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Abstract

In fall 2009, the UC Botanical Gardens completed a 

restoration project on Winter Creek, a tributary to Straw-

berry Creek. The creek is located in the Redwood Grove 

on the north side of Centennial Drive, opposite the 

main gardens. The project was completed in response 

to severe erosion caused by a pipe culvert that carried 

runoff from the Lawrence Berkeley Laboratory (LBL) and 

other development in Strawberry Canyon. For this term 

project we conducted a post-project appraisal of the Winter Creek restoration to determine whether 

the restoration achieved its objectives. We obtained relevant project information from the project 

proponents via interviews and email communication. On three days in October and November 2010, 

we conducted cross sections, longitudinal profiles, and vegetation surveys.  In order to learn more 

about the Winter Creek watershed upstream of our project site, we conducted a hydrological analy-

sis. Although we only received draft pre-project data, our results show that the cross sections and 

longitudinal profile have not changed significantly over the first winter since the project construction 

was completed. Furthermore, we did not detect any significant erosion within the project site. These 

results are not surprising due to the substantial rock armoring that was utilized in this restoration plan. 

The planting plan we received from the project partners was preliminary and the UC Botanic Gardens 

negotiated changes in order to balance the restoration effort with its educational goals to teach visitors 

about California’s redwood ecosystems in this part of the Botanical Gardens. Our vegetation assess-

ment was inconclusive. Our survey revealed that some species of plants, such as California azalea 

(Rhododendron occidentalis), were experiencing low survival at the project site. Other species, such 

as alumroot and wild ginger are annual species, which could not be observed in November. In conclu-

sion, as of its first winter after installation, this project has been successful in reducing erosion and 

bank failure on Winter Creek in the Redwood Grove. As development continues upstream of the proj-

ect site with the LBL’s continued expansion, additional runoff may cause additional erosion problems 

in the future. We would recommend that the UC Botanical Gardens and Campus Capital Projects 

continue on-going monitoring as well as work with LBL to mitigate its stormwater runoff through the 

implementation of low-impact design, such as bioswales, retention basins, and flow-through planters.

Figure 1. Culvert on Winter Creek in 2005.
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Introduction

	 In fall 2009, the UC Botanical Gardens completed  

a restoration project on Winter Creek, a tributary to 

Strawberry Creek. The creek is located in the Mather 

Redwood Grove on the north side of Centennial Drive, 

opposite the main gardens (Fig. 2).

	 The project was completed in response to severe 

erosion caused by a pipe culvert that carried runoff from 

the Lawrence Berkeley Laboratory (LBL) and other de-

velopments in Strawberry Canyon (Carmichael, 2010). 

According to the ‘Save Strawberry Canyon’ citizens’ 

group, LBL has expanded its footprint in the canyon from 

134 to 200 acres over the past 20 years (Save Strawber-

ry Canyon, 2010).  Recent expansion of parking areas at 

LBL (Fig. 3) increased the flashiness of the stream creat-

ing a scour pool and 12-foot drop in grade immediately 

downstream of the pipe (USACE, 2007). In 2004, the walls of the scour pool collapsed, and adjacent 

banks began slumping into the pool. Continued erosion of the channel was likely to undermine the 

outlet of the culvert, several large redwoods along creek bank, and the sole access road to the Red-

wood Grove (RWQCB, 2006). In addition to the threat to trees and infrastructure, continued erosion 

would have contributed excess sediment to the Strawberry Creek watershed. The UC Botanical 

Garden worked in conjunction with Campus Capital Projects and LBL to complete a restoration plan, 

which was prepared by Philip Williams and Associates (PWA). The design objectives of the project 

were to use rock grade control structures to stabilize and raise the streambed, creating a series of 

step pool and riffle sequences. The unstable creek banks were to be regraded, stabilized, and reveg-

etated with vegetated soil lifts and brush mats in combination with specific native planting and seed-

ing plans. An outfall dissipation gabion basin was created to absorb some of the energy flowing out 

of the culvert. Design for the project began in 2004, but due to permitting and funding constraints, the 

restoration was not implemented until 2009.  Hanford A.R.C. was responsible for restoration construc-

tion.

Figure 3. Recent Development at LBL (LBL 2006)

Figure 2. Project Location - Botanical Gardens location 
marked by the red tree (From Google Earth)
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Research Questions

	 For this term project we conducted a post-project appraisal of the Winter Creek restoration to 

determine whether the restoration achieved its objectives. In our analysis, we answered the following 

questions: 

1. What might the channel have looked like prior to development in Strawberry Canyon?

2. Has the restoration stopped or decreased erosion in this reach of Winter Creek?

3. How did construction differ from the designs and what are the implications of those changes?

4. What is the percent of plant survival? Were the plantings in accordance with the educational/ bo-

tanical goals established by the Botanical Gardens for the Redwood Grove? 

5. How did the goals of restoration conflict with the mission of Botanical Gardens?

6. How did funding or permitting constraints affect the solution, which was ultimately selected?

7. What caused the delay in the permitting process and how could this be streamlined?

Figure 4. Pre-restoration. Winter Creek, looking upstream. 2005. Figure 5. Pre-restoration. Winter Creek, looking downstream. 2005.
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Methods

	 We began by obtaining project information from Chris Carmichael, Associate Director of the 

UC Botanic Gardens; Kate Bolton, Project Manager for Campus Capital Projects; and Jorgen Blom-

berg, Design Team Manager, PWA. We received the following draft planning documents: revegetation 

plan, technical specifications, cross sections and plans for the restoration design, photomonitoring 

locations and pre-, during, and post-project photographs. 

Channel and vegetation surveys

	 During three fieldwork days we completed channel and vegetation surveys in three distinct 

reaches of the project designated as the gabion, upstream and downstream reaches (Fig. 9). On 

October 23, we surveyed nine cross sections at the ‘gabion reach’ of the project site, replicating cross 

sections A-J designated on the plan figures provided to us by PWA personnel (Fig. 6 and Fig. 10). On 

October 31, we completed a longitudinal survey of the project site (Fig. 7). We were not provided de-

tailed longitudinal profile figures in time for them to inform our fieldwork and therefore we completed 

our longitudinal profile by taking survey points in the thalwag of the channel based on obvious chang-

es in slope and feature. On November 5, we completed two cross sections in the ‘downstream reach’ 

(Fig. 11) and two cross sections in the ‘upstream reach’ of the project site, replicating cross sections 

designated in the planning documents as 1 and 2 and 3 and 4 respectively (Fig. 8 and Fig. 12). Lastly, 

we completed an assessment of vegetation survival within all three reaches.

Figure 8. Surveying cross sections in the 
‘downstream reach,’ November 5, 2010.

Figure 6. Surveying cross sections in 
the ‘gabion reach,’ October 23, 2010.

Figure 7. Surveying the longitudinal 
profle, October 31, 2010.
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	 In order to compare the built cross sections and longitudinal profile with the data collected in 

the field, we overlaid our data on to the cross section and longitudinal profile design figures provided 

by PWA. In order to assess vegetation survival, counted the numbers and species of plants observed 

at the site for one planting location in the ‘gabion reach,’ two planting locations in the ‘upstream reach’ 

and one planting location in the ‘downstream reach.’ We then compared these counts with the pre-

liminary planting plan provided to us by the project partners. We also took photos at photomonitoring 

points provided by PWA (Fig. 9).

Fig. 9. Contour plan designating PPA reaches and photomonitoring points (original image PWA)
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Hydrological analysis
	 In order to understand how development of impermeable surfaces upstream impact peak flow 
at the site it is important to know the time it takes for precipitation upstream to reach the site, typically 
referred as lag time. In order to determine the approximate lag time to peak flow at the downstream 
end of our site we used USGS 7.5” topo maps to estimate the area of the drainage upstream of our 
site, the length of the channel upstream of the site, the length to the center of the watershed, and the 
elevation difference or slope from the downstream end of the site to watershed boundary. The follow-
ing formula incorporated this information to determine the approximate lag time of peak flow.	

TL = ([Channel Length (L) x Drainage Area(Lca)]/[Slope]^1/2)^.38 x 24 x Roughness (n)

Additionally, we calculated the regional regression using Waananen and Crippen method and calcu-
lated the Curve Numbers and infiltration rates for the watershed under pre-development,
current, and 50% development conditions. 

Results
Cross section channel surveys
Figures 13 through 17 below are the results of our cross section surveys. Each cross section has 
been overlaid in green onto the original cross sections provided by PWA.  The design cross sections 
also include the pre-project conditions of the creek designated by the dashed line. This overlay allows 
for the comparison between the pre project conditions, the project design, and the final construction. 
This comparison shows whether or not the project stopped or decreased erosion as well as dis-
plays where the project construction may have deviated from the original design. By comparing the 
pre-project conditions, the design, and the construction we are able to answer the second and third 
research questions. In each cross section the banks are labeld to oriented the observer.The cross 
sections are organized from upstream to downstream (gabion reach, upstream reach, downstream 
reach).
	
	 Gabion reach cross sections
	 It appears the designed bank cuts were not constructed was applied to the slope than original-
ly designed for in the following cross sections in the gabion reach: cross section D, high on the right 
bank (Fig. 13), cross section G, beyond the highest gabion on the left bank (Fig. 14), cross sections H 
and I beyond the highest gabion on the left bank and cross section J, high on the right bank (Fig. 15). 
It can be observed on the plan drawing (Fig. 10) that at least one large redwood tree (designated by 
the dark circles) remains near each of these cross sections. In order to maintain the trees, the con-
tractors may not have been able to apply the cuts proscribed by the design documents. As the slopes 
in these areas are steeper than the design slopes they may experience erosion in the future a if not 
monitored.
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2010 Survey resultsFigure 13. Cross Sections B-D

River Right River Left

River Right River Left

River Right River Left



11

Figure 14. Cross Sections E-G 2010 Survey results

River Right River Left

River Right River Left

River Right River Left
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Figure 15. Cross Sections H-J 2010 Survey results

River Right River Left

River Right River Left

River Right River Left
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	 Upstream reach cross sections
	 Similar to the gabion reach, it appears the designed bank cuts were not constructed and 
more fill was applied to the slope than originally designed for on the right bank in cross section 
3 and dramatically on the left bank in cross section 4. Again, this may be due to large redwood 
trees the contractors were forced to maintain during constriction. As these slopes are steeper 
than originally designed for they may experience erosion and contribute to bank failure if not 
monitored appropriately in the future.

Figure 17. Cross Section 4

2010 Survey results

Figure 16. Cross Section 3

River RightRiver Left
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Figure 18. Cross Section 1

Figure 19. Cross Section 2

2010 Survey results

	 Downstream reach cross sections
	 Cross-sections 1 and 2 (Fig. 17) correspond fairly well with the topography designed for 
the site.

River Left River Right

River Left River Right



15

00
1

50
1

01
1

51
1

02
1

52
1

00
. 0

00
. 0

2
00

. 0
4

00
. 0

6
00

. 0
8

00
. 0

01

Elevation (m)

)
m( 

no
it

at
S

eli
f o

r P
 l

an
i d

uti
gn

oL

	 Longitudinal profile (from downstream culvert to upstream culvert) channel survey
	 The longitudinal profile (Fig. 18) correspond with the topography designed for the site. The lon-
gitudinal profile in the designs shows the step pools at a coarser level of detail than the data collected 
in the field (Fig. 18).

Figure 20 show
s the surveyed logitudinal profile overlaid in green on top of the designed longitudinal profile.
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Vegetation survey
	 Planting plan species survival
For each reach, the number and species of plants in each sampling location matched the planting 
plan to a certain extent. California azalea (Rhododendron occidentalis) was the only species that did 
not have good survivorship and did not seem to be in good health. For instance, in the gabion reach 
(Table 1) only 8 of the 10 planted have survived and in the upstream reach only 2 of the 6 planted 
survived (Table 2). The surviving plants had few leaves and the leaves that were present were spot-
ted and appeared diseased. As we were sampling in November, we did not observe herbaceous spe-
cies, such as alumroot (Heuchera micrantha) or wild ginger (Asarum caudatum). In the gabion reach, 
it was particularly difficult to distinguish between individuals of redwood sorrel (Oxalis occidentalis 
because individual plants were mingled together and were mixed in with annual grasses. 
	 Table 1. Gabion Reach
Botanical Name Common Name Number in plan Number found in field
Fragaria vesca Woodland strawberry 30 30
Woodwardia fimbrata Giant chain fern 4 3
Polystichum munitum Western swordfern 20 20
Heuchera micrantha Alum root 8 N/A
Rhododendron occidentalis California azalea 10 8
Oxalis occidentalis Rewood sorrel 80 80

Asarum caudatum Wild ginger 20 N/A
Rubus spp. California blackberry 20 10
Iris douglasiana Douglas iris 6 6

Figure 21. Planting plan for the Gabion reach (sampled area highlighted in green)

         F
low

	 Table 2. Upstream reach
Botanical Name Common Name Number listed in plan Number found in field
Polystichum munitum Western swordfern 12 8
Heuchera micrantha Alum root 8 N/A
Rhododendron occidentalis California azalea 6 2
Juncus patens Common rush 8 8

Blackberry (Rubus spp.), giant chain fern (Woodwardia fimbrata), douglas iris (Iris douglasiana), and redwood sorrel (Ox-
alis occidentalis) were present, but not listed in the plan.
	 Table 3. Downstream reach
Botanical Name Common Name Number listed in plan Number found in field
Polystichum munitum Western swordfern 14 5
Oxalis occidentalis Redwood sorrel 40 40
Asarum caudatum California azalea 12 N/A
Carex nudata Torrent sedge 10 2

Woodwardia fimbrata Giant chain fern 6 1

Juncus patens Common rush 16 8
Black twinberry (Lonicera involucrata), douglas iris (Iris douglasiana), and flowering current (Ribes sanguineum) were 
present, but not listed in the plan.
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	 Live pole planting survival
We found leaves growing on many of the dogwood and willow live pole plantings to be evidence that 
the live pole plantings were out of dormancy. Therefore, we counted all bare live pole plantings ob-
served as dead. It is evident from these counts that the dogwood and willow live pole plantings did 
not have a high survival ratio (Table 4). It was observed that the plantings located on the left bank 
(looking downstream below the footbridge) were more successful. The only observable difference 
between the left and right banks was the greater amount of shading caused by the redwoods above 
the right bank.

Table 4. Live pole planting survival
Live pole

planting
Gabion Upstream Downstream

Live Dead Live Dead Live Dead

Willow 2 5 3 3 11 36
Dogwood 2 4 4 5 N/A N/A

Figure 23. Planting plan for Upstream and Downstream reaches
(sampled area highlighted in green).

Figure 22 Successful willow planting in sunnier conditions compared to 
shaded willow live pole planting that did not survive.
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Photomonitoring results

Figure 23. Photomonitoring Point 2. November 5, 2010.

Figure 24. Photomonitoring Point 1. November 5, 2010.

Figure 26. Photomonitoring Plan (3 of 3)

Figure 25. 
Photo-
monitoring 
Point 1. 
October 
2009.

Figure 27. Photomonitoring Point 2. October 2009.

         F
low
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Figure 32.
Photomoni-
toring Point 

3b
October 

2009.

Figure 31.
Photomoni-
toring Point 
3b.
November 5, 
2010.

Figure 29Photo-
monitoring Point 

3c.
November 5, 

2010
(no earlier photo 

available)

Figure 30.
Photomonitoring Plan (2 of 3)

(below)

Figure 28. 
Photomonitoring 
Point 3a.
November 5, 
2010
(no earlier photo 
available)

         F
low
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Figure 33-34. Photomonitoring Point 5. November 5, 2010 (left); Photomonitoring Point 4a. (right) (no earlier photos available)

Figure 35-37. Photomonitoring Plan (3 of 3; above); Photomonitoring Point 4b. November 5, 2010. (below left); October 2009 (below right).

         F
low



21

Hydrological analysis
	 Upstream of our site, Winter Creek drains an area of approximately 160 acres. We estimated 
lag time to peak flow at approximately 8 minutes, which was confirmed by our observations on Octo-
ber 23, when it began to rain while we were surveying at the site. Runoff appeared at the culvert at 
the upstream end of the project site approximately 10 minutes after it began to rain. This runoff also 
carried trash into the project site and foam began to collect at the drop under the pipe culvert and in 
the pools downstream (Fig. 38-39).

Time Lag (TL) = ([Channel Length (L) x Drainage Area(Lca)]/[Slope]1/2).38 x 24 x Roughness (n)

Time Lag to Peak Flow:
L = .66 mi
Lca = .47 mi
Elevation difference = 100 ft
Slope (ft/mi) = 100/.66 =151
n = 0.075
TL = ([.66x.47]/[151]1/2).38x 24 x .075 
TL = 8 min

	 Using the Waananen and Crippen method for the Central Coast 
Region for, where A is watershed area (in acres), p is mean annual 
precipitation (in inches) and H is average watershed altitude (in thou-
sands of feet), we calculated that:

Q2 = 0.0061(A^.92)(p^2.54)(H^-1.10) = 0.0061(160^.92)(25^2.54)
(700^-1.10) =  1.71 cfs

Q100 = 19.7(A^0.88)(p^.84)(H^-.33 ) = 19.7(160^.88)(25^.84)(700^-
.33) = 26.71 cfs

	 Although these number reflect the small size of the watershed, this
calculation is oversimplified and does not address the increased
impermeable surfaces in the watershed. As a result, the current Q2 
and Q100 at the site would be much higher.

	 In an effort to capture those changes in permeability upstream, we
also calculated the relative infiltration rates prior to development,
under the current level of development (estimated at 30% of the
watershed area), and with a 20% increase in development. The soils 
in the Winter Creek watershed are primarily poorly-drained C and D 
class soils. We estimated that under pre-development conditions, the
watershed had a Curve Number (CN) of 84 and that 6% of precipita-
tion became run-off. Under current conditions, we estimated that the 
CN had increased to 88 and 13% runoff and likewise we estimate that 
there was a 20% increase in development in the watershed (50% of 
the total area) the CN would be 90 with 17% of precipitation as runoff.

Figure 40. USGS 7.5”quadrangle with watershed area 
outlined in black, project site highlighted in green and 
Winter Creek outlined in blue.

Figure 38. Foam in project site during
precipitation, October 23, 2010.

Figure 39. Trash in project site following
precipitation, October 31, 2010.
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Discussion
	 It was difficult to answer many of our research questions because we did not receive all the 
detailed planning documents for the project. We received only draft plan views of the three reaches 
described, design plans for each of the reaches, and design cross sections for the gabion reach as 
well as preliminary vegetation plans and maps. Later on in the post project appraisal, we received 
a design profile in the form of Auto cad files from PWA. However, these were still draft versions and 
only provided new information on the draft design of cross sections 1-4. This meant that we were only 
able to interpret the data we collected in the field as compared to preliminary and draft data from the 
project without the detail and precision we would have with final plans and as-built data. In our email 
communications with PWA it was mentioned that they only spot checked the contractor’s (Hanford 
ARC’s) work and they anticipated that we might find some discrepancies between the design and 
what was built. 

Channel surveying	
	 Our analysis comparing the preliminary designs with our current surveying data did find dis-
crepancies between the design and what was built. As discussed in the results, the cross sections 
show that in many places the designed bank cuts were not constructed and more fill was applied to 
the slope than originally predicted. Cross section D (Fig. 13) in the gabion reach is a good example of 
this variation between design and construction. At each cross section location which dememonstrated 
this discrepancy one or several redwood trees were present. It may be assumed that the contractors 
deviated from the design plan in order to maintain these trees.  This is not surprising as one of the 
goals of the project was to reach a balance between the restoration effort and the Botanical Garden’s 
educational goals to teach visitors about California’s redwood ecosystems. Precipitation data aquired 
throught the California Department of Water Resources California Data Exchange website shows that 
2009 in this area was the dryest year in the last five (California Data Exchange, 2010). By the time 
we performed this assessment in October of 2010 the area had only received approximatly 25 inches 
of precipitation, the area’s mean annual rainfall (California Data Exchange, 2010).  The project there-
fore has proven to be able to withstand an average water year but has yet to experience an extreme 
event. Furthermore, on October 23, during our survey of the gabion reach, we observed flow out of 
the culvert approximatly ten minutes after it began to rain. However, there was no flow on the surface 
of the channel until it emerged from beneath the last gabion. The water flowing out from beneath the 
gabion was not silty so it is unknown if this subsurface flow is causing erosion beneath the gabion. If 
our measurements and assumptions are correct, however, the observed cross section and flow condi-
tions could promote erosion in these areas over the long term or perhaps during an extreme precipita-
tion event.

Vegetation surveying
	 The success of the native plant revegetation was difficult to classify because we received only 
a preliminary plan. Chris Carmichael described the process through which the Botanical Gardens and 
the restoration designers achieved a balance between the restoration goals and the educational goals 
of the UC Botanical Garden. The Botanical Garden’s objective for the Redwood Grove is to teach 
visitors about the vegetation native to California’s redwood ecosystems. However, historically, the 
vegetation would have presumably resembled the riparian oak woodland ecosystem that surrounds 
Strawberry Creek on the other side of Centennial Drive. The creek was most likely not a redwood 
ecosystem as it is located outside the redwood range in California. For these reasons the planting 
plan went through numerous iterations to incorporate riparian plants (e.g. willows, dogwoods, sedges, 
rushes) with plants native to a redwood forest understory (e.g. sword ferns, azaleas, redwood sorrel). 
Some plants that were not listed in the plan were actually present in planting areas (Table 3-4). On 
the other hand, some plants that were listed in the plan were either not present in the planting area 
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or were present but in different numbers than were listed.  Qualitatively, the plantings seemed to be 
successful, with the exception of many individuals of California azalea (Rhododendron occidentalis), 
which had fewer survivors over all and seemed to be in poor health (Tables 1-3). All observed Cali-
fornia azaleas were more sparsely foliaged than would be expected and had spotting on the leaves, 
which denoted disease to us. 
	 The success of the live pole plantings was similarly difficult to quantify because the planting 
plan we received showed the locations of live pole plantings but not the number planted (Fig. 20 and 
22). We found the live pole plantings to have a low survival rate when comparing our counts of foli-
aged poles vs. bare poles (Table 4). The live pole plantings were more successful on the sunnier 
portion of the left bank downstream of the footbridge, but were not successful in the shade (Fig. 21). 
On the right bank, we counted three times as many dead or dormant pole plantings than alive and 
foliaged ones (Table 4; Fig. 21). As this vegetation is proposed to provide bank stabilization functions, 
the shade caused by the large redwoods adjacent to the right bank plantings demonstrate how the 
planting compromises in the planning process have created potentially unsustainable riparian vegeta-
tion which may put the bank stability at risk under future high flow events. 

Photomonitoring
	 Although we were not able to obtain all of the photographs that corresponded with the photo-
points, we can draw some conclusions based on the photos we were able to compare. The rock ar-
moring / gabions do not appear to have eroded or moved during the first winter after installation (Fig. 
20-24). The photographs show the greater extent of plant establishment on the left bank downstream 
of the foot bridge compared to that on the right bank (Figures 33-35).  The annual grasses shown in 
many photographs were planted for soil stabilization in the first winter, are sterile, and will not reseed 
(Figures 26, 29, 32).

Hydrological analysis
	 Our hydrological analysis shows the very short lag time to peak flow in this small and steep 
watershed. It also demonstrates how development in the watershed has increased the percentage of 
percipitation that becomes runoff. Although we did not test water quality, the flow observed on Octo-
ber 23rd was silty and foamed as it spilled from the culvert indicating poor water quality. Future moni-
toring and restoration efforts could focus on increasing pervious surfaces and installing low impact 
designs upstream of the site, in order to reduce the flashiness of the stormwater flows to the site and 
to improve water quality before flows reach Strawberry Creek. 

Conclusions / Recommendations
	 Restoration has been defined as the reestablishment of pre-disturbance ecosystem functions 
and related physical, chemical and biological characteristics (NRC, 1992), as the process of repair-
ing damage caused by humans to the diversity and dynamics of indigenous ecosystems (Jordan et 
al, 1987), and as the return to an ecosystem that closely resembles unstressed surrounding areas 
(Gore, 1985). This specific project, however, was not based on the goal of restoring the site to pre-
disturbance conditions. Prior to development in Strawberry Canyon, Winter Creek was presumably a 
small, ephemeral step-pool stream. Due to the highly urbanized nature of the Winter and Strawberry 
Creek watersheds, this definition of restoration may not be practical as it is impossible to recreate all 
historical conditions. However, according to the Society for Ecological Restoration (SER)’s ‘Interna-
tional Primer on Ecological Restoration,’ ecological restoration can also be defined as “the process of 
assisting the recovery of an ecosystem that has been degraded, damaged, or destroyed,” frequently 
as the direct or indirect result of human activities (SER, 2004). The Winter Creek restoration plan can 
be categorized as a partial-restoration action that aims to restore only selected physical, chemical, or 
biological processes (Beechie et al, 2010). By this definition, this restoration has been successful in 
assisting the ecosystem in recovering from development-induced erosion. Although the extent of 
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armoring added to the channel is by no means historic, it has thus far been effective at reducing bank 
failure and downcutting (Palmer et al, 2005). The project goals were first and foremost to raise the 
channel bed and arrest erosion and bank failure. The project after the first year has been successful 
relative to these goals. 
	 Although the primary objective of reducing erosion was achieved through this restoration proj-
ect, many compromises were required to meet the contrasting goals of historical vegetation restora-
tion and of teaching visitors to the Botanical Gardens about coastal redwood ecosystems. This project 
represented an interesting case where restoring historical ecosystems was perhaps not the highest 
priority at this site. This balance resulted in changes to the constructed design of a portion of the 
channel. For example, designed cuts were potentially not implemented potentially to maintain trees 
that were already present at the site and important to the gradens mission. It should be noted, how-
ever, that we performed the cross sections using a stadia rod and auto level and therefore it is pos-
sible that differences between our cross section data and the design plans is due to human error. If, 
in fact, the banks are steeper then designed there is a chance of erosion during dramatic precipitation 
events. However, the general success of the non-live pole planting will most likely help to stabalize 
these areas.
	 Compromises between restoration and education goals have impacted the success of the 
planting plan and potentially will also compromise the banks stability in the long run. Overall, the non-
live pole plantings had good survivorship. In the instances where it was found that survivorship was 
poor as shown in Fig. 21, it would be of interest to note if the medium they are planted in, the water 
availability, or the elevations at which they were planted differs from the more successful plantings or-
whether they were installed incorrectly or mishandled. These are some question we did not have time 
to investigate in more depth and might be of use in informing similar projects. However, it is evedent 
that the shading caused by the redwoods on the right bank has significantly hindered the survivorship 
of the live pole plantings. The purpose of these plantings is to provide bank stabilization therefore the 
right bank is now more susceptible to failure than the left bank where, unshaded, the live pole plant-
ings have been very successful. This demonstrates how important it is to select restoration measures 
that are compatible with the surrounding environment. It is recommended that the project partners 
continue to monitor the project so that any problems that may arise from what we have observed can 
be identified and dealt with quickly to insure the stability of the banks. 
	 Like many restorations projects, this project was affected by funding and permitting constraints 
(Beechie et. al. 2010). The construction designs went through much iteration to satisfy these con-
straints and additional changes occurred during construction to adapt the designs to the site condi-
tions. Since we were not provided with complete documentation, including various planning document 
drafts and final construction designs, we are unable to draw definite conclusions on how the funding 
and permitting constraints impacted the final project construction. Jorgen Blomberg, Design Team 
Manager at PWA, mentioned that PWA did not perform post construction surveys and monitoring but 
did not explain the reasons for this. Funding for monitoring may have been limited which would have 
impeded the collection of post-assessment data. However, the project has only been finished for ap-
proximately one year. It is recommended that the project under go future monitoring efforts based on 
our post project appraisal which would include: regular repeat cross section and longitudinal profile 
surveys, annual photomonitoring at the same photopoints, and annual plant survivorship surveys. It is 
also reccomended that the partners replant the poor performing live-pole plantings with shade toler-
ant riparian vegatation. As mentioned above, future monitoring efforts could also include water quality. 
It is also reccomended that the partners replant the poor performing live-pole plantings with shade 
tolerant riparian vegatation. Finally, it is recommended that the project partners address upstream 
impact to the site by incorporating low impact design measures in the watershed in order to decrease 
the amount of impermeable surfaces upstream of the site.
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STATE OF CALIFORNIA THE RESOURCES AGENCY ARNOLD SCHWARZENEGGER. GOVERNOR 

DEPARTMENT OF FISH AND GAME 
BAY DELTA REGION 
(707) 944-5520 
Mailing address: 
POST OFFICE BOX 47 

Sheet address: 
7329 SILVERADO TRAIL 
NAPA CALIFORNIA 94558 

August 7,2007 
Notification Number: 1600-2006-0177-3 

Ron Coley / University of  California, Berkeley 
125 University Hall 
Berkeley, CA 94720- 1 100 

1602 LAKE AND STREAMBED ALTERATION AGREEMENT 

This agreement is issued by the Department of Fish and Game pursuant to Division 2, Chapter 6 of the California Fish and 
Game Code: 

WHEREAS, the applicant Ron Coley 1 University of California, Berkeley, hereafter called the Operator, submitted a signed 
NOTIFICATION proposing to substantially divert or obstruct the natural flow of, or substantially change the bed, channel, or 
bank of, or use material from the streambed or lake of the followiiig water: Winter Creek, located in Mather Memorial 
Redwood Grove at the UC Botanical Gardens, in the County of Alameda, State of California; and 

WHEREAS, the Department has determined that such operations may substantially adversely affect existing fish and wildlife 
resources including water quality, hydrology, aquatic or terrestrial plant or animal species; and 

WHEREAS, the project has undergone the appropriate review under the California Environmental Quality Act; and 

WHEREAS, the Operator shall undertake the project as proposed in the signed PROJECT DESCRIPTION and PROJECT 
CONDITIONS (attached). If the Operator changes the project from that described in the PROJECT DESCRIPTION and does 
not include the PROJECT CONDITIONS, this agreement is no longer valid; and 

WHEREAS, the agreement shall expire on December 3 1,2009; with the work to occur between June 15 and October 15; and 

WHEREAS, nothing in this agreement authorizes the Operator to trespass on any land or property, nor does it relieve the 
Operator of the responsibility for compliance with applicable Federal, State, or local laws or ordinances. Placement, or 
removal, of any material below the level of ordinary high water may come under the jurisdiction of the U. S. Army Corps of 
Engineers pursuant to Section 404 of the Clean Water Act; 

THEREFORE, the Operator may proceed with the project as described in the PROJECT DESCRIPTION and PROJECT 
CONDITIONS. A copy of this agreement, with attached PROJECT DESCRIPTION and PROJECT CONDITIONS, shall be 
provided to contractors and subcontractors and shall be in their possession at ,the work site. 

Failure to comply with all conditions of this agreement may result in legal action. 

This agreement is approved by: 

Charles "rmdger 
Regional M 
Bay Delta Region 

CC: Warden Bowers 
Lieutenant Christensen 



DEPARTMENT OF THE ARMY 
SAN FRANCISCO DISTRICT, U.S. ARMY CORPS OF ENGINEERS 

1455 MARKET STREET 
SAN FRANCISCO, CALIFORNIA 94103-1398 

Regulatory Branch 

SUBJECT: File Number 29866s 

Mr. Mark Freiberg 
University of California, Berkeley 
Office of Environment, Health and Safety 
University Hall, 3rd Floor 
Berkeley, California 94720- 1 150 

Dear Mr. Freiberg: 

This letter is written in response to your July 9,2007 request for a two year extension of 
your May 4,2006 Department of the Army authorization to implement a permanent solution to 
the severe erosion that has been observed on a portion of Winter Creek, located inside Mather 
Memorial Redwood Grove, at the UC Berkeley Botanical Gardens, 200 Centennial Dr., #5045, in 
the City of Berkeley, Alameda County, California 94720-5045. T h s  project will raise the stream 
bed 2 to 3 feet, and create a series of step pool and riffle sequences using rock grade control 
structures to stabilize and reconstruct the 'naturalized' creek bed. The unstable creek banks will 
be regraded and biotechnical stabilization measures, such as vegetated soil lifts and brush mats in 
combination with specific native planting and seeding plans, will be utilized to stabilize and 
revegetate the banks. The culvert at the top of the project will be extended and an outfall 
dissipation basin will be created to absorb some of the energy flowing out of the culvert. In total, 
the project will impact approximately 170 linear feet of channel bed and 2,100 square feet of 
channel and bank areas. 

Based on a review of the inforniation you submitted and an inspection of the project site 
conducted by Corps personnel on April 28,2006, your project qualifies for authorization under 
Department of the Army Nationwide Permit (NWP) 27 for Stream and Wetland Restoration 
Activities and NWP 33 for Temporary Construction, Access and Dewatering, (67 Fed. Reg. 
2020, January 15,2002), pursuant to Section 404 of the Clean Water Act (33 U.S.C. Section 
1344). See Enclosure 1. All work shall be completed in accordance with submitted drawings 
titled "Winter Creek Stabilization & Enhancement Project, University of California, Berkeley 
UC Botanical Gardens; Conceptual Plan -Reach 1 and Reach 2 (both dated 3-1 -06), Profile 
(dated 2-22-06), and Details (dated 2-22-06)". 

The project must be in compliance with the General Conditions cited in Enclosure 2 for 
this Nationwide Permit authorization to remain valid. Non-compliance with any condition could 
result in the suspension, modification or revocation of the authorization for your project, thereby 
requiring you to obtain an Individual Permit from the Corps. This Nationwide Permit 
authorization does not obviate the need to obtain other State or local approvals required by law. 



This authorization will remain valid for two years from the date of this letter unless the 
Nationwide Permit is modified, suspended or revoked. If you have commenced work or are 
under contract to commence work prior to the suspension, or revocation of the Nationwide 
Permit and the project would not comply with the resulting Nationwide Permit authorization, you 
have twelve (12) months from that date to complete the project under the present terms and 
conditions of the Nationwide Permit. Upon completion of the project and all associated 
mitigation requirements, you shall sign and return the Certification of Compliance, Enclosure 3, 
verifying that you have complied with the terms and conditions of the permit. 

This office has not received a copy of your Section 401 water quality certification from 
the San Francisco Bay Regional Water Quality Control Board (RWQCB). If you have received a 
water quality certification, please submit a copy of the certification to the Corps prior to the 
commencement of work. 

To ensure compliance with this Nationwide Permit authorization, the following special 
conditions shall be implemented: 

1. Vegetative clearing shall be minimized to the maximum extent practicable. 

2. Erosion control measures on the banks shall be designed to withstand a significant 
first year storm event in effort to minimize potential sediment loss prior to full 
vegetative development. 

Should you have any questions regarding this matter, please contact Mark D'Avignon of 
our Regulatory Branch at 415-503-6773 or Mark.R.D'Avignon@usace.army.mil. Please address 
all correspondence to the Regulatory Branch and refer to the File Number at the head of this 
letter. If you would like to provide comments on our permit review process, please complete the 
Customer Survey Form available through the Forms and Contacts Block on our website: 
www .spn.usace.army.mil/regulatory. 

Sincerely, 

Mark D'Avignon 
Chief, South Section 
Regulatory Branch 

Enclosures 



Copy furnished (wlo enclosures): 

CA DFG, Yountville, CA (attn: Marcia Grefsrud) 
CA RWQCB, Oakland, CA (attn: Brian Wines) 



California Regional Water Quality Control Board .*u San Francisco Bay Region 
Alan C.  Lloyd, Ph.D. 

Agency Secretav 
15 15 Clay Street, Suite 1400, Oakland, California 94612 

(5 10) 622-2300 Fax (510) 622-2460 
http://www.waterboards.ca.gov/sanfranciscobay 

- ,  

Arnold Schwanenegger 
Governor 

Date: .JAN 3 1 2.006 
File No: 2198.1 1 (bkw) 
Site No: 02-01-C0860 
ACOE File No: 298663 

Mr. Steve Lustig 
Acting Vice Chancellor 
University of California, Berkeley 
200 California Hall 
Berkeley, CA 94720- 1500 

Subject: Water Quality Certification for the Temporary Stabilization of a Failing Culvert on Winter Creek 
at the University of California at Berkeley Botanical Gardens in the City of Berkeley, Alameda 
County 

Dear Mr. Lustig: 

We have reviewed the application materials submitted to the San Francisco Bay Regional Water Quality 
Control Board (Water Board) by the University of California, Berkeley (the Applicant) and hereby issue 
after-the-fact water quality certification for the Applicant's project to stabilize a failing culvert on Winter 
Creek at the University of California at Berkeley (UCB) Botanical Gardens in the City of Berkeley, 
Alameda County (Project). The Applicant received authorization for the Project from the United States 
Army Corps of Engineers (ACOE) under Clean Water Act (CWA) Section 404 Nationwide Permit 
(NWP) No. 18 (Minor Discharges) (ACOE File No. 298663). You have applied to the Water Board for 
Clean Water Act Section 401 water quality certification that the Project will not violate State water 
quality standards. 

Project Description: The following Project description was derived from application materials received 
on September 23,2005, as well as e-mail communications from the Applicant in August and December of 
2005. The Project goal was to prevent ongoing erosion of the bed and bank of Winter Creek, which has 
been caused by erosion at the outlet of a culvert under the entry road to the Mather Redwood Grove in the 
UCB Botanical Garden. Winter Creek is a tributary to Strawberry Creek. In recent years, run-off flows 
have created a scour pond at the outlet of the culvert, resulting in a 12-foot drop in grade along the 
channel invert. During the 2004 -2005 wet season, the walls of the scour pool collapsed, and adjacent 
banks began slumping into the pool. Continued erosion of the channel was likely to undermine the outlet 
of the culvert, several large redwoods along creek bank, and the sole access road to the Mather Redwood 
Grove. In addition to the threat to trees and infrastructure, continued erosion would have contributed 
excess sediment to the Strawberry Creek watershed. 

Because erosion was likely to continue during the 2005 - 2006 wet season, on September 30,2005, Water 
Board staff provided the Applicant with an e-mail in which the Applicant was allowed to install 
temporary erosion control measures before receiving CWA section 401 water quality certification. The 
approval for the temporary erosion control work was made with the Applicant's understanding that the 
Applicant was to apply for certification for a permanent fix prior to the 2007 - 2008 wet season. 

Material staging and installation of the temporary stabilization project took place between October 26 and 
November 4,2005. A temporary water diversion system was installed to direct creek flows around the 
area of work. The structures were installed using hand labor. 
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Mr. Lustig - 2 - Winter Creek Temporary Culvert Stabilization 
Site No: 02-01-C0860 

The temporary stabilization project consists of several interim erosion control measures: a temporary 
extension of the existing culvert; installing an energy dissipation basin at the outlet of the extended 
culvert outfall; and the installation of seven stabilization structures in the creek channel. The structures 
were installed within a 350-foot long reach of the creek, extending from the failing culvert outlet at the 
upstream limit of the Project reach, to a culvert inlet at Centennial Drive. 

The culvert extension bypasses creek flows through the vulnerable scour and headcut section at the 
upstream limit of the Project site. The culvert extension consists of two sections of 30-inch diameter 
cormgated metal pipe. A 30-inch diameter T-Connection with a clean-out access hatch was attached to 
the existing culvert using pipe coupling. A 30-inch diameter 90 degree-pipe fitting was then placed at the 
bottom end of the T-Connection pipe and positioned on a gravel bag foundation on the channel bed. 
Gravel bags were also used to construct an energy dissipation structure at the outlet of the culvert 
extension. 

Grade stabilization structures were constructed using a combination of Tensar ~ e o ~ r i d ~ ~  baskets filled 
with 3-inch minus washed drain rock and gravel bags filled with 1 -inch minus washed drain rock. The 
structures were installed to protect and stabilize the channel at the locations of the most severe and active 
headcuts. 

Impacts: The seven structures and the dissipation basin impacted a total of 145.5 linear feet of channel 
bed and 1,936 square feet (0.04 acres) of channel and bank area. About 24.6 cubic yards (cy) of rock 
were used in the stabilization structures; the Tensar ~ e o ~ r i d ~ ~  baskets contained 9 cy of 3-inch rock and 
the gravel bags contained 15.6 cy of 1-inch rock. 

Mitigation: A final stabilization project will be submitted for review by the resource agencies and the 
approved project will be implemented prior to October 2007. To stabilize the project site, 1,936 square 
feet of biodegradable coir erosion fabric was placed on creek banks that were disturbed by installation 
activities and/or were exposed and vulnerable to surface erosion. 

CEQA Compliance: On July 14,2005, the University of California determined that the Project was 
categorically exempt from the requirements of the California Environmental Quality Act (CEQA), as a 
Class 33 Small Habitat Restoration Project. 

Certification and General Waste Discharge Requirements: I hereby issue an order certifying that any 
discharge from the referenced Project will comply with the applicable provisions of sections 301 (Effluent 
Limitations), 302 (Water Quality Related Effluent Limitations), 303 (Water Quality Standards and 
Implementation Plans), 306 (National Standards of Performance), and 307 (Toxic and Pretreatment 
Effluent Standards) of the Clean Water Act, and with other applicable requirements of State law. This 
discharge is also regulated under State Water Resources Control Board Order No. 2003 - 0017 - DWQ, 
"General Waste Discharge Requirements for Dredge and Fill Discharges That Have Received State Water 
Quality Certification" which requires compliance with all conditions of this Water Quality Certification. 
The following conditions are associated with this certification: 

1. No debris, rubbish, creosote-treated wood, soil, silt, sand, cement, concrete, or washings thereof, 
or other construction related materials or wastes, oil or petroleum products or other organic or 
earthen material shall be allowed to enter into, or be placed where it may be washed by rainfall or 
runoff into Winter Creek. Any of these materials placed within or where they may enter Winter 
Creek by the Applicant or any party working under contract, or with the permission of the 
Applicant shall be removed immediately. When operations are completed, any excess material 
shall be removed from the work area and any areas adjacent to the work area where such material 
may be washed into Winter Creek. During construction, the contractor shall not dump any litter 
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or construction debris within the ripariantstream zone. All such debris and waste shall be picked 
up daily and properly disposed of at an appropriate site; 

2. IVo equipment shall be operated in areas of flowing or standing water; no fueling, cleaning, or 
maintenance of vehicles or equipment shall take place within any areas where an accidental 
discharge to Winter Creek may occur; construction materials and heavy equipment must be stored 
outside of the creek channel; 

3. The Applicant shall submit a long-term stabilization plan for Winter Creek to the Executive 
Officer of the Water Board for review and approval by March 3 1, 2006. The Applicant shall 
apply for Water Quality Certification for implementation of the long-term stabilization plan, and 
the approved plan shall be implemented prior to October 1,2007; 

4. This certification action is subject to modification or revocation upon administrative or judicial 
review, including review and amendment pursuant to Section 13330 of the California Water Code 
(CWC) and Section 3867 of Title 23 of the California Code of Regulations (23 CCR); 

5. This certification action is not intended and shall not be construed to apply to any discharge from 
any activity involving a hydroelectric facility requiring a Federal Energy Regulatory Commission 
(FERC) license or an amendment to a FERC license unless the pertinent certification application 
was filed pursuant to 23 CCR Subsection 3855(b) and that application specifically identified that 
a FERC license or amendment to a FERC license for a hydroelectric facility was being sought; 
and, 

6. Certification is conditioned upon total payment of the full fee required in State regulations (23 
CCR Section 3833). Payment in full was received on September 23,2005. 

Please be aware that any violation of water quality certification conditions is a violation of State law and 
subject to administrative civil liability pursuant to California Water Code (CWC) Section 13350. Failure 
to respond, inadequate response, late response, or failure to meet any condition of a certification may 
subject the Applicant to civil liability imposed by the Water Board to a maximum of $5,000 per day of 
violation or $10 for each gallon of waste discharged in violation of this action. Any request for a report 
made as a condition to this action (e.g., Condition 3) is a formal request pursuant to CWC Section 13267, 
and failure or refusal to provide, or falsification of such requested report is subject to civil liability as 
described in CWC Section 13268. We anticipate no further action on this request. However, should new 
information come to our attention that indicates a water quality problem with this Project, the Water 
Board may issue Waste Discharge Requirements. 

Please contact Brian Wines of my staff at (5 10) 622-5680 or bwines@waterboards.ca.gov if you have any 
questions. All future correspondence regarding this Project should reference the Site Number indicated at 
the top of this letter. 

Sincerely, 

Bruce H. Wolfe 
Executive Officer 
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cc: d f f i c e  of Environment, Health & Safety, ATTN: Steve Maranzana, 3 17 University Hall, 
Berkeley, CA 94720- 1 150 
SWRCB-DWQ, Oscar Balaguer 
USACE, San Francisco District, Attn: Regulatory Branch, 333 Market Street, San Francisco, CA 
94105 -2197 (File Number 298668) 
CDFG, Central Coast Region, Attn: Robert Floerke, Regional Manager, P.O. Box 47, Yountville 
CA 94599 (Notification Number 1600-2005-0639-3) 
U.S. EPA, Tim Vendlinski, WTR-8. 
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