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SUMMARYSUMMARY

An analysis of potential streambank erosion along the Russian River and the Laguna de
Santa Rosa showed that the proposed discharge of reclaimed water is not expected to
significantly increase streambank erosion.  The lower reach of the Laguna de Santa Rosa
between Mark West Creek and the Russian River nearly exceeded the significance
criteria established for determining potential erosion impacts.  However, detailed analysis
of the data showed that no significant erosion impact is likely to occur.  The analysis
reviewed hydraulic conditions and erosive forces for typical years with wet, dry and
average runoff, and found that increased erosion due to the discharge of reclaimed water
would not occur.

PURPOSE

The purpose of this analysis is to estimate the potential for increases in streambank
erosion along the Laguna de Santa Rosa and the Russian River due to the discharge of
reclaimed water from the three possible discharge points, Delta Pond, Meadow Lane
Pond and the proposed discharge point on the Russian River.  If the increased flow rate
resulting from the discharge could cause significant erosion, mitigation measures would
be required.

METHODOLOGY

The potential for streambank erosion in the Laguna de Santa Rosa and the Russian River
is related to a parameter know as "stream power" (Dunne, 1978).  The formula for stream
power is:

w =   ( v d s

where w = stream power
(  = unit weight of water
v = flow velocity
d = flow depth
s = stream slope

The unit weight of water and the stream channel slope parameters in the stream power
equation are the same for flow conditions with and without the reclaimed water
discharge.  Therefore, when calculating the percentage increase in the stream power
between the two conditions, channel slope and the unit weight of water cancel out and
are not required in the analysis.
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Where subscript e is existing conditions and subscript d is conditions with the reclaimed
water discharge.

The estimated stream power for each reach along the Laguna de Santa Rosa and the
Russian River was calculated for the existing flow conditions and for the projected flow
conditions after the discharge of reclaimed water under the proposed 20% discharge
alternative.  The calculated stream powers for the two conditions were compared to
determine whether a significant increase in stream power resulted from the discharge of
reclaimed water.  A significant increase was defined as greater than 1 percent.  If the
estimated increase was greater than 1%, it was assumed that a potential erosion impact
may occur and that mitigation may be required.

Three representative water years were selected for analysis:

1976 --  dry year
1982 --  wet year
1961 --  average year

Historical streamflow data for these years were adjusted to reflect the flow that would
have occurred under existing discharge conditions and under the proposed 20% discharge
alternative.  The 20% discharge alternative was assumed to be the worst case alternative.
Other project alternatives would cause less potential erosion because the discharge rates
are lower and, therefore, the increase in the flow rate in the Laguna or the Russian River
would be lower.

The Laguna and the Russian River were subdivided into reaches for purposes of the
water quality investigation performed by Resource Management Associates (RMA). 
Appendix A shows the location of each reach.  The investigation by RMA produced
hydraulic information for each reach and each of the water years listed above.  The
information provided to Dames & Moore by RMA included average daily flow rates and
the corresponding flow velocity and flow depth. (See Appendix B for a sample of the
data provided by RMA)   These hydraulic properties were provided for both the existing
flow conditions in each stream and the increased flow rate corresponding to the 20%
discharge alternative. The analysis was conducted for the period  October 1st through
May 15th, when reclaimed water is discharged to the river system.

Sediment samples from the Laguna and the Russian River were used to estimate the
threshold streamflow velocity at which erosion is expected to occur.  Below the threshold
velocity the sediments will be stable and not subject to erosion.   Above the threshold

Percent Increase  =
 v  d  s
 v  d  s

 _  100 =  v  d
v  d

 _  100e e

d d

e e

d d
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velocity the hydraulic forces on the sediment are sufficient to lift the particles and move
them downstream.  The magnitude of the threshold velocity depends on the size of the
sediment particles.   For example, fine sand will be eroded at a lower velocity than
gravel.

Merritt Smith Consulting obtained 14 sediment samples from the bottom of the Laguna
and 6 samples from the Russian River. Table 1 summarizes the particle size data. The
measured particle size distribution indicates that in the upper reaches of the Laguna,
sediments are more susceptible to erosion than in the reaches near the confluence with
the Russian River.  The Russian River contains more sands and gravels than the Laguna
and is less susceptible to erosion.

Table 1

Stream Channel Sediment Particle Size Distribution

Sediment Volume by Average Particle Size

Gravel Sand Silt Clay
Location 75 - 5

mm

5 - 0.08

mm

0.08 - 0.001

mm

0.08 - 0.001

mm

Laguna de Santa Rosa

Upper Reaches 0% 30 - 40% 35% 25 - 30%

Lower Reaches (Nos. 7.2, 7.4 and 7.6) 0% 40- 50% 20 - 25% 30 - 35%

Russian River

Near the Laguna Confluence 3% 70 - 80% 15 - 20% 5%

Near Guerneville 3% 95% 2% 0%

Source:  Merritt Smith Consulting

Based on the sediment sampling data, it is apparent that the erosion velocity threshold
varies between the Laguna and the Russian River.  The finer grained material in the
Laguna will erode at a lower streamflow velocity than the coarser material in the Russian
River.  For the purpose of evaluating potential erosion impacts associated with the
discharge of reclaimed water, it was assumed that an increase in the stream power and
the potential for erosion was only significant when the average streamflow velocity for
the discharge condition was greater than the erosion threshold velocity for the reach.  The
sediment particle size distribution from Table 1 and typical scour velocities (ASCE, 1995
and Goldman et al., 1986) were used to develop a table of threshold velocities for each
reach in the Laguna and Russian River. Table 2 summarizes the estimated erosion
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threshold velocities.  At velocities less than these values, the stream channel material is
assumed to be stable and therefore the increase in the velocity due to the discharge of
reclaimed water would not be expected to cause streambank erosion.

Table 2

Estimated Erosion Threshold Velocity

Location
Estimated Erosion Threshold

Velocity
(feet per second)

Laguna de Santa Rosa

Upper Reaches 2.0

Lower Reaches

Reach 7.0 2.0

Reach 7.2 2.0 - 2.5

Reach 7.4 3.0 - 3.5

Reach 7.6 3.0 - 3.5

Russian River

Near the Laguna Confluence 4.0

Near Guerneville 4.0

Sources:  ASCE, 1995 and Goldman et al., 1986

It should be noted that this analysis does not consider localized erosion that could occur
at the point of discharge into the Laguna or the Russian River.  It is assumed that the
discharge pipe outlet and associated structures will be designed with appropriate erosion
protection measures to prevent erosion in the immediate vicinity of the discharge point. 
The analysis herein only considers general erosion along the streambanks downstream
from the discharge point.

FINDINGS

The analysis for the three flow conditions (dry, average and wet years) showed that only
the lower reaches of the Laguna de Santa Rosa (reaches number 7.0, 7.2, 7.4 and 7.6
between Mark West Creek and the Russian River) experience flow conditions that
approach an increase in stream power of more than 1% when the velocity is above the
erosion threshold velocity.  All reaches on the Russian River and the upper reaches of the
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Laguna do not experience conditions that could cause an increase in erosion because
either the velocities are less than the threshold velocity or the increase in stream power is
less than 1%.  A detailed examination of the data and explanation of the results of the
analysis for the lower reaches of the Laguna is presented below.

For the 1976 water year (dry year), reaches 7.2 and 7.4 nearly exceeded the stream power
increase limitation for one day during the 230-day discharge period.  However, the
average velocity in each reach was 2.05 and 3.04 feet per second (fps) respectively,
which is at the lower end of the threshold limit for these reaches. (See Appendix C for
detailed results of the analysis)  Therefore, it was assumed that no erosion impact would
occur.

For the 1961 water year (average year), the analysis showed that reaches 7.0, 7.2, 7.4 and
7.6 nearly exceeded the stream power limitation for several days during the 230-day
discharge period.  Reach 7.0 had an increase in stream power of 1.3% for one day when
the average velocity was 2.09 fps compared to a threshold limit of 2.0 fps.  Reach 7.2
had an average increase in stream power of 2.9% for eight days when the average
velocity was 2.37 fps compared to a threshold limit of 2.0 - 2.5 fps.  Reach 7.4 had an
average increase in stream power of 3.4% for seven days when the average velocity was
3.48 fps compared to a threshold limit of 3.0 - 3.5 fps. Reach 7.6 had an increase in
stream power of 1.1% for one day when the average velocity was 3.37 fps compared to a
threshold limit of 3.0 - 3.5 fps. (See Appendix D for detailed results of the analysis). 
Because the velocities are less than the threshold limits, it was assumed that no erosion
impact would occur.

For the 1982 water year (wet year), the analysis showed that reaches 7.0, 7.2, 7.4 and 7.6
nearly exceeded the stream power limitation for several days during the 230-day
discharge period. Table 3 summarizes the results of the analysis for these reaches. (See
Appendix E for detailed results of the analysis.)

Reach 7.0 had an average increase in stream power of 1.4% for five days when the
average velocity was 2.07 fps compared to a threshold limit of 2.0 fps. The average
velocity is less than 0.1 fps above the threshold, which is less than the typical error
tolerance for estimating stream channel velocities.  Therefore, it was assumed that no
erosion impact would occur.

Reach 7.2 had an average increase in stream power of 1.4% for seven days when the
average velocity was 2.58 fps compared to a threshold limit of 2.0 - 2.5 fps. The average
velocity is less than 0.1 fps above the threshold, which is less than the typical error
tolerance for estimating stream channel velocities.  Therefore, it was assumed that no
erosion impact would occur.

Reach 7.4 had a total of 20 days when the velocity was greater than the maximum
threshold limit of 3.5 fps.  During these 20 days the increase in stream power averaged
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1.5%  and the velocity averaged 3.83 fps.  Although the increase is stream power is
greater than 1%, the velocity is only about 0.3 fps greater than the threshold limit. 
Therefore, because of the short duration, typical tolerances in measuring velocities and
variations in sediment gradation, it was assumed that no significant erosion impact would
occur.

Reach 7.6 had an average increase in stream power of 1.2% for 16 days when the average
velocity was 3.28 fps compared to a threshold limit of 3.0 - 3.5 fps. Because the
velocities are within the threshold limits it was assumed that no erosion impact would
occur.

Table 3

Summary of Analysis Lower Reaches of the Laguna de Santa Rosa
Wet Year 1982

Reach
Erosion Velocity
Threshold (fps)

Velocity Range1

(fps)

Estimated
Average
Velocity2

(fps)

Estimated
Stream Power
Increase (%)

Number
of Days3

7.0 2.0 >2.0 2.07 1.4 5

7.2 2.0 - 2.5 2.0 - 2.5 2.14 2.8 25

2.0 - 2.5 >2.5 2.58 1.4 7

7.4 3.0 - 3.5 3.0 - 3.5 3.17 3.6 16

3.0 - 3.5 3.5 - 4.0 3.70 1.7 13

3.0 - 3.5 >4.0 4.12 1.1 7

7.6 3.0 - 3.5 3.0 - 3.5 3.28 1.2 16

Notes:
1. Daily data for each reach was subdivided into selected velocity ranges based on the average daily velocity for

the reach.
2. Average velocity for the days during the year where the average daily velocity was within the indicated range

and the increase in stream power was more than 1%.
3.  Number of days during the year where the average daily velocity was within the indicated velocity range and

the increase in stream power was more than 1%.
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CONCLUSIONS

The results of the analysis indicate that throughout the Laguna de Santa Rosa and
Russian River systems, there is no significant potential for increased streambank erosion
due to the discharge of reclaimed water during average and dry years.  During very wet
years, flow conditions in reaches 7.2 and 7.4 may approach the erosion threshold
condition, but based on the analysis presented here, no significant erosion is anticipated. 
The remainder of the Laguna and the entire Russian River system are not expected to
experience any increased erosion due to the discharge of reclaimed water during wet
years.
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APPENDIX C DRY YEAR ANALYSIS – 1976 WATER YEAR

The following table summarizes the results of the dry year analysis.  The table is a
filtered list of data taken from the entire data base of hydraulic properties for each reach
and each day of the October through May discharge period.  The table lists only the
reaches and days where a potential erosion impact has been calculated based on the
hydraulic criteria listed in the following table.

Location Velocity
(fps)

Stream
Power

Increase
Laguna de Santa Rosa
Upper Reaches (Nos. 1.0 through 7.2) >2.0 >1%
Lower Reaches (Nos. 7.4 and 7.6) >3.0 >1%
Russian River
Reaches 8.0 through 14.0 >4.0 >1%

Based on this criteria, a potential impact was identified only in reaches 7.2 and 7.4,
located on the Laguna de Santa Rosa. (See Appendix A)  The other reaches along the
Laguna and all reaches on the Russian River would not be impacted based on the criteria
described herein.





APPENDIX DAPPENDIX D
AVERAGE YEARAVERAGE YEAR

ANALYSIS—1961ANALYSIS—1961
WATERWATER



APPENDIX D AVERAGE YEAR ANALYSIS  --  1961 WATER YEAR

The following tables summarize the results of the average year analysis.  The table is a
filtered list taken from the entire data base of hydraulic properties for each reach and
each day of the October through May discharge period.  The table lists only the reaches
and days where a potential erosion impact has been calculated based on the hydraulic
criteria listed in the following table.

Location Velocity
(fps)

Stream
Power

Increase
Laguna de Santa Rosa
Upper Reaches (Nos. 1.0 through 7.2) >2.0 >1%
Lower Reaches (Nos. 7.4 and 7.6) >3.0 >1%
Russian River
Reaches 8.0 through 14.0 >4.0 >1%

Based on this criteria, a potential impact was identified only in reaches 7.0, 7.2,  7.4 and
7.6, located on the Laguna de Santa Rosa. (See Appendix A)  The other reaches along the
Laguna and all reaches on the Russian River would not be impacted based on the criteria
described herein.
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APPENDIX E WET YEAR ANALYSIS  --  1982 WATER YEAR

The following tables summarize the results of the wet year analysis.  The table is a
filtered list of data taken from the entire data base of hydraulic properties for each reach
and each day of the October through May discharge period. The table lists only the
reaches and days where a potential erosion impact has been calculated based on the
hydraulic criteria listed in the following table.

Location Velocity
(fps)

Stream
Power

Increase
Laguna de Santa Rosa
Upper Reaches (Nos. 1.0 through 7.2) >2.0 >1%
Lower Reaches (Nos. 7.4 and 7.6) >3.0 >1%
Russian River
Reaches 8.0 through 14.0 >4.0 >1%

Based on this criteria, a potential impact was identified only in reaches 7.0, 7.2,  7.4 and
7.6, located on the Laguna de Santa Rosa. (See Appendix A)  The other reaches along the
Laguna and all reaches on the Russian River would not be impacted based on the criteria
described herein.

The second set of tables in this appendix present the same data as the first table except
the data are sorted so that the results for each reach (7.0 through 7.4) are presented on a
separate table. These tables were used determine averages and to develop statistics to
summarize the results of the analysis.
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