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L - This Volume II report:

~ understanding of biclogical and geomorphologi
‘Lagunitas Creek reported in Volume I (Bratovich and Kelley 1988),

. and a reservoir operations model of the Marin Municipal Water

4 District (MMWD) water system to define the best possible instream

_flow regime for Lagunitas Creek, Marin County. : Our goal is to
maximize salmon’ and steelhead production in a way that is
fo compatible with other natural resources and the need of MMWD to
supply domestic water.

= e B =

The results of our studies reported in Volume I were
r used to define a preliminary .set of minimum flows that appears.
necessary for each portion of the salmon-and steelhead life -
cycles. Those preliminary minimum flows,. below which the stream

14 should not be allowed to fall, were included in a reservoir
operation study as a demand on the project. Running the
reservoir operation model for a 30-year. period (1955-1984)

b identified the years when meeting such requirements would have -
been relatively easy or when it would:have been difficult or
impossible even with mandatory conservation of diverted water in
dry ¥years. - Through a series of model runs, biologists Paul

¥ Bratovich and Don Kelley and MMWD hydrologist Dana Roxon
developed a flow regimen aimed at providing the best possible
instream flow for fish consistent with MMWD water supply

] requirements. '

Chapter 2 describes the minimum flow schedule or
. operating rules selected to accomplish this. Chapter 3 is a
description of the operation study results, i.e., the instream
flows which the fish would have experienced if the project had
: : been operated during the period from 1955 to 1984. It includes
7 tables of mean monthly water flows that would have been released
to protect the stream under this schedule and daily flows that
. would have resulted in Lagunitas Creek downstream.

Chapter 4 addresses the need to prevent streambed
conditions from deteriorating. Our previous work and that of
Hecht et al. (1979; 1980; 1981; and 1983) led to the conclusion
that salmon and steelhead production in Lagunitas Creek is
dependent upon streambed conditions just as much as it is upon
streamflow. Upstream watershed and bank erosion and deposition
! of sand in the stream creates a soft streambed which permits
excessive scour at even roderately high flows. In many winters
this scour has &%l.«3i wmn=:t of the salmon and many of the

e steelhead embrycs incutasiag in the Lagunitas Creek gravel.
Chapter 4 also describes Hecht's prediction that the enlarged
Kent Dam, while reducing scour, is likely to permit the
accumulation of sand. Thigs would reduce spawning and rearing

4 habitat and reduce the effectiveness of instream flows. We
suggest a sediment management program to prevent this from
happening.

1




N Chapter 5 summarizes our recommendations for instream
"flows, for sediment management, and for other actions.which we .
‘believe are important to restore the salmon and steelhead

' resources of Lagunitas Creek to a permanently healthy condition.

'1
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P Table 1 lists our recommended mlnimum instream flow

: schedules for each.life history stage of- salmon and steelhead in
.Lagunitas Creek. There are separate schedules for wet,, normal,
*below normal, and dry year conditions. ' This chapter- summarlzes
... the basis for. these recommendatlons. Additional details can be .
~ found in Volume 1.- = = A 1o —— '

-. WET AND DRY. YEAR CRITERIA : '

Over the years, the instream flow requlrements on’ many
california streams have included dry or critical year reductions.

_ Since the competition between in- and out-of-stream use is

greatest in dry and critical years, such reductions have made it

_;poss1b1e for the State Water Resources Control Board (SWRCB) to
-~ impose conditions that provide.larger instream flows in wetter. ..

years.without reducing the: safe.yield-of the. reservoirs below --

-acceptable levels. Such dry and critical year reductions have

generally been implemented when rainfall in the watershed or

" runoff -into- the reservoirs by a certaln date (or dates) has been

less than the normal amount.

Numerous runs of the MMWD Reservoirs model demonstrated
that the system could provide hetter instream flows if wet,
normal, below normal, and dry flow schedules could be based upon
end of month reviews of the amount of water stored in all the
Lagunitas Creek watershed reservoirs instead of on previous
ralnfall or runoff.

A valid objectlon to u51ng reserv01r storage 1evels for
thls purpose is that should the District divert more Lagunitas
Basin water than was diverted in the model operation study,

"reservoir storage would sometimes be lower than that described in

the study. Because they are tied to reservoir storage, instream
flow requirements would be lower during those periods. The
District is attempting to avoid increasing diversion by voluntary
and mandatory water conservation, a search for out-of-basin
supplies, and by declaring protection of the Lagunitas Creek
environment and fishery a project purpose--but public desire for
more water will likely always be strong. The District's
consulting attorney, Tom Thorner, has suggested that the
objection to basing dry year reductions on reservoir storage
could be satisfied by agreement that, should the District diveur:
more Lagunitas basin water than specified in the operation stuay
(34,000 acre-feet per water year), the additional water would be
added to the actual end-of-month storage levels and the sum of
the two be used to determine instream flow requirements. The
language of such a condition has not been developed but the idea
appears sound.
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WET CONDITION ‘

Table T. Recomunmded mlnimum instream flow schedules for coho salmon and steelhead trout In Laguniﬁas Creek. .
ifSPTSP gage refers to the USGS gage 1n Samuel P. Taylor State Park. ) . : : - cl

N e ER= - & v

e -

SPECIES LIFE STAGE TIME PERIOD

ATTRACTION, PASSARGE FLOWS  NOV 01-DEC 31

SRR L, " . DEC 01

a) Once a 25 cfs mean daily "trigger" occurs
at the USGS gage near Pt. Reyes Statlon,

maintain 35 cfs for 3 days at the SPTSP
gage. Repeat after each "trigger".

b) If no "trigger" has occurred, then
release enough water into Lagunitas Creek
above Shafter Bridge to provide 35 cfs
for 3 days at the SPTSP gage.

o

-+~ 2 Steslhead t_r]:ut ATTRACTION, PASSAGE FLOWS =~ JAN 01-FEB 28

FEB 01

'a) Once a 25 ofs mean daily "trigger" occurs

at the USGS gage near Pt. Reyes Stationm,
malntain 35 cfs for 3 days at the SPTSP
gage. Repeat after each "trigger".

b) If no “trigger" has occurred, then
release enough water into Lagunitas Creek
above Shafter Bridge to provide 35 cfs
for 3 days at the SPTSP gage.

3 Coho salmon SPRWNING, INCUEATION
..Steelhead.trout--SPRING REARING, -~ DORT )

EMIGRATION i

Nov 01-AFR 30

Immediately following the first
- .occurrence of elther a "trigger" flow or
release specified in Step 1, maintain a
bese winter flow of 16 cfs at the SPTSP
gage.. No more than 14 c¢fs need be
released to meet this requirement. !

4 Coho salmon

SPRING REARING, EMIGRATION
Steelhead trout '

MAY 01-JUN 15

Maintain a flow of 12 cfs at the SPTISP
gage.

5 Coho salmon LATE EMIGRATION, JUN 16-NOV G1 Maintain a flow of B8 cfs at the SPTSP
Steelhead trout SUMMER REARING gage. Continuve flow malotenance until
either a Mri-ses” o ralesg. "oCurs as
specified in titen L.
i!
E
4

[



NORMAL CONDITION

<

o e - e v - - -

., LIFE STAGE _ . TIME PERIOD , . FLOW

AETFACTION, PASSAGE FLOWS NOV 01-DEC 3L’ =) Once a 25 cfs mean daily "trigger" occurs
- . . at the USGS gage near Pt. Reyes Statilon,
maintein 35 cfsg for 3 days at the SPTSP
gage. Repeat after each "trigger". -

DEC 15 b) If no "trigger" has occurred, then
release enough water into Lagunitas Creek
above Shafter Bridge to provide 35 cfs

L = for 3 days at the SPTSP gage. -

2°  Steelhead trout ~ATTRACTION, PASSAGE FLOWS JAN O1-FEB 28 &) Once a 25 cfs mean deily "trigger" occurs
L il = : _— : at the USGS gage near Pt. Reyes Station,
L o - maintain 35 cfs for 3 days at the SPTSP
gage. Repeat after each "trigger".

E ) FEB 15 b) If no "trigger" has occurred, then
release enough water into Lagumitas Creek
above Shafter Bridge to provide 35 cfs

r for 3 days at the SPTSP gage.
- 3 Coho_salmon - -~ - SPAWNING, INCUBATION, NOV 01-APR 30 . Immediately following the first
¥ Steelhead trout SPRING REARING, " occurrence of either a "triggef“ flow or
EMIGRATION release specified in Step 1, maintain a
. - base winter flow of 14 cfs at the SPTSP
Iy . gage. No more then 12 ¢fs need be

released to meet this requirement.

v 4 Coho salmon SPRING REARRING, EMIGRATION MAY O1-JUN 15 Maintain a flow of 10 cfs at the SPTSP
Steelhead trout gage.
*
5° Coho salmon L3TE "MIGRATION, JUN 16-NOV Cl Maintain a flow of &€ cfs at the SPTSP
Steelhead trou: CLIHEH IEARING gage. Continue flow maintenance until
" either a "trigger" or release occurs as
specified in Step 1.
]
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& Thbléii (cohtinued). Recommended instream flow schedules for coho salmon and steelhead trout iﬁJLégunitaa -
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BELOW NORMAL CONDITION

o

STEP. SPECIES LIFE STAGE TIME PERIOD ) FLOW

1. Coho salmon ATTRACTION, PASSRGE FLOWS  NOV D1-DEC 31 a) Only a 25 .cfs mean daily "triqger” occura
FL e N . : at the USGS gage nemr Pt. Reyes Statlom,

’ . maintain 35 cfs for 3 days at the SPTSP
. 1M - . ) gage. Repeat after each "triggqr".

DEC 31 b) If no "trigger" has occurred, then
release enough weter into Lagunitas Creek
above Shafter Bridge to provide 35 cfs
for 3 days at the SPTSP gage.

2 Steelhead trout ATTRACTION, PASSAGE FLOWS JAN 01-FEB 28" a) Only a 25 cfs mean daily “irigger" occurs
at the USGS gage near Pt. Reyes Station,
maintain 35 cfs for 3 days at the SPTSP
gage. Repeat after each "trigger".

FEB 28 b) If no "trigger" has occurred, then
releage enough water into Lagunitas Creek
above Shafter Bridge to providé 35 cfs
for 3 days at the SPTSP gage.

Steelhead trout SPRING REARING, o occurrence of elther a "trigger" flow or
EMIGRATION release specified in Step 1, maintain a
o 5 b o o oo base winter flow of 12 cfs at the SPTSP
' gage. No more than 10 cfs need be
released to meet this requirement.

l = Coho salmon ~  SPAWNING, INCUBATION, “NOV 01-MAR 31 Immediately following the first

4 Coho salmon SPERING REARING, EMIGRATION APR 0Ol1-MAY 31 Maintain a flow of B cfs at the SPTSP
Steelhead trout gage.

A

Coho salmon LATE EMIGRATION, JUN O1-NQV 01 Maintain a flow of 5 _cfs at the SPTSP

*teelhead trout SUMMER REARING gage. Continue flow maintenance until
either a "trigger" or release occurs as
specified in Step 1.

y
1

| -
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‘Table 1 {continued). Recommended instream flow schedules For coho salmon and steelhead trout in Lagunitas
g Creal, |y, e LT B ' ' ' e

DRY CONDITION

jcs
STEP . SPECIES LIFE STAGE TIME PERIOD FLOW c
’ ‘;J Coho salmon ATTRACTION, PASSAGE FLOWS  NOV 01-DEC 31 Once B 25 cfs mean dally "trigger" occurs
- ] Do . at the USGS gage near Pt. Reyes Station,
’ maintain 35 cfs for 3 deys at the SPTSP
gage. Repeat after each "trigger”.
y 2 Steelhead trout ATTRACTION, PASSAGE FLOWS  JAN Ol-FEB 28 Once a 25 cfs meen dally “triggef" 0CCUYr'E
at the USGS gage near Pt. Reyes Station,
majntain 35 cfs for 3 days at the SPTSP
° . gage. Repeat after- each "trigger". -
3 Coho salmon  SPAWNING, INCUBATION, NOV 01-MAR 31 Immediately following the first
Steelhead trout SPRING REARING, * sccurrence of m "trigger" flow, maintain
EMIGRATION a base winter flow of 10 cfs at the
SPTSP gage. No more than 8 cfs need be
released to meet thils requirement.
4 Cobe salmon SPRING REARING, EMIGRATION APR O1-MAY 31 Maintain a flow of 6 ¢fs at the SPTSP
Steelhead trout gage.
J 5 Coho salmon LATE EMIGRATION, JUN 01-KOV 01 Maintain & £low of 4 cfs at the SPTSP
Steelhead trout SUMMER REARING gage. Continue flow maintenance until

- . s = - elther a "trigger" or release occurs as
specified in Step 1.

*During critical, drought emergency years releases will be as determined by agreement between the
California Department of Fish and Game and Marin Municipal Water District.

| SN
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i : The storage level criteria, based on combined storage
in Nicasio, Kent,- Alpine, Bon Tempe, and Lagunitas reservoirs,

‘used-in the operation study to adjust the instream flow’ -
classification at the end of each October, January, March, and

April and the percentage of months in each category during the

1955-1984 period are described in Tables 2 and 3.

-ADULT UPSTREAM MIGRATION

) our analysis of the Ccalifornia Fish and Game
Department's Nicasio fish trap catches and results of our
_attraction flow experiments reported in Volume I led us to
pelieve. that a minimum flow of approximately 35 cfs (measured at
the Samuel P. Taylor State Park (SPTSP) gage) for three
consecutive days is normally required to attract salmon and
steelhead into and allow safe passage up Lagunitas Creek to the
spawning areas. Such flows have historically been available in
almost all years for steelhead that migrate up in January,
February, and early March but have often been inadequate for
salmon that congregate in the estuary during November and
December. We developed schedules that augment fall storms and
thereby increase opportunities for salmon to migrate Upstream.
These schedules require the release of water from Kent Reservoir
immediately after each storm that provides a mean daily "trigger"
flow of 25 cfs at the Point Reyes Station gage on any day between
November 1 through February each year. This schedule essentially
augments and prolongs the natural freshets which are sometimes
too low or of too short a duration.

Tf storm induced "trigger" flows do not occur, our
_schedule creates freshets by providing a release from Kent for
-upstream migration of salmon on December 1 in years of "wet" -
storage, December 15 in years of "normal" storage, and on
December 31 in years of "below normal" storage. From February 1
through February 28 a similar sequence of releases was developed
for upstream migration of adult steelhead. 1In years of "dry"
storage conditions, water for upstream migration would be
released to provide passage flows only following the occurrence
of a natural "trigger" flow.

Steelhead migrate upstream to spawn later in the winter
and early spring when flows are high. Direct observation of them
is usually impossible because of turbid water. Our recommended

flow for steelhead attr ion and passage is the same as that for
salmon except that it e “rom -Tanuary 1 through February 28.
If no "trigger" has occurired Tgzruary 1 under wet storage

conditions, February 15 under normal storage conditions, or by
February 28 under below normal storage lconditions, enough water
would be released from Kent Lake to provide an attraction flow.
No such artificial freshet would be made if storage levels were
at or below dry levels.
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: criteria used. for adjusting instream flows

- s+ in Lagunitas Creek. As examples, if on -

~» “ October 31.total storage in: Nicasio, Kent,
Alpine, Bon Tempe, and Lagunitas reservoirs
was 68,640 acre-feet or greater, the wet
level rules would apply until a new decision
was made on January 31 and, if said storage
was between 68,640 and 38,000, the normal
rules would apply.

Table 2.. Lower limits of reservoir storage .

- ’ " BELOW
DATE WET NORMAL NORMAL DRY

OCT 31 68,640 38,000 32,000 <32,000
JAN 31 68,640 53,000 44,000 <44,000
MAR 31 68,640 60,000 53,000 <53,000
APR 31 68,640 60,000 53,000 <53,000

Table 3. Percentage of months in the 30-year period

(1955-1984) when instream releases were in the named

category.

STATUS NOV-JAN FEB-MAR APR MAY-NOV TOTAL
WET 0 %) 23 C 20 17
NORMAL 57 24 27 33 35
BELOW NORMAL 10 20 27 17 18
DRY 30 30 20 27 27
EMERGENCYL 3 3 3 3 3

1 Water shortage emergency is defined within Water Code

Senticn 330 ot seq.



SPAWNING FLOWS

Both salmon and steelhead spawn in areas characterized
by suitable combinations of physical and hydraulic conditions.
We observed fish spawning in Lagunitas Creek, identified and
defined the characteristics of the habitat being used, measured
the amount of spawning habitat available at various flows, and
estimated the number of redds that could be built over a range of
flows. Spawning habitat for both salmon and steelhead increased
linearly as flows rose from 12 cfs to 28 cfs--which was the '
highest flow that we measured. Our estimates were that, with the
streambed conditions similar to those of 1984, this range of
flows would provide habitat for a range of 85 to 197 steelhead
redds and 217 to 468 salmon redds. The gquestion is, "How many
are needed to saturate the juvenile rearing habitat of Lagunitas
Creek?" This depends on egg survival and fry emergence rates.

Our investigations of streambed conditions provided
evidence that the survival rates of embryos in and emerging from
those redds under 1984 streambed conditions would likely average
about 59%. Assuming an average 2,000 eggs per redd and only a
50% survival rate, 12 cfs would provide 217,000 salmon and 85,000
steelhead fry emerging into the stream.

our schedule calls for minimum spawning flows ranging
from 10 to 16 cfs. We believe that those flows will provide
enough spawning habitat to saturate the juvenile rearing habitat
available in the creek throughout the summer.

EMBRYO INCUBATION

Wwe found no relationship between the intragravel
dissolved oxygen in redds and the water velocity over them during
our studies. Analysis of data that we and others have gathered
led us to an opinion that, unless the redds are dewatered, it is
streambed conditions and not flow which influence the success of
embryo incubation and emergence from the gravel into the river.
Since nest building and spawning of either salmon or steelhead
can occur over the entire winter and early spring, our schedule
for egg incubation simply extends the spawning flows through the
winter and early spring.

JUVENILE REARING

Prior to 1979, summer and fall flows usually declined
to less than 1 cfs. The lack of juvenile salmonid rearing
habitat provided by these low flows was considered the principal
constraint on salmonid populations.

10
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. Game, and MMWD raised summer minimum’flows to 1.to 3 cfs, . gl i
- dependent:upon the amount of water the District held in storage -

In 1979 an agreement betwéen the Department of Fiéhzéédf”';”

the previous May. In April 1982, -the SWRCB established a new
interim flow schedule requiring MMWD to "from July 16 through
October 15 bypass or release 4 cfs at or. above the Shafter Bridge
or maintain 6 ¢fs at the park gage." The decision allows the
reduction of these flows by 25% in years when reservoir storage
is low. Because of the 1979 agreement and D-1582, summer flows
have increased ranging between 4 and 6 cfs for the last 8 years.

: .~ . This has increased the salmonid juvenile rearing
capacity of Lagunitas Creek. In 1980 we estimated that

‘approximately 7,000 steelhead could be reared in the 7-mile reach

from San Geronimo Creek to the mouth of Nicasio Creek-at flows of
0.5 cfs and 1979 streambed conditions and that, as flows
increased, the numbers of juveniles that could be reared rose to
about 45,000 at 6 cfs (Kelley and Dettman 1980).

g - Our ihﬁéstigations on Lagunitas Creek: have shown that
juvenile rearing capacity is also very sensitive to streambed
conditions--which in 1979 were relatively poor. In riffles,

_ cobble was embedded 74% of its height and that in glides was

embedded 40%. We estimate that if sand deposition is decreased
enough to reduce cobble embeddedness only by one-fourth, say to
levels of 18% in riffles and 30% in glides, the increased summer
flows will support twice as many juveniles. Thus at a flow of 3
cfs the stream would rear approximately 40,000 instead of 20,000
steelhead and at a flow of 6 cfs the stream would rear about
90,000 instead of 45,000 steelhead. oOur data and that of the
Department of Fish and Game (Smith 1986) suggest that further
increases would produce even more juveniles.

unfortunately, high flows have caused much scour of the
bed and loss of salmon and steelhead eggs in all years except

-1985 and 1987. That scour may have prevented the stream from

being saturated with fry, and has made evaluation of the effect
of the increased summer flows and streambed improvement
impossible. Our strategy with these reservoir operations studies
has been to provide as much summer flow as possible with the
available water supply. Our recommended minimum summer flows
range from 8 cfs when reservoir storage is high down to 4 cfs
when it is low.

SPRING JUVENILE REARING AND EMIGRATION

Salmon fry emerge from the gravel and begin rearing in
Lagunitas Creek from about mid-February to mid-March, depending
upon the date of egg deposition. Steelhead fry emerge and begin
rearing generally from early March to mid-May. During our 3
years of study, most of the salmcn and steelhead spent their
first summer and the following winter rearing in the stream, and

11



emigrated downstream to Tomales Bay from early April through mid-
June of their second year. Our instream flow schedules call for
flows for spring rearing and emigration from May 1 through mid-
June of 12, 10, 8, and 6 cfs, depending upon the amount of
storage in the MMWD Lagunitas Creek basin reservoirs.

Our counts of smolts emigrating during the spring of
1983, 1984, and 1985 did not demonstrate that streamflow had a
discernable effect on emigration except that it can be delayed by
high flows. These studies, and others that we have done and read
about, led us to believe that the smolts usually emigrate
downstream when they have reached a large enough size and in
response to lengthening days and warming temperatures. Some can,
of course, be forced out by drastic flushes of high water or by
reduction of flow to reduce their habitat. a

We believe that the best kind of instream flow for
smolts emigrating in a stream like Lagunitas Creek is one which
provides good feeding and rearing conditions and protection from
predators but is not large enough to cause the emigrants to cease
emigration and seek cover. Such streamflows appeared suitable
for salmonid emigration in 1984 and 1985. April and May flows
averaged 12.6 and 10 cfs in 1984 and 17.2 and 11 c¢fs in 1985.

During the emigration season, which lasts through June,
maintenance of these flows downstream into the estuary is
important.

12
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feved L . Tablel operation study
7 describing’the-mean daily flows in Lagunitas Creek at the. SPTSP

gage that would. have occurred from 1955 through 1984 under three

scenarios: . _ .

S

a. Ngtg:qi_flqw--no dam, no MMWD diversion.

! - b. The small Kent Dam--no releases were made for fish.
i c. The enlarged Kent Dam and all the other Lagunitas Creek
basin reservoirs were operated to meet the minimum
o - instream flows described in Table 1. . e
The last.two scenarios assumed a total annual MMWD
demand of 34,000 acre-feet of domestic water, except in critical
years when mandatory water conservation was necessary. In very
- .. wet years all but 1,000 acre-feet of this demand was supplied -
... from the Lagunitas: Creek. watershed. — In dry.years up to 4,300 .
.- acre-feet was taken from the Russian River.

T e Table 4 describes the simulated mean daily flows in
"*'Lagunitas Creek at the SPTSP gage during the 1955-1984 period for
which the model has been operated. Operating rules adjust the
releases to "wet", "normal'", "above normal", and "dry" conditions

at the end of October, January, March, and April depending upon
the total amount of water MMWD has stored in their Lagunitas
Creek basin reservoirs. Table 2 listed the storage criteria used
by the model to make decisions about which category of instream
flow to maintain until the next decision time. The percentage of
months that fell into each category was described in Table 3.

k] | S T

s

) Normal or wet condition releases were made in slightly
more than half the 360 months of the 30-year period studied.
Below normal releases were made in 16% of the months and dry
condition releases made in 28%. In 1977, a water supply
emergency was declared and instream flows were reduced to low
levels that would not have supported successful runs of salmon or
steelhead that year.

%
!

. The instream flows at the SPTSP gage are a combination
of water released from Kent Lake, of tributary inflow from San
Geronimo Creek, and, at iimes, releases from the MMWD pipelines
that mo/¢ we--er from both Nicasio Reservoir and Kent Lake to the

- San @er -nirio ‘reatment Plant. These pipeline releases join the
Kent Lare releases at the base of the dam or occasionally 0.5
miles downstream at a release valve just above the Shafter
Bridge.

]
3

Releases of Nicasio water into Lagunitas Creek have
occurred at these and other places in the past and have, insofar
as we know, not caused problems for salmon or steelhead. In the

|F—

13

Pe L P TES '_'-. R -




b ————

P o

-—

future, such releases are expected to occur more often during
fall and winter following dry years. - :

: We have not studied the effect of occasionally adding
some Nicasio Reservoir water to Lagunitas Creek at this upstream
point. An obvious concern is that they not warm Lagunitas Creek
water above desirable levels for salmonids (below 57°F when

- adults are spawning, preparing for spawning, or when eggs are

incubating and 65°F during juvenile rearing).

We recommend that an analysis be made of the future
frequency duration and magnitude of these releases and that their
effect on water quality and juvenile salmonid growth be
monitored. A few years of good monitoring will provide a, sound

" definition of whether this practice is harmful or beneficial.

Table 5 describes the monthly releases above the
Shafter Bridge or spills of water from Kent Reservoir in plan 7
of the operation study which incorporates the recommendations of
this report. -

We have evaluated the streamflows that would have
occurred with the. enlarged dam in place on the basis of criteria
described in Table 6 and summarized the evaluation in Table 7.
Had the operating rules of Tables 1 and 2 been in effect from
1955 through 1984, conditions for adult migration, spawning and
embryo incubation, and juvenile rearing would have been what we
have classified as "good" in most years and in very few years
would have been "poor or minimal." We believe this operation
describes flows that will significantly increase salmon and
steelhead stocks if the streambed habitat of Lagunitas Creek
remains adequate.

PROTECTION OF LAGUNITAS CREEK INSTREAM FLOWS

our evaluation assumes that during the late fall and
winter when adult salmon and steelhead are migrating upstream
from Tomales Bay to their spawning ground, or in the spring when
juveniles are emigrating downstream, water released for migration
and emigration purposes will not be diverted before it reaches
the bay.

During wetter portions of the year the discharges and
4oi17¢ & -om Kent Reservoir are augmented by accretion from
springs and tributaries of Lagunitas Creek. buring the summer
and early fall, the stream loses only a small amount of water as
it moves downstream through evaporation and transpiration of
riparian vegetation (Table 8).

During the dry season, however, an additional 4-5 cfs

is diverted from Lagunitas Creek at its mouth. Up tc 3.31 cfs is
pumped by the Giacomini Ranch from a long pond behind their

14
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- Table 5. Total acre-feet of water spilled over and released abéﬁe.sﬁ;fter Briaég

~ each month in the operation study plan 7. Data from Dana Roxon, MMWD.. July 1988.

- YEAR  OCT NOV  DEC  JAN FEB MAR APR MAY JUN JUL  AUG SEP TOTAL

)
1955 416 485 310 64 339 435 263 195 237 277 - 269 262 . 3,552
1956 210 145 104 16,301 4,206 694 772 7 83 393 372 410 359 24,049
ﬁ: 1957 3893 341 591 579 202 61 74 67 83 162 221 243 3,017
1958 65 455 326 67 21,241 6,230 19,368 311 287 546 527 576 49,993
= 1959 608 309 576 558 184 288 166 324 212 © 184 214 163 3,786
B 1960 208 125 170 111 57 61 107 301 261 207 300 301 2,209
e 1961 213 71 344 . 408 57 91 6l 147 188 . 122 221 . 1le6 2,089
' 1962 145 195- 408 gs 111 61 103 147 ° 154 118 165 206 2,198
1963 140 198 117 " 642 55 102 4,255 212 445 509 521 492 7,688
of 1964 556 288 528 232 369 314 280 239 . 137 238 239 222 3,642
1965 217 376 311 61 75 118 59 230 356 372 460 445 3,080
1966 371 514 648 305 55 71 lel 313 189 300 276 131 3,394
a - 1967 227 230 113 26,148 4,525 4,043 11,391 392 921 510 521 541 48,732
- 1968 522 383 714 - 384 67 6l 207 325 248 259 248 235 3,653
- 1969 203 201 ° 174 61 13,572 2,625 290 430 447 418 460 352 19,233
- 1970 383 324 377 15,895 3,619 2,663 541 479 461 412 455 421 26,040
‘ 1971 375 594 6l 61 le3 298 239 282 451 484 473 450 3,931
1972 435 206 186 346 83 142 86 239 187 239 239 222 2,610
1973 136 106 68 7,148 13,759 8,084 513 g7 470 477 485 422 32,055
= 1974 342 1lle 61 27,143 7,779 29,133 13,700 418 589 362 571 569 80,783
1975 521 336 571 444 55 61 59 253 398 449 485 457 4,089
1976 361 178 486 678 314 306 340 325 231 203 215 178 3,815
1977 221 156 142 6l 55 61 59 61 59 61 6l 59 1,056
1978 61 59 61 6l 55 61 1,234 261 421 473 454 321 3,522
1979 588 513 714 348 127 74 102 128 202 258 158 160 3,373
1980 237 204 381 61 57 1,662 230 368 380 418 442 383 4,823
i 1981 380 351 739 518 120 73 128 283 116 149 138 178 3,173

1982 108 134 142 7,223 8,026 8,112 10,115 344 534 503 422 349 36,012
| 1883 520 125 158 292 15,703 28,751 2,308 409 .392 435 546 539 50,178
ol 1984 302 71 3,242 2,563 949 2,991 352 467 443 450 468 478 12,826

l AVERAGE 316 260 429 3,638 3,199 3,258 2,250 281 302 332 356 331 14,952

SPILL .
AVERAGE 0 ‘0 108 3,382 3,085 3,139 2,092 21 0 0 0 0 11,827

&

RELEASE -

AVERAGE 316 260 221 255 ° 114 119 158 260 302 332 356 331 3,125
L’r NUMBER

OF SPILL
¥ EVENTS 0 0 1 7 10 11 11 3 0 0 0 0 43
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f Tqblé 6 Crlterla for evaluatlon of the effects of flow on salmon and
e steelhead in Lagunitas Creek. All flows are mean daily flows .
o measured at SPTSP gage.

- Adult Migration: Salmon, Nov 1 - Jan 15; Steelhead, Jan 1 - Feb 28.

iGood:é Three or more attraction and passage flows of 35 cfs or more for
3 consecutive days.

';;Fair:_ Two attraction and passage flows as above.
'fipoor: One attraction and passage flow as above.
None: None.

. Spawnlng and Fmbryo Incubation: From first attraction flow to
- February 1 for salmon and to March 31 for steelhead.

' Good: Minimum flow >12 cfs.
Fair: Minimum flow 10-12 cfs.
Poor: Minimum flow 5-10 cfs.
Minimal: Minimum flow <5 cfs.

Scour: Timing same as for spawning and embryo incubation.

LS [ N

Minimal = good: Flow never exceeded 1,000 c¢fs during the
incubation period.
g Modest = Fair: Flow exceeded 1,000 cfs one dayn
High = Poor: Flow exceeded 1,000 cfé 2-5 days.-
Very High = Minimal: Flow exceeded 1,000 cfs more than 5 days.

Juvenile Rearing: Lowest mean daily flow of summer.

Goods >5 cfs
5 Tair: -5 cfs
Poor: 0.5-2 cfs

g Minimal: <0.5 cfs
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Table 7. Evaluation of the quality of the instream flows in Lagunitas Creek that
would have occurred in the 30-year period between 1955 and 1984 had the enlarged
Kent' Dam been in place and operated according to rules of Table 1. Figures are
numbers of years in each category. Criteria for rating '"good", etc., are in

Table 6.

SPAWNING AND
ADULT MIGRATION EMBRYO INCUBATION Scourt

JUVENILE
EVALUATION Salmon Steelhead Salmon Steelhead Salmon Steelhead REARING

GOOD 20 26 18 15 19 19 16
" FAIR 4 1 5 13 6 2 13
POOR 4 1 4 1 3 6 1
MINIMAL 2 2 3 1 2 3 0

1 GOOD = Minimal scour; FAIR = Modest scour; POOR = High scour;
MINIMAL = Very high scour.
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Table 8. Mean monthly flows (cfs) measured by the USGS at the Samuel P. Taylor gage
and at the Pt. Reyes gage in Lagunitas Creek 1985-1986 and 1986-1987.

Aua aw:
a W0 =) RS
A T PP T

7“1985-86 OCT  NOV DEC  JAN FEB MAR APR MAY JUN JUL AUG

- SPTSP 5.1 10.6 22.5 B87.1 421.0 217.0 12.6 10.2 7.0 6.3 4.8
. pP. REYES 5.8 14.1 29.2 137.0 1193.0 482.0 25.4 12.5 7.2 5.7 4.7
- LOSS OR
" GAIN +0.7 +3.5 +6.7 +49.9 +772.0 +265.0 +12.8 +2.3 +0.2 -0.6 -0.1
1986-87
SPTSP 4.3 4.7 6.8 23.2 6€5.1 37.1 8.4 7.4 6.3 6.0 5.7
PT. REYES 5.1 5.8 7.8 29.0. 170.0 109.0 13.3 9.1 6.4 5.3 5.3
LOSS OR
GAIN +0.8 +1.1 +1.0 +5.8 +104.9 +71.9 +4.9 +1.7 +0.1 -0.7 -0.4
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temporary dam at the head of the estuary. Near the head of this
pond, the North Marin Water District can divert up to 1.02 cfs
from shallow wells. The average 1987 diversion of both the
Giacomini Ranch and the North Marin Water District was 2.93 cfs
(Nelson et al 1987). Because of these diversions, summer
streamflows entering the estuary are usually 2-4 cfs less than
those just above the impoundment.

- These diversions are not likely to cause a significant
problem for adult salmon and steelhead migrating upstream because
those migrations are triggered by storm flows or by release of
water during periods when the diversions are very low or
nonexistent. During the summer there is no significant migration
or emigration and the instream flow requirements are designed to
provide appropriate amounts of rearing habitat for juvenile
salmon and steelhead and to protect the other flora and fauna in
Lagunitas Creek before it reaches the estuary.

The period when these diversions could have the
greatest effect would be in May and June when the juvenile salmon
are emigrating in large numbers. During that period the flows
released for emigration should be allowed to reach Tomales Bay.

RELEASES FROM NICASTO RESERVOIR

The evaluation of how the operation described in this
report would affect salmon and steelhead is based on the
assumption that the reservation of water in Nicasio Reservoir for
mitigation of damage done by the Nicasio Reservoir Project and
used for releases to protect fish in Lagunitas Creek has been
transferred to the Kent Project. In the operation study, Nicasio
Reservoir fills and spills regularly and by doing so contributes
significantly to providing flows for upstream migration in the
lower part of Lagunitas Creek. But the evaluation assumes that
there are no special water releases from Nicasio for fish. The
logic of this is that the operation study attempts to squeeze as
much water as possible out of the entire Lagunitas watershed for
the benefit of both instream and out-cf-stream uses. Because
there is only a 1/2 mile reach of Nicasio Creek remaining below
the Nicasio Dam, and 4 miles of relatively poor salmonid habitat
in Lagunitas Creek below there, release of stored water would
benefit the fish more ifgmade from above Shafter Bridge.

THE CALIFORNIA FRESHWATER SHRIMP (Svncaris pacifica)

The small, California freshwater shrimp Syncaris
pacifica is found in Lagunitas Creek within the Samuel P. Taylor
State Park and downstream to the mouth of Nicasio Reservoir (Li
1981). Syncaris pacifica cannot swim against any significant
current and cannot tolerate brackish water if swept intc the bay
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: durlng a w1nter storm. To protect itself,. the population takes
: refuge underneath hollowed out banks where the individuals hang
;. on to finely divided root- systems of willow, alders, and other-
=¢-p1ants. ~In the summer they inhabit the quiet water where there
is submerged vegetation including blackberry and tree branches
that hang into the water.

Syncaris pacifica could not tolerate high summer flows.
. Any summer flows that would create visible current in their
habitat would be detrimental. We believe the flows recommended
in this report are suitable.

- A sediment management plan to prevent the filling under
hollow banks with sand during high flows is one of the most
1mportant steps that can be taken to protect this valuable
animal. =
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CHAPTER 4 - STREAMBED STANDARDS

The continued deposition of coarse sediment (gravel,
cobble, and boulders) is crucial for the reproduction and
survival of salmon and steelhead which need such material for
spawning, egg incubation, and juvenile rearing. ©On the other
hand, excessive accumulation of fine sediment (sand, silt, and
clay) is detrimental and reduces the ability of salmon and
steelhead to reproduce and the juveniles to survive. The
enlarged Kent Reservoir will not change the contribution of
either coarse or fine sediment to Lagunitas Creek; but, by
reducing the frequency, magnitude, and duration of flushing
flows, it will affect the movement of bed material through and
out of the stream. MMWD has retained geomorphologist Barry Hecht
for several years to define and help develop solutions to
whatever problems may be created.

PHASES OF LIFE CYCLE AFFECTED BY STREAMBED COMPOSITION

Qur analysis in Volume I indicates that substrate
conditions interact with streamflow to determine the quality and
quantity of spawning, incubation, and juvenile rearing habitat in
Lagunitas Creek. The following is a description of how substrate
and streamflow interact to affect the life cycle of these
species.

Spawning--The Need for Gravel

Adult salmon and steelhead use the gravel in the tails
of glides and heads of riffles for constructing their nests and
spawning. In Volume I, we estimated that the average female
salmon used about 128 square feet of the gravel-covered streambed
for spawning and that steelhead used about 241 square feet. 1In
Lagunitas Creek, as in all streams, the quantity of gravel, its
distribution in the streambed, and its size class composition
affect the amount of streamflow needed for spawning.

Measurements made in Lagunitas Creek during 1984 and
1985 indicate that at flows of 16 cfs there is room for about 279
female salmon and 113 female steelhead to spawn. Any change in
the amount of gravel covering the streambed area or in size-class
composition will affect the amount of spawning habitat available
at a given flow. Because of this, one of the qoals of operating
this project should be to insure adr~*a“; cunnl es of spawning
gravel in the important spawning reao’s hztwesia Laafter and
Tocaloma Bridges.

Incubation

Salmon and steelhead eggs incubate in their gravel
redds for about 7 weeks before they hatch. During this peried
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they can be subjected to high flows which scour them out of the
nests or, if enough-very fine or organic sediment is:deposited,
to- low dissolved oxygen which causes mortality before: the eggs
hatch. - The high flows in Lagunitas Creek scoured many of the-

" salmon nests in 1983 ‘and 1984 and probably do so in many years.

The amount of fine sand and clay in nests was well below the
level known to suffocate eggs, and dissolved oxygen levels in the.

" redds were above levels necessary for good survival.

'Fry’ Emergence

After hatching, salmon and steelhead alevins reside in
the nests for another 3 weeks, absorb the remainder- of their
yolk, and then swim up through the gravel and emerge into the
stream.. During this period they are susceptible to-the = - ,
accumulation of fine sediment which can clog spaces between the
gravel and prevent them from emerging. In Volume I, we described
several measures of substrate composition that have been used to
index this problem, and concluded that with 1984 and 1985
streambed -conditions Lagunitas Creek can be expected to produce
survival and emergence of about 59% of the eggs deposited as
living fry into the stream. N '

Juvenile Rearing--Steelhead

Following emergence, fry take up residence along the
margin of the stream where they use space behind and under gravel
and cobble as a refuge from high current velocity, predators,. and
as a station from which to feed on drifting insects. They grow
rapidly, move out into faster water, ahd begin using cobbles and
boulders as refuges and feeding stations. In Volume I of this
report and in Kelley and Dettman (1980), we reported on the
importance of substrate conditions for rearing juvenile
steelhead. The amount of cobble larger than 45 mm and the degree
to which this cobble is embedded in sand are good indexes of the
capacity of the stream to rear juvenile steelhead through the end
of their first summer. Habitat with cobble embeddedness of 50%
rears only half as many fish as habitat with the cobble
embeddedness of 25% and only one-quarter as many fish as habitat
with cobble embeddedness of 13%.

Juvenile Rearing--Salmon

In mixed populations of juvenile salmon and steelhead,
salmon occupy pools where they defend feeding territories at the
heads of the pools. We did nct study the relationships between
sediment, streamflow, and :s:laor. ©2a ing habitat in Lagunitas
Creek. However, based on *u.c¢ work of others, we believe the
number of salmon that can be reared in pools is probably a
function of pool volume, streamflow, andl the area of riffles
upstream which produce food. Excessive accumulation of sediment
probably limits salmon rearing habitat by reducing the volume of
pools and the amount of food produced in riffles upstream of
pools.
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DEVELOPMENT OF STREAMBED STANDARDS

There is no preproject historical record of substrate
conditions in Lagunitas Creek on which we could empirically base
standards. When Kelley and Dettman first measured cobble
embeddedness in Lagunitas Creek during summer and fall 1979, the
stream had not cleansed itself of fine sediment for 4 years.
Substrate conditions were probably poorer than average in 1979.

During 1980, 1981, and 1982 Hecht (1983) measured
embeddedness in Lagunitas Creek. By summer 1981, the mean
embeddedness between Cheda Ranch and Upper State Park had
declined to 22% in riffles, 28% in glides, and 27% in pools.
Based on this information, Hecht concluded that the streambed in
1981 represented a long-term "normal" condition.

Based on the surveys in 1979 and 1981, we developed a
set of standards for streambed conditions in Lagunitas Creek
(Table 9). The standards include criteria for: average height
to which cobble are embedded in sand or soil, average percentage
of the streambed area covered with cobble or large sized
material, average area in glides covered with gravel, and average
percent composition of sand or finer material in nests. Meeting
these standards will provide good to excellent substrate

conditions for salmonid spawning, egg incubation, and juvenile
rearing.

Average Cobble Embeddedness

Considering the large detrimental effect of embedding
cobble in sand, it seems reasonable to set goals for as low as
can be achieved--levels below 10% in riffles and 20% in glides
and pools would provide excellent habitat. We believe it is
reasonable to base the maximum allowable level for average
embeddedness on the conditions we observed in 1979. Cobble
embeddedness can change rapidly with sediment movements. Levels
higher than those measured by Hecht in 1981 should alert parties
to define the cause and take some action. We recommend maximum

allowable embeddedness of 25% in riffles and 30% in glides and
pocls.

Percentage of Streambed Area Covered with Cobble and Boulders

Another goal should be to maximize the percent of
riffles and pool bottoms covered with cobble and to provide only
moderate amounts in glides which need gravel for spawning.
Levels of 80% in riffles and 40% in glides and pools would be a
desirable level to achieve.

We believe it is reasonable to set the minimum
allowable percentage of the streambed occupied by cobble at 50%
in riffles, 23% in glides, and 19% in pools. These were the
levels measured by Hecht in 1981.
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TaBlé 9. Propbseci gtreambed standardé for salmonids in La-g'u.nitas Creek. Designed to provide good to

excellent spawning, incubating, and rearing habitat in Lagunitas Creek.

Average Percent

Area of Si:awning of Redd Material
° Average Percent }\verage‘Percentaga of Habitat in Glides - that is Sand and Fine
.-~ Enbeddedness . . Streambed Area Covered (% of amount measured .. Sediment <3 mm
of Cobble { >45 mm )' by Cobble { >45 mm } in 1984-1985) at end of incubation
Habitat  Maximum 1981 Minimum ' Minimum Mas Lmum
Type Allowable Level Allowable Goal . Allowehle Allowable
ol I (1981 level) . _ - . .-
RIFFLE 25 Co22 - 502 80
POOL 30 27 232 40
GLIDE 30 28 192 40 89 10
© Flows at which
measures ' January - March when
should be flows ere low enough
made. 4-B cfs 4-8 cfs 10-16 cfs to obtain samples.

1 Percent enbeddedness is the percent of the cobble's height that is embedded in sand.

2 Data from Hecht (1983) collected during 1981 to serve as baseline streambed conditions
in Lagunitas Creek.
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Area in Spawning Glides Covered with Gravel

The amount and quality of spawning habitat in Lagunitas
Creek depends upon an appropriate combination of streamflow and
substrate conditions. 1In Chapter 2, we recommended flows of 10
to 16 cfs as adequate for spawning. Implicit in this
recommendation was an assumption that there would be enough
appropriately sized gravel covered by those flows in the low
water channel of Lagunitas Creek.

We suggest that the area of spawning habitat available
at flows between 10 and 16 cfs not be allowed to decline more
than 20% below the levels we found in 1984 and 1985.

Average Percent Composition of Fines in Nests

The percentage of fine sediment in incubating nests
affects the survival of alevins as they try to swim up through
their nests. Considering the importance of this phase of the
life cycle for salmon and steelhead, percent fines in redds
should be kept as low as possible. In 1984, the percentage of
sand in salmon nests averaged 9%--a level associated with a
survival rate from egg to swim-up fry of 59%.

We recommend a standard for the maximum allowable
percentage of sand in salmon and steelhead nests at 10% at the
end of the incubation season.

Annual Monitoring of Streambed Conditions

An annual monitoring program of streambed conditions
will be needed to determine whether streambed standards in
Lagunitas Creek are being met. We recommend that a series of
monitoring sections be established in the reach between Cheda
Ranch Creek and Shafter Bridge for this purpose. Substrate
conditions at these stations must be measured when streamflows
are within the ranges of the minimum flow schedule described in
Table 1. The degree of cobble embeddedness should be measured in
summer or fall, the area of spawning habitat in late fall or
early winter, and the percent composition of redd material that
is sand or fine sediment <3 mm in winter or spring after fry have
emerged from the redds.
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CHAPTER 5 - DISCUSSION AND RECOMMENDATIONS

our investigations reported in Volume I have led us to
identify the following major problems that we believe have
controlled salmon and steelhead populations that use Lagunitas
Creek as spawning and juvenile rearing habitat.

1. The storms needed to provide flows high enough to

_ attract salmon into Lagunitas Creek and to provide passage over

the shallow riffles to their spawning beds are often late.

2. The base flow between storms during the winter is
sometimes too low to provide for consistently successful spawning
and egg incubation of both salmon and steelhead.

3. When storms move in, they often raise flows high enough
to scour embryos from the redds that have been built in the
stream gravel.

4. Summer flows have historically been too low to provide
enough juvenile rearing habitat.

5. Erosion in the watershed causes the deposition of sand
that is very detrimental to juvenile rearing habitat and
increases the ability of the storm flows to scour the redds away.

6. Estuarine water temperatures during the late spring
emigration period are sometimes too warm for the juvenile
salmonids to pass through.

7. Water temperature during summer months in the State Park
and Tocaloma reaches is sometimes too warm for good growth of
salmon and steelhead.

In addition, Barry Hecht has defined another.

8. Lagunitas Creek above Tocaloma was a degrading reach,
i.e., the streambed was gradually eroding downward exposing more
bedrock and providing less satisfactory fish habitat.

Our work has been to identify and define these problems
and to develop solutions to the extent that solutions are
possible. We believe that the raising of Kent Dam, its operation
using the minimum £/~ r.'es described in Table 1 of Chapter 2,
and implementation «f i - lequate sediment management plan to
protect the streambed z:¢ the best avallable approaches to
solving all of these problems, except for No. é--the warm water
in the Lagunitas Estuary. We have developed no solution for that
problem nor have we been able to measure its significance.
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RECOMMENDATIONS

We recommend that the following be done:

1. The new or enlarged Kent Reservoir along with the other
reservoirs in the Lagunitas system be operated using the flow
rules described in Tables 1 and 2 of Chapter 2. If the District
should sell more than 34,000 acre-feet of water per year from the
Lagunitas Creek basin, the additional amount should be added to
reservoir storage when considering the reservoir levels upon
which wet, normal, below normal, and dry year instream flow
releases are based.

2. A sediment management plan to meet the streambed
standards should be developed and implemented. Spawning gravels
and larger cobble should be passed over, around, or through any
sand trap built.

3. To protect salmonids, we recommend that all feasible
efforts be made to keep water in Lagunitas Creek below 57°F when
adult salmon or steelhead are spawning or when eggs are .
incubating in the streambed and below 65°F when juveniles are
being reared there. Recording thermographs should be maintained
in Lagunitas Creek below Kent Reservoir and at or near the SPTSP
gage.

4. The District should work with the Department of Fish and
Game to develop and implement a program to monitor the results of
the recommended operation and the sediment management plan.

5. The Department of Fish and Game should conduct
experiments to assess the mortality of juvenile salmon and
steelhead emigrating from the rearing areas to Tomales Bay. The
principal need for such a study is to assess the seriousness of
the water temperature problem in the estuary. The most direct
approach would be to mark, with coded wire tags, appropriate
numbers of near smolt size juveniles and stock them (a) in the
rearing areas, (b) immediately above the estuary, and (c) in
Tomales Bay. The data obtained from returns of coded wire tags
from the ocean and estuarine fisheries over a period of several
years would provide the best and probably least expensive
assessment of the problem. A sound experimental design is
essential.

¢. The salmon stock enhancement program developed by the
erunita  Creek Citizens Advisory Committee and members of Trout
Uniimited with cooperation from the District and the Department
of Fish and Game should be continued. The idea of stocking large
numbers of fry to saturate the juvenile rearing habitat of the
stream in years when there are insufficient spawners or when
scour eliminates large numbers of redds is sound. The improved

flow regime and a good sediment management plan may in time

-
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render such artificial propagatlon unnecessary. Meanwhile, it
could play a key role in rebuilding the stocks. '

: 7. The Dlstrict should now attempt to negotlate an-.
agreement with the California Department of Fish and Game on
these matters and submit that agreement to the SWRCB for
inclusion in the District's water-use permit.
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1.0 SUMMARY OF SEDIMENT ACCUMULATION-DEPLETION
MODELING FOR LAGUNITAS CREEK, MARIN COUNTY

The Marin Municipal Water District has increased the capacity of Kent Lake from 16,000 to
32,000 acre feet by raising Peters Dam. MMWD plans to operate the enlarged reservoir in a
manner resulting in reduced spills from winter storms. Both the number of individual events and
the magnitude of the peak flows will decrease. The smaller, less-frequent spills may result in
less sediment transport below the dam. Without adequate planning, sediment may accumulate in
the channel of Lagunitas Creek downstream from Kent Lake. Sediment accumulation is one of
two primary factors identified by biologist Don Kelley as presently constraining habitat values
for steelhead and silver salmon, which use Lagunitas Creek and tributary streams for spawning

and rearing.

This report summarizes the results of a sediment accumulation-depletion model developed for
the reach of Lagunitas Creek extending downstream from Kent Lake to the Tocaloma Bridge.
This portion of the stream, designated the "State Park Reach” by Kelley and Dettman (1980), is
considered by biologists familiar with the strearn to have the greatest importance for spawning,
incubation, and rearing. Tributary streams, such as Devils Gulch and San Geronimo Creek, also
provide habitat; however, they are not directly affected by operation of Kent Lake, and hence are
not specifically assessed in the model. Reaches of Lagunitas Creek dowr: #:zar1 ~om Tocaloma
have more limited habitat values; in addition, those values are much less &.lzcud vy bed
sedimentation than by other physical and biological factors. Hence, accumulation and depletion

below Tocaloma are not assessed.

(02)R88001 5
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The mode! used in this analysis develops estimates of the relative inflow and outflow of
sediment for each day of a representative 30-year sequence of daily streamflows. On days when
sediment inflow exceeds sediment outflow, a calculated net accumulation occurs on the bed;
depletion is computed when outflows exceed inflows. The model is based on sediment-transport
conditions observed during a period of intensive rﬁonitoring by our staff, beginning in November
1979 and extending through the summer of 1982. The relationships between streamflow and the
rate of coarse-scdiment transport observed in the course of about 40 separate storms during this
three-year period serve as the bases for the computations. Contributions from erosion of the

banks of Lagunitas Creek and from tributary watersheds are included.

This report also relates the findings of the model to a set of streambed indices developed by the
project biologists, and which may have correlated with habitat value. In general, habitat quality
is known to decrease as sediment accumulates on the bed or infiltrates into the sediments used
for spawning and incubation. Embeddedness of cobbles and boulders, and sediment
accumulations in pools are both of particular concern to the biologists. The model does not
directly predict these values; rather, they are assumed to vary with net accumulation or depletion,

based on observations made during our study , and in other Pacific Coast streams.

This study considers only bedload sediment. Bedload is the coarser fraction of the sediment load
moved on or near the bed, and supported by the bed. Our work has shown that the bed of
Lagunitas Creek is composed almost entirely of sediment of the sizes moved as bedload. The
bed of Lagunitas Creek seldom contains more than a few percent of silts and clays, sizes usually
transported as suspended sediment. While fine sediments may have specific and important
effects on habitat values, the finer materials do not appre. .i2.'y a'fuct wver Wl accumulation or

depletion in Lagunitas Creek.

(02)R 88001 6
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2.0 THE STREAMFLOW MODEL

Direct records of streamflow in Lagunitas Creek and in most West Marin watersheds are limited.
The U. S. Geological Survey monitored daily discharge from 1954 through 1960 at a site just
upstream from the present Nicasio Dam. The agency has also measured streamflow on
Lagunitas Creek below Nicasio Creek since 1975 (site K10, Figure 1), and at the State Park gage
(vicinity of K6, Figure 1) since March 1982. HEA and Kleinfelcier staff have maintained a daily
streamflow gage on lower San Geronimo Creek at Lagunitas Road (K4) since November 1979,
and at site K6 from November 1979 through March 1983. All daily records have been
developed with the direct support and close cooperation of MMWD. MMWD staff have also
maintained daily records of spill rates from both Kent Lake and Nicasio Reservoir since their
construction in 1955 and 1962, respectively.

Recognizing that bed conditions and streamflow vary substantially from year to year, MMWD
chose to use a longer period of record for analysis of flows, bed conditions, and habitat values.

A 30-year synthetic record of daily streamflows was developed by MMWD hydrologists, based
on observed daily precipitation readings during the period 1955 through 1984. The model was
initially calibrated using the extended record of daily runoff in the Napa River near Napa, and
subsequently with data from the State P ‘tas Creek. MMWD staff then
estimated flows at selected points in the Lugusiias Creoi system by correlation to the
synthesized flows through the State Park. We then reviewéd the preliminary mean daily
discharges, and suggested changes in the correlation relations to minimize variance at the highest

flows, which are disproportionately significant in transporting bed sediment.

(02)R88001 7
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3.0 THE SEDIMENT ACCUMULATION/DEPLETION MODEL

The bed sediment accumutation/depletion model used is conceptually a numerical budget of
inflows to and outflows from the State Park reach of Lagunitas Creek. Sediment enters the reach
at Shafter, at the mouths of tributaries, and from bank erosion; it leaves by transport past the
Tocaloma Bridge. Sediment entering and leaving the reach is computed for each day, using
quantitative relations of bedload discharge to streamflow established from field measurements of
sediment transport in Lagunitas Creek and its tributaries. Accumulation is computed when

inflows exceed outflows; depletion occurs when outflows are larger than inflows.

3.1 GENERAL APPROACH
Accumulation or depletion of sediment in the State Park Reach was computed by comparing the
amount entering the reach and the amount leaving the reach. Sediment was assumed to enter the

reach from three separate sources:

1. San Geronimo Creek
2. Devils Gulch and smaller tributaries
3. Bank erosion along Lagunitas Creek

Sediment was assumed to leave the reach only by transport past Tocaloma. Results represent
sediment accumulated on, or depleted from, approximately 1,300,000 square feet of bed between
Shafter and Tocaloma. A uniform depth of accumulation or depletion over the entire bed was

assumed for computational purposes, even though actual accumulation would not be uniform.

(02)R88001 9
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The change in storage (expressed in tons) was converted to net accumulation or depletion using a
sediment density of 2600 lbs per cubic yard (96.3 1bs per cubic foot), a value developed by
MMWD field staff from experience at Nicasio. Coarse sediment inflows and outflows were
computed for each day of the thirty-year period of record. Each daily inflow and outflow of
sediment was calculated based upon the simulated mean daily streamflow (computed by the
MMWD model), and the most probable rate of daily bedload-sediment transport based on the
observed relations for the three monitored years. Inflow from Devils Gulch and all smaller
tributaries was set equal to a total of 1.01 times the sediment delivery from San Geronimo Creek,
based on average observed contributions during the period of study. The contribution from
crosion of the banks of Lagunitas Creek within the State Park Reach was set at a constant rate of

140 tons per year, of which 40 tons are thought to originate upstn:ani from the State Park gage,

and 100 tons downstream.

32 MODEL STRUCTURE AND ASSUMPTIONS

The model is functionally divided into individual programs, progressing through a series of steps
to compute estimated annual sediment accumulation or depletion (figure 2). Initial model inputs
of daily mean streamflow applied to empirically-derived functions, known as bedload-transport
rating curves, to calculate daily mean bedload transport at each station. Within the assumptions
of this study, the bedload-transport curves are generally thought to represent those prevalent
during normal bed and watershed conditions. The curves upon which this routine is based are
shown in Figure 3. We apply an adjustment factor (Figures 4 and 5) to the mean daily
streamflow in computing bedload delivery, as using the mean daily values may result in a
considerable underestimate of actugl transport; the adjustment has the effect of approximating
computation of sediment transport based on hourly datz stment factor varies with mean
daily streamflow, and is based on empirical data from approximately 100 storm days over the
three-year period of intensive monitoring on Lagunitas Creek.

(02)R8R001 10
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Once daily mean bedload sediment transport at each station is computed, a budgeting routine is
applied to compute sediment accumulation and/or depletion between stations. Tributary
watershed contributions are included based on observed proportions to sediment delivery from
the San Geronimo Creek. The constant annual rate of bank erosion is equally divided into daily
contribﬁtions. The model is capable of treating either tributary or bank contributions as
adjustable parameters. The program systematically computes between-station differences in
bedload transport for each day and adds the tributary and bank contributions for each subreach.
Net change in storage is totaled and printed as daily, monthly, or annual summaries, expressed as
ton . A conversion to mean sediment accumulation or depletion (expressed in feet) by sub-reach

may also be printed.

3.3 RUNS CONDUCTED

Several computer runs have been conducted to explore various patterns of spills and releases in
Lagunitas Creek (Appendix 1). Two sets of streamflow data representing hydrologic conditions
of the old and enlarged dam heighté at Kent Lake have been synthesized by Marin Municipal
Water District staff.

Simulated streamflows at the following stations were used in the sediment modeling, for both the
pre- and post-project conditions:

K1  San Geronimo Creek at San Geronimo Water Treatment Plant

K4  San Geronimo Creck at Lagunitas Road, near mouth

K6  Lagunitas Creek at the State Park gaging station
K8  Lagunitas Creek at Tocaloma Bridge

We developed synthetic streamf” 5 1= station at Tocaloma Bridge by correlation to station
K6, using 20 paired discharge measurements we performed during 1980 and 1981. The

(02)R88001 11
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DATA FILES OF DAILY MEAN DISCHARGE IN SAN
GERONIMO CREEK (K4), LAGUNITAS CREEK AT STATE
PARK (K6), SPILLS AND RELEASES FROM KENT LAKE.
STREAMFLOW MODELED BY CORRELATION TO NAPA
RIVER UTILIZING PRECIPITATION RECORDS; SPILLS AS
OBSERVED. DATA PROVIDED BY MARIN MUNICIPAL
WATER DISTRICT.

CONVERT FILES TO USABLE FORMAT FOR THE
HYDROLOGIC BUDGETING MODEL.

GENERATE DAILY MEAN DISCHARGE DATA AT KB,
LAGUNITAS CREEK AT TOCALOMA, BY CORRELATION
TO K6, LAGUNITAS CREEK AT SPTSP; ADJUSTING FOR
SPILLS AND RELEASES,

GENERATE DAILY MEAN BEDLOAD TRANSPORT
AT EACH STATION, UTILIZING EMPIRICALLY
DERIVED TRANSPORT EQUATIONS.

ADJUST DAILY BEDLOAD SEDIMENT TRANSPORT,
CALCULATED FROM DAILY MEAN DISCHARGE, TO
é&g\l{JEAL TRANSPORT BASED ON PEAKEDNESS

COMPUTE STREAM REACH ACCUMULATION OR
DEPLETION OF DAILY BEDLOAD SEDIMENT
TRANSPORT BETWEEN STATIONS, INCLUDING
TRIBUTARY AND BANK EROSION CONTRIBUTIONS.

SUM BY MONTH AND BY YEAR; COMPUTE
DOUBLE-MASS RELATIONS

PRINT RESULTS

FIGURE 2. DESCRIPTIVE SCHEMATIC OF THE ACCUMULATION/DEPLETION MODEL
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regression equation:
K8 =2.09 K6 0.92

has a computed correlation coefficient (r2) of 0.994.

Bedload-rating curves determined from field measurements were used in the model. The
relations used and the data upon which they are based are shown in Figures 4 and 5, for San
Geronimo Creck (K4) and Tocaloma (K8), respectively. It should be noted that these are
exponential functions, plotted on log-log paper; hence, niearly all transport occurs at the highest

flows, corresponding to the 20 to 25 percent of each relation nearest the right-hand margin.

At the Tocaloma Station, K8, available data were collected exclusively during water years 1980
and 1981, generally considered representative of normal transport conditions. The relations
developed from these measurements were applied uniformly throughout the modeled period.
Bedload unfortunately was not collected at this station during the transient and episodic
conditions following the January 1982 storm event. Upstream, at the State Park gage, (K6:
figure 1) bedload-sediment transport at a given flow increased many-fold following the January
1982 event. Because sediment-rating curves appropriate to normal streambed and watershed
conditions were used at K8, sediment transport is assumed to be understated.
Simulations were compared with observed variations in accumulation and depletion to afford
some context by which the model’s validity and precision may be assessed. Results, presented
in Table 1, indicate that model usably predicts net accumulation and depletion under the
conditions prevailing during the period of field observations, provided thot a «.iifiziet : nmber

of stations are monitored. Higher rates of bedload transpert through th=s 53 F. & yzoc.. are
anticipated under severely-sedimented conditions, when sediment is finer, i 2 svalabiz, and

(02)R88001 14
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Table 1

Comparison of Modeled and Observed
Accumulation or Depletion of Sediment
Within the State Park Reach, Lagunitas Creek

Average
Period Bracketed by Survey Sediment Accumulation or Depletion
Initial Final Simulateda/ Observedt/
Survey Survey (ft) (ft)
Feb. 1980 July 1980¢/ +0.031 -0.083
July or Nov.19808/ Feb. 19804/ +0.003 +0.0060
Feb. 19814/ Summer 19814/ +0.001 +0.0056
Summer 1981¢/ Summer 1982d/e/ +0.18 +024

Normal bedload sediment transport at K4 and K8 is assumed.
From Table 12 of Phase ITIb report.
Three bed-monitoring sites.

Eight bed-monitoring sites.

e & Q g '

Includes effects of January 4, 1982 storm and 16000 acre-foot flush
of January 4-19, 1982.

(02)R88001 17
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more mobile; the model is expected to significantly over-estimate accumnulation during such

periods, as no related adjustment in outflow has been incorporated.

Coarse-sediment delivery to Lagunitas Creek from San Geronimo Creek was conceptually
treated as an independent variable in the model. Five bedload-transport conditions at this station
were simulated — normal, 200% normal, 75% normal, 50% normal, and 25% normal -- to best
represent existing transport conditions, increased transport effects from a watershed disturbance,
and the effects of watershed practices, such as bank protection or sediment retention. The effects
of -arious rates of sediment delivery on the two subreaches of the State Park reach are shown in
Tablg 2. Mean accumulation and depletion within the entire reach at the end of each of the 30
years of simulated record are shown in Table 3, for the five sets of bedload-delivery assumptions
used in the model. A reduction of 10 to 20 percent in coarse-sediment delivery from San
Geronimo Creek is expected to roughly offset the diminished flushing capacity of the proposed
operating regime. Enhanced bed conditions are likely to prevail with further reductions.

Monitoring of bed conditions is warranted to verify, calibrate and adjust these projections.

(02)R88001 18
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Table 2

Cumulative Average Accumulation/Depletion in Lagunitas Creek
For a Thirty Year Period, 1955 Through 1984

Enlarged Kent Lake Conditions

Percent of Normala/ State Park Reach  Upper Sub Reach¢  Lower Sub Reachd
Sediment Delivery K4 K8 K4 K6 K6 K8

(ft) (ft) (£t)
200% (worst case)b/ +3.7 +6.6 +14
Normal 100% (normal) +0.4 0.5 +1.1
75% -0.4 -1.6 +1.1
50% -13 -2.6 +1.1
25% -2.1 -3.7 +1.1

a/ Sediment outflows at Tocaloma (K8) is constant for all five modeling runs, assumed
- normal transport conditions; sediment transport from San Geronimo (K4) is treated as an
independent variable.

b/ Increased sediment transport at K6, resulting in the distribution of more sediment
downstream of the State Park gage. Other runs use normal transport curves 2t K6.

©Q

Upper Sub Reach is from Shafter Bridge to the S.P. Taylor State Park stream gage.
d/ Lower Sub Reach is from S.P. Taylor State Park stream gage to Tocaloma.

(02)R88001 19
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Table 3
Annual Average Accumulation or Depletion of Bed Sediment
Within the State Park Reach, Lagunitas Creek
(feet)
Year Bedload Sediment Delivery From San Geronimo Creek
Twice Normal 75% 50% 23%
Normal Normal Normal Normal
1955 0 feet 0 feet 0 feet 0 feet 0 feet
1956 +.4 +.1 +.1 0 -1
1957 0 0 0 0
1958 -1 -3 -3 -3 -4
1959 0 0 0 0 0
1960 +.1 V] 0 0 0
1961 0 0 0 0 0
1962 +.1 0 0 0 0
1963 +.2 +.1 0 0 0
1964 0 0 0 0 0
g 1965 +.1 0 0 0 0
1966 +.1 +.1 0 0 0
1967 +.8 +.1 0 -2 -4
' 1968 0. 0 0 0 0
1969 +.1 0 0 0 0
1970 +.5 0 -1 -2 -3
1971 +.1 0 0 0 0
% 1972 0 0 0 0 0
1973 +.6 +.1 0 -1 -2
1974 -1 -2 -2 -2 -2
i 1975 +1 0 0 0 0
1976 0 0 0 0 0
1977 0 0 0 0 0
1978 0 0 0 0 0
i 1979 0 0 0 0 0
1980 +.1 0 0 0 0
1981 0 0 0 0 0
% 1982 +5 +2 +1 0 -1
1983 0 -2 -2 -3 -3
1984 +.1 0 0 0 0
% TOTAL +3.7 +0.4 -0.4 -1.3 2.1

Note: Only one significant figure presented for clarity; for quarter detail, see Appendix 4.
|

]

(02)R88001 20
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4.0 SEDIMENT ACCUMULATION AND STREAMBED STANDARDS

One of the tasks initially outlined in the agreement of October 1979 was to relate bed
sedimentation to specific habitat value indices, preferably in a manner as quantitative as
possible. It was recognized at that time that virtually no previous work along these lines had
been conducted in coastal streams. While biologists and resource managers knew that sediment
impaired habitat values, usable means of measuring bed sedimentation and relating these to
habitat indices had yet to be developed, particulaf'ly for the rearing stage of the salmonid life
cycle. Measures of this type were deemed needed to provide a baseline against which the effects

of operating a larger Kent Lake might be assessed, and to provide criteria for evaluating the

success of sediment-management measures.

We measured a total of ten major types of bed descriptors within four major categories:
1. Bed configuration
2 Composition of the streambed surface
3. Particle-size distribution of sediment stored beneath the surface
4 Embeddedness of cobbies

The descriptors and their relations to habitat values and sediment management are presented in
Table 4. Each of the bed descriptors was monitored over a period of two or three years in a pool,
glide, and riffle at one site within each of the 11 kilometers of Lagunitas Creek between Shafter
and the confluence of Nicasio Creek (Table -}, Cre:s-sectional surveys of the bed were also
taken immediately following the bed-condit i i:2i. -“ements, so that net accumulation and
depletion of sediment could be related to cha:: ;25 in ow.er habitat indices. The manner in which

(02)R88001 21
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data were collected allows assessment of habitat change by segment (pool, riffle, glide) at a site
over time, or of changes in a downstream direction, or in response to known storms or sediment-

delivery events.

Results of the bed monitoring are presented as Tables 11 through 16 in the Phase IIb report, of
January 1983. In subsequent studies by Don Kelley and his associates, the biologists chose to
focus upon three of the descriptors:

1. Proportion of the bed covered by cobble-sized material

2. Mean embeddedness of the cobbles

3. Proportion of the bed mantled by habitat-impairing sand, silt, and other fine

sediments.
4, Mean percent of sediment in multiple redds that is finer than 3 mm at the end of

silver salmon and steelhead incubation.

Using the first three descriptors, the biologists developed a set of proposed streambed standards
for pools, riffles, and glides (Table 5). Our analysis of the field data in light of the proposed
standards shows that:

1. At individual sites, the descriptors used for proposed streambed standards were
quite sensitive to observable changes. For example, several tens of tons of coarse sediment were
introduced into the pool at site KJ in 1981, as a result of erosion related to road and utility
improvements at the State Park facilities. Most of this material was deposited in a large deita at
the mouth of the tributary, and subsequently covered by vegetation. The lower portion of the
pool, and the glide and riffle areas downstream, could visibly be seen to be affected by sediment
washed from the delta area, but just at level of discernment by eye. The bed descriptors reflect
this sedimentation event in a clearer, more quantitative manner (see Appendices 5a, 5b, 5c).

2. Large changes in bed indices at several sites reflect other localized disturbances,
such as channel changes, fallen trees, or washouts of debris jams in the reach upstream of the
sits. Streambed standards should be applied with some analysis of what changes may have
~renies »d at or near each site. Additionally, average values, as proposed by Kelley and his co-
*ygr&er. are more appropriately used than trends over time at any one site.

3. A relatively narrow range of bed conditions was observed during the three-year
monitoring period (Table 6). In all cases, the bed was probably in a condition more favorable
than usual for habitat values. We had hoped that the data collected following the 1982 storm
would have provided the contrast and range required to define a sound relation of bed-standard
variation with sediment accumulation and depletion. The bed, however, was in a relatively
"flushed" condition following the 1982 season due to:
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Table 5. Streambed Standards for Salmonids Proposed by

Balan:ce Hydrologics, Inc.

Don Kelley.

Average Percent

Average Percentage of

Area of Spawning
Habitat in Glides

Average Percent
of Redd Material
that iz Sand and Fine

Embeddedness Streambed Area Covered * {% of amount measured Sediment <3 mm

of Cobble { >45 mm )! by Cobble { >45 mm ) in 1984-1985) st end of incubation
Habitat Maximum 1581 Minimum Minimum Max imum
Type Allowablae Leavel Allowable Goal Allowable Allowable

{1961 lavel)

RIFFLE 25 22 502 80
POOL a0 27 232 40
GLIDE 30 28 192 40 80 10
Flowa at which
et January - March when
should be flows are low enough
made. 4-8 cfs 4-8 cfs 10-16 cfs to obtain samples.

1 Percent embeddedness is the percent of the cobble's height that is embedded in send.

2 Data from Hecht (1983) collected during 1981 to serve as baseline gtreambed conditions

in Lagunitas Creek.
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Sub-Surface
Bed Material
Median Size

Mean Embed
for Reach
{7 Stations)
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PR

July Aug. Aug. Aug. Nov. Nov.
18780 1880 1881 1982 1983 1685

11.83 11.85

9.05
. .-.o “"
2.03 millimeters
e)
{Dso)
dedness .353 ' embeddedness
287 .280 k
.182 l-— units
[ } | ND ND

a) Median size of bed matierial of sile 15.80, about 0.4 miles downsiream irom Shaliler

Figu

Bridge, near Keliey's Upper State Park Station

re 7. Inverse Relalion of Embeddedness with Sub-Surface Bed Material
Samples of sub-suriace bed material are collecled to depths of 6 to 10
inches, alter removing the bed-surtace or "armored” layer. Data shows the
small range of bed-condilion variations during the 1980-1982 monitoring
period relatlve to those prevailing before and aiter. We belleve that habitat
values iImprove with Increasing size ol sub-surtace bed malerial, and wlih
decreasing embeddedness.
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Table 7.

Summary of Bedload Sediment Discharge
Two Sites on San Geronimo Creek

WY 1980 through WY 19828/
Station No. K1 K4
Stream San Geronimo Cr. San Geronimo Cr.
Station Water Treatment Plant Lagunitas Road
Drainage Area 3.3 sq. mi. 8.7 sq. mi.
Bedload-Sediment Dischargeb/ '
WY1980 1750-200 tonsc/ 4830 tons
WY1981 173 tons 264 tons
WY1982ad/ 3910 tons 6125 tons
WY1982b (Jan 4, 1982 storm)e/ 2260 tons 19800 tons
WY1982¢c 5830 tons 2960 tons

Subtotal, "Normal" Watershed Conditions
(WY1980, WY1981, WY 1982a) 6000 tons 11000 tons

a/ Values from Tables 8, 9, 18, Phase IIIb report.

b/ Annual values given as computed using methods described in earlier reports; actval
precision is lower than implied by computations. The subtotal values are rounded, better
reflecting monitoring precision.

¢/ Estimated value, after detailed adjustment for two separate major bank collapses
immediately upstream of station; see Phase ITIb, Table 8, footnote d.

d/ Through January 3, 1988; by Jan. 3, scasonal runoff was more than twice mean annual
runoff.

¢/ January 4-6, 1988. Estimates for the water treatment plant developed from intensive data
collection during most of storm, as we were not able to reach other stations due to closed
roads. The estimate of 19800 tons at site K4 is a most-probable value between possible
high and low estimates of 56,000 and 5800 tons, respectively. See Phase IIIb report,
Table 9 and associated text for details.
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a. Release of 16,000 acre feet from Kent Lake immediately following the
January 4, 1982 storm event, to conform with dam-safety requirements;
this release constituted 15 consecutive days of flows gradually
diminishing from 650 to 400 cfs.

b. Spills during mid-April 1982, which continued at flows capable of

transporting sediment for 7 to 10 days following the end of sediment
delivery from the tributaries.

We found that significant aggradation occurred during the January 1982 storm and flood.
The bed, however, was smoothed by the tremendous amounts of water released following
the storm, and perhaps re-groomed by the end-of-season flows.

As a result, only poorly-defined relations between the bed descriptors used as streambed
standards and the actual sediment accumulation and depletion may be developed from the
Lagunitas Creek data (Appendix 5, Tables A,B,C). The observations provide an invaluable
quantification of baseline conditions, characterize the response of the bed to varying flows, and
establish the downstream changes in bed conditions from Shafter to Tocaloma. They do not, at
present, extend over a sufficiently broad range of bed conditions to provide a quantitative basis

for projecting the future status of individual streambed-standard indices.

We belicve at this time that the sediment-management program for Lagunitas Creek should be
based on an operational criterion of non-accumulation. If the stream is managed to prevent
accumulation, the streambed standards are most likely to be sustained. Other physical factors
noted to be biologically important, such as relative pool depth (Kelley and Dettman 1979;
Bjornn and others, 1977) or backwaters and near-bank areas with little flow velocity and suitable
cover and water depth (Eng, 1981; Li, 1983), are also likely to be preserved. In this respect,
observations in Lagunitas Creek are consistent with those in the literature relating accumulation
and depletion to embeddedness, cobble abundance, and perc::2: of -  covered by fine material
(e.g., Bjornn and others, 1977; Hecht, 1981; Lisle, 1982; Parker and Klingeman, 1982; Nolan
and others, 1983; Hecht and Woyshner, 1984).
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If managing Lagunitas Creek to prevent sustained sediment accumulation is taken to be the
operating criterion for sustaining the streambed standards, the simulations indicate that a
reduction of 10 to 20 percent in coarse sediment contributions from San Geronimo Creek would
be needed (Table 3). As the model projects for accumulation or depletion a mean value for the
entire State Park reach, a somewhat larger reduction might be sought if protection of certain
specific subreaches is deemed particularly critical to habitat maintenance. We believe, based on
preliminary field results to be reported elsewhere, that reduced coarse-sediment delivery of this
magnitude may be achieved by sediment retention and removal or by increased bank protection
along San Geronimo Creek and certain of its tributaries, combined with limited sediment

retention.

Potential retention basin sites at the San Geronimo Water Treatment Plant and near Shafter
Bridge can be hypothetically considered as representative of upstream and downstream sites.
Coarse-sediment delivery by San Geronimo Creek at these two locations can be represented by
the 1980 through 1982 monitoring results from the stations at the Water Treatment Plant bridge
(K1) and the Lagunitas Road Bridge (K4), shown in Table 7. While the proportion of San
Geronimo Valley's bedload discharge originating upstream of the Water Treatment Plant may be
expected to vary from year to year, the three years of record suggest that 50 to 60 percent of the
coarse sediment load originates above the Water Treatment Plant during years of normal
watershed conditions. Detailed inventory of sediment conuibl;ﬁons from eroding bank segments
of the main stem and larger tributaries conducted in October 1987 indicate that approximately 40
percent of the coarse sediment ent%ﬁng the channels from eroding banks is contributed upstream
of the Water Treatment Plant. For planniny; 3:u:pcs., the two independent sets of data indicate
that approximately 50 percent of the total couzse-sediment load originates from the upper portion
of the watershed, and would be under normal watershed conditions amenable for control by

retention or by a combined bank-protection and sediment-removal program sited at or upstream
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from the Water Treatment Plant. In the appended tables, values computed using 50 percent of
the total coarse-sediment load for the valley may be taken to apply to a possible program of this
type. Plans for a site at or near Shafter may be based on the monitoring results for the lower San
Geronimo Creek station in Lagunitas (K4). Intensive site-specific studies are warranted prior to

developing operating plans for a basin at either site.
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5.0 SUMMARY AND SEDIMENT-MANAGEMENT PLAN OVERVIEW

1. Streambed sedimentation management is critical to overall management of flows in
i Lagunitas Creek because bed conditions appear to affect habitat productivity as much as
flows. Release of more water will be necded to support or enhance habitat if the bed is
g highly sedimented; conversely, less water may be released if suitable bed conditions are

maintained.

2. A bed-sedimentation model was developed which simulates the net accumulation or
depletion of sediment on the bed of the critical habitat reach. The model is based on the
" net change in sediment storage; it compares sediment delivery from San Geronimo

Creek, other tributaries, and bank erosion along subreaches of Lagunitas Creek with

outflow past Tocaloma. The model was applied to each day of a continuous 11000-day

i (30-year) record of streamflows for Lagunitas Creek computed by MMWD staff.
i 3. The model was used:
é a. To compare mean accumulation and depletion of sediment on the bed of the State
Park reach under flow patterns prevailing before and after the enlargement of
Kent Lake.
b. To assess the potential effects of various land-use practices and conservation

wraazrams in San Geronimo Valley on bed conditions in Lagunitas Creek below
‘fluence of San Geronimo Creek.

g 4, We found that the computed sediment accumulation/depletion over the 30-year period
was -2.1 feet if the dam were operated as prior to its raising, and 0.4 feet if operated as
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1
1
1

proposed by MMWD. The assumptions of the simulation perhaps overstate the extent of
accumulation, in that they do not incorporate the greater rate of bedload transport which
occurs under severely-sedimented conditions. The simulations do, however, serve as a
common basis for comparing expected pre- and post-project conditions, provided that

this overstatement is recognized.

3. A reduction of about 10 to 20 percent in the coarse-sediment delivery from San
Geronimo Creek would likely offset the diminished flushing capacity of the proposed

operating regime; further reductions are likely to enhance bed habitat values under most
watershed conditions.

6. Either sediment retention basins or a combined bank-stabilization and sediment-retention

program may be used to achieve a reduction of 20 percent, or more, in coarse-sediment
delivery.

. The model closely reconstructed the observed net accumulation and depletion observed

at cight bed-monitoring sites over three separate storm periods during 1981 and 1982.

8. 'We were not able to establish a usable empirical relation between accumulation or
depletion of bed sediment and the specific streambed standards recommended by
biologist Don Kelley and his colleagues, perhaps because too narrow a r;nge of bed
conditions prevailed during the three years of field study. Experience in other coastal
streams and elsewhere in the range of salmon and steelhead establishes that habitat
deteriorates as sediment is allowed to accumulate on the bed. Accordingly, we
recommend a criterion of no net accumulation of sediment in the State Park Reach as
being a useful index under which the streambed standards recommended by the biologists

are likely to be achieved. We believe that the simulated record of accumulation and
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depletion provides a useful means of assessing long-term trends and shorter-term

fluctuation in these streambed standards.

0. The criteria of no net accumulation of sediment is also expected to meet habitat needs

identified for Syncaris pacifica, an endangered freshwater shrimp populating Lagunitas
Creek.

Ly

10.  Erosion-control, sediment-retention and bed-sedimentologic monitoring plans will be

needed to implement the recommended management program. Related work is under

RABIIIARD

way.
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Appendices
1. Description of computer modeling runs to date.

2. Relations of bedload-sediment transport to streamflow used in accumulation/depletion
modeling.

3. Annual and cumulative discharge of water and bedload, by station.

4, Annual accumulation/depletion of bedload sediment in State Park Reach,
Lagunitas Creck

5. Relation of bed descriptors to observed sediment accumulation and depletion, Lagunitas
Creck

5a. Glides

5b. Pools
5c. Riffles
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Computer Modeling Runs to Date
’}..’
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Computer Modeling Runs To Date

Run Number Hydrologic and Bedload Sediment Transport Regime
1 Enlarged Dam Hydrology, Normal Transport Rates.
2 Corrected Enlarged Dam Hydrology,

Normal Transport Rates.
3 Recorrected Enlarged Dam Hydrology,
Normal Transport Rates.
4 Enlarged Dam Hydrology (from Run 3),
Normal and Worst Case (disturbed) Transport Rates.
5 Enlarged Dam and Old Dam Hydrology,
Normal and Worst Case Transport Rates,
Episodic Adjustment Program Used.
6 Corrected Enlarged Dam and Old Dam Hydrology,

(9RB7056

Normal and Worst Case Transport Rules.
Enlarged Dam Hydrology 75, 50, and 25 percent

Transport from San Geronimo Creck (K4).
Nommal Transport Rates at K8

32
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Appendix 2

Relations of Bedload-Sediment Transport to Streamflow
Used In Accumulation/Depletion Modeling
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Appendix 3

Annual and Cumulative Discharge of Water and Bedload by Station and Year
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ANNUAL SPILLS AND RELEASES
FROM ENLARGED KENT LAKE

YEAR

K3.395
K5.S6
KS.57
KS.5S8
KS. 5%
KS. 60
KS. 61
KS. 62
KS. 63
KS. 64
KS.465
KS. 66
KS.467
KS. &8
KS.4&9
KS.70
KS.71
KS.72
KS5.73
KS.74
KS.75
KS.76
KS5.77
KS.78
K3.79
KS.80
K3.81
KS.82
KS.B3
KS.84

ANNUAL
DISCHARGE
(ac. f.)

3907.64
29119.14
2877.42
77372.02
3778. 11
2110.61
2497.00
2532.49
80466.38
3994.51
3378.43
3218.98
93970.84
3805. 49
19547.52
26363.89
45689.42
2844.68
39040.32
B1783.58
424%.39
S34768.81
1474.72
2619.357
3129.13
6640.08
3206.87
36795.52
209S4.20
13133.71

CUMULATIVE
DISCHARGE
(ac. ft)

3907.64
330246.78
J5704. 20

113274. 20
117054.30
119164.90
1214661.90
124194.40
132260.80
1362355. 30
1394633.80
1426852.80
1968235. 60
200629.10
220176.60
2446540.50
250929.%0
253776. 60
292816.90
374600.50
37B84%9.90
382328.70
3B83803. 40
386423.00
3B89S552. 10
396212.20
399419.10
436214.60
4871468.80
S500302. 50
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Appendix 4

Annual Accumulation/Depletion of Bedload Sediment
Within the State Park Reach of Lagunitas Creek

&
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Appendix 5

Relation of Bed Descriptors to Observed
Accumulation and Depletion, Lagunitas Creek

A. Glides
B. Pools
C. Riffles

Balance Hydrclogics, Inc.



Figure 5a. Relation of Bed Descriptors to Observed Sediment Accumulation and Depletion in Glides
of Lagunitas Creek.
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Table 5b. Relation of Bed Descriptors to Observed Sediment Accumulation and Depletion in Pools

of Lagunitas Creek. Medisan Particle Sizss
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L Table 5c. Relation of Bed Descriptors To Observed Sediment Accumulation and Depletion in Riffles
of Lagunitas Creek.
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