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1. INTRODUCTION 

1.1. Background 
The Public Utility District No. 1 of Snohomish County (District) is the licensee for the Henry M. 

Jackson Hydroelectric Project (Project) under a license issued by the Federal Energy Regulatory 

Commission (FERC) on September 2, 2011 (License)(FERC 2011). The Project is located on the 

Sultan River in Snohomish County, Washington, near the City of Sultan. The original Project 

license was issued in 1961 and amended in 1984. In 1964, construction of Culmback Dam was 

completed to create Spada Lake Reservoir – the major source of Snohomish County drinking 

water. In 1984, the construction of the hydroelectric facilities and raising of Culmback Dam were 

completed, creating the Project as it essentially exists today. The Project includes a 262-foot high 

rock-fill dam (Culmback Dam); a 1,870-acre reservoir (Spada Lake Reservoir) operated for the 

City of Everett’s water supply, fisheries habitat enhancement, hydroelectric power, incidental 

flood control and recreational opportunities; a 111.8 megawatt nameplate capacity Powerhouse 

and various other facilities; about 4,400 acres of wildlife habitat management lands; and several 

developed and undeveloped recreation and river access sites. 

 

During the relicensing process, several studies were undertaken to document habitat conditions 

and fish utilization in the Sultan River downstream of Culmback Dam. These studies included: 

 

 Revised Study Plan (RSP) 3: Determination and Evaluation of Habitat - Flow 

Relationships in the Sultan River, Washington – Sultan River Instream Flow Study (R2 

Resource Consultants 2009a) 

 RSP 5: Juvenile Fish Abundance, Life History and Distribution within the Sultan River, 

Washington (R2 Resource Consultants 2009b) 

 RSP 18: Riverine, Riparian and Wetland Habitat Assessment Technical Report. 

(Stillwater Sciences 2008a, 2008b)  

 RSP 22: Sultan River Physical Process Studies Final Technical Report (Stillwater 

Sciences 2008c, 2008d) 

 

These studies, especially RSP 18 and RSP 22, indicated the presence of habitat changes in the 

lower Sultan River tied to regulation of the river and modified hydrology. The majority of the 

Sultan River, downstream of Culmback Dam, is confined within a canyon; however, the 

lowermost approximately three miles lies in an alluvial floodplain. This three-mile reach 

contains numerous side channels that have become encroached over time with vegetation under 

the regulated condition. This reach is also deficient in large woody debris (LWD), resulting in 

sections that are relatively homogenous in terms of habitat with little structural complexity and 

hydraulic diversity. 

 

To address habitat concerns in the lower Sultan River, included in the License requirements is 

License Article 404 Side Channel Enhancement (SCE) Plan (FERC 2011). The SCE Plan 

documents how the District would implement a program to (1) restore and enhance the salmonid 

rearing habitat function along a negotiated minimum length of 10,000 linear feet
1
 of side channel 

habitat (and with a minimum surface area of 3 acres achieved through an average channel width 

                                                 
1
 Absent the identification of specific areas for restoration and enhancement, this negotiated length and surface area 

of side channel habitat was deemed to be generally indicative of the historic condition in the lower Sultan River. 
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of 13.1 feet), and (2) enhance adult and juvenile salmon habitat by the strategic placement in the 

main river channel of up to 12 engineered large woody debris (LWD) structures. The District 

awarded three contracts for the project totaling $2,994,688.  The District awarded a $473,907 

contract to Herrera Environmental Consultants, Inc. for the review of existing information, 

development of design alternatives, hydraulics modeling, hazard and risk evaluation, document 

baseline environment, permits preparation, final design, and construction support. The District 

award a $187,695 contract to Cherry Valley Logging to furnish and deliver the majority of large 

woody debris.  In May 2012, a general contractor, Jansen, Inc. was awarded a $2,333,086 

contract to perform the construction work.  Jansen Inc. opted to complete the work in one year 

rather than two as was originally envisioned.  Construction included work both in and out of the 

water.  The in-water work was limited to 76 days between July 1 and September 14. 

Construction activities and restoration activities were completed in November 2012, as depicted 

in the as-built drawings in Appendix A. 

 

These enhancements occur primarily within the lowermost approximate 3-mile portion of the 

Sultan River downstream of Powerhouse and laterally within the floodplain valley (as defined by 

a flow of 4,100 cfs, as measured at the U.S. Geological Survey (USGS) Streamflow Gage No. 

12138160).  The District restored and enhanced 11,788 linear feet (4.5 acres) of side channel 

habitat which were designed to maintain connectivity between the mainstem Sultan River and 

selected side channels at flows equal to or greater than 300 cubic feet per second (cfs) as 

measured at the USGS Streamflow Gage No. 12138160.  The side channels are anticipated to 

provide prime rearing habitat for juvenile salmonids in close proximity to spawning areas 

upstream.  This type of habitat has been identified as a limiting factor towards the recovery of 

salmon in the Snohomish Basin (SBSRTC 2004).  The LWD structures are anticipated to also 

provide rearing habitat in addition to the primary benefits of providing refuge and holding habitat 

for upstream migrating adult salmonids, retaining and distributing transported gravels to provide 

additional spawning areas, promoting further exchange of water and nutrients between surface 

and subsurface flows (i.e. via the hyporheic zone), and helping distribute surface flows through 

key side channel inlets. 

1.2. Purpose 
The purpose of this report, as identified in License Article 404, is to document the results, linear 

footage, and acreage of side channel reconnection efforts and habitat provided at a flow of 300 

cfs as measured at the USGS Streamflow Gage No. 12138160 (FERC 2011). 

1.3. Consultation 
The District consulted and negotiated with 15 separate landowners in the vicinity of the SCE 

project during the acquisition of easements for construction and access.  The process of acquiring 

easement agreements took over two years to complete and required ongoing coordination in 

advance and during construction.  District staff worked closely with City of Sultan staff on 

agreements, permits, and construction details.  Staff also met with the City of Sultan Council on 

February 9 and August 26 of 2012 to review the details of the enhancements and the 

environmental and recreational benefits to the local community and to provide a description of 

construction related issues, including temporary closure of the parks.  An informative brochure 

was developed to accompany signage that was placed near the SCE project site to notify and 

inform recreationists using the local parks about the project.  On October 11, 2012, the District 

conducted a river tour of the completed project for members of the Aquatic Resource Committee 
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(ARC).  On October 19, 2012, the District provided a tour to additional Washington Department 

of Fish and Wildlife staff.  Appendix B provides documentation of select consultation. 

 

The ARC was provided a 30-day comment period on the draft report.  Consultation 

documentation is included in Appendix C, with responses to comments included in Appendix D.  
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2. SIDE CHANNEL ENHANCEMENTS 
 

Four side channels (SC) to the Sultan River were targeted for enhancement and/or creation of 

new, linked channels during 2012 (Tables 1 and 2; Figure 1).  Three of the side channels (SC 2, 

SC 3, and SC 4) have one inlet and one outlet. SC 1 has two inlets and two outlets.  Permitting 

for construction was not only complicated by the project area being “aquatic lands of the state” 

but more importantly by the fact all areas were within the Federal Emergency Management 

Agency (FEMA) floodway subjecting all work to meeting “zero-rise” standards.  During the 

project design process, complex modeling of hydraulic conditions was necessary to meet the 

stringent permitting requirements of zero-rise for both the side channel works and the LWD 

installations in the main channel of the river (Herrera 2011).  This modeling component in itself 

took over 8 months to complete and included elements such as a redundant inlet to ensure 

adequate flow delivery over the range of flow conditions, as well as, to provide a contingency 

plan in the unlikely event that the primary inlet should fail.  The work conducted within each of 

the side channels is described below along with representative photographs. 

 
Table 1. Length of side channel habitat enhanced, Sultan River. 

Side Channel Description 
Length of Segment  

(feet) 
Percent of License 

Obligation 

SC1 – Existing  2,709 27 

SC1 – Redundant Inlet  605 6 

SC1 – Southern Extension  2,649 26 

SC2 2,052 21 

SC3 2,263 23 

SC4 1,510 15 

Total 11,788 118 

 
Table 2. Side channel enhancements by the numbers (excavation, wood, and 

boulders). 

Side Channel Description 
Excavation 

(cubic yards) 
Wood 

(pieces) 
Boulder 
(pieces) 

SC1 – Existing  500 15 n/a 

SC1 – Redundant Inlet  2,500 15 5 

SC1 – Southern Extension  10,000 65 10 

SC2 n/a 20 12 

SC3 n/a 15 15 

SC4 7,000 25 10 

Total 20,000 155 52 
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Figure 1. Map of side channels enhanced during 2012. 
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2.1.   SC 1 – Existing  
The inlet to Side Channel 1 (SC 1) is located on a District-owned parcel (Snohomish County 

Parcel Number 00765600099900) that borders the northwestern corner of the City of Sultan’s 

Osprey Park.  This parcel is adjacent to and north of the majority of Osprey Park. When watered, 

SC 1 functions well with documented heavy utilization by juvenile salmonids (R2 2009b). In 

2004, this side channel received placements of additional wood to enhance existing habitat value 

as part of a cooperative effort between the District, Adopt-A-Stream, and the Washington 

Department of Natural Resources.  The 2012 enhancement focused on maintaining year-round 

connectivity through excavation and grading of the existing inlet to improve flow connectivity, 

creation of a redundant inlet to supplement flows from the existing inlet and to ensure adequate 

flow should the existing inlet become blocked, and strategic placement of two LWD structures 

(LWD Structures 4 and 5) to create inlets that are self-maintaining and ensure the delivery of 

adequate flow volumes necessary for salmonid rearing habitat within the entire 5,963 feet of the 

SC1 network (Table 1).  This network provides for nearly 60% of the License obligation.  In 

addition to flow related enhancements, individual pieces of LWD were airlifted into place within 

SC 1 to provide hydraulic control near flow splits between the existing channel and the southern 

extension, and additional habitat benefit.  A permanent equipment bridge was placed over the 

channel to provide access for maintenance purposes.  The equipment bridge replaced a 

pedestrian bridge which was relocated to the SC 1 redundant inlet.  

 

 
Figure 2. SC 1 (existing) inlet, looking upstream from side channel with main channel 

proximate to LWD Structure 5 in background. 

2.2.   SC 1 – Redundant Inlet 
The redundant inlet to SC 1 was created to ensure flow delivery to the SC 1 network should the 

existing inlet become blocked.  This 605-foot channel is located primarily on property owned by 

the District.  The site was cleared initially, followed by excavation of the channel, placement of 
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in-channel structures, and finally, as with all 6.05 acres denuded during construction, planting 

with a diverse assemblage of native vegetation conducive to site conditions including 28 

different species (Table 3).  LWD Structure 4 is located near the inlet to this channel to provide 

mainstream habitat and direct flow into the channel.  A relocated pedestrian bridge spans the 

channel near the inlet. 

 
Table 3. Species and number of plants used to restore 6.05 acres denuded of 

vegetation during construction. 

SPECIES - Scientific name Common Name DESCRIPTION QUANTITY 

Acer Circinatum  Vine Maple 1 gallon container 332 

Acer Macrophyllum  Big-Leaf Maple 1 gallon container 88 

Alnus Rubra  Red Alder 1 gallon container 61 

Amelanchier Alnifolia  Western Serviceberry 1 gallon container 142 

Corylus Cornuta  Beaked Hazelnut 1 gallon container 564 

Cornus Sericea  Red twig Dogwood 1 gallon container 1,136 

Crataegus Douglasii  Black Hawthorn 1 gallon container 51 

Crataegus Gaultheria Shallon  Salal 1 gallon container 698 

Holodiscus Discolor  Oceanspray 1 gallon container 396 

Lonicera Involucrata  Black Twinberry 1 gallon container 1,153 

Mahonia Aquifolium  Tall Oregon Grape 1 gallon container 193 

Mahonia Nervosa  Low Oregon Grape 1 gallon container 395 

Malus Fusca  Crabapple 1 gallon container 1,107 

Oemlaria Cerasiformis  Indian Plum 1 gallon container 449 

Physocarpus Capitatus  Pacific Ninebark 1 gallon container 1,107 

Rubus Parviflorus  Thimbleberry 1 gallon container 581 

Polystichum Munitum  Sword Fern 1 gallon container 2,499 

Populus Balsamifera SSP. Trichocarpa  Black Cottonwood 1 gallon container 65 

Pseudotsuga Menziesii  Douglas Fir 1 gallon container 128 

Rubus Spectabilis  Salmonberry 1 gallon container 1,124 

Sambucus Racemosa  Red Elderberry 1 gallon container 698 

Symphoricarpos Albus Snowberry 1 gallon container 760 

Thuja Plicata  Western Red Cedar 1 gallon container 627 

Cornus Sericea  Red twig Dogwood  6 FT Live Stake Cutting 336 

Salix Hookeriana  Hooker Willow  6 FT Live Stake Cutting 336 

Salix Lucida SPP. Lasiandra  Pacific Willow  6 FT Live Stake Cutting 336 

Salix Sitchenis  Sitka Willow  6 FT Live Stake Cutting 336 

Carex Obnupta  Slough Sedge Plug 30,924 
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Figure 3. Downstream view of newly constructed and water redundant inlet to SC 1. 

Mainstem discharge at time of photo was approximately 320 cfs.  

 
Figure 4. Downstream view of redundant inlet to SC 1 under bankfull conditions. 

Mainstem discharge at time of photo approximately 1,700 cfs.  
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2.3.   SC 1 – Southern Extension 
The southern extension to SC 1 was the location of the majority of earthwork on the project. A 

new channel of 2,649 feet in length was excavated through cleared properties owned by the City 

of Sultan, Washington Department of Transportation, and a private landowner.  Approximately 

10,000 cubic yards of material were excavated and removed from the site to create this channel 

that accounts for roughly 26% of the License obligation (Table 1).  The channel received 

numerous log treatments and bank structures along its length as depicted in Appendix A.  The 

cleared areas along the banks of the channel were planted with an assemblage of native plants 

and seeded with an erosion control mix.  Within Osprey Park, a new pedestrian bridge was 

installed across the channel.  Further downstream, on the private landowner’s property, an 

equipment bridge was placed over the side channel for tractor access and a cattle crossing.  

Fencing was erected on both sides of the channel to exclude cattle from entering the 

enhancement/easement area. 

 

 
Figure 5. Upstream view of the upper 350 feet of the newly created southern 

extension to SC 1 under low flow conditions. 

 



Jackson Hydroelectric Project, FERC No. 2157 

 

SCE/LWD Report, April 2013 Page 10 

 
Figure 6. Upstream view of the upper portion of the newly created southern 

extension to SC 1 under bankfull conditions. 

 

 
Figure 7. Downstream view of the upper portion of the newly created southern 

extension to SC 1. 
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Figure 8. Downstream view of the newly watered middle portion of the southern 

extension to SC 1. 

 

 
Figure 9. Downstream view of low flow conditions in the middle portion of the 

southern extension to SC 1. 
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Figure 10. Downstream view of low flow conditions in the lower portion of the 

southern extension to SC 1.  
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2.4.   SC 2 
Prior to the project, SC 2 functioned very well with good habitat structure and an intact riparian 

community.  However, over time aggradation at the inlet impacted connectivity with the 

mainstem at low flows.  The enhancement within SC 2 included minor excavation and grading at 

the inlet (Figure 11) and placement of individual pieces of LWD by helicopter to preserve the 

riparian community. 

 

 
Figure 11.  Downstream view of SC 2 with excavated inlet in foreground and placed 

individual habitat logs in background. 
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2.5.   SC 3 
SC 3 constitutes the right channel of a major island complex in the lower river. SC 3 has always 

functioned well in terms of connectivity; however, a lack of in-channel habitat diversity has 

resulted in underutilization as rearing habitat.  The enhancement effort within SC 3 included 

several bank treatments using LWD (Figures 12 and 13) and the placement of large boulders 

within the channel.  The boulders were placed by helicopter to avoid damaging the intact riparian 

community.  Future snorkel surveys, conducted per the SCE Plan, will document habitat 

utilization. 

 

 
Figure 12. Representative view of bank treatment within SC 3. 
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Figure 13. Representative view of bank treatment within SC 3.  
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2.6.   SC 4 
SC 4 is located within Rudolf Reese Park in the City of Sultan.  A remnant side channel existed 

at the site prior to construction; however, it only became functional under high flow conditions.  

The enhancement effort involved considerable excavation (7,000 cubic yards) to provide for 

year-round connectivity.  This excavation coupled with the strategic placement of LWD 

Structure 1 will ensure routing of sufficient flow to provide desired rearing habitats.  Bank 

treatments and the placement of individual logs within the side channel are intended to provide 

structural complexity and hydraulic diversity. 

 

 
Figure 14. Upstream view of SC 4 with LWD Structure 1 in background. Mainstem 

discharge at time of photo approximately 320 cfs. 
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Figure 15. Upstream view of SC 4 under bankfull flow conditions. Mainstem discharge 

at time of photo approximately 1,700 cfs. 

 
Figure 16. Downstream view of SC 4 under mainstem flow conditions of 

approximately 1,500 cfs. 
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3. LARGE WOODY DEBRIS PLACEMENT 
 

Eight LWD structures were installed in the lower river during 2012 (Figure 17).  The physical 

dimensions of each structure and the site elevations are presented in Table 4.  Structures varied 

by type with either a Type 1, Type 2, or Type 3 installed at each location.  The design associated 

with each structure type is presented Appendix A.  The performance of these structures will be 

closely monitored and inform the placement of up to an additional four structures in the future, 

per License requirements. 

 
Table 4. Approximate physical dimensions and site elevations for each LWD 

Structure installed during 2012. 

LWD Structure 
Structure 

footprint (area in 
sq ft) 

Structure height 
in feet (maximum) 

Structure base 
elevation (feet, 

NAVD 88) 

Bank height 
elevation (feet, 

msl) 

1 2,200 6-7 96 115 

2 2,200 7-8 98 117 

3 2,200 7-8 100 120 

4 2,200 7-8 106 126 

5 2,200 7-8 106 126 

6 2,200 6-7 104 122 

7 2,200 7-8 107 126 

8 900 5-6 113 130 
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Figure 17. Map depicting locations of LWD Structures installed in 2012. 

3.1. LWD Structure 1 
LWD Structure 1, a Type 1 Structure, is located within Rudolf Reese Park near the inlet to SC 4. 

The structural components and quantities for a Type 1 Structure are presented in Table 5.  The 

structure deflects water into SC 4 along the right flank and back to the main channel along the 

left flank.  The flow split between the two flanks varies with mainstem discharge.  With the 

exception of LWD Structure 7, all structures were planted with site appropriate native vegetation 

and seeded.  This site will be monitored, per the SCE Plan, after high flow events to document 
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channel changes.  Within a month after construction was completed, spawning use by Chinook 

salmon was documented within the riffle along the left flank.  The structure also provides a large 

holding pool for adult salmon migrating upstream.  

 
Table 5. Structural components and quantities associated with a Type 1 Structure. 

ENGINEERED LOG JAMS – Type 1 ELJ 

1 EA Structural Assembly  

4 EA Installation of 24” dia, 40’ long with rootwad (R2) 

11 EA Installation of 24” dia, 35’ long with rootwad (R3) 

14 EA Installation of 16-18” dia, 25’ long with rootwad (R7) 

4 EA Installation of 14-18" dia, 25' long (L3) 

3 EA Installation of 14-18” dia, 20’ long (L4) 

100 EA Installation of Racking Logs – 8-16” DBH, 15’ long  

120 CY Installation of Slash 

50 EA Installation of Drilled 3-4 Man Rocks 

260 CY Installation of Streambed boulders (for Scour Apron)  

5 CY Installation of Topsoil  

1 LS Lashing Cables 
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Figure 18. Downstream view of LWD Structure 1 at mainstem flow of 1,700 cfs. SC 4 is 

on right and split flow return to main channel is on left. 
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3.2. LWD Structure 2 
LWD Structure 2, a Type 1 Structure, is located along the left bank of the main channel of the 

Sultan River upstream of Rudolf Reese Park.  This structure provides mainstem diversity and 

gravel retention in close proximity to an area of documented high spawning use.  Within a month 

after construction, adult Chinook salmon were observed spawning and holding in the areas 

around this structure. 

 

 
Figure 19. Downstream view of LWD Structure 2 under low flow conditions of 

approximately 320 cfs. 
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3.3. LWD Structure 3 
LWD Structure 3, a Type 1 Structure, is located along the left bank of the main channel near the 

southwestern edge of Osprey Park in the City of Sultan.  The structure is located near the historic 

existing outlet to SC 1.  This structure provides structural diversity in a homogenous stretch of 

the river and also serves to encourage flow towards the right bank of the main channel and SC 4 

downstream.  

 

 
Figure 20. Downstream view of LWD Structure 3 under low flow conditions of 

approximately 320 cfs. 

  



Jackson Hydroelectric Project, FERC No. 2157 

 

SCE/LWD Report, April 2013 Page 24 

3.4. LWD Structure 4 
LWD Structure 4, a Type 1 Structure, is one of two structures near the inlets to SC 1.  This 

structure deflects mainstem flow into the redundant inlet to SC 1 and also provides holding 

habitat for adult salmon and steelhead in close proximity to spawning grounds that have been 

documented as heavily utilized by Chinook, chum, and pink salmon, as well as, steelhead trout. 

 

 
Figure 21. Downstream view of LWD Structure 4 at entrance to redundant inlet to SC 

1. Photo taken at low flow conditions of approximately 320 cfs in main 
channel.  

  



Jackson Hydroelectric Project, FERC No. 2157 

 

SCE/LWD Report, April 2013 Page 25 

3.5. LWD Structure 5 
LWD Structure 5, a Type 1 Structure, is located at the historic inlet to SC 1.  As with LWD 

Structure 4, this structure deflects mainstem flow into the inlet to SC 1 and also provides holding 

habitat for adult salmon and steelhead in close proximity to spawning grounds with documented 

heavy utilization by Chinook, chum, pink salmon, and steelhead trout.  Flow into SC 1 will be 

monitored for sufficiency including the observations on the presence of flow constrictions from 

debris and/or beaver activity.  

 

 
Figure 22. Downstream view of LWD Structure 5 at inlet to existing SC 1. The small 

island on the left is flanked on both sides by flow.  
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3.6. LWD Structure 6 
LWD Structure 6, a Type 2 Structure, is located near the outlet to SC 2.  The structural 

components and quantities for a Type 2 Structure are presented in Table 6.  SC 2 is very heavily 

utilized by spawning chum salmon.  Adult salmon typically stage near the outlet, in the area 

where the structure is located, prior to their upstream migration into the side channel. Shortly 

after construction and during landscaping of the bank, adult Chinook salmon were observed daily 

congregating in this area.  This structure provides mainstem holding habitat, a mechanism for 

gravel sorting, and bank protection. 

 
Table 6. Structural components and quantities associated with a Type 2 Structure. 

ENGINEERED LOG JAMS – Type 2 ELJ 

Type 1 subcomponent of ELJ number 6: 

1 EA Structural Assembly  

4 EA Installation of 24” dia, 40’ long with rootwad (R2) 

11 EA Installation of 24” dia, 35’ long with rootwad (R3) 

14 EA Installation of 16-18” dia, 25’ long with rootwad (R7) 

4 EA Installation of 14-18" dia, 25' long (L3) 

3 EA Installation of 14-18” dia, 20’ long (L4) 

100 EA Installation of Racking Logs – 8-16” DBH, 15’ long  

120 CY Installation of Slash 

50 EA Installation of Drilled 3-4 Man Rocks 

260 CY Installation of Streambed boulders (for Scour Apron)  

5 CY Installation of Topsoil  

1 LS Lashing Cables 

200 SQ FT 
Rolonaka BIO-D block bank restoration (additional may be 
required to cover excavated area depending on 
CONTRACTORS means and methods) 

Type 2 subcomponent of ELJ number 6: 

1 EA Installation of Structural Assembly  

2 EA Installation of 24” dia, 40’ long with rootwad (R2) 

2 EA Installation of 16-18” dia, 40’ long with rootwad (R5) 

10 EA Installation of 16-18” dia, 25’ long with rootwad (R7) 

5 EA Installation of 14-18” dia, 25’ long (L3) 

80 EA Installation of Racking Logs – 8-16” DBH, 15’ long  

80 CY Installation of Slash 

150 CY Installation of Streambed boulders (for Scour Apron)  

120 CY Installation of Topsoil  

40 CY Installation of Bark or Wood Chip Mulch 

1 LS Installation of Lashing Cables 

200 SQ FT 
Rolonaka BIO-D block bank restoration (additional may be 
required to cover excavated area depending on 
CONTRACTORS means and methods) 
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Figure 23. Downstream view of LWD Structure 6 under low flow conditions of 

approximately 320 cfs. Plastic sheeting was removed once planting was 
completed. 
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3.7. LWD Structure 7 
LWD Structure 7, a Type 1 Structure, is located along the right bank of the river across and 

upstream of the historic inlet to SC 1.  This structure provides structural complexity and 

hydraulic diversity within a homogenous stretch of the river, and also encourages the deflection 

of flow into SC 1. 

 

 
Figure 24. Downstream view of LWD Structure 7 under low flow conditions of 

approximately 320 cfs. 
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3.8. LWD Structure 8 
LWD Structure 8, a Type 3 Structure, is the most upstream of the structures installed in 2012. 

The structural components and quantities for a Type 3 Structure are presented in Table 7.  This 

structure is located along the left bank of the river upstream of an island complex.  This structure 

provides mainstem diversity and also encourages the redistribution of flow including mild 

encouragement of flow into SC 2 across the river. 

 
Table 7. Structural components and quantities associated with a Type 3 Structure. 

ENGINEERED LOG JAMS – Type 3 ELJ 

1 EA Installation of Structural Assembly  

7 EA Installation of 24” dia, 35’ long with rootwad (R3) 

5 EA Installation of 16-18” dia, 25’ long with rootwad (R7) 

50 EA Installation of Racking Logs – 8-16” DBH, 15’ long  

40 CY Installation of Slash 

70 CY Installation of Streambed boulders (for Scour Apron)  

1 LS Installation of Lashing Cables 

 

 

 
Figure 25. Downstream view of LWD Structure 8 under low flow conditions. 
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Figure 26. View of LWD Structure 8 from left bank at mainstem discharge of 

approximately 1,500 cfs. Inlet to SC 2 is visible in background. 
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Appendix B 
 
Consultation Documentation Regarding Project Construction 



Benefits From Enhancements 

w Fish Populations

 Enhancement of side channel and placement of 
large woody debris:

	 – provides habitat diversity in the mainstream of 
the Sultan River and in key side channels,

	 – enhances habitat for juvenile salmon,
	 – helps retain and distribute gravels moving 

downstream to provide additional spawning 
areas, 

	 – promotes further exchange of water and 
nutrients between surface and subsurface 
flows, 

	 – and helps distribute surface flows through key 
side channel inlets.

w Vegetation

	 Weeds invade riparian areas and out-compete 
native vegetation. Their presence can prevent 
establishment of native trees, leading to the 
formation of permanent thickets with little other 
vegetation present. These dense, impenetrable 
thickets can block access of larger wildlife to 
water and other resources (not to mention causing 
problems for people trying to enjoy parks and 
natural areas). Disturbed areas will be replanted 
with native/locally adapted vegetation.

w Recreation

	 Bridges will be added to new side channels, 
and disturbed trails will be re-surfaced. 
Environmental enhancements like these will 
improve the aesthetics and enjoyment of the 
parks.

Questions:
Keith Binkley 

Natural Resources Manager
425-783-1769

kmbinkley@snopud.com

Side Channel  
Enhancements
At osprEy AND rEEsE pArks

Improving and Protecting 
Environmental Habitats

Printed on recycled paper

www.snopud.com

These measures to enhance the aquatic resources of 
the Sultan River were developed in cooperation with 
federal and state resource agencies, local municipalities, 
recreational groups and the Tulalip Tribes. In addition, 
this work would not be possible without the cooperation 
of the City of Sultan and local landowners.



this summer, you may notice some work being 
performed in two of the City of Sultan’s 
parks. 

This work is being done by Snohomish County 
PUD as a requirement to relicense the Jackson 
Hydroelectric Project located in the Sultan River 
watershed. The PUD is implementing a suite of 
environmental enhancement measures, including 
creation of nearly two miles of side channel habitat 
along the lower Sultan River. This work will benefit 
salmon that use the Sultan River.

Here is detailed information on what is being done 
and why:

w osprey park: improvement of rearing habitat 
for juvenile salmon. Side channels (channels 
that are connected to the main channel but are 
much smaller) provide optimal conditions for 
young fish. Some of these channels have changed 
over time as a result of the operation of the 
hydroelectric project. The value of these habitats 
will be increased significantly by improving the 
f low into and out of these channels. This will 
be accomplished by creating engineered log 
jams in the main channel to re-direct f low and 
by excavating the channel in certain areas. The 
goal is to provide diverse high-quality habitat 
throughout the year.

w reese park: improvement of rearing habitat for 
juvenile salmon. As with Osprey Park, restoration 
of a side channel inlet will be conducted to 
improve the connection with the main channel of 
the river. The relic inlet is not functioning in its 

current form and requires excavation to restore 
it to good health and provide aquatic habitat. A 
strategically placed series of engineered log jams 
will permanently re-direct a portion of the river’s 
flow into the newly excavated side channel.

timeline
Land Work: June – October 2012

Water Work: July 1 – September 15, 2012
Replanting: October 2012 – April 2013

Construction closures
For safety purposes, certain areas and trails at 
both parks will be fenced and unavailable for 

public use during construction. A map of closed 
areas is posted near the entrance at each park.

Side channel area in Osprey Park prior to PUD work.

Construction activities will include: 

w Installing temporary fencing and closing some 
segments of park trail near construction zones

w Widening of trails (and subsequent restoration) 
to accommodate construction equipment

w Using bulk bags to temporarily isolate flow from 
work areas in the main river

w Excavating, grading and off-site removal of 
earthen materials

w Limited clearing of selected trees and reuse at 
enhancement locations

w Transporting and placing logs with the main river 
and in side channels
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Presler, Dawn

From: Presler, Dawn
Sent: Tuesday, October 09, 2012 10:26 AM
To: 'Leonetti, Frank'; 'Steven Fransen'; 'Anne Savery'; 'brock.applegate@dfw.wa.gov'; 'cmay461

@ecy.wa.gov'; 'Loren Everest - USFS'; 'Thomas O'Keefe'
Cc: Binkley, Keith
Subject: FW: ARC - Oct 11 - float trip logistics
Attachments: 20121011_Agenda.docx

Last reminder for the float trip on Thursday.  I will be at a conference for the rest of the week, so 
please contact Keith on his cell at 425-293-6201 if there are any last minute cancellations. 
Otherwise, he’ll see you all by 9:00 sharp at Sportsman’s Park off Highway 2 in Sultan, WA.  
 
Thanks Tom for bringing the extra raft! 
 
Have a great float trip everybody! 
 
Dawn 
 

From: Presler, Dawn  
Sent: Wednesday, September 12, 2012 3:27 PM 
To: 'Leonetti, Frank'; 'steven.m.fransen@noaa.gov'; 'tim_romanski@fws.gov'; 'Anne Savery'; 'Jim Miller'; 
'mick.matheson@ci.sultan.wa.us'; 'brock.applegate@dfw.wa.gov'; 'Maynard, Chris (ECY)'; 'Loren Everest - USFS'; 
'Okeefe@americanwhitewater.org' 
Cc: Moore, Kim; Binkley, Keith 
Subject: ARC - Oct 11 - float trip logistics 
 
Hello Again, 
Attached is the agenda for the float trip on Thursday October 11 to view the side channels 
enhancements and engineered log jams on the lower Sultan River that the District is just about to 
complete. Please review the agenda for meeting location, time, and things to bring.  Also, let me 
know by September 20 if you plan on attending so we can get an accurate head count for raft 
spaces.   
 
Tom, 
We’ll likely need to use your raft that you previously volunteered as well.  Keith will verify with you 
after we get the head count.  Thanks! 
 
Dawn Presler 
Sr. Environmental Coordinator 
Generation Resources 
(425) 783-1709 
****************************** 
PUD No. 1 of Snohomish County 
PO Box 1107 
Everett, WA 98206-1107 
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ARC Float Trip Agenda 

Date and Time:   Thursday October 11, 2012; 9:00 to ~12:00 
Location:    Lower Sultan River, Sultan, Washington 
Purpose:  View Side Channel Enhancements 
Invited:    ARC Members Only (No additional attendees please) 

 
 

Agenda Time  
1. Meet at the Sportsman’s Park in Sultan, Washington just 

off Highway 2 
 

9:00 a.m. 

2. Shuttle to Side Channel 3 to Start Float Trip 9:05 a.m. 

3. Float/Walking Tour – view side channels and all 
engineered log jams along the way 

a. Side Channel 3 
b. Side Channel 2 
c. Side Channel 1 
d. Side Channel 1 Extended 
e. Side Channel 4 

 

9:10 a.m. – ~12:00 
p.m. 

4. Return to Sportsman Park ~12:15 p.m. 

 

 
Bring: 

 Personal floatation device 
 Waders 
 Water 
 Snack/lunch 
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Presler, Dawn

From: Presler, Dawn
Sent: Thursday, February 07, 2013 9:33 AM
To: Presler, Dawn
Subject: FW: r.knuckey@comcast.net (Form Submission:  Form Builder)

 
-----Original Message----- 
From: r.knuckey@comcast.net [mailto:r.knuckey@comcast.net]  
Sent: Wednesday, November 28, 2012 10:15 PM 
To: CustomerCommentCards 
Subject: r.knuckey@comcast.net (Form Submission: Form Builder) 
 
Name 
Bob Knuckey 
 
Address (including city and ZIP code) 
606 1st Street 
 
Phone Number (including area code) 
360-793-0622 
 
Email Address 
r.knuckey@comcast.net 
 
Confirm Email Address 
r.knuckey@comcast.net 
 
Bimonthly E-Newsletter 
Sign me up! 
 
 
Comment 
A comment on The Side Channel Enhancement Project at Osprey Park. I am the unofficial Stewart of 
Osprey Park for the City of Sultan. I would just like to say that I am more than pleased with the finished 
results of the project. Iam also getting a lot of feed back from people nowjusing the Park. Most seam to 
like the results and are very happy to get back to using the Park. I worked with Keith Binkley before the 
project started and stated my concerns. Keith told me at the time that we would be happy with the final 
resusts. He was right and then some. Good man, easy to work with and a man of his word. AND it was 
finished on time. Wow 2 thumbs up for all involved. 
Thank you Bob Knuckey 
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Consultation Documentation Regarding the Draft Report 
 



 
From: Presler, Dawn  

Sent: Tuesday, February 12, 2013 2:08 PM 

To: 'Steven Fransen' (steven.m.fransen@noaa.gov); 'Loren Everest - USFS' (leverest@fs.fed.us); 
'Tim_Romanski@fws.gov' (Tim_Romanski@fws.gov); 'brock.applegate@dfw.wa.gov' 

(brock.applegate@dfw.wa.gov); 'Anne Savery' (asavery@tulaliptribes-nsn.gov); 'Leonetti, Frank' 
(frank.leonetti@snoco.org); 'Jim Miller' (JMiller@ci.everett.wa.us); 

'mick.matheson@ci.sultan.wa.us' (mick.matheson@ci.sultan.wa.us); 'Thomas O'Keefe' 

(okeefe@americanwhitewater.org) 
Cc: Binkley, Keith; Moore, Kim 

Subject: JHP - Draft SCE/LWD Construction Report for your 30-day review and comment 

 
Dear ARC, 
Attached is a link to the draft Side Channel Enhancement Project Construction 
Report for the Jackson Hydro Project. (Due to its size at 26 MB, I couldn’t send 
as an attachment to this email.) Per License Article 404, you are being provided 
a 30-day review and comment period on the draft report. Please send your 
comments, if any, back to me (with cc: to Keith) by March 13. If you have no 

comments on the draft report, an email stating as such would be appreciated 
too. Thanks!  
 
http://www.snopud.com/Site/Content/Documents/relicensing/ARC/DraftSCE
ConstructReport.pdf  
 
Dawn Presler 
Sr. Environmental Coordinator 
Generation Resources 
(425) 783-1709 
****************************** 
PUD No. 1 of Snohomish County 
PO Box 1107 
Everett, WA 98206-1107 

From: Presler, Dawn  
Sent: Tuesday, March 12, 2013 1:03 PM 

To: ''Steven Fransen' (steven.m.fransen@noaa.gov)'; ''Loren Everest - USFS' 
(leverest@fs.fed.us)'; ''Tim_Romanski@fws.gov' (Tim_Romanski@fws.gov)'; 

''brock.applegate@dfw.wa.gov' (brock.applegate@dfw.wa.gov)'; ''Anne Savery' 

(asavery@tulaliptribes-nsn.gov)'; ''Leonetti, Frank' (frank.leonetti@snoco.org)'; ''Jim Miller' 
(JMiller@ci.everett.wa.us)'; ''mick.matheson@ci.sultan.wa.us' (mick.matheson@ci.sultan.wa.us)'; 

''Thomas O'Keefe' (okeefe@americanwhitewater.org)' 
Cc: Binkley, Keith; Moore, Kim 

Subject: RE: JHP - Draft SCE/LWD Construction Report for your 30-day review and comment 

 
Hi All, 
I haven’t received any emails from anyone on this, so I’m sending out a 

reminder to you all. If you have no comments on the draft report, an email 
stating as such would be appreciated too. Otherwise, I’ll take your silence as 
approval of the report as written. 
 
Thanks! 

Dawn 

From: Romanski, Tim [mailto:tim_romanski@fws.gov]  

Sent: Tuesday, March 12, 2013 3:02 PM 
To: Presler, Dawn 

Subject: Re: JHP - Draft SCE/LWD Construction Report for your 30-day review and comment 

 

http://www.snopud.com/Site/Content/Documents/relicensing/ARC/DraftSCEConstructReport.pdf
http://www.snopud.com/Site/Content/Documents/relicensing/ARC/DraftSCEConstructReport.pdf


Of course, I meant no, not "not". 
 
Tim Romanski  
Fish and Wildlife Biologist 
U.S. Fish and Wildlife Service 
Washington Fish and Wildlife Office 
Branch Manager of Conservation and Hydropower Planning 
510 Desmond Drive SE, Lacey, WA  98503 
360.753.5823 (phone)  360.753.9518 (fax) 
 

On Tue, Mar 12, 2013 at 3:00 PM, Presler, Dawn <DJPresler@snopud.com> wrote: 

And thank you for the follow-up email! 

Dawn  

From: Romanski, Tim [mailto:tim_romanski@fws.gov]  

Sent: Tuesday, March 12, 2013 3:00 PM 
To: Presler, Dawn 

Subject: Re: JHP - Draft SCE/LWD Construction Report for your 30-day review and comment 

 Dawn, 

 I reviewed it early and have not comments.  Thanks for the reminder. 

Tim Romanski  
Fish and Wildlife Biologist 
U.S. Fish and Wildlife Service 
Washington Fish and Wildlife Office 
Branch Manager of Conservation and Hydropower Planning 
510 Desmond Drive SE, Lacey, WA  98503 
360.753.5823 (phone)  360.753.9518 (fax) 
 

From: Steven Fransen - NOAA Federal [mailto:steven.m.fransen@noaa.gov]  

Sent: Wednesday, March 13, 2013 9:40 AM 
To: Presler, Dawn 

Cc: Keith Kirkendall - NOAA Federal 

Subject: Re: JHP - Draft SCE/LWD Construction Report for your 30-day review and comment 

Hi Dawn, 
 
Thanks for the timely reminder!  I don't know where this past month has gone.  The Side 
Channel Enhancement and Construction report is really well done.  Maybe that's why it took so 
long to down load, lots of photographs and construction drawings.  The photos are a pleasant 
reminder of the site visit and river float last fall with Keith, and they document all the key 
features incorporated in the work.  I was very impressed with the work the PUD's contractors 
did, and it was very refreshing to read the positive public feedback regarding the project.  That's 
not something I see every day.  All that extensive behind the scenes coordination paid off.  I 
think it's a testament to the hard work you folks at the PUD accomplished.  Congratulations! 
 
Now I'm looking forward to the fish use surveys in the side channels. 
 
SF

mailto:DJPresler@snopud.com
mailto:tim_romanski@fws.gov


 

From: Mick Matheson [mailto:mick.matheson@ci.sultan.wa.us]  
Sent: Wednesday, March 13, 2013 1:40 PM 

To: Presler, Dawn; ''Steven Fransen''; ''Loren Everest - USFS''; Tim_Romanski@fws.gov; 
brock.applegate@dfw.wa.gov; ''Anne Savery''; ''Leonetti, Frank''; ''Jim Miller''; ''Thomas O'Keefe'' 

Cc: Binkley, Keith; Moore, Kim 

Subject: RE: JHP - Draft SCE/LWD Construction Report for your 30-day review and comment 

 
Dawn, 
 
I have reviewed the report and have no comments. 
 
Thanks, 
 

Mick Matheson, P.E. 
City of Sultan  
Director of Public Works/City Engineer 
Tel: (360) 793-2231 
Fax:  (360) 793-3344 
Direct:  (360) 793-2262 
Cell:  (425) 583-6528 
mick.matheson@ci.sultan.wa.us 
 

 
From: Binkley, Keith  
Sent: Thursday, March 21, 2013 4:21 PM 

To: 'Leonetti, Frank'; Presler, Dawn; ''Steven Fransen' (steven.m.fransen@noaa.gov)'; ''Loren 
Everest - USFS' (leverest@fs.fed.us)'; ''Tim_Romanski@fws.gov' (Tim_Romanski@fws.gov)'; 

''brock.applegate@dfw.wa.gov' (brock.applegate@dfw.wa.gov)'; ''Anne Savery' 

(asavery@tulaliptribes-nsn.gov)'; ''Jim Miller' (JMiller@ci.everett.wa.us)'; 
''mick.matheson@ci.sultan.wa.us' (mick.matheson@ci.sultan.wa.us)'; ''Thomas O'Keefe' 

(okeefe@americanwhitewater.org)' 
Cc: Moore, Kim 

Subject: RE: JHP - Draft SCE/LWD Construction Report for your 30-day review and comment 

 
Hi Frank – Thanks for your constructive review.  I am updating the report per your request and 
suggested additions.  We will be sending it out next week.  I am also answering some of your 
questions below directly in the body of your email.  The answers are highlighted in yellow. 
 
Thanks again,  
 
Keith 
 
From: Leonetti, Frank [mailto:frank.leonetti@snoco.org]  
Sent: Wednesday, March 13, 2013 10:28 AM 

To: Presler, Dawn; ''Steven Fransen' (steven.m.fransen@noaa.gov)'; ''Loren Everest - USFS' 
(leverest@fs.fed.us)'; ''Tim_Romanski@fws.gov' (Tim_Romanski@fws.gov)'; 

''brock.applegate@dfw.wa.gov' (brock.applegate@dfw.wa.gov)'; ''Anne Savery' 
(asavery@tulaliptribes-nsn.gov)'; ''Jim Miller' (JMiller@ci.everett.wa.us)'; 

''mick.matheson@ci.sultan.wa.us' (mick.matheson@ci.sultan.wa.us)'; ''Thomas O'Keefe' 

(okeefe@americanwhitewater.org)' 
Cc: Binkley, Keith; Moore, Kim 

Subject: RE: JHP - Draft SCE/LWD Construction Report for your 30-day review and comment 

 

mailto:mick.matheson@ci.sultan.wa.us
mailto:frank.leonetti@snoco.org
mailto:steven.m.fransen@noaa.gov
mailto:leverest@fs.fed.us
mailto:Tim_Romanski@fws.gov
mailto:brock.applegate@dfw.wa.gov
mailto:asavery@tulaliptribes-nsn.gov
mailto:JMiller@ci.everett.wa.us
mailto:mick.matheson@ci.sultan.wa.us
mailto:okeefe@americanwhitewater.org


Hi Dawn, I have a few questions about the side channels that may not need to be addressed in 
the draft, but as Im reading it these come to mind: 
 

1.) How was the 10000 lf agreed to? More particularly, was this length based on a 
technical estimate of “lost” side channel habitat due to the effect of altered 
hydrology from Culmback? Add 1-2 sentences in Intro? 

2.) Are there design reports from Herrera that more specifically describe the 
modeling effort? There are none in the reference list. 

3.) For each of the side channels, the percent of license obligation is reported as a 
fraction of the whole – but is there a need to provide for adherence to these % 
values for each side channel or simply to maintain the grand total?   Adherence 
is to the grand total but all four of the side channels are required to achieve that. 

4.) Monitoring/research (non-required) - Is the PUD collaborating with anyone to 
evaluate either habitat development, fish use, or channel evolution? – I m 
thinking about UW grad students, NOAA Science Center staff, other scientists 
that may be able to incorporate these sites within other research projects that 
don’t need/require PUD $$ and would be outside of the PUDs monitoring 
scope.  We are not but I do plan to give a presentation at a future Snohomish 
Basin Salmon Recovery Technical Committee meeting which might stimulate that 
discussion. 

5.) Costs – I think summarizing costs for high level categories of design (modeling), 
permitting/consultation/cultural resources, materials, and construction would 
be great. It would be of wider interest to restoration practitioners. 

6.)  Planting work – the Table 2 includes a summary of quantities, but doesn’t 
include plants.  

 
The as-built design drawings in the Appendix 1 appear to be the construction and spec sheets 
and not actual “as-builts.”   I understand the confusion as we incorporated “as-builts” into the 
original drawing set by replacing several sheets. 

 
 

For planting work completed to date based on the drawings in Appendix 1, can the 
quantities be summarized or can the total area planted be summarized. There are 
several quantities that are very important for Salmon Recovery implementation in the 
Snohomish Basin – LWD count, side channel length, edge length, and riparian 
restoration (acres). This report is most of the way there as far as summarizing quantities 
for basin-wide implementation reporting. 

7.) LWD jam as-builts – for each of the jams in section 3.1-3.8, are there specific 
quantities that can be summarized apart from the grant totals in Table 2. For 
each jam, LWD piece count, jam footprint area, jam height (max), and jam base 
elevation relative to thalweg and bank height elevations would be great to know 
as baseline. Im sure you have lots of photos – specifying photopoint locations 
would be great too.  
 
Thanks - Frank 

 
  



Frank Leonetti | Senior Habitat Specialist 
Surface Water Management 

Snohomish County 
Department of Public Works 
3000 Rockefeller Ave, M/S 607 
Everett, WA  98201 
Phone:      (425) 388-3464 x4249 
FAX:           (425) 388-6455 
EMAIL:       Frank.Leonetti@snoco.org 
WEB:         www.Snoco.org 
 

NOTICE: 
All emails, and attachments, sent to and from Snohomish County, are public records and may be 
subject to disclosure pursuant to the Public Records Act (RCW 42.56) 
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No. Comment: Response: 

Snohomish County, email dated March 13, 2013 Although many of the comments are out of scope 
for the requirements of the Construction Report per 
License Article 404, the District updated the report 
as follows: 

1 How was the 10000 lf agreed to? More 
particularly, was this length based on a 
technical estimate of “lost” side channel 
habitat due to the effect of altered hydrology 
from Culmback? Add 1-2 sentences in Intro? 

Added footnote 1. 

2 Are there design reports from Herrera that 
more specifically describe the modeling effort? 
There are none in the reference list. 

Added Herrera modeling reference. 

3 For each of the side channels, the percent of 
license obligation is reported as a fraction of 
the whole – but is there a need to provide for 
adherence to these % values for each side 
channel or simply to maintain the grand total? 

The District is obligated to meet a grand total of 
10,000 feet.  There is not a side channel specific 
requirement to meet a set percentage of the grand 
total. 

4 Monitoring/research (non-required) - Is the 
PUD collaborating with anyone to evaluate 
either habitat development, fish use, or 
channel evolution? – I m thinking about UW 
grad students, NOAA Science Center staff, 
other scientists that may be able to incorporate 
these sites within other research projects that 
don’t need/require PUD $$ and would be 
outside of the PUDs monitoring scope.  

The District is currently not collaborating with other 
scientists for monitoring and is not planning on 
conducting non-required research.  

5 Costs – I think summarizing costs for high 
level categories of design (modeling), 
permitting/consultation/cultural resources, 
materials, and construction would be great. It 
would be of wider interest to restoration 
practitioners 

High level costs were added to the document. 

6 Planting work – the Table 2 includes a 
summary of quantities, but doesn’t include 
plants. 

Updated table to include plants. 

7 The as-built design drawings in the Appendix 1 
appear to be the construction and spec sheets 
and not actual “as-builts.”  

The majority of the project was essentially 
constructed as designed so the drawings represent 
the “as-built” condition. In some instances, 
drawings were updated and inserted as 
replacements to the original design sheets. 

8 For planting work completed to date based on 
the drawings in Appendix 1, can the quantities 
be summarized or can the total area planted 
be summarized. There are several quantities 
that are very important for Salmon Recovery 

Updated table to include quantities. 
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implementation in the Snohomish Basin – 
LWD count, side channel length, edge length, 
and riparian restoration (acres). This report is 
most of the way there as far as summarizing 
quantities for basin-wide implementation 
reporting. 

9 LWD jam as-builts – for each of the jams in 
section 3.1-3.8, are there specific quantities 
that can be summarized apart from the grant 
totals in Table 2. For each jam, LWD piece 
count, jam footprint area, jam height (max), 
and jam base elevation relative to thalweg and 
bank height elevations would be great to know 
as baseline. I’m sure you have lots of photos – 
specifying photopoint locations would be great 
too. 

Updated with additional tables summarizing 
quantities of wood, jam physical dimensions, and 
site elevations.  GPS readings will be collected at 
photopoint locations. 

 




