir was more
critical to Division 3 than Divisions 1 and 2 at this time. The Happy Valley Water
Company elected to remove the dam and filed an "Application for Approval of
Plans and Specifications for the Removal of a Dam” on July 28, 1964 (DWR, 1964b).
However, the Department and Happy Valley Water Company mutually agreed on
August 20, 1964 to extend the date for compliance with the order to June 1, 1966.
This allowed continued water service from the reservoir to the Happy Valley
service area until the Clear Creek South Unit of the Central Valley Project was
completed (DWR, 1964c).

The Happy Valley Water Company, which changed ownership on January 1, 1965,
requested on May 26, 1966 that the application for removal of the dam be
withdrawn. The Department on June 16, 1966 agreed to withdraw the application
and requested the owner to file a repair application. On December 14, the
Department issued a new Certificate of Approval that limited storage to gauge 40,
which is 46 feet below the spillway crest. The reduced storage was ordered to lessen
the hazard associated with the deficient outlet pipes and operation of the spillway,
which could not contain expected floodflows due to poor alignment and limited
capacity.

The Happy Valley Water Company, upon sale on September 6, 1967, became the
Trisdale Water Company. Approval was granted on March 7, 1969 for temporary
storage to gauge 80 between April 1 and September 1, 1969 to facilitate debris
removal. After September 1, storage was to be no higher than gauge 40. At the
owner's request, temporary storage to gauge 76 was permitted from June 1 to August
1, 1971, with drawdown to gauge 40 by September 1.

An earthquake on February 9, 1971 caused serious damage to the Upper and Lower



San Fernando Dams, which were hydraulic fill structures in Los Angeles County.
As a result, all owners of hydraulic fill dams in California were directed by the
Department to conduct engineering investigations to determine the seismic stability
of their dams. A December 23, 1971 order for seismic evaluations of Misselbeck Dam |
specified a completion date of December 1, 1973 (DWR, 1971).

One of the two corroded outlet pipes at Misselbeck Dam was replaced during
November 1972 by the water company.

The Trisdale Water Company requested an increase in allowable storage to provide
sufficient water for the irrigation season in the summer of 1973. On April 18, 1973,
temporary storage was granted to gauge 70 between May 7 and August 10, with
drawdown to gauge 40 by September 1.

The seismic evaluation of the dam was not completed by the due date. The Trisdale
Water Company chose instead to operate the dam with continued substantial
restriction of storage rather than complete the seismic evaluation. During June and
July 1974, the company replaced the second outlet pipe.

Between 1974 and 1984, requests for temporary increases in storage during the
irrigation season were received from the Trisdale Water Company and approved by
the Department for storage up to gauge 59 in 1975, 1976, and 1977, and gauge 60 in
1981. A new Certificate of Approval was issued in 1981 to reflect the approved
storage operations. The Department considered that winter storage at gauge 40
provided adequate protection against damage that could result from unrepaired
dam deficiencies.

On April 24, 1984, the Department was notified by letter from Jack Schreder that the
Trisdale Water Company would be purchased by his partnership and would be
known as the Rainbow Water Company. Mr. Schreder asked for permission to store
water to gauge 80. This level was approved by the Department to begin upon
completion of the purchase and continue to October 1, upon which date the storage
was to be no greater than gauge 40. Mr. Schreder was advised by the Department on
May 2, 1984 that the seismic stability of the dam and the adequacy of the spillway




must be investigated and that remedial work may be required (DWR, 1984a). A
suggested program for evaluation was included.

A request to permanently raise the reservoir to gauge 80 during the summer was
made by the Rainbow Water Company on January 8, 1985. The request was denied
on February 22 because the company had taken no action to address any of the
deficiencies of the dam. The water company was further directed to complete
studies for spillway modification by March 1, 1986; modify the inlets to the outlet
pipes by June 1986 to prevent plugging by silt stored in the reservoir, which had
reached the top of the intake pipe risers; and complete the seismic stability analyses
as well as any necessary remedial work before increased storage could be authorized
(DWR, 1985). On April 15, 1985, the company agreed to conduct an exploration
program that would include drilling and sampling of the dam embankment and
foundation. The work was to be completed by September 30, 1985. The Department
agreed on April 15, 1985 to allow storage during the summer of 1985 to gauge 80.
Operation at that level would provide the water revenues that the water company
owner said were needed to fund the exploration program.

The engineering firm of CH;M Hill, Inc. in Redding, California, was hired by the

Rainbow Water Company to drill one exploratory hole for geotechnical evaluation
of Misselbeck Dam. The Rainbow Water Company was informed by telephone and
letter from the Department on February 14, 1986 that the one-hole exploration
program was a starting point, but does not satisfy the commitment for a geotechnical
evaluation proposed in the company’s April 25, 1985 letter. Drilling and sampling
was conducted on March 17 and 18, 1986 by CH,;M Hill, Inc. Their report, completed

on April 15, 1986 (CH,M Hill, 1986), stated that the "exploration and analysis do not

constitute a complete safety evaluation of the dam, nor does this report certify or
conclude that the dam is either unsafe or safe. This preliminary evaluation has
been very narrow, with an evaluation of conditions at only one location, and is
intended only to provide an indication of whether or not additional studies should
be pursued.” The report also noted that the results of the exploration do not
necessarily reflect variations that may exist at other portions of the dam, nor does
the preliminary evaluation constitute a complete stability evaluation of the
structure. The report concluded that "if the Standard Penetration Test results from




our boring are representative of the general condition of the embankment, it must
be concluded that there is cause for concern regarding the low relative density of the
sands, especially in the top 45 feet of the dam. This condition is of concern because
under seismic shaking, such materials may contract and liquefy. Our analysis
indicates the core materials may be subject to this problem under low levels of
seismic shaking. Liquefaction of discrete layers of segments in a structure of this
type may be significant in that it creates a layer(s) of very low shear resistance in the
embankment and opens up the possibility of failure along circular slip paths (slope
failures)." The report recommended further studies to determine the condition of
fill materials in the outer portion of the embankment and preliminary slope
stability analysis.

Prior to receipt by the Department of the CH,M Hill, Inc. report, the Rainbow Water

Company on April 17, 1986 requested storage to gauge 80 during the summer. The
Department on April 25, 1986 authorized storage to gauge 60 until October 1, after
which date storage was to be maintained at gauge 40.

After reviewing the CH;M Hill, Inc. report in July 1986, the Department staff

concluded that the embankment of Misselbeck Dam is susceptible to liquefaction
under fairly low levels of seismic shaking at any water storage level (Ayers, 1986;
Johnson, 1986). They also concluded that the area would be subject to slightly
stronger shaking from earthquakes than that indicated in the report.

In view of the potential for embankment liquefaction, the inadequate spillway
hydraulics, the deteriorating spillway lining, and the increasing potential for
sediment to plug the outlet, the Department issued an order to the Rainbow Water
Company on November 13, 1986 to submit a schedule by February 1, 1987 for
making geotechnical, hydraulic, and structural studies of Misselbeck Dam, spillway,
and outlet works (DWR, 1986). The studies were to include recommendations for
remedial work to place the dam in compliance with acceptable safety standards. The
order also offered the option to remove the dam from service. Storage was
restricted to no higher than gauge 45 nor lower than gauge 40. The minimum
storage restriction was imposed to preclude plugging of the outlet pipes by silt.




On January 21, 1987, the Rainbow Water Company requested an extension of time to
comply with the November 13, 1986 order. The Rainbow Water Company was
exploring the possibility of hydroelectric generation and had engaged the firm of
Energy Engineering, Inc. to study the energy potential and costs to upgrade the dam.
The Department responded by granting an extension to June 1, 1987 to comply with
the order. On March 18, 1987, the Rainbow Water Company informed the
Department that the hydroelectric generation potential was infeasible due to the
costs to upgrade the dam.

The Rainbow Water Company informed customers on March 19, 1987 that water
would not be available during the 1987 irrigation season due to storage restrictions
imposed by the Department (RWC, 1987). The Department subsequently received
numerous letters from water company customers citing the inadequate notice
provided by the Rainbow Water Company and the need to store water to levels of
the recent past for irrigation, domestic use, wildlife maintenance, and fire protection
(DWR files). Customers of the water company and representatives of Shasta County
expressed intention to identify a program to repair the dam or find an alternate
source of water within the next 6 months (DWR, 1987). The Department informed
the company on April 1, 1987 that storage to gauge 60 would be permitted for the
1987 irrigation season due to the hardship that the more restrictive reservoir
elevation would have on customers. The water company was reminded that a
satisfactory response to the November 13, 1986 order was due by June 1, 1987, and
that satisfactory progress must be made in resolving the dam safety concerns by
October 1, 1987, or the Department would have to commence actions to revoke the
Certificate of Approval to store water.

The firm of Energy Engineering, Inc. proposed an emergency action plan to deal
with safety concerns while the Rainbow Water Company developed plans to resolve
safety deficiencies. The Rainbow Water Company informed the Department on
April 14, 1987 that the emergency action plan would be developed only if permitted
storage was increased to gauge 65 during wet years and gauge 75 during dry years.
The Department informed the Rainbow Water Company on April 15, 1987 that
increased storage levels would not be allowed because emergency action plans are
not substitutes for safe dams. The Department further said the plan would be



acceptable for two to five years at reduced storage levels while the dam's safety
deficiencies were being resolved, provided that no one inhabited the creek area for a
reasonable distance downstream of the dam.

On June 26, 1987, the Department informed the Rainbow Water Company by letter
that a schedule for the necessary studies of Misselbeck Dam had not been received as
of the due date of June 1. The Rainbow Water Company was reminded of its
responsibility and obligation to ensure safety of the dam and that satisfactory
progress must be made in resolving the dam safety concerns by October 1, 1987 or
actions would be begun to revoke the Certificate of Approval to store water.

The Department received a letter dated June 29, 1987 from the Rainbow Water
Company giving an estimate by Energy Engineering, Inc. of $625,000 to rehabilitate
Misselbeck Dam. The estimate included remedial work to repair the spillway and
faces of the dam, but did not address the issues of seismic hazard or condition of the
outlet pipes. The letter further stated that no funds were available for the identified
work.

No progress had been made by October 1, 1987 in resolving the safety deficiencies of
Misselbeck Dam. The Department, therefore, began actions that would lead to
revocation of the Certificate of Approval to store water. An initial study (Appendix
A) to determine possible significant impacts that could result from such revocation
was completed on January 21, 1988 and distributed to governmental agencies and
affected groups. This study identified several possible significant impacts, thus
necessitating the completion of an Environmental Impact Report, as required by the
California Environmental Quality Act of 1970.

The Draft Environmental Impact Report was completed in July, 1989, and scheduled
for printing for public distribution. Prior to the availability of the report, the
Rainbow Water Company was sold to the Igo-Ono Community Services District
effective August 8, 1989. The Draft Environmental Impact Report was available for
public review on October 1, 1989. A public hearing to receive comments on the
report was held at Ono on November 2, 1989 (Appendix C). Written comments on
the Draft Environmental Impact Report were due by November 15, 1989. While no
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public agency submitted comments, comments on the draft report were received
from several individuals (Appendix C). Other individuals, while not commenting
on the draft report, reiterated concerns for the possible significant effects that had
been identified in the report (Appendix D).

Regulatory Setting

The Igo-Ono Community Services District, whose primary water supply facilities are
Misselbeck Dam, Hoover Dam, and the Happy Valley Irrigation Canal, acts under a
certificate of public convenience and necessity for public utility water service issued
by the California Public Utilities Commission.

The Department of Water Resources, Division of Safety of Dams, has jurisdiction
over the construction, enlargement, alteration, repair, maintenance, operation, and
removal of dams and reservoirs for the protection of life and property (Division 3 of
the California Water Code). A dam is defined as any artificial barrier which does or
may impound or divert water and which is 25 feet or more in height from the
downstream toe of the barrier to the maximum possible water storage elevation or
impounds 50 acre-feet or more of water. A barrier not in excess of 6 feet in height,
regardless of storage capacity, or which stores not more than 15 acre-feet of water,
regardless of height, is not considered a dam.

In determining whether or not a dam or reservoir constitutes a danger to life or
property, the Water Code states that the Department "shall take into consideration
the possibility that the dam or reservoir might be endangered by seepage, earth
movement, or other conditions which exist or which might occur in any area in the
vicinity of the dam or reservoir. Whenever the Department deems that any such
condition endangers a dam or reservoir, it shall order the owner to take such action
as the Department determines to be necessary to remove the resultant danger to life
and property.” .The Water Code further gives the Department authority to require
owners of dams to perform engineering, geologic, and other work, as necessary, to
disclose information sufficient to enable the Department to determine structural
integrity of dams and to perform other work necessary to safeguard life and
property. The owner of a dam has the option of complying with Department orders,
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removing the dam from service so that it no longer will impound water, or
reducing the size of the dam and reservoir to less than the size of a jurisdictional
dam.

The Department issues a Certificate of Approval that prescribes limitations for the
safe impoundment of water. Whenever a dam or reservoir has been determined to
endanger life and property, the Department may either amend the terms and
conditions of an existing certificate (which may include requiring an owner to lower
the water level or empty the reservoir) by issuing a revised certificate or revoke the
Certificate of Approval to impound water. After a certificate has been revoked, the
owner of a dam is prohibited from taking actions or inactions that cause the dam to
impound water.

The California Environmental Quality Act requires the Department to consider the
environmental effects of an amendment or revocation before taking action to alter a
Certificate of Approval. An initial study was completed on January 21, 1988 which
determined that significant environmental impacts would result from revocation of
the Certificate of Approval to impound water behind Misselbeck Dam. The
Department, as the lead agency, prepared and distributed to responsible agencies on
January 22, 1988 a Notice of Preparation that stated the Department's intention to
proceed with an Environmental Impact Report, in accordance with California
Environmental Quality Act guidelines. A scoping session was held at the Ono
Grange Hall on March 17, 1988. The Draft Environmental Impact Report was
available for review and comment between October 1 and November 15, 1989. A
public hearing to receive comments was held at the Ono Grange Hall on November
2, 1989. Responses to comments received on the draft report are included in this
Final Environmental Impact Report.

After an Environmental Impact Report has been completed, the Water Code allows
the Department to modify the Certificate of Approval or conduct a hearing to
consider revocation. Revocation of the Certificate of Approval to impound water
requires the owner to take measures to ensure that no water is impounded, through
action or inaction, behind the dam. Modifications to the dam to preclude
impounding water requires approval and inspection by the Department.

12




PROJECT DESCRIPTION

This project is an order by the Division of Safety of Dams of the Department of
Water Resources that would revoke the Certificate of Approval issued April 29, 1981
for Misselbeck Dam and Reservoir, State Application Number 2220-2. Revocation of
the certificate would prohibit at any time the impoundment of water behind the
dam. The prohibition of impoundment would require the Igo-Ono Community
Services District to modify, breach, or remove the dam to preclude impoundment of
water, since the outlet facilities are not capable of passing all water in the stream
during periods of high flow. A new Certificate of Approval could be issued if
investigations and repairs are completed by the district that comply with the safety
requirements of the Department.

The objective of the project is to eliminate the risk to life or property caused by
failure of the dam. The dam could fail as a result of erosion of the spillway during
high flows or liquefaction of the dam embankment during a moderate or strong
earthquake. The potential for failure of the spillway would increase should the
outlet pipes become plugged by sediment or debris. This would eliminate any
means of controlling water storage levels behind the dam, except by allowing water
to escape over the inadequate spillway. Damage caused by a liquefaction failure
would also be greater because there would be more water released from the
reservoir.

Project Location

Misselbeck Dam and Reservoir (the latter also known as Rainbow Lake) are located
in Sections 29, 30, and 31, Township 31 North, Range 7 West, Mount Diablo Base
and Meridian (Figure 1). The dam is in Shasta County about 16 miles southwest of
Redding. The dam impounds water in the North Fork of Cottonwood Creek, which
is a tributary to the Sacramento River.

Safety Concerns

Misselbeck Dam has several deficiencies that make impoundment of water unsafe.
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At least a portion of the dam embankment has been determined to be subject to
liquefaction at any reservoir storage level under fairly low levels of earthquake
shaking. The spillway is hydraulically inadequate, allowing overtopping and
erosion of backfill materials by moderate surface runoff. The structural integrity of
the spillway is also questionable, as evidenced by continuing deterioration and
undermining of a portion of one of the spillway walls and spalling of the spillway
floor, which has exposed badly corroding steel reinforcing bars. The outlet pipes
could be plugged by sediment that has filled the reservoir to about 18 feet higher
than the crown of the intake to the pipes. The outlet pipes became temporarily
plugged with sloughing sediment on several occasions during December of 1989 and
January of 1990.

Failure of the dam would result in the discharge of about 7,663,000 cubic yards (4,750
acre-feet) of water and sediment to the North Fork of Cottonwood Creek. This
discharge would effect several residences and ranches, several bridges, anadromous
fish spawning habitat, and people working or recreating in the floodplain.

Previous owners of the dam have failed to comply with orders from the Division of
Safety of Dams directing correctional work. The Department of Water Resources,
therefore, has initiated proceedings to revoke the Certificate of Approval issued
April 29, 1981 for Misselbeck Dam and reservoir.

Regulatory Action

The Department has prepared this Environmental Impact Report to identify impacts
that may result from implementation of an order revoking the Certificate of
Approval, alternatives to the order, and measures to mitigate unavoidable impacts.
Information contained in this report will be considered by the Department pursuant
to the California Environmental Quality Act, along with other information such as
structural analyses and safety factors, in the process of determining whether the
Certificate of Approval for Misselbeck Dam should be revoked.

Information in the Environmental Impact Report may be used by other regulatory
agencies to issue permits or approvals necessary for the owner of the dam to fulfill
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the intent of any order that the Department may issue. Both the Central Valley
Regional Water Quality Control Board and the Department of Fish and Game will
consider the nature and extent of unavoidable environmental impacts identified in
the Environmental Impact Report prior to issuing permits or approvals.

ENVIRONMENTAL SETTING

The California Environmental Quality Act requires consideration of the
environmental setting affected by the project. The environmental setting includes
physical features of the water system and uses of delivered water.

Facilities

The main features of the Igo-Ono Community Services District include Misselbeck
Dam, Rainbow Lake, Hoover Dam, Hoover Tunnel, and the Happy Valley Irrigation
Canal (Figure 2). Misselbeck Dam is a hydraulic fill structure with a length of about
1,110 feet and a width that varies from 20 feet at the crest to approximately 600 feet at
the toe. The faces of the dam have slopes of 2.5:1 on the downstream side and 3:1 on
the upstream side. The upstream face was originally covered with two inches of
gunite, which is now severely cracked and heaved. Elevation at the dam crest is
about 2,026 feet above sea level. Height from the toe to the crest of the dam is 96 feet
(Swanson, 1974a). The dam contains about 250,000 cubic yards of fill (W. Bennett,
DWR, pers. comm.). The spillway, located at the west end of the dam, is 100 feet
wide at the top, but narrows to 30 feet at the chute entrance. The chute narrows to
approximately 15 feet at the downstream end (Magaldi, 1965). The discharge capacity
of the spillway is about 16,000 cubic feet of water per second (cfs) (Engle, 1935;
Marchant, 1989). Total freeboard between the dam crest and spillway crest is 14 feet.

Rainbow Lake floods an area of about 113 acres. Original storage capacity was
estimated as 4,300 acre-feet at the spillway crest and 6,100 acre-feet at the dam crest
(Engle, 1935). Obstruction of the spillway with a 4.5 foot high bulkhead until 1956
increased storage to 4,800 acre-feet at the bulkhead crest. Siltation by 1981 to gauge
height 32 (Parlier, 1981) reduced maximum storage by approximately 470 acre-feet
(Figure 3). An estimate of storage capacity in July 1987 indicates loss of about 700
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acre-feet with the sediment deposit approaching gauge 40. Storage capacity to the
spillway crest is estimated at 3,600 acre-feet.

Controlled releases from Misselbeck Dam are made from two 30-inch diameter steel
pipes that are located in a tunnel about 10 feet in diameter. The crown of the outlet
tunnel is at a gauge height of 22 feet. Gate valves are located on the outlet pipes at
both upstream and downstream ends of the tunnel. The pipes direct water releases
to the North Fork of Cottonwood Creek.

Hoover Dam is located about 0.7 mile downstream from Misselbeck Dam. Original
storage capacity of the 40 foot high concrete arch structure is unknown. The dam
was removed from jurisdiction by the Department in 1933 for lack of sufficient
storage to qualify as a dam. Hoover Dam continues to divert water into Hoover
Tunnel, which extends 1.25 miles to Sulphur Creek. This water flows about 0.25
mile to Ducket Creek (also known as Hoover Creek), and then about 0.5 mile to the
Happy Valley Irrigation Canal extending 17 miles to Harbinson Reservoir. About 53
miles of lateral ditches supply water from the main canal to customers. The water
supply is augmented by natural flows in Moon Fork and Ducket, Rector (Byron),
Huling (Hulen), and Eagle creeks. Doby (Dobey) Creek, though flowing past the
canal, has not been used to augment the water supply for about 50 years (M. Foster,
Rainbow Water Company, pers. comm.).

Water Rights

The Igo-Ono Community Services District possesses pre-1914 appropriative water
rights originally adjudicated to the Happy Valley Irrigation District and James Gobel
in a 1920 decree and appropriative water rights under Permit 533 (Application 784,
License 2461) issued in 1942 by the State Water Commission (now the State Water
Resources Control Board). The 1920 decree allows the district to divert from the
natural flow of the North Fork of Cottonwood Creek into the Happy Valley
Irrigation Canal a continuous flow of 16 cfs during the irrigation season (March 15 to
November 1), subject to reduction during periods of shortage according to the
allotment ratios of other users (Table 1). The decree also entitles the district to
divert into the irrigation canal the natural flow of Ducket, Doby, Rector, and Huling
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Table 1. Appropriative water rights in the North Fork Cottonwood Creek
Watermaster Service Area (DWR, 1978)

Amount
Present Owner Decreed Owner Diversion Name cfs
Water Rights Not Subject to Proportionment
Shoup, L. Moon, J. Moon Fork 1.625
Igo-Ono C.5.D. Gobel, J. N.F. above reservoir 0.30
1g0-Ono C.5.D. Happy Valley I.D. N.F. above reservoir 0.30
Morsicano, L. Sunny Hill Mining N.F. above reservoir 0.05
Orr, R. Greene, S. & F. Jerusalem Cr. 1.25
Taylor, J. Hamlin, B. Jerusalem Cr. 1.25
Shoup, C. Grant, J. N.F. Cottonwood Cr. 0.05
Water Rights Subject to Proportionment
Westlake, L. Bee Cr. Ditch Co. N.FE. Cottonwood Cr. 1.55
Taylor, J. Bee Cr. Ditch Co. N.F. Cottonwood Cr. 0.65
Barr, W. Bee Cr. Ditch Co. NL.F. Cottonwood Cr. 1.08
Shoup, L. Bee Cr. Ditch Co. N.F. Cottonwood Cr. 0.66
Shoup, C. Bee Cr. Ditch Co. N.F. Cottonwood Cr. 1.16
Big Valley Ranch Sweeny, M. and N.F. Cottonwood Cr. 2.50
F. Henriques
Mt. View Ranch Heins, H. & H. and N.F. Cottonwood Cr. 0.875
J. & F. Ponte
Flying Ridge Ranch Heins, H. & H. and N.F. Cottonwood Cr. 0.875
J. & F. Ponte
McCauley, G. et al. Shasta Dredging N.F. Cottonwood Cr. 0.125
1g0-Ono C.S.D. Happy Valley I.D. N.F. Cottonwood Cr.  16.0

creeks at the point where the canal crosses the creeks, and all the natural flow of
Eagle Creek reaching the head of the Eagle Creek Ditch. The 1920 decree allotted 0.3
cfs from the North Fork of Cottonwood Creek to each of James Gobel and the
irrigation district to be used on lands lying upstream of Rainbow Lake. The Igo-Ono
Community Services District presently owns these water rights, but diverts the 0.6
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ofs through the Hoover Tunnel to the canal. The Igo-Ono Community Services
District, therefore, can appropriate up to 16.6 cfs from the North Fork of Cottonwood
Creek.

The appropriative water right under Permit 533 authorizes storage of 4,800 acre-feet
of water per year in Rainbow Lake for domestic and irrigation uses on 18,110 acres of
land. The water right may have been reduced due to reservations made upon sale
of the Happy Valley Water Company to the Trisdale Water Company in 1967. The
former company reserved the right, option, and privilege of diverting in perpetuity
up to 100 inches under a 6-inch head (2.5 cfs) from the first flow of the water in the
North Fork of Cottonwood Creek above Hoover Dam and 20 percent of the water up
to 200 inches (5 cfs) at the Dry Creek outlet of the Happy Valley Irrigation Canal
during the irrigation season. The reservation for 100 inches has been transferred to
Rainbow Lake Properties. The 200-inch reservation has not been used by the Happy
Valley Water Company. Additional loss of the water right could occur through
filing with the Division of Water Rights of the State Water Resources Control Board
for water not presently being stored behind Misselbeck Dam due to loss of storage
capacity from sedimentation and the storage restriction imposed by the Department.

Service Area

Prior to 1967, water was provided to three service areas by the water company.
Division 1 encompassed lands between Ducket Creek and Eagle Creek, with the
community of Ono the main population center. Division 2 encompassed lands
between Eagle Creek and Harbinson Reservoir, with the community of Igo as the
main population center. Division 3 encompassed 5,000 acres in the Olinda area.
Since 1967, water has been provided to Division 3 through the Muletown Conduit
of the Clear Creek South Unit of the Bureau of Reclamation's Central Valley Project.
Divisions 1 and 2, which formed the Igo-Ono Community Services District in 1964,
continue to be served by the water company (Figure 2).

The Igo-Ono Community Services District encompasses about 8,500 acres (DWR,

1964d). It is divided into 235 parcels with an assessed valuation of $6,908,000
(L. Preston, Shasta County Office of Special Districts, pers. comm.). The limited
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economic activity of the area is almost exclusively devoted to agriculture (Gelonek,
1968). Some native stone is quarried and timber is sold for firewood. Mining, once
an important part of the economy, now has a minor economic role.

Soils and lands classification maps produced by the U. S. Department of Agriculture
indicate that about 4,800 acres of land in the district are arable (Gelonek, 1968).
Physical barriers, remoteness from economical distribution systems, and localized
factors, such as poor soil drainage and steep terrain, reduce lands that could be
irrigated for crop production to about 2,900 acres.

The communities of Igo and Ono are the population and business centers for the
surrounding areas comprising the community services district. The Igo area has
about 300 residents, while the Ono area has about 100 residents (L. Preston, pers.
comm.). The population in the district has grown little during the past 20 years.

Turnouts from the Happy Valley Irrigation Canal provide water directly to between
42 and 48 customers of the Igo-Ono Community Services District, while another 16
are served from water redistributed at Ono and 6 are served from water redistributed
at Igo (M. Foster, pers. comm.). Most residents in the district have private wells or
rely on springs for domestic water. Most shallow wells located adjacent to the
irrigation canal are probably recharged by seepage from the ditch (Gelonek, 1968).
Wells in other areas of the district are usually inadequate in both water quantity and

quality.

An annual average of 550 acre-feet of water was delivered to customers of the water
company in the district between the years 1982 and 1987 (M. Foster, pers. comm.).
The maximum delivery was 600 acre-feet in 1984, while the minimum delivery was
500 acre-feet in 1983. Restrictions on storage levels behind Misselbeck Dam and
leakage from the irrigation canal severely limit the amount of water available to the
service area. An estimated 3,400 acre-feet of water could be immediately used for
irrigation of about 1,010 acres if water were available (Gelonek, 1968).



Hydrology

The drainage basin upstream from Misselbeck Dam encompasses about 12 square
miles, ranging in elevation from 2,012 feet at the spillway crest to 5,955 feet in the
upper watershed (Elford and McDonough, 1965). Estimates of total average seasonal
precipitation range from 40 inches at the lower elevations to 50 inches in the higher
reaches (Elford and McDonough, 1965; Rantz, 1969). Snowfall accounts for about 2.3
inches of the total precipitation at the lower elevations to 6.3 inches at higher
elevations. Between 75 to 90 percent of the annual precipitation occurs from
November 1 to April 30.

The North Fork of Cottonwood Creek originates in the upper drainage basin of
Misselbeck Dam. The average annual runoff at Misselbeck Dam from the watershed
has been estimated at 20,000 acre-feet (CH,M Hill, 1980). The peak floodflows into

the reservoir have been estimated at 3,730 cfs for floods with a recurrence of 100
years, and 6,092 cfs for floods with a recurrence of 8,000 years (Marchant, 1989).
Volumes of water produced in a 72 hour period by floods with return frequencies of
1-in-100 years and 1-in-8,000 years were calculated at 5,568 acre-feet and 10,100
acre-feet, respectively.

The North Fork of Cottonwood Creek is joined by Moon Fork about 0.3 mile
downstream from Misselbeck Dam. The average annual runoff from Moon Fork
has been estimated at 15,000 acre-feet of water (CH>M Hill, 1980).

Several other small streams flow through the Igo-Ono Community Services District
before joining the North Fork of Cottonwood Creek. These include Ducket, Doby,
Rector, Eagle, and Huling creeks.

The North Fork of Cottonwood Creek converges with the Middle Fork of
Cottonwood Creek about 7.5 miles south of Igo. The main stem of Cottonwood
Creek then flows to the Sacramento River, merging near the town of Cottonwood,
which is located between Redding and Red Bluff.

Little stream discharge data are known for streams in the district. Stream discharge
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gauges were maintained during the 1983 water year (October 1982 through
September 1983) at the North Fork of Cottonwood Creek between Moon Fork and
Misselbeck Dam (Table 2) and at Moon Fork (Table 3). The 1983 water year was,

however, abnormally wet. The discharges recorded at the North Fork gauge .
included natural streamflow plus releases from reservoir storage. Stream discharges
attributable solely to natural streamflow (Table 4) were calculated using discharge
data from Moon Fork and the runoff ratio (3:4) between Moon Fork and the North
Fork (CH;M Hill, 1983). These data indicate that minimum natural flows below the

confluence of Moon Fork and the North Fork may have been about 14.7 cfs during
September 1983.

Reservoir storage was depleted during the summers of 1986 and 1987. Discharge
from the North Fork flowed through the reservoir unaugmented by storage releases
by late summer. Discharge measurements of the North Fork between Moon Fork
and Misselbeck Dam indicated a minimum flow of 5.4 cfs on October 17, 1986 and
3.26 cfs on September 29, 1987 (M. Trisdale, Rainbow Water Company, pers. comm.).
The calculated discharge for the North Fork below the confluence of Moon Fork on
October 17, 1986 is 9.5 cfs and on September 29, 1987 is 5.7 cfs. Flow measurements
on September 21, 1988 found 4.85 cfs in the North Fork immediately upstream from
Rainbow Lake and 4.03 cfs in Moon Fork near the confluence with the North Fork,
for a combined flow of 8.88 cfs (Steve Turek, DWR, pers. comm.). Runoff in
Northern California in 1986 was above normal, while that in 1987 and 1988 was less
than normal.

Historic discharge measurements of Ducket, Doby, Rector, and Huling creeks are not
available. Observations, however, indicate that only Ducket Creek maintains a flow,
though only about 0.25 cfs in the late summer (M. Trisdale, pers. comm.).
Measurements on Eagle Creek during prior years indicate a late summer flow of
about 1.25 cfs. Flow measurements taken on September 20 and 21, 1988 found 0.21
cfs in Ducket Creek, 0.02 cfs in Doby Creek, 0.97 cfs in Eagle Creek, and 0.03 cfs in
Sulphur Creek (Steve Turek, pers. comm.). Neither Rector nor Huling creeks
contained any flow.
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Table 2. Discharge (cfs) data for North Fork of Cottonwood Creek near Ono, above
Moon Fork (Water Year 1983; DWR watermaster files)

Oct. Nov. Dec. Jan. Feb. Mar. Apr. May Jure July Aug Sept.

103 111 486 432 278 321 347 256 103 279 189 122
103 111 544 424 272 721 347 253 103 279 189 122
103 111 478 410 258 520 340 253 102 279 189 122
105 132 439 396 237 334 340 248 102 279 189 122
105 158 279 382 217 327 337 253 102 79 189 122
105 158 238 375 217 327 334 253 100 279 189 122
105 158 248 369 213 327 330 248 100 279 189 122
105 177 219 369 208 327 330 245 989 279 148 122
103 197 197 362 213 334 327 240 98.9 NR 132 122
103 193 197 337 217 337 324 235 975 NR 125 122
100 193 197 290 222 334 324 227 629 NR 122 122
103 189 197 307 232 347 321 230 432 NR 122 122
103 189 197 324 240 357 314 227 432 NR 122 122
103 185 193 349 245 334 308 215 432 NR 122 122
103 181 206 307 248 330 165 148 432 NR 122 122
103 173 290 312 250 330 132 470 432 NR 122 122
103 166 447 324 253 330 132 494 362 NR 122 122
103 169 554 362 256 334 132 503 206 NR 122 122
100 169 563 478 248 334 131 511 206 NR 122 122
100 169 659 591 240 334 132 528 206 NR 122 122
100 169 766 639 232 337 132 53.7 206 NR 122 122
100 177 167 447 222 334 132 545 206 NR 122 122
103 17.7 267 462 217 334 136 554 21.0 189 122 122
105 17.7 253 700 213 340 141 563 21.0 189 122 122
105 177 225 89.7 206 340 144 572 21.0 189 122 122
108 17.7 203 146 201 340 146 58.1 21.0 189 122 122
108 177 118 225 215 343 148 81.1 210 189 122 122
108 185 581 275 256 340 196 106 210 189 122 122

NN NN RNN NN AR o ek ok ek ok e e
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11.1 307 545 284 - 347 253 106 228 189 122 122
108 424 519 281 - 347 256 104 279 189 122 122
3 10.8 - 462 272 - 347 - 104 - 189 122 -

Second-foot-days

322.5 543.6 22031 25475 6526 10988 7131 4617.91 1602.1 393.3 429.0 366.0
Mean

104 18.1 711 822 233 354 238 1490 534 NR 13.8 122
=No Record

Stream discharge from the North Fork of Cottonwood Creek has been recorded since
1956 at a U. S. Geological Survey gauging station located 1.2 miles downstream from
Huling Creek and 4.5 miles upstream from the Middle Fork of Cottonwood Creek.
Peak flows of 14,300 cfs on December 21, 1955 and 11,000 cfs on December 22, 1964
were calculated from a rating curve and high water marks (USGS, 1978). The lowest
flow recorded at the gauge occurred during mid-September 1977. Only 0.3 cfs of
water was flowing in the North Fork of Cottonwood Creek at the gauge. The
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Table 3.

(Water Year 1983; DWR watermaster files)

Discharge (cfs) data for Moon Fork of Cottonwood Creek near Ono

Day Oct. Nov. Dec. Jan. Feb. Mar. Apr. May June July Aug. Sept.
1 639 11.1 298 280 107 1140 216 133 709 304 152 114
2 6.39 9.66 263 269 972 4180 184 122 688 304 152 111
3 6.30 884 227 263 87.0 2115 164 117 688 286 149 105
4 6.30 833 212 263 89.5 782 144 126 617 274 145 9.38
5 6.30 798 203 263 89.5 617 144 126 61.7 274 145 938
6 6.39 770 189 263 161 455 131 122 61.7 269 145 9.38
7 6.58 760 176 263 138 462 126 115 60.7 263 141 9.11
8 6.48 760 164 269 170 295 123 108 579 269 134 884
9 6.48 808 156 263 184 228 118 103 569 269 134 884

10 6.30 779 152 253 190 201 111 999 560 269 134 8.33

11 621 760 156 247 166 180 110 959 551 263 13.1 8.08

12 6.12 760 156 247 188 138 103 933 551 258 131 8.08

13 6.12 760 153 242 168 761 985 907 524 258 127 789

14 6.12 751 145 237 150 358 946 882 507 247 131 779

15 6.12 741 263 237 139 255 933 858 490 237 131 779

16 6.03 732 122 263 126 212 933 846 482 227 134 760

17 6.12 884 858 263 117 190 907 834 458 217 131 760

18 612 253 490 426 144 188 920 822 450 212 127 760

19 612 189 397 397 122 170 999 81.0 442 207 124 751

20 612 164 474 355 110 178 972 822 426 198 127 751

21 6.76 164 117 348 103 196 946 822 411 194 124 751

22 994 152 822 362 97.2 201 946 834 411 189 121 858

23 13.8 176 61.7 499 972 199 148 822 397 185 124 751

24 938 160 507 985 999 196 129 81.0 375 18.1 124  6.85

25 13.4 156 45.0 907 105 180 123 810 362 18.1 11.8  6.58

26 16.4 156 404 568 114 188 115 810 348 176 114 6.30

27 966 164 375 276 252 216 117 798 329 168 11.1 648

28 858 258 348 194 590 192 123 787 322 164 108 648

29 13.8 404 322 192 - 237 139 775 316 164 108 6.30

30 20.7 382 304 153 - 312 139 74.2 30 4 160 108 6. 30

3 14.5 - 292 126 - 262 - 73.1 156 11.1

Second-foot-days

262.03 416.36 11963 23754 42015 15484 3655.7 2913.3 1470.7 7023 399.6 24257

Mean

85 139 386 766 150 499 121.8 94 490 227 129 8.1

amount of water diverted upstream from the gauge into the Happy Valley Irrigation
Canal or by other holders of water rights is not known.

Ground Water

Two principal ground water areas are located in Shasta County (Rummelsburg and
Dietz, 1969). The Modoc Plateau Ground Water Area is located in northeastern
Shasta County. The Redding Ground Water Basin is located in south central Shasta
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Table 4. Discharge (cfs) data for North Fork of Cottonwood Creek near Misselbeck
Dam calculated from discharges in Moon Fork

Oct. Nov. Dec. _an. Feb. Mar. _Apr. May June July Aug. Sept.

852 14.80 3972 3732 14263 1519.62 287.93 177.29 9451 4052 2026 15.20
852 12.88 3506 3586 12957 557194 24527 162.63 91.71 4052 2026 14.8
840 1178 3026 3506 11597 2819.30 218.61 155.96 91.71 3812 1986 14.00
840 1110 2826 35.06 11930 104241 19195 167.96 8225 3652 1933 1250
840 1064 27.06 3506 11930 82246 19195 167.96 8225 3652 1933 1250
852 1026 2519 35.06 21461 60652 174.62 162.63 8225 3586 19.33 1250
877 10.13 2346 35.06 18395 61585 167.96 153.30 8091 35.06 1880 12.14
8.64 10.13 21.86 35.86 22661 393.24 163.96 14396 77.18 3586 1786 11.78
864 1077 2079 35.06 24527 30392 157.29 13730 7585 3586 1786 11.78
840 1038 2026 3372 75327 76793 147.96 133.17 7465 3586 1786 11.10
1 828 1013 2079 3293 22128 23994 146.63 12783 7345 35.06 1746 10.77
12 8.16 10.13 2079 3293 25060 183.95 137.30 12437 7345 3439 1746 10.77
13 8.16 10.13 2039 3226 22394 101441 131.30 12090 69.85 3439 1693 10.52
14 816 1001 1933 3159 19995 47721 12610 11757 6758 3293 1746 10.38
15 816 9.88 3506 31.59 18529 339.92 12437 11437 6532 3159 1746 1038
16 8.04 976 162.63 35.06 16796 282.60 12437 11277 6425 3026 1786 10.13
17 8.16 11.78 11437 35.06 155.96 253.27 12090 111.17 61.05 28.93 1746 10.13
18 8.16 3372 6532 5679 19195 250.60 122.64 10957 59.99 28.26 1693 10.13
19 8.16 25.19 5292 5292 16263 276.61 133.17 10797 58.92 2759 1653 10.01
20 8.16 2186 63.18 4732 146.63 237.27 129.57 109.57 56.79 2639 1693 10.01
21 9.01 2186 15596 4639 13730 261.27 126,10 10957 5479 2586 16.53 10.01
22 1325 20.26 10957 4825 12957 26793 12610 111.17 5479 2519 16.13 1144
23 1840 2346 8225 66.52 12957 265.27 197.28 10957 5292 24.66 1653 10.01
24 1250 2133 67.58 131.30 133.17 26127 17196 107.97 4999 2413 1633 9.13
25 1786 20.79 59.99 1200 13997 23994 163.96 10797 4825 24.13 1573 8.77
26 2186 2079 5385 757.14 15196 250.60 153.30 10797 4639 2346 1520 840
27 1288 2186 4999 36791 33592 28793 15596 10637 43.86 2239 14.80 B.64
28 1144 3439 4639 258,60 78647 25594 163.96 10491 4292 2186 1440 8.64
29 1840 53.85 42.92 25594 - 31592 18529 103.31 42.12 2186 1440 840
30 2759 50.92 40.52 203.95 - 415.90 185.29 9891 4052 2133 1440 840
31 1933 - 38.92 167.96 - 349.25 - 9744 - 2079 14.80 -

= J
COONRUIBWN = [

Second-foot-days

3493 555.0 1594.6 3166.4 6100.6 211902 4873.1 3754.4 1960.5 9364 532.8 323.4
Mean

11.3 185 514 1021 2179 6836 1624 1211 654 302 172 108

County. The western edge of the basin, locally composed of the Tehama Formation,
underlies the eastern portion of the Igo-Ono Community Services District roughly
bounded to the north by the Happy Valley Irrigation Ditch and to the west by Gas
Point Road (Figure 4). Water-bearing sedimentary deposits in the Redding Ground
Water Basin are underlain by nonwater-bearing or saltwater-bearing deposits of the
Great Valley Sequence, which are on or near the surface in the western edge of the
basin.
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Figure 4. Boundary of the Redding Ground Water Basin.
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Other areas in Shasta County may produce ground water depending on local
geologic conditions (G. Pearson, DWR, pers. comm.). The Igo-Ono Community
Services District outside the Redding Ground Water Basin contains limited
amounts of ground water. The quantity produced varies locally depending upon
the underground fracture system. Data contained in reports submitted to the
Department by drillers for 52 wells in the area indicate that the median well yield is
less than one gallon per minute, though some wells yield up to 37 gallons per
minute (Table 5). Local residents report having drilled many wells that are dry. In
general, ground water availability is negligible.

No documented data are available concerning the quality of ground water in the
district. However, residents in the area report concentrations of arsenic and boron
in individual wells that exceed safe drinking water criteria.

Data are insufficient to determine the extent of well recharge from canal leakage.
Local residents, however, report that wells go dry when the canal is dry. Leakage
from the canal may be extensive, with up to half of the total flow lost (M. Trisdale,
pers. comm.). Recent evidence indicates unauthorized appropriations may account
for some of the losses (L. Preston, pers. comm.). Interception of fracture systems that
collect the canal leakage would increase well yield.

Water Supply

Misselbeck Dam was originally capable of impounding about 4,300 acre-feet of water
without the use of flashboards. Siltation has reduced storage capacity to about 3,600
acre-feet. Restrictions imposed by the Certificate of Approval issued in 1966 limited
maximum storage to about 650 acre-feet at gauge 40. Temporary approval for
additional storage during the irrigation season was allowed between 1966 and 1981
(Table 6). The current Certificate of Approval, issued in 1981, allows maximum
storage of about 1,200 acre-feet at gauge 60 during the irrigation season. The actual
amount of water stored since 1981 has ranged from about 3,700 acre-feet in 1983 to
1,400 acre-feet in 1987.
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Table 5. Drillers data for wells in the Igo-Ono Community Services District

Rock No.of _Depth (feet) Reported Yield (gpm)  Corrected Yieldl
Type Wells _Median Range Median Range Median _Range

Wells Above the Happy Valley Ditch

Shasta Bally 13 145  100-250 10 0-45 <1 0)-7
Batholith

Wells Below the Happy Valley Ditch

Shasta Bally 22 184 40-342 5 0-52 <1 (0)-14
Batholith

Undifferentiated 3 47 45-375 18 6-80 - -
Metamorphics

Great Valley 13 118 54-338 1.5 0-40 <1 (0)-37
Sequence

Tehama 1 - 120 - 17 - 11
Formation

1 Estimated; well storage volume removed to give true yield.

The quantity of water released from the reservoir has been highly variable, ranging
from 3,700 acre-feet in 1966 to 250 acre-feet in 1968. Releases for water supply and
compliance with end-of-season storage restrictions since 1981 have ranged from
3,250 acre-feet in 1983 to 1,200 acre-feet in 1987.

Appropriative water rights allow the Igo-Ono Community Services District to divert
a portion of the natural streamflow of the North Fork of Cottonwood Creek through
the Hoover Tunnel. The district is entitled to divert up to 16.6 cfs during the
irrigation season. However, when streamflow is insufficient to meet the 31.3 cfs
appropriative rights of all water users, available supplies must be proportioned,
except for 4.825 cfs that is not subject to proportionment. The Igo-Ono Community
Services District is entitled to 60.43 percent of the remaining streamflow in the
North Fork of Cottonwood Creek, up to the total diversion of 16.6 cfs.
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Table 6. Water storage behind Misselbeck Dam during the irrigation season

Allowed Storage Actual Storage
Maximum (April)  Minimum (September)
Gauge Storage  Gauge Storage Gauge Storage Release

Year Height (ac-fi)l Height (ac-ft)l Height (ac-ft)1 (ac-ft)
1965 86 4,000 87.02 4,000 74.7 3,000 1,000
1966 40 650 87.02 4,000 34.0 300 3,700
1967 40 650 52.4 1,300 35.0 350 950
1968 40 650 33.2 250 21.0 0 250
1969 80 3,500 56.0 1,500 26.5 150 1,350
1970 40 650 - - - - -

1971 76 3,200 61.5 1,800 30.8 250 1,550
1972 40 650 40.0 650 28.4 150 500
1973 70 2,600 68.0 2,350 37.2 400 1,950
1974 40 600 86.33 3,900 39.0 550 3,350
1975 59 1,600 56.3 1,350 37.8 450 900
1976 59 1,600 61.2 1,700 40.2 600 1,100
1977 59 1,600 - - - - -

1978 40 400 - - - - -

1979 40 400 52.0 1,100 36.0 300 800
1980 40 400 63.0 1,750 38.0 300 1,450
1981 60 1,600 61.4 1,650 38.0 300 1,350
1982 40 350 67.0 2,000 41.0 400 1,600
1983 40 300 84.0 3,700 43.0 450 3,250
1984 80 3,000 80.3 3,200 40.0 200 3,000
1985 80 3,000 67.0 1,850 42.0 250 1,600
1986 60 1,200 64.0 1,600 41.0 100 1,500
1987 60 1,200 62.4 1,400 44.0 200 1,200

1 Estimate interpolated from Figure 3
2 Spillway elevation at gauge 86 per 1971 survey
3 Spilling over spillway

The limited flow data available for the upper North Fork of Cottonwood Creek
indicate that proportionment of supplies should occur in at least some, if not most,
years. The available data indicate that only about 14.7, 9.5, 5.7, and 8.9 cfs were
available near the end of the irrigation seasons in 1983, 1986, 1987, and 1988,
respectively, to water users downstream from Misselbeck Dam and Moon Fork. All
water rights not subject to proportionment occur upstream from Moon Fork.
Exceptions are diversions of 0.65 cfs, of which the Igo-Ono Community Services
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District is entitled to 0.60 cfs. Assuming that upstream water appropriations were
fully used, the district would have been able to divert flows of 9.1, 5.9, 3.7, and 5.6 cfs
at Hoover Dam near the end of the irrigation seasons in 1983, 1986, 1987, and 1988,
respectively (Table 7).

Table 7. Water availability (cfs) in the North Fork of Cottonwood Creek near
Hoover Dam

1983 1986 1987 1988

Total flow 14.7 9.5 5.7 8.9
Non-proportionable water rights 0.65 0.65 0.65 0.65
Flow subject to proportionment 14.05 8.85 5.05 8.25
IOCSD! proportioned right 8.5 5.3 3.1 5.0
IOCSD? non-proportionable right 0.6 0.6 0.6 0.6
Total IOCSD1 right 9.1 5.9 3.7 5.6

1 1go-Ono Community Services District

The water supply diverted into the Happy Valley Irrigation Canal at Hoover Dam
may be augmented by diversion of natural streamflows in Ducket, Doby, Rector,
Huling, and Eagle creeks. However, little augmentation is possible by late summer,
because flows become very low or nonexistent. Flows found in 1988 would have
provided a total augmentation of 1.22 cfs. Estimates of flows in prior years indicate
augmentation availability of about 1.5 cfs. Streamflow augmentation of water
carried in the canal could, therefore, have increased late summer supplies to 10.6,
7.4,5.2, and 6.8 cfs in 1983, 1986, 1987, and 1988, respectively.

Leakage from the Happy Valley Irrigation Canal maintains lush stands of riparian
vegetation. The canal has been estimated to lose about half of the water supply to
leakage and unauthorized appropriations. Assuming that half of any flow in the
canal would be lost, the estimated water flow potentially available in the canal in
1983, 1986, 1987, and 1988 would have been 5.3, 3.7, 2.6, and 3.4 cfs, respectively.
These late-summer flows would have provided minimum daily water supplies of
about 10.6, 7.4, 5.2, and 6.8 acre-feet. However, some customers of the district have
reported no water in the lower portions of the Happy Valley Irrigation Canal in
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some recent years. It is not known whether the potentially available supply was not
diverted into the canal or whether heavy use from upstream canal diversions
depleted the available supplies.

Water Use

The Igo-Ono Community Services District does not directly supply water for
domestic use. However, water supplied by the district is redistributed by the
communities of Igo and Ono for domestic use. Most other domestic supplies are
obtained from wells or imported as bottled water. Well yield may depend on
recharge from leakage of the Happy Valley Irrigation Canal. Some individual
residences may also use water from the canal for domestic purposes, with any
treatment the responsibility of the user.

Pasture irrigation is the dominant use of water for agriculture in the Igo-Ono
Community Services District. Water used for agriculture is supplied by the district
through the Happy Valley Irrigation Canal or from private wells. Water is also used
for landscape and residential garden and orchard maintenance.

Though 2,900 acres in the Igo-Ono Community Services District are considered
suitable for crop production, available data indicate only about 381 acres have been
irrigated for pasture in recent years (C. Ferchaud, DWR, pers. comm.). Some
additional acreage in small increments has been irrigated for landscape, garden, and
orchard use. About 1,000 acres had been irrigated in past years when water was
more available and dependable (Gelonek, 1968). Property sales, parcel splitting, labor
availability and costs, and the economics of raising beef cattle have also influenced
the acreage being irrigated.

The 381 acres of irrigated pasture, worth about $10.50 per acre per month for up to a
seven-month season (W. Richardson, Tehama County Farm Advisor, Cooperative
Extension, U. C. Davis, pers. comm.), had an approximate value of $28,000. Water
rates for deliveries by the Igo-Ono Community Services District vary with quantity
and range from $14.00 per acre-foot for the first quarter acre-foot to $7.00 per
acre-foot for deliveries greater than three-quarters of an acre-foot per day (PUC,
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1964). Pasture in the Igo-Ono area requires about 3.4 acre-feet of water for irrigation
per season (Gelonek, 1968). Water from the district to irrigate an acre of pasture,
therefore, would cost from $24 to $48 per season. Delivery of water sufficient to
irrigate 381 acres of pasture would cost from $9,150 to $18,300, which reduces any
income realized from the grazing value of pasture to between $9,700 and $18,850 per
year.

Allowed storage has varied considerably since 1981, ranging from 300 to 3,000
acre-feet (Table 6). Actual storage during this period has ranged from 1,400 to 3,700
acre-feet, while downstream releases from the reservoir have ranged from 1,200 to
3,250 acre-feet. Sufficient water has been available from the reservoir to irrigate
between 205 and 545 acres at the rate of 3.4 acre-feet of water per acre. This is based
on the assumption that half the water transported in the canal is lost to leakage.
The 50-percent loss may be an unrealistically high estimate, since reservoir storage
available in 1982 was sufficient to irrigate 295 acres at a 50-percent loss rate, while 381
acres of pasture were actually irrigated. Water requirements for domestic needs do
not significantly reduce reservoir supplies available for irrigation, since most of the
area relies on private wells for domestic supplies.

Reservoir supplies are augmented by natural streamflows. Available data indicate
that during 1983, which was an exceptionally wet year, about 5,230 acre-feet were
available to the district during the irrigation season (Table 8). Assuming half the
available water was lost to ditch leakage, thus providing water to wells to satisfy
most of the domestic needs in the area, about 2,615 acre-feet would have been
available for agricultural use in the Igo-Ono Community Services District. This
supply would be sufficient to irrigate about 770 acres of pasture through the
irrigation season.

However, the water supply from natural flows in the North Fork of Cottonwood
Creek and tributaries is not uniform throughout the irrigation season. The full
water right appropriation would only have been met through August 25, 1983, after
which date supplies would have been proportioned among all holders of water
rights. From May through August 25, about 815 acres could have received water on
a schedule that would have applied 3.4 acre-feet of water per acre throughout the
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Table 8. Water (cfs) available to the Igo-Ono Community Services District in 1983
from natural streamflows during the pasture irrigation season

May lune fuly August September
Day NFCCL Trib# NFCC Tribs NFCC Tribs NFCC  Tribs NFCC Tribs
1 16.6 1.5 16.6 1.5 16.6 1.5 16.6 1.5 16.3 1.5
2 16.6 1.5 16.6 1.5 16.6 1.5 16.6 1.5 15.8 1.5
3 16.6 15 16.6 15 16.6 1.5 16.6 1.5 15.0 1.5
4 16.6 1.5 16.6 15 16.6 1.5 16.6 1.5 134 1.5
5 16.6 1.5 16.6 1.5 166 1.5 16.6 1.5 13.4 1.5
6 16.6 15 16.6 1.5 166 15 16.6 15 134 1.5
7 16.6 15 16.6 15 166 15 16.6 1.5 13.0 1.5
8 16.6 1.5 16.6 1.5 166 15 16.6 1.5 12.7 1.5
9 16.6 1.5 16.6 1.5 16.6 15 16.6 15 12.7 1.5
10 16.6 1.5 16.6 15 166 15 16.6 15 11.9 1.5
11 16.6 15 16.6 15 166 15 16.6 1.5 11.6 1.5
12 16.6 1.5 16.6 15 16.6 1.5 16.6 1.5 11.6 1.5
13 16.6 1.5 16.6 1.5 16.6 1.5 16.6 1.5 11.3 15
14 16.6 1.5 16.6 1.5 16.6 1.5 16.6 1.5 11.2 1.5
15 16.6 1.5 16.6 1.5 16.6 15 16.6 1.5 11.2 1.5
16 16.6 1.5 16.6 1.5 16.6 15 16.6 1.5 10.9 1.5
17 16.6 1.5 16.6 1.5 16.6 1.5 16.6 1.5 10.9 1.5
18 16.6 1.5 16.6 1.5 16.6 1.5 16.6 15 10.9 1.5
19 16.6 1.5 16.6 1.5 16.6 1.5 16.6 1.5 10.8 1.5
20 16.6 15 16.6 1.5 166 15 16.6 1.5 10.8 1.5
21 16.6 1.5 16.6 1.5 16.6 1.5 16.6 15 10.8 1.5
22 16.6 1.5 16.6 15 166 15 16.6 1.5 12.3 15
23 16.6 1.5 16.6 1.5 166 1.5 16.6 15 10.8 1.5
24 16.6 1.5 16.6 15 16.6 1.5 16.6 1.5 9.9 1.5
25 16.6 15 16.6 15 166 15 16.6 1.5 9.5 15
26 16.6 1.5 16.6 1.5 16.6 1.5 16.3 1.5 9.1 1.5
27 16.6 1.5 16.6 15 166 1.5 15.8 1.5 9.3 1.5
28 16.6 15 16.6 1.5 16.6 1.5 15.4 1.5 9.3 1.5
29 16.6 1.5 16.6 15 166 15 15.4 1.5 9.1 1.5
30 16.6 15 16.6 15 16.6 15 154 1.5 9.1 1.5
31 16.6 15 - - 166 1.5 15.8 15 - -
Second-foot-days
561.1 543.0 561.1 555.6 393.0
Mean 18.1 18.1 18.1 17.9 13.1
Acre-feet 1122 1086 1122 1111 786

1 North Fork Cottonwood Creek

2 Tributaries; estimated from late summer observations by M. Trisdale; early summer flows
undoubtedly greater.

irrigation seasoh. Water supplies dropped after August 25 due to declining natural
streamflows. During the last irrigation cycle covering the final 10 days in
September, sufficient water would have been available for only about 514 acres at
the same application rate.
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There are no data for other years to determine the availability of water from natural
streamflows for the entire irrigation season. The natural flow in streams during late
summer in 1986, 1987, and 1988 would have been sufficient to provide season-long
irrigation to only about 330, 234, and 306 acres, respectively. Additional acreage
could have been initially irrigated at the seasonal water application rate, but water
would not have been available during the late summer.

Geology

Misselbeck Dam and the Igo-Ono Community Services District are near the
boundary between the Klamath Mountain and Great Valley Geomorphic Provinces
(G. Pearson, pers. comm.). The Klamath Mountain Geomorphic Province covers an
elongated, north-trending area in northwestern California and southwestern
Oregon. The province includes the eastern portions of Del Norte and Humboldt
counties, the western portions of Shasta and Siskiyou counties, and the northern
portion of Trinity County. Mesozoic and older igneous and metamorphic rocks
predominate in the province. The province is divided into four belts, which
include the Western Jurassic belt, the Western Paleozoic and Triassic belt, the
Central Metamorphic belt, and the Eastern Klamath belt. Misselbeck Dam and the
northwestern two-thirds of the Igo-Ono Community Services District are in the
Eastern Klamath belt.

The Great Valley Geomorphic Province covers the Central Valley of California. The
province is an elongated structural trough that contains a thick sequence of
predominantly Mesozoic and younger sedimentary rocks. The southeastern third of
the Igo-Ono Community Services District is in the Great Valley Geomorphic
Province.

Five geologic units underlie Misselbeck Dam and the Igo-Ono Community Services
District (Figure 5). The Pre-Cretaceous Undifferentiated Metamorphic Rock,
Mesozoic Ultrabasic Rock, and Mesozoic Shasta Bally Batholith are in the Klamath
Mountain Geomorphic Province. The Cretaceous Great Valley Sequence and the
Plio-Pleistocene Tehama Formation are in the Great Valley Geomorphic Province.
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The Pre-Cretaceous Undifferentiated Metamorphic Rock unit consists of highly
fractured phyllites, meta-cherts, and meta-volcanic rocks. The Mesozoic Ultrabasic
Rock unit consists mostly of highly sheared serpentinite and peridotite. The
Mesozoic Shasta Bally Batholith, which was intruded near the eastern boundary of
the Central Metamorphic belt, is the largest pluton in the Eastern Klamath belt. The
batholith is a deep-seated intrusive mass of quartz diorite and granodiorite of Late
Jurassic age. The batholith has been exposed by erosion and is deeply weathered
throughout the area. Decomposition has resulted in a surface similar to silty sand.

The marine Cretaceous Great Valley Sequence consists of thin to massive
well-hardened beds of mudstone, sandstone, and conglomerate. The mudstone beds
are lightly fractured and easily eroded. The sandstone and conglomerate beds are
moderately fractured and are resistant to erosion.

The Plio-Pleistocene Tehama Formation consists of fluvial deposits of
predominantly thick-bedded, poorly sorted, pale-green, gray, or tan-yellow sandy silt
and clay. Gravel and sand interbeds are usually thin and lenticular.

Engineering Geology of Misselbeck Dam

The diorite of the Mesozoic Shasta Bally Batholith, which forms the foundation of
the dam and spillway, is moderately coarse-grained and relatively free from joints
and dikes (Marliave, 1941). A thin mantle of soil and organic matter covers the
undisturbed areas. The diorite is strongly weathered at the surface, forming loose,
granular, coarse sand. Weathering decreases with depth to about 12 feet, below
which sound rock prevails.

Overburden was removed from the stream banks and channel during construction
of Misselbeck Dam (Riddell, 1920). Core trenches in the abutments were excavated
hydraulically to depths of 2 to 5 feet. These trenches were excavated manually an
additional 3 feet. The dam was formed hydraulically by sluicing a mixture of
decomposed granite, sandy clay, and silt to the dam site, where the coarse soils
settled to form the outer shells and the finer materials settled in the core area.
Recent analysis showed that at least a portion of the core consists of interlayered
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grades of sand and silt (CH;M Hill, 1986).

The entire spillway was cut in diorite by sluicing decomposed or weathered
materials away. Considerable erosion of the diorite has since occurred in the lower
spillway from overflows.

Faults and Seismicity

The section "Preliminary Seismic Hazard Evaluation” from the CH;M Hill, Inc.

report "Preliminary Geotechnical Evaluation, Rainbow Lake Dam, Shasta County,
California” states: "The immediate area surrounding the project site has an
historically low level of seismicity. Large active faults such as the San Andreas (80
miles southwest), Freshwater (60 miles west), and the Gorda Plate Subduction Zone
(70 miles west) may potentially have an impact on the project. In addition,
currently unrecognized but active faults may be present in the Sacramento Valley or
Northern Coast Range. In our opinion, the current state of practice in seismic
geology and seismology would support the conclusion that there may be other faults
(either unrecognized or with unrecognized activity) with the potential to affect the
project through ground shaking. There is simply not enough known about the
seismic geology of this area to be positive.”

The "Fault Rupture Hazard” section of the CHM Hill, Inc. report discusses the lack

of known occurrence of faults that actually cross the damsite which could rupture
and cause direct damage to the structure. The report states "there appears to be no
actual hazard from direct fault rupture”, but detailed geologic mapping would be
necessary for evaluation of this potential. However, the potential still exists for
significant damage to the dam from known or unknown faults outside the damsite.

Knowledge of the seismicity of the Misselbeck Dam area is constantly growing. Early
investigators considered the site seismically quiet. Re-evaluation of the original
estimates of seismicity has resulted from increasing knowledge of the tectonics of
the West Coast. In separate studies, the Division of Safety of Dams and the U. S.
Army Corps of Engineers have identified faults that could generate earthquakes of
sufficient magnitude to affect Misselbeck Dam (Figure 6 and Table 9).
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Table 9. Earthquake sources near Misselbeck Dam

Distance Peak Bedrock

Source From Dam  Acceleration Remarks

Eaton Roughs- 78 km 010g MCE1=7.52

Lake Mountain This feature appears to be under-

Fault Zone going strike-slip offset, related to
the San Andreas Transform Fault
System.

Foothill Fault 61 km 007 g MCE =6.53

Zone

Gorda Plate 53 km 024 g MCE = 7.75 in the vicinity of the

Subduction Zone dama2. The surface of this
feature lies beneath the ocean.
The feature dips beneath the
continent to lie beneath the dam.

Maacama Fault 112 km 0.06 g MCE =7.53

Zone

Mendocino 145 km 004g MCE = 7.52

Fracture Zone

San Andreas 125 km 008g MCE = 8.53

Fault Zone

Stony Creek Fault 50 km 0.09g MCE = 6.53

1/ MCE = maximum credible earthquake
2/ Data from Ayers, 1990
3/ Data from USCE, 1982

Seismic Stability

The engineering firm of CH;M Hill, Inc. conducted a preliminary evaluation based

on a single exploratory boring of the embankment forming Misselbeck Dam. The
CH;M Hill, Inc. report stated that their work did not constitute a complete stability

evaluation of the dam due to the limited scope of exploration. The report further
stated that additional evaluation was warranted to know with greater certainty if
there are stability factors that would jeopardize future use of the dam. However, the
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firm concluded that, if the results of the boring are representative of the general
condition of the embankment, there is cause for concern regarding the low relative
density of the sands, especially in the top 45 feet of the dam (CH;M Hill, 1986).

Under seismic shaking, such materials may contract and liquefy, allowing slope
failure. Analysis indicates that core materials in the dam may be susceptible to
liquefaction under fairly low levels of seismic shaking. The CH;M Hill, Inc. analysis

indicated unacceptable safety conditions could be produced at a peak bedrock
acceleration (PBA) as low as 0.07g. (PBA is the movement of the rock or foundation
expressed as a fraction of gravity.) Most of the faults identified (Table 9) are capable
of generating a peak bedrock acceleration in excess of this value. Therefore, the dam
is unsafe.

Vegetation

Overstory vegetation in the reservoir drainage basin is dominated by ponderosa
pine (Pinus ponderosa) occurring in open stands with a few scattered sugar pines
(Pinus lambertiana) and black oaks (Quercus kelloggii) (D. Bogener, DWR, pers.
comm.). Manzanitas form the dominant understory on drier exposures, with both

white-leaf manzanita (Arctostaphylos viscida) and green-leaf manzanita

(Arctostaphylos patula) present. Deerbrush (Ceanothus integerrimus), Lemmon
ceanothus (Ceanothus lemmonii), and California coffeeberry (Rhamnus californica)

are common on less exposed sites. A few scattered willows (Salix sp.) are located
within the drawdown zone of the reservoir near the inlet of the North Fork of
Cottonwood Creek. Numerous annual grass and forb species are also present along
the banks in the drawdown zone.

The upper portion of the Happy Valley Irrigation Canal traverses a vegetative
community dominated by ponderosa pine, digger pine (Pinus sabiniana), and black
oak, with a moderate to dense brush understory. The lower reaches of the irrigation
canal traverse a blue oak (Quercus douglasi) and digger pine community with
scattered mature valley oaks (Quercus lobata) on the deeper soils.

The Happy Valley Irrigation Canal supports substantial riparian growth dominated
by big-leaf maple (Acer macrophylum), white alder (Alnus rhombifolia), and
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willow, with a relatively dense understory of blackberry (Rubus sp.), wild grape
(Vitus californica), and scattered clumps of cattail (Typha sp.). The riparian
vegetation is both continuous and dense adjacent to the canal. Leakage from the

canal also supports locally dense growths of riparian vegetation below the ditch.
The numerous seeps along the irrigation canal are marked by succulent grass and
forb cover that contrast with the much drier surrounding vegetation. Ground water
recharge from the canal may feed many of the seeps and springs which occur
regularly below the ditch.

The presence or absence of rare or endangered plant species in the area of the
reservoir and irrigation canal was verified from published information (Smith and
York, 1984) and a search of the California Natural Diversity Data Base maintained by
the Department of Fish and Game (J. Lacey, DWR, pers. comm.). No rare,
endangered, or limited distribution plant species are known to occur in the wetland
type habitat that could be affected by the proposed project.

Fish
Rainbow trout (Qncorhynchus mykiss) were stocked in Rainbow Lake by the

Department of Fish and Game from 1942 to 1953 (D. Hoopaugh, DFG, pers. comm.).
Catfish (Ictalurus sp.) and bluegill (Lepomis macrochirus) were stocked by an

unknown person (M. Foster, pers. comm.). A large (7.5 pound) German brown trout
(Salmo trutta) was caught from the reservoir by an angler in 1955. No surveys of
fish populations in the reservoir have been conducted, but several species common
to the North Fork of Cottonwood Creek may be found. These include prickly
sculpin (Cottus asper), smallmouth bass (Micropterus dolomieui), green sunfish
(Lepomis cyanellus), bluegill, mosquito fish (Gambusia affinis), brown bullhead
(Ictalurus nebulosus), Sacramento sucker (Catostomus occidentalis), Sacramento

squawfish (Ptychocheilus grandis), hardhead (Mylopharoden conocephalus),
California roach (Hesperoleucus symmetricus), carp (Cyprinus carpio), brown trout,

and rainbow trout. No rare or endangered species of fish are known to occur in the

drainage.
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Wildlife

Numerous game species occur in the reservoir area, including black-tailed deer
(Odocoileus hemionus columbianus), black bear (Euarctos americanus), western
gray squirrel (Sciurus griseus), black-tailed jackrabbit (Lepus californicus), California
quail (Lophortyx californica), mountain quail (Oreortyx pictus), mourning dove
(Zenaida macroura), band-tailed pigeon (Columba fasciata), and wild turkey
(Meleagris gallopavo). Lack of emergent vegetation in the reservoir limits
waterfowl use to very low levels. No endangered, threatened, or rare species are

- known to occur within the reservoir area (D. Smith, DFG, pers. comm.).

Vegetative communities such as those traversed by the Happy Valley Irrigation
Canal support widely diverse populations of animals (Table 10). However, riparian
areas created by leakage from the irrigation canal support disproportionately more
wildlife than the surrounding drier areas (D. Bogener, pers. comm.). Most terrestrial
vertebrate species found in the area depend directly upon riparian habitat or
adjacent aquatic habitat for water, cover, and food. All the upland game birds found
in the area, including California quail, mountain quail, mourning dove, band-tailed
pigeon, and wild turkey, require watering areas or riparian vegetation as a habitat
component throughout the year. All amphibians and many reptiles require water
or moist areas for reproduction. Many passerine birds select riparian habitat for
nesting or feeding. Riparian habitat becomes seasonally important to other game
and nongame species during late summer when water and food sources become
depleted.

Recreation

Public access to Rainbow Lake is currently prohibited. Past recreational uses of the
reservoir included fishing and duck hunting. Some fishing may still occur by
owners of private lands surrounding the reservoir and by trespassers, though
fishing quality is doubtful considering the low levels of storage in recent years and
lack of suitable habitat within the reservoir for many game fish species.




Table 10. Wildlife species potentially occurring in the vicinity of the Happy Valley
Irrigation Canal (from Habitat Relationships Computer Model, DFG)

Common Name

Amphibians

pacific giant salamander*
rough-skinned newt*
California newt*

ensatina

black salamander

western toad*

Pacific treefrog*

foothill yellow-legged frog*
bullfrog*

Reptiles

Birds

western pond turtle*
western fence lizard

western skink

southern alligator lizard
northern alligator lizard
ringneck snake

sharptailed snake

racer

California whipsnake
gopher snake

common kingsnake
common garter snake
western terrestrial garter snake*
western aquatic garter snake*
night snake

western rattlesnake

snowy egret*

great blue heron*
green heron*
black-crowned night heron*
wood duck*

turkey vulture

bald eagle
sharp-shinned hawk
red-shouldered hawk
golden eagle
American kestrel
mallard*

turkey*

California quail*
Virginia rail*
band-tailed pigeon
mourning dove
common barn owl
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Scientific Name

Dicamptodon ensatus
Taricha granulosa
Taricha torosa
Ensatina eschscholtzi
Aneides flavipunctatus
Bufo boreas

Hyla regilla

Rana boylii

Rana catesbeiana

Clemmys marmorata
Sceloporus occidentalis
Eumeces skiltonianus
Gerrhonotus multicarinatus
Gerrhonotus coeruleus
Diadophis punctatus
Contia tenuis

Coluber constrictor
Masticophis flagellum
Pituophis melanoleucus
Lampropeltis getulus
Thamnophis sirtalis
Thamnophis elegans
Thamnophis sirtalis
Hypsiglena torquata
Crotalus viridis

Egretta thula

Ardea herodias
Butorides striatus
Nycticorax nycticorax
Aix sponsa

Cathartes aura
Haliaectus leucocephalus
Accipiter striatys
Buteo lineatus
Aquila chrysaetos
Falco sparverius
Anas platyrhynchos
Meleagris gallopavo
Callipepla californica
Rallus limicola
Columba fasciata
Zenaida macroura
Tyto alba



Common Name

Birds (cont.)

flammulated owl
western screech owl
great horned owl
northern pygmy owl
long-eared owl
Cooper's hawk
northern saw-whet owl
common poorwill
Vaux's swift*

common nighthawk*
roadrunner

mountain quail*
black-chinned hummingbird
Anna's hummingbird
belted kingfisher
Lewis' woodpecker
acorn woodpecker
yellow-bellied sapsucker
red-breasted sapsucker
Nuttall's woodpecker
downy woodpecker
hairy woodpecker
northern flicker
western wood-pewee
western flycatcher
Allen's hummingbird
black phoebe*
ash-throated flycatcher
purple martin*

tree swallow*
violet-green swallow*
northern rough-winged swallow*
Stellar's jay

western kingbird

scrub jay

yellow-billed magpie
American crow*
common raven

plain titmouse
common bushtit
red-breasted nuthatch
white-breasted nuthatch
barn swallow*
Bewick's wren

house wren
long-billed marsh wren
ruby-crowned kinglet
blue-gray gnatcatcher

Scientific Name

Otus flammeolus

Otus kennicottii

Bubo virginianus
Gloucidium gnoma
Asio otus

Accipiter cooperii
Aegolius acadicus
Phalaenoptilus nuttallii
Chaetura vauxi
Chordeiles minor
Geococcyx californianus
Oreortyx pictus
Archilochus alexandri
Calypte anna

Ceryle alcyon
Melanerpes lewis
Melanerpes formicivorus
Sphyrapicus varius
Sphyrapicus ruber
Picoides nuttallii
Picoides pubescens
Picoides villosus
Colaptes auratus
Contopus sordidulus
Empidonax difficilis
Selasphorus sasin
Sayornis nigricans
Myiarchus cinerascens
Progne subis
Tachycineta bicolor
Tachycineta thalassina
Stelgidopteryx serripennis
Cyanocitta stelleri
Tyrannus verticalus
Aphelocoma coerulescens
Pica nuttalli

Corvus brachyrhynchos
Corvus corax

Parus inornatus
Psaltriparus minimus
Sitta canadensis

Sitta carolinensis
Hirundo rustica
Thryomanes bewickii
Troglodytes aedon
Cistothorus palustris
Regulus calendula
Polioptila caerulea



Common Name

Birds (cont.)

western bluebird
Swainson's thrush
hermit thrush
American robin

varied thrush

wrentit

cedar waxwing

starling

mockingbird

solitary vireo

Hutton's vireo
warbling vireo
orange-crowned warbler
Nashville warbler
yellow warbler
yellow-rumped warbler
black-throated gray warbler
Macgillivray's warbler
common yellowthroat
Wilson's warbler*
yellow-breasted chat*
black-headed grosbeak
rufous-sided towhee
fox sparrow

song sparrow
white-crowned sparrow
Savannah sparrow
golden-crowned sparrow
dark-eyed junco
brown-headed cowbird
red-winged blackbird
northern oriole
Brewer's blackbird
house finch

lesser goldfinch
American goldfinch
house sparrow
white-tailed kite

Mammals

Virginia opossum
broad-footed mole
Yuma myotis
California myotis
big brown bat

red bat

hoary bat

pallid bat

brush rabbit
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Scientific Name

Sialia mexicana
Catharus ustulatus
Catharus guttatus
Turdus migratorius
Ixoreus naevius
Chamaea fasciata
Bombycilla cedrorum
Sturnus vulgaris

Mimus polyglottos
Vireo solitarius

Vireo huttoni

Vireo gilvus

Vermivora celata
Vermivora ruficapilla
Dendroica petechia
Dendroica coronata
Dendroica nigrescens
Oporornis tolmiei
Geothlypis trichas
Wilsonia pusilla

Icteria virens

Pheucticus melanocephalus
Pipilo erythrophthalmus
Passerella iliaca
Melospiza melodia
Zonotrichia leucophrys
Passerculus sandwichensis
Zonotrichia atricapilla
Junco hyemalis
Molothrus ater

Agelaius phoenicens
Icterus galbula

Euphagus cyanocephalus
Carpodacus mexicanus
Carduelis psaltria
Carduelis tristis

Passer domesticus
Elanus leucurus

Didelphis marsupialis
Scapanus latimanus
Myotis yumanensis
Myotis californicus
Eptesicus fuscus
Lasiurus borealis
Lasiurus cinereus
Antroxous pallidus
Sylvilagus bachmani



Common Name

Mammals (cont.)

Sonoma chipmunk

California ground squirrel

western gray squirrel

black-tailed jackrabbit

western harvest mouse

deer mouse

dusky-footed woodrat

bushy-tailed woodrat

California vole

creeping vole

muskrat*

house mouse

western jumping mouse

porcupine

coyote

gray fox

black bear

Botta pocket gopher

badger

Herrmann kangaroo rat

ringtail*

raccoon*

long-tailed weasel

western spotted skunk

striped skunk

mountain lion

bobcat

wild pig

black-tailed deer

beaver

* Species most likely impacted by project

Scientific Name

Eutamias sonomae
Cittelus beecheyi

Sciurus griseus

Lepus californicus
Reithrodontomys megalotis
Peromyscus maniculatus
Neotoma fuscipes
Neotoma cinerea
Microtus californicus
Microtus oregoni
Ondatra zibethica

Mus musculus

Zapus princeps
Erethizon dorsatum
Canis latrans

Urocyon cinereoargenteus
Enarctos americanus
Thomomys bottae
Taxidea taxus
Dipodomys heermanni
Bassariscus astutus
Procyon lotor

Mustela frenata
Spilogale putorius
Mephitis mephitis

Felis concolor

Lynx rufus

Sus scrofa

Odocoileus hemionus
Castor canadensis

Game species existing in the upper portion of the North Fork of Cottonwood Creek ‘
downstream from Misselbeck Dam include rainbow trout and brown trout (Terry

Healy, DF&G, pers. comm.). Appreciable numbers of small smallmouth bass occur
near the confluence with the main stem of Cottonwood Creek (Charles
Brown,DF&G, pers. comm.). However, limited access and rugged terrain limit

opportunities for recreational fishing.




Fire Protection

The Public Resources Code provides fire ratings based on fuels, weather, and
topography. The Igo-Ono area south of Platina Road is rated as high fire danger due
to hot dry summers, and largely grass covered rolling hills. The area north of
Platina Road is rated as very high fire danger due to the steeper topography, and
denser growths of brush and trees.

Fire protection services are provided to the area by the California Department of
Forestry, with fire stations located in Ogo, which is about 8.5 miles southwest of
Ono, and in Redding, which is about 16 miles away.  Volunteer fire departments
provide additional protection, with stations located in both Igo and Ono.

The fire history of the Igo-Ono area is one of minimal fire occurrence (Chris
Newton, CDF, pers. comm.). Use of water from the ditch for fire protection,
therefore, has been minimal. In addition, the Department of Forestry cannot easily
refill fire engines or tankers from the ditch due to the shallowness and remoteness
of much of the ditch and laterals. Ponds maintained by the ditch may be used for a
water supply to fight local fires, but water tankers would usually be available to
provide additional water to fire engines. Additional water is available from a water
tank located at the intersection of Platina and Cloverdale Roads near Igo.

Flood Protection

Misselbeck Dam modifies surges in winter runoff. Maximum discharge through the
two outlet pipes was calculated as about 260 cfs (D. Cahoon, DWR, pers. comm.).
Runoff from the drainage basin upstream from the dam in excess of the capacity of
the outlet pipes is contained in reservoir storage up to the elevation of the spillway.
However, with the limited storage capacity of the reservoir (about 3,600 acre-feet)
severe floods are not attenuated. A peak inflow into the reservoir of 3,730 cfs would
produce an outflow of about 3,433 cfs for a 100 year event with water at the spillway
crest at the beginning of the storm (Marchant, 1989). With a restricted reservoir
level, storm attenuation would increase.
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Flood Hazard from Dam Failure

The Water Code directs the Department of Water Resources to require owners of
unsafe dams to correct deficiencies or remove such dams from service, regardless of
the possible extent of downstream damage. Removal of all residences and
designation as a flood plain downstream from Misselbeck Dam would not alter the
requirement of the Water Code that the Department take action to require either
evaluations and repair of the dam, or removal from service.

Failure of Misselbeck Dam could occur by breaching caused by liquefaction of a
portion of the embankment during an earthquake. The mode of failure would
depend on the extent of liquefaction. Part of the embankment could slump,
releasing enough water to erode the embankment. This would lead to uncontrolled
release of stored water and failure of the dam. Liquefaction of the entire
embankment might cause an almost instantaneous movement and collapse of
embankment fill material and release stored water down the North Fork of
Cottonwood Creek (B. J. Smith, DWR, pers. comm.).

Downstream flood damage is dependent upon several factors, including the mode
of dam failure, flows in the North Fork and main stem of Cottonwood Creek, and
the reservoir stage. A worst-case scenario assumes that dam failure occurs with the
reservoir full and relatively high streamflows, and that the 250,000 cubic yards (155
acre-feet) of embankment and 1,130,000 cubic yards (700 acre-feet) of trapped
sediments in the reservoir liquefy during an earthquake, thereby releasing about
7,187,000 cubic yards (4,455 acre-feet) of combined sediment and water nearly
instantaneously to the North Fork Cottonwood Creek channel. Alternating valleys
and narrow canyons downstream from the dam site may modify the floodflow by
decreasing the peak flow that would occur at the dam site, but they would also
increase the duration of the floodflow. Hoover Dam, which is completely filled
with sediments, would probably do nothing to modify a floodflow. The flow could
exceed the channel capacity for most or all of the length of the North Fork of
Cottonwood Creek, to as far as the confluence with the Middle Fork.
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Residences The area downstream from Misselbeck Dam was surveyed from a
helicopter during November, 1989. Three apparently abandoned cabins were
identified within two miles of Misselbeck Dam. Two active ranches were identified
adjacent to the North Fork of Cottonwood Creek in the narrow canyon within 2.5
miles of the dam. One of the ranches was a house, while the other was a mobile
home.  Both ranches contained numerous vehicles, outbuildings, and other
improvements. A third homesite identified on the most recent U. S. Geological
Survey map (1981) was found to be demolished. However, the foundation of a
house under construction was found about 3 miles downstream from the dam.
While the partially completed residence may be located sufficiently above the
streambed to avoid damage from failure of Misselbeck Dam, the other two ranches
would definitely be affected. The house is located adjacent to the left (east) bank of
the North Fork of Cottonwood Creek, while the mobile home is situated about 100
feet from the creek with an elevation of about 20 to 25 feet above the streambed.

The only other residence along the North Fork, a ranch on the left bank at the
northerly Lower Gas Point Road crossing, is about 16 miles downstream from the
dam. The house, barn, equipment sheds, and other buildings are located about 250
feet from the creek, but they are situated on a flat terrace that is apparently an
alluvial deposit formed by high flows in the creek. The opposite (right) bank of the
creek at this point is a steep bluff that is higher than the ranch buildings. It is
probable that this ranch would be seriously damaged or destroyed by the floodflow.

Other residences that might be assumed to be affected by the floodflow are situated a
few miles east of the community of Cottonwood, about 30 miles downstream from
the dam. Due to the large channel capacity of lower Cottonwood Creek at that point,
it is unlikely that floodflow from the failure of Misselbeck Dam would severely
damage them or the community of Cottonwood, unless that flow coincided with the
peak flow of a large flood in the Cottonwood Creek Basin.

Bridges There are four county road bridges across the North Fork of Cottonwood
Creek, two of which could be damaged or destroyed by the floodflow.

The Platina Road bridge crosses the creek about 10 miles downstream from the dam.
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This bridge is a modern steel and concrete structure, with the deck about 80 feet
above the stream channel. It is considered unlikely that the floodflow would affect
this structure.

The northerly Lower Gas Point Road bridge crosses the creek about 16 miles
downstream from the dam. This is an older steel truss bridge with a span of about
100 feet. The bottom of the truss is about 12 to 15 feet above the stream channel. It is
considered probable that this bridge would be damaged or destroyed by the
floodflow. Replacement was estimated in 1985 to cost $256,000 (G. Gordon, Shasta
County Public Works Department, pers. comm.).

The southerly Lower Gas Point Road bridge crosses the creek about 18 miles
downstream from the dam. This is also an older steel truss bridge, with two spans
of about 100 feet each. The easterly span is about 25 feet above the stream channel.
Gravel deposits under the westerly span reduce the clearance to 12 to 15 feet. It is
possible that this bridge could be damaged or destroyed by the floodflow. Costs
estimated in 1985 to replace the bridge are $500,000 (G. Gordon, pers. comm.).

The McAuliffe Road bridge crosses the creek about 19 miles downstream from the
dam. This bridge is a modern concrete structure with four spans of about 50 feet
each. The bridge deck is about 20 feet above the stream channel at the east end and
rises about 10 feet in elevation to the west end of the bridge. The roadway appears to
be lower in elevation than the bridge deck for about 100 feet east of the bridge,
providing an overflow area for high flows. It is considered unlikely that this bridge
would be affected by the floodflow, but the roadway to the east might be overtopped
and washed out.

Other bridges (Interstate 5, Southern Pacific Railroad, and old Highway 99) cross
Cottonwood Creek at Cottonwood, about 30 miles downstream from the dam. It is
considered unlikely that the floodflow would affect these bridges, unless that flow
coincided with the peak flow of a large flood in the Cottonwood Creek Basin.

Sedimentation The failure of Misselbeck Dam would release about 1.9 million cubic
yards of silt and sand into the channel of the North Fork of Cottonwood Creek.
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Portions of this sediment would be deposited along the stream banks as the
floodflow receded, and portions would be deposited in the stream channel of the
lower creek, where the thalweg slope is less and the sediment-carrying capacity of
the floodflow would be reduced. It would take a number of years for all this
sediment to be transported down Cottonwood Creek and into the Sacramento River,
depending upon the magnitude and frequency of high flows in the basin. A portion
of this sediment would be trapped and removed from the creek by gravel extraction
operations at Cottonwood. The major impact of this sediment would be the
clogging of spawning gravels for anadromous fish in lower Cottonwood Creek and
the Sacramento River.

Other People exposed to the floodflow through activities in the floodplain would
risk injury or loss of life. Travelers using roads and bridges, recreationists, and
workers in the floodplain would be at risk. The number of people at risk is highly
variable, depending on traveling patterns, recreational opportunities at various

times of the year, and worker requirements for activities on lands affected by the
floodflow.

Farm, ranch, and industrial operations in the floodplain would also suffer from
economic losses. Floodflows would destroy planted crops or orchards, or degrade
farmland quality through erosion during the flood peak or deposition of sediments
as the floodflow receded. Livestock maintained on lands in the floodplain would be
injured or lost. Fences, irrigation systems, and equipment would be damaged or
lost. Since land use varies with time of year, such as winter range for cattle grazing
or summer farming of crops, losses would depend on the time of year in which
failure occurred. Gravel operations at Cottonwood would also be affected through
loss of lives or equipment.

SIGNIFICANT ENVIRONMENTAL EFFECTS

Revocation of the Certificate of Approval for Misselbeck Dam would prohibit
storage of water. The loss of stored water during years of normal runoff would not
significantly affect the ability of the Igo-Ono Community Services District to supply
water in quantities that have been delivered since 1982 to customers. A maximum
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of 600 acre-feet was delivered in 1984, while water supply data conservatively
indicate at least 800 acre-feet were available from natural streamflows throughout
the irrigation season during a year of less than normal runoff. However, data are
not available to determine water supplies available from streamflows unaugmented .
by reservoir storage during severe drought or consecutively dry years. Loss of stored
water in dry years may significantly affect the ability of the district to meet existing
supply requirements, adversely affecting domestic and agricultural users, wildlife,
and fire protection capabilities.

Prohibition of storage behind Misselbeck Dam would require extensive structural
modification. This would eliminate the current certified storage of 1,200 acre-feet.
This loss would significantly affect future growth in the area. The manner in which
the dam was altered to preclude impoundment may also produce environmental
effects.

Domestic Use

Most domestic water in the Igo-Ono Community Services District is obtained from
wells, springs, or bottled water. Sixteen residences at Ono and six residences at Igo,
as well as a few scattered residences in the district, rely directly on the Happy Valley
Irrigation Canal for domestic water. However, many wells and springs are
recharged by leakage from the canal and thus rely indirectly on the canal for
domestic water.

Water requirements for domestic supply may be determined by assuming an
average annual demand of 150 gallons per capita per day, a maximum daily demand
of three times the average annual demand, and a maximum hourly demand of six -
times the average annual demand (SCDWR, 1965). The maximum daily demand_ is
thus 450 gallons per day (gpd) or 0.31 gallon per minute (gpm) per capita, and the
maximum hourly demand is 900 gpd or 0.63 gpm per capita. The approximately 400
residents in the district would produce a total maximum hourly demand of 250
gpm, which would require a continuous flow of 0.6 cfs.

The estimated water supply available for diversion from natural flows in the North
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Fork of Cottonwood Creek during late summer in 1983, 1986, 1987, and 1988 would
have been more than sufficient to satisfy the water demand for domestic use. Loss
of half the total available supply to canal leakage would still have provided ample
domestic supplies in the canal because most residences rely on ground water
recharged from canal leakage rather than direct diversion from the canal.

Data are not available to determine the availability of water from natural
streamflows during drought years. Additional water supplies, such as from
reservoir storage, may be needed during exceptionally dry years to provide water for
domestic use. Recharge to the ground water supply may not be sufficient at low
flows in the canal to meet pumping requirements for domestic needs and other
uses, including agriculture and stock watering. In addition, operating the present
distribution system to maintain the uniform flow needed to meet domestic demand
would be extremely difficult, if not impossible, in a dry year.

Agricultural Use

Augmentation of natural streamflows with stored water is necessary to provide full
irrigation throughout the irrigation season and dependable minimum supplies to
balance natural streamflow fluctuations from year to year. Loss of storage behind
Misselbeck Dam would result in undependable annual water supplies that could
fluctuate significantly from year to year. The extent of pasture development would
depend on water available during low flow years, since development undertaken
when supplies were more abundant could be lost during a dry year. Although some
pasture may be developed beyond that which dry year flows could support, higher
value crops would probably not be developed since greater monetary losses would
be sustained in a dry year. Full storage behind Misselbeck Dam would provide about
3,600 acre-feet of water, which would be sufficient to irrigate about 530 acres of
pasture, in addition to that supported by natural streamflows. At the current
restricted storage of 1,200 acre-feet, about 180 acres could be supported. The
availability of dependable and adequate water supplies would likely result in
production of higher valued crops, such as orchards, which would not occur
without storage.
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Wildlife

Prohibition of water storage behind Misselbeck Dam would eliminate the reservoir
habitat used by fish and wildlife. However, losses of fish and wildlife dependent on
the reservoir would probably not be significant. Reservoir storage in past years, and
most recently in 1986 and 1987, has been depleted during the summer. The loss of
reservoir habitat during these years would have eliminated any fish or wildlife
species strictly dependent upon it. The natural flow of the North Fork of
Cottonwood Creek would be unaffected by the prohibition of storage and would
continue to provide habitat during the summer for fish and wildlife as has occurred
in past years following depletion of reservoir storage. However, prohibition of
storage could affect species seasonally dependent upon reservoir habitat, such as
migratory waterfowl. Little use of the reservoir by such species, though, has been
reported in past years.

Leakage of water diverted to the Happy Valley Irrigation Canal from the natural
flow of the North Fork of Cottonwood Creek and other tributaries would continue
to support riparian habitat important for a variety of wildlife species. However,
some riparian habitat may be lost because natural streamflow would be insufficient
to maintain flow the entire length of the canal during late summer in some years.
This loss would displace dependent wildlife species (Table 10) to other suitable
habitat. Competition for limited resources would eventually cause loss of displaced
wildlife.

A diminished water supply would also reduce irrigated pasture, causing the loss of
seasonally important wildlife forage habitat. Game species affected include
black-tailed deer, feral pigs, turkeys, and black bear.

Fire Protection

The presence or absence of Misselbeck Dam does not affect the fire rating of the area.
The main effect from loss of water storage behind Misselbeck Dam would be the loss
of a helicopter reloading area from the reservoir for fire control in the Bully Choop
area to the northwest (Chris Newton, pers. comm.).
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The Department of Forestry cannot easily refill fire engines or water tankers from
the canal due to the shallowness and remoteness of much of the canal and laterals.
Water held in ponds, which may be supplied by the canal, are valuable, however,
for refilling of water by fire suppression equipment. Water would probably be
available in the canal for filling of ponds throughout the summer during years of
normal runoff. During drought years, however, water may not be available in
sufficient quantity to maintain water in ponds throughout the service area,
resulting in fewer sites for reloading with water of fire suppression equipment.
General fire conditions can be expected to be most severe during drought years,
which increases the value of stored water to maintain flow in the canal and filling
of local ponds. Fire suppression equipment may have to travel greater distances
during drought years to reload with water, which may decrease the ability to
suppress fires. However, water tankers and a water tank about 2 miles south of Igo
are available for refilling of fire suppression equipment even during drought years.

Sedimentation

Prohibition of storage would require virtually unimpeded flow of the North Fork of
Cottonwood Creek through the present reservoir area. The reservoir presently
functions as a sediment retention trap, although prior to about 1969 winter flows
were not impounded allowing sediment carried with winter high flows to pass
through the reservoir area. About 700 acre-feet of sediment has been retained since
construction in 1920, while an unknown quantity has been flushed downstream.
The rate of sediment accumulation and the amount of sediment that leaves are both
unknown. More sediment would be carried downstream if the reservoir was
removed from service or returned to the operation schedule that existed prior to
1969.

Sediment deposition in the North Fork of Cottonwood Creek downstream from
Misselbeck Dam would not likely increase significantly if sediment transport
increased. The relatively narrow channel creates hydraulic conditions that flush
most sediments. Hydraulic conditions in the main stem of Cottonwood Creek
would, however, allow sediment to be deposited. Increased deposition would not
significantly impact aquatic habitat in the main stem of Cottonwood Creek since
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present sedimentation is significant (K. Buer, DWR, pers. comm.). Hydraulics in the
Sacramento River would prevent deposition of sediments in important aquatic
habitat, but sediments contributed by Cottonwood Creek would be deposited on
floodplains and high terraces.

The potential for catastrophic failure of the dam embankment and subsequent mass
downstream movement of fill materials and stored sediments would be greatly
reduced by the prohibition of water storage. Embankment failure could still occur
during an earthquake, allowing downstream sedimentation as the fill materials and
reservoir sediment are eroded by natural surface runoff.

Economy

The lack of a dependable water supply has limited the economic development in the
Igo-Ono area. While some businesses in Igo and Ono primarily serve the nearby
areas, most revenues are generated by commuters to neighboring communities,
such as Redding and Anderson. Retired residents are another source of revenue.
Hunters pursuing abundant game species in the area may provide some additional
revenue to local retailers and services. Some loss of revenue to local services may
occur from hunters attracted to other areas if populations of game species become
significantly reduced.

The natural flow of the North Fork of Cottonwood Creek and tributaries diverted
into the Happy Valley Irrigation Canal would have provided sufficient water to
satisfy present domestic requirements, either through direct use or ground water
recharge, during 1983, 1986, 1987, and 1988. Data are insufficient to indicate whether
similar water supplies would be available during other years, especially such
drought years as 1976 and 1977. Decrease in natural streamflows below the level
required to provide direct use and ground water recharge would impose a severe
hardship on residents, who would then have to haul water and make provisions for
individual storage.

- The lack of a dependable domestic water supply may also adversely affect property
values, although losses from depreciation of property values would not affect
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residents until a property was sold. However, the Igo-Ono area has historically
experienced water supply shortages. Residents purchasing property in the area have
accepted shortages as part of the inconvenience of rural living, but dependable water
supplies are much desired. Property values, therefore, might not drop significantly.
Loss of property value may result in reduced property tax income for local taxing
jurisdictions.  Some residents may leave the area due to the lack of a dependable
water supply. The loss of these residents may result in some loss of enrollment, and
thus funds, in the Igo-Ono-Platina Union School District.

Many landowners use irrigated pasture to support horses for recreation and to raise
a few head of cattle or sheep for personal consumption. Some larger landholdings
are used commercially for cattle grazing, but present water shortages generally
preclude use throughout the summer.

Historically, as much as 1,000 acres of pasture were irrigated when more water was
available from Misselbeck Dam. Storage limitations beginning in 1966 and
undependable natural streamflows reduced irrigation to only 381 acres by 1982.
Dependence on natural streamflows alone in future years would probably further
reduce irrigated acreage. The amount of water available during years of low flow
would probably set the limit, since acreage developed during years of more
abundant flow would be lost when water supplies diminished during dry years.
Water has been delivered to customers in recent years sufficient to fully irrigate only
about 160 acres. However, some of the 550 acre-foot average delivery in recent years
is used domestically, reducing the amount for irrigation.

Lack of canal maintenance has contributed to the reduction of water availability,
with up to half of the transported water currently lost to leakage or unauthorized
appropriation. Potential water availability has been further reduced by about 700
acre-feet due to sediment accumulation behind Misselbeck Dam. Though sufficient
water may have been available in some years to irrigate 1,000 acres, the present
certified storage of about 1,200 acre-feet and losses due to evaporation and transport
severely reduce the acreage that can be irrigated.

Prohibition of storage behind Misselbeck Dam would eliminate the current
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potential water yield of 1,200 acre-feet. This would be sufficient to irrigate about 180
acres of pasture at 3.4 acre-feet of water per acre, assuming loss of half the supply to
leakage. The loss of reservoir yield would inhibit pasture development. Use of the
entire potential water supply for pasture development would be worth ‘
approximately $13,230 per year at $10.50 per acre per month for a seven-month
season. Additional economic losses may result from lowered property values.

The Igo-Ono Community Services District, based on charges of the previous owner
ranging from $7 to $14 per acre-foot of water depending on the delivery rate, could
derive from $8,400 to $16,800 per year in income from use of certified reservoir
storage. The Igo-Ono Community Services District currently derives revenue of
about $14,000 to $16,000 annually, but expenses nearly equal income (Jerry Vossen,
Chairman, Igo-Ono Community Services District, pers. comm.). The district also
has an annual payment of $5,000 for a period of ten years for purchase of the water
system. Reduced water supplies that would result from prohibition of storage
would reduce potential income for the Igo-Ono Community Services District, and
may affect the district’s ability to pay expenses.

REVOCATION COMPLIANCE

If the Department of Water Resources revokes the Certificate of Approval, the Igo-
Ono Community Services District would be responsible for modifying Misselbeck
Dam so that no water could become stored. Modifications to comply with the
revocation would require prior approval by the Division of Safety of Dams.

The Igo-Ono Community Services District could not simply maintain the outlet
valves in the fully open position to allow unimpeded flow of the North Fork of .
Cottonwood Creek. Since the capacity of the outlet pipes is insufficient to pass flows
associated with winter storms, water would be stored and may overflow the
spillway.

Similarly, the capacity of the outlet facilities may be enlarged to pass winter

streamflows. The outlet pipes could be removed and the tunnel bulkhead modified
to allow unimpeded flow through the outlet tunnel, which has a flow capacity of

60



approximately 900 cfs (D. Slebodnick, DWR, pers. comm.). Though the ability to
pass high streamflows would be enhanced by modification of the outlet facilities,
major winter storms could produce streamflows beyond the capacity of the outlet
tunnel, causing water to become stored behind the dam. The outlet tunnel may also
become clogged by debris from the logged watershed, thereby reducing the ability to
pass winter flows.

The Igo-Ono Community Services District could breach the dam embankment by
hauling embankment fill and stored sediments to a suitable disposal area.
Environmental effects would resemble those normally associated with construction
activities, including increased traffic, noise, dust, and equipment emissions, but
little downstream impact should occur. The reservoir area would require
revegetation to reduce erosion. Downstream transport of sediments from the upper
watershed would increase from removal of the dam which acts as a sediment trap.
Sediment deposition patterns in downstream channels should not change.
Removal, transport, and storage of embankment fill (250,000 cubic yards) and
deposited sediments (1,130,000 cubic yards) would cost $1,250,000 and $5,650,000,
respectively, estimated at $5 per cubic yard, for a total of $6,900,000.

The entire dam and stored sediments, however, may not need to be removed. The
crest of the dam could be lowered to the sediment storage elevation, which is
currently about 40 feet above the streambed. The remaining embankment would
have to store not more than 15 acre-feet of water to no longer be considered a dam.
Embankment fill above the 40-foot elevation could be hauled to a disposal area, but
at substantial cost, or spread over the current sediment deposits at relatively little
cost. The remaining dam embankment would require protection from erosion,
which could be achieved with a concrete cap or other means. Revegetation of the
sediments would decrease scour from high flows as well as increase wildlife habitat
and improve aesthetics. The channel through the deposited sediment may have to
be stabilized to prevent erosion. Sediments produced from the upper watershed
would be transported to downstream areas, but deposition patterns should not
change. The remaining dam embankment and reservoir sediment would remain
saturated. Liquefaction may cause these soils to flow into the North Fork of
Cottonwood Creek. Drainage of the sediments may be enhanced to reduce
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liquefaction potential using the outlet tunnel and drain material.

The spillway could be lowered to the sediment storage elevation, leaving the main
embankment undisturbed. The resulting storage capacity would have to be not
more than 15 acre-feet of water. Material removed from the spillway area could be
hauled to a disposal area or spread over current sediment deposits behind the dam.
The spillway may require enlargement to safely pass an appropriate flood. The
integrity of natural material beneath the altered spillway would require evaluation
to determine susceptibility to erosion, and may require capping with concrete.
Reduction of scour of stored sediments and improvement for wildlife habitat and
aesthetics could be achieved through revegetation. Channel stabilization through
deposited sediments would reduce erosion. No significant effects to downstream
areas are expected from the movement of sediments eroded from the upper
watershed. Damage due to liquefaction would be similar to the last alternative.
Enhanced drainage to reduce liquefaction potential may also be achieved using the
outlet tunnel and drain material.

UNAVOIDABLE SIGNIFICANT ENVIRONMENTAL EFFECTS

Revocation of the Certificate of Approval for Misselbeck Dam would cause
significant environmental effects that could not be avoided. Prohibition of water
storage would significantly reduce the water supply available for domestic use,
agriculture, fire protection, and wildlife. This might subsequently lower property
values and affect economic development in the area. Costs for development of
alternative water supplies could also raise utility bills for residents.

MITIGATION MEASURES TO MINIMIZE THE SIGNIFICANT EFFECTS

The Department of Water Resources proposes the revocation of the Certificate of
Approval for Misselbeck Dam. Mitigation for any loss of water supply is the
responsibility of the Igo-Ono Community Services District, operating under a
certificate of public convenience and necessity for public utility water service.
Several courses could be followed to mitigate the significant effects caused by the
revocation of the Certificate of Approval to store water behind Misselbeck Dam.
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