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1 PURPOSE AND INTRODUCTION 
This Basis of Design Memorandum (BODM) is intended to provide a summary of the proposed fish 
passage improvements at the Lower Barrier Site and Upper Barrier Site in Eagle Canyon on North 
Fork Battle Creek near Manton, California.  This memorandum provides the project goals and 
objectives, design criteria and decisions, description of the proposed project, anticipated fish passage 
conditions resulting from the project, anticipated monitoring and maintenance required, and 
limitations and uncertainties associated with implementation and project performance.   
 
The information presented in this memorandum relies on previously completed work. Repeating 
information from other documents was minimized but some information is repeated or summarized 
for convenience. A discussion of previously completed documents is included in Sections 2.2 and 
2.3. Descriptions and analysis presented in this BODM are based on the 90% design drawings, 
which are included as Attachment 1.  
 
The organization of this BODM is as follows: 
 

Section 2 - Background and Setting: Presents the project location, a summary of the work 
completed previously by others and the Design Team for this project, and a summary of the 
existing LBS and UBS conditions. 
 
Section 3 - Project Goals, Objectives, and Fish Passage Design Criteria: Describes design 
considerations and criteria used for this project.  
 
Section 4 - Lower Barrier Site Design: Presents the Lower Barrier Site design, including a 
description of the design, anticipated fish passage performance, anticipated maintenance 
requirements, expected design life, recommended post-construction monitoring, and design 
limitations and uncertainties.  
 
Section 5 - Upper Barrier Site Design: Presents the Upper Barrier Site design, including a 
description of the design, anticipated fish passage performance, anticipated maintenance 
requirements, expected design life, recommended post-construction monitoring, and design 
limitations and uncertainties.  
 
Section 6 - References: Lists reports and publications cited in this document. 

2 BACKGROUND AND SETTING 
Battle Creek has historically been regarded as a uniquely important watershed because of the 
abundance and broad diversity of Chinook salmon and steelhead that used the creek. The year-
round influence of cold water springs allowed for such diversity to develop, including winter-run 
Chinook salmon, which are now extirpated from the watershed and in danger of extinction.  
Hydroelectric facilities, operations, and other human factors likely caused the extirpation of winter-
run Chinook from the Battle Creek watershed in the early 1900s (Reynolds et al. 1993).    
 
After many years of planning, there is currently a major fisheries restoration project being completed 
by many organizations and led by the U.S. Bureau of Reclamation (USBR) on Battle Creek, referred 
to as The Battle Creek Salmon and Steelhead Restoration Project (USBR Restoration Project). Upon its 
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completion, the goal of the USBR Restoration Project is to reestablish approximately 42 miles of 
prime salmon and steelhead habitat on Battle Creek, plus an additional six miles on its tributaries.   
 
The California Department of Fish and Wildlife (CDFW) has retained the services of Michael Love 
& Associates, Inc. (MLA) to design and develop construction ready documents to improve upstream 
fish passage conditions at two natural fish barriers on North Fork Battle Creek (NFBC): Lower 
Barrier Site (LBS) and Upper Barrier Site (UBS). This Eagle Canyon Fish Passage Improvement 
Project (Project) is being completed for CDFW under Agreement Number D1499019.   
 
The following sections present background and setting information pertinent to this memorandum. 
This includes the project location, summary of previously completed work, and summaries of the 
existing conditions at both sites.  

2.1 Project Location 
This project is located within Eagle Canyon, along the border of northern Tehama and southern 
Shasta counties on North Fork Battle Creek (Figure 2-1). The separation between the Lower Barrier 
Site (LBS) and Upper Barrier Site (UBS) is approximately 1,200 feet. Eagle Canyon Dam, operated 
by Pacific Gas & Electric (PG&E), is located at approximately the mid-point between the two 
project sites. See Attachment 1, Sheet 3, for an additional site location map. 

2.2 Previous Work and Relevant Studies by Others 
The Battle Creek watershed has been the subject of many previous studies. An annotated 
bibliography of the previously completed work obtained as part of this project is included in 
Attachment 2. The following sections further highlight some of the studies.  

 In-Stream Flow Agreements 
In February 1999, the National Marine Fisheries Service (NMFS), U.S. Bureau of Reclamation, U.S. 
Fish and Wildlife Service (USFWS), California of Department of Fish and Game (CDFG), and 
Pacific Gas and Electric Company (PG&E) entered into a memorandum of understanding (MOU). 
The MOU outlined the roles and responsibilities regarding actions to be undertaken as part of the 
Battle Creek Chinook Salmon and Steelhead Restoration Project. Among other details, the MOU 
outlined minimum instream flow releases below various diversion dams within the anadromous 
reaches of North and South Fork of Battle Creek. Table 2-1 presents minimum instream flow 
releases at North Battle Creek Feeder Dam (Feeder Dam) and Eagle Canyon Dam by month. Figure 
2-2 shows the location of these dams relative to the project sites.  Currently, PG&E is operating 
under interim instream flow requirements.   

 Hydrology Studies and Streamflow Gaging 
Figure 2-2 presents an overview of the USBR Restoration Project components with the location of 
the LBS and UBS indicated. The figure also indicates the location of key dams and flow gaging 
stations within the watershed that may be discussed in this memorandum. MLA’s Existing Site and 
Hydraulic Characterization Technical Memorandum (MLA, 2016b), presents a detailed discussion of 
project hydrology. 
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Figure 2-1. Project location map. 
 
Table 2-1.  Minimum instream flow releases by month for the Feeder Dam upstream of the UBS 
and Eagle Canyon Dam upstream of the LBS (from the 1999 MOU). 

Diversion Dam 

Minimum Instream Bypass Flow (cfs) 

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

Feeder Dam1 88 88 67 47 47 47 47 47 47 47 47 88 

Eagle Canyon2 46 46 46 46 35 35 35 35 35 35 35 46 

1. On occasion the release is not attainable due to the quantity of inflow reaching the dam. Additional inflows to 
the North Battle Creek Feeder reach are occasionally received from the junction box of the Volta 2 Powerhouse 
Tailrace and Cross-Country Canal a short distance downstream.  

2. Eagle Canyon Dam releases reported on this table include releases from Eagle Canyon Springs (the springs 
located downstream of Eagle Canyon Dam).  
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Figure 2-2. Battle Creek Schematic for USBR Restoration Project with this project's site locations and the location of various flow gages indicated. 
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 Fish Passage and Fish Monitoring Studies 
There have been several fish passage and fish monitoring studies completed for Battle Creek. 
The following paragraphs highlight some of these studies. Refer to MLA (2016b) for 
additional details. 
 
Figure 2-3 presents a map of partial and complete natural barriers identified by Thomas R. 
Payne and Associates (TRPA, 1998), with the current two project barriers indicated by the red 
dots. Located between LBS and UBS is Eagle Canyon Dam. TRPA (1998) identified several 
barriers downstream and upstream of these two barrier sites. In general, they concluded that 
the barriers downstream of the LBS were all passable at flows greater than 35 cfs. USFWS 
continues to monitor some of these barriers to determine at what flows passage is feasible. 
USFWS is also monitoring locations between Eagle Canyon Dam and the UBS.  
 
The UBS is located approximately 600 feet upstream of Eagle Canyon Dam. For reasons 
unknown, the 1998 TRPA fish passage assessment makes no mention of the UBS. Earley 
(2014) identified the UBS, referred to as Barrier B.  Earley concluded that the UBS was a 
complete barrier at low and moderate flows, with the potential for an alternative passage route 
around the barrier at high flows. MLA (2016b), discussed in the following section, concluded 
that the primary drop is a complete barrier at all flows. 
 
 

 
Figure 2-3. Locations of identified barriers (TRPA, 1998) with the current Project's barriers 
labeled by red dots. 
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2.3 Summary of Previous Work Completed by MLA Design Team 
Work presented in this memorandum relies on work completed and documented in early 
documents. Many of these previous documents were included within the appendices of the 
Eagle Canyon Fish Passage Improvements in Battle Creek Lower and Upper Barrier Sites: Alternative 
Analysis Report (MLA, 2017). Table 2-2 presents the studies completed for this project by the 
MLA design team.  
 
 
Table 2-2. A list of previously completed documents completed for this Project by the MLA 
Design Team. 

Associated 
Task Document Title Primary Author Status Where 

Available 

Task 2 

Final Eagle Canyon Fish 
Passage Improvement 
Project Task 2: Topographic 
Surveying and Boulder 
Mapping Results 

Michael Love & 
Associates, Inc.  

Final,  
May 2016 MLA, 2017, 

App. E1 

Task 2 North Fork Battle Cr Eagle 
Canyon Survey Report 

GMA Hydrology, 
Inc. 

Final,  
January 2016 

Task 3 

Engineering Geologic 
Investigation Technical 
Memorandum Eagle Canyon 
Fish Passage Improvement in 
Battle Creek 

Cotton, Shires and 
Associates, Inc.  

Final,  
August 2016 

MLA, 2017, 
App. F1 

Task 4 

Eagle Canyon Fish Passage 
Improvements in Battle Creek 
Lower and Upper Barrier 
Sites: Existing Site and 
Hydraulic Characterization 
Technical Memorandum 

Michael Love & 
Associates, Inc. 

Final, 
October 2016 

MLA, 2017, 
App. G1 

Task 5 

Eagle Canyon Fish Passage 
Improvements in Battle Creek 
Lower and Upper Barrier 
Sites: Alternative Analysis 
Report 

Michael Love & 
Associates, Inc. 

Final, 
January 2017 MLA, 2017 

Task 5 

Eagle Canyon Fish Passage 
Improvements; Alternative 
Analysis Constructability 
Review Memorandum 

SR Diversified Revision 3, 
October 2016 

Attachment 
3 

Task 5 
Eagle Canyon Fish Passage 
Improvements; Alternative 
Class 4 Estimate Narrative 

SR Diversified November 
2016 

Attachment 
4 

1. Indicates the Appendix the document can be found within the Eagle Canyon Fish Passage 
Improvements in Battle Creek Lower and Upper Barrier Sites (MLA, 2017)  
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 Survey and Mapping 
GMA Hydrology’s (GMA’s) North Fork Battle Cr Eagle Canyon Survey Report (GMA, 2016) 
presents the work completed to develop the base topographic data for the project. This 
included brining control to the project sites, obtaining LiDAR data, conducting ground base 
scans, conducting traditional total station surveys, conducting sonar-based bathometric 
surveys, and obtaining low-elevation aerial photographs of the sites.  Survey products included 
detailed point clouds, surfaces, and meshes for both sites. 
 
MLA’s Final Eagle Canyon Fish Passage Improvement Project Task 2: Topographic Surveying and Boulder 
Mapping Results Technical Memorandum (MLA, 2016a) provided the results of the work completed 
under Task 2 by MLA. This included the labeling of boulders for both sites, mapping hydraulic 
control for both sites, mapping high and low flow alignments, and delivering all of the 
electronic information developed by both MLA and GMA.  

 Engineering Geologic Studies 
Cotton, Shires and Associates’ (CSA’s) Engineering Geologic Investigation Technical Memorandum 
Eagle Canyon Fish Passage Improvement in Battle Creek (CSA, 2016) provided the findings of their 
engineering geologic investigation. This included a rigorous investigation of the UBS and a 
qualitative investigation of the LBS.  

 Characterization of Existing Hydraulic and Fish Passage Conditions Methods 
The Eagle Canyon Fish Passage Improvements in Battle Creek Lower and Upper Barrier Sites: Existing 
Site and Hydraulic Characterization Technical Memorandum (MLA, 2016b) summarized the work and 
findings for characterizing existing conditions. This included field measurements (water level 
logger, several surveys, and time-lapse cameras) and desktop exercises (rating curves, hydraulic 
models, and maps) based on the field data and research. A summary of existing fish passage 
conditions and recommendations for the two sites are presented in Sections 2.4.4 and 2.5.4. 

 Alternative Analysis 
Based on work completed earlier, MLA scoped potential concepts to improve fish passage at 
the LBS and UBS. From the scoped concepts, two concepts for the LBS and three concepts 
for the UBS were selected for full alternative development. The concepts and alternatives were 
presented in Eagle Canyon Fish Passage Improvements in Battle Creek Lower and Upper Barrier Sites: 
Alternative Analysis Report (MLA, 2017). The Report culminated by selecting preferred 
alternatives for both sites. This BODM presents additional information related to these two 
preferred alternatives based on the 90% Design Drawings.  

 Construction Alternative Analysis 
Based on the Draft Eagle Canyon Fish Passage Improvements in Battle Creek Lower and Upper Barrier 
Sites: Alternative Analysis Report (Draft Alternative Analysis Report), SR Diversified developed 
the Eagle Canyon Fish Passage Improvements Alternative Analysis Constructability Review Memorandum 
(SRD, 2016a, Attachment 3). Within this memorandum, SR Diversified conceptually analyzed 
large equipment access options (helicopter, crane, skyline yarder), foot and small equipment 
access, water control and water quality control, and rock demolition from a contractor’s point 
of view regarding feasibility and potential issues to overcome. MLA used this information 
during the development of 65% design documents.  
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 Class 4 Cost Analysis 
Based on the Draft Alternative Analysis Report for the Project, SR Diversified developed the 
Eagle Canyon Fish Passage Improvements Alternative Class 4 Estimate Narrative (SRD, 2016b, 
Attachment 4). SR Diversified was directed to review three large equipment options 
(helicopter, crane, and skyline yarder) and develop an AACE Class 4 construction cost 
estimate for the two project sites. Based on the conceptual designs, the three options were 
found to produce similar construction costs.  

 Construction Schedule 
Based on the 65% drawings and technical specifications, SR Diversified developed a 
construction schedule. The first schedule developed was for a single construction season. The 
single construction season provided no float time, requiring everything to proceed on schedule 
with no unforeseen conditions arising during construction.  The single season schedule also 
required that streamflows be low enough in June to allow installation of a stream diversion.  
The schedule was viewed as too optimistic, and a two-season construction schedule was 
developed. The LBS will be constructed the first season and the UBS the second season.  

2.4 Lower Barrier Site Summary of Existing Conditions 
This section summarizes the LBS layout, geologic hazards, hydrology, and existing fish passage 
conditions. MLA (2016b) provides a detailed description of the LBS. 

 LBS Layout 
Figure 2-4 and Figure 2-5 presents an aerial image of the LBS and mapped boulder complexes. 
Figure 2-6 presents the LBS profile. In the first two figures, water flows from right to left. 
Overall, the LBS is more linear than the UBS with respect to flow direction. Flow at the LBS is 
concentrated on river right (looking downstream) as it passes from Pool 5, down the primary 
drop, into Pool 4, through Sieve B [a sieve is a gap under boulders that convey substantial 
flow], into Pool 3, through Sieve A, into Pool 2, and then finally into Pool 1, which marks the 
downstream end of the LBS reach. The water surface elevation (WSE) difference between 
Pools 4 and 5, which encompasses the primary drop, is approximately 8.4 feet under low flow 
(~35 cfs) conditions. The primary drop is approximately 34.5 feet long.  

 LBS Geologic Conditions and Hazards 
CSA (2016) conducted a qualitative geologic assessment of the LBS and Smelser (2012) 
conducted a more in-depth characterization of the LBS (in the channel). The two studies 
provide information helpful to understand the geologic hazards that exist at the LBS.  
 
In general, the LBS is more geologically stable than the UBS but still includes some active 
toppling. Along the south canyon wall (river left) two very large blocks have a high failure 
potential and a thinner block or flake also has a high failure potential. These features are above 
the LBS and located within the Eagle Canyon Basalt layer adjacent to the PG&E footpaths 
above the LBS. The Eagle Canyon Basalt layer has pervasive, near-vertical cooling joints that 
result in relatively large bocks that can topple. There are other blocks and columns within this 
layer near the LBS, but they have a moderate failure potential (could fail within 50 – 100 
years).  
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Figure 2-4. Aerial image of the Lower Barrier Site showing mapped boulder complexes. 
 

 
Figure 2-5. Aerial image of the Lower Barrier Site taken on February 10, 2016 at a flow of 
120 cfs. 
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Figure 2-6. Lower Barrier Site channel profile. 
 
CSA could not access the north canyon face due to landowner access permissions, but was 
able to view the face from PG&E’s walkways on the south rim and from aerial photography. 
The north canyon can be separated into two distinct vertical walls (referred to as upper and 
lower) with a sloped area between. CSA noted some detached boulders laying on the sloped 
area with approximately 3 feet diameters and if mobilized, they would potentially tumble into 
the LBS.  
 
CSA completed field and laboratory tests to quantify the characteristics of the boulders within 
the channel with respect to hardness. In general, the basalt boulder strength varied from very 
strong (unconfined compressive strength between 14,500 and 36,250 psi) to extremely strong 
(unconfined compressive strength greater than 36,000 psi).  

 LBS Site Hydrology 

Peak Flows 
Peak flows were estimated from the work completed by USBR (2001). The LBS peak flows are 
presented in Table 2-3. The flows were derived by scaling the USBR peak flows for Eagle 
Canyon Dam to the LBS drainage area, which is approximately 188 square miles. 
 
Table 2-3. LBS peak flows for selected return periods. 

Return Period (years) 2 2.33 5 10 25 50 100 

Flow (cfs) 2,504 2,905 4,407 5,709 7,512 8,914 10,216 
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Daily Average Flow Duration Curves 
Flow duration curves are often used to determine fish passage design flows and evaluate fish 
passage delays due to low or high flow conditions.  The annual 1% exceedance flow is often 
used in northern California to set the high fish passage design flow for adult anadromous 
salmonids (CDFG 2002; NMFS 2001).  
 
Figure 2-7 presents flow duration curves (FDCs) constructed for the LBS.  The FDC is based 
on daily average flow records for 16 water years collected at the BNF gage. Flows are scaled to 
the drainage area of the LBS.  In summary, two different approaches were used to develop the 
FDC.  The first is based on the traditional approach, which is a ranking of all of the daily 
average flow data to determine the exceedance flows.  When applying this method, Water Year 
2006 was identified as a high-flow outlier, such that eliminating this year decreased the 1% 
exceedance flow by 32%.  Therefore, data from 2006 was excluded from the FDC, resulting in 
a 1% exceedance flow of 382 cfs.   
 

 
Figure 2-7. Flow duration curves for Lower Barrier Site based on DWR BNF daily average 
flows, calculated using all data except WY2006 (outlier) and using the median of the annual 
flow duration curves.  For 80% of the water years the annual exceedance flows will fall between 
the lower and upper curves. 
 
The alternative approach used to create the FDC is based on methods outlined by Vogel and 
Fennessey (1994).  This approach better describes annual variability and allows for calculation 
of annual statistics and confidence intervals.  It involves constructing individual FDCs for each 
of the 16 water years, and then calculating the median FDC.  As seen in Figure 2-7, the median 
1% annual exceedance flow is 241 cfs. This means that for half of the water years, from the 
period of record, the 1% annual exceedance flow was less than 241 cfs and the other half was 
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a higher.  For 80% of the water years, the 1% annual exceedance flow was between 531 cfs 
and 138 cfs.  

 LBS Fish Passage Conditions 
MLA (2016b) concluded that the primary drop is a complete barrier to migrating salmon and 
steelhead. The barrier conclusion was based on field observations and two-dimensional 
hydraulic modeling results. The two-dimensional model results within the primary drop 
portion of the channel, were compared to swimming speeds based on developed equations 
(Hunter and Mayor, 1986) for differing fish body size and time to exhaustion for Chinook 
salmon. The comparison did identify that salmon in good condition could overcome the flow 
velocity within the primary drop prior to becoming exhausted under certain flow conditions, 
but the model does not capture the extreme flow turbulence that occurs throughout the 
primary drop.  
 
Based on several site visits and from time-lapse photography, the turbulence within the 
primary drop is extreme within the primary drop and Pool 4. Therefore, although the hydraulic 
model and fish swimming equations may indicate that fish passage is possible, the addition of 
the extreme turbulence makes the primary drop a complete barrier.   

2.5 Upper Barrier Site Summary of Existing Conditions 
This section summarizes the UBS layout, geologic hazards, hydrology, and existing fish 
passage conditions. MLA (2016b) provides a detailed description of the UBS. 

 UBS Layout 
Figure 2-8 presents an aerial image and profile for the UBS. The flow is from left to right. The 
UBS is more complex than the LBS with respect to both flow paths and boulder 
arrangements. Upstream of the primary drop, flow moves through Pool 9 and then Pool 8 and 
then plunges over the primary drop into the shallow and fragmented Pool 7. From Pool 7, 
depending on flow rate, water moves through one of two sieves. One sieve connects to Pool 6 
while the other travels along an unknown path that is believed to exit into Pool 6 just 
upstream of Pool 5. Pool 6 water, depending on flow rate, primarily flows out along two paths: 
(1) to Pool 5 along the primary alignment or (2) along the secondary alignment to Pool 3. 
From Pool 5 water flows into Pool 4. Flow from Pool 4 and Pool 3 meet in Pool 2; Digger 
Creek flow also enters Pool 2. Finally, flow moves into Pool 1, which is the downstream 
boundary of the UBS.  
 
In total, thirteen sieves have been identified that convey flow under one or more large 
boulders.  Flow in these sieves can be open-channel or pressurized, depending on streamflow 
conditions.  The sieves complicate the flow description above. For example, several sieves 
move water from the secondary alignment to the primary alignment. There is also a sieve that 
moves water from upstream of Pool 5 along an undetermined route under boulders and 
discharges along the river left of Pool 4.  
The primary drop is approximately 12.5 feet long and tall. The face of the drop consists of 
several large boulders protruding into the flow path. The lower portion of the drop is nearly 
vertical.  The receiving pool below the drop is extremely shallow given the drop height, and a 
high level of turbulence is generated throughout this area. 
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Figure 2-8. Upper Barrier Site overview aerial image and profile. Photograph when flow 
within NFBC approximately 195 cfs upstream of Digger Creek. 
 

 UBS Geologic Conditions and Hazards 
CSA (2016) completed a robust geological investigation of the UBS. The UBS is underlain by 
the Eagle Canyon Basalt formation, which is characterized by a thick-bedded to massive, 
lightly weathered to fresh, very hard and very strong basalt.  
 
CSA found multiple locations along the canyon walls where rock failure was either high 
(failure could occur at any time, but likely within 10 years), moderate to high (failure likely 
within 10 to 50 years), and moderate (failure likely within 50 to 100 years). The locations of the 
high potential failures were located at different locations along the entire UBS reach and on 
both sides of the channel. Many of these rockfall hazards consist of extremely large blocks of 
basalt. 
 
CSA completed field and laboratory tests to quantify the characteristics of the boulders within 
the channel as well as the canyon walls with respect to hardness and joint characterization. The 
basalt boulder strength varied from very strong (unconfined compressive strength between 
14,500 and 36,250 psi) to extremely strong (unconfined compressive strength greater than 
36,000 psi). The rock exposed in both canyon walls is generally non-vascular basalt with a 
structure that varies from thin (less than 1 foot thick) to massive. The canyon rock is generally 
fresh to slightly weathered, with fractures that vary from widely spaced (3 feet to 10 feet) to 
extremely widely spaced (greater than 10 feet).  
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Rock joints, although infrequent, are moderately continuous (10 feet to 30 feet in length) to 
highly continuous (30 feet to 100 feet). Joint openings varied from tight to up to 2 inches wide 
and were generally open ¼ to ½ inch. 

 UBS Site Hydrology 

Peak Flows 
Peak flows were estimated from work completed by USBR (2001). The UBS and Digger Creek 
peak flows associated with specified return periods are presented in Table 2-4. The UBS flows 
were derived by scaling the USBR peak flows for Feeder Dam to the UBS drainage area, which 
is approximately 148 square miles. The Digger Creek, with a drainage area of 40 square miles, 
flows were derived by subtracting Eagle Canyon Dam peak flows from UBS flows. This 
approach likely underestimates the actual return period flows for Digger Creek, as Digger 
Creek likely peaks prior to North Fork Battle Creek due to its smaller drainage area. Therefore, 
the data presented in Table 2-4 should be interpreted as the flow within Digger Creek at the 
time the UBS’ flow is peaking.  
 

Table 2-4. UBS and Digger Creek peak flows for select return periods. 

Return Period (year) 2 2.33 5 10 25 50 100 

UBS Flow (cfs) 2,332 2,665 4,109 5,331 6,996 8,329 9,551 

Digger Creek Flow (cfs)* 168 235 291 369 504 571 649 
*Estimated using difference between Eagle Canyon Dam and UBS peak flows.  
 

Daily Average Flow Duration Curves 
To assist with establishing fish passage design flows and evaluating potential low-flow and 
high-flow passage delays, a flow duration curve (FDC) was constructed (Figure 2-9).  The 
FDC was created using daily average flow records from the DWR gage, BNF, scaled to the 
drainage area of the UBS.  The first approach constructed a FDC using all of the daily average 
flow data sorted and ranked for the entire period of record, excluding outlier water year 2006 
(similar to LBS).  This resulted in a 1% exceedance flow of 293 cfs.   
 
The second approach used to develop the FDC was constructed using the same methods 
described for the LBS (Section 2.4.3) and as presented in MLA (2016b). The median FDC is 
constructed using the median of the exceedance flows from each annual FDCs from each of 
the 16 water years. This means that for half of the water years, from the period of record, the 
1% annual exceedance flow was less than 182 cfs and the other half was a higher. For 80% of 
the water years, the 1% annual exceedance flow was between 100 cfs and 410 cfs. 

 UBS Fish Passage Conditions 
Figure 2-10 provides a graphical interpretation of the fish passage conclusions for selected 
UBS feature. A question mark indicates that a particular bound has not been identified, but the 
color gradient for that feature indicates when passage may remain suitable (blue) while it 
moves to less than suitable (white). See MLA (2016b) for additional details. 
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Figure 2-9. Flow duration curves for Upper Barrier Site based on DWR BNF daily average 
flow record, calculated using all data except WY2006 (outlier) and using the median of each 
annual flow duration curve.  For 80% of the water years the annual exceedance flows will fall 
between the lower and upper curves. 
 

 
Figure 2-10. UBS fish passage conclusions for selected features (MLA, 2016b: Figure 8-18). 
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Based on observations, it is our opinion that passage conditions are suitable under most flows 
up to about 500 cfs for fish to reach Pool 6, although there is some uncertainty with respect to 
the conditions within Pool 5 and through Sieve D and when the secondary alignment becomes 
passable.  Pool 6 appears to maintain favorable passage/holding conditions up to at least 500 
cfs. Sieve H does appear to provide suitable passage conditions up to flows of 300 cfs, but 
data is lacking to quantify the upper bound for when conditions become less than suitable.  
 
Pool 7 is undefined on both ends of the spectrum with respect to passage conditions. At low 
to moderate flows, the pool has insufficient depth or remains disconnected into sub-pools 
separated by large boulders, making in very difficult for a fish to approach the bottom of the 
primary drop. At higher flows the pool becomes very turbulent which may disorient fish and 
make holding difficult.  
 
The primary drop appears to be a complete barrier at all flows.  Passage improvements should 
focus passage between Pool 6 and Pool 8, including the primary drop.   

3 PROJECT GOALS, OBJECTIVES, AND FISH PASSAGE DESIGN 
CRITERIA 

This section presents the project goal, objectives, fish passage design criteria, and fish passage 
design flows.  

3.1 Project Goal 
The project goal is to improve upstream passage for adult Chinook salmon and steelhead at 
the Lower Barrier Site and Upper Barrier Site located in Eagle Canyon on North Fork Battle 
Creek near Manton, California.   

3.2 Project Objectives 
The project objectives are: 

• to increase water depth at low fish passage flows, 
• to reduce channel velocity, 
• to reduce vertical drops, 
• to increase existing pools or create new pools, 
• to reduce the overall slope of the channel, and 
• to create variable swim paths. 

3.3 Fish Passage Design Criteria and Design Flows 
MLA (2016b) and MLA (2017) include robust discussions with respect to fish passage flows, 
and findings are summarized here. Initially, CDFW provided high and low fish passage design 
flows of 1,600 cfs and 35 cfs, respectively. Based on field observations and hydraulic modeling, 
it appears fish would be unable to migrate upstream at 1,600 cfs due to extreme velocities and 
turbulence occurring throughout the canyon. Therefore, the high fish passage design flow for 
the project was changed to the annual 1 percent exceedance flow, which is the current CDFW 
(CDFG, 2002) and NMFS (2001) high passage design flow criteria for Northern California for 
adult salmon and steelhead. Based on the flow duration curve constructed using all of the daily 
average flow data, but excluding outlier water year 2006, this is 382 cfs for the Lower Barrier 
Site and 293 cfs for the Upper Barrier Site (see Sections 2.4.3 and 2.5.3, respectively).  The low 
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fish passage design flow remains as initially set by CDFW for this project, at 35 cfs for both 
sites based in part on PG&E minimum instream flow requirements. The fish passage design 
flows are presented in Table 3-1. 
 
MLA (2016b) and MLA (2017) also present discussions on design criteria for other parameters 
such as depth, velocity, and drop heights. During the development of those documents, it was 
not clear if the preferred alternative would be a modification or a technical fishway. Therefore, 
the criteria discussed included the standard criteria and guidelines from CDFW (CDFG, 2002), 
NMFS (2001) and NMFS (2011). Because the preferred alternatives for both sites are 
modifications of natural barriers, the technical fishway criteria are thought to be too stringent 
and alternative criteria and guidelines based on published swimming abilities of the target fish 
have been adopted for this project (Table 3-2). The following section presents a general 
discussion on how these criteria and guidelines were applied to evaluate this project’s designs.  
 
Table 3-1. Selected fish passage design flows for the LBS and UBS. 

Criteria 
Lower Barrier 

Site 
Upper Barrier 

Site 

Low Fish Passage Design Flow 35 cfs 35 cfs 

High Fish Passage Design Flow  382 cfs 293 cfs 
 
 
Table 3-2. General fish passage criteria and guidelines for this project. 

Fish Passage Criteria/Guidelines Value 
Minimum Water Depth over a feature1 0.5 ft 
Minimum Pool Depth 2 ft 
Maximum Velocity See Section 3.4 
1. Such as a boulder or chute 

3.4 General Fish Passage Performance Evaluation Method 
This section presents a discussion on the methods used to evaluate fish passage performance 
for the two sites. This analysis followed the same procedures as detailed in Section 4 of MLA 
(2016b).  
 
Designs for both sites included the development of an SRH-2D hydraulic model to be used 
for fish passage assessment purposes (as well as design development). Using the hydraulic 
model results, a fish routing model was developed. The hydraulic model was also used to 
evaluate other hydraulic conditions.  
 
The intricacies of each SRH-2D model is discussed in each site’s relative section below and in 
MLA (2016b), but in general the model surfaces were developed to mimic the anticipated 
channel shape after construction is complete. The SRH-2D model provides a detailed 
simulation of the channel hydraulics covering a wide range of flows, which can in turn be used 
to evaluate the anticipated fish passage conditions.  
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A map was developed for each evaluated flow from the SRH-2D model presenting the 
velocity field where the depth criterion was met. Using the map, a preferred swim route was 
selected through the velocity field that routed the fish through the lower velocity regions that 
provided adequate depth (the swim path never moves in a downstream direction).  The water 
velocities at each SRH-2D node along that swim path were then inputted into the fish 
locomotion and energetics model.  
 
The fish locomotion and energetics model is based on the methods outlined by Castro-Santos 
(2006) to swim the fish from node to node along a selected route.  The approach requires a 
swim speed equation for the fish, which relates time exhaustion (fatigue) for the fish when 
swimming at the given speed.  The swimming equation used in this analysis was for burst 
swimming of adult Chinook salmon developed by Hunter and Mayor (1986) based on data 
from Weaver (1963): 
 
 𝑽𝑽𝑩𝑩𝑩𝑩𝑩𝑩𝑩𝑩𝑩𝑩 = 𝟏𝟏𝟏𝟏.𝟒𝟒𝟒𝟒𝑳𝑳𝑻𝑻𝑻𝑻𝟎𝟎.𝟑𝟑𝟑𝟑𝒕𝒕−𝟎𝟎.𝟓𝟓      Equation 3-1 
 
Where;   

VBurst = Fish burst speed (m/s) 
LTL = Total fish length (m) 

  t  = time to exhaustion (s); such that 1 s≤ t ≤ 30 s 
 
The time required to swim between two nodes is then calculated as a percent of the time to 
exhaustion at the selected swim speed.  The cumulative percent of exhaustion is summed 
along the route.  If the fish is able to swim the entire route without exceeding 100% 
exhaustion, then passage is successful for that fish.   
 
For this project, the fish locomotion and energetics model swam the fish at a distance-
optimizing speed.  Between each node the time to exhaustion was optimized, such that the 
resulting swim speed of the fish minimized the fish’s physical exertion, as describe by “percent 
exhaustion.”  The analysis was performed for varying sizes of Chinook salmon to determine 
the smallest fish able to successfully pass through the site.  
 
Additional discussion specific to the LBS and the UBS are included in Sections 4.3.1 and 5.4.1, 
respectively.   The results of the evaluations for the LBS and UBS are presented in Sections 4.3 
and 5.4, respectively. 

4 LOWER BARRIER SITE PROJECT  
The preferred alternative for the Lower Barrier Site was Alternative B, as described in MLA 
(2017).  The following sections present the proposed project for the LBS based on the 90% 
Design Drawings and Specifications. The 90% Drawings are included as Attachment 1. 

4.1 LBS Project Description 
The existing LBS primary drop is a narrow chute that drops into the shallow and narrow Pool 
4.  Boulders on the south bank and the bedrock wall on the north bank constrict both the 
chute and pool. The constriction creates conditions for extreme turbulence and high velocities 
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across the entire wetted channel and throughout the water column. The extreme turbulence is 
likely a primary condition that blocks fish passage.  
 
The LBS design includes removing approximately 190 cubic yards of boulders and a minor 
amount of bedrock.  This involves removing boulders B71, B131, B72 Complex boulders and 
additional boulders within Pool 4 and the primary drop chute (Figure 4-1, Attachment 1).  The 
rock will be lifted out of the canyon and disposed at the top of the canyon rim or hauled off-
site.  Removing the large boulders, along with some minor bedrock modification, will widen 
the primary drop, create multiple pathways for fish to ascend, and widen Pool 4, which will 
create more pool volume. Reducing the constriction and increasing the pool volume should 
result in less turbulence, decreased velocity, and additional holding areas for fish.     
 
As part of the boulder removal, the design includes the creation of two new chutes (referred to 
as the north and south chutes) that extend upstream of Pool 4, see Attachment 1. The north 
chute is intended to provide a low-flow passage path; at higher flows the south chute is 
anticipated to have better passage conditions.  
 
 
 

 
Figure 4-1. LBS Alternative B plan view of rock to be removed (yellow hatching), including 
B71, B131, B72 Complex boulders and some additional boulders within the Primary Drop 
and Pool 4.  
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The north chute is anticipated to be constructed within bedrock. Therefore, it is anticipated 
that the construction will be able to meet the design dimensions for the chute, as presented in 
the design drawings (Attachment 1, Sheet 11). The north chute is a trapezoidal channel with a 
bottom with of approximately 2 feet and a depth of at least 1 foot. The side slopes will vary.  
The profile includes two grade breaks. The initial slope, extending upstream from Pool 4, is 
approximately 80% and 8 feet long. Although steep, it is anticipated that this lower section will 
be backwatered by Pool 4 under most flow conditions. The middle section of the north chute 
has a slope that is approximately 25% and is approximately 19 feet long. Although this is still 
steep, passage over similar features downstream of the LBS within Eagle Canyon exist and 
provide passage. The final section is approximately 11 feet long and has no slope.  Field 
adjustments may be made based on conditions reveled during rock removal. 
 
The south chute is shorter than the north chute but has similar design characteristics. The 
material comprising the south chute is unknown (boulders verses bedrock), and field 
adjustments may be required. The general approach is to construct the chute with a minimum 
2.5 feet width and with a minimum depth of 1 foot. Like the north chute, there are two profile 
grade breaks. The downstream section, extending from Pool 4, has a slope of 80% and is 
approximately 8 feet long. The lower section is anticipated to be backwatered at most flows. 
The middle section has an approximate slope of 25% and is approximately 8 feet long. The 
upstream section is approximately 8 feet long and has a 10% slope.  
 
Pool 4 is anticipated to double or triple in width. This increased width will create low-velocity 
areas for fish to approach the primary drop and stage their attempt to move upstream.  

4.2 Construction 
Construction techniques are covered in detail in previously completed documents (SRD, 
2016a, SRD 2016b, MLA, 2017). For reference, a summary is provided here.  
 
Site access is extremely limited to the LBS.  It is assumed that a skyline yarding system or crane 
(removal system) will be used to deliver materials and equipment to the site and to remove 
rock from the site.  The lifting capabilities of such systems varies, but 8,000 lbs is a 
conservative estimate.   
 
Prior to beginning the rock removal process, rockfall hazards will be mitigated.  This will likely 
involve scaling off smaller rocks and anchoring in-place, with rock bolts, larger rocks that are 
at risk of falling during construction.  The Engineering Geologic Investigation Technical Memorandum 
(CSA, 2016) provides additional rock stability details. 
 
Rock will be removed by first drilling holes into the boulders and bedrock and then either 
using hydraulic rock splitters, blasting, or other techniques to break the rock into pieces that 
are small enough to be lifted by the removal system.   
 
Existing trees in the stream riparian area, along the canyon walls, and up on the canyon rim 
will need to be removed and/or limbed to accommodate the removal system.  This includes 
trimming the bay trees present along the south bank of Battle Creek at the LBS.   
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A dewatering system will be installed to bypass streamflow around the worksite.  This may not 
need to be installed until the larger boulders that are outside of the wetted channel are 
removed.  It is assumed that the water bypass will be installed in mid-summer when flows are 
close to the minimum bypass flow of 35 cfs.   Materials for the dewatering system may be 
brought in by the removal system or by helicopter.   

4.3 Anticipated Fish Passage Performance  

 Methods 
A general discussion on the methods used to evaluate potential fish passage performance 
within the LBS was presented in Section 3.4. As discussed there, a SRH-2D hydraulic model 
based on the 90% design drawings was developed and executed using a wide range of flows. 
The LBS model follows the same development procedures as presented in MLA (2016b) and 
MLA (2017).  
 
Once the model runs were complete, two potential fish passage swim paths were digitized: one 
swim path followed the north chute and the other followed the south chute.  The swim paths 
were routed through the lowest water velocities while having sufficient depth for passage.  A 
fish routing spreadsheet model was then used to identify the smallest sized Chinook salmon 
that could swim through the velocity field without becoming exhausted based on the swim 
speed equations developed by Hunter and Mayor (1986).  The results are presented in the next 
section. 

 Results 
The water surface profiles for flows from 35 cfs (low fish passage design flow) to 382 cfs (high 
fish passage design flow) for the LBS design are provided in Figure 4-2.  To assess the change 
in flow conditions associated with rock removal, maps of the SRH-2D output were created for 
existing and proposed conditions for 35 cfs, 120 cfs 250 cfs, 382 cfs, and 1,600 cfs in Figure 
4-3 through Figure 4-7.  The figures show water velocities when depths are greater than 0.5 
feet. The figures show that Pool 4 is substantially widened along the south side of the channel 
and produces a reverse circulation (back-eddy) flow pattern at all analyzed flows.  It also shows 
that there are multiple pathways fish could use to swim up the primary drop at most flows.  At 
120 cfs and higher, velocities in the primary drop and flow patterns in Pool 4 suggest that fish 
will be able to hold in the pool and swim up the south chute while most of the turbulence and 
high velocities will be on the opposite side of the channel.   
 
Table 4-1 summarizes the hydraulic conditions along the selected fish passage path at each 
evaluated flow.  It also lists the smallest size (length) of Chinook salmon capable of swimming 
through the velocity field it encounters along the fish passage path.    
 
At the low passage design flow of 35 cfs the north chute provides sufficient depth for passage, 
while the south chute does not.  At all other flows the south chute provides sufficient depth 
and lower water velocities, making it the preferred passage route.  At flows from 35 cfs to 250 
cfs, the analysis predicts that even smaller, weaker swimming Chinook salmon could swim 
through the north chute and south chute, respectively.  Based on the spring Chinook length 
data provide by USFWS for Battle Creek, 90 to 100% of the fish will be able to swim through 
one of the two chutes at flows between 35 cfs and 250 cfs.  At the high passage design flow of 
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382 cfs, only the larger (top 30 percentile) Chinook salmon are predicted to have the 
swimming abilities to burst through the velocities in the south chute, while the north chute will 
be too swift for any fish to pass.   This design is considered to provide passage from 35 cfs to 
250 cfs, while larger salmon and steelhead will be able to pass at even higher flows.  
 
 
 
 

 
Figure 4-2. LBS water surface profiles for the LBS proposed conditions based on SRH-2D 
results. 
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(a) 

(b) 
Figure 4-3. LBS at 35 cfs for (a) existing and (b) proposed conditions.   
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 (a) 

 (b) 
Figure 4-4. LBS at 120 cfs for (a) existing and (b) proposed conditions.   



    

Eagle Canyon Fish Passage Improvements in Battle Creek, Lower and Upper Barrier Sites 
Basis of Design Memorandum 

Page 25 

(a) 

(b) 
Figure 4-5. LBS at 250 cfs for (a) existing and (b) proposed conditions.   
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(a) 

(b) 
Figure 4-6. LBS at 382 cfs for (a) existing and (b) proposed conditions.   
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(a) 

(b) 
Figure 4-7. LBS at 1,600 cfs for (a) existing and (b) proposed conditions.   
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4.4 Expected Design Life  
The LBS design is anticipated to function as constructed for an indefinite period, which could be for 
hundreds of years.  The exact life expectancy is uncertain and dependent on future rockfall.  Rockfall 
may occur at any time, and can be triggered by strong ground shaking from earthquakes.  In most 
cases, maintenance in the form of rock removal could restore fish passage functionality.   

4.5 Anticipated Maintenance Requirements 
The LBS design will likely require little to no debris or sediment removal.  There is the possibility a 
large log or other woody debris could become lodged between rocks in an orientation that creates 
undesirable passage conditions, requiring removal.  This has occurred at other locations within 
North Fork Battle Creek.  
 
Access for inspection and maintenance will be along the south bank of the channel.  Improved site 
access, from the flume catwalk down to the channel, could be installed if desired and acceptable to 
PG&E.  Removal of debris or demolition of rock fallen into the channel needing to be removed will 
be infrequently but likely need to occur during the low-flow season, after the fish migration period.  
Therefore, it may be difficult to perform timely maintenance. 
 
The LBS design has a low susceptibility to rockfall hazards.  In the event that rocks do fall into the 
channel after construction, they will likely only cause minor changes to fish passage hydraulics and 
could even improve passage conditions.  There is the potential for very large boulders to fall onto 
the chute or into the pool, creating undesirable passage conditions that require repair in the form of 
rock removal.   
 
The LBS is generally not susceptible to damage from boulders that could be mobilized by flow.  
Flows that mobilize them are likely infrequent and involve extreme depths and velocities. Boulders 
in transport during these events are expected to pass through the LBS without coming to rest, 
similar to existing conditions. The design is also not considered susceptible to scour.  Field 
observations of the channel upstream of the project suggest the channel bed is primarily bedrock, 
with some large boulders.  This material is anticipated to be stable and resistant to scour and 
headcutting, preventing headcutting extending to the next upstream boulder drop.   
 
If a large boulder were to move or fall into the channel reach and create undesirable fish passage 
conditions, then removal of the boulder will be necessary. Depending on the size, location and 
orientation of the boulder, several methods could be used to break the rock into small pieces rather 
than remove it completely. If removal from the canyon is necessary, then large equipment (e.g. 
crane) will be necessary.  

4.6 Recommended Post-Construction Monitoring 

 As-Built Survey 
Immediately following construction, or as construction is finalized, it is recommended that a survey 
of flow paths and other key channel elements be completed. This will form the basis for follow up 
surveys. Due to the relatively high flows and dangerous conditions in the channel much of the year, 
follow up surveys will be conducted during the low flow period. The follow up surveys should focus 
on the same key flow paths and channel elements and capture any new developments.  



    

Eagle Canyon Fish Passage Improvements in Battle Creek, Lower and Upper Barrier Sites 
Basis of Design Memorandum 

Page 30 

 Startup Monitoring 
Channel adjustments around existing boulders in response to the implemented project is most likely 
to occur following the first several high-flow events. It is recommended that during the year 
following construction the site be inspected following each major flow event (> 1,000 cfs) and any 
changes to the site configuration and flow patterns be noted.  In addition to visual inspection, time-
lapse cameras should be installed at the LBS to document passage conditions at various flows. This 
monitoring should be extended if there are only a few high-flow events during the first year, or if 
channel adjustments are noted. 

 Biological Monitoring 
Monitoring for fish migration through the project site will help indicate whether it is successful. 
Adult Chinook salmon and steelhead currently reach Pool 2 at the LBS.  The monitoring could 
include field spawning and snorkel surveys upstream and downstream of the LBS to document 
passage success. Another means to document passage conditions is through implementing a study 
plan that challenges individual fish to pass through the site.  This may involve transport and release 
of radio-tagged adult Chinook salmon immediately downstream of the site and monitoring their 
passage attempts.  This could be conducted across a range of flows. 

 Inspection and Maintenance 
After the first year, site inspection may occur less frequently, possibly only after the high-flow 
season.  The inspection will be focused on identifying any debris that has accumulated and 
potentially negatively impacts passage conditions.  It will also be used to identify any rockfall or 
boulder shifting/scour that has changed passage conditions. 

4.7 Design Limitations and Uncertainties 
The complexity of the LBS and nature of the selected approach for restoring fish passage introduces 
several notable design limitations and uncertainties for the LBS project. The primary limitation is 
with respect to the unknown subsurface conditions, boulder interactions related to stability, and 
presence of bedrock (or lack-of). The design, as presented, is based on the best available data and 
observations from multiple site visits. The data was captured and site visits occurred during varying 
flow conditions. Boulders were individually studied and their relationship with adjacent boulders 
noted, but uncertainty remains with how the boulders will behave once the removal process begins 
and what additional boulders or bedrock may be exposed once the surface boulders are removed.  
 
For example, during the last site visit to the LBS, of many, a new sieve had formed in a location that 
had previously appeared comprised of interlocked boulders, cobbles, and gravel. The sieve formed 
near the upstream end of the south chute, allowing flow to be conveyed under boulder B75, among 
others. Although this new sieve did not result in a design change, it demonstrates the unpredictable 
nature of the project site.  
 
Related to the above discussion, the actual final dimensions of Pool 4 after construction may be 
smaller than shown in the design drawings. This may result for a couple reasons. First, the inter-
dependence of indicated boulders to be removed may be significant enough that removal of the 
boulders cause the south bank to become unstable. There are many boulders outside the 
approximate limits of grading that have diameters in the tens of feet that should remain in place. 
Second, the boulders that are indicated to be removed may not go as deep as indicated by the finish 
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grade contours. This is less of a concern because any in-situ boulder buried under the current 
boulders could be modified or removed to meet the design intent.  
 
Construction of the two chutes is also related to the unknown subsurface concerns. The north chute 
is assumed will be constructed within bedrock. If the bedrock is not present, then the chute will 
need to be constructed through boulders, which may be less stable and require more field 
adjustments during construction than bedrock. The south channel will be constructed into an 
unknown material (boulder or bedrock). It is assumed that the chute will be constructed out of 
boulders, either in-situ or placed. The long-term stability of the chute is uncertain.  
 
Substantial instability in the upstream end of the channel modification could cause upstream channel 
adjustments in the form of headcutting. Although this is a possibility, it is anticipated that any 
headcut will be arrested by existing large boulders or bedrock. If a headcut propagates upstream, 
potential exists for an increase in the water surface drop at the next upstream boulder constriction, 
potentially degrading passage conditions.  If field conditions encountered during construction differ 
than those assumed in design, field modifications may need to be made. 
 
The design condition hydraulics also cause uncertainty. The hydraulics are complex and subtle 
differences between the design-condition and the final project configuration could negatively affect 
fish passage hydraulics, especially turbulence. A lower water level in Pool 4 than anticipated will also 
require fish to navigate a higher overall water surface drop to reach Pool 5.  Care should be taken 
during construction to avoid excess removal of boulders at the downstream end of Pool 4 to ensure 
the anticipated backwater from Pool 4 is achieved. 
 
Although these uncertainties exist, the design intent is clear and field-adjustments during 
construction can mitigate these uncertainties design has addressed them to the extent practical. 
Additional hydraulic analysis by the fish passage engineer during construction may be needed to 
characterize resulting conditions associated with contemplated field changes. During construction, it 
will be essential for the contractor to work directly with the fish passage engineer on a daily basis so 
that field adjustments can be made that will result in the best project possible. 

5 UPPER BARRIER SITE PROJECT  
The preferred alternative for the Upper Barrier Site was Alternative C, as described in MLA (2017).  
The following sections present the proposed project for the UBS based on the 90% Design 
Drawings and Specifications. The 90% Drawings are included as Attachment 1. 

5.1 UBS Project Description 
The UBS design is a nature-like channel regrade to improve passage over the existing primary drop.  
The design objective is to regrade the channel to create hydraulic conditions that are within the 
swimming and leaping abilities of the target fish at passage design flows.   
 
The regrade and typical boulder arrangements for the UBS design were based on a reference reach 
approach, which is similar to the stream simulation design approach described in CDFG (2009).  
For the UBS design, reference reaches within NFBC that have a similar overall slope (10 percent) 
and are considered suitable for fish passage at some or all migration flows were studied from the 
ground and using aerial photography techniques. The primary reference reach is located between 
Eagle Canyon Diversion Dam and Digger Creek. A secondary reference reach a short distance 
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downstream of the LBS, was also studied. The reference reach observations indicate how hydraulic 
controlling structures form and remain relatively stable, which becomes the basis for the regrade 
design. The reference reaches are comprised of boulder steps and cascades.  
 
The UBS design requires the removal of approximately 720 cubic yards of boulder material, and 
potentially some bedrock (Figure 5-1, Attachment 1 Sheet 20).  Most of the rock will be lifted out of 
the canyon and disposed at the top of the canyon rim or hauled off-site. The remainder of the 
material will be reused to construct the new regraded channel.  
 
The regraded channel extends approximately 55 feet upstream and downstream of the existing 
primary drop, is located along the right side of the canyon (looking downstream), and overcomes 
approximately 11 vertical feet.  The overall slope is approximately 10 percent.  Five channel-
spanning rock structures, herein referred to as hydraulic structures, will control the channel grade 
and the water surface profile.  The hydraulic structures include boulder steps and bedrock chutes, 
which are similar to reference reach structures. The hydraulic structures create water surface drops 
between 2 and 3 feet in height.  Each hydraulic structure is designed with three different flow paths, 
each with specific elevations or specific relationships to other defined flow path elevations, including 
vertical tolerances (Table 5-1 and Attachment 1, Sheets 22 and 23).  
 
The purpose of the different flowline elevations is to create variable swimming paths. As flows 
increase, some paths may become less favorable for passage while others improve. To ensure that 
the hydraulic structure functions as designed, each structure must have its voids sealed with smaller 
material so that water does not pipe through the structure.  
 
There are two design configurations for boulder steps: Type A) boulder constriction and Type B) 
boulder double slot (Attachment 1, Sheet 24). Type C refers to bedrock chutes. It is important to 
note that the layout presented within Attachment 1 is considered conceptual. The layout is based on 
the best information available during design. Much is unknown with respect to the subsurface 
boulder and bedrock layout. The different hydraulic structure “types” are to be used as a guide to fit 
field conditions during construction. Regardless of the final plan layout of the hydraulic structures, 
they must still preform the role of grade and water surface control, and therefore the flowline 
elevations presented in Table 5-1 still apply.  
 
The Type A and Type B hydraulic structures assume the placement of large rock up to 8,000 lbs, 
which have diameters between 4 and 5 feet.  When feasible, in-situ boulders and bedrock should be 
used. As seen on Sheet 22 (Attachment 1), the drawings have already indicated several in-situ 
boulders specifically to remain: boulders B14, B15, B30, B63, and B59. In-situ boulders may need to 
be modified to help meet the specified flowline elevations and overall design intent. 
 
The Type A hydraulic structure, boulder constrictor, includes placing two properly shaped 
“constriction” boulders against one another to create a narrow slot that allows a limited amount of 
flow-through.  “Footer” rocks are placed below the constriction boulders, as needed, to limit scour 
and support the boulders.  In many cases, the footer rocks may be in-situ boulders shaped to serve 
as footers.  “Buttress” rocks are placed on the downstream side of the constriction rocks to hold 
them in place.  This hydraulic structure can create two to three feet of drop across it.     
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Table 5-1. UBS Hydraulic Structure Layout Table (see Attachment 1, Sheet 22 for Flowline 
locations). 

FLOWLINE 
(FL) ID 

STRUCTURE 
TYPE FLOWLINE DESCRIPTION 

POOL BOTTOM 
DOWNSTREAM OF 

FLOWLINE 
HYDRAULIC STRUCTURE 1 

FL1-1 TYPE ‘B’ EL 1480.3+/-0.5 FT MIN 3 FT LOWER 
THAN FL1-1 

FL1-2 TYPE ‘A’ 1 FT+/-0.5 FT ABOVE FL1-1 MIN 3 FT LOWER 
THAN FL1-1 

FL1-3 TYPE ‘A’ AGAINST 
CANYON WALL 1 FT+/-0.5 FT ABOVE FL1-2 MIN 3 FT LOWER 

THAN FL1-1 
HYDRAULIC STRUCTURE 2 

FL2-1 TYPE ‘B’ SET BASED ON HYDRAULIC 
GRADELINE+/-0.5 FT 

MIN 3 FT LOWER 
THAN FL1-1 

FL2-2 
EXISTING FL, TO 

REMAIN 
UNCHANGED 

CONTACT BETWEEN B30 
AND B36 AT APPROX EL 

1483.5 FT 

EXISTING POOL TO 
REMAIN 

FL2-3 TYPE ‘A’ AGAINST 
CANYON WALL 1 FT+/-0.5 FT ABOVE FL2-2 MIN 3 FT LOWER 

THAN FL1-3 
HYDRAULIC STRUCTURE 3 

FL3-1 TYPE ‘C’ 

SET BASED ON HYDRAULIC 
GRADELINE+/-0.5 FT, BUT 
NO GREATER THAN 2.5 FT 

ABOVE FL2-1 

MIN 3 FT LOWER 
THAN FL2-1 

FL3-2 
BEDROCK 

CONDITIONS 
PERMITTING 

1 FT+/-0.5 FT ABOVE FL3-1 MIN 3 FT LOWER 
THAN FL2-2 

FL3-3   1 FT+/-0.5 FT ABOVE FL3-2 MIN 3 FT LOWER 
THAN FL2-3 

HYDRAULIC STRUCTURE 4 

FL4-1 TYPE ‘A’ SET BASED ON HYDRAULIC 
GRADELINE+/-0.5 FT 

MIN 3 FT LOWER 
THAN FL3-1 

FL4-2 TYPE ‘A’ 1 FT+/-0.5 FT ABOVE FL4-1 MIN 3 FT LOWER 
THAN FL3-1 

FL4-3 TYPE ‘A’ 1 FT+/-0.5 FT ABOVE FL4-2 MIN 3 FT LOWER 
THAN FL3-3 

HYDRAULIC STRUCTURE 5 

FL5-1 TYPE 'A' SET BASED ON HYDRAULIC 
GRADELINE+/-0.5 FT 

MIN 3 FT LOWER 
THAN FL4-1 

FL5-2 
TYPE ‘B’ (USE IN-
SITU BOULDERS 

AS FEASIBLE) 
1 FT+/-0.5 FT ABOVE FL1-1. MIN 2 FT LOWER 

THAN FL4-3 

FL5-3 TYPE 'B' 
1 FT+/-0.5 FT ABOVE FL1-2. 

DEFINED AT CONTACT 
BETWEEN B14 AND B15 

MIN 2 FT LOWER 
THAN FL3-3 
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The Type B hydraulic structure, boulder double slot, is designed with a relatively flat “sill” boulder 
placed lower than the “keystone” boulders flanking it.  A taller “dividing” boulder is placed 
upstream of the sill boulder to split the flow.  As a result, water begins to draw down as it goes 
around the dividing boulder, before spilling into a receiving pool.  This spreads the water surface 
drop over a longer distance so that fish can leap onto the sill boulder and swim through the 
remaining water surface drop.  The sill boulder creates a 3- to 4-foot wide broad crested weir that 
creates more hydraulic capacity than the boulder constriction structure.  The overall water surface 
drop across this structure could be up to 3 feet, with the drop spread out as described above.  
Buttress rocks and footer rocks are also used to give the structure stability.   
 
Below each hydraulic structure flowline, a pool will be constructed. The pool’s minimum residual 
depth will be 2 feet. Additional pool details are presented in Table 5-1. 
 
The Type C hydraulic structure, bedrock chute, will be used in the event that bedrock is encountered 
with suitable elevations to create the flowlines.  The bedrock will be shaped to create multiple chutes 
each having approximately 2 feet of drop across them.  The chute lengths will vary depending on 
site conditions, but could be as short as 5 feet in length.  The flowline elevation of each chute will 
vary such that there will be low-flow, mid-flow, and high-flow passageways for fish (Table 5-1).  A 
pool will be constructed below the bedrock chutes with a minimum residual depth of 2 feet.   
 
Between the hydraulic structures the channel bed will include large boulders either placed or in-situ. 
The channel should be rough and additional pools may be necessary. 
 
Pool 6 is located at the downstream end of the channel regrade. Pool 6 was selected as the 
downstream transition because it is believed that fish can navigate the lower section of the UBS over 
a wide range of flows, including the fish passage design flows (MLA, 2016b). In addition, Pool 6 is 
adequate in size and depth to dissipate the flow’s energy downstream of the channel regrade and it 
provides numerous places for fish to hold and stage before swimming upstream.  Additionally, 
during large infrequent flow events (i.e. 1,600 cfs to 100-year flow) Pool 6 backwaters the upstream 
channel due to boulder constrictions surrounding it. This backwater will reduce the velocities and 
forces acting on the boulders placed within the regraded reach upstream of Pool 6 (MLA, 2016b).   
 
Pool 9 is located at the upstream end of the channel regrade. Extending the channel regrade further 
upstream was evaluated but dismissed because it would require the removal of additional large 
boulders and due to the overall slope of the existing channel, would require a much longer regrade 
channel reach. Pool 9 provides ample volume for fish to recover after navigating the UBS channel 
regrade.   
 
Lastly, a small concrete weir structure will be built downstream of the regraded channel (Attachment 
1, Sheets 25 and 26). The purpose of the weir structure is to keep water from flowing out of the 
secondary alignment corridor under low to moderate flows. This will improve the flow and fish 
passage conditions within the secondary alignment corridor under these flow conditions.  

5.2 Construction 
Construction techniques are covered in detail in previously completed documents (SRD, 2016a, 
SRD 2016b, MLA, 2017). For reference, a summary is provided here.  
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Construction at the UBS will be extremely challenging given limited site access and rockfall hazards.  
It is envisioned that worker site access will be via an improved foot trail down to the site from the 
western rim of the canyon.  Construction access for importing equipment, removing rock, and 
moving and placing boulders in the channel will be through the use of either a skyline yarding 
system or a crane (See Attachment 1, Sheets 14 and 15). 
 
A skyline yarding system could be installed with the boom on the western rim downstream of the 
Digger Creek confluence and the other end anchored to bedrock on the northern canyon wall 
located upstream of the UBS.  
 
A crane may be used instead of a yarding system, with it placed as close to the western rim as 
possible.  A crane will allow for more maneuverability and control for rock removal and rock 
placement during construction, which is a key component of the design.   
 
Prior to construction, rockfall hazards will be mitigated using various techniques, including scaling 
rocks off the cliff and anchoring rocks using rock bolts, as described in the geologic report (CSA, 
2016).  It is not known if the large block of basalt, referred to in the geologic report as the “wave,” 
will need to be stabilized for construction safety.  This block is upstream of the regrade but 
potentially in the vicinity of a coffer dam for site dewatering.    
 
A streamflow bypass system will need to be installed prior to rock demolition, although some rock 
may be removed in the dry prior to dewatering to establish a route with suitable grade to lay the 
pipes.  The bypass system will likely include a coffer dam placed upstream of the regraded channel 
constructed of super-sandbags, a water-filled bladder, or other materials that span the entire canyon 
wall to wall.  The water will be bypassed in a gravity fed pipe around the entire work area.  This may 
require moving the pipe several times during the course of construction.  Installation could involve 
use of a helicopter to bring in the pipe segments and super sandbags. 
 
Rock will be removed by first drilling holes into the boulders and bedrock and then either using 
hydraulic rock splitters, blasting, or other techniques to break the rock into pieces small enough to 
be lifted by the removal system.   
 
Once the subgrade is daylighted, it may need to be manipulated to build the hydraulic structures.  
The hydraulic structures will be built using a combination of moving boulders into position using 
the yarding or crane system and using existing rock left in-place and potentially split/blasted to the 
desired size and shape.  Rock used to build the structure could be salvaged during the splitting of 
larger rock during the demolition phase, providing some control as to the size and shape of the 
boulder. These rocks may be temporarily stockpiled in the canyon or may need to be lifted out and 
stored above the canyon before being lowered back down and into place.   
 
Building the hydraulic structures will require close coordination between the resident fish passage 
engineer and the contractor to achieve the desired conditions.  It is assumed that the yarding system 
or crane used for the project will have a minimum lifting capacity of 8,000 lbs, but having a higher 
lift capacity will provide more flexibility in building the hydraulic structures.   
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5.3 Stability Analysis of Placed Boulders 
MLA (2017) presented a detailed analysis of the stability of the UBS design and concluded that 
hydraulic conditions within the channel regrade reach are not expected to mobilize the 4- to 5-foot 
diameter boulders used to construct the hydraulic structures.   
 
The MLA (2017) methods only consider the hydraulic forces necessary to mobilize the boulders 
forming the structures. Boulder mobility due to collapse of a structure from downstream erosion or 
impacts from another boulder were not evaluated.  Additionally, the methods may underestimate the 
vertical forces (uplift) associated with the turbulent hydraulics within the regraded channel.  
Therefore, a conservative approach should be taken to construct the hydraulic structures, and the 
largest rock that can be practically moved into the desired positions should be used.  In addition, 
boulder shape should be considered; boulders that are more block-like are less prone to rolling and 
provide more surface area in contact with adjacent rock, and therefore may be more stable. 

5.4 Anticipated Fish Passage Performance 

 Methods 
A general discussion on the methods used to evaluate potential fish passage performance within the 
UBS was presented in Section 3.4. As discussed there, a SRH-2D hydraulic model based on the 90% 
design drawings was developed and ran using a wide range of flows. The UBS hydraulic model 
follows the same development procedures as presented in and MLA (2017).  
 
Once the model runs were complete, each flow map was analyzed and a potential fish passage swim 
path was digitized.  The swim paths were routed through the lowest water velocities while having 
sufficient depth for passage.  A fish routing spreadsheet model was then used to identify the smallest 
sized Chinook salmon that could swim through the velocity field without becoming exhausted based 
on the swim speed equations developed by Hunter and Mayor (1986).   
 
The primary difference between the LBS approach and the UBS fish routing modeling approach is 
the inclusion of resting. It is assumed that if a fish reaches a region with a velocity less than or equal 
to 1.5 body lengths per second (BL/s), then the fish can rest and recover from exhaustion. This is 
based on work completed by Paulik and DeLacy (1958) and Weaver (1963) in which fish swimming 
in water moving at 1.5 to 1.8 BL/s did not become exhausted. Therefore, if a fish begins to be 
exhausted as it navigates a particular feature and reaches an area that has a velocity equal to or less 
than 1.5 BL/s, then the fish’s exhaustion is set back to zero. The model does not include the time it 
would take for the fish to recover fully before moving further upstream.  
 
The model does not consider the velocity direction. As seen in the next section, eddies form within 
the project reach. Therefore, there may be instances when a fish is moving in the same direction as 
the flow as it moves upstream, or the fish could be moving lateral to the primary flow direction. In 
either case, the magnitude of the velocity is used in the equation. This is a conservative approach 
because in some cases the fish would use less energy to move a particular distance because it is not 
swimming against the full magnitude of the velocity.  The results of the modeling are presented in 
the next section. 
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 Results 
Unlike the LBS, the UBS’s complex layout of boulders and sieves made development of an existing 
conditions two-dimensional hydraulic model infeasible (MLA, 2016b). Therefore, a pre- and post-
construction comparison based on model results cannot be made. MLA (2016b) provides a detailed 
discussion on existing fish passage conditions, which is summarized in Section 2.5.4 of this 
memorandum. 
 
Table 5-2 presents a results summary table of the regraded channel hydraulics and fish passage 
assessment. The table includes average water surface slope, average water depth, minimum water 
depth, average water velocity, maximum water velocity, minimum Chinook salmon able to navigate 
the regrade channel, and the portion of Chinook salmon that are larger than the minimum size that 
navigated the channel based on historic data.  
 
Table 5-2. Summary of UBS fish passage hydraulics and assessment results for the selected swim 
paths or alignment.  

Parameter 
Flow 

35 cfs 120 cfs 293 cfs 500 cfs 1,600 cfs 

Average Water Surface Slope 6% 5% 5% 4% 3% 

Average Depth (ft) 2.3 3.4 4.6 5.6 10.5 

Min. Depth (ft) 0.6 1.0 1.9 1.3 2.1 

Average Velocity (fps) 3.3 3.5 4.0 4.2 6.1 

Max Velocity (fps) 7.4 7.8 9.0 7.2 9.0 

Min Chinook Size for Passing 
through Velocity Field (cm) 40 40 40 40 NA 

Proportion of Chinook Larger 
than Min Size 100% 100% 100% 100% NA 

 
Figure 5-2 through Figure 5-5 present a plan and profile view of the SRH-2D hydraulic model 
results and cumulative fish exhaustion results for 35 cfs (low fish passage design flow), 120 cfs, 293 
cfs (high fish passage design flow), and 500 cfs, respectively. On each plan view map, a potential 
swim path has been selected. The profile shows the water velocity and fish exhaustion along that 
swim path. In each case, the size of fish analyzed is a 40 cm Chinook salmon. MLA (2016b) showed 
that a 40 cm fish is just smaller than the smallest Chinook within the recorded data provided by 
USFWS for spring-run Chinook salmon in Battle Creek. Based on the fish performance evaluation 
methodology applied to this project, if a 40 cm salmon can navigate the reach, then a larger fish can 
also navigate the channel. The evaluation shows that a 40 cm can navigate the UBS regraded reach 
for each analyzed flow.  
 
The selected swim path when the flow is 35 cfs and 120 cfs are nearly identical. Starting at the 
downstream end, the fish moves up the river left side of the channel and through the most left 
bedrock chute. Upstream of the bedrock chute, the fish moves laterally to the river right side of the 
channel and navigates the remainder of the reach on this side of the channel. Results show that the 
maximum the exhaustion at 35 cfs is 37% and occurs at the downstream end of the reach. Other 
features do not cause the fish to exceed 20% exhaustion. At 120 cfs, the maximum exhaustion is 
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49% and occurs near the downstream end of the channel, but the fish experiences a similar 
exhaustion near Station 45 and several times exceeds 20% exhaustion.  
 
At the high fish passage design flow (293 cfs), the swim path is a similar path as described above. 
The maximum exhaustion occurs near Station 45, at 85%. The fish regularly exceeds 50% 
exhaustion but is able to recover between efforts due to slow water between hydraulic structures.  
 
Potential fish passage conditions were evaluated at 500 cfs, which is greater than the high design 
flow, to see if the regraded channel may still provide hydraulic conditions suitable for passage. 
According to the approach applied for this project, a 40 cm Chinook can navigate the channel. The 
maximum exhaustion occurred at the upstream end of the channel, as the fish crosses Pool 9. The 
velocity within this section of the channel is more a result of the existing boulder configuration at 
the head of Pool 9 than the configuration of new hydraulic structures. Further, a less direct path 
across Pool 9 could have been selected, routing the fish through slower water. Regardless, the 
findings with respect to velocity and its effect on fish are promising.  
 
Figure 5-6 presents the ground and water surface profiles along the selected fish swim path for each 
analyzed passage flow. The results indicate that the design is working as intended where there are 
water surface drops across hydraulic structures approximately 2 to 3 feet in height. The depth over 
all features appears to meet the depth criterion (0.5 ft). The minimum pool depth criterion (2 ft) also 
appears to be met.  
 
Figure 5-7 presents the results of the SRH-2D model in plan and profile view for 1,600 cfs. Unlike 
Figure 5-2 through Figure 5-5, no swim path was digitized for this flow because it is believed that 
fish are not able to reach the regraded channel due to extreme velocities and turbulence occurring 
immediately downstream, and throughout Eagle Canyon. Instead, the profile shown is along the 
design alignment. The profile shows the ground and water surface elevations through the regraded 
reach. As seen, the water surface profile is backwatered from existing downstream controls formed 
by very large boulders.  
 
The average water surface slope across the regraded channel reach gradually decreases as the flow 
increases, and the slope is always less than the overall channel bed slope (~10 percent). The average 
and minimum depth meet design criteria (0.5 ft) for all flows. Although there was not a velocity 
criterion set for this project, the maximum velocities are well within the short burst capabilities of 
salmon and steelhead. The maximum velocities occur at hydraulic structures and are short in length. 
Finally, the minimum Chinook salmon evaluated was 40 cm, which passed through the evaluation 
reach for flows between 35 cfs and 500 cfs; fish passage was not assessed at the 1,600 cfs flow.  

5.5 Expected Design Life  
The UBS design is anticipated to function as constructed for an indefinite period.  The exact life 
expectancy is uncertain and dependent on the stability of the constructed hydraulic structures in the 
regraded channel and future rockfall.  If structures break-apart during high flows, this could 
negatively affect fish passage conditions.  Rockfall may occur at any time, and can be triggered by 
strong ground shaking from earthquakes.  In most cases, maintenance in the form of rock removal 
could restore fish passage functionality.   
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  (a) 

 (b) 
Figure 5-2. Predicted SRH-2D water velocity and fish passage exhaustion results for a 40 cm Chinook salmon at 35 cfs. (a) Plan view (b) Swim path profile. 
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 (a) 

 (b) 
Figure 5-3.  Predicted SRH-2D water velocity and fish passage exhaustion results for a 40 cm Chinook salmon at 120 cfs. (a) Plan view (b) Swim path profile. 
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 (a) 

 (b) 
Figure 5-4.  Predicted SRH-2D water velocity and fish passage exhaustion results for a 40 cm Chinook salmon at 293 cfs. (a) Plan view (b) Swim path profile. 
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  (b) 

 (b) 
Figure 5-5.  Predicted SRH-2D water velocity and fish passage exhaustion results for a 40 cm Chinook salmon at 500 cfs. (a) Plan view (b) Swim path profile. 
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Figure 5-6. Water surface profiles along the swim paths selected for different flows. 
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 (a) 

 (b) 
Figure 5-7.  Predicted SRH-2D at 1,600 cfs, (a) plan view of velocity (b) ground and water surface profile along alignment. 
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5.6 Anticipated Maintenance Requirements 
The UBS design will likely require little to no debris or sediment removal.  There is the possibility 
that a large log or other woody debris could get jammed between rocks in an orientation that creates 
undesirable passage conditions, requiring removal.  This has occurred at other locations within 
North Fork Battle Creek. If a log needs to be removed, it could be accomplished by hand crews.  
 
Analyses suggest that the hydraulic structures constructed in the regraded channel will be stable 
during extreme flows.  However, the hydraulic environment is difficult to fully characterize.  If the 
hydraulic structures break apart during high flows and do not reform, then fish passage conditions 
could degrade, requiring mobilization of a crane or yarding system to reconstruct the hydraulic 
structures or implement other fish passage improvements.   
 
There is a higher likelihood of rocks falling into the channel at the UBS than at the LBS. In the 
event that rocks do fall into the channel after construction, they will likely only cause minor changes 
to fish passage hydraulics and could even improve passage conditions.   
 
The UBS is generally not susceptible to damage from boulders that could be mobilized.  Flows that 
mobilize them are likely infrequent and involve extreme depths and velocities. Boulders in transport 
during these events will likely pass through the UBS without coming to rest. The design is also not 
considered susceptible to scour, except in the event that small sieves are formed under boulders due 
to scour, potentially degrading low-flow passage conditions.   
 
If a large boulder were to move into the channel reach and create undesirable fish passage 
conditions, then removal of the boulder will be necessary. Depending on the size, location and 
orientation of the boulder, several methods could be used to break-up the rock rather than remove it 
completely from the canyon. If removal from the canyon is necessary, then large equipment (e.g. 
crane) will be necessary. This is not anticipated to occur frequently, if at all.  
 
Access for inspection and maintenance will remain primitive after construction. Improved site access 
could be installed if desired and approved by the landowner.  Other means for inspection could 
include UAV aerial photography techniques.  

5.7 Recommended Post-Construction Monitoring 

 As-Built Survey 
Immediately following construction, or as construction is finalized, it is recommended that a survey 
of flow paths and other key channel elements be completed. This will form the basis for follow up 
surveys. Due to the relatively high flows and dangerous conditions in the channel much of the year, 
follow up surveys should be conducted during the low-flow period. The follow up surveys should 
focus on the same key flow paths and channel elements and capture any new developments.  

 Startup Monitoring 
Channel adjustments associated with placed and existing boulders is most likely to occur following 
the first several high-flow events. It is recommended that during the first year following construction 
the site be inspected following each major flow event (> 1,000 cfs) and any changes to the site 
configuration and flow patterns be noted.  In addition to visual inspection, time-lapse cameras 
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should be installed at the UBS to document passage conditions at various flows. This monitoring 
should be extended if there are only a few high-flow events during the first year, or if channel 
adjustments are noted. 

 Biological Monitoring 
Monitoring for fish migration through the project site will help indicate whether it is successful.  The 
monitoring could include field spawning and snorkel surveys upstream and downstream of the UBS 
to document passage success. Another means to document passage conditions is through 
implementing a study plan that challenges individual fish to pass through the site.  This may involve 
transport and release of radio-tagged adult Chinook salmon in Pool 2, downstream of the site and 
monitoring their passage attempts.  This could be conducted across a range of flows. 

 Inspection and Maintenance 
After the first year, site inspection may occur less frequently, possibly only after the high-flow 
season.  The inspection will focus on noting any shifting in boulders forming the hydraulic controls 
and identifying any debris that has accumulated and potentially negatively impacts passage 
conditions.  It will also be used to identify any rockfall that has changed passage conditions.  
Establishing photo monitoring points would be useful tool for conducting the inspections. 

5.8 Design Limitations and Uncertainties 
The complexity of the UBS and nature of the selected approach for restoring fish passage introduces 
several notable design limitations and uncertainties for the UBS project. The primary limitation is 
with respect to the unknown subsurface conditions, boulder interactions related to stability, and 
presence of bedrock (or lack-of). The design, as presented, is based on the best available data and 
observations from multiple site visits. The data was captured and site visits occurred during varying 
flow conditions. Boulders were individually studied and their relationship with adjacent boulders 
noted, but uncertainty remains with how the boulders will behave once the removal process begins 
and what additional boulders or bedrock may be exposed once the surface boulders are removed.  
 
Several boulders have been specifically identified to remain even though they are within the regrade 
footprint. In most cases, only a portion of the identified boulder is visible, often only the top. 
Assumptions were made as to the size of the boulder beyond the visible limits. If these assumptions 
are proved inaccurate during the construction, then field adjustments will be necessary.  
 
During construction, controlling the placement of large boulders accurately will be very important 
but uncertainty remains as to whether the equipment can achieve this, in a timely manner. Placement 
of boulders may require several attempts with a single boulder or several attempts with multiple 
boulders to get the contact and elevations desired so that the design intent is met.  
 
The stability of the hydraulic structures was mentioned above, but should be reiterated here. The 
analysis concluded that the large boulders used to construct the structures should remain stable, 
even under very high flow events, but uncertainty does exist (see Section 5.3). If a structure should 
fail, the remaining structures, especially the ones upstream, may be in-danger of failing as well.  
 
There is the possibility that at the lowest flows water could leak through the placed boulders around 
Boulder B63 and drain into the large sieve that connects to Pool 6.  This could result in inadequate 
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flow and depth over the downstream most hydraulic structure.  Care will need to be given to seal 
voids between boulders in this location.   
 
The channel hydraulics are based on a rating curve developed for Pool 6 (downstream boundary 
condition) constructed through direct observations and surveys. Although we believe the rating 
curve is based on sound principles, the Pool 6 water surface may not behave as anticipated. Based 
on hydraulic analysis results, minor fluctuations in the behavior of Pool 6 should be mute but if 
there is a large shift in the behavior of Pool 6, then there could be consequences for the regraded 
channel, primarily associated with hydraulic structure stability. A large shift would likely be caused by 
a large boulder moving downstream of, or near, Pool 6. Although this is assumed to have a low 
likelihood of occurring, removing the upstream boulders for the project may have unforeseen 
consequences to the stability of the downstream boulders.  
 
Although these uncertainties exist, the design intent is clear and field-adjustments during 
construction can mitigate these uncertainties to the extent practical. Additional hydraulic analysis by 
the fish passage engineer during construction may be needed to characterize resulting conditions 
associated with contemplated field changes. During construction, it will be essential for the 
contractor to work directly with the fish passage engineer on a daily basis so that field adjustments 
can be made that will result in the best project possible.  
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Annotated Bibliography for

Eagle Canyon Fish Passage Improvements in Battle Creek Lower and Upper Barrier Sites: Alternative Analyis Report

Year Author Title Brief Description

1991 Payne & Associates

Anadromous Fish Migration Barrier Survey Battle 

Creek, Shasta and Tehama Counties

A survey of barriers, total, partial, and temporal 

along Battle Creek, both natural and man made, 

including diversions of fish into hatcheries.

1997 CADWR

North Fork Battle Creek Eagle Canyon Diversion 

Preliminary Engineering Fish Passage Project

Discusses man made conditions, geologic 

conditions, and possible project alternatives 

including ladders and screens.

1998 Payne & Associates

Battle Creek Fisheries Studies

Task 1: Instream Flow Study

Hydrologic study, habitat mapping, and hydraulic 

modeling of multiple reaches of Battle Creek

1998 Yoshiyama et al.

Historical Abundance and Decline of Chinook Salmon 

in the Central Valley Region of California

Journal Article, Discusses the decline of fall, late 

fall, winter and spring runs of Central Valley 

chinook salmon and contributing factors of 

overfishing and effects habitat reduction due to  

mining activities, dams and water diversions.

1999 Michael Black, Ph.D.

Shasta Salmon Salvage  Efforts: Coleman National Fish 

Hatchery on Battle Creek, 1895‐1992 A history of Battle Creek Watershed 1895‐1992

1999 Kier Associates Battle Creek Salmon and Steelhead Restoration Plan

Restoration Plan prepared for the Battle Creek 

Working Group

1999 Multiple Agencies Memorandum of Understanding

Memorandum of Understanding for Battle Creek 

between multiple agencies

1999 Battle Creek Working Group Final Agreement in Principle MOU Monthly Minimum Flow Agreement

2000 USFWS

Battle Creek Anadromous Salmonid Monitoring 

Projects Proposal for monitoring project

2000 CADWR

Battle Creek Salmon and Steelhead Restoration 

Project ‐ Technical Report

Technical study of fish ladders, fish screens, 

diversions, and preliminary engineering concepts

2000 CADWR

Battle Creek Salmon and Steelhead Restoration 

Project ‐ Technical Report

Technical study of fish ladders, fish screens, 

diversions, and preliminary engineering concepts

2001 USDAFS

Aquatic Condition Report for the Upper Battle Creek 

Watershed

Summary of Aquatic habitat, evaluation of riparian 

habitat, and identification of road related erosion 

sites

2001 USBR Hydrology of North and South Fork Battle Creeks

Analysis of flows, hydrological conditions, and 

hydraulics at structures

2001 USBR

Sediment Impact Analysis of the Removal of Coleman, 

South, and Wildcat Diversion Dams on the South and 

North Fork Battle Creeks

Technical study of impacts on North and South 

Fork Battle Creeks from sediment loading as a 

result of dam removal

2001 Red Bluff USF&W

Project Report: Interim Screening for the Intakes at 

Coleman National Fish Hatchery

A report on efforts to preclude entrainment of 

wild juveniles into fish hatchery intake structures

2003

U.S. Dept of the Interior, USBR, 

CAWRCB

Battle Creek Salmon and Steelhead Restoration 

Project Draft Environmental Impace Statement / 

Environmental Impact Report, Section 4.3 Hydrology

Hydrologic discussion of Battle Creek, its 

tributaries, hydraulics and sediment, and impacts 

from diversions and hydroelectric developments 

as well as potential dam removal.

2003 Bay Delta Program

Battle Creek Steelhead Restoration Project Ecosystem 

Restoration Amendment

Description of project, Memorandum of 

Understanding, and budget changes

2004 Terraqua, Inc.

Battle Creek Watershed Assessment: Characterization 

of stream conditions and an investigation of sediment 

source factors in 2001 and 2002.

Documents existing sediment source conditions to 

provide a baseline for comparison and priorities 

for treatment

2004 Terraqua, Inc. Passage Objective 3

Adaptive Management addendum for passage 

objective 3 ‐ natural barriers

2004 Terraqua, Inc.

Draft ‐ Battle Creek Salmon and Steelhead 

Restoration Project ‐ Adaptive Management Plan

Adaptive Management Plan for Battle Creek by 

multiple agencies

2004 Busack et al.

Compatibility of Coleman National Fish Hatchery 

Operations and Restoration of Anadromous 

Salmonids in Battle Creek

An independent evaluation of scientific issues 

related to the restoration of Battle Creek

1 of 2



Annotated Bibliography for

Eagle Canyon Fish Passage Improvements in Battle Creek Lower and Upper Barrier Sites: Alternative Analyis Report

Year Author Title Brief Description

2004 Brown and Kimmerer

A Summary of the October 2003 Battle Creek 

Workshop

Summary of presentations, discussions including 

slides and notes taken during sessions.

2005 CA Bay Delta Authority

Initial Study and Proposed Mitigated Negative 

Declaration for the Fish Barrier Weir and Ladder 

Modification at the Coleman National Fish Hatchery

Initial Study and Proposed Mitigated Negative 

Declaration for the Fish Barrier Weir and Ladder 

Modification at the Coleman National Fish 

Hatchery

2006 McFarland et al.

Battle Creek Watershed Restoration Planning Broad 

Scale Analysis to Develop Sub‐Watershed Priorities

Battle Creek sub watershed priorities for 

restoration

2007 USFWS / Brown & Alston

Monitoring Adult Chinook Salmon, Rainbow Trout, 

and Steelhead in Battle Creek, California from 

November 2002 through November 2003

Presentation and alalysis of monitoring studies for 

the purpose of informing further studies and 

fisheries management on Battle Creek

2007 Unk. Water Year 2007 ‐ Schematic

Single page schematic of NF and SF Battle Creeks 

and Cow Creek and assockated diversions, canals 

and reservoirs 

2008 USFWS/Newton et al.

Monitoring Adult Chinook Salmon, Rainbow Trout, 

and Steelhead in Battle Creek, California from March 

through November 2007

Presentation of monitoring studies for the purpose 

of informing an adaptive management program on 

Battle Creek

2008 USFWS/Whitton et al.

Juvenile Salmonid Monitoring in Battle Creek, 

California, November 2007 through June 2008

Monitoring study conducted with the purpose of 

restoring populations of threatened and 

endangered species of salmonids

2008 Terraqua, Inc./Ward et al. Battle Creek Stream Condition Monitoring Plan

Description of a program for monitoring streams 

within the Battle Creek watershed

2008 Terraqua, Inc./Tussing & Ward

Battle Creek Stream Condition Monitoring ‐ 2006 

Data Analysis Report and Correction to the 1002 and 

2002 Watershed Assessment

Reporting of stream condition monitoring 

including invertebrate, riparian and stream 

condition surveys, water temp monitoring, 

meteorological monitoring, and monitoring of 

changes in land cover

2011 USFWS / Watershed Sciences LiDAR Remote Sensing & Orthophoto Data Collection

Presents airborne survey data and supporting 

information from data collection through final 

product  including instrumentation and accuracy 

assessment

2011 Multiple Agencies Fish Returning to Battle Creek

Publicity release following removal of Wildcat 

Diversion Dam

2011 Multiple Agencies

A Rapid Assessment of Sediment Delivery from 

Clearcut Timber Harvest Activities in the Battle Creek 

Watershed, Shasta and Tehama Counties, California

An interagency task force review of clearcut 

practices and potential impacts on the restoration 

efforts in the Battle Creek watershed

2011 Cal Fire Land Stewardship Proposal A proposal of Cal Fire's land stewardship goals

2012 USBR

Battle Creek Salmon and Steelhead Restoration 

Project Brief overview of project and funding sources

2012 Stewardship Council Fee Title Recommendation Battle Creek Planning Unit Recommendations for Land Stewardship Proposals

2012 CHSRG CA Hatchery Review Report Coleman section of the hatchery review for CA

2012 CDFG ‐ M. Smelser

Draft ‐Engineering Geologic Investigation and 

Analysis, Eagle Canyon Fish Passage Barrier, Battle 

Creek, Tehema County, California

Memo discussing regional geology, channel 

characteistics, barrier characterization, proposed 

improvements

2013 Unk.

Coleman National Fish Hatchery Adaptive 

Management Plan

Public Summary of Adaptive Management Plan for 

Coleman National Fish Hatchery on Battle Creek

2014 USFWS / Earley

Summary of the Pilot Assessment of Three Potential 

Fish Barriers on Battle Creek

Selection, measurement, descriptions and 

assessment of Barriers on Battle Creek

2015 USFWS / Bottaro & Brown

Monitoring Adult Chinook Salmon, Rainbow Trout, 

and Steelhead in Battle Creek, California from March 

through November 2014

Fisheries monitoring and analysis for the purpose 

of informing adaptive management efforts

Unk. Thomas E. Hepler P.E.

Changes to Battle Creek Hydroelectric Project to 

Facilitate Fish Passage

NEPA/CEQA Compliance process, final design, and 

construction status for project dam removal and 

fish ladder installations
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Eagle Canyon Fish Passage Improvements 
Alternative Analysis Constructability Review Memorandum, Rev 3 

 
STAFFING  TECHNICAL SERVICES  LOGISTICS PLANNING  CONSTRUCTION MANAGEMENT  CONSTRUCTION SERVICES 

 

CA Lic. No. 999572 A DIVERSIFIED SERVICES COMPANY CPUC-Verified WBE 
Class A Page | 1 VON ID 14060042 

1 Consultants Scope of Work 
As requested by Michael Love and Associates, SR Diversified is responding to a request to provide Early 
Contractor Involvement (ECI) support to for the removal of two fish passage barriers on North Battle 
Creek upstream and downstream of PG&E Eagle Canyon Diversion Dam near Manton, CA.  As with the 
engineer’s memorandums, the two locations will be described as Upper Barrier and Lower Barrier. 
Phase 1 will include the following specific tasks: 

Task 
No. Task Description 

1 Attend Kickoff Meeting and Initial Site Visit  

2 Prepare Alternative Analysis Constructability Memorandum   

3 Discuss and/or Attend Memorandum Review Meeting 

2 Overview 
On September 13, 2016, Chris Cornell and Steve Lindstrom of SR Diversified met with Michael Love and 
Travis James of Michael Love & Associates to conduct a site walk to review the conditions of the two 
reaches for fish passage improvements on North Battle Creek.  Both locations are in remote areas 
accessible only by foot.  At the time of our visit, it was verified that the flows in Battle Creek were 
approximately 35 cubic feet per second. 

A meeting was conducted at CDFW office in Sacramento to review rev2 of this Alternative Analysis on 
October 17, 2016.  As a result of that meeting several issues were addressed.  This memorandum (Task 
2, rev 3) is based on a contractor’s perspective on how to perform the work in compliance with typical 
environmental permit conditions when working in or near water and normal construction specifications 
and meeting discussions.   

As previously noted, Chris Cornell as a Syblon Reid employee, was the initial Project Manager for 
construction of the North Battle Creek Feeder Diversion and Eagle Canyon Diversion Fish Ladders and 
Fish Screen.  Much of the methodologies and compliance issues have been incorporated into this 
memorandum.  In addition, Syblon Reid as the primary subcontractor to TNT Constructors, Inc. has been 
awarded the North Battle Screens and Ladders Completion work to begin in early 2017.  Chris also 
helped developed means and methods for the proposal that led to the award of the project. 

After the meeting in Sacramento and subsequent conference calls, SR Diversified has been requested to 
provide estimated costs for the various alternatives.  The work descriptions and assumptions in this 
memorandum will be broken out into the equivalent of bid type items for that assignment.  



Eagle Canyon Fish Passage Improvements 
Alternative Analysis Constructability Review Memorandum, Rev 3 

 
STAFFING  TECHNICAL SERVICES  LOGISTICS PLANNING  CONSTRUCTION MANAGEMENT  CONSTRUCTION SERVICES 

 

CA Lic. No. 999572 A DIVERSIFIED SERVICES COMPANY CPUC-Verified WBE 
Class A Page | 2 VON ID 14060042 

3 Constructability Analysis  
From a constructor’s perspective, the work at both sites is almost identical.  Our constructability analysis 
will largely cover removal of fish passage barriers simultaneously.  However, there are some differences 
in access options between the sites that will be discussed separately. 

3.1  Laydown Areas/Site Set Up 

We see three options of how to achieve access to support removal of the fish passage barriers; (1) 
Helicopter, (2), Large Crane, and (3) Yarder.  Each of these scenarios is described below.   

Depending on the option selected, laydown areas approximately 150 to 200 feet square will need to 
be developed for parking and staging of equipment.  It is our recommendation that any existing dirt 
roads or new roads be topped as necessary with crushed rock to minimize dust and provide an 
adequate surface during wet periods of the construction.   

3.1.1 Option 1 – Helicopter 

The advantage of the helicopter option is that there is some flexibility on where to stage a 
landing zone (LZ).  For this exercise, we assume the LZ would be in the same location as 
previously used for the Eagle Canyon Diversion Fish Ladder/Fish Screen Project.  However, we 
are aware that this site may be used for the completion of the work in 2017.  Another advantage 
is vegetation removal is fairly limited to the local removal sites.  Although there are some 
benefits with this scenario, we believe this will be the most costly means and methods to 
remove the barriers.   

If this was the chosen option, we would recommend using a PJH UH 60A Utility Hawk from P.J. 
Helicopters in Red Bluff.  This ship can lift 8,000 pounds at sea level.  Larger helicopters, such as 
a CH-47 Chinook, could be used, but the hourly rate is 
nearly double that of the Utility Hawk. 

3.1.2 Option 2 – Crane 

As performed on the Eagle Canyon Diversion Fish 
Ladder/Fish Screen Project, we believe a 250 ton 
Manitowoc 999 could be used for the Lower Barrier rock 
removal.   

However, we suspect the lifting capacity limit would be 
less than 8,000 pounds at the horizontal distances 
roughly assumed.  Increased levels of work would be 
incurred if rock needed to be broken into smaller/lighter 
loads.  In addition, care would need to be taken as to not 
hoist any loads over the PG&E flume sections in case of 
incidental debris fall.  The main advantage to this option 
is that only one staging area along with a crane pad on 
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the south side of the rim would need to be developed.  See Attachment 1 for this potential 
layout. 

On the Upper Barrier, the horizontal 
distances from top of rim to top of rim 
over the creek canal are too great for 
even a large crane.  However, we do 
believe that a smaller crane can be 
used on the north side of the rim if a 
road were to be developed down to 
just above the work area. At the 
terminal point of the road, a crane pad 
with a minimal width and length of 30 
feet would have to be developed. A 
similar road was developed at North 
Battle Creek Feeder Diversion in 2010.  
See photo at left. 

However, due to the high construction costs, additional ground disturbing activities and the lack 
of need of permanent access, we do not recommend the construction of a new road down to 
the rock barrier location unless access can only be obtained from the north side.  See 
Attachment 2 for this potential layout. 

3.1.3 Option 3 – Yarder 

Based on the site observations and the overall project objectives, we believe the best approach 
to set equipment and remove rock debris from both the Upper and Lower Barriers is with the 
use of yarder logging type equipment.  See schematic and photo below of yarder equipment. 

    

For the yarder options, we assume that land use at the areas on both sides on the adjacent 
bluffs is obtainable.   

In previous versions of this memorandum, we contacted Robinson Enterprises, a company that 
owns several of these machines.  They can comfortably high line 8,000 pounds and span a 
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distance of 1,500 feet.  However, both the yarder and load line on the opposite side need to be 
anchored.  Anchoring can be achieved by the installation of the multiple rock anchors or by 
using large construction equipment as tail holds.   

Further constructability reviews since the meeting in Sacramento with Robinson Enterprises 
were done to confirm yarder capabilities for various alignments to determine ground clearances 
with the rock loads coming up the slopes.  Based on this review, they have indicated that all 
yarder scenarios alignments are reasonable.   In addition, Robinson Enterprises indicated the 
yarder can swing 90 degrees with the load once it is received at the top of the bluff by putting 
some slack on the main load line.  This will allow the yarder to sit closer to the edge of the bluff 
to provide better ground clearance of the rock loads coming up the hill.  Below is some 
additional site specific information. 

Lower Barrier - The alignment drawing provided by Michael Love and Associates for the Lower 
Barrier seems completely adequate.  However, it may be necessary to install additional 
equipment anchors if rock relocation in the channel is required.  See Attachment 3 for plan and 
profile sketches. 

Upper Barrier - On the Upper Barrier drawings, there are to possible alignments; east-west and 
north-south.  Either alignment can provide adequate means of rock extraction from the channel.  
However and since there will be rock relocation some 80 feet in the channel at this location, the 
north/south alignment is preferred.  See Attachment 4 for the yarder alignment concepts with 
sketches. 

3.2 Foot Access/Work Site Set Up  

It will be necessary to improve access foot routes from the bluff down to the creek.  These 
improvements most likely will be a combination of hand digging a minimal trail width of about 2 feet 
or the installation of wood walk ramps or stairs.  Once access to the creek is achieved, it may be 
necessary to install small walk bridges (most likely a 24 foot aluminum walk boards) over creek 
crossings.  A trail, ramp or stairway up the creek channel at each barrier some 100 feet and 300 feet 
downstream of the work area would be necessary for safe access and egress assuming water quality 
monitoring is required. 

As a safety precaution and as discussed at the meeting in Sacramento, we recommend doing a light 
rock scale of the hillsides above the barriers to ensure no lose boulders or tree roots are a threat to 
workers below.  On the Eagle Canyon Diversion Screens and Ladders Project, it was necessary for a 
geologist to inspect the slope and he either dictated which rock to be removed or in some cases 
which rock had to be pinned with anchors and cable.  There seemed to be consensus at the 
Sacramento meeting that this is a prudent measure to protect workers below. 

All concepts above require some amount of tree and vegetation removal.  Based on permit 
conditions on the Screens and Ladders Projects, vegetation removal was only allowed from early 
September through the end of January.  This required two mobilizations with the 1st for vegetation 
and tree removal and a 2nd one to begin work in the late spring/early summer to begin work after 
spring runoff type flows down Battle Creek subsided sufficiently to maintain water control to 
perform the work in the dry.   
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Assuming that 2 mobilizations are required and rather than setting up a crane or yarder for the 
vegetation removal, we would recommend using a smaller helicopter such as a Bell 407 with a rated 
sling load of 2,500 pounds or a MD 530 with a rated load of 1500.  It should be noted at this time on 
the Screens and Ladders Project that the Bureau of Reclamation implemented hazing techniques to 
insure bird nesting did not occur in the project areas between completion of the vegetation removal 
and beginning of the in stream type work activities. 

If the ground disturbing areas exceed 1 acre in size, a formal SWPPP will need to be developed.  The 
plan has to be done by a Qualified SWPPP Developer and implementation needs to be overseen by a 
Qualified SWPPP Practitioner.  Whether a formal plan is required or not, it is prudent to implement 
or install certain BMPs regardless.  These most likely would include pressure washing equipment 
prior to entering the sites to prevent importation of noxious weeds, silt fence, straw wattles, 
preservation fencing (especially around Elderberry Shrubs),  exclusion fencing, stationary equipment 
such as generators, compressors and temporary sanitary facilities in secondary containment, and 
stationing of spill cleanup kits/oil booms in the water below the work areas. 

On the Screens and Ladders Project, it was necessary to provide dust abatement to all non-paved 
project roads and laydown areas.  The Bureau of Reclamation would not allow the contractor to 
obtain any construction water from either Battle Creek or PG&E canal systems.  Therefore, it was 
necessary to purchase water from a local rancher that had a spring fed pond. 

As required by law, the contractor 
is to provide sanitary facilities 
within a reasonable distance to the 
work.  Sanitary facilities can be 
ordered with picking cages that 
allow them to be air lifted or 
lowered to the work areas via 
hoisting equipment.  It may be 
prudent to build some small 
working decks that not only 
provide an adequate platform for 
the sanitary facilities, but also for 
placement of tools and other small 
equipment.  At right is a photo of a 
work deck that could be 
constructed to accommodate the 
sanitary facilities and other 
tools/equipment necessary to 
perform the work on a project in a 
remote area. 

Compressors for drilling operations and generators to operate hand held electrical tools and 
submersible pumps would most likely be stationed on the rim areas where they can be easily fueled 
and maintained.  Lines would be laid down the canyon walls and secured as necessary. 
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Plans will need to be developed and implemented for both fire prevention and emergency 
evacuation at each barrier location. 

3.3 Water Control/Water Quality 

Work in live streams normally requires the contractor to develop means and methods to perform 
the work in the dry to be in compliance with allowable turbidity allowances and general resourced 
agency permit conditions.  In the event necessary for this project, we would recommend a similar 
streamflow bypass system as was done for the previous mentioned projects on North Battle Creek.   
This system would largely be comprised of a super sack cofferdam and gravity flow bypass pipes.  
For this exercise, taking into the consideration of the amount of flows and the need for impact 
resistant materials, we will think that HDPE piping is the optimal choice to bypass water through the 
work areas.   

As far as the cofferdam locations, it is really important is to pick locations that will seal, not only on 
the bottom, but also on the sides to the best extent possible.  Obviously, a bed rock slot is ideal.   

The super sack dam building process normally starts with hand clearing rocks and installation of a 
leveling course of small sand bags.  The super sacks are usually filled with clean washed pea gravel 
and are placed on the leveling course of sand bags.  The final height of the cofferdam is usually 
constructed with 2 feet of freeboard. Prior to completion of the dam, the HDPE pipes are placed at 
an invert elevation that allows a 1% minimum grade past the work area.  Since water will filter 
through the sandbags and super sacks, plastic sheeting is typically laid down on the foundation 
before placing them and folded back over the cofferdam when complete.   

At left is a photo of the same type of 
cofferdam structure with 30 inch HDPE 
gravity flow bypass piping used on the 
previous project at Screens and Ladders 
Project near Manton.  Two of these pipes 
routed minimum stream flows around the 
work area and one was used to route water 
back into PG&Es flume for generation 
purposes while work was being done on the 
diversion dam.  FERC requires all cofferdams 
to be designed and stamped by a professional 
engineer.  Although it is our understanding 
that FERC jurisdiction is not applicable at 
these locations, it is prudent to have 
cofferdams designed and stamped by an 
engineer to ensure worker safety. 

All cofferdams leak to some degree.  It is most 
common to install electrical submersible 
pumps below the cofferdam to capture 
leakage water prior to the areas of 
disturbance.  At left is a photo of a typical 
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leakage control system that captures water below the cofferdam but above the work area.  Water is 
captured clean and pumped either back over the cofferdam or completely around the work area.  If 
there is a nature pool below the cofferdam, these pumps can control the leakage water without the 
installation of a secondary cofferdam.  However, these secondary cofferdams rarely exceed 2 feet in 
height. 

Based on the time of year the work will be performed, the HDPE pipes need to be sized accordingly.  
Based on previous experience, at least two 30-inch diameter HDPE pipes needed to be installed to 
handle the required flows down Battle Creek.  However, if the flows do not exceed 35 cubic feet per 
second as observed on the site walk, only one 30-inch pipe may be necessary.   

However, it will be necessary to study the inflow information in detail and consult with PG&E to size 
the pipe accordingly to take into account multiple operations scenarios including outages to their 
generation facilities that divert water back into North Battle Creek or emergency trips to Volta 2 
Powerhouse and feeder flumes.   

As discussed after the site walk for this project, several scenarios have been discussed regarding the 
routing of the pipe around the barriers.  A considerable amount of boulder demolition would be 
necessary to create an open path to allow the piping to have a minimal 1% grade drop to create a 
path for the bypass pipe.  To take full advantage of the hydraulic characteristics of the pipe, it is 
important to eliminate as many sharp angles as possible.  Each angle causes friction loss in the pipe 
and creates the strong possibility that the pipe needs to be anchored. 

The 30 inch HDPE pipe can be “roped” on a radius of 100 feet without any negligible flow losses.  In 
addition, the angles are pretty difficult to fabricate in the field.  If we have to stick with a multi-angle 
bypass piping scenario, all the angle points would have to be shop fabricated from a precise lay out 
alignment.  The entire pipe layout would need to be assembled on the bluff prior to deployment.  An 
extensive analysis would need to be performed with the various angles in the pipe to determine 
flow capabilities.  We suspect that there is a strong possibility that we would need to increase the 
pipe size greater than 30 inch if multi-angles were needed.   

The pipes will be either hot fused together, flange connected, or employ the use of dresser type 
couplers.  HDPE pipe needs to be supported every 10 feet or so to maintain gravity 
feed/unpressured characteristics.  At these locations, it appears that the piping can be laid on the 
ground with little to no temporary support cribbing.   

Although not recommended as a normal method, robust pumping systems can be set up to capture 
and divert entire river flows around the work areas using pumps and large rubber hoses and/or 
piping.  If this were the preferred method, it is common to set up these systems with ample backup 
pumps and another generator with an automatic transfer switch that ensures flows do not overtop 
the cofferdams and flood the work areas.  These systems typically run 24/7 until the work is 
complete in the stream channel.  Fuel consumption is a major cost factor in this scenario. 

As the cofferdam and bypass piping are near completion, it is typical to perform a fish rescue.  Most 
fish rescue plans require this be done by professional biologists. Additional pumps are required to 
dewater various pools for this activity.  It is not uncommon to have a requirement to screen the 
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dewatering pumps to avoid picking up small fish and other aquatic life.  Below is a typical screen 
that meets NOAA guidelines. 

Typical water quality criteria allow 
the contractor to perform in water 
work as long as he does not exceed 
15 NTUs over background over a 4 
hour to 24 hour averaging period.  
However, these allowances are not 
consistent and change considerably 
depending on the location and the 
watershed basin in which the work is 
performed.  On the Battle Creek 
Screens and Ladders Project, the 
water quality certification 
requirements are limited to not exceed 20% over background.  These are fairly stringent when 
dealing with background water that is virtually crystal clear to begin with.   

3.4 Rock Demolition/Removal 

In order to remove the rock from the stream channel, it must first be demolished into sizes that can 
handled by hand or equipment designated by the contractor.  This equates to rock drilling and 
breaking /splitting the boulders into manageable pieces either mechanically or by blasting.  

Whether jackhammers or air tracks (see photo at right) 
are the preferred drilling equipment, we recommend the 
rock to be drilled in what is commonly described as “line 
splitting” which is nothing more than a series of holes 
drilled close together in strait lines to split the rock into 
sized chunks rather than random demolition.  We believe 
this to be a better approach to faster remove barrier rock 
and to keep it within a controlled area.  Due to the size of 
the rock to be demolished, it will be necessary to install 
scaffolding for workers to safety drill on the upper areas 
of the rock when using jackhammers.   

Using air track drilling equipment may be an option, but it would be necessary to build working 
decks adjacent to the rock or provide a leveling course of rock for the equipment to get set up to 
perform the drill work. 

Although “dry drilling” can be done in a safety compliant manner, wet drilling is the preferred 
method in today’s environment.  Wet drilling is nothing more than having a water injection line on 
the drilling equipment that virtually eliminates rock dust.    

There are trade-offs with either method.  Dry drilling requires additional respiratory protection and 
the rock dust is immediately air born which creates nuisance dust and in turn affects air quality but 
has less impact on water quality.  Wet drilling is the preferred method today, but a small amount of 

http://www.google.com/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwjDj4bw_KDPAhUUR2MKHcRvAuAQjRwIBw&url=http://taylordrilling.com.au/rig4.html&bvm=bv.133387755,d.cGc&psig=AFQjCNFDGFWSbFvHtrQwLjS_VmOCRXA3vA&ust=1474564986110806
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slurry is often created that migrates down toward the ground surface with the potential to affect 
water quality.  However, bypassing streamflows around the work area typically mitigates this issue 
because it allows a means of cleanup of any slurry without making contact with flowing water.   

Once rock has been line drilled, it can be split by the use of mechanical rock splitters (i.e. Darda), 
expansive grouts, or explosives.  The photo below shows rock demolition being performed with 
mechanical rock splitters.  

 

It is our understanding that the use of expansive grouts was attempted on the rock with poor 
results.  Therefore, we have not included this in our means and methods approach.  

The use of explosives could be used as well and usually provides higher production rates.  However, 
each time a “Shot” is planned, equipment must be removed from the immediate area and the rock 
to be blasted needs to be covered with a significant amount of blasting mats to contain the material 
in a reasonable area.  From a safety perspective, personnel would need to leave the creek channel 
area and set up no entry zones to ensure public safety as well.  Not to totally rule out, but in our 
assessment, there are significant risks with blasting because it may trigger addition rock movement 
from the adjacent slopes.  Obviously, noise pollution is increased using this method. 

Once the rock is demolished into manageable 
pieces, anchor pins with eyes could be installed 
to provide a positive means of connecting the 
load to the hoist line.  A typical rock anchor 
used for this purpose is shown at right. 

If we could devise an environmentally 
acceptable plan for rock demolition (splitting) in 
which it was not necessary to install the costly 
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cofferdam/ streamflow bypass piping, and if the rock was near or partially in the water, the rock 
anchor pin with a cable sling could be installed prior to splitting.  In this manner the rock could be 
retrieved without significant impacts to water quality.   The same technique could be used with 
blasting.  However, there is high likelihood that the rock will not split according to plan.  By nature of 
this method, we would expect increased turbidity and obviously a significant increase in noise 
pollution. 

Obviously, there are trade-offs between mechanical rock splitting and the use of explosives.  
However, there is much more control using mechanical means.   

Smaller rock fragments required to be removed would be hand loaded in a metal skip box and 
hoisted out of the creek channel or relocated as required. 

Once the rock is received at the top of the bluff, it would be reloaded into dump trucks using an 
excavator or loader to be off hauled from the site or to be relocated locally. 

3.5 Clean Up and Demobilization 

Once the work in the stream channels is complete, all temporary facilities would be removed.  The 
work sites and laydown areas would be completely cleaned up.  We would expect all areas of 
ground disturbance be either hand seeded or hydro seeded.  Although not expected at these sites, it 
is sometimes required to restore riparian areas with special plantings. 

Summary 

As we have discussed in the past several weeks, if you and the CDFW agree or want to further 
explore our recommendation to select the yarder scenario as the preferred means and method for 
site set up, we believe it prudent to do another site walk down with the yarder equipment owner for 
the confirmation of capabilities at each location.  

In addition, we also believe it prudent to conduct some performance testing using rock splitters on 
similar materials to confirm this means and method is not only productive, but much more a 
controlled means to rock demolition. 

Should Michael Love and Associates want further information in regards to this memo and/or means 
and methods, please feel free to contact us. 

SR Diversified, LLC 

Chris Cornell 
Senior Project Manager 
(916) 351-0457  Office 
(916) 765-7408  Mobile 
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Attachment 1 – Lower Barrier Crane Concept 
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Attachment 2 – Upper Barrier Crane Concept 
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Attachment 3 – Lower Barrier Yarder Concept 
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Attachment 4 – Upper Barrier Yarder Concept 
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1 Early Contractor Involvement (ECI) Request 
As requested by Michael Love & Associates, SR Diversified is responding to a request to provide 
additional Early Contractor Involvement (ECI) support for the removal of two fish passage barriers on 
North Battle Creek, upstream and downstream of PG&E Eagle Canyon Diversion Dam near Manton, 
California.  As with the engineer’s memorandums, the two locations will be described as Upper Barrier 
and Lower Barrier.  This additional support is to develop three alternative Class 4 estimates as part of 
Phase 1. 

This narrative can be supplemented further by the previously prepared “Alternative Analysis 
Constructability Review Memorandum, Rev 3” as prepared by Chris Cornell.  As identified in the 
previously prepared alternative analysis memorandum, the three options to achieve access to support 
removal of the fish passage barriers are; (1) helicopter, (2) large crane, and (3) yarder.  Per Michael Love 
& Associates’ request, we have developed Class 4 estimates based on boulder information provided by 
Michael Love & Associates, as well as our experience previously working in North Battle Creek/Eagle 
Canyon.  For an overview and understanding of the various AACE estimate classifications, please see the 
table below.   

 Primary 
 

Secondary Characteristic 
 

 
ESTIMATE 

CLASS 

MATURITY LEVEL OF 
PROJECT 

DEFINITION 
DELIVERABLES 
Expressed as % of 

  

 
END USAGE 

Typical purpose of 
estimate 

 
 

METHODOLOGY 
Typical estimating method 

 

EXPECTED ACCURACY 
RANGE Typical variation in 

low and high ranges 

 
Class 5 

 
0% to 2% 

 

Concept 
screening 

Capacity factored, 
parametric models, 

judgment, or analogy 

L:     ‐20% to ‐50% 
H:    +30% to +100% 

 

Class 4 
 

1% to 15% 
Study or 

feasibility 
Equipment factored or 

parametric models 
L:    ‐15% to ‐30% 
H:    +20% to 50% 

 
Class 3 

 
10% to 40% 

Budget 
authorization or 

control 

Semi‐detailed unit costs 
with assembly level line 

items 

L:    ‐10% to ‐20% 
H:    +10% to 30% 

 

Class 2 
 

30% to 75% 
Control or 
bid/tender 

Detailed unit cost with 
forced detailed take‐off 

L:    ‐5% to ‐15% 
H:    +5% to +20% 

 

Class 1 
 

65% to 100% 
Check estimate 
or bid/tender 

Detailed unit cost with 
detailed take‐off 

L:    ‐3% to ‐10% 
H:    +3% to +15% 

1.1  Generic Cost Information/Estimate Approach 

Rather than adding random costs for consumables, we have used 5% of the labor direct costs for 
this calculation under Construction Materials M&S.  These costs cover a variety of miscellaneous 
supplies and consumables, such as personal protective equipment, cleaning supplies, safety 
supplies, power tools, hand tools, cutting wheels, etc.   

Each scenario was estimated as a stand-alone project, which included site-specific 
mobilization/demobilization costs as well as work activity descriptions particular to each location.  
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Important to note, we have included a separate cost item to install cofferdams and provide stream 
flow bypasses at each site.  This item would need to be an add-on cost to all three of the options 
estimated, if required. 

All scenarios include Stormwater Pollution Prevent Program (SWPPP) and water quality type Best 
Management Practice (BMP) installations, as well as some clearing and grubbing, where required.  
We have included costs in our estimates to hydroseed areas of ground disturbance for erosion 
control and environmental restoration.  The cost per acre was developed using subcontractor 
quotes based on setting up their equipment a maximum distance of 500 feet from the area of 
application.  

Each scenario assumes a light rock scaling of the hillsides above the barriers for rock fall mitigation, 
as required to provide worker safety.  We have also included $7,500 for Geologist 
recommendation/inspection time as part of the rock fall mitigation effort.  

All scenarios assume the use of hand-held rock drills to line drill holes approximately one-foot apart 
and mechanically split the larger boulders into approximately 1.5 cubic yard boulders weighing 
approximately 7,000 pounds or less.  This size was chosen based on the table of boulder information 
provided by Michael Love & Associates.  The table shows a 1.5 cubic yard boulder should weigh on 
the order of 3.3 to 3.4 tons, or 6,600 to 6,800 pounds.  Although the helicopter, large crane, and 
yarder used in our estimates are sized to lift 8,000 pounds, it is prudent to have some factor of 
safety.  Based on the dimensions of the boulders provided, along with the 1.5 cubic yard target size 
and line drilling approximately one-foot apart, a quantity of drilled-feet was estimated for each 
boulder.  It should be noted that some of the boulders included for removal are already smaller than 
1.5 cubic yards and/or 7,000 pounds.  It was assumed these smaller boulders would not need to be 
drilled and split into smaller sizes.   

All scenarios assume some survey work is required; not only for construction layout and boulder 
identification, but also for recording as-built conditions after the work is complete. 

For boulder off-haul trucking, all scenarios assume a one-hour round trip cycle time.  In our 
experience we have found that rock boulders can have some value, particularly to plants that can 
process boulders into aggregates.  Therefore, we have not included any disposal fees. 

Permit conditions can have significant cost impacts depending on resource agency perceptions and 
objectives.  We have included costs for water quality testing, however, additional cost impacts could 
arise based on permit conditions. 

1.2 Indirect Cost Estimate Details and Assumptions 

For this Class 4 estimate, indirect costs have been factored in using a 20% mark up on the direct 
costs.  A considerable amount of the “Indirect Costs” includes fuel, as well as Contractor Project 
Management.  Fuel is one of the highest contributors that does not appear as a line item on the 
direct cost spreadsheets. 

Besides Contractor Project Management and fuel, the indirect costs typically include the following 
items: 



Eagle Canyon Fish Passage Improvements  
Alternative Class 4 Estimate Narrative 

 
STAFFING  TECHNICAL SERVICES  LOGISTICS PLANNING  CONSTRUCTION MANAGEMENT  CONSTRUCTION SERVICES 

 

 

CA Lic. No. 999572 A DIVERSIFIED SERVICES COMPANY CPUC-Verified WBE 
Class A Page | 3 VON ID 14060042 

 

 Pre-Mobilization/Demobilization Preparation and Procurement activities at the Contractor’s  
Headquarters 

 Miscellaneous freight  

 Overtime premium  

 Travel and subsistence for staff and crew 

 Office trailers, office supplies, and generator rentals 

 Cargo van storage containers 

 Cell phones and satellite communications 

 Laydown area general dumpster rentals/fees 

 Portable toilets and wash stations 

 Contractor quality control management  

 Escalation 

 Main office overheads 

1.3 Estimated Cost Summary Table 

Below is a summary table of the estimated costs based on the available information.  As mentioned 
above, we have included a separate cost item to install cofferdams and provide stream flow 
bypasses (one at the Lower Barrier and one at the Upper Barrier).  This cost item would need to be 
an add-on cost to all three of the options estimated, if required.  The details of the estimated costs 
in the table are included in Appendix A. 

COST ITEM DESCRIPTION 

 SRD ITEM 
COSTS WITH 

MARKUPS 
FROM GREEN 

SHEETS  

 SRD ITEM 
COSTS WITH 

20% INDIRECTS 
& OVERHEADS  

1 Remove Boulders via Helicopter and Rock Splitting 1,999,723  2,399,668  

2 Remove Boulders via Cranes and Rock Splitting 2,062,947  2,475,537  

3 Remove Boulders via Yarder and Rock Splitting 1,859,500  2,231,400  

4 Add-on for Cofferdams and Streamflow Bypasses  780,903  937,083  

Note, the SR Diversified estimated costs do not include contingency.  The range of accuracy for a 
Class 4 AACE estimate is -30% to +50%.  Although not included in our estimated costs, at this phase 
we recommend a minimum of 25% contingency added to our estimates.  However, Michael Love & 
Associates and/or California Department of Fish and Wildlife (CDFW) may want to apply a different 
amount.   
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1.4 Scenario Scope of Work Descriptions and Assumptions 

Below are summaries of the option-specific scope of work assumptions included in the estimated 
costs for the various scenarios.  To minimize redundancy, we will not repetitively describe generic 
cost information and assumptions described above in Section 1.1 Generic Cost 
Information/Estimate Approach. 

Option 1 – Remove Boulders via Helicopter    

The advantage of the helicopter option is that there is some flexibility as to where to stage a landing 
zone (LZ).  Another advantage is that vegetation impact and removal should be fairly limited to the 
local Lower Barrier and Upper Barrier removal sites.  This option has the least amount of ground 
disturbing activities, and as such, requires the least amount of erosion control BMP’s (silt fence, 
wattles, etc.) and exclusionary fencing.   

For this option we included placing aggregate base rock on the dirt road from the staging area south 
of the creek to the paved road (Long Road) to the south.  This was assumed to not only provide 
winter access during the clearing and grubbing activities, but also help with dust control during the 
summer.    

Option 2 – Remove Boulders via Large Crane 

For the Lower Barrier, we included the cost for using a Manitowoc 300-ton lattice boom rough 
terrain crane operating from a crane pad located on the south side of the rim.  Our previous Eagle 
Canyon Diversion Fish Ladder and Fish Screen project was successfully performed and supported 
with this same crane setup. 

It was assumed the horizontal distances from top of rim to the Upper Barrier site are too great, even 
for a large crane.  For the Upper Barrier, we included the additional costs of clearing and grubbing, 
excavation, and restoration of a temporary access road from the north side of the rim to a crane pad 
adjacent to the Upper Barrier site that would accommodate a 100-ton rough terrain crane with a 
100-foot working radius.  These additional costs to accommodate the smaller crane are significant 
and substantially contributed to this option being highest estimated cost.  However, if a crane pad 
could be established on the north rim to within a 275-foot radius, where the Manitowoc 300-ton 
crane could service the Upper Barrier, we believe this option could decrease by approximately 
$100,000 and compete better with the yarder and helicopter options.    

Based on the assumptions used, we have included placing aggregate base rock on the dirt road from 
Long Road to the staging area south of the creek to service the Lower Barrier; as well as placing base 
rock on the dirt road and new temporary crane access road on the north side of the creek to Battle 
Creek Bottom Road (to the north) to service the Upper Barrier. 

Because this option includes the most ground disturbing activities, it also involves the most erosion 
control BMP’s and exclusionary fencing.  Based on permit conditions from previous projects in the 
area, vegetation removal was only allowed from early September through the end of January.  This 
required two mobilizations, with the first for vegetation and tree removal, and the second for 
beginning work in late spring/early summer, after spring runoff flows subsided sufficiently to 
maintain water control and perform the work in the creek.  As such, rather than mobilizing and 
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setting up the cranes for vegetation removal within the Lower Barrier and Upper Barrier sites, we 
have included costs using a smaller helicopter (Bell 407) with a rated sling load of 2,500 pounds at 
sea level.         

Option 3 – Remove Boulders via Yarder 

For this option, we assumed a little more time would be required to remove trees from the Barrier 
sites along the hillsides to where the yarder would be set up.  We also assumed there would be less 
erosion control BMP’s required than the large crane option, but more than the helicopter option. 

We have included two mobilizations for the yarder.  The first for vegetation and tree removal, and 
the second for the actual fish passage improvements.  If a smaller helicopter were to be used for 
vegetation and tree removal, the costs for this option would increase. 

Also included in this option is the installation of rock anchors in support of the yarder operations.  
We have assumed three anchors on the yarder side of the canyon for yarder stability, and two 
anchors on the opposite side of the canyon for anchoring the skyline, for a total of 5 anchors at each 
barrier site.  One disadvantage of using the yarder is its limited ability to work laterally once the 
yarder alignment is established and anchored.  Additional anchors on the canyon rims, or 
supplemental winch type equipment, may be required to support working more laterally at the 
barrier sites with the yarder.   

Although this option appears to be the most cost effective, the costs for this option are more likely 
to increase than decrease.  As we developed the cost estimates for each of the three options, it 
became apparent the amount of time required to drill and split the boulders was much longer than 
the time required to actually remove the boulders from the creek.  As such, equipment standby 
needed to be considered for both the crane and yarder options.  In discussing a standby rate with 
Robinson Enterprises, a company that owns several yarders, they explained the equipment 
generates a significant amount of logging revenue for them during a good portion of the year.  
Because this is a Class 4 estimate, we quickly settled on a standby rate of 50% of the operated rate; 
however, due to the significant amount of standby time required, we could see this standby rate 
increasing.       

Cost Item 4 – Add-on for Cofferdams and Stream Flow Bypasses 

As previously mentioned, we have included this separate cost item to install cofferdams and provide 
stream flow bypasses at each site.  This item would need to be an add-on cost to all three of the 
options estimated, if required.   

We previously installed cofferdams and stream flow bypasses for the North Battle Creek Feeder 
Diversion and Eagle Canyon Diversion Fish Ladders and Fish Screen project.  For this Class 4 
estimate, rather than detail estimated costs, we assumed the cost to install, maintain, and remove 
the cofferdams and stream flow bypasses for this Eagle Canyon Fish Passage Improvements project 
would be similar in magnitude to the previous projects. 
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Exclusions 
As we developed the estimated costs, we attempted to track items or exclusions that were not included.  
The major items are shown below.  

 Contingency 

 Design engineering (we have included minimal general construction engineering) 

 SWPPP Plan development by a Qualified SWPPP Developer (QSD) and inspections by a Qualified 
SWPPP Practitioner (QSP). 

 Additional dust control beyond placing base rock on the dirt roads (i.e. water truck) 

 Roadway bridge Improvements for mobilization of large cranes/loads, if required 

 Security 

 Traffic control 

 Permit fees 

 Rental or purchase of lands for construction use 

 Fish rescues by qualified biologists 

 Removal or management of any hazardous wastes 

 Restoration of riparian areas with special plantings 

Summary 
As shown in Section 1.3 Estimated Cost Summary Table above, the yarder option appears to be the 
least expensive.  However, as previously mentioned, this option has the most potential to increase in 
cost due to the likelihood of the standby rate used for the yarder to escalate, and the disadvantage of 
limited lateral movement.  When adding the cofferdams and stream flow bypasses to each of the three 
options, the variances in estimated costs between any two options is less than 8%.  With this in mind, 
and understanding these are Class 4 estimates, at this time it is difficult to completely rule out any one 
option.   

The table below summarizes the advantages and disadvantages of each option.       

Option Advantages Disadvantages Other 

Helicopter 
• Limited vegetation 

removal and ground 
disturbing activities 

• More expensive than yarder option • Could be most expensive 
(see crane notes) 

Large Crane 

• Flexibility of both lateral 
and vertical movements 

• Most expensive primarily due to 
temporary access road to 
accommodate smaller crane at Upper 
Barrier site 

• Potential to be less 
expensive than helicopter 
option if a crane pad could 
be established on north bluff 
within 275' radius to UBS 

Yarder 
• Currently estimated to 

be least expensive option 
• Estimated costs has most potential to 

increase 
• Limited in lateral working  movement 
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At the present time, we believe it would be prudent to keep all three options open.  As the project 
design develops and additional information becomes available, certain options may become more 
obvious while others may become more apparent to eliminate.  

Should Michael Love & Associates want any further information regarding this Class 4 estimate, please 
feel free to contact us.  

SR Diversified, LLC 

 
Steve Platt 
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ID Task Name Start Finish

1 Estimated NTP Mon 9/11/17 Mon 9/11/17

2 Tree Removal Submittals Mon 9/11/17 Fri 10/6/17

3 Submittals / Planning / Procurement Mon 10/9/17 Thu 4/26/18

4 Tree / Vegetation Removal Mon 10/9/17 Fri 10/27/17

5 Season 1 Mobilization Fri 4/27/18 Thu 5/3/18

6 Crane Pads / Rock Access Roads Fri 5/4/18 Thu 5/17/18

7 Rock Fall Mitigation Fri 5/18/18 Mon 7/9/18

8 Lower Barrier Site (LBS) Tue 7/10/18 Tue 8/28/18

9 Foot Access from Flume to Ground Tue 7/10/18 Mon 7/16/18

10 Improve Foot Access/Build Work Deck Tue 7/10/18 Tue 7/17/18

11 Install Clear Water Diversion Wed 7/18/18 Sat 7/28/18

12 Boulder Removal Mon 7/30/18 Thu 8/16/18

13 Remove Clear Water Diversion Fri 8/17/18 Tue 8/21/18

14 Site Restoration Wed 8/22/18 Tue 8/28/18

15 Season 1 Demobilization Wed 8/29/18 Thu 8/30/18

16 Season 2 Mobilization Mon 6/17/19 Thu 6/20/19

17 Upper Barrier Site (UBS) Fri 6/21/19 Fri 10/25/19

18 Improve Foot Access/Build Work Deck Fri 6/21/19 Wed 7/3/19

19 Install Clear Water Diversion Fri 7/5/19 Tue 7/16/19

20 Boulder Removal Wed 7/17/19 Sat 9/21/19

21 Regrade Channel Mon 9/23/19 Tue 10/15/19

22 Remove Clear Water Diversion Wed 10/16/19 Sat 10/19/19

23 Site Restoration Mon 10/21/19 Fri 10/25/19

24 Season 2 Demobilization Mon 10/28/19 Tue 10/29/19

9/11

9/11 10/6

10/9 4/26

10/9 10/27

4/27 5/3

5/4 5/17

5/18 7/9

7/10 7/16

7/10 7/17

7/18 7/28

7/30 8/16

8/17 8/21

8/22 8/28

8/29 8/30

6/17 6/20

6/21 7/3

7/5 7/16

7/17 9/21

9/23 10/15

10/16 10/19

10/21 10/25

10/28 10/29

Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Qtr 3, 2017 Qtr 4, 2017 Qtr 1, 2018 Qtr 2, 2018 Qtr 3, 2018 Qtr 4, 2018 Qtr 1, 2019 Qtr 2, 2019 Qtr 3, 2019 Qtr 4, 2019 Q

Task Milestone Summary

Seasons 1 & 2

Page 1

Project: Eagle Canyon Fish Passage Improvement Project
Date: Fri 2/17/17
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