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Executive Summary 

Background 
On May 14, 2003, a breach of the fuse plug occurred on the Silver Lake Basin, located on the 
Dead River in the Upper Peninsula of Michigan. In the area of the fuse plug, the force of the 
water created a new outlet stream channel, connecting to the original channel 
approximately 4,100 feet downstream of the former lake outlet. The released water caused 
erosion of the fuse plug, fuse plug foundation material, and spillway channel In addition, 
erosion and deposition of eroded sediments occurred in selected downstream areas in the 
Dead River system. 

Environmental Assessment and Recovery Project Underway 
Upper Peninsula Power Company (UPPCo) began a multi-phase Post-Event Environmental 
Assessment (EA) and Recovery Project This effort is being performed by UPPCo with 
assistance from Ol2M HIU.. Planning, EA, and recovery activities began in May, shortly after 
the event, and resulted in submittal of the Agency Draft Worlc Plan on June 23 and the Final 
Work Plan on September 22, 2003. This EA Report documents the results of the first phase of 
EA work conducted under this project. 

Scope 
The multi-phase project approach was formulated with input from Michigan Department of 
Environmental Quality, Michigan Department of Natural Resources, the U5. Fish and 
Wildlife, and the Keeweenaw Bay Indian Community. With agency concurrence, the first 
phase of the EA began in June. This effort consisted primarily of a system-wide approach to 
qualitatively assessing the impact of the event on the river channe~ its banks, and its habital 
1ne purpose of this work was to document and evaluate the post-event conditions of the 
Dead River system, using qualitative and quantitative observations and measurements, and 
to identify specific reaches, sub-reaches, and siles that would be investigated in detail at a 
later time. 

The primary focus of the initial EA is on the river channel, the habitat within the channel, 
the reservoirs, water quality, and, to a lesser extent, the fisheries potentially affected by the 
release. To facilitate system evaluation, the channel and reservoirs were divided into 
11 reaches. Habitat and channel stability scores were generated for roughly 20 miles of river, 
and further divided for the purpose of adequate characterization into 34 sub-reaches. 
Physical conditions at four open water bodies {the Dead River Storage Basin, McClure 
Basin, Forestville Basin, and the Harbor/Lake Superior area) were also documented. 

While UPPCo has conducted an EA on roughly 20 miles of river, it is not assuming 
responsibility for this event or the subsequent damage. The data coUected under this EA 
will be shared with interested government agencies. 
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Results 
In general, the stream reaches immediately downstream of Silver Lake Basin (Reach 2) and 
Tourist Park Basin (Reaches 9 and 10) scored lower than those in the middle reaches of the 
system (Reaches 4, 6, and 8). About 95 to 100 percent of Reaches 2, 9, and 10 exhibit Poor or 
Marginal habitat and Unstable to Moderately Unstable geomorphological conditions, with 
significant sedimentation on the channel bed and adjacent banks. In addition, Reach 2 has 
steep and sometimes high unstable river banks that are potential sources of new sediment 
loadings to the river system. Reaches 4, 6, and 8 appear to be in relatively good condition 
with high percentages of Excellent and Good habitat scores and channel stability ratings of 
Stable to Moderately Unstable. 

Based on measured turbidity and total suspended solids measurements, water quality is 
improving over time. In addition, fish were observed at numerous places throughout the 
watershed. 

Conclusions 
This EA has generated considerable data regarding the post-event Dead River channel 
conditions within the study area. Some of the post-event stream reache,i of the river system 
(-40-45 percent) are in relatively good condition (Reaches 4, 6, and 8), while other reaches 
(-30-35 percent), most notably those immediately downstream of Silver Lake (Reach 2) and 
at or downstream of Tourist Park (Reaches 9 and 10), are nol The unstable portion of the 
river and its banks negatively influences upstream and downstream channel stability, 
sediment transport, and habitat quality. 

Although the river and its functions have been impacted, portions of the river are currently 
stable and provide aquatic habitat and others show some evidence of natural recovery. 

Two of the four reservoirs/ areas inspected appear to be potentially impacted by post-event 
deposition, namely the upper portion of the Dead River Storage Basin and the Harbor/ Lake 
Superior area. Detailed pre-event bathymetric (and to an even greater extent substrate) data 
are unavailable for much of the relevant water body areas, complicating the assessment 
process. 

As a result of this assessment, three sites within Reach 2 were identified that merited 
immediate action consisting of further investigation and/ or interim measures to address the 
conditions observed. lnese are the post-event outlet of Silver Lake (with the potential for 
additional headcutting), the steep river bank upstream of Mulligan Creek, and the blockage 
of Mulligan Creek at its confluence with the Dead River. As a result of further analysis 
conducted in September 2003, additional interim measures are not warranted at the Silver 
Lake Outlet 

The results of this EA are qualitative and preliminary. They are of value for planning 
supplemental EA work anticipated for the spring of 2004. 
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1 Introduction 

1.1 Background 
On May 14, 2003, a breach of the fuse plug occurred on the Silver Lake Basin, located on the 
Dead River in the Upper Peninsula of Michigan. In the area of the fuse plug, the force of the 
water created a new outlet stream channel, connecting to the original channel 
approximately 4,100 feet downstream of the former lake outlet The relr.ased water caused 
erosion directly below the fuse plug, fuse plug foundation material, and spillway channel. 
In addition, erosion and deposition of eroded sediments occurred in selected downstream 
areas in the Dead River system. 

Upper Peninsula Power Company (UPPCo) began conducting a Post-EVl.!llt Environmental 
Assesmtent (EA) and implementing measures (as needed) for recovery of critical functionality 
lost as a result of the event UPPCo' s plans are documented in the £A Work Plan (submitted in 
draft form on June 23, 2003; revised with agency input in July; and finafu,.ed on September 22, 
2003). The Work Plan was developed with input from the Michigan Department of 
Environmental Quality (MDEQ), the Michigan Department of Natural Resources, the U.S. 
Fish and Wildlife Service (USFWS), and the Keeweenaw Bay Indian Community (KBlq. 

The study area consists of the Dead River system (riverine and reservoir habitats and 
floodplain areas) from the Silver Lake Basin downstream to and including the sediment 
deposition area within Lake Superior. 1nis area and its general location in the study area 
within the State of Michigan are presented in Figure 1-1. 

1.2 Environmental Assessment Purpose and Goal 
Ol2M lllLL was contracted by UPPCo to implement elements of the EA. The goal of the EA 
is to provide a technical and credible basis for documenting and evaluating the post-event 
conditions on the Dead River system for U8e in developing and implementing a recovery plan. 
The recovery plan will focus on critical functionality lost as a result of the event System 
functions under initial consideration during the EA process are as follows: 

• Oianne1 stability • Water quality 
• Aquatic habitat • Navigation 
• Fisheries • Recreation 
• Terrestrial biology 

UPPCo has embarked on a multi-phased project. The overall approach is illustrated in 
Figure 1-2 The first phase of the EA is primarily a qualitative analysis focusing on the system 
as a whole and identifying reaches, sub-reaches, or sites that could be potentially addressed 
and/ or characterized in greater detail during the next phase of the assessment 

1-1 
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1.3 Environmental Assessment Work Completed to Date 
The first phase EA work completed through September 2003 consists of the following work 
elements: 

• Task 1. Qualitative Assessment 
- 1.1. Pre-event information collection and preliminary review 
- 1.2. Field Survey 

a. lnstream Habitat Evaluation 
b. Stream Owmel Assessment (using Rosgen Level IJI Part f) 
c. Visible Reservoir Review 

• Task 2. Timely Quantitative Assessment 
- 2.1. Water Quality Monitoring 

Tilis report describes the EA work conducted to date and presents the key findings and 
conclusions of this effort. The results of this work will be used to develop a Supplemental 
Work Plan covering the next phase of the EA effort. 

1.4 Report Organization 
The report is divided into three remaining sections: the first describing the work scope of 
this EA, the second presenting the results and key findings, and the third providing a 
summary and conclusion. Supporting documentation is provided as Appendixes. 

1-2 
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2 Environmental Assessment Scope of Work 

2.1 Qualitative Assessment 
This assessment consisted of a preliminary review of pre-event information and a field 
survey of the Dead River system. The scopes of these efforts are briefly described below. 

2.1.1 Review of Pre-Event Information 
Pre-event information about the watershed was collected by UPPCo and provided to 
O-l2M HILL for preliminary review before and after the field survey was conducted. The 
information reviewed is provided in Appendix A. 

2.1.2 Reid Survey 
The field survey consisted of the habitat evaluation, stream channel assessment. and 
reservoir/lake review. The methods and protocols U.9ed for this assessment are described below. 
(Additional details are provided in Appendix B.) The habitat evaluation, in conjunction with the 
existing pre-event information review, provides a basis from which biological sampling 
locations can be generated and detailed plans developed. The Rosgen-bas._.d channel assessment 
serves to identify areas of erosion, sedimentation, and departure, If any, from equilibrium for 
planning immediate and longer..fl!nn rerovery actions. The reservoir/lake review provides an 
understanding of the current sedimentation conditions, particularly those that are critical inputs 
for scoping surveying If needed at a future time. 

For the purposes of evaluation, the Dead River watershed has been divided into 11 separate 
reaches. The reaches are illustrated in Figures 2-la and 2-lb and summari7.ed in Table 2-1. 

TABLE2-1 
Description ol River Reaches Eslablished in the EA Work Plan 

Ruch Reach LAngth (mllN) Reach Type Ruch O..Crlptlon 
ReachO 1.9 River Dead Ri- uponmn of~ Lake (Reference Reach) 
Reach 1 3.5 Reeervolr ~lake Balin 

Reach 2 6.7 RIYer Sl"'9r Lake lo Dead River Slorage Balin 
Reach 3 10.2 ReserYolr Dead River Slorage Basln 
Reach-4 1.,4 River Dead River Storage Basin lo McClure Basin 
Reach 5 1.5 Reservoir McClure Basin 
Reach6 6.6 River McClure llatlin lo Forestvlle Basin 
Reach 7 1.0 R_.,,. Forestville llatlin 
Reach 8 1.7 River Forestvllle llatlin to Tourlllt PBlk Basin 
Reach 9 1.3 RIYer Tourist Perl< Basin 
Reach 10 0.7 River Tourlllt Park Basin lo the mouth of the rivw 
Reach 11 1.3 Habor&IJllce lake Superior at the mouth of the rivet' 

Reach o Is being used for Habllat and Cl\annal charadBrizatlon and not as a reference for 8iologk:al Studies. A 
separate biological refenlnc::e reach (Reach 12) will be establshad In the future. 
Reach 2 includes both the fonnar Silver lake Basin outlet channel and the ,-Y fonned outlet channel. 

2-1 
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During this field reconnaissance, the Dead River system was surveyed, from above Silver 
Lake into Lake Superior. Reach boundaries were adjusted slightly to take into account 
backwater and other effects observed In the field. In addition, the stream was further 
divided Into sub-reaches, based on similar stream type or habitat characteristics. In 
situations where conditions Inappropriate for application of the EA methods were observed 
(e.g., the predominance of bedrock waterfalls), additional evaluation and scoring were not 
performed. For example, Reach 6 (downstream of McGure Basin dam) was subdivided into 
10 sub-reaches and 96 percent was scored. Each sub-reach was labeled with the reach and 
sub-reach numbers, chronologically from downstream to upstream. The reservoirs were not 
broken Into sub-areas. The habitat and stream condition assessment at the sub-reach level 
provides the basis for determining where and what actions, if any, are needed. A total of 34 
sub-reaches were identified and evaluated. 

2.1.2.1 Habitat Evaluation 
A qualitative habitat evaluation wtm perfutnit:d to gain an Initial understandlng of the habitat 
In each river reach within the study area that could be used as the basis for planning future 
biological (fisheries and macrolnvertebrate) sampling. By performing this in conjunction with 
the stream channel stability assessment effort, future recovery efforts can be focused on 
critically impacted reaches. In addition to in-stream, bank, and riparian physical conditions, 
habitat features examined during the field reconnaissance survey included water quality, 
spawning areas, refugia, and feeding areas. These features are important as they affect fish 
abundance and health as well as community composition. 

Habitat Evaluation Methodology. The EA used the habitat evaluation methodology described 
In the MDF.Q guidance document Qualitatioe Biologiad tl1ld Habilal Survey Protocols for Wadeable 
Stmzms tl1ld Rirers (revised May 2002). For the purpose of this initial EA, only the habitat 
evaluation component of the MDF.Q method was used. 

The Michigan habitat method is only intended for wadeable portions of perennial and 
intermittent streams that flow between well-<iefined stream banks. As a result, it was used for 
the river reaches and the portions of Reach 1 (Silver Lake Basin) and Reach 9 (fourist Park 
Basin), where wadeable stream habitat was created as a result of the event The portions of 
these former basins that were not wadeable and the reservoirs themselves were not evaluated 
using this methodology. 

The methodology used assigns numeric scores to ten of the habitat metrics to arrive at an 
overall habitat characterization score (fable 2-2). 

TABLE2-Z 
t.«>EQ Qualltative Hablal Scoring Syllern for Wadeable Sham and RN8l1I 

Habitat Cllaractitrtzatlon 

Excellent 

Good 

Marginal 

Poor 

>154 

105-154 

56-104 

<56 

2-2 
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Additional information regarding the habitat evaluation is provided in Appendix B. 

2.1.2.2 Stream Channel Aueamant Using Rosgen Level Ill A11111ment Part I 
A stream channel assessment was performed for all of the stream reaches along the entire 
Dead River system from Silver Lake to Lake Superior to identify and evaluate post-event 
conditions. The assessment is based on a visual survey of current geomorphological 
conditions within the stream corridor and in the adjacent flood-prone area. 

Stream channel assessment was performed on a sub-reach level where each new sub-reach 
is defined based on changes ln channel geomorphology (i.e., channel stream type, valley 
type, degree of channel Incision, channel bed material, channel bank, vegetation, etc.) (see 
Appendix B). For geomorphological purposes, each sub-reach was classified based on the 
following parameters: 

• Stream type 
• Flow regime 
• Stream she/ stream order 
• Meander patterns 
• Depositional features 
• Stream channel debris/blockages 
• Riparian vegetation 
• Revised Pfankuch channel stability evaluation procedure 
• Bank erosion ha7.ard index/ near bank stress calculation for bank erosion prediction 
• Stream type succession 

The field survey provides ratings of channel stability and a channel index number, which 
were created from the numbers documented on the field survey worksheets. The index 
value provides a relative scaling of stability based upon the factors observed in the field. 
When compared to other sub-reach index value scores, a relative ranking can be obtained to 
prioriti7.e follow-up detailed analysis and recovery planning. 

Portions of the former Silver Lake Basin and former Tourist Park Basin (reservoirs) were 
analy:r.ed using the stream assessment and habitat procedures. These reservoirs may or may 
not be reconstructed. The stream assessment approach only quantifies the current 
stream-like state and does not quantify the change in reservoir function. 

Additional in.formation regarding the stream stability assewnent is provided in Appendix B. 

2.1.2.3 V11lble RIHIYolr Rlvllw 
The upper end of the Dead River Storage Basin, the McClure Basin, the Forestville Basin, 
and the Harbor/Lake Superior area were visited in August during the field survey. lnese 
open water areas were reviewed to gain a preliminary understanding of conditions 
potentially caused by the event and to identify appropriate approaches for acquiring more 
comprehensive bathymetric and substrate in.formation, where warranted. The following 
information was collected: 

• Location, composition, and extent of visible sediment deposition. 
• Reservoir areas less than 1 meter deep (where bathymetric surveying, if performed, 

would be performed manually). 

2.J 
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Additional information regarding the reservoir/ open water areas survey is provided in 
Appendix B. 

In addition, on October 16, 2003, the Harbor/Lake Superior area was revisited by UPPCo, 
the MDNR, the MDEQ, the USFWS, and the KBIC. The purpose was to conduct underwater 
videotaping of known lake trout (Salvelinus Nllfflll)lcush) spawning areas. 

2.1.3 Quantitative Evaluation 
Quantitative evaluation plans were made, recognizing that certain aspects of the work may 
be modified, depending upon field survey data. UPPCo has committed to performing water 
quality monitoring, biological studies, and other studies to support pob?ntial expedited 
action. Of these, the water quality monitoring began In June and is ongoing. Other activities 
are anticipated in the spring of 2004. 

2.1.3.1 Water Quality Mor-.. 'toring 
The water quality monitoring that is being petfmm.,d follows the Water Quality Monitoring 
Plan provided in Appendix C of the EA Work Plan. 

Eleven monitoring stations (river and basin stations) have been established along the Dead 
River from Silver Lake to Lake Superior (fable 2-3). 

TA81.E2-3 
Wm Ql8llly Monlmmg Slalions 

RIVllrRucll 
Sil¥8r lake lo Dead River &orage Basin 

Dead River &orage Basin 

Dead River Slorage Baain lo McClura Basin 

McCluraBasln 

Forestville Basin 

Forestville lo Tourilt Park Basin 
Tourial Park Basin to Lake Supetlor 

Lake Superior at the mouth of the rivet 

llonl1oltng Statlona 
DR-1 

DRB-1, DRB-2, DRB-3, DRB-4 

DR-2 

MCB-1 

FVB-1 

DR-3 
DR-4 

SM-1 

River and Bain Stations (ucludlng DRB-2 through DRB-4~ For all monitoring stations, the 
coordinates for each station are being recorded using a differential global positioning 
system (GPS) unit For all basin stations, samples and readings are being obtained via small 
watercraft. Water chemistry parameters are being measured with a portable, 
multi-parameter water quality meter or other appropriate portable meters. All monitoring 
equipment is being calibrated for the various parameters according to the manufacture's 
instructions at the beginning of each field day. Measurements are being recorded at 
mid-channel and mid-depth at each river monitoring station. Water quality parameters 
measured in the field include dissolved oxygen (00), tern perature, pH, specific 
conductivity, and turbidity. Water samples are also being collected for laboratory analysis of 
total suspended solids (fSS) at all monitoring stations. Secchi disk depth measurements are 

2-4 
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also being recorded at each monitoring station to measure water clarity, and weather 
conditions are being noted in the field log book at the same time (i.e., cloud rover, wind, and 
wave conditions). 

Bair, Stations DRB-2 through DRB-4. At basin monitoring stations DRS-2, DRB-3, and DRB-4, 
the coordinates for each station are being recorded using a differential GPS unit, and 
turbidity is being measured using a calibrated, multi-parameter water quality meter at 
mid-depth. Secchi disk depth measurements are also being recorded at each monitoring 
station to measure water clarity, and weather conditions are being noted in the field log 
book at the same time (Le., cloud rover, wind, and wave conditions). In addition to the field 
measurements described above, water samples are being collected for laboratory analysis of 
TSS at each monitoring station. 

Water samples are being collected at mid-depth to avoid surface and bottom effects upon 
the samples. 

2.1.4 Reporting and Planning Supplemental Environmental Assessment Work 
This document presents the results of the Phase I EA actions. A supplemental work plan for 
follow-on EA actions will be developed considering the results of the ffold assessment. The 
supplemental EA work plan will be developed in consultation with the agencies and will be 
submitted at a future date. 

2-6 
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3 Environmental Assessment Results 

This section presents the results of the EA work completed during the summer of 2003. 

3.1 Review of Pre-Event Information 
A preliminary review of information assembled by WPSC was conducted by Q-12M HILL 
for the system as a whole, focusing primarily upon stream conditions, reservoirs, and 
fisheries. A list of information made available for review is included in Appendix A. A brief 
summary of information found through the review of these data sources is provided below. 

3.1.1 Stream Geomorphology 
While some historical information (previous flood routing studies) was available for the Dead 
River, limited stream geomorphical data was available. Available information included aerial 
photography (1998 and May 2003), post-event 2-foot interval topography from the Hoist Dam 
downstream to Lake Superior, U.S. Geological Survey topography quadrangle maps (1959), 
information from a May 2003 fly-over, and limited channel cross sections of Reach 6 
associated from a fisheries study, Oiannel Morphology, Fish Community, and Temperature 
Conditions of the Dead Rifler Bypassed Oimmel Prior to Flow Augmentation (MDEQ June 2001). 
Reach 6 flows between the Mi:Oure and Forestville reservoirs and is referred to as the 
"bypass channel H (The cross section markers from the 2001 MDEQ study were observed 
during the field survey.) General geomorphological characteristics were gleaned from the 
available information, including gross channel profile slope (irduding b.-drock dominated 
segments), bank slopes, valley type (confined or unconfined), general stream type, and 
channel pattern (sinuosity, belt width, meander wavelength. abandoned ox-bow channels, 
and single or braided channel). 

The 1994 Federal Energy Regulatory Commission (FERQ UPPCo Dead River Hydroelectric 
Project application documentation discusses geologic-scale morphology influences, within the 
context of glaciation and historic cultural resources. Consequently, the FERC documentation 
does not provide detailed information on channel geomorphology for pr~t conditions. 
Detailed geomorphic information, such as channel type (irduding bed material su.e 
distribution), riffle and pool ao88 sections, detailed channel profile slope, post-event 
topography upstream of the Hoist Dam, and stream assessment stability metrics, was 
unavailable for a stream stability analysis of the river system. While the available information 
provided a basis for gross-scale characteri7Jltion of the Dead River, it wa.~ not sufficient to 
make detailed pre- and post-event geomorphological comparisons at specific locations. 

3.1.2 Reservoirs and Harborllake Superior Area 
Substrate types, emergent and aquatic vegetation communities, and physical features 
(cover) were surveyed in the Dead River, Mi:Oure, and Silver Lake basins in 1992 for the 
FERC application process (Stone & Webster 1994). Results from these surveys for the upper 
Dead River Storage Basin and McClure Basin are shown in the figures provided in 

3-1 
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Appendix C. These figures also depict 5-foot contour intervals of the basin bathymetry 
measured during the 1992 surveys. 

Excerpts from the FERC application reference document (Stone & Webster 1994) describing 
the 1992 habitat inventory, mapping, and evaluation are included here for background 
information relevant to the visual reservoir review conducted in August 2003. A description 
of the Silver Lake Basin is not included since it was essentially dewatered during the breach 
and not included in the visual reservoir review. 

Dead River Storage Basin: The major substrate found in the Dead River Storage Basin is a 
thick lllyer of silt, orglltlic delrris, and sand. The deeper portions of the reservoir, which occupy the 
frmner river channel, contain a thick silf/orglltlic ooze substrate. Sand/gnroel bars, silf/orgamc 
debris backwater areas, cobble/rubble substrrite zones, and bedrock substrrite areas are all found in 
the impoundment. Sand/gravel bars and silf/orgamc delrris backwater areas are more abundant in 
the upper portion of the impoundment (upstream of the Uttle Dead River inlet). Cobble/rubble 
and bedrock-dominated substrrites are more frequmtly encountered in the downstream portion of 
the impoundment (downstream of the Utile Dead River inlet). 

Aquatic vegetation is restricted almost entirely to the Uttoral zone in water depths to about 2 
meters. The most prevalent aquatic plant communities are dominated by pondweeds. Associated 
rooted, submerged species include other pondroeeds, bur-reed, and WAier mun-tweed. Near-shore 
areas are commonly highly dominated by the bulrush, wool-grass (Scirpus cypen·nus), which is 
often accompanied by a small rush Ouncus filiftmnis). Cattails occur in only a few very small 
stands. 

Physiad habitat features for resident fish species are diverse. Standing snags, submerged stumps, 
fallen timber, and other wood delrris are scattered throughout the reservoir. The inlet of the Dead 
River contains large amounts of fallen timber~ submerged stumps. 

McClure Basin: McClure Basin has a relatively thick 1llyer of silf/orglltlic oou as its primary 
substrate. Sand, gravel bars, sill/organic areas, cobble/rubble zones, and bedrock-dominated 
substrrites are found in the impoundment. 

The main body of McOure Basin support only a modest aquatic plant conimunity manifested by 
scattered, sparse beds of pondweeds. In the shallow upstream end of the reservoir, aquatic 
vegetation is more diverse and includes other pondweeds and bur-mid. 

Physiad habitat features are primarily limited to woody materials. Submerged stumps, fallen 
timber, and a few standing snages prooide cooer opportunities for resident fish. 

As described in the final EA associated with the FERC license application process, the 
Forestville Basin is a small. moderately deep impoundment with an average depth of about 
20 feet and maximum depth of about 60 feet near the dam (FERC 2002). Unlike the Dead 
River and McGure basins, neither substrate nor bathymetry data were included in the 
FERC license application documents for Forestville Basin. Therefore, no bathymetry or 
physical substrate data were available for review prior to the field effort. 

Forestville Basin is similar to McClure Basin in surface area and storage capacity. The 
surface area of Forestville Basin is about 110 acres compared to about% acres for McClure. 
Maximum storage capacities are about 2,900 acre-feet and 1,870 acre-feet for Forestville and 
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McClure basins, respectively. Water levels typically fluctuate less than 1 foot in McClure 
and up to 2 feet in Forestville (FERC 2002). 

Limited information was available for review prior to the field review of the Presque Isle 
Harbor in Lake Superior, which is where the mouth of the Dead River is located. A report 
describing a 1968 water quality survey of Lake Superior near Marquetb? was reviewed. This 
report described the bottom sediments near the Dead River mouth as consisting of "sand, 
small stones, red clay, iron ore pellets and a small amount of organic detritus" (MWRC 
1968). Bedrock was reported at one sampling station about 1,400 feet east of the Dead River 
mouth. Bathymetric data were not provided in the report 

The U.S. Corps of Engineers conducted bathymetric surveys of Presque Island Harbor. This 
work was performed in July 2002 and May 2003. The area surveyed by the Corps covers 
some but not all of the area of interest for this assessment 

3.1.3 Fisheries 
~ent fisheries data are available for the impoundments on the Dead River (fable 3-1), 
but are generally limited for the riverine portions of the Dead River system. Pre-event 
knowledge of the status of the fishery in the Dead River between Silver Lake and the Dead 
River Storage Basin is lacking. However, good numbers of naturally reproducing brook 
trout have been documented in Mulligan Creek, a major tributary to the upper Dead River 
(MDNR 1995). 

Although no information on the recreational fishery was found for the Dead River, it is 
known that the system was managed entirely for trout until the early 1980s when northern 
pike invaded the system from the Little Dead River (personal communication, George 
Madison/ MDNR). The resulting effect on the brook trout population is unknown. but it is 
likely that the invasion of pike had a detrimental effect on the overall trout population in the 
Dead River system. 

A limited amount of ~ent fisheries data is available for the riverine sections of the bead 
River below the Dead River Storage Basin. The MDEQ conducted a survey of the fishery at 
three reaches between McClure Storage Basin and Forestville Basin. This survey 
documented that although brook trout were the most abundant fish species in all three 
survey reaches, the standing population of brook trout was much smaller than those in 
other northern Michigan rivers. The MDEQ survey provides a limited amount of pre-event 
information on the characteristics of the fish community in this stretch of the Dead River. 

Additional but dated information (late 1960& and early 19708) is available regarding the 
macroinvertebrate and game fish communities in the lower Dead River. The known 
pre-event fisheries data for the Dead River system are summarized in Table 3-1. 

3.2 Field Survey Results 
Survey results are first presented for the stream reach portion of the watershed and then for 
the reservoir/harbor portion of the watershed. 
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TABLE 3-1 
Summsy of Pre-Event ~atic Biologleal Olla 

hum 
Reach DNcrlpllon FlaherlN / llacrolnvwtabra111 

Reech 1 Sltwr Lake Bain Milalld fishery domlnelad by apeclea (11'118ilmoulh bau, yalow perch, and v.t,1111 IIUClcllr). Other apedas 
Include: cilco, eplalca, lake 1rOut. brook 1rOut. pumpkil • u • .,_ chub, ocmnon lhinw, and go1c1eru1•..-. Splak8 (a 
norH9l)rOClucin h)t)rld trout apeclea) and brook trout_.. 8Cli"8ly stDcked 10 supplement the raaaatioc 181 filhery. 

Raacll 2 Sllvw Lake 10 
DeadRlver 
S1orage Basin 

Reach 3 Dead RJwr 
Storage Basin 

Raacl1 4 Dead Rlver 
Storage Basin to 
McClure Basin 

Reach 5 McClure Baeln 

No maaolnv.1ilbrat.e information W81 found. 

No rea-eational ftahlng or aeel IUMIY Information WU found; I\O'WWr, 1he Dead Rlver WU managed entiraly 
for trout until !he earty 1980s v.tlen pike invacled 1he sytlam from 1he upper lJtlle Dead River. 

Abundant broOk IIOul reportad In a Mulligan CINk l7ibulary entering this reach though H Is llCtiYely etocked. 
Llkllly that Raacll 2 held a population of brook trout pre-8','llnt 

No maaolnver111bra18 Information wa1 found. 
warn ,Wide< ftah communtty clominll1ad by nortt--. pike, walleye, yellow pen:n, and emallmouth bas. Hillorical 
1111ft from ooldwalel, trout-based lilhety lo wannwa1er apeci81 lllhery. Heavy predation by northern pikll and 
walleye ha led 10 lleacly decline In 1he yellow perch population. Other speclas praent Include v.t,118 sueker, 
golden lhiner, 1)1.fflPkinseed, and blaek bullhead. 
No mac,oi,1191111bfata information wu found. 
No fisheries intonnation W8I found. 

A penalock buret in 1997 caused 8Xlansiva erosion that filled channel below with sand causing lou 
of maaoinvertlbrata oommunity. Restarallon etrorla inciudad removing ladlmenla with haaVy equipment and 
etrcrte 10 eocaleratll lnver1ebrala recolonlzation. Monitoring in 1998 showed macrolnver1abrata population on 1he 
Incline (apeciel composition data available, but not densltiel). 

Qualila!MI data on aqualjc insect nymphs and larvae ara avallabla from 1971, but of limited use, given 1he age 
of !he aeta. 
SlmBar fish communtty 81 lhe Dead River S10rage Baaln: northern pike, emailmouth bus, and waliaye ara 1he 
dominant iipeciel. Yellow perch and po.mpklnseed are 1he prtndple prey apecles. Brown trout ara ac:tlv8ly 
etocked 10 supplement 1he recnational fishery. Umited spawning habitat for northern pike (shellow, vegelat8d 
IIAIU). 
QualitatiYe data on aquatic Insect nymphs and larvae are available from 1971, but of DmiUld use, given the age 
of 1he data. 

Source 

MDNR2003 

S10ne and 
Webster 1994 

Penional 
oommunlcallon 
George 
Mlldilon/MDNR 

MDNR1995 

MDNR2003 

Stone and 
WebSUlr 1994 

AdamKowallkl 
1999 

Phillips 1971 

S10ne and 
WebSUlr 1994 

Phillips 1971 
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TABLE S-1 
Sumrna-y of Pre-Event Aquatic Blologlcal Olla 

Stream 
RNch DNcrtptlon Flaher!M / Mac:rolnvertlbrallt Flndlnp 

Reach 6 McClure Bain to Reach auppor1lld a good population of y~-tt,e..year (YOY) brook trout Lack of habila! diYersily and 

Reach 7 

Reach 8 

Reach 9 

ForestYille Basin adequate pool habitat nmlta population of adult trout 

Forestvllle Basin 

Foreelvllle Basin 
ID Tourilt P811< 
Basin 

Reach A- axtrwmely shallow riffle area domlna111, maldng foraging dlfllcult tram an _,-gllllca llandpojnt flow 
limiting laclor, but excellent nursery habitat for young trout Most abundant species: brook trout (5,214 per 
~; 77% YOY) and mollled aculpln (3,772 per heclar8). 

Reach B - more deep pool hebltet than Reach A, but slower velocity and und •u-. Most abundant 
species· brook trout (1,582 per hectare; 39% YOY), bluntnose minnow (598 per heclal8), and mo!llad llallpin 
(3,772 per hedare), 

Reach C - more narrow and shallow than Reach B, sand and organic III.Cllnl18, beat habitat for adult trout 
(more rifllea and pools, higher velocity). Only three species c:aplured: brook trout (3,898 per ~; 73% YOY), 
brook 111ddaback (17 per hectare), and mollled saJlpln (732 per~)-
Qualitative data on equetic: inaact nymph& and larvae are available from 1971, but of llmlted use, given Ille age 
oflhedala. 
Warmwalllr flal1 0011Vnunily dominallld by wallaye, yellow perch, and smallmoulh baa. Other species include: 
whilll aucklllr, longnoee sucker, aculplna, and ltlcldebaclca. Brown trout are also eclively stocked ID supplement 
Ille reaeelional flahllry. 

Qualilllllwl data on aquatic insect nymphs and larvae are available from 1971, but of llmlted use, given Ille age 
oflhe data. 
Qualilllllwl data on aqua1ic Insect nympna and larvae are available from 1971, but of Dmlted use, given Ille age 
oflhe data. 

TouriSt Pall< Basin Contained a warmwater fteh community domlna1ed by smallmoutll baas and yellow perch. Other species 
Included bluegill, pumpklnseed, northern pike, and n011hem hog sucker. 
Qualltatlve data on aquatic insect nymphs and larvae are available from 1971, but of limiled use, given Ille age 
oflhe data. 

Source 

MDEQ2000 

Ph~llps 1971 

MDNR2003 

Phlllll)I 1971 

Phllllps 1971 

MDNR2003 

Phllllps 1971 
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TABLE S-1 
Summsy of Pre-E-t ~atle Biok>giall Dala 

Stream 
Reach 

Reach 
10 

Reach 
11 

T ourtst Park Basin 
10 the mouth of 
Iller'-

Lak11 Superior a1 
the mouth of the 
river 

FJeher1N / Macrolnwr18bra11t Flncllnga 

Coho and chlnook salmon and ralnbOW trout comprised recreational flahe,y in lhla reach during winlllr and early 
spring (hlmrlcal Information, 1984-1987). 
Hillorical (1968) Qualitative biological aamples colleclad lram 1h11 '98Cll lndica11ad 1ubslnl18 conalatlld ohilty 
sand and organic mat18r. A wei~ ciN,,__r benlhlc community, Including mayftlel and caddlsfties, 
- found at eact, Slalion. Limited use, conaldering age of data. 

Qualllatiwl data on aquatic inaect nymphs and larvae are available lram 1971, but of llml18d uae, given the age 
of the da1a. 
Two na1unli rock reata (one 2,500 flla1 east and anolher 4,000 feet aoulheast of the mouth of the Dead ~) 
aupport lake trout apawnlng. Adutts are present In the harbor lram early Saptamber 10 December and spawn In 
mld-Oclober 10 early November. 

Hlsl0rical (1968) qualllalive biological aamples lndlcaled dominant organisms_,. oJlgochHIN, midges, and 
amphlpodl. 

Quailta1iw data on aquatic Insect nymphs and larvae available lram 1971, but of llml18d use, given the age of 
the data. 

Source 

MDNR 1992 

Michigan Wa1ar 
Raaourc. 
Commilllon 
1968 

PhWlpe 1971 

USFWS 8128103 

Michigan Wa1er 
R11110uroes 
Commission 
1968 

Phillipa 1971 
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3.2.1 Habitat and Stream Channel Assessment Results 
3.2.1.1 Overview of strum Ruch Geomorphologlc Chancterlstics 
The upper part of the Dead River watershed consists of Reaches 0 through 3 (Figure 2-la). 
The lower part of the Dead River Storage Basin consists of Reaches 4 through 10 
(Figure 2-lb). Most of the reaches contain riffle and pool sequences at some point along their 
channel. Glide and run sequences occur in 9eVeral reaches, Reach 6 in particular. Cllannel 
sinuosity (channel length divided by valley length) ranges from 1.0 (straight in Reach 4) to 
over 2.0 (tortuous meanders in Reach 6). Most of the reaches are within confined valleys, 
and therefore do not regularly form winding, sinuous pattems. Reach 6 and the new 
channels within the Sliver Lake Basin (Reach 1) and Tourist Park Basin (Reach 9) are 
exceptions to this generalization, as the9e reaches have unconfined vallL-ys. Reaches 2 and 6 
comprise over half of the total Dead River stream length. General characteristics of the 
stream reaches are summarized in Table 3-2. Detailed descriptions of the reach conditions 
observed during field reconnaissance survey are included in Appendix Band photographs 
are provided in Appendix D. 

TABLE S-2 
Slrean Reach Chaaclerlstlcs Overiiew 

....,, Typical Longlll l,nglll 
Rach Typl(1) Flaw Sequ1ra 8lnuollty v.., ~totlc , .... , (pftnl 

RaacllO EandB Rillto'Poal 1.30 ID 1.57 Confined 0.23 1.2'Ao 
Raacll 1 F RawPool 1.37 U110011:'•18d 3.45 17.2'Ao 
Reac1i 2 F RffllaoPOOI and Gld&Run 1.22 Confined 5.11 2U1' 
React,4 BandF Rifl'e'Pool 1.00 Confined 0.55 2.7" 

React,6 C RIie/Pooi and Glide/Run 204 Confined and Unoonmad U1 31.91' 
React,8 F andB RlltJPool 1.04 Ca,liled UI 7A'1' 
Raacll 9 C RIie/Pooi and~ 1.21 U.wli.aied 1.25 IA 
Raacll 10 F 1.12 Unoor&ed 1.0I 5.4% 

Tallll.._ 20.03 1001' 

Some stream segments _,, not asaasaed because the lllabillty proloool was lnappropria18. See Appendix B 
for dellnltlons of stream types. 

3.2.1.2 Habitat and Channel Stablllty Scoring Results 
Table 3-3 st111111Ulri7.es the habitat and stability scores for each sub-reach, which are 
graphically illustrated in Figures 3-la, 3-lb, 3-2a, and 3-2b. The stability scores fall into 
qualitative description categories based upon the stream type. With the stream assessment 
approach, the stream types could only be estimated since a definltive determination of 
stream type required additional detailed cross !leCtion survey and bed material 
characterization (pebble count). Therefore, qualitative description categories (e.g., stable, 
unstable) were assigned based on the estimated stream type. For stream reaches that could 
potentially fall into different qualitative categories based upon the numerical score, a 
hyphenated qualitative description was U9ed (e.g., moderately unstable). 

l-7 
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TABLE S.J - Snam Sib-Reach Habitat 111d Slabay Score &rnmary 

lllbltat licorw" (llrgor Habitat a, 7 tk1 8llllllty Seen (lfflllllr 
R-, ....... r:11 ....... .,_111111111) D11i:1lpllon ICOl'l•blllarlllbay) ltabllty Qnlll lhl ~llcn• 
R00-01 160 Excellent 62 Slable 
R01-01 26 Poor 132 Unstable 
R01-02 62 Marginal 110 Stable - Mod. Unstable 
R01-03 118 Good 83 Stable 
R02-01 71 Marginal 137 Unstable 
R02-02 43 Poor 123 Mod. Unstable - Unetable 
R02-03 39 Poor 141 Unstable 
R02-04 68 Ma,glnal 131 Unstable 
R02-05 39 Poor 131 Unstable 
R02-06 54 Poor 132 Unstable 
R02-07 99 Marginal 91 Mod. Unstable - Unstable 
R02-08 51 Poor 134 Unstable 
R02-09 81 Marginal 128 Mod. Unstable - Unstable 
R02-10 74 Marginal 120 Mod. Unstable 
R02-11 33 Poor 134 Unstable 
R02-12 108 Good 89 Stable - Mod. Unstable 
R04-01 130 Good 75 Stable 
R08-01 118 Good 88 Stable - Mod. Unstable 
R08-02 176 Excalent 56 Stable 
R06-03° NA NA NA NA - R08-04 183 Excellent 71 Stable 
R06-05 156 Excellerrt 81 Stable - Mod. Unstable 
R08-06 150 Good 93 Mod. Unstable 
R08-06-0EO-C • 154 Good 62 Stable - Mod. Unstable 
R08-07 -OEQ-B ' 159 Excellent 64 Stable 
R08-06 151 Good 64 Stable 
~0-A' 137 Good 89 Slable - Mod. Unstable 
R08-01 140 Good n Stable - Mod. Uns1able 
R08-02 134 Good 66 Stable 
R06-03" NA NA NA NA 
R08-04• NA NA NA NA 
R06-05 137 Good 55 Stable 
R09-01 47 Poor 131 Unstable 
R10-02 53 Poor 125 Unstable 

•Qrusth., 154 • Exoe1ent. 1()!;.154=Good,56-104=Ma'gllll, i.-T""156= Poor 
• Oualtative 100111 ~11 011 the - type. Exact- type ooutd na1 be--Mld lllltl lhe laWII ol elbt spocillod b' 
thil prelrnWay Pod.e-.t EA Thnlcnl. oorrtil8d ..-claoafiAk.t11 - llled b'_.. flat al\lld 111111 twu ............ 
CXl1lingent 011 the - type. 
•&b4811Chesfm-06, R06-07, rdlU>-OIICXl'llllil-lllgllaafllll-Pl,tillat byhtr.llEQb'lilllpapMonl rddllmellhape 
a-. l,bpho/Dgt, fill! Cl:mlully, ,n1 r........,. 0n8ns of the Deed RMir a-. Ai0r b Fm Ai4,,a...,, (l!001~ 
• lledrock_...dorm1_aulH8a:fl, habltal rd alllliity aments ni11111P1upiale. 
• &b,ear:11 Is~ cbt b ......,to( old diln (Olln No. 1), habltal ,n1 IIIIIR, 111 1.altlninappopriala. 
NA= Ill( ...,,. atle 
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One sub-reach was assessed upstream of Silver Lake Basin (Reach 0) as a reference for 
stability and general habitat conditions. Reach O scored 160 out of 200 rExceUent"') for 
habitat and 62 rStable# for a B4 stream type) for stability. 

The general trend between the habitat and stability 11COre11 was an inversely proportional linear 
relationship (Figure 3-3). Increased stability in a stream system typlcally encourages improved 
habitat conditions for aquatic life. In turn. unstable stream conditions typically disturb good 
habitat conditions, and tt..,.efute stress aquatic life. 

The relatiVe condition of the reaches is further illustrated in Tables 3-4 and 3-5, which 
summariz.e habitat ratings and stability ranking, respectively. 

TABLEM 
Slraam Reach Habllal Ralilg &Jmmsy 

•i.otStrNm 

Roch Excellent Good Marginal Poor u ............ Total 

Reach 0 0.23 0 0 0 0 0.23 

Reach 1 0 0.45 2.64 0.36 0 3M 

Reach 2 0 0.32 2.55 2.81 0 5.88 

Raach4 0 0.29 0 0 0.26 O.li& 

Reach6 3.26 1.99 0 0 1.06 8.31 

Reach8 0 0.80 0 0 0.68 1.45 

Reach 9 0 0 0 1.25 0 1.26 

Reach 10 0 0 0 0.52 0.56 1.08 

Total•• 3A9 :S.111 5.20 4.95 2.1111 20.03 

Percen1• 17A% 11.2% 211.9% 24.7% 12.11% 100% 

Pen:ent• 20.0% 22.0% 21.7% 28.3% 100% 

• Soma atraam eegmenla-.. not IHOINd -- the habitat prolocol- lnappropriata. Pen:ent baaed on 
tDtal miles wlhin reach Inducing unaaa s sad miles. 
• Pen:ant baled on Iola' a11e1sed miles within the reach, not Including unass a 11ecl miles within each reach. 

Reach 2 accounts for roughly 57 percent of the Poor habitat stream miles and Reach 9 
accounts for roughly 25 percent of the Poor habitat stream miles. Reaches 1 and 10 account 
for the remaining 18 percent. All of the assessable miles in Reach 6 were assigned either an 
Excellent or Good rating. 

3-9 
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TAIIU: 3-5 
Shan Rsach Slablly Rating SIITvnary 

•-o1s-... 
Stable- Modentaly 

Modentaly Modentaly Unmble-
Reach Stable Une1able Unmble Une111ble Unmble Un111Meect• Taul 

Reach0 0.23 0 0 0 0 0 0.23 

Reach 1 0.45 2.64 0 0 0.38 0 3.45 

React, 2 0.32 0 0.48 1.23 3.66 0 5.61 

Reacl\4 0 0.29 0 0 0 0.26 0.85 

Reacl\6 2.49 2.55 0.21 0 0 1.06 1.31 

Reach8 0.42 0.38 0 0 0 0.68 1.41 

Reach 9 0 0 0 0 1.25 0 1.26 

Reech 10 0 0 0 0 0.52 0.56 1.08 

TotalMllee 3.90 1.17 0.81 1.23 5.79 2.51 20.03 

Percent• 11.A'II, 21.3')1, 3.4% 1.2% 21.K 12.1% 100% 

l'en:entb 22.3% 33.1% 3.1% 7.0% 33.1% 100% 

• Some stream aagments we oot 11111wed becallll8 lhe ltabllly pr0locol - inappropfiata. These miles 
Included In the ffnll 1181 of pe,oeuta .:alculatad . 
• Percent no! Inducing Ill a 11 a I led miles. 

Reach 2 accounts for 70 percent and Reach 9 accounts for 18 percent of the Moderately 
Unstable and Unstable miles in the waterohed. Reaches 1 and 10 account for the remaining 
12 percent of these stream miles. 

Key Andlngs. The sub-reaches from the Silver Lake Basin to the Dead River Storage Basin 
(Reaches 1 and 2) tended to have lower habitat scores (tending toward poor habitat) and the 
higher stability scores (tending toward instability) than those downstream of Dead River 
Storage Basin (Figures 3-la, 3-2a, and 3-3). Notable exceptions were the reaches in and 
downstream of the drained Tourist Park Basin (Reaches 9 and 10), which also had low 
habitat and high stability (unstable) scores. The scores support visual observations that 
these reaches were the most affected per this assessment methodology. 

In general, sub-reaches downstream of the Dead River Storage Basin and upstream of 
Tourist Park Basin had higher habitat scores (tending toward good habitat) and lower 
stability scores (tending toward stability) (Figures 3-lb, 3-2b, and 3-3). There were notable 
amounts of woody debris in the reaches below the Hoist Dam, which are now providing 
additional habitat for fish and macroinvertebrates. The stability and habitat scores indicated 
that the Dead River Storage Basin absorbed the bulk of the damaging hydraulic forces that 
resulted from the event The lack of extensive erosion, sedimentation, and departure from 
channel equilibrium in these reaches can also be attributed to the established riparian 
corridor vegetation and channel bed material. There are numerous oxbow wet backwater 
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areas along Reach 6 in particular ( downstream of McClure Dam) that appear to provide 
functional aquatic habitat 

3.2.1.3 Bank Erollon Hazard Index 
The Bank Erosion Hazard Index (BEHi) is a methodology that rates the susceptibility of 
stream banks to potential erosion. The BEHi methodology focuses on the stream banks only, 
whereas the stability analysis described in the previous section includes the channel as a 
whole. The BEHi methodology considers bank height (relative to bankfull height), slope, 
vegetative cover and root density, and materials (including stratification of materials). Each 
factor was given a score and the total score was used to assign a qualitative descriptor of the 
potential bank erosion hu.ard (Extreme, Very High. High. Moderate, Low, Very Low). 
Additional information on the BEHi rating method is provided in Appendix B. 

Several segments of sub-reaches were scored using the BEHi methodology. In general, BEHi 
scores were recorded for banks that appeared unstable. However, for reference purposes, 
several banks that appeared stable were also scored to illustrate the range of stability states 
throughout the Dead River system. The BEHi scores and associated bank erosion potential 
for each segment are summaru.ed in Table l-6 and also shown in Figures 3-4a and 3-4b. In 
general, the results show higher (less stable) BEHi scores are more prevalent in Reaches 1, 2, 
9, and 10. There are BEHi scores for other reaches, but they generally indicate lower (more 
stable) BEHi scores, are more isolated, and also are typically shorter in length. 

The Extreme, Very High. and High BEHi ratings for reaches are summarhed in Table 3-7. 

Key Flndlnge. All but two of the 33 BEHi segments with Extreme or Very High erosion 
potential were in Reaches 1, 2, and 9. Reaches 2 and 9 had notable percentages of their total 
bank length (twice the reach length, each bank was assessed individually) rated with an 
Extreme or Very High erosion potential. These were the same reaches with predominately 
Unstable and Moderately Unstable stability scores and Poor and Marginal habitat scores for 
their sub-reaches. The banks in Reaches 1, 6, and 10 were quite stable and had no Extreme, 
Very High, or High BEHi ratings. 

3.2.2 Physical Reservoir Review Results 
The primary objective of the reservoir review was to look for visible signs of deposition, 
scour, bank erosion, or changes in physical features (such as an influx of woody debris) 
potentially resulting from the event In addition, water depth measurements were recorded 
using a sonar device for comparison to pre-event bathymetry data and for use in planning 
future EA activities. These data are for making a first-cut assessment of findings related to 
the event, as well as providing valuable Information on target areas and depths for 
additional bathymetric mapping or sediment sampling if needed. 

In addition to the pre-event bathymetry data, the local channel or reservoir morphology 
provided a basis for assessing the likelihood of deposition or scour that may have occurred 
during the event For example, where a riverine reach expands into a wide reservoir 
channel, velocity as well as sediment transport capacity would be expected to decrease. 
Such areas were investigated with sonar to assess whether or not the expected depths 
(relative to pre-event bathymetry or surrounding depths) were encountered. 
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TABLE S-7 
Sham Reach Balk Eroelon Hazad Index SlrnrnarY" 

BEHi Rating for Rach Total Bank Length• 

Swam Reach Vwy High High 

ReachO 0.0% 0.0% 0.0% 
Reach 1 3.0% 0.0% 0.0% 
Reach 2 31.6% 1.0% 0.0% 

Reach4 0.0% 2.6% 0.0% 

Reach6 0.0% 0.0% 0.0% 
Reach6 2.9% 0.0% 9.6% 

Reach 9 86.4% 0.0% 0.0% 
Reach 10 0.0% 0.0% 0.0% 

• Typically banks MIii only assmsed t,y their BEHi If they looked unstable. 
• Each bank Is a,saned oeparalaly; therefore, the reach total bank length Is twice the reach length. 

Selected observations, by reservoir or open water body, are provided below and/ or 
sulllillllru.ed in Table 3-8. Key findings are presented thereafter. Additional infonnation is 
provided in Appendix B. 

3.2.2.1 Dead River Storage Basin (Ruch 3) 
The review of the Dead River Storage Basin focused on the upstream end of the reservoir 
(Figures 3-5a and 3-5b) where the greatest potential impacts of the event were anticipated. 
The western, or upstream, end of this reach was a relatively narrow, shallow backwater 
environment Evidence of scouring and what appeared to be recent deposit was noted. 
Submerged stumps, macrophytes (submerged, floating leaf, and emergent), and large 
woody debris were common. In general, most of the visible sediment deposition observed 
during the review was located upstream, or west of the boat ramp toward the center or 
south shore of the reservoir (Figure 3-Sa). It is probable that some fine sediment (i.e., silts 
and clays) deposited downstream of this upper area; however, it was not significant enough 
to reveal a difference between the water depths measured during the visible reservoir 
review compared to the 1992 bathymetric data. 

3.2.2.2 McClure Basin (RNCh 5) 
Survey results for the McClure Basin are illustrated in Figure 3-Sc. A longitudinal 
mid-channel sand bar associated with some stumps and large woody debris was observed 
near the boat ramp (which is about 600 feet upstream of County Road 510). Based on 
pre-event aerial photographs, this bar feature existed before the event No other sediment 
formations were observed In the water body. There were a few thin overbank deposits of 
sand veneers in the upper channel, but they were very limited in occurrence. Due to 
elevated turbidity, visibility through the water column was limited to a few inches. 
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3.2.2.3 Fonstvllle Bain (Ruch 7) 
Survey results for the Forestville Basin are illustrated in Figure 3-5d. Although turbidity 
limited visibility, there was no visible evidence of significant sediment deposition In this 
reservoir. There were some sand deposits on the downstream side of the small mid-channel 
islands and peninsula between the Forestville Road bridge and the open reservoir. These 
features were apparent on the pre-event aerial photographs as well Based on the visible 
review of the reservoir, it was not possiole to determine if these features had changed; 
however, comparing the observations In the field to the pre-event aerial photographs, it does 
not appear that these deposits have increased in area. 

3.2.2.4 Harbortl.ake Superior Ania (Reach 11) 
Survey results for this open water area are illustrated In Figure 3-Se. Near structures, areas 
of overland flow, or other zones of Increased roughness, sediment deposition was observed. 
Sand was visible throughout much of this reach, particularly just upstn>.am and southwest 
of the powerplant where the river widens. The channel thalweg, ranging from 2.5 to 13 feet 
deep, was located adjacent to the barrier wall south of the powerplant 

A delta was present at the mouth of the Dead River in Lake Superior. Based on visual 
observation, the dominant grain siz.e appeared to be sand, with some organic debris 
(primarily broken sticks and wood fragments) intermixed. The delta surface appeared to be 
very flat with very little topographic variation. Water depths of 3.5 to 6 feet were recorded 
using a portable depth finder. 

The underwater videotaping effort (conducted by UPl'Co) indicated that natural and previously 
constructed lake trout spawning areas in the Harbor/Lake Superior area are still intact. 

3.2.2.5 Key Findings 
Two areas of sediment deposition that appear to be associated with the event were observed 
during the reservoir review. These areas are within the upper (western) portion of the Dead 
River Storage Basin and the most downstream portion of the Dead River near the mouth 
and extending into Lake Superior. 

Based on field observations and a comparison of water depths measured during the 
reservoir review versus pre-event bathymetry, there Is no significant evidence of sediment 
deposition or scour in M<.Gure Basin. Although no pre-event bathymetry data was available 
for Forestville Basin, there was no significant evidence of sediment deposition or scour at 
that location either (based primarily on channel/ reservoir morphology). 

The known lake trout spawning areas In the Harbor/Lake Superior area appear to be intact 
with interstitial spaces clear of fine sediment (A DVD containing the resulting video-record 
is enclosed with this EA Report). 

3.3 Other Findings and Observations 
3.3.1 Water Quality Raaults 
Water quality monitoring was performed by UPPCo. The Initial water quality monitoring 
report for the Dead River (UPPCo June 2003) showed that turbidity and TSS decreased with 

3-16 



Unofficial FERC-Generated PDF of 20050519-0068 Received by FERC OSEC 05/10/2005 in Docket#: P-10855-000 

-

-

-

3----8MRCNIENTA1 ASSESPPIT RESU.TS 

increasing distance downstream of Silver Lake. In June, the plume of increased turbidity 
appeared to have moved half-way through the Dead River Storage Basin. Additional 
sampling performed by UPPCo (UPPCo August 2003) attached in Appendix A shows a 
trend of improved water quality as measured by turbidity and TSS. 

Turbidity in the lower portion of the Dead River Storage Basin was still observed during the 
August field survey, with increased clarity observed in the upper basin and in the river 
upstream of the Dead River Storage Basin. Visual observations confirmed that visual turbidity 
differences are still present in the impoundments downstream of the Dead River Storage 
Basin and in Reach 4. However, only moderate turbidity was observed in many portions of 
Reach 6, with good clarity observed downstream of the confluence of Midway Creek and the 
Dead River, and Brickyard Creek and the Dead River. These tributaries provide clear, cold 
water to the Dead River, which is aiding in dissipating the turbidity caused by the evenl 

Increased turbidity was observed in the lower portion of Reach 8 during hydropower 
releases from the Forestville Powerhouse; however, during non-release periods, a marked 
increase in water clarity was observed. 11tls difference may be due to turbidity still present 
in the Forestville Basin in contrast to the clearer water in the bypassed channel, which 
provides baseflow to the lower portion of Reach 8 during non-release periods. Low 
turbidity was observed throughout the riverine section of upper Reach 8. 

3.3.2 Fisheries and Macrolnvertebrates 
Based on the initial field observations and habitat evaluations, the greatest impact to the fish 
and maaoinvet'lebrate communities in the riverine portions of the Dead River system appears 
to be limited to two distinct areas: the stretch between Si.Iver Lake and the Dead River Storage 
Basin and the stretch between the former Tourist Park Basin and Lake Superior. The stretch 
between the Dead River Storage Basin and the former Tourist Park Basin appears to have been 
mlnimally affected by the flood event, with abundant small fish observed and dense 
macroinvertebrate communities observed in riffle/run reaches of this stretch. The overall 
impacts to the fish community are unknown, but are likely temporary in nature in this 
segment of the river. The long-term effects of the Rood event may be beneficial to the fish 
community in this stretch of the river, because abundant woody debris has been deposited, 
which will likely provide increased cover and substrate for macroinvertebrate colonization. 

The two distinct river sections mentioned, Reach 2 (the reach between Silver Lake and the 
Dead River Storage Basin) and Reach 10 (the reach between the former Tourist Park Basin 
and Lake Superior), have been altered by sand deposition throughout both stretches and 
there has been a loss of riparian vegetation to provide shade and stability. The long-term 
effects on the fish and macroinvertebrate communities are unknown, but based on the field 
observations, there have been immediate effects to both communities in these sections. 

The effect of the event on the fish communities in the Impoundments is unknown; many fish 
were identified by sonar by the reservoir review team. Therefore, there was no whole-scale 
loss of fish communities in the reservoirs due to the increased turbidity. Long-term effects 
on the reservoir fish communities are unknown; however, any effects are likely to be 
temporary in nature, at least in the McQure and Forestville Basins, where little to no sand 
deposition was observed. lbe effects of sand deposition in the upper Dead River Storage 
Basin and in the Harbor/Lake Superior are unknown. 
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3.3.3 Flow Consldet aticms 
Aow in Reaches 8, 9, and 10 is Influenced by releases from the Gty of Marquette's Forestville 
Basin penstock. According to a conversation with Kirby Juntila of Marquette Board of Light 
and Power, about 440 cubic feet per second (ds) (high flow conditions) are released from the 
Forestville Basin Penstock for about 5 hours during the mid-day and the stream's baseflow is 
about 5 ds (low flow conditions) during the remainder of the day. Reach 8 experiences high 
flow conditions at other times in the day as well. Sul>-reaches R08-01, R09-01, and R10-02 were 
ultimately assessed at low flow conditions, as these are the limited conditions for the aquatic 
life. Sub-reaches ROS-02 through RllS-05 are constantly subject to the lower baseflow (5 cfs) 
because they are upstream of the Forestville Basin penstock release. 

UPPCo operates a penstock that directs water from the McClure Basin dam downstream to 
the top of the Forestville Basin (downstream end of sub-reach R06-01). ·1ne original stream 
channel is called the •bypass channel• and currently has a baseflow of about 5 cfs. This 
baseflow is expected to increase to 20 cfs based on a new FERC license for the McClure 
Dam. UPPCo plans to complete construction of a siphon to increase the baseflow to 20 cfs by 
the end of the 2004 construction season. This increase in baseflow is expected to improve the 
habitat scores in Reach 6, because low flow was a key determining factor for some of the 
lower habitat scores in portions of this reach. 

3.3.4 Wetlands 
During the course of conducting the field survey, a few areas were observed that may be 
considered wetlands (pursuant to U.S. Army Corps of Engineers jurisdiction under the 
Oean Water Act Section 404 and MDEQ Regulations Part 303) that may have been affected 
by the event Two such sites were found: one near the confluence of the new channel and 
the existing channel, and one near the AAO bridge. Other sites with high potential for this 
occurrence are along the former Silver Lake and Tourist Park banks and in stretches of the 
river's floodplain where the channel has migrated away from its former location. Similarly, 
there are sites that were newly inundated that have the potential to become new wetlands. 
These sites were observed in the vicinity of the Mulligan Creek confluence, in the vicinity of 
Connors Creek confluence, and within the Dead River channel where wet sites are no longer 
directly connected to the primary post-event river channel. 

3.3.5 Impact of the Future Tourist Park and Sliver Lake Basin Use on Ratings 
If Tourist Park is re-established as a reservoir and Silver Lake Basin's former elevation and 
outlet are re-established, the ratings and general picture presented above would change 
significantly. Tourist Park (Reach 9), which accounts for roughly 25 percent of the Poor 
habitat stream miles and roughly 20 percent of the Moderately Unstable to Unstable channel 
ratings, would be converted to a different form of habitat and the resource would need to be 
handled in a different manner. Silver Lake, though much less of an issue from a wadeable 
stream habitat and channel stability perspective, contributes to a Low rating that could be 
eliminated as a result of reservoir redevelopment 
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4.1 Summary 
Key infonnation regarding habitat and stability ratings are summarized by reach in Table 4-1. 

TAIIU: 4-1 
Sham Reach Habll8t and Slablly Rating Summary 

Reach 

Reach0 

Reach 1 

Reach 2 

Reach4 

Reach6 

Reach8 

Reach9 

Reach 10 

All Reac:MS 

Habitat Rating (Pen:ent of Reach) ._. 

ExceUent (100%) 

Good (13.0%) 
Marginal (76.5%) 
Poor (10.5%) 

Good (5.6%) 
Marginal (44.9"') 
Poor (49.5%) 

Good (100%) 

F1cellent (60.1%) 
Good (37.9%) 

Good (100%) 

Poor(100%) 

Poor(100%) 

Excellent (20.0%) 
Good (22.0%) 
Marginal (29. 7%) 
Poor (28.3%) 

Stablllty Rating (Percent ot Reach) ._. 

Stable (100%) 

Stable (13.0%) 
Stable - Moderalely Unstable (76.5%) 
Unstable (10.5%) 

Stable (5.6%) 
Modetately U.-ble (8.5%) 
Modetately Unstable - Unalable (21.6%) 
Unstable (64.3%) 

Stable - -ablly Unstable (100%) 

Stable (47.4%) 
Stable-Modeletely Unstable (48.6%) 
Modetalllly Unslable (4.0%) 

Stable (52.5) 
Stable-Moderately Unalable (47.5%) 

Unstable (100%) 

Unstable (100%) 

Stable (22.3%) 
Stable - Moderately Unstable (33.6%) 
Moderataty Unstable (3.9%) 
~Ucmable-Unstable(7.0%) 
Unstable (33.1%) 

• Some ,_ _,, not 80018d becal tH the habitat and stability prolocol wwa lnappropriale for the 8lnlam 
type. 47.3% of Reach 4, 16.8"' of Rmch 6, 45.9"' of Reach 8, 51.9% of Reacll 10 and 12.8% of all react.a. 
• Peroat llaga 8llPI a 11 e based percent ol lDID' -91sed m1191. 

In general, the reaches immediately downstream of Silver Lake Basin (Reach 1) and Touris1 
Park Basin (Reaches 9 and 10) are in worse condition than those downstream of the Dead 
River Storage Basin (Reaches 4, 6, and 8). 

Reach 0, the reference reach for geomorphlc and habitat conditions, was Stable and had 
Excellent habital The Mchannel" within the former Silver Lake Basin (Reach 1) was 
somewhat impacted according to this approach to system assessment, but appeared to be 
stabilizing with new vegetation. Reach 2 is in Poor condition, with about 95 percent of the 

4-1 
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reach exhibiting Poor or Marginal habitat and Unstable to Moderately Unstable conditions, 
and significant sedimentation on the channel bed and banks. 

Downstream of the Dead River Storage Basin, Reach 4 was impacted immediately 
downstream of the Hoist Dam spillway, yet the downstream channel had Good habitat and 
was Stable to Moderately Unstable. Reaches 6 through 8 appear to be in relatively good 
condition with high percentages of Excellent and Good habitat and Stable to Moderately 
Unstable conditions. 

Reaches 9 and 10 appear to be impacted by the breach of the Tourist Park Basin dam. 
During this assessment, they were assigned Poor habitat scores, and Unstable channel 
stability ratings. Sedimentation (Reach 10) was observed on the channel bed and banks. 

In summary, roughly 42 percent of the reaches Hsessed constitute Good to Excellent habitat, 
30 percent were Marginal. and 28 percent were Poor. Similarly, roughly 56 percent are in the 
two most stable categories, 11 percent in the next two stability categories, and 33 percent are 
Unstable. 

Shallow depths to bottom and sediment deposition were observed in the upper end of the 
Dead River Storage Basin and in the Harbor/Lalce Superior area. Available data suggests 
that some habitats may have existed in these areas. 1ne amount of deposition associated 
with this event and the quality of the habitat in these areas are not known. 

Water quality as indicated by turbidity and TS5 has been improving since June, when UPPCo 
began monitoring. F.ish were observed in numerous sub-reaches and reservoirs within the 
system, indicating that all habitat and fish in the river were not lost, but rather that portions of 
the river continue to provide a variety of habitat as reflected in the habitat scores. 

4.2 Conclusions 
This EA has generated considerable data regarding the Dead River channel conditions 
within the study area. Some of the post-i!vent stream reaches of the river system (-40-45 
percent) are in relatively good condition (Reaches 4, 6, and 8), while other reaches (-31h'35 
percent), most notably those immediately downstream of Silver Lalce (Reach 2) and at or 
downstream of Tourist Park (Reaches 9 and 10), are not. Ninety-five to 100 percent of 
Reaches 2, 9, and 10 scored poorly relative to both habitat and stability metrics. All of the 
Extreme BEHi scores were found in Reaches 2 and 9. The unstable reaches of the river and 
associated channel banks negatively influence upstream and downstream channel stability, 
sediment transport, and habitat quality. 

Two of the four reservoirs/areas inspected (McClure Basin and Forestville Basin) appear to 
be relatively unaffected by the event, while the other two reservoirs (Dead River Storage 
Basin and Harbor/Lalce Superior area) appear to be potentially impacb,d by post-i!vent 
deposition. Detailed pre-i!vent bathymetric (and to an even greater extent substrate) data are 
unavailable for much of these water body areas, complicating the assessment process. 
Nonetheless, the underwater videotaping of the Harbor/Lalce Superior area indicates the 
known lake trout spawning areas are intact 

Although the river and its functions have been impacted, portions of the river are currently 
stable and providing aquatic habitat and others show some evidence of natural recovery. 

4-2 
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As a result of the EA, three sites within Reach 2 were identified that merited immediate 
action consisting of further investigation and/ or interim measures to address the conditions 
observed. These are the post-t outlet of Silver Lake (with the potential for additional 
headcutting), the steep river bank upstream of Mulligan Creek, and the blockage of 
Mulligan Creek at its confluence with the Dead River (see Appendix F). As a result of 
further analysis conducted in September 2003, additional interim measures are not 
warranted at the Silver Lake Outlet 

The results of this EA are qualitative and preliminary. 1ney are of value for planning 
supplemental EA work anticipated for the spring of 2004. 
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APPENDIXB 

Field Methods 

The field survey was conducted in accoTdance with the Draft Work Plan Oune 23, 2003). 
Additional information on the methods used are provided at the end of this appendix. 

The survey was conducted through the use of three field teams. The survey team was 
comprised of Stream Teams 1 and 2 and the Reservoir Team. Stream Team 1 assessed the 
Dead River upstream of the Dead River Storage Basin, Team 2 assessed the Dead River 
downstream of the Dead River Storage Basin, and the Reservoir Team assessed the Dead 
River Storage Basin, McOure Basin, Forestville Basin, and Lake Superior/Harbor area. Each 
stream team contained an engineer and biologist experienced with stream and habitat 
assessments. The assessment teams are summaru.ed in Table B-1. 

TABl.f B-1 
Slrean 111d ~' .AH e 11 nent TeMII 

Name Afflllatlon Baclcground Experience 

1 Emily Holtzclaw, P.E. CH2M HILL Eng.- Roagen Level Ill Training 
Stream Assessments 
Resloralion Design 
Hydraulics and Hydrology 

John Burgess 

2 BrentBIOwn 

Rob Price 

Ree ln"Dlr Steve MIier 

Mite Mettler 

Dalelafemler 

CH2M HILL Biologist 

CH2M HILL Engineer 

CH2M HILL Blologlst 

CH2M HILL Engineer 

Nonnanclaau Blologllll 

Fish and Macrolnvertebrate Sampling 
Fisheries and Aquatic Biology 
Stream Assessments 

Stream Assessments 
Stream Restoration Design 
Stream Restoration Research 
Hydraulics and Hydrology 

Roeger, Level I Training 
Stream Aaaesaments 
Aqualic Biology 

Reaervolnt.ake Aaaeasmenls 
ReservolrA..ake Restoration 
Bethymelrlc Surveys 
Sb'eam Aaseatments 
Stream Restoration Design 
Hydraulics and Hydrology 
Seclment Transport and Samplng 
Aquatic Biological Sampling 

ReservolrA..ake Auea&ments 
Balhymetrlc Surveys 
Aquatic Biological Sampling 

UPPCo Hydropower Dead River System 
Transportation and Boat Captain 

B-1 
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The final reach divisions are Illustrated Figures 2-la and 2-lb of the EA Report and are listed 
in Table B-2. 

TABLEB-2 
De.a~, ,it RlWf Raachel Ellalll!INld cbilg the Field s.wy 

Reach Length 
Ruch (mllN)• RNChType RNCh O..Crlpllon 

Roacho 0.23 River Dead River upstream of Sliver Lake (Reference Reach) 

Reach 1 3.5 R8llllMllr Sliver lake Basin 

Reach2 5.7 River SIIYer Lake lo Dead River Basin 

Reach 3 10.2 R8llllMllr Dead River Basin 

Reach4 0.55 River Dead River Basin ID McClure Basin 

Reach5 1.5 R989Mlir McClure Basin 

Reach& 6.3 River McClure Basin to Forestville Basin 

Reach 7 1.0 Reservoir Forestville Basin 

Reach 8 1.5 River Forestville Basin lo Tourlat Park Basin 

Reach 9 1.3 River Tourist Park Basin 

Reach 10 0.7 River Tourist Par1< Basin 10 the mouth of the river 

Reach 11 1.1 Harbo, & Lake Lake Superior at the mouth ol the river 

Reach O wl be used for Habl1at and Channel characteflzallon and not as a reference for Biological Studies. 
Reach 2 Includes both the former Sffver Lake Basin ouflet channel and the newly formed ou1lel channel. 
*Total reach leng1hs adjuated downward to reflect actual lengths acored (alter elmlnating portions ol reaches 
-.i UH ol the selected acoring methodology would have been lnapproprlale). 

As the stream assessment teams progressed upstream in a particular reach, they subdivided 
the reach into sub-reaches based on changes in either the stream type or habitat conditions. 
For example, Reach 6 (downstream of Mcaure Basin dam) was subdivided into 10 
sub-reaches. Each sub-reach was labeled with the reach number and sub-reach number, 
chronologically from downstream to upstream. Por example, the fifth sub-reach in Reach 6 
was labeled R06-05. The reservoirs were not broken into sub-areas. 

The stream assessment and reservoir teams conducted the assessments over a 6-day time 
table. Due to the length of the reaches, the size of the reservoirs, and the coordination 
required between the stream and reservoir teams to ensure complete a!ISesSment coverage, 
some stream reaches and reservoirs required multiple days to assess. Table B-3 summarizes 
the dales each reach was assessed and who conducted the assessments. 

11-2 
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• •llDIIIII ....., T--, ....... , n.ndly Friday ...., 
Rllllcht T- 11-A19G 11.q,,D »AutG 21~ 2Ml9t3 n.-..n 

0 T .. 1 
1 .. 2 ... 2 
1 .. 1 
T .. 2 ..,_I 

2 T .. 1 
T .. 2 ... , ... 2 

3 ,___ .... , 
4 T .. 1 
5 ,___ 
8 T .. 1 
7 Ramvalr 
8 T .. 1 

T .. 2 
9 T..,1 
10 T .. 1 

Ra.wlr 
11 Ramvalr Illa I 

No!N: 
1. Team 2 Included Shawn Puzen,WPSC and Jeulca t.tatak,MONR. 
2. Team 2 Included Shawn ""-"WPSC - Ytch Koalje/MOEQ. 
3. Mike Mettler - .-.,i prew,t on the 'laur-lr Team on Thul'llday, Auguat 21, 2003. 

The Michigan Department of Environmental Quality (MDEQ) Habitat Scoring System for 
Wadeable Streams and Rivera was uaed to IICOl'I! the habitat conditions in each stream 
sub-reach. In addition, the Stream Reach Inventory and Owmel S1ability Evaluation 
(U.S. Department of Agriculture) (also known as the Revised Pfankuch Cllannel Stability 
Evaluation Procedure) was uaed to asaeas the overall channel stability of each Nb-reach. 
F.ach field team member determined their own score for each metric independently and the 
total IICOl'I! wu an average of the team members' scmes for that sub-reach. Alt mentioned 
above, additional information regarding the stream and habitat auesnnent methodology la 
provided at the end of this Appendix. The results of~ aseesemen.t are presented in the 
main body of the EA Report 

Reservoir Assessment Methodology 
The reservoir a..,aenaient wu conducted at a CUJ'IIOI'}' level documenting field obeervations 
on field mape and in log boob. The team used a small boat, existing 
bathymetric data, a Bah/ depth finder, and a handheld GPS unit to measure the reservoir 
depths. The results of the reservoir review are depicted in figures of this report (Figures 3-Sa 
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through 3-Se). These figures show waler depths measured from a boat using a portable 
flshfinder and hand-held GPS unit The portable fishfinder used during the review was a 
Hummingbird Piranha"' 1 with 24-degree sonar coverage and 200-kHz operating frequency. 
The handheld GPS unit was a Garmin® Etrex Legend (typical accuracy during the field 
work ranged from 10 to 20 feet on the reservoirs and 20 to 40 feet on Lake Superior). 

Overview - General Reach Descriptions 
Following the methodology discussed above, field observations made during the 
reconnaissance efforts for each of the reaches (Reach 0-11) are summarized below. 

Ruch O (Upstream of Sltv.- Like) 
Reach 0 of the Dead River Is upstream of the confluence with the pre-event Silver Lake 
Basin (Figure 2-la). Reach 0 has a NV" shaped valley and extends 1,190 linear feet upstream 
of Silver Lake Basin. Titls reach Is generally a well-defined riffle-pool system (with several 
deep pools, greater than 3 feet deep) and with moderate sinuosity (sinuosity= 1.30). The 
river upstream of Reach 0 was more sinuous (sinuosity- 1.57) with a lower gradient; 
however, this segment was not evaluated in detail as part of this study. Macroinvertebrates 
and trout were observed throughout Reach 0. Substrate materials include gravel and cobble, 
with some boulders and sand. Overhanging shrubs, fallen trees, unden:ut banks, exposed 
roots, and boulders provide diverse and functional habitat throughout the entire reach. 

The right and left banks are well vegetated throughout the entire reach, with the exception 
of two small areas. These two erosional areas are on the right bank (looking downstream): 
one at a mid-reach location and one just upstream of the mouth of the pre-event Silver Lake 
Basin. The riparian buffers along the left bank are well forested with old-growth trees and a 
mixture of shrubs and high canopy trees. The right bank riparian zone includes a forested 
buffer within 30-50 feet with clear-cut logging extending beyond 50 feet. 

Ruch 1 (Sliver Lake) 
Reach 1 includes the pre-event Silver Lake Basin (Figure 2-la) downstream of Reach 0. The 
Dead River now flows into and out of a pool smaller than the pre-event Silver Lake. The 
Dead River upstream of Silver Lake is a moderately sinuous channel (sinuosity= 1.37) with 
a low gradient, and most likely follows the original channel alignment of the Dead River 
before Silver Lake Basin was created. Downstream of the pre-event Sliver Lake is a 
1,920-llnear-foot sectioo of the Dead River that flows from Silver Lake into Reach 2. 
reconnecting with the pre-event Dead River channel 

Reach 1 Includes banks that range between 1 and 6 feet high, where the majority of the bank 
heights are around 1 foot high with little to moderate vegetative protection. The bed 
material is clean sand and well-defined riffles and pools are not present. Immediately 
downstream of the remaining ponded water in Sliver Lake and within the old Silver Lake 
boundary, the bed material includes soft sand and peat-like lake bottom material. Titls 
pocket of bed material extends for about 200 feet from the edge of the remaining ponded 
water in Silver Lake until the bed material returns to the clean sand seen in the upper 
sections of Reach 1. 'The 200 feet of old lake bottom bed material appeared to include the 
headcut that occurred after the Silver Lake Basin drained. 
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The former Dead River channel between the SUver Lake Basin dam and the location where 
the Dead River now flows into the remaining ponded water In Silver Lake was not assessed 
because it is no longer an active stream. 

The majority of Reach 1 has a shallow and flat floodplain. The riparian buffer includes 
grasses and some bare areas where vegetation was not able to establish. 

Reach 2 (Sliver Like to Dead River storage Basin) 
Reach 2 extends from the edge of the pre-event Silver Lake Basin (former fuse plug location) 
downstream to the Dead River Storage Basin (Figure 2-la). Reach 2 is a highly variable reach 
ranging from areas with wide floodplains and low bank heights, to areas with nanow valleys 
and bank heights over 100 feel Bank material variations range between sand, gravel, clay, and 
bedrock, and some banks have several material classifications present Large areas of sand, 
gravel, cobble, and boulder deposits are present throughout the reach. 1he bed material 
consists of mostly sand, with some areas of cobble and gravel riffles. In two areas along Reach 
2, the dominant bed and bank material is exposed bedrock. 

At the upstream end of Reach 2, the newly fonned Dead River has funned a confluence with 
the original Dead River, downstream of the Silver Lake Basin dam. At this confluence, the 
outer banks of the Dead River range between 30 and 50 feet high. with vertical sand, gravel, 
and overhanging trees that appeared on the verge of falling into the River. The Dead River 
flows along this outer bank area for about 1,000 linear feel 

Two major tributaries enter the Dead River in Reach 2: Connors Creek and Mulligan Creek. 
After Silver Lake Basin drained, the confluence with both tributaries was affected. The 
Connors Creek confluence received sand deposits that have caused the creek to braid and 
pool water upstream of the braids. However, Connors Creek is still able to drain and is 
hydraulically connected to the Dead River. It appeared that fish and other aquatic life are 
able to move In and out of Connors Creek. 

Mulligan Creek enters the Dead River about 7,000 linear feet downstream of Connors Creek. 
The Mulligan Creek confluence has been cut off from the Dead River by a sand and gravel 
deposit that has caused Mulligan Creek to back-up and not freely discharge to the Dead 
River. As a result, it appeared that Mulligan Creek is discharging through sub-surface flow 
in the highly porous sand deposits. Under the current conditions, aquatic life is not able to 
migrate into or out-of Mulligan Creek. Mulligan Creek is discussed further in Section 3. 

Between Mulligan Creek and Connors Creek, the Dead RiveT separates into two well 
defined channels for 1,400 linear feel One of the channels runs along a sand and gravel bank 
with one small pocket of clay. This is generally known as the #high banks• or •clay banks• 
area. The banks In this area range between 50 and 100+ feet in height and are nearly vertical 
for this entire segment This area is discussed in more detail in Section 3. 

Downstream of the Mulligan Creek confluence with the Dead River, the County Road AAO 
bridge deck was washed out due to the event Immediately upstream and downstream of 
this crossing, trees were removed along the banks and riparian zones. The current banks 
and buffer areas consist mostly of sand. Isolated pockets of organic soil are present along the 
western side of the AAO bridge. In a 300-linear-foot reach just upstream of the AAO bridge, 
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the County has placed riprap along the outer bank of a 90-degree bend to prevent erosion 
and channel migration. 

Downstream of the AAO bridge, lake sub-reach 2E and the downstream end of lake 
sub-reach 2D were assessed with a boat during the visible reservoir review. Reach 2E is a 
transition zone from a riverine environment to a lacustrine environment. It is a low velocity, 
meandering channel with frequent side channels and adjacent backwater areas. Wet areas 
are prevalent throughout the lower reach along both sides of the channel. 

Evidence of the high discharge event was noticeable in the upper portions of these 
river/reservoir transition reaches, primarily in the form of organic litter perched in 
overbank vegetation; or shrubs or small trees leaning in a downstream direction where the 
overbank flows were concentrated. Other than some locaJired areas where the hydraulics 
were favorable to deposition, there was little evidence of significant sediment deposition on 
the overbanks (as viewed from the boat). 

Some of the channel banks in the upstream portion of these river/ reservoir transition 
reaches are eroded; however, for the most part this reach appeared to be quite stable due to 
an active floodplain and dense vegetation along the channel and overbanks. In limited areas 
where bank sloughing occurred, it was common to see new vegetation re-establishing. 

Reach 3 (Dead River Storage Basin) 
Unlike the review of other reservoirs, the review of the Dead River Storage Basin focused on 
the upstream end of the reservoir (Figures 3-Sa and 3-Sb). The very western, or upstream, 
end of this reach is a relatively narrow, shallow backwater environment. Submerged 
stumps, macrophytes (submerged, floating leaf, and emergent), and large woody debris are 
common. 

A sand deposit was observed in the upper end of the reservoir (Figure 3-Sa). On the day of 
the reservoir review (water surface elevation on August 17, 2003, was 1,340.34 feet [WPSC 
personal communication)), up to about 4 feet (visual estimate) of sand extended above the 
water surface in the center of the channel. The grain sizes appeared to be predominantly 
medium to coarse sand. 

Upstream of the large sand deposit, the river channel passes through almost two 90-degree 
bends as it approaches the reservoir through a narrow land gap. The channel banks through 
this reach are either rock or densely vegetated; therefore, the channel did not widen through 
this constriction during the event. However, based on water depth. the river bottom 
appeared to have significantly scoured. A maximum water depth of 30 feet was measured in 
this short reach. The majority of the channel cross section is over 20 feet deep -even a short 
distance off shore in many areas. The 1992 habitat survey indicated a water depth in this 
reach of only 2 feet. 

Based on visual observations (no substrate samples were collected), the reservoir substrate 
in the proximity of the large sand deposit appeared to be dominated by organic material 
and fine sediments. For the most part, the thalweg in the upper end of this reach parallels 
the south shore with more shallow water depths and a higher density of stumps and large 
woody debris to the north. It was evident that some large trees were deposited in this 
upstream reach as a result of the event 
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In comparison to the 1992 bathymetry data, it appeared that portions of the thalweg along 
the south shore of the upper reservoir (west of the boat ramp) have become more shallow as 
a result of sediment deposition. The thalweg was measured in 1992 at about 7 feet deep at a 
pool elevation of 1,342 feet above mean sea level. Water depths as shallow as 1 to 3 feet were 
measured in the thalweg at the same location during the reservoir review (pool elevation of 
1,340 feet). At full pool, these depths would equate to 3 to 5 feet, so some deposition has 
occurred. The channel thalweg is used in this portion of the reservoir for navigating small 
boats to and from private property along the south shore. 

The reservoir review extended downstream to where the reservoir narrows just east of the 
mouths of the Oark and Barnhardt Creeks. The wet areas along the south shore across from 
Silver Creek were not walked; however, as observed from the boat while traveling through 
this reach, the perimeter appeared to be physically intact and well vegetated. There was no 
visible impact of the Silver Lake Basin flood at the mouths of the Silver, Clark, or Barnhardt 
Creeks. 

In general, most of all the visible sediment deposition observed during the review was 
located upstream, or west of the boat ramp toward the center or south shore of the reservoir 
(Figure 3-Sa). It is probable that some fine sediment (Le., silts and clays) deposited 
downstream of this upper area; however, it was not significant enough to reveal a difference 
between the limited water depths measured during the visible reservoir review compared to 
the 1992 bathymetry data. 

Ruch 4 (Holst Darn to McClul'I Ba1ln) 
Reach 4 extends from the Hoist Dam downstream to the lallwater of dte M<:Gure Basin 
(Figure 2-lb). This reach consists of two distinct channel segments: upstream and 
downstream of the Dead River Basin penstock release. Downstream of the penstock, the 
channel is generally straight (sinuosity = 1.00) and the bank heights range from about 6 to 8 
feet high. The valley is a confined, "V" shape with steep, well vegetall,d banks, and a well 
established buffer (mixture of trees and underbrush). Some of the banks are undercut. but 
there is no evidence of mass wasting. The substrate is dominated by compacted cobble and 
gravel. Tailwater from the McClure Basin extends to a point about 1,500 linear feet 
downstream of the penstock release. 

An BOO-linear-foot segment upstream of the penstock release point shows signs of high 
flows. This segment is dominated by cobble to boulder sized rock debris, much of which 
appeared to be mobilized from the bedrock Immediately downstream of the Hoist Dam. 
There is minimal flow in the channel, and what flow there Is appeared to be from a tributary 
source and seepage in the vicinity of Hoist Dam. The primary purpose of this segment is to 
pass large overflows from over the top of the Hoist Dam to the Reach 4 segment 
downstream of the penstock. 

Reach 5 (McClura Balil1) 
The visible reservoir review for this reservoir extended from the dam, through the main 
body of water, and upstream of County Road 510 about 6,000 linear feet (Figure 3-Sc). The 
public boat ramp is located about 600 feet upstream of County Road 510 where the upper 
reservoir channel is relatively narrow. Upstream of the boat ramp, the channel width 
averages about 60 feet Near the boat ramp, there is a longitudinal mid-channel sand bar 
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associated with some stumps and large woody debris. The bar is located far enough 
offshore that access to and from the ramp using the 16-foot aluminum V-hull j<>hnboat ls not 
affected. Based on pre-event aerial photographs, thla bar feature existl"d before the Sliver 
Lake spillway breach. It may or may not have grown in size, but this was not quantifiable 
during the review. 

Due to elevated turbidity, visibility through the water column was limited to a few inches. 
Other than the mid-channel bar mentioned above, no sediment formatioru, were observed in 
the water body. '!here are a few thin overbank deposits of sand veneers In the upper 
channel, but they are very limited in occurrence. 

Reach 8 (McClure Dam to FOl'8llvllle Buln) 
Reach 6 varies considerably as it extends between the McOure Dam and the upstream end 
of the Forestville Basin (Figure 2-lb). Reach 6 starts at the tailwaler of the Forestville Basin 
(at the confluence with the McClure Basin penstock release channel) with a sand dominated 
bed and flat gradient glide-pool system. The left bank (looking downstream) has a flat 
bench and then becomes very steep (10:1), extending about 40 feet high. while the right bank 
Is relatively flat with 3- lo S-foot-hlgh banks. The banks and buffer are well vegetated with a 
mixture of trees and underbrush. 

Progressing upstream, Reach 6 changes as the valley becomes confined on both sides, cobble 
and gravel riffles begin lo appear, and bedrock is present on portions of the bed and bank 
outcrops. Cobble and gravel dominate the substrate, which Is densely populated with 
maaoinvertebrate larvae. Upstream of McClure powerhouse, the valley becomes very 
confined with bedrock banks and a series of several waterfalls dropped over 100 feet in 
elevation over about 2,000 linear feet of channel. 

Upstream of the waterfalls, the valley widens lo allow the channel lo meander extensively 
(sinuosity = 204). The channel gradient flattens to a glide-pool system with sand and gravel 
dominate substrate material. The 3- lo S-foot-high banks are well vegetated with a mixture of 
trees and underbrush, as is the near buffer wne. The left riparian buffer has been clearcut; 
however, at least a 100-foot buffer adjacent lo the stream remains undisturbed. Proceeding 
upstream of the power cut that C'089e8 Reach 6 north lo south. the valley gradually begins lo 
constrict; however, a low floodplain is maintained to allow the channel to continue to 
meander as a glide-pool system, and oxbows create frequent backwater wet areas. Clwmel 
banks range from 3-a feet high and are well vegetated with trees and underbrush. The channel 
buffer Is several hundred feet wide and is well established with trees and underbrush. 

Reach 6 loses much of its meander as the valley constricts into a bedrock dominated, 
cucadlng waterfall gorge as it approaches the McOure dam. This constriction begins about 
5,700 linear feet downstream of the dam (about 2,000 linear feet downstream of railroad 
trestle). This cobble-boulder-bedrock dominated channel continues with 80- lo 100-foot-hlgh 
banks. 

Reach 7 (Fomtvtle Buln) 
This survey covered the basin as a whole, starting from the boat ramp located about 600 feet 
upstream of the Forestville Road bridge crossing. 11ie review extended about 2,100 linear 
feet upstream of the boat ramp through the highly sinuous and narrow (about 60 feel wide) 
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backwater channel. The reservoir width Increases from about 300 to 600 feet about 1,900 feet 
downstream of the bridge. About 1,200 feet upstream of the dam, the reservoir narrows 
again from about 1,250 to 450 feet wide in the upper forebay. Findings are illustrated in 
Figure 3-Sd. 

As with McClure Basin, turbidity limited visibility; however, there was no visible evidence of 
significant sediment deposition in the reservoir. There were some sand deposits on the 
downstream side of the small mid-channel islands and peninsula between the bridge and the 
open reservoir; however, these features were apparent oo the pre-event aerial photographs as 
well. Based on the visible review of the reservoir, it was not possi"ble to determine if these 
features had changed; however, comparing the observations in the field to the pre-event aerial 
photographs, it does not appear that these deposits have increased in area. 

Ruch 8 (Fomtvlle Dam to FormerTourtet Park Basin) 
Reach 8 consists of two distinct segments: upstream and downstream of the Forestville Basin 
penstock release. The flow varied throughout the day based o,, ,..leases from the penstock. 
Downstream of the penstock, the channel is essentially straight (sinuosity = 1.04), about 60-75 
feet wide, and has bank heights ranging from 3-8 feet on the left bank up to about 40 feet on 
the right bank. The bed is dominated by cobble and gravel, with exposed bars when the 
penstock is not releasing flow. The left bank is generally well vegetated with some undercut 
banks, while the higher and steeper right bank has sections of mass wasting. The buffer on 
both sides of the channel is well vegetated with trees and underbrush. 

Downstream of the Forestville penstock release, the right bank (looking downstream) is about 
40 feet high and predominately composed of sand. A 1,000.linear-foot segment is actively 
eroding Into the stream channel. Several trees have fallen and more are in danger of falling 
Into the channel as the bank continues to collapse. The sleep bank slope, sandy material, and 
lack of stable vegetation on the bank surface will allow this erosion to continue. 

Proceeding upstream of penstock release, the stream baseflow is much lower (occupies 
about on~third of channel) and the valley begins to constrict with bedroclc outcrops and 
boulders. The bed is still dominated by cobble and gravel; however, moving upstream 
toward Dam No. 1 (historic dam), the channel becomes Increasingly dominated by bedrock 
and boulders. Dam No. 1 impo1U1ds a pool !hat extends about 2,300 linear feet upstream 
where it meets a 1,000.linear-foot free flowing segment immediately downstream of the 
Forestville Dam that has stable, well vegetated banks and a cobble dominated bed. 

Ruch 9 (T ourllt Park Bain) 
The Tourist Park Basin consisted of an app1oximately 95-acre impoundment, which was 
drained due to the failure of the Tourist Park dam. Stream flow through the basin is now 
limited to the historic channel (about 75-100 feet wide, sinuosity• 1.21) in the bed of the 
former reservoir. The majority of the former reservoir bed (now channel overbanks and 
riparian area) has been seeded and is covered with grass. Two areas have had bank slopes 
stabiliz.ed with riprap: near the breached dam and along one property on the upper end of 
the reservoir. 1bere are numerous tree stumps present on the former reservoir bed, and 
along the historic channel (bank heights ranged from 2-4 feet). 
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The Reach 9 channel is Influenced by the fluctuating base flows caused by releases from the 
Forestville penstock. The channel bed has a gradual slope, a-eating a shallow (less than 1 foot 
of water at low flow) glide pool system. The shallow base flow meanders through the wide 
channel (no deep pools were observed), through woody debris and occasional braided gravel 
bars. The bed is dominated by sandy material, and the bank material is dominated by sand 
that Is not stabiii7.ed with vegetation and is consequently a potential source of additional 
sediment There are several oxbow backwater wet areas along the channel and at low flow the 
channel braids around small sand and gravel islands. Woody debris is present in the channel 
and along the banks. There is a bedrock waterfall downstream of the outlet from the basin that 
cascades about 14 feet vertically over about 100 feet 

Reach 10 (Tourist Park Baeln Dam to Lake Superior) 
Reach 10 is located downstream of the former Tourist Parle basin (downstream of Sugarloaf 
Avenue). The channel is dominated by extensive sand deposition, with some gravel and 
cobble bars immediately downstream of the old pedestrian bridge east of Sugarloaf Avenue. 
There is also deposition and scour around the abubnent of the two bridges. The bed is 
dominated by sand (potential source of sediment), which shifts with daily high flows from 
the Forestville penstock. The 100-foot-wide channel has bank heights ranging from about 
4-8 feet The bank vegetation has been scoured somewhat; however, the stable buffer 
vegetation is comprised of a mixture of trees and underbrush. Upper b.mk slopes are 
approximately 3:1 (H:V) and bank slopes are 1:1 or steeper. 

Reach 11 (Lake Superior Harbor) 
The most downstream end of the Dead River, from about 750 feet below the Hawley Road 
bridge into Lake Superior, was accessed and reviewed from a boat Only those observations 
from the most downstream reach (near the powerhouse and into Lake Superior) are 
presented here, because the upstream portion overlaps with Reach 10 described above. 

The lower 2,000 feet of the Dead River is relatively wide and shallow. The river morphology 
has been altered in this reach due to the presence of numerous structures such as the Lake 
Shore Drive bridge at the river mouth, the washed-out railroad bridge, remnant wood 
pilings across the channel width and perpendicular to flow, and steel sheet pilings 
extending into the river along the south side of the powerplant. Near structures, areas of 
overland flow, or increased roughness, sediment deposition was observed. 

Sand was visible throughout much of this lower reach, partlcularly just upstream and 
southwest of the powerplant where the river widens. The channel thalweg, ranging from 
25 to 13 feet deep, is adjacent to the barrier wall south of the powerplant 

A delta Is present at the mouth of the Dead River in Lake Superior. Based on visual 
observation, the domirwlt grain si7.e appeared to be sand, with some organic debris 
(primarily broken sticks and wood fragments) intermixed. The delta surface appeared to be 
very flat with very little topographic variation. 

During the review, the field team attempted to roughly delineate the outer fringe of the 
delta using a hand-held GPS unit and portable depth finder. Observed depths are illustrated 
in Figure 3-Se. The water depths measured at the seven locations shown ranged from 3.5 to 
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6 feet. (Horiwntal accuracy ranged from 20 to 40 feet as indicated by the GPS. This accuracy 
was influenced primarily by boat drift in the wind.) 

Stream and Habitat Assessment Methodology 
The stream and habitat assessment forms and references are provided. 
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•• 

-------------__ .,,, 
........ ..tv\ ---Bed Malaial: %Bedrock %Boulder %Cobble %Gravel %Sand %Sih o/o Peat 
Stream Type: Flow Regime: 

E s I p I 2 3 4 5 6 7 8 9 
Sim: (est. bankfull width, ft) Slrcam Onlcr: ( determine &om map) 

. . Pallem: Ml M2 M3 M4 M5 M6 M7 MS .. . Pattcms: Bl 82 BJ 84 85 86 87 B8 
rw.ri. and Bind,""": DI D2 D3 D4 D5 D6 D7 D8 D9 DIO 

Vcgetadon: LeftBank• downsllcam) Riehl Bank (lookin~ downstream) 

Codoad--

- Suc:cessional Stale: Potential Succcssional Slale(s): 

,___._ Typical Olla Section Sketch<-.• rm) Dale: Initials: • 

------------__ .,,, 
-• ...... > --Bed Malaial: o/o Bedrock %Boulder %Cobble %Gravel %Sand o/o Sih o/o Peat 

Type: Flow Regime: 
E s I p I 2 3 4 5 6 7 8 9 

Stmun Sim: (est. bankfull width, ft) Stmun Order: (determine from map) 

. . Pattern: Ml M2 M3 M4 M5 M6 M7 M8 .. • Patterns: 81 82 83 84 85 86 87 B8 
Debris and Blockuc: DI D2 D3 D4 D5 D6 D7 D8 D9 DID 
1ipsian Vcgc11mon: Left Bank (lookina downsttcam) Ri•ht Bank (lookin• dowmtmun) .. , 
Codoad ....... 

llxisting Successional Stale: Potential Successional Stale{s): 

DeadRlvar-FleldFonns.x!s,Typlcal lketdl 09/18/2003 
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' 

DEFL~IlIOl' OF TER.'iS M"O ILLCS'nATIO;;S 

Upper ,_k. - That portion of th• to;,oaraphic cro•1 ae.ction from th• break 1Jl the 1e:neral slope of the 1u:rrow:i.d.ing land to cha DOTil&l bigb vat•r ltne. Tenescrtal plants and mi.mala ac?"'ll&lly inhabit thh &.na. 

Lo.let· !aalc.s. - The intermittently •ubur1ed porti0t1 of th• ~l crou ucdou fraa the a.onlAl hi&h vacer lint to the .,,,.,er'• •d&• duri.Dc the low f101,1 ,-riod. 

Chanpel lottoa - The •ubD&tged portion o! the channt:l c:ro1s sect:ioa. vb.ich h totally an aqlUltic e0.\ .. f.romse:nt, 

(F(...,;h.w._.,,,.u,1,) 
--E.xlr...., Bi•hY•t•r Ltae_ ...f±!-!.:_ ___ _ 

Up ----Nona•I e1,i.. L, .. _____ _ 

'a:- _,_""""{~~n\ J 
Baak 

St?IUI Stage - Thi! hai1ht of water in the channel at tM 
ti:M of racinc 1• recorded. ustn& uuabt.:ra 1 cbrou1b .5. The .. •• •h.owti belou, re.lac• to the: au.rfac:• vacer elevacioa. relative to the 11oi-aa.l his;h veter Uu. A dedaal diVieiOfl •hov.ld be ua.,d to eor• prac.i.aely def inc coa.dit1oa.a, 1.e., l.l Deans l/4tb.s of the Uannel banks are u:nder v.ate.r at th• time of rati.Qa. 

Flcodi.o&. Th• flood 
plain b coaple:tcly 
covered. 

!!£1h. Ch""""l full to tM 
nonu.l M.&h vuer line. - ._._.,...,._.....___.._--._,.r:t:f',--3- Moderacc.. lotto= ctld 1/2 of 

~ck,s Wt:tcd. 
~. lottOCI c:o,,ered but. very 
little of the lov•r bank.a vet. 

"~". Use.JStial.ly no !lCN". Water 
my at&.Dd in botcoa. depnaaiotlt,. 

1. Upper Channel Banks 

The land area i==edi&tely &djace,:i.t co th~ acrea::. c..h.annel 1.s 
nor=.a.lly and tn,ic.tlly a t.er:rut.rial .-n,.•iroo~t.. L.a:td!orms 
vary from vid.e. flat, alluvial flood pl&in.5 to t.he 
~rro,.; 1 1te11p te-rmini of CiOUntain •lo~•- tccar:rltta1cly thic dry land flood pl.t.iD becomes a put. o! the vacar courH·. Force., D! velocity and tu:bu.ltnca tear at the ve,etatioo &IJ.d l.t.nd. These hydrologic:: forces. vhile rel..acivel)" abort 11 v•d. b,ave greac p,oc.at1al for p:rod~1.c.g Oli15ite e.olargc.mits of tb~ 5trem:i chum.el and. d°""1Strem a,e,-di.Qu;tatioo da&ate. Ae-1istance of th• c:oapon.e.ut •laicntl oc and 1n the bank. are h1&hly variable. This Hc:tion. 1.t de•icned to &id in ratin1 this relat1v• resiacence 
tc detac.tment cd tr&lllport by flood.a. 

A. J..andforw: Sloe!: The attiepna·u of the l&IJ.d adjacent to the atr•• dlmu1l detercinu the lat~ral extent and eu• to vhich ba:ilu, c..an be eroded aD.d th• poterati•l volume of 
slouah \lhic::b can enter t.be vacer. All other factors be:ln& c,qu&l, th• 9tHpe.r t.h• land adj&Cct to th• scr•-· th• 
arauar the potential vclu:ne of slouch c.ateria.la. 1. 100 
Th• 60% lUlit for poor wu aeloc:.tct a• a coa.•~rv•tivc :::!~:~~•:1::::•:t:::;: ~~:•:!!d::;:/:;!r ! 
because they vould erode 1.Ato th• acna.a. by 1ravity alont1, if denuded of the:ir prou-ect.ng veg~tat100. The 

rat.i.uJ5 bu.lit on t.hi..s li!U.t md are arbitrari.l)' 
s:11:t u follws: 

./iao 
I 

I. txc.ellut: Sid• slope• co the chana.e 1 are a•n•r•lly /'1 30 ~rcent on both bmik•. . 

2. Cood.: Side slope5 1.1p t.o 40% cm ont: or occadoc.&lly 
both b.a:nks. 

J. !.!!,r: Side alop,u to 601 catmon on one or both banks, 

4. ~: Stup slopu, over 60% 0 provid• l.ar&•r volw:ies ot :1011 for downatreui ••diae:nt•tioa for each i.Dc:re-
ment ol Lau.rd b&nlc. c:utt1.:&.J.. 

PF:RCENT SUJ?E SCA/.£ Hou! ehi-s pa.gM ct a.J"l'l'!S t~Ji . . mau-h !IJC t=-apd of :ha top::,grapiiy i...~th :.n., p#l'"C471t 1ZC?• ti11u o" eiul aca.lc al:,,o.,1a, 

60 

40 

l&l:l'Ol1Ucat1oo 9! tbe StYe.• Chamel Evalu1.tiba ltd.t 

Space on th• field fon. penaits ~ly the vn:y hri•feat 
description. of the variov, COIIPOQCU.. ?bi& field booklet provide•• in the t•:xt Which follova, •OM of th• buic 
rationah1 in •upport of CM•• brief ''ltcmel.a" or core thou;ht•. th••• upl,.nat.iona are arran.a•d in the SaM order at th•y appear OD. the field fon. 

The c.h.anc•l cro•• uecion u 1\Jbd.i'Yided 1Jlto thr .. coapoaen.u, to focus your attention oa the variou.a i.Qdic.atora- to b• 1u.bjec-t1v1ly evalu.at•d. Once api;D.. yov. are c.aution.e.d 1!2!, to "key in" oc arry cm.e. it-. or sroup of 1taa. A.11 that t.av• bee.n included are interralated and all matt be oaed in an -.m.biue4 v-, to ai:.h11ve c::onsUt.ect eV"&luat101!l9 of the eurreat aitu.a.Ucm. 

S.tr•&a. c:hca.el raci.D1• abould DOt be atu:npta-d without the preparation provided by thh Pi.eld Gu.id•. Tb• laa,uq• of th• t•xt bu been kept rather ac•r•l to av-oid u.tticl its u.H u I management tool to a 1aa.ll ge.o-1taphic area. 
The1e: ae.ural de1c:.ripti0Q.I. cwpl•d vitb )"OQ:r local exper-ience I vill 1tiaulate '.llleUtal inqu of 1ndie&t0t' c.oa,d.iti.ODI which• when shared vi tb fellov vorMr•. will lead to coa.ah-
unt. feprod1,1c:i-ble rat.1.DJ•. 

Illu.stra:ioo.. 1D the tut sh01.T,ld. h• coa.aide:red 1•.oeral 1A ut.ure and QOt •pec:ific for all dtu.atioc.9. It i.s •ua•n•d tb•t loc.al. c.onditiona be photorraphe-d .and tb• pictures added to thb Field Cui.de to acnicve local uniforaity. 

A vord of additional u1iatigc: le.e.p th• sc..al• of the raach be.i11g evel~tcd 1D c:oo.tu:t "1th ne •cal• of diacuioc.9 &1\l'fll 1D ch• tut ed on. t.b• 1nvaotory font. lattna it ... Wl'C taylo:red lor: &nd but fit the 2nd to 4tb order atr•Dl reaeheA. Very ....u.. 
order 1epen.u will require a •callas dQWa of s1zu vhil• chi lar&•r str•• atld r1 ver reach•• vi 11 require aome D1Ctal eolar1...-nt of the criteria liV9:n to fit tbe aitu.a.t.ioa.. 

S:REAH OflPEll ClJ.SSIFICKrION 

First ordn- .-tr.am• a:N ~ranch«! ~1,u fov:r,,4 ~M.tll l.~ 
l:n.t ""' u,,luaiv,Z~ th. Mad of dra""'4• J.ui,... S.oo,,d crd.11:r- :r-.::a>ws 4N fr:,fflt4C. uMJ'I e..io or MON /int ol"CU1" rea.ciua cam• toidther and ao er. a3 il.t&dtl'aud b•l.ou. 

B. Kus \:as-:Ug li&.zard Thi, ratinS involves existing or 
potential detaChSD«.nt fro= the •oil a.antle and dOIID..tilop-a 
:rioveu:rit inc:o 11at•rvay1 of relatively larce pi1:ca1 of 
groutid. Mus movement of baakt by •luai,i.n1 or •lidin.g 
i:itroducu larse volUZNS of soil and debris into the 
c:h,ntt•l suddenly, cau.ing coastrictiotlt, or cociplcte 
d.a:mm.i..ng follO\or•d by increased screac. fl OW" velociti••, cutting ;>ouer and aedimatt.t•tioo. rates. Cot14ition.4 
de.tnior•te in thi1 elem&."1.t vith proxWcy • .t'requcaey 
and dz.e of the ma.a vutin.a &rt .. aad vith pro1rulively poor~r i.Qtemal dr&1n.a1e ant lteepe:r terr&J.n: 

L i.xc::eU.et: The:re U no •vid.cnce of ... s vutia:& that 
~uld reach th• chaD:M:l. 

2. ~: There is ev14e:nc.e of 1.cfrequent and/o:r very small those that a:.ist .. .,, oceuionally 
":r...,H bu.t pred~t•ly tbe an .. are reveaecated 
and relatively 

J. Fair: traqueaey acd/or magaitud• of the m.ua wut.1n1 rlcu.cion increues to the point where iioraa.l high va.ur 
the pi-obl.._ of channel chsn.ze• and subHquent 

undereuttinl of untt&ble areas \lith inc:.re .. ff ••d.laaa:-c..c100.. 

4. ~• M.ua w .. tiaJ ia not difficult to detect 
of the frequency cd/or ais.e of exittinJ problm areu or rhe proxllllt)' of bank.a a:re so c.loH to potential 
111411 tb•t any increues in the. flow vould cut tbt. toe. 
and cr111,er di-de.a of sipii~ica.i,.t •h• to cau.ac dO'ln-•t:rec vacer quality probleaa for • uucber of y&ara. 

All'-12 
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B. 

c. Debril Jam Potential Floaubl-e objects an deposited oa 
ltt'eai bClk.a by Mn aad u a natural proc .. • of for-Ht 
ecolos,. By far, tbc bulk of th.it d@tia U nai.vral Uli 
or1&1n. I"cH tnmk.li. 11Jllba. tvi1•, &ad leav .. n . .ach1D1 
tM ·ch&nn•l fen th• bulk of the obn r,actions, UGW d• Hec-
tors. cd aedi.aent traps t.o be rattd belov. Thia 1n'9'eator1 
iteo us••• the potential for iACTtui.111 th .. • imped.i.lNIIU 
to th• NtU:a.l d1rcc.t100 aod force of !lov vtiere they oov 
lay. It also 1.ncludu the. po1sib1Uty of cr••titl:& uew 
debris jm:u under certd:a flow conditions. 

1. ~: I>ebtis 1U)' be pru.at. on th.a baniu, \>ut 
is •o aituaced or ia ot 11.ich a a1~•. that th• atrea 
i. not able co p\Llh or float it into the c.bamtel and, 
therefore, for all intents m>d pu.rp°'••• it b abaac. 
tn tnath, there say b-e non• ph.y•ically preaeac. lotl:i 
s.it1aa.tion.t. are r•te.d the see. 

2. Cood: Th• d,ebti.t pntent of fen ICIDI!: bank prouetioa 
a v'h.Ue but it 1MJ.l ena..ash to be fleeted ..,.., 1n 

c.1.me:. Ooly .su.11 ja::u could be fon.ed vitb. t.b.1a aaurial 
&lone.. 

3. Fair~ Thel'e is a noticeabl• •ccu:.u.U.tioa of •ll •U:u 
and tht •trea i1 l.us• caoup c.o float it &\I~. at 
corc.•Uli t.1.aes, t.hv.s decreuin.; c.h.e b~ prouction and 
&ddUIC to the debri• ja potecti&l 

Poor: Moderate to heavy accr.miul.&t1oa.a are pr.Mot du• 
to fire.a. i?:ts.ect •tt•ck. 1 disaue DOrtality. vindtbr°"• 
or loecins slash. Righ fl°"• vill float aooe debris 
away and th• readft.der vill uu..• chAmLel ch.cl&••· 

tht Oftt •k- i.,,. tht <tJtttit o, p/totc 
c:au.,e -i.Ctto bt "4-ttd "Poo,r.". 

floods quite common as 1nd.iQJled by kmd and c:ondition of the bmk pl.ants 
and the position and accumulation o( debris. Widdi to depth stability ratio 
6 or less or I .i or mort md becoming incised Bank Height Ratio >I. 3 

Bank Rock Com:<:m. Ex11mmatton of the matcnals that make up the channel bank 
wilf reveal the rrl.11uvc rcs1stenc-e of lhis componcn1 to dctaehmcnt by flow forces. 
Since 1M banks arc perenn1a.JI)' and intrnnincntly bolh aquatic and terrestrial 
environments. lhC5C sites are harsh for most plants that fflU.c- up bolh fYPC'S· 
vcgetatioa is. thmfone. generally l8<king and II is tht volume. sizr and shapt of 
the rock component which pnmaril)' determine the resistencc to flow forces. 

A soil pit need not bt dlljj. Swface rock and exposed cUI banks will enabl< )'OU to 
catcgonzc this item as listed b)· percentage- rangie-, on the field form. 

~: Rock makes up 65",ofmore of the volume of the bonl,. 
Within this rock matrix largt. angular boulders 12• (on their lar&"' axi,) 
are numerous. 

Cwild· Banks 40-65'- rock which ar< mostly small boulikrs and cobble 
ranging m size: form 6-1 ::!" mean diamctc-r. Some may be rounded .... -hi! 
others :uc an~ul.ar. 

UIJI: 20-40-,~ ofhanl volume rock. While some big rock may be present. 
most fall in10 the J.6- diame1.cr clas.s. 

fwl.r:: LcM lMn 2CWo rod,; fngmcnts. mostly of gB\'d s.izts 1-3" in 
dillffl(:lCt. 

Atllt5 

I>. Vege:tati,,.., lank Protactioa: Th• ao11 1A banks is Mld in 
place lar1aly by p,lut rooca. R.1parie1 platt have alaoat 
1mli.mit•d. vater for both crown .aad root d•v.elopaea.t. Tbilr 
root Mts 1enerally 1Dcraa.e in density Vitb proziaity to 
th• opei:i chamael. Ii:Ma and. sbru.bt 1.aarally have d•ep•r 
root S'fltta1 tha sruu.1 and fo'tbs. loot• ••ldcm a-stesad 
far into the vat•T table. however, and near the o! 
lakes md Ura.mu they aay 'be ccaparat.iv.ely 1b&l.lov roote.d. 
SOIN -,,ecie1 are, U&erefore. 1ubject to villd.Chrov. 

lo addit1oa to the bca.efiu of th• root Nt 1A 
the b&DUi. the sens help to reduee th• velocity of flood 
flCl'ls. Tr.abulnc• U ·••r•t•d by ltcu 1n wt.at uy bne 
bee1i la.tan flow. The eeriouaness of this anera relaue 
depends oa the denairy of both oventoey and underttory 
ve:getation. Th4II cr•aur the den.aity of both. dM actr• 
resi&te:nce displayed. Daa&e frOC1 turbule-a.r• 1• srute•t 
u th• pe.ripbery ad d1.miD11hea with di•ta:nce fraa me 
oor-...al ehcatl. Ocher factor, to coa.s1der, 1n add.itioo to 
the daa1ty of are the vari.etie-• of "cgetet.ioo. the 
vtsor of srouth .and th• 1:eprodu.euoo proc••.,.•· v ... ,al 
variaty ii aore de•irable than • monotyp1.c plant c<8:la:a.ity. 
Youns plcu, srowtns 8£'4 raprodvci..D:s vi1,oroualy 1 an better 
t.han old. de~eot St&Gdl. 
l. Excellent: TrH1, shrubs• er••• and forb• codtia.ed 

cover S10re thari 90 parcat of the arouud. 0penJ.o.c,1 1n. 
thir nearly cc.;,lete cover are ....U and evealy 
A v•riHy of specie• and .... cluHs an rcpresated. 
Crow-tb i.s vtsoroua and reproduction. of spec.le• 1D both 
cbe under- md over-atory is proc.••d.1.n& at. .a rau. to 
insure eoei.t1Dued p-ound caver conditiOQ.I. A dNp, 
dmse root aat is tAf•ned. 

2. 222!.: Planta eove:r 70 to 90 ~rcent of the ll'OUftd. 
Shrub specie, az:e more prevaleut than tr••· ()pen.1aaa 
in tht trM canopy ara lua,er th.an the. ep,aca rasulti.ag 
free. the lo.s. of a aia.gle uture itldividu.al. While the 
srowth '-~1&or U ,co.er.ally 1ood for all 1pac.ia, adTaa.ced 
reproduction. may be aparu or lac.k.it11 aicire.ly. 4 
root •t iii not. coc.t.inUOQ aid 110r1t MriCNS erosive 
iacurd~ are pos11.blc 1n th• opan..iogt. 

3. .!:!U.: Plant c:ov.r rmi1•• froa .SO to 10 ,.rCJeC.t. Lac:lt 
o! visor h evident 1a SOCDe 1nd1.viduala az1d/ttr a,-c1u. 
~edU.n& reprodu.ctioa iJ: nil. Thi.• condition rak•d 
fair. bued eoatly on the percent of the ere.a oot 
covered by veaetation with a deep root aat potcG.ti&l 
cd leaa cc the kind of planu that Dake. up tb.e ovet-
story. 

4, Poor: I.us than 50 l'f•cet of th• 1ro,md u eovu&d. 
!rt.es are uae:atially ab1ent. Shni\>s largely exist 
in scaccered clunps. Croutb ed teproductioa. visor 
is s•a..erally poor. i.oot =au dhcont.UliUOl,l;S and 
th&.1.101,1. 

c. Obstruct.i<m::9 a.nd FlcM: D•!lcctors: Oi:ljecu within the 
streu i:b.aAnal, like l•rse rocks, embedded logs, brtds• 
pilinss, etc., chcge the d.irectioa. of flov ,a:1d sou,e-
d.Du th« velocity a.s 1.N!ll. Obstructicns ..,- produce: 
.Id.verse stability effect.a vhen tbe:y increase tb.e velocity 
an.d deflt:c.t the fl.ov into um.t.able cd \mprouct&d banks 
and across wi•t•bl.e bottom aaterials. Thay al.lo eay pro-
duee favorable impacts vbeu velcc.ity 1s decraued by 
turbulence aud pools are fo~d. 

S..dimant Traps: Chamlel ob•tt'\lctioos whii:b. daJ: tbe flow 
partly or vholly fona pools or slack v&te.r arau. !be 
pools lover the: ch&llDCl gradient. W'1th this los1 of 
eaars, the a.adJJacat transport power is sreately reduced. 
Coar•• p.artt.cle• dr~ out first at tbe hud of th• ,00'1. 
Sme or &ll of the fiAe suspended particle• ..,. carry 
on throu&h. 

Embedded los• and larae bould.ara can produce ••rr •table 
natural cuaa vhich do DOC add to chcmcl !utability. 
SCCM dabri.e cl.au md bener daas, however, are quite UD.-
t:t&Dla and. only aerve to incra.ue the •everlt.y of i:b.acm.el 
d&aa&e vbai they bre.ak up. 

TM effectiven••• of thtuo a..:Siaent uapa depends oa. pool 
lensth relative co entrance velocicy. The svifter the 
currait, th.e loc.1er che pool needed to raacb r.ero qloc.icy. 
tutbYllaice caused by a falls at the head of tlw pool 
1hortcna the l.ecgth requ.ired co reach r.ero ve.loeitJ'. 

n°"' long th••e trap1 are effective depaDCU oo deptb ad 
vidth u vtll &I pool len1t..ti and. of CO\lr••• tbe r•te ot 
.e.di.tlletllt accretion. 

lteiu. of vegetation ll'ovinS in the: vaur, like alders, 
W'ill°"s. ca,:t.aila. recd.a, aa.d 1edses are alao «ffec.tivc 
cr•p• 1n aooa locations and reduce n~ v•loc.ity aM 
•edi.tlletllt earrying pavar 

All.16' 
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C. Obstrvction.• and !low I>dlectora (Continued) 

l. Excell.mu: Log•, rock•, a::nd other ob1tNc:t1an.s to 
~finaly llllbed.d.•d a.ad 1>rod.uc• a pattern of 
flOlf vbich does not erode the baks cad bot.toa or 
cauae eediae.nt buildups. Poolriffle nl&CiOG.Sbip 
ttable. 

2. Cood: O'bttru.ctic:au to fl0',1' and Hdi-.nt trap• are 
;i"u"ct • cau.81.D.S cross cur-rec ts vbich create aame: 
a:ill.cr bank and bottoa eroaioo.. $OCN of UI• obatru.c--
tion.a are niewar • DOt firaly ~ded &:ad aove to 
aev location.I du.:rin1 high flows. Soma HdiMnt is 
trapped in pools cle.creuin1 the1r 

3. !s!,: frequ.ect &Ad quiu often W1StabU 
obit Ne tioa.t • c.au.se 11.0ticeable ••uoaal erCMicm ot 
the cha.a:ocl. Ccm.sidcr&blc 1edi.ce:it acamulatu be-
hind 

4. Poor; Obscru.c tia,u ad craps so fl'e.queot they a:re 
~rvi.sible, often uucablt to IDO'Vtaent a1'd cald• 
a coatiDu.t.l shift of Hd1JNDU at all HUcmt. Si.ace 
traps are UUed u. sooa u formed, the ch~l 111crate.a 
and vidc.na. 

.i.--
5",n~ toCA.t<O•.,. ~Ml<" On pag• r,. bu.t lDolwig ~--
O~n Ulu .t46 cov.ltJ. l>u.cmt .th< iwdw. o0 o. dr.t.u.6 jcu,. 

Al&.11 

£. I>epos1tion: Love?' bank channel. areu ,re ae:aerdly the 
steepe.r portions of th.e wectcd periiuttr a.ad IU)' 
be rath.er rw.nov nrips of laAd th.u offer clip!t oppor-
t:unity for deposicioa. E.xceptioos to this state11111mt 
abound since d-,,01icion is ofun noted on the l.u sid• 
of large. roc'ks m:i.d log deflectors vhich for: n.atur&l 
jetties. ~ever. these deposits tend to bie abort and 
oarrO\I. On the lus steep, lwer b&DI--Ji, depoaitioa d'llring 
receas10:l. !roe ?@ak !10\ls can be qu1.te large. The appca:r-
mc::e of .5and and grav1l "ban vhert they did cot preVlously 
exist =.ay be o:ie o1 the !1rat ci.ros of upstre.a:a e.roisiao. 
These bars t:e=d to a:row, prim.a.rily 1.n depth and len,s:th, 
vi.th cout1Duad vacersh.•d dbtu.rbaru;.e{11). Width cban,:u 
&r• 1.n • ehorward 4ire.etioa u overflow depcsitiO':I taktH 
pla.c.e Oil the upper b&llU. Dimensioual depo1itioa "growdi" 
iii 1.ia.ited by the sin and orientatio-n of tht o!)nruction.s 
to !low a.lorig the eha:anel baruc•. fl°'"' Y•locity and • con-
t.i.a.u..iag l.apltrea:c. Hdilaent 11u.pply. 

I>e1)oa1Uoii 11&y alt~ occ1,1r on th• iusid. radii of bends• 
partic.ul&rly 1! active euttin& h, Wing place oo tbe 
o;,s,osiu 1hore. Al.lo. dapOlits an fouzid b•l~ ~tric-
tion• or vhere then is a suddan flatt@ing of 1trea:i. 
gradient u occ::;u.u upstu.c above: ge:ologic nic poinu. 

l. ~: Very little or no deposition of frub 
silt, •and or gra.v•l cb&rulel bars 1:1 1tra.i.ght 
reach~ OT point bars on the inside: bank.JI of curved 
reaches. 

2. ~: Some fresh deposita. on bars and b-ebind ob1truc-
c1on.a. Shes tend to be pr•dOCUnately from the tarser 
size clat••• ... c,oarse gravels. 

3. 

4. 

Fair: De:pc,Uts of fr•sh, coarse s&1:1da and sr.avela 
obaerved with coch1ute frtquc:t1iey. B.au ar• cnb.rgi.n; 
and po-oh ue fillia1 so riffle arc.M predominate. 

!.22!_: bcenahe d•posiu of predoaiAatdy frub, 
fi.D.• •and•• •oe. and saa.11 crcvela. Acceler-
ated bar d•velopunit coaaoa. Stot'•&• are•• are uov 
full •nd arc aovi.Qg .-ven d~rina: lov flov 

Al&.H 

Cuttit1g and Dttpoaicioa are c01J.com:mittent procHHI. You 
ea• t b.ne ooe Vitbotac the other. BoweveT • it ii possible 
for ucb to be t.alt.ulc place in differect reachu of 
nr..a at tbe •ae tiaa, ad hence U\e aepar•t.loo for clusi-
f'ic&tioa puT';-ONS vhich 

D. ~: One of the first sisns of channel decrad•c.1oa 
vould be • lou of aquatic. vegacat1oa by 1cot1rina: or 
vprootinc. Scae cb.amMal.a are ucurally devoid of aquatic 
pl.&1:1u and htte the atagea vould be an 1.ncra.ue in 
the of t.be d1mm.e.l b&alts. kg.1nn.1.a.a a.ear the 
top, &Dd later eJnend1D1 in ••rioua cu•• to the total 
d«pth, tbe lower channel bank becaau a oear vertical v&ll. 

U plant rooc1 bind the su.rface borhoo of tbe ~jacat 
u;iper bz:ik. into coheai v• ma.as, uadercuttin1 will follow. 
Tb.u process contin'1u uatil tbe veicht of overha:01 
eaua•• the aod to c::rac.k and 1luap into 
Cha ch1m1d. Difforootial horizontal c09?actioa ad 
tutur~ CANld alao reaulc 1D. \IDdercut Ocks evn vith 

ab•en.ee of vea•tativ• cover. Tb•r• art 1-.e loosel7 
con.solidat-S b&nk.& that wiU\ or v1t.hout vesnat1oa are 
literally nibbled never developin& DJ.ch, 1f my, 
o·verhans. 

l. Excellent: Very little or 110 cvtt1o1 11 evideat. 
a.av, •rod.UIS b&!2ks •r• inheq11en.t. •hort and pre-
doain.acely 1 .... than 6" hiah. 

2. ~: Soae inteni.iccu.c cuttlD.& aloa, chmuMl out-
cunn and at prcm.1JM.nt CO!l9tr!.ctioa.a. Eroded. a:r ... 
are ""'uiY&le:nt in langth to ooe chanael vidc:h or i.,s 
AM c:he ••rtic&l cu.ta are predOCU.aacc.ly lAH tb&D. U". 

l. !!!!,: Sip.1Ucaat bank cu.tti111 occ:un fre41o1ently 
1D the reach. I.av verc:ic&l bank• 12 .. co 24" bi&b, •r• 
prnale:nt u •r• root Mt overhm1c1 &11.d •lOU&bins .. 

4. !!!2!,: Nearly c.ont1nUO\I• bank c:u.ttin1. Soor.e raac.hea 
have vertiul cut facu over 2 h•t hicb.. UadercutUuc, 
cod-root overhan.;a and vertical aide failuru uy also 
be fr•1'aent in the. raced re&ch • 

llater !lovs over the c.hciicl bottom nearly all of th• t.1.me 
1a ;,erei:in.1&1 &treas. le b, therefore, al,l)osc totally &11 

aqu.atic. envirOQlNnt, coia;,osed of inorganic rock. coa.•c.:1tl.lC1U 
fovnd in an infia.it• v&riety of kio.d1,, shapes. &nd ahas-. 
It is al.so a c.omplex biological co=runity of plant &Dd 
ani=al Ufe. Thia_ Utter c:oca:ponent h mer• difficult co 
d.iacen:i and may in f&c:t, at tiaes and pl•ce&, be tcully 
lac:k.101. 

Both component.a, b>• their appearance aloe.• and. iD caabin&ti.oa, 
offer cluas to tbe at.abille, of th4: st.team bot.toa. 1hcy .are 
arbitrarlly aeparated •Gd ia.dividually rated for coaYCDience 
and eaphuis durins the ev•luation. procesi.. lecauae. of the 
hi&h re:llatce OD the visual aaaae, inventory vork 1S but 
a.ccompli.9he:d durin& th.c low fl0',1' seuon and vb.ca t:hl!I vater 
is fru of •u.~•d or d.isaolYBd aubscancu.. If rat1a1s 
mat be u.d.e 1D bi&:h flou period$, 10\mds of aao.raaaa.t -,, 
be the oaly clM u to tb• llt&te: of flux OQ th• bou.oa.. 

A. Angu.hrit•: Roeks from 1trat:ificd 0 .. tamorpbic fo-nt-
at.ioca break out and work their way into cl:lm.nell ., 
angular ha.a-mu tb.at n.11sc tt.aablinc. Their •b.arp 
corners and •d&•s v.eu and ar• rowided in tiae • bYt 
they reaiat the tu=bliAg 110t100.. Th••• mpl.ar rocks 
pack t.og•th•r w:ll and aay orient U.U 
shin&lea (mbricate4). In c.h.ts configuratioa they are 
-reaiscant to det.ac:h.al,ent. 

In cwtrast I i.Jne:ous roc:ks oft«n produce fragm.t.acs th&t 
round up quietly. pack poorly md are euily dataehed 
and IIDYed dOWftJtt••· 

!:xcellent to Poor retina• rel.ate to t.he amount of rocmd-
in& u.hibited &ad, 1teoadaril7, th• amootb.nea• or polieb 
the' surf.acu b.ave adU.eved. Scee rocka never do UlOOtb 
up 1n th.e natural envil'omunt, but moat round up ia. tial:. 
Both conditions, ot c:.ourM. are relat.ive. vitbin the 
1nhere:nt eapah1lity of the respective rock type1. 

&~
\ 

~.,. 

,..,.. • .. ,,. . 

• ~#:' .... ......... 
Al&.l8 
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II. lrtpc.eaa: &ock.e 1u DOtion '"ptbel' no moss .. , algae or stain either. 'They becoca,e poll.shed by frequaat 
cuablin& .and, .. • aeaa.ral rule., app•ar bri&ht•r 1A their chroaa value.a th&D 11&11.l.&r rocks Vhich bP• r ... ica.d &tationa-y. The des;r•• of nainiD.1 and qg.-c.aciYe sr~• rel&u alao to vater ta-per•ture, ae.uou:, nutri&a.t U"ftls, •tc. lu a.oae areu & ~ri&ht" rock Vill be "dult.d" in a matter ot veek.s or I.:o aaother it u, uke years to acbieve tba ame ruulu. Kaver-
tbele.as. •••n aliaht chcncu during the spritl1 nm.off should ckteccab-la clurinl the 01.xt sumer'• survey. Look fint tor chm11u 1c t~ a.ads md. ,ravels. 

1. I.x5eU.a.t: Lua than 5% of tbe. coul bottom 1bould be brtsbt, a.evly poliahe.d uad. exposed aurfacH. 
Ko.t vill be covered by arcvthli or • t:11..m of oramic Hain, StaJ.na a.ay al.so be from IUD.era.ls di.laolvcd in cha vate?". 

2. ! :; to 35% of the bot toct .a;,pean bri&bter, 
IOM. of wbir;:h m&'j' be. OD t.fte la?"ge.r l'Od shu. 

l. !!!!:= About • 50-50 aixture of bri&,ht and dull V1tb • 15% l.a.evay 1n &it.bar direccioa (i.e., a ran1• of froa J5, to 6S% 'bris}lt m.aurta.ls). 

'• !!!:!l!:: lr11ht, fruhJy apoud rock llft'!acH pr ... dcaiD•t• vi.th cv~thit"ds or IIO're of lb• bottOQ uteri ah iD. mot ion recently. 

''\;:~":-~~ ?t-:: ~~•:// 
0•11 

' ---- f 

All.11 

!), Bottc:JQ Sir:e Diacril)ut1on and Pe?"c4ttlt Stable M.ate?"iili: 

Rocks rcm.a.1.c.1ag on & st?"ea:n' s bottom re.fleet the aeologtc SOU?'Cl!:9 ~""ithi.n the baain and tb• flow force, eif tb• ~UC, Normally. there is an array of sizes. tll&t you expect to see 1D any &iven loc&l. After a little experit:.0.u. you begin to "sen..se•• &buorm.a.l citu.atioas. G•M"rally. 1::i. rlle o.atu.re topOfraphy typical of the Mort.hen le1ioc. ~! the Farese Service and auch of t.he othe?' -wn•rn Res.ions u '°""11, the flow iJ:I che slKll. ateep u~r nraa: ruchea 1.c sufficient to v.ash the 1011 separate• a:id &OIM of the gravels ~•Y· 'Wh.&t remaiDs 1a • gravdly 1 cobbly at:ream bottoa. ln the- lower reaches vh-ere the gu,dient U lu• and flow U often slower. depositioa. of the '"fines" eroded above be.&in to d?"op out. Tbe 1epu•t•• of aand. ailt., and •OQt c.lay begil:I to cO"':er the coarser eie.m:u. Exc.•pt viler• crapped 1n still vater areu, these fines. te.D.d to 'be ill motioa to ever low.?' elnatioos-
lvo eloen:u of bottOlll are raced in th11 itito: (l) Cha&•• O?' shift• froa the natu.ral vatiation of coa-
-• sue cluoe1 aad (2) the perca,ua• of all ccc-poa.ent• vbi.ch. are judaad to be a.table ucarialt. Be.d-rodc., lar&• bould•r• • ud c:obble. noon ra.ngin& 1D 1ize. froa oae eo three fNt or aore in di.Diete?" a?"e eoa.aidered "•table'' element• in tM aveTqo •1'-u.ation. Obvious.ly, mallor rod.ca in .,..uar oh..,..cll m1Jht ol>o <lln•d as 5 tabls. nw 1,izea are gtvmi oo.l:, to ,u1de chought. Bed?"ock .u .a m&jo?' compone.nt of bottom •nd bank.a. no 

uhat size t~e chan:oel or hov the other ele:INnts r.ate, a1way• U\ an cl.anif!c.ation of 
ch•c '[e.ach. 

l. Excellent: There is no noticeable ch.111;1.1 in lilt 
~ion. The roe.II: a.ix.tura •ppean to bl n.or-
m&l tor the kind of geologic;. in the b,ui.n &Ad th« flw foTc;.es of •tremu of tbil size e.d 
loc:ati011 in the wacerabed. 
H' shift or c:han_;a hu tak.c.n place so there are grcate?" percen.tq•• of larc• "tock in the am.all at.reai:u and na.aller •iz.•• in la?',a atn.aa:s. the condition. clu• ao1t. approp?"iate should be checked. 
It ts a utter of deJTee •• follows: 
(St.Gle Kate?"ial.5 &0-1002:j. 

2, ~; Sliahc ehUt 1n eithe?' d1nction. 
(Stable. MAteriab 50-80%). 

). !.!!.!.= Mode.ratct shift in sin cl.use,. 
(Stable tl.ate?"i&ls 20-5,0%). 

4, ~: harked, a pronounc.ed •hih. 
(Stable ?1.ate?"i&ls l1us than 20%/. 

C. Cozuolidat:ioa. (Particle Packln.g): Uoder stable coa.ditiOQ.I, the arrey of roc:i. md partiele sile• pack toae.the.r. Voids .are Ull-1. .Lart•r c:.c:opounu tend to overlap Uke-11-hiD&l•• (iabrtcate). $o &rranied, the: bottom 1a quit• rui•tat to evea ac.epti.on&l f lOlf tore es. Socaa rock types Csran.itics) are 1••• -.aable co this pack.1.a.g procus a:od miv.r reac.b tbe stable at.ate of others. like tw klt Suies rocks. 

1- ~: An array of •ha arc ticht.ly paeka.d 
and ved&ed vith llalCh overlappiua which 111.&k•• it difficult to dialoda• by k.icilna. 

2. Good: J1od<1ratcly ti&bt packili& of particles- vi.th hat vat.er paru cf t.be cros• protected 
by overlappias rock£. Tb••• m1Jbt be di.tlodaed by higber than cverac• tlOW' coadi tioa.•, hove.ver. 

J. Fair; iiodar.ately loose Vitllwc any pattern of 
overlappin&• Kost eleu:a.ts might be moved by .,..•race- bi&h Cl°" coc4ic.1ou. 

4. !22£: Jtoc.b ia loose array, 110Yad euily by 
than hl&b tlCM cOlldhioa.s and mve uo.dertoot vbilll vallr.in& acr0111 the bott.oa. lh• !lb.ape of c.be•• 
roc.b tends to k predaaiJlao.tly roua.d and •orted 
10 Chat molt arc of s.iai.lar lice. 

S14c Vi••• •f 

A.11.2'2 

i, Scouting and/or Dtpcsictoo, lce,u of liu, .. ,ul.arity 
and bT11,htnea, al:re..ady r•t•d above ShOl.l.ld lead you tCI 
SctK coa.clu.,.ioas .u to cbe aount of 1,cO"Urta.1 .ad/o?" de;,F>Sitioc. that is Uk.trig place aloug the. cb.ano.el botto= .. 

1. ~: Neithc-r 1couri.ng or depoti,iv.l 1& ~h 
1n evida.u. Up to S% o! either or • c:ombinatioo 
of both uy be pnacnc aloa1 tb• lenst.h ot the 
?"each; i.e. 1 0-5 feet in 100 feet of chcmel len&th. 

2. ~: Af!ecud lm.gth: ra1e.s from 5, to 30%. Cuu ar• fo,,md aostly at chamnel or Vhere the. STadient 1teepens. Deposit.ion is in pools and 
b.ackvate?' area.a.. Sc.cU.JNnt Ut pool.a tad:• co aove oa tbroup s:o p,ools c.bma;e onlY aliShtlY in d•pth bout srutly in ccapo1ition of thei.?' •1:c.e clu:s•s. 

l. I!!.!.: Hoderate chacs•• are oc.eu.rtlns. JO to 50% of the bottom U in a atete of flus. Cuttina 1, 
tu.in& pl.au belov obstruction.a, at con1triction., 
and ou neep sradu. Depo11u UI p,ocils naw c«nd co !ill tbe: pool and decnue thair she. 

I.a. ~: Both cuttin& ad depodcloo &'re commou; .502: 
plus. of the botcoa 1.1 movi.ns not only during high flw periods but &t oost nuoc• of the year. 



Unofficial FERC-Generated PDF of 20050519-0068 Received by FERC OSEC 05/10/2005 in Docket#: P-10855-000-

• 
r. Agu..Uc Vese-cai:icm = aODe" .. uure of •t•b1111n.ion of the aoU-roek coepoa.Kta 11 achi•vff, th• chaue,l 

bot t.oar. beco:mes ft t b-1:ti cat for pla:st and a&ia.al life. Th.h procua becia• in che •lack w.ater &reu aad r,ea.tu-ally aay 1nc.lude the Sl#ift w•ter portion.a of the atrua 
c:rou nctioa. With a chc:aa• in volume of flov a,d/or 
tcdUle.a.tatioa racea:, th•r• may alao be • temporary loss 
of t:'l.e livin& el.a:Mnu in the aqua.tic ea.vironment. Thia 
last 1ta attprpu to asse..aa the. ou.e m.aero-aquatic bio--
a,u, i.n41cator 1:ound t.o be.tc express a chazia• ln ch.&:mel 
•t&b.1lity. 

Clingi-pg Mosa and Algae: these lo,,,er plant fon11 do not 
have roots but clina to the sub1-crace. 'nley are: low 
gr01tin1 m::id. aay first appear •• • ST••n to yellow-grffll. slick spot Oil the bottOD rocks. Kosa plant.a continue 
vi.th allplc variation in color but 00 rr••t ch&nJ• in mas, font aauoo co a•uon. Al&.ae by contrut have a 
peak of arovth •ctlvicy and then die o!f in areat 0Ullber1,. 
ni.e slippery c0!tditions they produce pe:rsin •f~cr dc•th • 
h01tev.r. 

Both ala.a• and moss inhabit the cvift vat•r •r•u a.s vell 
as the: quiet pool• and baclui•tar port.io:ii;: ot th.e strea: 
botta=. 

l. txcellent: Cllngi.ag planci. are abundait thro,,,Sbout 
frOCI. bank co b.cik. A coatinuous Ut of 

"•l•t.ation ill not i-eqwir•d but ao.• muJ./or .ai,u are. Taad1ly Hen in all d.irectioaa acr~• tbe. •tr .... 

2. ~: Pla:nu are quite cocaot1 lll th• slower portions 
of the rcaeb but chin out or •r• &b••t in t1'e. wtft 
fl~i.D& porticas of tbe s.trea=. 

3. F&ir: are fOUDd. but the.1r oecu:rr~ 1s 
~ty. thty are &11:rost totally atiaezit frc. rocks 
1D the swifter portioaa of the reach md --,, also 
b• ~se:t&t in aoae of che elOIJ a=d vater arcu. 

i.. !s!:2!,: Clln&in& plants arc rarely found anyvberc in 
the reacb. (Thia U: an uaut"Ml •itu.ati.an bu.t Cow.d 
Mps,.c uoder • c~iA.at ion ot •dv•r•• CD.rt.roaa,mc.al 

AJl.:ZS 

ean. vithstand th•H iac:reases vith leu dma1• th&o 
sys teas r•t~ "poor". "Poot" systems cao vithst&Ad 
cr•dual cbanps better tha:a abrupt chmau 1n th• 
dUc.har1e reci.Dau. 

To ca.lcu.l.ate .a overall ratinJ for a. sy•t-. .. (1) 
lklltiply the lc:a:th of ••eh reach by it• mmeric ratia.&, (2) add the ve.is;bted produ.c:ts of all re.aches 1u the syataa 
.md (l) diTid.e by the tou..l. lt.n.&th of tba 

11.ucb A 
lt&acb. 
ftuc~ C 

tot.al 

3.2 Id.lea • SO (fair) 
0.5 ailu x 100 (poor) 
2.0 pilos x 40 (good) 

1.7 Ill.lea 

• 256 
• 50 
- so 

386 

Strum, .nt:r&&•: 386 • S. 7 • 68 (Cood} 

Land u,d veter ~:w pot be r::-vd on the 'bui• of .!!..!!!IS.'· l.n. tbe &bov• eu:mp •, 'tM ijiEe:a I.. eciapo1cd of chrN re.&cbu vb.ic:h t'&te 111ood'1 OC c.be 
.,..erase. but a "'9:ak link" h.as bM:a identified. a.each 
! 1s 1D .. poor" cood:1 ttoa.. Oaa or the ot,.\f'ious ua•• of 
tbU syst• co identify '\l•.lk. 11.Akl'• ud to discover 
what, U -=1, opport'tmity to correct the ean.diticai. 
It Utters little if tbe daaged are.a ta aatval or D&D.-
c:au.sed. the of '"VeU:. shou.ld rcu-GIUbly 
alter land IIID&&&INllt to the uu:ct Deces1a.ry 
to KMavc atatM lca.d Cid vat.er ll&D&geDint objecti•••· 

The procedu:r .. &bou..1.d ulU.Utely ..-nc a cMe:k &D.d 
• -..at.are of am:t.ac:-..nt: aucc:e••· 'nl• n.1: effect.a of u.c:1' QIN' inCT«act of ch.en&• Vichi.A the v.aurehed. 
~t un.it will ultiaatcly be SZ'p't'UHd 1u t.hc 
Coa.4.iUoa of the at1:ea chana.•1 rupoodin& to a 
hydra,dic rcpam.. hude.ot am.q.«ra will He.k. th•M 
trcd data by periodic rcappraiaal. of ~1 coa.41t.ioo.9 
and ru~ to ad-..rac cbcl.au befor• 1.apacu t:o the 
v.accr rc,ource 'beoca.e w.c:uptable and \m.&ltcr&blc. 

Ata.J7 

!'t.mAJt:tlc:llt haplic.t.tiOll.• 

Altar beati.o1 tbc ._..ttina )'OU% fc,et vet &nd Ugh.tin& 
you have a •e.rtu o! chmnel 

You uy now uk, ''"\,Jh,at do -ch-... nuaben Da&JJ md how are they 
used in Dak.ing • an&ICNa.t deci.doa.!''. 

SJ uow you kn~ this subject U coepl1catcd &rad precludes 
1.ndepch anaver1, Mu. The. follov1A1 brief ans\19r• 111&y 
sauify you of th•y uy raise- m.orc When this 
happens, 1t • s tik to your for 
detailed. specific 

The nUlllbert &Ad Che &djecc.ive rating• they rcl..&tc to 
oe.an lolhat they say. A 1-tre.a= chan:At:l r•ach that rates 
"poor'' b.u a coabi.gatioa of attributu that vill requ.iu 
mor• jud1ciou& up1trec:i aia:nageaatt of the tribuury 
vat•rabed l&Gds ch.an oae rat•d "'excellent". Tb.is rati.na 
procedure 11u not du1S"Qt:d to fix bl.ma for poor land 
and water un•1cmiat or t.o reward good 111.&ft.qcmftl,t, altbo1.1&h, in time, i.t. eould be used for tb.1.s purpose. kfor• pauiag 
judgaent. be aware that n.atu.r,al, un.distnibed "•t.•r•b•d.1 aay 
exhibit poor hydolo;ic coaditions. Coavcrscly, a bighly 
developed .and used ,.:atershe.d aay have a dtain..a1e netvork. in 
aoed hydologic sh.ape. The: rat101 system vill th•refora 
h.ave che most velu .. to l.md ma.users vbo have definite vatu 
mau1eaeot go.a.ls, \Ibo can r•l..&t• to im;,acu of other reaourc• U&e• assd actiYiti••, who ucdcrst.an,d natural lic1ta-
t1on.a • .aDd are willi.Dg and abl• to u:u the systm to dtfiD• 
the: risks they arc villing to tu:.e to :&1.ti.ta..1.n or 4lter t:b• st•tu.s quo. 

Om use o.f this rating cy•tea 19 to uaea, conditions a.ad 
de!i.ue 1&pacu aJ.1n11 ahon: re.&chU cf •tree. Chau,c.l 
ccmditiO'lla can be «"Valuated 1n ura:a of •tree 1cabillt)" 
and potc-n.t1&.l for d-...1.ng va1:er quality at OJlvert and 
brid&e •t and Adminllcrattve sites or 
'Wherever Uve•toc.k a=d Vild.life caacu.1:rau M.U or acroaa 
a vat•r c0tsrae. A chari..a.l r&ted "poor .. at a culvert 1ite, 
fqr ex&aple, c.ann.ot withstand u a.Jeh conatrict11n1 or 
&r.adi.-at c.b&nae u ODe rated "1oodn. A.n::ed ~1th this 
additiou&.l iaiowl•d&•• tbe d.eciaioa could ba to change 
loc.aticma, red•1igD tbc 1.D.t&.ll•cion or H:ltc:t • different 
cys,. of structure to prouct cbe ~uat.ic habi::•t. 

pria&ry me of this 1y•te2:::1 U to c:atin c1'aDA•l syateaa vithia • veter,~ a.nd to the in 
eouj\Zllc:tioii with oth•r bydroloeic to au.plent 
silv1cultural H.Apid en.a,..- 1D the denlicy 
&!MS •real extent of ve1e.tation on • vaterehcd can 1ncr....,• 
stre.c dUch.ars«s. Cb.annel systas rated "e.xcellent" 

All.l6 



Unofficial FERC-Generated PDF of 20050519-0068 Received by FERC OSEC 05/10/2005 in Docket#: P-10855-000-

Various Stream Type Succession Scenarios 

j 
0 

V u 
4. c---

VlJ~ U :8 

5. E-Gc---+ F 

Stream Size/Stream Order Meander Patterns 

Reach: 

Date: 

~; 1-"'-'---'-----~-------·-
Stream sire categor; (<><do<) : _____ j 

STIWlMSIZE 

llankMIWldlll Check - - -s--1 0.305 <! 
S-2 0.3· 1.5 1- 5 
S-3 J.S- 4.6 5 • IS 
5-1 15-30 
S-5 9- IS JO -so 
5-{; 15 • 22.8 50 · 75 
S-7 1>2.8·30. 75 · 100 
s--s 30.5 • 46 100- 150 
S-9 46- 76 150 - 250 

S·IO 76· 107 250 • 350 
S·ll 107 • ISO 350 · 500 
S-12 150 • 305 500 · 1000 
5-13 >305 >1000 I 

STREAM ORDER 
Add categories W1 pairenthtsis for speor.c. stream 
order of ruch, For exMnple a t:turd order stream 
with • bonld\JU width ol 6.1 mete,,; (20 feel) 
would be Indexed as: S-4131. 

2nd day RAM Forms 87 OWUdencf Hydrology 2-001 2nd day RAM FDtrM Ba -Hy«o!Ogy2001 
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Depositional Features _, -
ALI. CATEGOAIES THAT APP\. Y 

2ndcSarRAMFonM 89 

Riparian Vegetation 

lfumbe< Comm.,noy Den<Ry Code 

I Ban, RV! 

2 forb,only I.ow RV2a - RV2b 
I.ow R\lla 

J Annuo!Ql'IIS'Swftllfort,s - RV3b 
-h R\l3c 
I.ow • Pttennia! 91'MS -..ie RY1b 
=h RV~ 
I.ow RVS,, 

5 AhllOO"latous gras.se:s { bluegrass, - RV5b 
HIOh RV5c 
I.ow R\lw 

6 Low bnM Mooerate RVtib 
Hlah RV6< 
Low R'fia 

7 High brush Moderate RV7b 
Hk>h RV7c 
Low RVBa 

8 Combln.,UOO g,.!IS,$/brusti _,.,...., RV8b 
H,oh RV8c 
Low R"9<1 

9 Dedduou!. CNef'!.tDt"y _,,.., R\/'lb 
H,c,h RV9c 
Low RVIOo 

ID Deciduous w1tt, brush/gr.ass undro -·· RVlOb 
H,c,h RVIOc 
Low RV11a 

11 ~mal <>verstOIY _,. RVllb 
IHlah RVllc 

RVl2a 

12 w- oommurofy 
1!>00 RVl2b 
fen RV12c 
marsh RVl2d 

2nd day RAM fo<ms 811 

CWlkland Hyo'0logy 2001 

P.:<cent ot TOlal 
Stood 

- :I 
ell 

i 
- ID -Ill 

"t: 
.D 

ti 
C 
C 
Ill .r: u 
E 
f 
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-~ -·-R---- ---- - ---· -- --.. 
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Near-Bank Stress Calculation and Bank Erosion Prediction 

Stream 

Loll -u -lft\ 

Toul 
c-- LBf -·-113 

(LBf,.) 

NNr Bank StNM 
IT,.lt) 

1st day RAM: Forms 
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Total Bank Erosion Calc:ulallon .- - TotalBankL- Sn.r!T,_: 

~: Date ""'""Used 
BEtll New8'1nk- E-Rata Length of -Holgll( ,-:;_--;;.._ ,-.... , lad._._, ........ Banlclftl fftl 

1 

2 

3 
- • 

5 

6 

7 

8 

9 

10 

,, 
12 

13 

,. 
15 

TotalENoion 
I. SUm e<osiOO ..,IH<>lalo to< oach BEHIINBS comc,nalloo ,...._ 

T-e-lon 
II Divide -i eroslon (W) by 271Nt'1ya1<1' (yd'i,t) -----
Ill. Mullply Total Etooion (y•d'J by 1 3, 

T--, I ,,,~---~-""""' -· _____ , 

"' I ,---7 8 I. .. ,. :, \1, J 

I 
i i=:?; 

-~ u-,I ·-~ 5~ --•- --
: il )_,,_., (,(jg;:~ 

? I .- I §w~ 
j, u I ... l a:~l 

l' / l o~ _..J 

·._! ~g 
® 

}Ul!lo:"t-• 

7'tl.LN3.L0d NOIS0~3 >4NV8 

0 15, 

Streambank Erodlblllty Variables 

' f • .... 
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R-.g~Holglle 

120 ----------
100 

,. 
0 iJ 2 i'l 8 - • iJ, •• ..!. • • • rr-

100 ...,.---------~ 

"' 

. ................... . 
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----------------------------------------------------------c:: 
Summary of Stability Condition categories 

Stream: I Location: Date: Observers: 
!Stream !Flow 1::stream Stream Meander oeposItIonal Debns/Channel 
Type: Regime: Size: Order: Pattern: Pattern: Blockage: 

Level Ill Variables Riparian 
Current Compo/density: Potential Comp/density: Altered Channel State: Dimension, Pattern, Profile, Materials: 

Vegetation: 

Channel Dimension Mean Bankfull Mean Bankfull Width/Depth Remarks: 
Deoth (ft): Width (ft): Ratio ft): 

Channel Dimension 1::x1strng Reference conaItIon 
(WID.x)I Moderately Highly Width/Depth Width/Depth Ratio Stable Relationships Ratio(W/Dex): (W/Dref): (W/Dre,): Unstable Unstable Unstable 

Circle: 

MWR Lm/Wbkf Rc/Wbkf Sinuosity Remarks: 
Channel Pattern Mean 

(Range) 

Circle: Riffle/Pool Step/Pool Plane Bed Convergence/Divergence Dunes/antidunes/smooth bed 
River Profile and Max Riffle Pool Riffle Pool Pool to Slope 
Bed Features Bankfull Depth Ratio Pool Average (Max/Mean): Valley: Depth (ft): Spacing: Bankfull: 
Chanhel Stability Pfankuch Pfankuch Adjusted by 
Rating Rating: Stream Type: 

Vertical Stablllty Bank Height Stable Moderately Unstable Highly Width of Flood Entrenchment 
Ratio: unstable Unstable Prone Area (ft): Ratio: 

Bank Erosion Length of Bank Annual Streambank Curve Dominant Dominant 
Summary Studied (ft): Erosion Rate (tons/yr): Used: BEHi: NBS: 
Stream Channel Largest Particle -

'tc1: 
Existing Required Existing Required 

Scour/Deposition Bar Sample (mm): DeptheKF: DepthaKF: Slope8KF: SlopeeKF: 
Potential Clrcle: Stable Aggradation Degradation Enlargement 
Stream Evolution ---. ---. ---. ---. ---. Existing Stream Potential Stream 
Scenario State (tvoe): State (tvoe): 
Sediment Supply Remarks: High Moderate Low Score: (Channel Source) Circle: 
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HABITAT ASSESSMENT FIELD DATA SHEET· RIFFLE/RUN STREAMS 

Habitat Condition CateHrv 
Parameter Ill' _ .. Good - - Pnor 

Eplfaunal Substrate/ Greater than 70% of 40-70% mix of stable 20-40% mix of stable Less than 20¾ 1table habitat; 
allable Cover substrate favorable for habitat; well-suited for full habitat; habitat availability lack of habitat i& obvious; 

epifaunal colonization and colonization potential; less than desirable; substrate aubstrate unstable or lacking. 
fish cover; mi,i: of snags, adequate habitat for frequenlly disturbed or 
submerged Jogs, undercut maintenance of removed. 
banks, cobble or other populations; presence of 
stable habitat and at stage additional substrate in !he 
lo allow full colonization form of new fall, but nol 
potential (i.e., logs/snags yet prepared for 
that arc not new fall and colonization (may rale at 
not trans ienl). hi1th end of scale). 

~rODI<' 20 19 18 17 16 15 14 13 12 II 10 9 8 7 6 s 4 3 2 I 0 

2. Embeddedness Gravel, cobble, and boulder Gravel, cobble, and boulder Gravel, cobble, and boulder Gravel, cobble, and boulder 
particles are 0-25% particles are 25-50% particles are 50• 7 5% particles are more than 7 5% 
surrounded by fine surrounded by fine surrounded by fine surrounded by fine sediment. 
sediment. Layering of sediment. sediment. 
cobble provides diversity 
of niche space. 

~r'ODli' 20 19 18 17 16 15 14 13 12 II 10 9 8 7 6 5 4 J 2 1 0 

3. Velocity/Depth Regime All four velocity/depth Only 3 of the 4 regimes Only 2 of the 4 habitat Dominated by I 
regimes present (slow- present (if fast-shallow is regimes present (if fast- velocity/depth regime 
deep, slow·shallow, fast- missing, scar~ lower than shallow or slow-shallow are (usually slm,cdeep). 
deep, fast-shallow). (Slow if missing other regimes). missing, score low) 
is <1.0 fis, deep is >2 ft.). 

SCORE 20 19 18 17 16 15 14 13 12 I I 10 9 8 7 6 5 4 3 2 I 0 

4. Sediment Deposition Little or no enlargement Some new increase in bar Moderate deposition of new Heavy deposits of fine 
of islands or point bars and formation, mostly from gravel, sand, or fine material, increased bar 
less than 5% of the gravel. sand, or fine sediment on old and new development; more than 
bottom affected by sediment; 5-J0¾ of the bars; 30-50% of the bottom 50% of the bottom changing 

r sediment deposition. bottom affected; slight affected; sediment deposits frequently; pools almost 
deposition in pools. at obstructions, absent due to substantial 

constrictions, and bends; sediment deposition. 
moderate deposition of 
pools prevalent. 

20 19 18 17 16 J 5 14 13 12 11 10 9 8 7 6 5 4 3 2 I r, 

Sa. Channel Flow Status - Water reaches base of Water fills >75% of the Water fills 25-75% of the Very little water in channel 
Maintained Flow Volume both lower banks, and available channel; or available channel, and/or and mostly present as 

minimal amounl of <25% of channel substrate riffle substrates are mostly standing pools. 
channel substrate is is exposed. exposed. 
exJJOsed. . 

SC-ODIi 10 9 8 7 6 5 4 J 2 I 0 

Sb. Channel Flow Status - Vegetation along the Some evidence of bank Bank scour evidence 9-18 Banlc scour(>20 inches) 
Flashiness stream bank is complete scour approximately 4-8 inches above the waters along the stream channel. 

nearly to the waters edge. inches above the waters surface. Channel retention Channel retention devices 
Little or no evidence of surface. Channel devices (if rresent) tend to are generally absent from !he 
frequent changes in retention devices (if may more against the active channel and/or may 
discharge and/or frequent pre.sent_) mostly stable and stream bank rather than exist as woody debris jam, 
high water events tl1at extending partially into extending into the active along the stream hank above 
scours stream bank the active stream channel. channel. the active channel. 
vegetation. Channel 
retention de\,ices (if 
present) stable and 
extending laterally across 
the stream channel. 

SC'ORI<'. 10 9 8 7 6 5 4 3 2 ! 0 
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Parameter - .. Gftlld -- p,.,.,. 

6. Channel Altcntlon Channelizalion or Some chaMelization ChaMelizalion is Stream read! hat been 
dredging absent or presenl, usually in areas contlnuou1 but not recenl recently channelized ( <5 
minimal; stream with of bridge abutmenls; (>3 ycan). years). OR Banks 
normal paltcrn. evidence of parl Embankments without 1hored wilh gablon. rock, 

channelization, i.e., mature lrees and cement or bare earth. 
dredging (greater than dominated by graHe1 and lnstream habitat greatly 
past 20 yr) may be shJUbs altered or removed 
present, but recent entirely. Bank 
channelization is not vegetation moderately 
oresent. dense to absent 

SCORE 20 19 18 17 16 15 14 IJ 12 II 10 9 g 1 6 5 4 3 2 I 0 

7. Frequency of Riffle, Occurrence of riffles Occurrence of rimes Occasional riffle or bend; Generally all flat water or 
(or bends) relatively frequent; ratio infrequent; distance bottom contours provide shallow riffles; poor 

of dislance between belw~n riffles divided by some habilal; distance habilal; diatance between 
rifles divided by width of lhc width of the stream is between rimes divided by riffles divided by the 
the stream <7; l between 7 to \5. the width of the stream is width of the stream is a 
(generally 5 to 7}; between IS to 25. ratio of >25. 
variety of habitat is key. 
In streams where riffles 
are continuous, 
placement of boulders or 
other large, na1ural 
obstruction is imoortanl. 

KQM 20 19 18 17 16 IS 14 13 12 II 10 9 8 7 6 5 4 3 2 I 0 

8. Bank Stability Banks stable; evidence of Moderately stable; Moderately unstable; 30- Unstable; many eroded 
(score each bank) erosion or bank failure infrequent, small areas of 60% of bank in reach has areas;. 0 rawh areas 

absent or minimal; little erosion mostly healed areas of erosion; high frequent along straight 

Note: determine left or 
potential for future over. 5 .)0% of bank in erosion potential during sections and bends; 
problems. <5% of bank reach hai areas of floods. obvious bank sloughing; 

right side by facing affected. erosion. 60-100% ofbank has 
downstream. erosional scars. 
SCORE (LB} Left Bank 10 9 8 7 6 5 4 3 2 I 0 
§CQB.E tBlll Right Bank 10 9 8 7 6 5 4 3 2 I 0 

9. Vegetalin Prole<:tion More than 90% of the 70-90¾ of the stream 50-70% of the stream Less than 50¾ of the 
(score each bank) stream bank surfaces and bank surfaces covered by bank surfaces covered by stream bank surfaces 

immedia le riparian zone native vegetation, but vegetation; disruption covered b)' vegetation; 
covered by native one class of plants is not obvious; patches of bare disruption of stream bank 
vegetation, including well-represented; soil or closely cropped vegetation is very high; 
trees. understory shrubs, disruption evident but vegetation common; less vegetation has been 
or nonwoody not affecting full plant than one-half of the removed to 2 inches or 
macrophyles; vegetative growth potential to any potential plant stubble less in average stubble 
disruption through great extent; more than height remaining. height. 
grazing or mowing one-half of the potential 
minimal or not evident; plant stubble height 
almost all plants allowed remaining. 
to 2row naturallv. 

SCQRE CLB) Left Bank 10 9 8 7 6 5 4 3 2 I 0 
SCORE (RD) Right Bank 10 9 8 7 6 5 4 3 2 I 0 

10. Riparian Ve11e1atlve Widlh of riparian zone Width of riparian zone Width of riparian zone Width ofriparian zone 
> ISO feet and dominated 75-1 SO feet; human I 0- 7 3 feet; human <IO feet; little or no 

(score each bank riparian by native vegetation activitlea have Impacted activities have impacted riparian vegetation due 

zone) 
including trees, ,hrubs, or zone only minimally. zone a great deal. to human activities. 
non-woody macrophytes 
or wetlands; vegetative 
disruption through 
grazing or mowing 
minima! or not evident; 
almost all plants allowed 
lo grow naturally. 
Human activities (i.e., 
parking lots, roadbeds, 
clear-culs, lawns, or 
cropi;) have not impacted 
zone. 

SCORE (LB) Left Bank 10 9 8 7 6 5 4 3 2 I 0 

StORE Cl!Bl Right Bank 10 9 8 7 6 5 4 3 2 I 0 

Total Store. ________ _ 
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HABITAT ASSESSMENT FIELD DATA SHEET· GLIDE/POOL STREAMS 

Habitat Condition Category 
Parameter 

:;-, .. .,. Good .. -• . Poor 
Epllaunal Substrate/ Greater.than 50% of 30-50¾ mix o( 1table I 0-30% mix or stable Leas than I 0% stable 

vallable Cover substrate favorable for habitat; well-suited for full habitat; habitat habital; lack of habitat is 
epifaunal colonization and colonization potential; availabilily less than obvious; substrale unstable 
fish cover; mix of snags, adequate habitat for desirable; substrate or lacking. 
submerged logs, undercut maintenance of frequenlly dislurbed or 
banks, cobble or other populations; presence of removed. 
stable habitat and at stage additional substrate in the 
lo allow full colonization form of new fall, but not 
potential (i.e., logs/snags yet prepared for 
that are not new fall and colonization (may rate at 
not transient). hill.h end of scale). 

~rnolc' 20 19 18 17 16 15 14 13 12 II 10 9 8 7 6 s 4 3 2 I 0 

l. Pool Substrate Mixture of substrate Mixture of soft sand, mud, All mud or clay or sand Hard-pan clay or bedrock; 
Characterization materials, with gravel and or clay; mud may be bottom; little or no root no root mat or vegetation. 

firm sand prevalent; root dominant; some root mats mat; no submerged 
mats and submerged and submerged vegetation vegetation. 
veRetation common. present. 

S<'ORE 20 19 18 17 16 15 14 13 12 II 10 9 8 7 6 5 4 3 2 I 0 

3. Pool Variability Even mix of large-shallow. Majority of pools large - Shallow pools much more Majority of pools small-
large-deep, small-shallow, deep; very few shallow. prevalent than deep shallow or pools absent. 
small-deep pools present. pools. 

SCt"'IDli' 20 19 18 17 16 15 14 13 12 11 JO 9 8 7 6 5 4 3 2 I 0 

4. Sediment Deposition Lit\le or no enlargement Some new increase in bar Moderate deposition of Heavy deposits of fine 
of island or point bars and formation, mostly from new gravel, sand, or fine material, increased bar 
!es~ than <20% of the gravel, sand, or fine sediment on old and new development; more than 
bottom affected by sediment; 20-50% of the bars; 50-80% of the 8 0% of the bottom 
sediment deposition. bottom affected; slight bottom affected; changing frequent! y; pools 

deposition in pools. sediment deposits al almost absent due to 
obstructions, substantial sediment 
constrictions, and bends; deposition. 
moderate deposition of 
pools prevalent. 

SCORE 20 19 18 17 16 15 14 13 12 II JO 9 8 7 6 5 4 3 2 I 0 

Sa. Channel Flow Status - Water reaches base of Water fills >75% of the Water fills 25-75% of Very little water in channel 
Maintained Flow Volume both lower banks, and availahle channel; or the available channel, and mostly present as 

minimal amount of <25''/o of channel substrate and/or riffle substrates standing pools. 
channel substrate is is exposed. are mostly exposed. 
exposed. -- . 

S:r"ODli'. 10 9 8 7 6 5 4 J 2 I 0 

Sb. Channel Flow Status - Vegetation along the Some evidence of bank Banlc scour evidence 9- Bank scour (>20 inches) 
Flashiness stream bank is complete scour approximately 4-8 18 inches above the along !he stream channel. . 

nearly to the waters edge. inches above the waters waters surface. Large Large woody debris are 
Little or no evidence of surface. Large woody woody debris (if present) generally absent from the 
~cquentchanges in debris (if present) mostly tend to lay more against active channel and/or may 
discharge and/or frequent slablc and extending the stream bank rather exist as woody debris jams 
high water events thal partially into the active than extending into the along the stream bank 
scours stream bank stream channel. active channel. above the active chRtrnel. 
vegetation. Large woody 
debris (if pre~ent) stable 
and extending laterally 
across the stream channel 

scouw JO 9 8 7 6 5 4 3 2 I 0 

6. Channel Alteration Channelization or dredging Some channelization Channelization is Stream reach has been 
absent or minimal; stream present, usually in areas of continuous but not recent recently channelized (<5 
with normal pattern. bridge abutments; evidence (> 5 years). years). OR Banks shored 

of past channcliLation, Embankments Y.ilhout with gahion, rock, cement 
i.e., dredging (greater than mature trees and or bare earth. lnstream 
past 20 yr) may be dominated l>y grasses and habitat greatly altered or 
pre sent. but recent shrubs removed entirely. Bank 
channelization is not vegetation moderately 
present. den6c to absent 

20 19 18 17 1r, ! 14 I 3 12 II 10 9 8 7 5 4 3 2 I 
6 0 
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Condition Category 
Habttat 

Parameter - .. Good .. . Poor 
. Channel Slnuo,lty The benda In lhc stream The bcnd1 in the atream The bends in the, 1trcam Channel strai&ht; w11erway h11 been 

increase the, stream increase, the 11ream incre11e lhc stream channelized for a long distance. 
length 3 to 4 times lenath 2 to 3 limes length I lo 2 lime• 
longer than if it was in a longer than if ii was In a longer than if It was in a 
straight line. (Note - llraighl line. 11ralght line. (Note: lack 
channel braidinr is o[ liDIIIHil:r: ow: gie 
considered normal in 112 s.h1n11eliza1i120) 
coastal plains and other 
low-lying areas. This 
parameter is not easily 
rated in these areas). 

~CQBE 20 19 I 8 17 15 14 13 12 10 9 8 7 5 4 3 2 I 0 
16 II 6 

8. Bank Stability Banks stable; evidence or Moderately stable; Moderately unstable; Jo. Unstable; many eroded areas; "raw" 
(score each bank) erosion or bank failure infrequent, small areas of 60% of bank in reach has areas frequent along straighl 

absent or minimal; little erosion mostly healed areas or erosion; high sections and bends; obvious bank 
potential for future over. 5-30¾ of bank in erosion potential during sloughing; 60-100% of bank has 
problems. <5% of bank reach has areas of floods. erosional scars. 
affected. erosion. -· . (LB\ Left Bank JO 9 8 1 6 5 4 3 2 I 0 

S~QRE {RB) Righi Bank 10 9 8 1 6 5 4 3 2 I 0 

9. Vegetative Protection More than 90¾ of the 70-90% of the 50-70% of the Less than 50% of the streambank 
(score each bank) streambank surfaces and streambank surfa~s streambank surfaces surfaces covered by vegetation; 

immediate riparian zone covered by native covered by vegetation; disruption of streambank vegetation 
Note: determine left or covered by native vegetation, but one class disruption obvious; has been removed to 2 inches or 
right side by facing 

vegetation, including ofplanls is not well- patches of bare soil or less in average stubble height. 
trees, understory shrubs, represented; disruption closet y cropped downstream or nonwoody evident but not affecting vegetation common; less 
macrophytes; vegetative full plant growth than one-half of the 
disruption through potential to any great potential plant stubble 
grazing or mowing extent; more than one- height remaining. 
minimal or not evident; half of the potential 
almost all plants allowed plant stubble height 
to grow naturally. remain in I!. - tl.R\ Left Bank 10 9 8 7 6 5 

,... 4 3 2 I 0 
~CORE min Right Bank 10 9 8 7 6 5 4 J 2 I 0 

10. Riparian Vegetative Width of riparian zone Width of riparian zone Width of riparian zone Width of riparian zone <JO feet; 
Zone Width > 150 feel and dominated 75-150 feet; human 10-75 feet; human little or no riparian vegetation due 
(score each bank riparian by native vegetation activi~ies have impacted activities have impacted to human activities. 
zone) including trees, shrubs, or zone only minimally. zone a great deal. 

non-woody macrophytes 
or wetlands; vegetative 
disruption through 
grazing or mowing 
minimal or not evident; 
almost all plants allowed 
to grow naturally. 
Human activities (i.e., 
parking lo ts, roadbeds, 
clear-cuts, lawns, or 
crops) have not impacted 
zone. 

Sl"QRF {l,R\ Left Bank 10 9 8 7 6 5 4 3 2 1 0 
SCORE {RB} Right Bank 10 9 8 7 6 5 4 3 2 I 0 

1 



Unofficial FERC-Generated PDF of 20050519-0068 Received by FERC OSEC 05/10/2005 in Docket#: P-10855-000-

, 
' 

Flow Regime 

E _.,._ 
' • 
I 

p 

' , 
' . 
' 
' 
7 

• 
• 

STREAM 
TYi'£ 

PLAN 
VIEW 

CROSS 
SECTION 

VIEW 

AVERAGE. 
VALUES 

RANGE 

~~e:hMMlti-._ontr.,r-,or,HIO~.Of'lanUled._~dllnilmOffl.(UIW,IC8,1N2!. 

~..,._......,.._.·-~-toano~hna--torvaitoua~.•~-~-·---.. ,·-·~.J•...,. 
1~1t1-,i-.,_._._..,...orfr*"°"""'•«~ ........ eouroe1~••pdn;t.lllMM'MII,.--
~.110.0flan.fffllM6-NIOdltld'Mlh.,.._hll....,,..8INllll'WltutbodloMOf•,...._lltflMt~-

PttMW(fl'.-ndla ....... a.,,......-PMSIIN~ 101-
CATEOORY 
s..~ ... ti ilha'dowdorn'llad bl/ '""""""'.n,nol 
s-ton.f..taacl\t\-~~Pfl.....,.~ ~Mlllff 

\Jl"&mt ... and•aoc:t.e.d _...,.,.di.It lo 11¢ng -1 ooncllon. badcwe!III' tJc 

&iwltr1.,.,..,.i.iedbt'iladlllmd. 

lceftO"#•,bllilrrWlfltfma'lb.CSM,bnttl~. 

AA!tmd'lg lbN'bacbnta' du41 lo lklal~~ 

ReguiaC.d•NMll'owtMlo~.dam~.dl'il"IMmg,IILc. 

µ,biwd due to......,~ weh H lffti,n.11troe.w. cul-oYerw"6flheda, 'HtaMIIIOncon~ {ffllWdto grnsie.nd)t'81: chtlnQos 
fflowr•ponMbpr~~ 

Rnion•no-110f10r,ttdrvd 

Meander Width Ratio by Stream Type Categories 

Stream Channel DebrislBtockages 

otiao,ver1 

OESCR!PT!ON/1:XTENl INlerlals. 'l'Wi,lct,. upon plac;tnitnt irrto1ht tc1lv• clu1n114f Of 11oo6pron• a,.a may 
a~ustmecit lri channel 41man.11k:Hu: C111;:oncHOon1, due 10 lr'l11uen,c .. 011tt111ld1dng flow reg~. 

D1 NOH€ 

D2 INFREQUENT 

Dl !MOOE.RATE 

DC MJMEFH)US 

D!'i EXTENS1¥E 

D6 COJ..1lHATill:', 

~£AVER [),o.tJS · 
UO FPEQIJENT 

lr,,:1-'ll{I hquMCf d ffla' to medium 1tted materol, auch • large ijn,bs, bc.,.ct .. and s.miaM logs ltt•I 
whffi dt9ct 10':' or 11:1.3 cf ltwl adM c:I\N!l'l!il ctoU•OclionaJ .-ea. 
S~...anf btAkf..,.JP er rn&dUJm to large ,tud tna'IM .. k, i.e l11tg1 lfTlbl, branches. ,metr log$ or portio~ of 

ti;tt '118f OCC4JP1 10 to 3~ cl !he actl\le chann,e! c:1Qn•sec:Jo" •-.1 

Oehm ·4:1,ms- of ~m~, lacgEr maleri81$. i e bmlld>ec, )ogs ''"'· ttc . occw,y,ig 30 to 50•,4 rA lhe 
:l'a•n~, Closs se::Jrof>, ell.an e.i:leN.iing a::rou V'le of the acli'~• ch-annel 

l..rg,! s:>'lle\..-t".al CJ.)f<t.~ do.bf& "dYl'IIS.· e:xtens,vt in flfllure sod XC\.f'Ylng 150°4 ot lh, 1;1Clr1e 
dial\nel coss S9'.llc.r. S•xll ac<::1JtTP,!al!rJns 11'\1) dr~e<1 ... a1tr wilo ll'te fto::,,jpr-:::,riot ere.ios .and' lortn i\s.h 
:-r.:iJrali:.(i baroert, !'.-en *°.el\ •::r...-, are 11 i&H lfl&rl 1:9,...ru• 
.:-s, ~fleq-.-t n..t"l'lt,er ;,I darn! ,;_..,,t-:1 such &...11 r,::O"mid sheamfk:>.,. .tod t;,:p&'::".ed c:hanr,@I coriditiol\s evf!il In 
!hera,ach!eSLet ... ~n,j.;m~ 

f1~q1>en.)' o' ".:.llrTIS 1s ~.,d, lh11I ,..;,c~y,_.lt;f condil~ e,oM for C.hll"n.el FREQUENT 1e1;1'..l11!~ beMeen 
~tr•.Y...lure~ v,-f,u': shi;amf!o., ... ~Y..l'IIM aro;i 1e'11J<...e:i in:i U1..,-,r,,e1 dimensl;,t'JS Of conditloo, are lnt!uen-:&d 

BFAVER D"'-J.A:..,. - ~lu ne.-:,,J,; i~ar,oc,r,ed d..i'r,!; m.v,~ of "'flr"..h ha"ve fllJed w!lh 1t1(1mer,t 11rt:i'or ABANOOtlEO bfMCt.&d. 
l.)9 1-B~NDC-t~fD r..tain,; ~""°'I!'<; c,'r:har>n,.! iq11\lm~:,~ ~'J<h a, t.a~,t: e1vtlc•r. tol~1a1 mJOJf~on avu1s1cr, aQ~ra<:fa0,:,,1 ar-O 

: HU~•N ,tlfL'JE:~1~:~i:~2:::'.:::::,:~::.~:~;;•~~,:0:::;:.::::::.~~::~::~~:~;:~:~:~1.~~;~ 



rnofficial FERC-Generated PDF of 20050519-0068 Received by FERC OSEC 05/10/2005 in Docket#: P-10855-000 

jusT ALL CATEGORIES THAT APPL..,; 

Various Meander Patterns modified from Galay et al (1973) 
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Appendix C 
FERC Reservoir Figures 

Stone & Webster Michigan, Inc. Dead River Hydroelectric Project (FERC Preliminary Permit Nos. 10855 
and 10857). Volume IV, Exhibit E. April 1994. 
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Appendix D 
Selected Field Reconnaissance Photos 
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Photos have been selected to illustrate stream conditions observed during the field assessment 
(August 18-23, 2003). First are photos that are typical (representative) of reach conditions, 
followed by those that are atypical (non-representative), but are worthy of note. 

Photos are presented from upstream to downstream, starting from upstream of Silver Lake. The photo 
label is presented in the following format: Reach # - Sub-reach # - Photo # - Direction photographer 
was facing (N, NE, E, SE, S, SW, W, NW). Lake photos do not have sub-reach designators. Stream "left 
bank" and" right bank" descriptions are on the left and right, respectively, while looking downstream. 

Reach O Upstream of Silver Lake Basin-Typical Conditions Observed (Reference Reach) 

Stream Sub-Reach R00-01 (reference reach). R00-
01-P126-NW.JPG. Looking upstream at riffle. 

Stream Sub-Reach R00-01 (reference reach). R00-
01-P135-E.JPG. Looking downstream at riffle. 

Reach 1 Former Silver Lake Basin-Typical Conditions Observed 

Stream Sub-Reach R01-03 (former Silver Lake 
Basin). R01-03-P109-S.JPG. Looking upstream. 

Stream Sub-Reach R01-01 (downstream of current 
Silver Lake Basin to fuse plug). R01-01-P41-N.JPG. 
Looking upstream into Silver Lake Basin. 

Stream Sub-Reach R01-02 (former Silver Lake 
Basin). R01-02-P102-W.JPG. Looking upstream. 

Stream Sub-Reach R01-01 (downstream of 
current Silver Lake Basin to fuse plug). R01-01-
P27-E.JPG. Looking upstream toward right bank. 
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Reach 2 Downstream of Silver Lake Basin-Typical Conditions Observed 

. . '.1l.· .. 

. ·:~ 
·:,~" ., -t 

Stream Sub-Reach R02-12 (downstream of Silver 
Lake dam). R02-12-P05-E.JPG. Looking downstream 
in channel below original Silver Lake outlet structure. 
Downstream end of this channel is blocked with sand. 

Stream Sub-Reach R02-10 (downstream of fuse plug, 
upstream of confluence with original channel). R02-
1 0-P69-SW.JPG. Looking downstream over R02-10 from 
far left bank. 

Stream Sub-Reach R02-08. R02-08-P104-N.JPG. 
Looking upstream at left bank. 

Stream Sub-Reach R02-11 (downstream of R02-12, 
downstream of dam). R02-11-P150-NE.JPG. Looking 
upstream toward ponded area (pond is not visible; it is 
behind sandbar). 

Stream Sub-Reach R02-09. R02-09-P129-N.JPG. 
Looking upstream at left bank. 

Stream Sub-Reach R02-07 (upstream of Connors 
Creek). R02-07-P84-S.JPG. Looking upstream at left 
bank. 
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Stream Sub-Reach R02-06 (Connors Creek 
confluence). R02-06-P56-W.JPG. Looking 
upstream. 

Stream Sub-Reach R02-04 (upstream of Mulligan 
Creek confluence, high banks area). R02-04-P27-
SE.JPG. Downstream from top of cobble island, 
above confluence. 

Stream Sub-Reach R02-04 (at confluence with 
Mulligan Creek). R02-04-P118-W.JPG. Depositional 
area near confluence with Mulligan Creek. 

Stream Sub-Reach R02-05. R02-05-P25-SE.JPG. 
Looking upstream. 

Stream Sub-Reach R02-04 (upstream of Mulligan 
Creek confluence, high banks area). R02-04-P19-
SE.JPG. Looking upstream at main channel. 

Stream Sub-Reach R02-03 (at confluence with 
Mulligan Creek). R02-03-P96-NW.JPG. Looking 
upstream. 
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Stream Sub-Reach R02-02 (upstream of County 
Road AAO Bridge). R02-02-P69-N.JPG. Looking 
upstream, right bank with new rip-rap. 

Stream Sub-Reach R02-01 (downstream of County 
Road AAO Bridge, upstream of Dead River Storage 
Basin). R02-01-P09-N.JPG. From on top of sand 
deposition looking at riffle. 

Stream Sub-Reach R02-01 (downstream of County 
Road AAO Bridge, upstream of Dead River Storage 
Basin). R02-01-P45-E.JPG. From west side of former 
County Road AAO Bridge. 

Reach 2 Downstream of Silver Lake Basin-Other Conditions Observed 

Stream Sub-Reach R02-10. R02-10-PT06-E.JPG. 
Potential wetland area south of former Silver Lake 
Basin, along east side of the new channel. 

Stream Sub-Reach R02-09. R02-09-P140-W.JPG. 
Looking at slumped right bank. 
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Stream Sub-Reach R02-09. R02-09-P142-N.JPG. 
Looking upstream at confluence, eroded right bank, 
trees falling into channel. 

Stream Sub-Reach R02-06. R02-06-P66-N.JPG. 
Looking at left bank of high flow area near confluence 
of Connors Creek and the Dead River. 

Stream Sub-Reach R02-04. R02-04-P125-W.JPG. 
Secondary channel along south and southwestern 
banks (70-120 ft high, 80-90 degrees). 

Stream Sub-Reach R02-06. R02-06-P47-S.JPG. 
Looking upstream near Connors Creek confluence with 
the Dead River. 

Stream Sub-Reach R02-04. R02-04-P109-W.JPG. 
Ponded area draining to Mulligan Creek. 

Stream Sub-Reach R02-03. R02-03-P99-NW. 
JPG. Downstream end of Mulligan Creek, looking 
up Mulligan Creek. Mouth is blocked with sand. 
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Stream Sub-Reach R02-03. R02-03-P100-SW.JPG. 
Looking across sand deposition at mouth of Mulligan 
Creek. Dead River is behind photographer. 

.... '··.., 

,";:, .. I·-, 

·~ 
Stream Sub-Reach R02-02. R02-02-P47-NE.JPG. 
Looking downstream of County Road AAO Bridge. 

Stream Sub-Reach R02-01. R02-01-P44-N.JPG. West 
side of channel downstream of County Road AAO 
Bridge, potential wetland area. 

Stream Sub-Reach R02-03. R02-03-P72-N.JPG. 
Looking upstream of County Road AAO Bridge. 

Stream Sub-Reach R02-01. R02-01-P33-N.JPG. Side 
channel forming downstream of County Road AAO 
Bridge, potential wetland area. 
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Reach 3 Dead River Storage Basin - Typical Conditions Observed 

Reach 03. R03-P006-SE.JPG. Facing southeast. Sand 
deposit in upper Dead River Storage Basin. 

Reach 03. R03-P012-W.JPG. Facing west. Sand 
deposit in upper Dead River Storage Basin. 

Reach 03. R03-P010-S.JPG. Facing south. Sand deposit 
in upper Dead River Storage Basin. 

Reach 03. R02E-P205-SW.JPG. Facing southwest. 
Overbank sand deposit adjacent to apparent scoured 
channel just upstream of the Dead River Storage Basin. 

Reach 4 Downstream of Dead River Storaqe Basin-Typical Conditions Observed 

Stream Sub-Reach R04-01 (downstream of Dead 
River Storage Basin penstock release). R04-02-P07-
SE.JPG. Looking downstream from Hoist Dam spillway. 

Stream Sub-Reach R04-01 (downstream of Dead 
River Storage Basin penstock release). R04-01-P01-
SE.JPG. Looking downstream, vegetated gravel bar 
divides stream flow. 
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Reach 5 McClure Basin -Typical Conditions Observed 

Reach 05. R05-P074-W.JPG. Facing west. Typical 
channel reach upstream of the boat ramp in the 
riverine backwater approach to the reseivoir. 

Reach 05. R05-P081-W.JPG. Facing west. 
Looking upstream at County Road 510 bridge. 

Reach 05. R05-P075-E.JPG. Facing east. Typical 
channel reach u/s of the boat ramp in the riverine 
backwater approach to the rese,voir. 

Reach 05. R05-P084-S.JPG. Facing south. 
Looking across channel from the boat ramp. 

Reach 6 Downstream of McClure Basin-Typical Conditions Observed 

Stream Sub-Reach R06-10 (downstream of McClure 
Dam. R06-10-P80-W.JPG. Looking upstream under 
railroad trestle. Stream Sub-Reach R06-09-DEQ-A (downstream of 

Railroad trestle). R06-09-P76-SW.JPG. Looking 
upstream at gravel bars and stable banks. 
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Stream Sub-Reach R06-08. R06-08-P50-SW.JPG. 
Looking downstream, woody debris on left bank. 

Stream Sub-Reach R06-06 (near power line crossing). 
R06-06-P65-SE.JPG. Looking downstream. 

Stream Sub-Reach R06-04 (upstream of waterfalls). 
R06-04-P25-NE.JPG. Riffle, looking upstream. 

Stream Sub-Reach R06-07-DEQ-B. R06-07-P56-E.JPG. 
Looking downstream at woody debris. 

Stream Sub-Reach R06-05. R06-05-P41-SW.JPG. 
Looking upstream. 

Stream Sub-Reach R06-03 (waterfalls). R06-03-P20-
S.JPG. Waterfall. 
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Stream Sub-Reach R06-02 (downstream of waterfalls, 
near McClure penstock release). R06-02-P17-SW.JPG. 
Looking upstream at high gradient riffle. 

Stream Sub-Reach R06-01 (upstream of Forestville 
Basin). R06-01-P05-NW.JPG. Looking downstream at 
top of large pool. 

Reach 7 Forestville Basin - Typical Conditions Observed 

Reach 07. R07-P090-E.JPG. Facing east. Typical reach 
photo looking d/s in the riverine backwater approach 
channel to the reservoir (upstream of the boat ramp). 

Reach 07. R07-P096-W.JPG. Facing west. Sand 
deposits on the downstream end of a mid-channel 
island east of Forestville Road Bridge. 

Reach 8 Downstream of Forestville Basin-Typical Conditions Observed 

- .... 
Stream Sub-Reach R0S-05 (downstream of Forestville 
Dam). R08-05-P23-SE.JPG. Looking downstream, left 
side channel flow around cobble bar. 

l•a..-.;1<-.,--. _ ... -,.... __ _ 
,.. . .~"--• 

Stream Sub-Reach R0S-04 (impoundment created by 
historic Dam No. 1). R08-04-P24-SE.JPG. Looking 
downstream at top of impoundment. 
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Stream Sub-Reach R0B-03 (spillway below historic 
Dam No. 1). R08-03-P15-W.JPG. Looking upstream. 

Stream Sub-Reach R0B-01 (downstream of Forestville 
penstock release). R08-01-P28-E.JPG. Looking 
upstream at low flow. 

Stream Sub-Reach R0B-02 (upstream of Forestville 
penstock release). R08-02-P08-W.JPG. Looking 
upstream at riffle and cobble bar. 

Stream Sub-Reach R0B-01 (downstream of Forestville 
penstock release). R08-01-P05-W.JPG. Looking 
upstream at high flow. 

Reach 8 Downstream of Forestville Basin-Other Conditions Observed 

Stream Sub-Reach R0B-01. R08-01-P01-NW.JPG. 
Looking at left bank (at high flow) with new grass on 
lower bench. 

Stream Sub-Reach R0B-01. R08-01-P30-S.JPG. 
Looking at right bank, bank height estimated to be 30 
feet (low flow condition). 
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Reach 9 Former Tourist Park Basin-Typical Conditions Observed 

Stream Sub-Reach R09-01 (Tourist Park Basin). 
R09-01-P08-E.JPG. Looking downstream, grasses 
overbanks, low flow. 

Stream Sub-Reach R09-01 (Tourist Park Basin). 
R09-01-P09-NW.JPG. Looking upstream, tree stumps 
and woody debris on bank. 

Reach 9 Former Tourist Park Basin-Other Conditions Observed 

Stream Sub-Reach R09-01. R09-01-P02-SE.JPG. 
Recently placed rip-rap to protect property looking 
downstream. 

Stream Sub-Reach R09-01. R09-01-P11-W.JPG. 
Looking upstream at meander, woody debris, 
sandy substrate (low flow conditions). 

Stream Sub-Reach R09-01. R09-01-P04-SE.JPG. 
Sand point bar at bend in Dead River just upstream of 
Tourist Park Basin, looking downstream. 

Stream Sub-Reach R09-01. R09-01-P15-E.JPG. 
Looking downstream at split flow around island 
(low flow conditions). 

PAGE 12 OF 13 



Unofficial FERC-Generated PDF of 20050519-0068 Received by FERC OSEC 05/10/2005 in Docket#: P-10855-000 

Reach 10 Downstream of Former Tourist Park Basin-Typical Conditions Observed 

ti:~ 
Stream Sub-Reach R10-02 (downstream of Tourist 
Park Basin). R10-02-P10-SW.JPG. Looking upstream at 
sand deposition (low flow condition). 

Reach 10. R10-P121-S.JPG. Facing south. 
Sand deposits and woody debris southwest of 
the power plant near the Dead River mouth. 

Reach 10 Downstream of Former Tourist Park Basin-Other Conditions Observed 

Sub-Reach R10-02. R10-02-P11-N.JPG. Sand 
deposition in potential wetland area. 

Sub-Reach R10-02. R10-02-P06-NE.JPG. Looking 
downstream at sand deposition (low flow conditions). 

Reach 11 Lake Superior - Typical Conditions Observed 

Reach 11. R11-P123-NE.JPG. Facing northeast. 
Lake Superior from mouth of Dead River. 
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Dead River Basin - Water Quality Monitoring Report - July 2003 

Water quality monitoring was performed during the week of August 25th, 2003. The 
water quality monitoring documents the current state of the water quality in the Dead 
River. Water quality monitoring was performed at eleven locations along the Dead 
River from below the Silver Lake Basin to the mouth of the Dead River in Marquette, Ml. 
The scope of the monitoring plan was developed through consultation with the Michigan 
Department of Natural Resources (MDNR), Michigan Department of Environmental 
Quality (MDEQ), U.S. Fish and Wildlife Service (FWS), and the Keweenaw Bay Indian 
Community (KBIC). 

Water Quality Sampling - Parameters and Results 

The water quality monitoring and sampling was conducted by Wisconsin Public Service 
Corporation (WPSC) for Upper Peninsula Power Company (UPPCO) on August 25th 

and 26th
• The water quality monitoring was performed as described in the monitoring 

plan, with a modification to the sampling at locations DRB-3 and MCB-1. At these 
locations, a sample was collected from the epilimnion 1 meter below the surface, and 
from the hypolimnion, approximately 1 meter from the bottom. Samples were collected 
at mid-depth at all other monitoring stations. The monitoring stations along the Dead 
River are listed in Table 1: 

TABLE 1 
Proposed Monitoring Stations 

River Reach 
Silver Lake to Dead River Basin 
Dead River Basin 
Dead River Basin to McClure Basin 
McClure Basin 
Forestville Basin 
Forestville to Tourist Park Basin 
Tourist Park Basin to Lake Superior 
Lake Superior at the mouth of the river 

Monitoring Stations ID 
DR-1 

DRB-1, DRB-2, DRB-3, DRB-4 
DR-2 

MCB-1 
FVB-1 
DR-3 
DR-4 
SM-1 

F?r all ":onitoring s_tations, the c?ordinates for each location were recorded using a 
d1fferent1al GPS unit. The coordinates of each monitoring location can be found in 
Table 2. A map of the monitoring locations can be found in Figure 1. 
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- TABLE 2 

Monitoring Station GPS Coordinates Monitoring Station GPS Coordinates (UTM) (UTM) 
DR-1 5164636 MCB-1 5155511 

DRB-1 5161780 FVB-1 5157896 
DRB-2 5160796 DR-3 5157264 
DRB-3 5150851 DR-4 5157699 
DRB-4 5157039 SM-1 5158186 
DR-2 5156344 

Water quality parameters measured in the field include dissolved oxygen (DO), temperature, pH, specific conductivity, and turbidity. Secchi disk depth readings were also taken at each of the monitoring stations. At the time of monitoring, water samples were also collected for laboratory analysis of TSS at all monitoring stations. 
Table 3 lists the water quality parameters at the respective sampling stations: 

TABLE 3 
- Monitoring Stations and Parameters 

Specific Monitoring Stations DO Temp pH Conductivity Turbidity TSS 
DR-1 X X X X X X 
DRB-1 X X X X X X 
DRB-2, DRB-3, DRB-4 X X 
DR-2 X X X X X X 
MCB-1 X X X X X X 
FVB-1 X X X X X X 

X X X X X X 
X X X X X X 
X X X X X X 

TSS analysis was performed at the WPSC Central Lab (WDNR ID 405029790). data was collected in the field using portable meters. 
All other -
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Monitoring Results -----
Jun-03 Jul-03 Aug-03 Jun-03 Jul-03 Aua-03 

Collection Collection Collection 
Monitorlna Location ID Deoth Deoth Depth D.O. (mg/L) 0.0.(ma/L) 0.0.(mg/L) 

DR-1 1 ft 1 ft 1 ft 7.87 7.85 7.27 
DRB-1 2 ft 1 ft 6. 7.46 7.68 7.71 
DRB-2 2.5m 2.5m 2.5m 

DRB-3 Epilimnion 7m 1m 1m 
DRB-3 Hypolimnion 10m 10m I 

ORB-4 7m 7m 7m 
DR-2 2 ft 2ft 2ft 7.90 7.74 7.50 

MCB-1 Epilomnion 4m 1m 1m 7.51 7.43 7.40 
MCB-1 Hvoollmnion 7m 7m 5.32 1.54 

FVB-1 1m 1m 1m 8.35 7.31 7.32 
DR-3 0.5m 0.5m 0.5m 8.31 8.63 6.95 

1 ft 1 ft 1 ft 9.41 9.40 8.75 
1.5m 1.5 m 1.5m 9.44 8.74 8.36 i 

I Temperature Temperature Temperature I I 

' Monitoring Location ID (Cek:lus) CCek:lus) (Celdus) oH (S.U.} 
DR-1 20.1 16.3 20.7 6.61 

24.3 21.0 23.9 6.45 6.95 
DRB-2 

DRB-3 Eoilimnion 
DRB-3 Hwolimnion 

DR-2 15.7 19.3 24.5 6.26 6.39 6.59 -
MCB-1 Eoilomnion 15.0 19.6 22.0 6.18 6.18 6.53 
MCB-1 Hvoolimnion 15.9 16.7 6.15 6.17 

FVB-1 16.3 18.2 21.6 6.20 6.25 6.60 
DR-3 16.9 17.9 20.9 6.16 6.85 6.61 I 

I DR-4 17.5 15.3 19.4 6.35 6.77 6.95 
SM-1 17.8 15.9 20.8 6.46 6.54 6.85 

Conductivity Conductivity Conductivity Turbidity Turbidity Turbidity 
Monitorina Location 10 (uS/cm) (uSlcm) {uS/an) (NTU) (NTU) (NTU) 

OR-1 73.4 133.0 121.4 3.5 4.5 6.0 
ORB-1 67.9 123.9 129.0 5.0 3.0 6.0 
ORB-2 20.0 15.0 6.3 

ORB-3 Eoilimnion 100.0 30.0 6.5 
ORB-3 Hwolimnion 60.0 50.0 

ORB-4 90.0 50.0 20.0 
OR-2 47.4 63.1 78.2 110.0 45.0 9.0 

MCB-1 Eoilomnion 45.3 58.2 71.6 170.0 40.0 10.0 
MCB-1 Hvoolimnion 58.1 68.6 40.0 15.0 

FVB-1 54.0 80.2 90.7 120.0 40.0 9.8 
DR-3 57.7 186.9 91.4 120.0 20.0 15.0 
OR-4 62.1 217.0 187.8 115.0 20.0 9.0 
SM-1 61.8 97.0 100.5 120.0 30.0 5.5 

4 
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SecchiDisk Secchi Disk Secchi Disk 
Monltorino Location ID Depth Oeoth Deoth T.S.S. (moll) T.S.S. (ma/ll T:S.S. lmall 1 

DR•1 1' 6" •• 2' •• 6" •• 8.0 6.8 5.8 
DRB-1 3' 7" •• 1'6" ** 1 ft** 1.0 2.0 1.6 
DRB-2 1' 2" 1' 6" 4'3" 3.0 4.4 0.4 

ORB-3 Eollimnion 6" 1' 4'8" 28.0 3.6 1.2 
DRS-3 Hvoolimnion N/A N/A : 7.6 272.4 *. 

ORB-4 5• 1' 4'8" 21.0 7.6 0.8 
OR-2 6" 10· 2.5 ft •• 20.0 14.0 1.6 

MCB-1 Enilomnlon fl' 1' 4'5" 68.0 * 5.6 1.6 
MCS-1 Hvonlimnion N/A N/A 3.2 1.2 

FVB-1 ,. 
6" 1' 4'6"** 32.0 6.4 •. ~i ' 2.8 

OR-3 6" 1' 3• 3'2" ' 30.0 6.4 2 
DR-4 5" 1' 2' •• 27.5 19.2 

,, 

2.8 
SM-1 5" 1' 3• 4'9" 27.0 8.4 '' 2.4 

** Secchi disk on bottom of river/reservoir. 

Note: June monitoring period 

The sample bottle for MCB-1 leaked during shipping prior to analysis. Approximately 200 ml of sample was lost. The actual TSS concentration for MCB-1 is most likely closer to the field duplicate result due to the loss of sample. 

Field duplicates were collected at two locations along the Dead River for total suspended solids. The results are as follows: 

F.D. DRB-1 2.0 mg/L F.O. MCB-1 40.0 mg/L 

Notes: July monitoring period 

Significant shoreline stabilization and construction activities have occurred upstream of monitoring station DR-1. Rocks have been pushed into the water at station DR-1. 

Water levels in the Hoist Basin have decreased since the previous monitoring period. The depth at DRB-1 was 3' 7" on 6/18/03, and was 1' 6" on 7/10/03. 

Samples for all stations except the Dead River Basin samples were collected while it was raining. 

Field duplicates were collected at two locations along the Dead River for total suspended solids. The results are as follows: 

F.D. DRB-4 5.6 mg/L F.D. SM-1 9.2 mg/L 

5 
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Notes: August monitoring period 

- Secchi disk readings at locations FVB-·, DR-3, and SM-1 were taken from bridges crossing 
the river at the monitoring locations. 

Field duplicates were collected at two locations along the Dead River for total suspended 
solids. The results are as follows: 

F.D. DR-2 1.6 mg/L F.D. DR-4 3.2 mg/L 

Total suspended solids results for DRB-3 Hypolimnion are elevated compared to 
previous monitoring periods.' Sediment from the bottom of the reservoir may have been 
disturbed during sampling, contributing to the elevated result. 

Duplicate samples were collected at each monitoring location. The samples were given 
to We Energies for analysis of colloidal silica. 

6 



~--------------------------------------------------------c:: ::i 

-;::,,. -"C 
.0 .... 
:, 

120 0 

Dead River Basin Water Quality Monitoring 2003 - Turbidity 

Jun OJ Jul-f ! i 

Month 

• DRB-1 

-- DRB-3 Ep1ltmrnon 

• UR-2 

0 
Hi 
Hi 
f-'· 
0 
f-'· 
Q) 
I-' 

!:(l 
() 
I 

(j) 
CD 
::i 
CD 
t-1 
Q) 
IT 
CD 
0. 
'ti 
t, 
"l 
0 
Hi 
(\) 
0 
0 
u, 
0 
u, 
I-' 
IO 
I 

0 
0 
O'\ co 
!:(l 
CD 
0 
CD 
f-'· 

0. 
tr 
'< 

!:(l 
() 

0 
00 
tzl 
() 

0 
u, ....__ 
I-' 
0 ....__ 
(\) 
0 
0 
u, 

f-'· 
::i 

t, 
0 
0 ;,;a 
CD 
IT 

* 
'ti 
I 

I-' 
0 co 
u, 
u, 
I 

0 
0 

01 



-::> .... z 

~~--------------------------------------------~~c::: 

Dead River Basin Water Quality Monitoring 2003 - Turbidity 

lHl!O r·-·------------
l 

1 fi(l 0 

14(1 (J 

I 

1 ~·" .11 l .. -----,..- ---
1 

100 n 

800 

t)O _ C 

40 0 

20 0 . . 
._ ________ _ 

Month 

::, 
0 
Hi 
Hi 
I-'· 
0 
I-'· n, 
I-' 

"l 
[Zj 
,:, 
("} 
I 

G) 
CD ::, 
CD 
t1 n, 
rt 
CD 
0. 
"Cl 
tJ 
"l 
0 
Hi 
(\) 
0 
0 
u, 
0 
u, 
I-' 
ID 
I 

0 
0 
a-, 
CD 

,:, 
CD 
0 
CD 
I-'· 
< 
CD 
0. 

"l 
[Zj 
,:, 
("} 

0 
00 
[Zj 
("} 

0 
u, 
....... 
I-' 
0 ....... 
(\) 
0 
0 
u, 

I-'· 
::, 

tJ 
0 
0 ;,;-
CD 
rt 
* 
"Cl 
I 

I-' 
0 
CD 
u, 
u, 
I 

0 
0 
0 

I 



--------------------------------------------------------~ 

Dead River Basin Water Quality Monitoring 2003 - T.S.S. 

:k, Cl 
,-

25 0 

--.. 
O> 
E 20 0 - • DRB-1 
Ill 

:'2 
0 

(/) 

"C 1 :> () Cl) 
"O 
C 
Cl) 
0. • ORB~3 Ep1i11nrnon 
Ill ::, 

rn lO U 
ni ... ---ORH-4 
0 
I-

Month 

0 
Hi 
Hi 
I-'· 
(l 
I-'· 
DJ 
I-' 

:,;:I n 
I 

G"l 
(1) 
::, 
(1) 
l"1 
DJ 
rt 
(1) 
0. 
'ti 
t:, 
"l 
0 
Hi 
f\) 
0 
0 
u, 
0 
u, 
I-' 
\0 
I 

0 
0 
Cl) 
CD 

:,;:I 
(1) 
(l 
(1) 
I-'· 
< (1) 
0. 

:,;:I n 
0 
00 
tz:J n 
0 
u, 
'-
1-' 
0 
'-f\) 
0 
0 
u, 

I-'· 
::, 
t:, 
0 
(l .,,. 
(1) 
rt 
=lie 

'ti 
I 

I-' 
0 
CD 
u, 
u, 
I 

0 
0 
0 



---------------------------------------------------c:: ::, 

Dead River Basin Water Quality Monitoring 2003 - T.S.S. 

SU U 

' i 
1-· 

,>,/','.:' 

..J 60 0 t-!--•-.J - ...... ,. --~---···•-··-·---c, I • >;;-
§. .. i~i'~i#:~·; >, 
.:!? 50 0 ---------..------~-----·---··-•····----·---·-----•-···---"' ..,, , ,. ,.,.. 

0 rn 
i 40 0 
"C 
C 
Cl) a. 
in 
::J en 

30 0 

rn u 

00 

Month 

. ·····. ---·· .. j 

! 

.. DR-'.-

--- OR-4 

0 
Hi 
Hi 
I-'· 
(l 
I-'· 
DJ 
I-' 

:,;:I n 
I 

G"l 
(1) 
::, 
(1) 
l"1 
DJ 
rt 
(1) 
0. 
'ti 
t:, 
"l 
0 
Hi 
f\) 
0 
0 
u, 
0 
u, 
I-' 
\0 
I 

0 
0 
Cl) 
CD 

:,;:I 
(1) 
(l 
(1) 
I-'· 
< [ 
O' 
'< 

:,;:I n 
0 
00 
tz:J n 
0 
u, 
'-
1-' 
0 
'-f\) 
0 
0 
u, 

I-'· 
::, 
t:, 
0 
(l .,,. 
(1) 
rt 
=lie 

'ti 
I 

I-' 
0 
CD 
u, 
u, 
I 

0 
0 

01 



Unofficial FERC-Generated PDF of 20050519-0068 Received by FERC OSEC 05/10/2005 in Docket#: P-10855-000 

APPENDIXF 

Interim Actions 

Due to the nature of some of the channel areas, UPPCo, in consultation with the regulatory 
agencies, decided that interim actions to help stabilize select locations within the Dead River 
system were warranted. These are considered to be interim measures because they are 
designed to address interim needs and may or may not be what is needed from a longer-term 
perspective. It is anticipated that these issues are likely to be addressed within the context of a 
more comprehensive recovery plan in the future (see Figure 1-2 of the Report). 

Reach 1 
Interim Action 1: Silver Lake Outlet 
The first Area of Particular Interest (API) identified as a potential concern early in the project 
(May 2003) was the post-event outlet of Silver Lake Basin. This has persisted as a condition for 
which interim actions might be needed throughout the initial phase of the EA. This area was 
located at the downstream portion of Reach 1, where the Dead River transitioned from Silver 
Lake to the Dead River. This location is the area of the former headcut that occurred after the 
Silver Lake Basin release. 

Of particular interest at this location is the potential for the continued decline of the water 
surface elevation in the post-event Silver Lake pool and the potential for the pool to release 
as the result of channel degradation (headcut) along new outlet. The following actions were 
proposed: 

• Perform detailed geomorphic survey of a reference reach on the Dead River system 
upstream of the pre-event Silver Lake pool. 

• Survey and evaluate the current post-event Silver Lake/ Dead River system interface. 

• The basis of analysis for an interim action was the 2-year return period flow as discussed 
with MDEQ rather than a regional bankfull calculation, since regional bankfull 
information is unavailable. Large flows may cause additional channel migration. 

On September 18, 2003, a field survey was conducted of the Dead River upstream of the 
pre-event Silver Lake and at the post-event Silver Lake/Dead River interface. The 
measurements and analysis of the survey data were submitted in the Silver Lake Interim 
Stabilization Report (Document #GB-0696) on September 30, 2003. 

Upon review of the Silver Lake Interim Stabilization Report, MDEQ agreed that the existing 
outlet is sufficient for interim purposes. (See Attachment F-1, MDEQ letter dated October 15, 
2003.) 

F-1 
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APPENDIX F---lNTERIM ACTIONS 

Reach 2 
Two interim actions were identified in Reach 2 during the August field effort. These are the 
braided channel with high banks and a clay seam (Interim Action 2) and the Mulligan Creek 
confluence with the Dead River (Interim Action 3). 

Interim Action 2: Braided Channel with High Banks 
Braided channels typically cannot maintain proper sediment transport regimes. Therefore, 
the channel in this reach will likely continue to aggrade versus degrade. Erosion potential 
will be limited to areas with high near bank shear stress, or, for example, where the stream 
flow is directed into or adjacent to unprotected banks. 

Interim Action 2 is located just upstream of Mulligan Creek and extends for about 2,800 linear 
feet Interim Action 2 was identified because the potential for erosion of unprotected slopes due 
to the stream location and near bank shear stress. At the upstream end, a clay seam and a vertical 
bank area have separated flow and caused a secondary channel to flow along unprotected sand 
and gravel slopes that range between 70 and 100 feet tall, and vary between 80 and 90 degrees 
vertical. This area has the potential to supply sediment loads to the Dead River if the secondary 
channel is allowed to cut into and along the unprotected sand and gravel banks. 

The following activities are under consideration by UPPCo for an interim action at this location: 

• It is proposed that an Interim Stream Redirection Plan be developed where data would 
be collected through a land survey to design a channel cross section . 

• Excavate the cross section through the braided channel section in order to divert flow 
into an alternate existing channel to keep flow away from the high banks. 

• The channel cross section would be based upon the 2-year return period flow, not a 
regional bankfuil reiationship, since the regional bankfull information is not available. 

Interim Action 3: Mulligan Creek 
The second Interim Action in Reach 2 is the Mulligan Creek confluence with the Dead River. 
At this location, sand and gravel deposits have cut off Mulligan Creek from the Dead River 
and thus, Mulligan Creek was not flowing as a natural channel at this downstream section 
of the creek. The issue at this location is the potential for negative impact on channel 
stability and habitat upstream in Mulligan Creek as the result of debris and sediment 
blockage. Therefore, the following actions are under consideration by UPPCo: 

• Perform land survey of Mulligan Creek upstream of the confluence with Dead River to 
determine fall to Dead River. 

• Design interim channel confluence for Mulligan Creek/Dead River. This will include a 
channel cross section that will be excavated through the plugged confluence. 

• The channel cross section would be based upon the 2-year return period flow, not a 
regional bankfull relationship, since the regional bankfull information is not available. 
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Attachment F-1 
MDEQ letter dated October 15, 2003 
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WPSC-ENVIR0NMENTAL Fax:920-433-1176 Oct 20 '03 11:22 

SrArt: <Jf Mtelll(iAN 

DEPARTMENT OF ENVIRONMENTAL QUALITY 
lJJ>rER PENINSULI\ D1~1 i<.ICl 01'F11.1. 

J!:cNN!FER M. GRANHOLM 
nQVF.llNOA 

Mr. Gary Erickson, Vice President 
Upper Peninsula Power Company 
PO Box 357 
Ishpeming, Michigan 49849 

Dear Mr. Erickson: 

October 15, 2003 

SUBJECT: Withdrawal of the required action to control head cutting erosion at the outlet 
of the Silver Lake Basin. 

P.02/02 
Document# GB~0713 

DEU 
STE;VEN E. CHESTER 

0l~FCTOR 

The August 11, 2003, letter required the construction of a structure to control head cutting and continued 
channel erosion at the Silver Lake Basin. As a result of continuing discussions with the Upper Peninsula 
Power Company (UPPCO), the Michigan Department of Environmental Quality (MOEQ) remained receptive 
to the results of a detailed assessment of the issue. UPPCO and their consultants completed and then 
distributed the "Silver Lake Outlet Interim Stabilization Report" on October 10th to the MDEQ and other 
resource agencies for review. 

Upon review of the report, MDEQ agrees to withdraw the requirement of constructing the Silver Lake Basin 
head cutting structure at this time. This decision is based on the report's recommendation that the existing 
"conglomerate formation should adequately control head cuttrng downstream of the (present post-event 
Silver Lake Basin) throughout the winter of 2003 and spring of 2004," The MDEQ also agrees with the 
reports recommendations that "the exposed conglomerate may not be suitable as a long-term solution ... and 
a detailed geological/materials testing and evaluation of the conglomerate would be required" if this solution 
is to be used beyond the spring 2004. 

As stated in the August 11th letter, the MDEQ maintains the desire to keep the existing size of the Silver 
Lake Basin intact until a long term management strategy is finalized. Therefore, lf the existing 
conglomerate material does not prevent future head cutting and erosion in this reglon the MDEQ may 
require UPPCO to take action to stop active erosion and restore the area to the current condition. Please 
provide a report assessing the amount of head cutting (including the change in Silver Lake area/elevation) 
as a result of spring snowmelt to me by June 1, 2004. That report must include a long range plan for 
controlling head cutting at Silver Lake Basin. 

Please call me if you woufd like to further discuss the contents of th!s letter. 

MK:SC:DN 
cc: Mr. Bernie Huetter, NRCS 

Mr. George Madison. MDNR 
Ms. Jessica Misiak, MDNR 
Mr, Shawn Puzen, UPPCO 

ve Casey 
District Supervis 
Water Division 
906-346-8535 

Mr. Hampton Waring, Marquette Conservation District 
Mr. Ra1ph Reznick, MDEQ-WD 
Mr. Robert Schmeling, MOEQ-WHMO 
Ms. Joan Duncan, MDEO-GLMD 
Mr. Mark Feldhauser, MDEQ-GLMO 
Mr. Mitch Koetje, MDEO-WD 
File: Dead River Basin file 

420 5TH STRF.f.T • GWINN, MICHIGAN 4fl641 
www.m1chigan.gov • (906) 346-a300 
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Appendix 2 

Longitudinal Survey 
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Longitudinal Profile Survey 
The Consultant shall survey a longitudinal profile of the stream thalweg for each reference reach. 
Measurements shall be to the nearest 0.01 ft vertically. The longitudinal profile survey shall 
begin with station 10+00. 

The longitudinal profile survey shall include at a minimum the following survey points: 
1) Thalweg * 
2) Left Or Right Water Surface Edge 
3) Water Surface Elevation* 
4) Left Or Right Bankfull * * 
5) Left and Right Top Of Bank 

• MDEQ parameters. Refer to Section 1.2.3.2 DRSR Survey Procedures. 
•• Bankfull indicators may not be present for Dead River sub-reaches. 

The survey points, listed above, shall be taken at each of the following bed feature locations 
within the reach: start of reach, end of riffle, end of run, mid-pool (max. depth), head of glide, 
start of riffle, and end of reach. 

In addition to the bed feature points the Consultant shall take continuous points along the left or 
right water surface edge, in sufficient number, to determine channel sinuosity. The points must be 
taken from the same side throughout the longitudinal profile survey. The longitudinal profile 
survey shall tie to the cross-section(s) surveys. 

Longitudinal Photo Log 
The Consultant shall take, at a minimum, the following photographs at each surveyed stream 
reach: 

Plaoto Descriotion Penneetive 
A sufficient number of photographs to provide facing downstream 
a continuous visual documentation of the 
survey reach 
Stream upstream of the reach standing mid-stream at the start of the 

longitudinal profile 
Stream downstream of the reach standing mid-stream at the end of the 

longitudinal profile 
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Cross-Section Survey 
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Cross-Section Survey(s) 
The cross-section survey(s) shall include at a minimum the following survey points: 

1) Left And Right Floodplain 
2) Left And Right Top Of Bank* 
3) Left And Right Bankfull (Minimum Left Or Right)** 
4) Left And Right Toe Of Bank 
5) Water Surface Elevation * 
6) Thalweg * 
7) Additional Shots At Breaks In The Grade (Left And Right)* 

• MDEQ parameters. Refer to Section 1.2.3.2 DRSR Survey Procedures. 
•• Bankfull indicators may not be present for Dead River sub-reaches. 

The cross-section shall include a minimum of twenty (20) points, to accurately portray the 
channel shape. The minimum cross-section width surveyed shall be the distance sufficient to 
capture the entrenchment ratio (typically 2-3 times the bankfull width of the stream but may be 
wider). The Consultant shall install re bar endpoints for both sides of the cross section. The cross-
section survey(s) shall be measured left-to-right facing downstream, with station 1+00 as the left 
benchmark. Measurements shall be to the nearest 0.1 ft horizontally and 0.01 ft vertically. 

Cross-Section Photo Log 
The Consultant shall take, at a minimum, the following photographs at each surveyed cross 
section: 

Photo Description Pennective 
Bankfull stage indicator location that best depicts indicator (Rosgen, 

1996) 
Stream downstream of the cross-section standing mid-stream at the tape 
Stream upstream of the cross-section standing mid-stream at the tape 
Cross-section photo downstream of the cross-section facing 

upstream 
Cross-section photo upstream of the cross-section facing 

downstream 
Right floodplain right top of bank at the cross-section 
Left floodplain left top of bank at the cross-section 
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Data Presentation Format: 

Site Sketches 

Morphological Characteristics 
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MORPHOLOGICAL CHARACTERISTICS OF THE EXISTING AND PROPOSED CHANNEL 
WITH GAGE STATION AND REFERENCE REACH DATA (Rosgen, 1996) 

Restoration Site (Name of stream & location): 
USGS Station (Number & location): 
Reference Reach (Name of stream & location): 

Variables Existing Channel Proposed Reach 
1. Stream Type 

2. Drainage Area, mi2 

Mean: Mean: 
3. Bankfull Width, ft (Wbkt) 

Range: Range: 

Mean: Mean: 
4. Bankfull Mean Depth, ft (dbkt) 

Range: Range: 

Mean: Mean: 
5. Width/Depth Ratio (Wbk,i'db1<1) 

Range: Range: 

Bankfull Cross-Sectional Mean: Mean: 
6. 

Area, tt2 (~kl) Range: Range: 

Bankfull Mean Velocity, ft/s 
?. (Ubkl) 

8. Bankfull Discharge, tt3ts 
(Qbkf) 

Bankfull Maximum Depth, ft Mean: Mean: 
9. d ( mbkl) Range: Range: 

0 
Max Riffle Depth/Mean Riffle Mean: Mean: 

1 
· Depth ( dmbkifdbkt) Range: Range: 

Low Bank Height to Max Mean: Mean: 
11 · Riffle Depth (LBH/dmbkt) Range: Range: 

Width of Floodprone Area. ft Mean: Mean: 
12. (W,pa) Range: Range: 

13 Entrenchment Ratio Mean: Mean: 
. (W,p)Wbkl) Range: Range: 

Mean: Mean: 
14. Meander Length, ft (Lm) 

Range: Range: 

Meander Length Ratio Mean: Mean: 15. 
( Lrr/W bk!) Range: Range: 

Josh:C/My Documents/Class 
Files/RAM/Field Manual/Design Forms.xis © 2003 Wildland Hydrology 

USGS Station Reference Reach 

Mean: Mean: 

Range: Range: 

Mean: Mean: 

Range: Range: 

Mean: Mean: 

Range: Range: 

Mean: Mean: 

Range: Range: 

Mean: Mean: 

Range: Range: 

Mean: Mean: 

Range: Range: 

Mean: Mean: 

Range: Range: 

Mean: Mean: 

Range: Range: 

Mean: Mean: 

Range: Range: 

Mean: Mean: 

Range: Range: 

Mean: Mean: 

Range: Range: 

A77 
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MORPHOLOGICAL CHARACTERISTICS OF THE EXISTING ANO PROPOSED CHANNEL 
WITH GAGE STATION AND REFERENCE REACH DATA (Rosgen, 1996) 

Variables Existing Channel Proposed Reach 

Mean: 
16. Radius of Curvature, ft (Re) 

Range: 

Ratio of Radius of Curvature Mean: 
17

· to Bankfull Width (Rc/Wbkr) Range: 

18. Belt Width. ft (Wb1t) 

Meander Width Ratio 
19· (Wblt./Wbkf) 

20. Sinuosity (K) 

21. Valley Slope (VS) 

22 
Average Water Surface 

. Slope (S) = (VS/K) 

Pool Slope (water surface 
· facet slope) ( Sp) 

24 
Ratio of Pool Slope/Average 

· Water Surface Slope (Spi'S) 

25 
Riffle Slope (water surface 

· facet slope) (Srtt) 

26 
Ratio Riffle Slope to Average 

· · Water Surface Slope (S,n/S) 

Run Slope (water surface 
· facet slope) (Srun) 

Ratio Run Slope/Average 
Water Surface Slope (Srun/S) 

Glide Slope (water surface 
· facet slope) (Sg) 

,/; 
30 

Ratio Glide Slope/Average 
· · Water Surface Slope (SJS) 

Mean: 

Range: 

Mean: 

Range: 

Mean: 

Range: 

Mean: 

Range: 

Mean: 

Range: 

Mean: 

Range: 

Mean: 

Range: 

Mean: 

Range: 

Mean: 

Range: 

Mean: 

Range: 

·CJMy Documents/Class 
--~I/Field Manual/Design Forms.xis 

Mean: 

Range: 

Mean: 

Range: 

Mean: 

Range: 

Mean: 

Range: 

Mean: 

Range: 

Mean: 

Range: 

Mean: 

Range: 

Mean: 

Range: 

Mean: 

Range: 

Mean: 

Range: 

Mean: 

Range: 

Mean: 

Range: 

© 2003 'Midland Hydrology 

USGS Station Reference Reach 

Mean: Mean: 

Range: Range: 

Mean: Mean: 

Range: Range: 

Mean: Mean: 

Range: Range: 

Mean: Mean: 

Range: Range: 

Mean: Mean: 

Range: Range: 

Mean: Mean: 

Range: Range: 

Mean: Mean: 

Range: Range: 

Mean: Mean: 

Range: Range: 

Mean: Mean: 

Range: Range: 

Mean: Mean: 

Range: Range: 

Mean: Mean: 

Range: Range: 

Mean: Mean: 

Range: Range: 
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MORPHOLOGICAL CHARACTERISTICS OF THE EXISTING AND PROPOSED CHANNEL 
WITH GAGE STATION AND REFERENCE REACH DATA (Rosgen, 1996) 
Variables Existing Channel Proposed Reach 

Mean: 
31. Max Pool Depth, ft (dmb11<p) 

Range: 
Ratio Max Pool Mean: 

32. Depth/Bankfull Mean Depth 
( dmbfk/dbkt) Range: 

Mean: 
33. Max Run Depth, ft (drunl 

Range: 
Ratio Max Run Depth/ Mean: 

34. Bankfull Mean Depth 
( drur/dbkf) Range: 

Mean: 
35. Max Glide Depth, ft (d9) 

Range: 

36 
Ratio Max Glide Depth/ Mean: 

. Bankfull Mean Depth (dgfdbkf) Range: 

Mean: 
37. Pool Width, ft (Wbktp) 

Range: 

38 
Ratio of Pool Width to Mean: 

· Bankfull Width (Wbkfp/Wbkt) Range: 

39 
Ratio of Pool Area to Mean: 

· Bankfull Area Range: 

Mean: 
40. Point Bar Slope 

Range: 

Mean: 
41. Pool to Pool Spacing, ft (p-p) 

Range: 

42 
Ratio of p-p Spacing to Mean: 

· Bankfull Width (p-p/Wbkt) Range: 

Josh:C/My Documents/Class 
Files/RAM/Field Manual/Design Forms.xis 

Mean: 

Range: 

Mean: 

Range: 

Mean: 

Range: 

Mean: 

Range: 

Mean: 

Range: 

Mean: 

Range: 

Mean: 

Range: 

Mean: 

Range: 

Mean: 

Range: 

Mean: 

Range: 

Mean: 

Range: 

Mean: 

Range: 

© 2003 Wildland Hydrology 

USGS Station Reference Reach 
Mean: Mean: 

Range: Range: 

Mean: Mean: 

Range: Range: 

Mean: Mean: 

Range: Range: 

Mean: Mean: 

Range: Range: 

Mean: Mean: 

Range: Range: 

Mean: Mean: 

Range: Range: 

Mean: Mean: 

Range: Range: 

Mean: Mean: 

Range: Range: 

Mean: Mean: 

Range: Range: 

Mean: Mean: 

Range: Range: 

Mean: Mean: 

Range: Range: 

Mean: Mean: 

Range: Range: 
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MORPHOLOGICAL CHARACTERISTICS OF THE EXISTING AND PROPOSED CHANNEL WITH GAGE STATION AND REFERENCE REACH DATA (Rosgen, 1996) 
Variables Existing Channel Proposed Reach 

MATERIALS 
Particle Size Distribution of 

43. Channel Material (active 
bed) 
D16 (mm) 

D35 (mm) 

DSO (mm) 

D84 (mm) 

D95 (mm) 

4 
Particle Size Distribution of 4 · Bar Material 

D16 (mm) 

D35 (mm) 

DSO (mm) 

D84 (mm) 

D95 (mm) 

largest size particle at the 
toe (lower third) of bar (mm) 

SEDIMENT TRANSPORT VALIDATION 
(Based on Bankfull Shear Stress) 

Calculated shear stress value (lb/ft2) from curve 
Size from Shields Diagram (mm) 
Largest size to be moved (D,) 

Critical dimensionless shear stress (tc;) 
Mean dbkf calculated using critical dimensionless shear stress equations 
for given slope 

Remarks: 

Josh:C/My Documents/Class 
Files/RAM/Field ManuaUDesign Forms.xis © 2003 Wildland Hydrology 

USGS Station Reference Reach 

Existing Proposed 
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• Appendix 5 
Re-Survey of MDEQ Sites 
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• R06-09 MDEQ-A 
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Initials 

WORK PLAN SECTION 1.2.3 
DEAD RIVER SUB-REACH SURVEY AND GEOMORPHIC ANALYSIS 

Work Item 

@2..-:::'. Collect the following data at a minimum for each sub-reach. 

Reach R06-09, DEQ-A 

Survey longitudinal profile in the same location (beginning point to ending 
point) of the 2000 MDEQ survey. 

Survey the same cross sections surveyed by MDEQ in 2000 including no less 
than thirty (30) points, fifteen (15) of which must be within the wetted 
perimeter. 

Velocity at each cross section, measured at 0.6 of the depth measured from 
the surface. 

Sketch site per Harrelson et al., 1994 

Photograph site, including two (2) photos with tape/line stretched across 
stream. ( 10-r\l\-L $-ritn10-...> SlAR,1£y - No TA?t) 
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WORK PLAN SECTION 1.2.3 
DEAD RIVER SUB-REACH SURVEY AND GEOMORPHIC ANALYSIS 

Initials Work Item 

@ Provide the following items for each sub-reach in electronic and hard copy format. 

Reach 06-09, DEQ-A 

/ Plot of longitudinal profile 

/ Plot of cross-sections 

/ Site sketch 

/ Photographs and photo log 

I I I I 
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Table: Summary Data for the Dead River Bypassed Channel, August 2000 vs 2004 

Reach Name 2004A 2000A 2004A 2000A 2000 B 2004B 2000B 2004B 2000B 2000C 
Reach Len th ft 484 606 484 464 543 464 543 464 543 392 

Water Surface Slope 
ft/mile 15.2 17.96 15.2 4.32 1.58 4.32 1.58 4.32 1.58 2.96 

Average Thalweg Depth 
ft 3 0.78 1.33 0.78 1.33 1.81 2.15 1.81 2.15 1.81 2.15 1.42 

Transect Name 2 2 2 2 3 3 1 
1+17 3+62 1+60 2+86 4+64 

Transect Location 1 0+00 1+17 1+85 3+62 4+66 1+60 2+32 2+86 3+58 4+64 5+43 0+00 
Transect Width ft 3 43 32.7 26.3 37.3 17.4 22.6 20 22.5 22.9 25.7 11.5 

Transect Cross 
Sectional Area 48.4 75.1 8.13 16.5 21.9 34.9 47.8 41.1 30.5 41.4 9.4 

AverageDep n 
1.12 2.3 0.31 0.4 1.26 1.5 2.4 1.8 1.33 1.6 0.81 

0.13 0.51 
Calculated Velocity by 

flow/area f 0.06 1.5 0.36 0.5 0.14 1.2 0.06 1.3 0.1 1.3 0.49 
Stream flow cfs 2.0 1.5 3 3.8 3 3 6.2 4.6 

1. Transect location in ( ) is the station from the 2004 survey starting at station 0+00. 
2. Average Measured Velocities were provided by MDEQ in 2000. 
3. Cross sectional area, transect width, average depth in transect are based on average water surface depth. 
4. Assumed horizontal coordinates were used for the resurvey of reaches A, B, and C. No horizontal datum was used for the 2000 survey of these three reaches. 

Vertical data for all three reaches of the 2004 resurvey were tied to benchmarks established during the 2000 survey. 
These vertical benchmarks were also assumed and were not tied to each other. 
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2004C 2000c 2004C 
472 392 472 

5.28 2.96 5.28 

2.3 1.42 2.3 

2 2 
0+00 1+57 
0+34 1+57 1+90 

16.0 25.8 25.4 

36.8 17.9 51.8 

2.3 0.69 2.0 

0.28 

1.2 0.26 1.2 
6.7 4.6 8.5 

• 
2000 C 

392 472 

2.96 5.28 

1.42 2.3 
3 3 

3+50 
3+50 4+05 

21.5 24.8 

18.9 68.3 
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• • 
Dead River Reach A, SE 1/4, NW 1/4 Section 13, T48N, R26W, Marquette County 
46.5593 N 87.5041 W 

7/28/04 

Pygmy Meter y-0060 

Transect is of poor quality for flow measurement but the best available in the reach. 
Transect is near 0+00 
distance observations at 0.6 depth 
from initial depth rev time velocity flow 

(ft) (ft) # (sec) (ft/sec) (ft"3/sec) Comments 
0 0 Bank 
4 0.6 <-0.1 -0.09 eddy 
6 0.7 <-0.1 -0.07 eddy 
8 0.9 <-0.1 -0.09 eddy 

10 1.1 <-0.1 -0.11 eddy 
12 1.2 <0.1 0.12 
14 1.2 7 73 0.13505479 0.324132 
16 1.1 15 42 0.38585714 0.848886 
18 1.2 15 46 0.35604348 0.854504 
20 1.2 <0.1 0.18 
24 0 0 Bank 

Aooroximate total flow 1.967522 
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• Table 2. Longitudinal profile of Reach A of the Dead River bypassed channel. 
. . 

Benchmark 1 (elevation= 100 ft): nail in 2 ft diarilet~r m~ple ori ·left b'ank at Station 0+96 

Residual Average '. .:i;.,_; Calcuiated ' .- .. _.: . 
Calcol~ied Elevations Pool Residual Residual Height of Minus Siqhts Water 

Water Surf Thalweg Surface Pool Depth Pool Depth 'Instrument Water Surf Thalweg ,water Surface Depth 
Location (ft) (ft) (ft) (ft) (ft) , . ' , '·_;(ft) (ft) •- (fi) ' (ft) !":' (ft) 

0 '94.01 93.87 10055 6.54 '6.~8 C 94.'01 0.14 
30 93.26 93.54 0.28 10055 7.29 , ~. 94 .0.74 
60 92.87 93.54 0.67 100:55 7.68 9:3~98 1.11 
90 93.09 93.54 0.45 100.55, - '7.46' 9$-97 0.88 

120 92.07 93.54 1.47 · 100.55 8.48' -~3.95 1.88 
" 

150 93.94 92.74 93.54 0.8 100.55 6.61 :7.81. :._ 93.94 1.2 
177 92.27 93.54 1.27 100.55 ·_8.28 ' 9':3_94 1.67 
205 91.84 93.54 1.7 , , 100,55 ' ·'8:71: '. 93:94 2.1 
235 93.94 92.86 93.54 0.68 -- ,.· 100.55 -_ 6.61 7;69 93.94 1.08 
260 93.54 93.54 0 0.915 100.55 io1 93.87 0.33 
290 93,8 93.17 93.52 0.35 100.55 6.75 7.38 - ii:r8 0.63 
320 93.31 93.52 0.21 100.55 7.24 93.78 0.47 
350 93.76 93.52 93.52 0 0.28 100.55 6.79 7.03 93.76 024 
380 93.3 100.55 7.25 - 93'.51 0.21 
410 93.26 93.06 99.86 6.6 6,8 93.26 0.2 
440 92.99 99.86 6.87 93 0.01 
484 92.62 92.33 99.86 7.24 nb 92.62 0.29 

• 
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Figure 5. Longitudinal profile of Reach A on August 9, 2000. 
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• MDEQ Reach A, Profile 2004 

Descriptor = TWG Descriptor = W-SF 
Station Elevation Station Elevation 

0.0 95.21 -0.1 95.29 
13.8 94.40 88.6 94.73 
26.5 93.48 125.8 94.60 
82.1 93.42 144.4 94.59 
123.2 92.26 184.7 94.71 
145.1 92.21 288.3 94.71 
184.9 91.34 308.1 94.65 
243.3 92.21 326.9 94.48 
270.3 91.59 348.1 94.36 
289.1 91.98 381.4 94.42 
310.1 94.12 439.8 94.43 
324.2 93.14 466.2 94.13 
345.3 92.83 493.9 93.50 
360.0 92.92 539.9 93.02 
377.4 92.24 557.2 92.87 
392.6 92.28 585.8 92.70 
408.4 92.83 • 420.6 92.14 
436.3 93.80 
444.4 93.73 
454.3 93.74 
465.3 93.66 
469.9 93.31 
495.2 93.00 
514.5 92.72 
539.1 92.32 
558.5 92.34 
568.0 92.19 
582.8 92.01 
597.6 91.93 
606.2 90.53 
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• Table 3. Cross-section data for Reach A, Transect 1 (Station 1+17). 

• ,') 

--::-> 
:;... R 

Station: 
Benchmar:k: 
Height of Instrument;.·. 
Water.Surface Elevation: 
Channel Width (ft):.. • 
Date:':· .. 

Station 
Left Bank Herod Marker,, . 

... 

ight Bank Rerod Marker 

Dead River bYPassed channel,. Reach A (Station 1 +17) _ 
. -• .Nai!Jn 2 ft: diarri'. 'maple on left bank at Station 0+:9'$ ( elevation=100 ft} 

. 93.85 
43. 

8/9/00 

Dista_nce Elevation Cross 
;o ··From 'Minus Water of .. Sectional 

., Left Sjght Depth· Substrate .Area 
. ·~ _. 

(ft)•' .•, _:_,_._ ,, (ft) .. (ft) (ft)·. (sq. ft.} 
.. .co:_, 0.3 5.( .. 

·' ,,.99~52 ···-· .. 

.. ·3>4 1.55 .98'.'32 " -. 
7.4· 2.5 ... .. 97.3 7 ... ! 

12..4. 3.2 ·' '. 96.67 •. 
16A .3.91 .... --~r • -· •. .. 95.96 . ... 

.20A .. 4.54 ·" 
/, ___ 

•. . 95.33 
24:4 

.. 
4:85 95:02 

28:4 ... 5.44 94-43 
.. jtA 6.02 0 93~85 . " 0.1 

33.:4•· 0.23 .93.;62· 0.46 
35.4 . -· 0.6 93.25, 1.2 
37.4· 0.88 92~97 1]6 
3'9:4 ..... 0.93 92.92 t.86 
41A •·. 1.05 92;.8 2.1 
43.4 1.2 92.:6.5 2.4 
4'5.4 1.66 92.19 ,· .. 3.32 " 

-47A 1.79 ... 92.06 .3.58 
.,,49;4· 1..82 92~03. 3.64 

51A t.73 92.12 .3:46 .. 
53A .. 1.68 ..; 92:17 - -·. 3.36 
55.4' 1.44 '92.4.1 2.88 
57~4· t.33 92.·52 2.66 
59.4 · 1.2 . 92:65 .2.4 
61.4 1.'09 92'.76 2.18 
63.4 .. ·0.97 .92:a8 . 1.94 

-.65.4 · 0.99 92~86 1~98 
67.4 • 1.16 92:69 2.32 
69.4 1.04 92:81 2.08 
71.4 - 0.83 ~;0i t.245 
72.4 4.17 0.73 ' ·-g5.7 1.095 
74.4 a 99~8-7 0.35 
80.4 v -4' ~v \ 
92.9 "---------- 10s) I - I 

Total cross-sectional area (sq. ft.) 48.37 
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Figure 6. Cross-section profile of Reach A, Transect 1 (Station 1 +17) on Au9.ust~, 2000. 
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C: ::, 
0 
Hi • • • Hi 
I-'· 
(l 
I-'· 
DJ 
I-' 

"l 
tz:J 
:,;:I n 
I 

G"l 
(1) 
::, 
(1) 
l"1 
DJ Reach A, Transect 1, 2004 

Pt# I Nortn .: I Sa$t. 1 Elevation r · -_ ·'Npte., t station I 9035 5058.58 4907.09 101.63 X1TOPO 0.0 

rt 
(1) 
0. 
'ti 
t:, 
"l 9036 5053.67 4930.09 99.76 X1TOPO 23.5 

9037 5051.40 4940.73 98.78 X1TOPO 34.4 
0 
Hi 
f\) 9038 5049.61 4948.99 98.49 X1TOPO 42.8 0 
0 9039 5048.03 4957.64 100.08 X1 LTB 51.6 u, 
0 9040 5045.45 4975.06 99.98 X1TOPO 69.2 u, 
I-' 9003 5044.65 4977.02 99.92 X1 leBF 5\8 71.3 \0 
I 9041 5043.33 4981.27 98.00 X1 LTO 75.7 0 

0 9042 5040.23 4991.72 97.23 X1TOPO 86.6 Cl) 
CD 

9043 5039.29 4994.92 97.43 X1TOPO 89.9 :,;:I 
(1) 9044 5038.00 5002.32 96.83 X1TOPO 97.4 (l 
(1) 9045 5037.07 5006.69 95.92 X1TOPO 101.9 I-'· 
< 9046 5036.48 5010.33 95.33 X1TOPO 105.6 (1) 
0. 9047 5035.46 5016.86 94.68 X1 LCH WSF 112.2 
0-9048 5035.36 5019.27 94.31 X1TOPO 114.6 '< 

9049 5035.15 5021.16 94.03 X1TOPO 116.4 
9050 5034.95 5023.28 93.46 X1TOPO 118.6 

"l 
tz:J 
:,;:I n 

9051 5034.80 5026.10 92.95 X1TOPO 121.4 0 
00 9057 5035.10 5027.58 92.58 X1TOPO 122.7 tz:J n 9056 5035.17 5030.33 91.90 X1TOPO 125.4 
0 9055 5034.50 5032.19 91.77 X1TOPO 127.4 u, 
'-9054 5034.15 5033.40 91.77 X1TOPO 128.6 I-' 
0 9053 5033.38 5035.51 91.44 X1TOPO 130.9 '-f\) 
0 9052 5033.21 5037.67 91.34 X1 TWG 133.0 0 
u, 9058 5033.04 5041.73 91.61 X1TOPO 137.0 
I-'· 9059 5031.84 5046.44 91.79 X1TOPO 141.9 ::, 

9060 5031.19 5048.63 91.90 X1 TOPO RTO 144.2 t:, 
0 9061 5031.03 5048.99 94.71 X1 W-SF 144.5 (l .,,. 

9062 5028.24 5056.51 103.51 X1 RTB 152.5 (1) 
rt 9063 5025.49 5066.75 102.66 X1TOPO 163.1 =lie .. 
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• Table 4. Cross-section data for Reach A, Trans~ct 2 (Station 3+62) . 

Station: . , ; :- ::Dead River byµa.s.s:ed:cha_nn¢t;;Reactl A (Statiorr,3;+-62).. . . , Benchmark: · · 
Height of lnstruni'eiit 
WaterSur:faoo Bevati6ri: .. 
Channel Widtn.(ft) 
Date 

.. .. Station · · ···· · 
Left Bank' Rerod Markef 

··· · Nail in 2 ft diam. maple on left bank at. Statiotf0'f'96 (Elevation=i 00ft) · ... 
'99.86 
. ~3.61 

. 819/00. 

.. Distance 
From 
Left · :·mr;:·· 

1 Elevation . , Cross-
Minus 
Sight .. 

Water of sectional 
Depth a:;. -·.Substrate. Area 

(ft) .. .(ft) (ft~~ - ;(sq. ft.} . 

1.5 0 

4.5 1.38 · -- ga)rn 

' 

0 27.2 .625 93: _ 0.12 
0.23 0.4945 
0;32 

33.5 .. - 93:27_ 0.34· ··-·· 0:68 
0.4 -, .. . 35~5 93:2t 0.:'8 

0.48 37.5 .. 93:~. 0:96 
0.3 o:a 

0.18 0;36 
0:25 . 43~5 93t36, 0:5· 

45.5 93:. 028 0;56 .. 
47.5 93'.17 OA4 · 0;88 

- 49.5 93:22 0.39 0:78 
0.3 '· 51.5 - 9. 

0 · 53.5 6,.18 93::61 0.15 
· . >57:'5 6:05 · 93;8:1 

62.5 , 5:95 -93·;91 
67 .5 5.34 94;52 . 
72.5 4.2 95;66 
.7].5 3.11 96;75 
82.5 2.53 97.33 
87.5 1.38 98.48 -
90.5 0 99.86. 

) . 

Right Bank Rerod Monument 98.5 · r 1.(}1---; · D · · <--><.----------'--,----...._ ___ ..,__ __ __._......,.~--=----J - 0 C(_&-7 
Total cross-section areatsq, fl) 8.12 
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Figure 7. Cross-section profile of Reach A, Transect 2 (Station 3+62) on August 9, 2000. 
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C: ::, 
0 
Hi • • • Hi 
I-'· 
(l 
I-'· 
DJ 
I-' 

"l 
tz:J 
:,;:I n 
I 

G"l 
(1) 
::, 

Reach A, Transect 2, 2004 (1) 
l"1 
DJ ·· Pt# 1 North ·- · I . ; : East. · : I · Elevation I < 1 .Note I Station_ I rt 
(1) 
0. 9184 5111.80 4904.02 100.84 X2TOPO 0.0 
'ti 9185 5123.46 4904.32 99.10 X2TOPO 11.7 t:, 
"l 9186 5143.28 4905.75 98.78 X2TOPO 31.5 0 
Hi 9187 5160.14 4907.29 99.78 X2TOPO 48.5 
f\) 9188 5162.96 4907.37 100.02 X2 leBF 5\8 51.3 0 
0 9189 5172.32 4908.07 97.14 X2TOPO 60.7 u, 
0 
u, 9177 5174.67 4906.95 97.55 X2 LTB 62.9 I-' 
\0 9190 5176.73 4908.65 97.14 X2TOPO 65.1 I 
0 9191 5181.27 4908.65 95.17 X2TOPO 69.6 0 
Cl) 

9192 5185.17 4908.90 94.60 X2TOPO 73.5 CD 

:,;:I 9193 5186.21 4908.99 93.79 X2 LCH 74.6 (1) 
(l 9194 5193.24 4910.06 93.45 X2 sch2 81.7 (1) 
I-'· 

9195 5197.84 4910.56 93.57 X2 MCB 1 86.3 < (1) 
0. 9196 5203.85 4910.66 94.41 X2TOPO 92.3 
O' 9197 5211.55 4911.51 94.10 X2 MCB 1 100.0 '< 
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M DEQ R06-09-A 
9000 5000 5000 95.3 SPIKE 
9001 5175.856 5009.216 94.7319 SPIKE • 9002 5030.979 4977.633 100 BM1 
9003 5044.654 4977.022 99.9191 X1 leBF 5\8 
9004 4935.244 4927.936 98.8328 LTB 
9005 4937.534 4930.049 97.7352 LTB 
9006 4943.694 4933.159 98.2229 LTB 
9007 4946.724 4932.015 99.1169 LTB 
9008 4924.364 4944.537 96.4895 TOPO 
9009 4890.262 4941.972 95.485 LCH WSF 
9010 4883.58 4944.116 95.2089 TWG 
9011 4878.332 4946.004 95.294 MCB1 w-sf 
9012 4876.507 4951.96 94.8754 MCB1 
9013 4868.4 4953.092 94.5614 MCB1 
9014 4859.498 4949.026 94.7265 MCB1 
9015 4857.552 4953.97 94.0675 mcb-1 T-WG 
9016 4854.939 4956.936 94.679 RCH WS F 
9017 4858.626 4963.435 95.41 RTO 
9018 4875.981 4954.441 94.6829 MCB1 
9019 4885.723 4957.734 94.4043 TWG 
9020 4895.652 4956.953 94.7328 LCH WSF 
9021 4892.635 4968.426 93.4797 TWG 
9022 4955.403 4956.92 95.0613 LTO 
9023 4947.522 4975.071 95.53 TOPO 
9024 4946.131 4980.791 94.7509 LCH WSF 
9025 4941.302 4995.176 93.416 TWG 
9026 4938.254 5012.071 94.7258 RCH W-SF • 9027 4986.373 4997.127 94.7614 LCH WSF 
9028 4979.173 5012.635 92.8566 TOPO 
9029 4974.128 5019.936 92.2636 TWG 
9030 4972.084 5028.136 94.6044 RCH W-SF RTO 
9031 4991.579 5035.514 94.5851 RCH W-SF RTO 
9032 4995.483 5024.935 92.2065 TWG 
9033 5025.221 5067.861 102.8244 X1 ReBF 5\8 
9034 5006.15 5006.398 94.7249 LCH WSF 
9035 5058.581 4907.092 101.6299 X1TOPO 
9036 5053.674 4930.085 99.7579 X1TOPO 
9037 5051.404 4940.733 98.7815 X1TOPO 
9038 5049.615 4948.987 98.49 X1TOPO 
9039 5048.025 4957.64 100.0847 X1 LTB 
9040 5045.449 4975.06 99.9764 X1TOPO 
9041 5043.329 4981.274 97.9969 X1 LTO 
9042 5040.231 4991.717 97.2278 X1TOPO 
9043 5039.285 4994.923 97.4307 X1TOPO 
9044 5037.995 5002.322 96.827 X1TOPO 
9045 5037.072 5006.691 95.9151 X1TOPO 
9046 5036.484 5010.329 95.3316 X1TOPO 
9047 5035.462 5016.858 94.6804 X1 LCH WSF 
9048 5035.36 5019.275 94.3141 X1TOPO 
9049 5035.154 5021.158 94.0343 X1TOPO 
9050 5034.949 5023.278 93.4552 X1TOPO • 9051 5034.796 5026.102 92.9512 X1TOPO 
9052 5033.209 5037.671 91.339 X1 TWG 
9053 5033.381 5035.506 91.4434 X1TOPO 
9054 5034.152 5033.396 91.7707 X1TOPO 
9055 5034.501 5032.185 91.7688 X1TOPO 
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MDEQ R06-09-A 
9056 5035.17 5030.328 91.9033 X1TOPO 
9057 5035.098 5027.578 92.5827 X1TOPO • 9058 5033.042 5041.735 91.6108 X1TOPO 
9059 5031.837 5046.438 91.7902 X1TOPO 
9060 5031.19 5048.634 91.9025 X1 TOPO RTO 
9061 5031.033 5048.993 94.7131 X1 W-SF 
9062 5028.237 5056.512 103.5063 X1 RTB 
9063 5025.485 5066.75 102.6586 X1TOPO 
9064 5090.729 5026.268 94.706 LCH WSF 
9065 5091.377 5042.886 92.2088 TWG 
9066 5094.321 5060.243 94.5273 RCH 
9067 5094.386 5060.037 92.9052 RTO 
9068 5110.759 5023.306 94.7465 LCH WSF 
9069 5117.252 5035.128 91.5876 TWG 
9070 5134.932 5028.935 91.9847 HOGTWG 
9071 5137.695 5046.531 94.711 RCH W-SF 
9072 5154.071 5034.784 94.6477 RCH W-SF 
9073 5155.898 5027.403 94.1206 HORTWG 
9074 5159.314 5019.238 94.7131 LCH WSF 
9075 5168.292 5022.884 94.4678 LCH WSF 
9076 5170.036 5028.033 93.1358 TWG 
9077 5173.232 5033.547 94.4818 RCH W-SF 
9078 5195.046 5027.837 94.3595 RCH W-SF 
9079 5190.697 5024.217 92.8329 TWG 
9080 5193.835 5009.832 92.9232 TWG 
9081 5180.092 5008.543 94.4742 LCH WSF • 9082 5109.867 4992.673 98.2948 TOPO 
9083 5122.211 5007.908 97.5962 TOPO 
9084 5112.464 4991.858 98.3945 TOPO 
9085 5091.906 5000.633 97.389 TOPO 
9086 5078.263 5007.882 95.615 TOPO 
9087 5098.254 5016.696 96.395 TOPO 
9088 5121.424 5008.761 97.6016 TOPO 
9089 5137.409 4999.026 96.7739 TOPO 
9090 5151.135 4997.321 95.204 TOPO 
9091 5176.602 4990.017 94.3014 TOPO 
9092 5177.637 4989.188 94.4682 LCH WSF 
9093 5171.448 4980.612 94.9866 TOPO 
9094 5169.618 4979.345 96.0049 TOPO 
9095 5181.02 4984.871 95.9444 TOPO 
9096 5200.496 4993.72 92.2396 TWG 
9097 5210.851 4994.906 94.4247 RCH W-SF 
9098 5209.431 4981.495 92.277 TWG 
9099 5214.914 4966.623 92.8289 TWG 
9100 5219.3 4955.233 92.1433 TWG 
9101 5215.814 4939.939 93.8027 TWG 
9102 5213.538 4932.114 93.7321 HORTWG 
9103 5219.886 4935.34 94.4335 RCH W-SF 
9104 5236.798 4942.115 96.4637 RTO 
9105 5189.628 4956.329 94.4979 LCH 
9106 5195.799 4942.274 94.1892 LCH • 9107 5187.369 4938.229 93.8355 LCH 
9108 5216.033 4860.326 93.5779 SPIKE 
9109 5187.201 4926.723 93.7918 LCH WSF 
9110 5183.585 4924.243 95.4006 TOPO 
9111 5195.922 4938.757 94.2078 sch2 
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M DEQ R06-09-A 
9112 5190.798 4936.673 93.9114 sch2 
9113 5189.436 4928.355 93.6949 sch2 • 9114 5192.581 4915.492 93.5332 sch2 
9115 5191.067 4907.349 93.6721 LCH WSF 
9116 5189.984 4888.784 93.6011 LCH WSF 
9117 5184.917 4887.527 94.4378 TOPO 
9118 5194.212 4887.159 93.3661 sch2 
9119 5202.027 4853.716 93.208 sch2 
9120 5195.169 4851.324 93.3844 LCH LTOWSF 
9121 5207.542 4830.401 93.4251 LCH LTOWSF 
9122 5207.605 4830.427 93.4002 LCH LTO WSF 
9123 5210.993 4834.318 93.1925 sch2 
9124 5227.084 4818.832 92.8175 sch2 
9125 5229.532 4801.637 92.3337 sch2 
9126 5223.202 4804.045 92.6251 LCH WSF 
9127 5202.328 4932.371 94.1197 sch3 
9128 5193.693 4916.386 93.6376 sch3 
9129 5192.1 4935.153 93.9683 MCB2 
9130 5193.637 4924.286 93.9006 MCB2 
9131 5197.175 4929.696 94.221 MCB2 
9132 5198.279 4936.744 94.3509 MCB2 
9133 5195.52 4931.443 94.2927 TOPO 
9134 5202.348 4928.89 94.2811 MCB2 
9135 5196.159 4917.008 93.8019 MCB2 
9136 5202.849 4885.178 93.4684 MCB2 
9137 5204.371 4865.612 93.6801 MCB2 • 9138 5208.325 4842.642 93.38 MCB2 
9139 5215.583 4838.828 93.1966 MCB2 
9140 5220.071 4850.052 93.1604 MCB2 WS-F 
9141 5211.737 4886.912 93.6346 MCB2 WS-F 
9142 5214.107 4905.332 93.9245 MCB2 WS-F 
9143 5208.842 4926.237 94.4433 MCB2 WS-F 
9144 5203.956 4929.802 94.4596 MCB2WS-F 
9145 5215.409 4922.395 93.7446 TWG 
9146 5218.215 4907.165 93.3079 TWG 
9147 5229.659 4922.053 94.0982 RCH 
9148 5224.15 4906.15 93.8544 RCH 
9149 5228.436 4885.129 93.5005 RCH W-SF 
9150 5222.825 4882.308 92.9962 TWG 
9151 5229.896 4864.297 92.7184 TWG 
9152 5241.593 4865.499 93.0731 RCH 
9153 5254.923 4850.439 93.0199 RCH W-SF 
9154 5245.278 4845.167 92.3186 TWG 
9155 5253.69 4827.612 92.3393 TWG 
9156 5259.013 4831.129 92.8712 RCH W-SF 
9157 5255.81 4818.378 92.1852 TWG 
9158 5262.106 4805.001 92.0068 TWG 
9159 5266.216 4790.751 91.9267 HOPTWG 
9160 5270.024 4783.018 90.529 TWG 
9161 5277.917 4807.771 92.6963 RCH W-SF 
9162 5232.749 4831.403 92.8984 MCB3 • 9163 5242.051 4816.587 92.908 MCB3 WS-F 
9164 5246.71 4813.813 92.8047 MCB3 WS-F 
9165 5251.199 4802.204 92.5729 MCB3 
9166 5250.259 4798.585 92.7519 MCB3 END REACH 
9167 5241.79 4801.117 92.6144 MCB3 
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M DEQ R06-09-A 
9168 5232.599 4806.042 92.6914 MCB3 
9169 5230.633 4823.055 92.8829 MCB3 • 9170 5230.443 4829.253 92.9184 MCB3 
9171 5217.212 4804.911 93.5916 TOPO 
9172 5205.482 4786.33 95.399 LTB 
9173 5207.107 4817.337 97.3898 LTB 
9174 5194.684 4832.871 99.7745 LTB 
9175 5182.109 4862.713 99.1152 LTB 
9176 5171.018 4900.496 98.5968 LTB 
9177 5174.665 4906.948 97.5464 X2 LTB 
9178 5182.643 4923.373 95.5472 LTB 
9179 5177.71 4934.643 97.9492 LTB 
9180 5182.632 4956.6 96.9064 LTB 
9181 5177.589 4963.157 98.5159 LTB 
9182 5170.631 4973.21 99.8087 LTB 
9183 5160.44 4917.026 99.3438 BM2 
9184 5111.797 4904.024 100.8407 X2TOPO 
9185 5123.456 4904.324 99.0991 X2TOPO 
9186 5143.282 4905.753 98.7834 X2TOPO 
9187 5160.144 4907.294 99.7799 X2TOPO 
9188 5162.961 4907.365 100.0233 X2 leBF 5\8 
9189 5172.321 4908.067 97.1388 X2TOPO 
9190 5176.733 4908.652 97.1402 X2TOPO 
9191 5181.274 4908.653 95.1748 X2TOPO 
9192 5185.167 4908.904 94.6035 X2TOPO 
9193 5186.206 4908.986 93.7857 X2 LCH • 9194 5193.243 4910.056 93.4496 X2 sch2 
9195 5197.84 4910.562 93.5741 X2 MCB 1 
9196 5203.85 4910.661 94.405 X2TOPO 
9197 5211.553 4911.514 94.0979 X2 MCB 1 
9198 5215.712 4911.38 93.6652 X2TOPO 
9199 5217.937 4911.717 93.6616 X2TWG 
9200 5224.719 4912.077 93.3994 X2TOPO 
9201 5231.767 4913.348 94.1342 X2 RCH W-SF 
9202 5236.645 4913.315 95.7034 X2TOPO 
9203 5250.16 4911.947 97.8503 X2RTO 
9204 5258.447 4912.696 103.9577 X2 RTB 
9205 5261.263 4913.065 104.7987 x2 ReBF 5\8 
9206 5262.313 4913.213 104.4181 X2TOPO 
9207 5258.156 4875.367 101.9586 RTB 
9208 5272.979 4852.649 101.3454 RTB 
9209 4910.446 4996.477 95.0295 RTO FORD 
9210 4923.253 5005.931 96.1589 RTO FORD 
9211 4921.655 5013.432 100.3035 RTB FORD 
9212 4916.122 5011.888 98.9595 RTB FORD 
9213 4913.431 5011.446 99.4843 RTB FORD 
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Figure 1. Monitoring locations in the Dead River bypassed channel, August 2000. 
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MDEQ Photo Log-Reach A 

The following is the photo log that was created for each MDEQ reach (A, B and C). 
Each photo point (labeled either as PP or Photo point) had a number of different pictures 
taken and were subsequently described in the filed book. In the cases where panoramas 
were attempted to be taken, each picture number is sequential, and in most cases only the 
beginning shot and ending shot of the panoramic are identified with a detailed 
description. Field notes of the photos have been scanned in and are included in the 
electronic files. Upon return back to the office and the pictures downloaded, each photo 
was renamed to the same photo number taken in the field with a brief descriptor and 
photo point added. 

Reach 06-06, DEQ Reach A. Pictures were taken on 7-28-04. Picture 53 is missing, 
b I "d 11 h d f ecause acc1 enta IY s ot a movie mstea o a 01cture. 
Photo# Description 
37 PP #1 Photo #37 upstream of beginning point ofreach 
38 PP#l Photo #38 downstream of beginning point for reach 
39 PP#l Photo #39 right bank beginning point ofreach 
40 PP#l photo #40 left bank beginning ofreach 
41 PP#2 Photo #41 x-sect. #1 looking left to ricllt bank 
42 PP#2 Photo #42 x-sect #1 
43 PP#2 photo #43 x-sect #1 
44 PP#2 photo #44 x-sect #1 
45 PP#2 photo #45 upstream from x-section #1 
46 PP#2 photo #46 downstream from x-section #1 
47 PP#2 Photo #47 left bank from x-section #1 
48 PP#3 Photo #48 downstream shot in pool near tum in river 
49 PP#3 Photo #49 upstream shot in pool near tum in river 
50 PP#4 Photo #50 downstream shot from turning point 
51 PP#4 photo #51 upstream shot from turning point 
52 PP#4 photo #52 upstream shot from turning point 2 
54 PP#5 Photo #54 Panoramic of head of main riffle with small side 

channels 
55 PP#5 Photo #55 panoramic of head of main riffle with small side 

channel left bank 
56 PP#5 Photo #56 panoramic of head of main riffle 
57 PP#5 Photo #57 panoramic of head of main riffle middle of river-right 

bank 
58 PP#5 Photo #58 panoramic #2 head of main riffle with small side 

channel left bank 
59 PP#5 Photo #59 panoramic #2 
60 PP#5 Photo #60 panoramic #2 
61 PP#5 Photo #61 panoramic #2 
62 PP#5 Photo #62 panoramic #2 
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• 63 PP#5 Photo #63 panoramic #2 right bank 
64 PP#6 Photo #64 upstream from convergence with side channel and 

main channel 
65 PP#6 Photo #65 upstream from convergence with side channel 2 
66 PP#6 Photo #66 Panoramic of convergence with side channel and dead 

river left bank 
67 PP#6 Photo #67 panoramic of convergence with side channel 
68 PP#6 Photo #68 panoramic with side channel 3 
69 PP #6 Photo #69 panoramic right bank 
70 PP #7 Photo #70 upstream from end of reach 
71 PP#7 Photo #71 panoramic from end ofreach upstream left bank to 

right bank 
72 PP#7 Photo #72 panoramic 2 
73 PP #7 Photo #73 panoramic 3 
74 PP#7 Photo #74 panoramic 4 
75 PP#7 Photo #75 panoramic right bank 
76 PP#7 Photo #76 panoramic of pool downstream of end ofreach left 

bank to ricl1t bank 
77 PP#7 Photo #77 panoramic 2 
78 PP#7 Photo #78 panoramic 3 
79 PP#7 Photo #79 panoramic right bank 

• 
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• 

PP #1 Photo #37 upstream of beginning point of reach 

• 
PP#l Photo #39 right bank beginning point of reach 

,.. _. .t. 

._'!..- - --• k~§; ~,_: 
. .-,; ..,. :;:-. "~'~ _,, ,_. PP#2 photo #45 upstream from x-section #1 
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.. 
PP#2 photo #46 downstream from x-section #1 PP#3 Photo #48 downstream shot in pool near tum in river 

• .;:,/ -- , .. / 

,... 1' 

,_ 

PP#4 Photo #50 downstream shot from turning point 

• PP#4 photo #51 upstream shot from turning point PP#5 Photo #56 panoramic of head of main riffle 
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• 

-· -PP#5 Photo #57 panoramic of head of main riffle middle of 

• 

• 

river-right bank 

PP#5 Photo #62 panoramic #2 

PP#6 Photo #65 upstream from convergence with side 
channel2 

/'·'~"'\. 
"' .. 
;:~· ... -· ~(--
!i •• " -~·~. .... -< 

,::#'·~{., 
"' . :· \ ... ...; 

. ~i,·-

PP#5 Photo #61 panoramic #2 

PP#5 Photo #63 panoramic #2 right bank 
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• t . . 
"""" . 

'-9 - . . .... - .......: - .. ' PP#6 Photo #68 panoramic with side channel 3 PP#6 Photo #69 panroamic right bank 

• 
-- . -... ' , '/' ·. 

PP#7 Photo #70 upstream from end of reach 

• .. . 
.; 

•; .. ·-:-: 
i 'fl.:, PP#7 Photo #72 panoramic 2 PP#7 Photo #73 panoramic 3 
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... ~~-;~:..;.. ..... ~~-·. 
PP#7 Photo #74 panoramic 4 PP#7 Photo #75 panoramic right bank 

• 
PP#7 Photo #77 panoramic 2 

• 
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• R06-07 MDEQ-8 
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Initials 

WORK PLAN SECTION 1.2.3 
DEAD RIVER SUB-REACH SURVEY AND GEOMORPHIC ANALYSIS 

Work Item 

Collect the following data at a minimum for each sub-reach. 

Reach R06-07, DEQ-B 

Survey longitudinal profile in the same location (beginning point to ending 
point) of the 2000 MDEQ survey. 

Survey the same cross sections surveyed by MDEQ in 2000 including no less 
than thirty (30) points, fifteen (15) of which must be within the wetted 
perimeter. 

Velocity at each cross section, measured at 0.6 of the depth measured from 
the surface. 

Sketch site per Harrelson et al., 1994 

Photograph site, including two (2) photos with tape/line stretched across 
stream. (_ To•O.L ~~-r-10-. '\. _.,...,. ~ 'S.v-.R-VV, - No Ttt-"P ) 
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Initials 

WORK PLAN SECTION 1.2.3 
DEAD RIVER SUB-REACH SURVEY AND GEOMORPHIC ANALYSIS 

Work Item 

-&- Provide the following items for each sub-reach in electronic and hard copy format. 

Reach 06-07, DEQ-B 

/ Plot oflongitudinal profile 

Plot of cross-sections 

/ Site sketch 

/ Photographs and photo log 



~------------------------------------------------------------------------------------c:: • • 
Table: Summary Data for the Dead River Bypassed Channel, August 2000 vs 2004 

Reach Name 2004A 2000A 2004A 2000A 2000B 20048 2000B 20048 2000B 2000C 
Reach Len th ft 484 606 484 606 464 543 464 543 464 543 392 

Water Surface Slope 
ft/mile 15.2 17.96 15.2 4.32 1.58 4.32 1.58 4.32 1.58 2.96 

Average Thaiweg Depth 
ft 3 0.78 1.33 0.78 1.33 1.81 2.15 1.81 2.15 1.81 2.15 1.42 

Transect Name 2 2 2 2 3 3 1 
1+17 3+62 1+60 2+86 4+64 

Transect Location 1 0+00 1+17 1+85 3+62 4+66 1+60 2+32 2+86 3+58 4+64 5+43 0+00 
Transect Width ft 3 43 32.7 26.3 37.3 17.4 22.6 20 22.5 22.9 25.7 11.5 

Transect Croas 
Sectional Area 48.4 75.1 8.13 16.5 21.9 34.9 47.8 41.1 30.5 41.4 9.4 

AverageDep n 
1.12 2.3 0.31 0.4 1.26 1.5 2.4 1.8 1.33 1.6 0.81 

0.13 0.51 
Calculated Velocity by 

flow/area f 0.06 1.5 0.36 0.5 0.14 1.2 0.06 1.3 0.1 1.3 0.49 
Stream flow cfs 2.0 1.5 3 3.8 3 3 6.2 4.6 

1. Transect location in ( ) is the station from the 2004 survey starting at station 0+00. 
2. Average Measured Velocities were provided by MDEQ in 2000. 
3. Cross sectional area, transect width, average depth in transect are based on average water surface depth. 
4. Assumed horizontal coordinates were used for the resurvey of reaches A, B, and C. No horizontal datum was used for the 2000 survey of these three reaches. 

Vertical data for all three reaches of the 2004 resurvey were tied to benchmarks established during the 2000 survey. 
These vertical benchmarks were also assumed and were not tied to each other. 

L:\Projects\0191 R\2005\Final Morh Report\DEQA_B_C_Summary 2000 vs 2004.xls 

2004C 2000c 2004C 
472 392 472 

5.28 2.96 5.28 

2.3 1.42 2.3 

2 2 
0+00 1+57 
0+34 1+57 1+90 

16.0 25.8 25.4 

36.8 17.9 51.8 

2.3 0.69 2.0 

0.28 

1.2 0.26 1.2 
6.7 4.6 8.5 

• 
2000C 

392 472 

2.96 5.28 

1.42 2.3 

3 3 
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---------------------------------------------------8 Hi • • 
Table 1. Summary of channel morphology, flow, and velocity measurements for the Dead River bypassed channel,_ Agusf2000. 

Water 
· Transect_ . . Av~nige·· , Average' . Reach Surface Average Transect Cross Sectional Depth In Measured· Reach Length Slope Thalweg Depth Transect Transect Width Area Transect Velocity Name (ft) (ft/mile) (ft) Name Location (ft) (sq. ft.) (ft) (fps) 484 15.2 0.78 - - -- ,,_, - - ;. 

A 
1 1+17 43 .48.4 . 1.12 -2 3+62 26.3 8.13 0.31 -

464 4.32 1.81 - - - - - -B 1 1+60 17.4 21.9 1.26 0.13 2 2+86 20 47.8 2.4 -3 4+64 22.9 30.5 1.33 -
392 2.96 1.42 - - - - - -1 0+00 11.5 9.4 0.81 ·o.5'1 

C 
2 1+57 25.8 17.9 0.69 0.28 3 3+50 21.5 18.9 0.88 0.22 

• Estimate 

• 
Calculated 

-Velocity by Stream 
flow/area Flow 

(fps) (cfs) 
1,5* 

0.06 
0.36 

3 
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0.49 
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• Dead River Reach B, NE 1/4, SE 1/4 Section 13, T48N, R26W, Marquette County 
46.5553 N 87.4928 W 

7 /28/04 Afternoon 

Pygmy Meter y-0060 Spin test before measurement 42 
Flow Measurement Spin test after measurement 30 

distance observations at 0.6 deeth 
from initial depth rev time velocity flow 

{ft} {ft} # {sec} {fVsec} {ft"3/sec} Comments 
3 0.3 0 Bank 

3.5 0.3 15 33 0.48 0.07 
4 0.5 15 35 0.45 0.11 

4.5 0.7 15 33 0.48 0.17 
5 0.8 25 36 0.71 0.26 

5.4 0.8 40 44 0.92 0.29 
5.8 0.8 30 31 0.97 0.31 
6.2 0.9 40 41 0.98 0.35 
6.6 0.95 35 37 0.95 0.32 
6.9 0.9 40 43 0.94 0.25 
7.2 0.9 40 45 0.90 0.24 
7.5 1 40 42 0.96 0.29 
7.8 1 40 43 0.94 0.28 
8.1 0.9 35 38 0.93 0.25 • 8.4 0.9 40 45 0.90 0.24 
8.7 0.8 40 43 0.94 0.22 
9 0.8 40 43 0.94 0.22 

9.3 0.8 40 44 0.92 0.22 
9.6 0.7 35 44 0.81 0.17 
9.9 0.65 25 43 0.60 0.12 
10.2 0.5 15 57 0.30 0.04 
10.5 0.35 5 90 0.10 0.01 
10.9 0.2 0 start of dead water 

4.4 

• 
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• 
Velocity Measurements for Station 1 +60 

distance from initial observations at 0.6 deeth 
point on right bank depth rev time velocity flow 

{ftl {ftl # {secl {fVsecl {ft"3/sec l Comments 
3 0.2 0 0 right bank 
6 1.4 <0.1 0 
8 2.1 <0.1 0 
10 2.5 <0.1 0 
12 2.5 5 60 0.12 0.62 
14 1.8 15 41 0.39 1.42 
16 1.3 15 38 0.42 1.10 
18 1.1 10 38 0.30 0.65 
20 0.7 <0.1 0 
23 0 0 0 left bank 

Total 3.78 

• 

• 
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Dead River Reach B, NE 1/4, SE 1/4 Section 13, T48N, R26W, Marquette County 
46.5553 N 87.4928 W 

Velocity Measurements for Station 2+86 

distance 
from right bank 
(fraction of total width) 

1/4 
1/2 
3/4 
7/8 

depth 
(ft) 
2.2 
2.7 
2 

1.5 

observations at 0.6 depth 
rev time velocity 

# (sec) (ft/sec) 
0 0 
7 45 0.19 
4 35 0.15 
3 52 0.10 

Comments 

Note: Tape was not stretched at this staiton. Poisiton in the transect was determined 
Flow can not be calculated on this section due to the distance measurements not being actual distances . 
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Velocity Measurements for Station 4+64 

distance from initial point 
on left bank 

(ft) 
8 

10 
12 
14 
16 
18 
20 
22 
24 
26 

depth 
(ft) 

1.6 
1.5 

2 
2.4 
2.1 
1.3 

observations at 0.6 depth 
rev time velocity 

# (sec) (ft/sec) 
0 
0 
0 
0 

5 38 0.169316 
10 32 0.343 
10 28 0.385857 
15 37 0.432189 
7 35 0.235 

0 

Total 

flow 
(ft"3/sec) Comments 

bank 
0 
0 
0 

0.541811 
1.029 

1.543429 
2.074508 

0.987 
0 

6.18 
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• Table 5. Longitudinal profile of Reach B of the Dead River bypassed channel. 
Benchmark 1 (elevation=100 ft): nail in base of 2 ft ,diam. white pin~ on left bank 

• 

Residuc1f_ Average .. 
... ; Elevations Pool Residual R~siciu-al Height of Minus Sights Thalweg -,-

WaterSLJr1 Thalweg Surface Pool Depth Pool Depth lnstrumen t Water Surt Tha\weg Depth 
Location (ft) (ft) .. (ft) (ft) - (ft) - (ft) (ft) (ft) - {ft) 

0 95.24 94:52 .. 101,89 6.65 7.37 0.72 - . 21 95.23 93.59 94.41 0.82 101.89 6.66 K3 1.64 
31 95.21 92.62 94.41 1.79 101.89 6.68 9.27 2.59 
51 95.2 93.55 94.41 0.86 101 ;89 6.69 8.34 1.65 
72 9521 94.16 94.41 0.25. 101.89 6.68 7.73 1.05 
92 ,_95.2 91.64 94.41 . 2.T/ 101.89 6.69 10.25 3.56 

0.67 -
,__ 

101.89 ·. 113 95.2 ,93,74. 94.41 6.69 8.1q 1.46 
135 95.2 .. 93,97 9,(41. 0.44 , .. 101.89 . 0;69 7.92 1.23 

-·159 95.17 92.72 - 94:,fi' .. 1.69 10:1.8.9 6.72 9.17 2A5 
182 95.16 93.84 94.41 - 0.57. 101.89 · 6.73 8.05 1.32 
202 95,17 .. 94.02 94.41 0.39 _ 101.,89 _· 6.72 7.87 1.15 
224 95,17 94.01 94.41 0.4 101.89 6.72 7.88 1.16 
247 95.13 92.47 94.41 1.94 101.41 6.28 8.94 2.66 
267 95.1 92.65 94.4.1 1.76 101.41 6.31 8.76 2.45 
288 95.11 91.31 94A1 3.1 101.41 6.3 10.1 3.8 
313 95.11 92 94.'41 2.41 101.41 6.3 9.41 3.11 
333 95.11 92,76 94.41 >1.65 101.41 6.3 8.65 2.35 ) 

365 95.11 94.41 94.41 0 1.34 101.41 6.3 7 0.7 
388 95.08 94.41 101.41 6.33 7 0.67 
413 94.91 92.96 9423 1.27 101.41 6.5 8.45 1.95 
435 94.89 94.23 94.23 0 1.27 101.41 6.52 7.18 0.66 
464 94.86 93.34 101.41 6.55 8.07 1.52 

• 
16 
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Figure 9. Longitudinal profile of Reach 8 on August 9, 2000. 
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• MDEQ Reach B Profile 2004 ' Descriotor = TWG Descriptor = WSF 
Station Elevation Station Elevation 

0.0 94.41 1.9 95.45 
0.6 94.35 60.8 95.34 

10.7 94.18 154.3 95.37 
21.2 94.29 179.8 95.35 
40.6 94.71 198.8 95.31 
44.9 94.10 220.0 95.31 
50.6 94.24 231.7 95.34 
60.8 94.10 253.1 95.33 
74.5 91.86 303.5 95.31 
78.6 93.36 333.9 95.33 
85.7 93.38 360.4 95.35 
98.6 93.14 382.2 95.33 
111.9 92.19 412.4 95.34 
130.4 92.47 434.7 95.35 
152.9 91.88 452.5 95.29 
163.6 92.14 477.6 95.14 
177.4 93.03 506.8 95.25 
195.4 93.75 532.8 95.27 • 222.5 93.45 
232.3 92.79 
237.9 92.13 
241.0 92.33 
252.0 93.39 
285.1 92.67 
300.5 93.68 
333.6 92.92 
349.9 92.78 
358.2 92.39 
365.8 92.43 
380.1 92.04 
411.4 92.95 
432.1 93.90 
454.5 94.25 
476.6 94.15 
488.3 93.61 
504.9 93.70 
542.7 92.75 

• 
L:\Projects\0191 R\2005\Final Morh Report\ReachB stream designer wsf bkf.xls 
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Table 6. Cross-section data for Reach 8, Transect 1 {Statbn 1 +60). 

Station: 
Ben9hmark: _ _ 

· -- _ Height of .Instrument --
WaterSurface:Elevafion: -

, Channel Width ·(ft)· _ 
· _ Date 

i: ! 

.. Station 
/ •~ Left Bank· Rerod Marker 

Dead River bypassed channel, Reach B (Station 1 +60) 
Nail in base of 2 ffdiam. white pine on left bank (elevation=100 ift) 

- 95.17. 
. 17.4 -

.- 819/00 · 

-Distance , Elevation 
. From Minus w~tel o( 

Left Sight Depth Substrate 
. . . (ft) (ft) {ft)':' (ff) ·- . 

0 2.45 98.2cl . 

Velocity; 
(fps) · 

_ Cr~ss 
Sectional 

Area ·-
(sq; ft). 

; :,__._ __ --'-'' ·------~----11-------------2+·--2-_8_,11---_...·:,..-_. -+--_;9:..:.7;;.;·•9::.::2~· --~~-____;_;_--l -- 1-----------------l------'-·------:4+-_-_-_3_.2_4+---'--'-'-'-; --i--'--9-"-7-'--~-4-"-9+· ------=--'-'· •-::;.:.';.__'--....;_"-1-9 3.5 l 97~3 .. 
14 3.72 97.0t, 
19 3.81 96,92 
24 4.26 96.47, ·. 
29 4. 79 95.94 . 

- 34 4. 79 95.94 •· 
39 5.31 95.42 

40.6 0 95, 17 .'.0. 0.18 
42 0.6 94.57 0.05 0.72 43 0.8 94.37 · 
44 1 94.17, 0~05 1 . 
45 1.2 93.97 0.05 · _ 1.2 
46 1.2 93.97 0.27 · 1.2 
47 1.5 93.67 0.46 1.5 
48 1.8 93.37 0.23 1.8 
49 2 93.17 0.05 2 50 2.1 93.07 0.05 2.1 -51 2.1 93.07 0.05 2.1 
52 2.1 93.07 0.05 2.1 
53 1.7 93.47 0.26 1.7 
54 1.3 93.87 0.16 1.3 55 1 94.17 0.05 1 
56 0.7 94.47 0.05 0.7 57 0.4 94.77 0.05 0.4 58 0 95.17 -0 0.1 59 5.5 95.23 

60 3.66 97.07 
61 2.9 97.83 
62 2.12 98.61 
63 1. 79 98.94 
64 1.63 99.1 
65 1.34 99.39 
66 0.72 100.01 
68 0.05 100.68 Right Bank Rerod Marker 75 0.05 100.68 

Total cross-sectiqnal area (sq. ft.) 21.9 
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Figure 10. Cross-section profile of Reach B, Transect 1 (Station 1 +60) on August 9, 2000. 
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C: ::, 
0 
Hi • • • Hi 
I-'· 
(l 
I-'· 
DJ 
I-' 

"l 
tz:J Reach B, Transect 1, 2004 :,;:I n 
I Pt# North East Elevation Note· Station. G"l 

(1) 9465 5022.17 5101.89 98.54 X1TOPO 0.0 ::, 
(1) 9466 5010.11 5105.17 98.74 X1 LEBF 5\8 12.5 l'1 
DJ 
rt 9467 5008.05 5105.27 98.00 X1TOPO 14.5 (1) 
0. 9468 5002.30 5105.90 97.28 X1TOPO 20.3 

9469 4986.80 5108.69 97.19 X1TOPO 36.0 
'ti 
t:, 
"l 9470 4976.82 5110.62 96.63 X1TOPO 46.2 0 
Hi 9471 4972.27 5111.32 96.34 X1 TOPO ltb 50.8 
f\) 9472 4971.18 5111.35 95.34 X1 LCH WSF 51.8 0 
0 
u, 9473 4966.77 5112.00 94.16 X1TOPO 56.3 0 
u, 9474 4964.38 5112.45 93.93 X1TOPO 58.7 I-' 
\0 9475 4962.82 5112.95 93.60 X1TOPO 60.4 I 
0 
0 9476 4961.89 5113.35 93.29 X1TOPO 61.3 Cl) 
CD 9477 4960.79 5113.44 93.00 X1TOPO 62.4 
:,;:I 9478 4959.60 5113.62 92.79 X1TWG 63.6 (1) 
(l 9479 4957.82 5113.79 93.04 X1TOPO 65.4 (1) 
I-'· 
< 9480 4955.24 5114.28 93.32 X1TOPO 68.0 (1) 
0. 9481 4953.31 5114.63 93.54 X1TOPO 70.0 
O' 9482 4950.83 5115.29 94.27 X1TOPO 72.6 

9483 4949.61 5115.18 94.80 X1TOPO 73.7 
'< 
"l 
tz:J 
:,;:I 9484 4948.93 5115.03 95.38 X1 RCH W-SF 74.4 n 

9485 4948.02 5116.09 97.73 X1TOPO 75.5 0 
00 9486 4945.15 5116.70 99.89 X1TOPO 78.4 tz:J n 9487 4942.94 5117.75 101.18 X1 RTB 80.8 0 
u, 9488 4939.33 5118.63 101.87 X1 REBF 5\8 84.5 '-
I-' 9489 4936.95 5119.25 102.45 X1 REBF 5\8 87.0 0 
'-f\) 9490 4936.59 5119.26 101.90 X1TOPO 87.3 0 
0 9491 4925.51 5122.29 101.99 X1TOPO 98.8 u, 
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.i Table 7. Cross-section data for Reach B, Transect 2 (Station 2+86). 

Dead Riv~r_bypassed channel, Reaci1 s'(~t~ti~n 2~86) · · · · ·. Station: 
Benchmark: .. , • .. ,:,_•. • .• .c , . . Nail.in base-of:2'. diam: white pine~on left bank (elevati6ri=100 f.t) 

Water Surface Elevation: - 95.05. 
ChannefWidOi (ft) · · 
Date -- -8/9/00 

citstance Elevation Crciss·· 
From Minus Water . of Sectiona I: 

:·r·:· Left Sight Depth Substrate Area .. 
:Station_- ···- (f,t) ;:-, /. ·.(ft)·.;. .(ft}·- (ft) '-' . . (sq::fl}. 

Left BankRerod Mar~~!:> .. ,,., ... i_:O .2,04 9S.97 J 
. . ,.,.:, ... 

; 5 . ;-,3:1s "97_55 ,;...• .. 

! 10 :;:3.62 .. 97.09 
15 

.. 

!::,3:31 · 97.4 -. '• 
20 •, .. 4~33 .. ,96.38 ·, 

25 , .' 4.72 . . · .95.99 ; . 
... .. 

30 f. · '::.4.31 :_ .. _96A 
35 - ·4.52 96:19 .. ' 40 .. ·'· ·5;3 95A1 -·-
45 -·: 5.21 ;95.5 -• \ ) 50 4:75 95;95 
55 '· -· .A.58 96.13 -·• 

56 · :. -~ 5.16 .. .- ss:ss " 57:5 2.1 ,"92:95 ·- ;.·3.15 
59 . 3 92.05 4.5 

- 60.5 3.5 91.55 ,5.25 
:· .. 62 3.9 91.15 ; ';'5.85 

-- 63.5 3.4 91.65 ,. •· 5.1 ' .. :· ,55 1: 3.3 91.75 ... ·_A.95 
' ~- :66.5 3.1 91.95 

a 
,;,·_ .-:- ·, J. - 4.65 ; 

-··, 68 2.8 92.25 4.2 .. 

•· 69.5 2.4. 92.65 : 3.6 
'• 71 .,:. 1.8 93.'25 ... 2] .. . . 

:72.5 1.5 93.55 _·_{2.25 ·- 74 0.9 94.15 •. -1.35 
. 75.5 0.2 ... 94.85 ·,.0.23 

76.3 5.B6 0 95;05 0:05 
78 2.82 97.89 
79 2.21 98:5 
80 1.48 99.23 

82.5 0 100.71 .. Right Barik Rerod Marker 91 101.5 

Total cross-sectional area (sq. ft.) 47.83 • 
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Figure 11. Cross- section profile of Reach B, Transect 2 (Station 2+86) on August 9, 2000. 
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C: ::, 
0 • • • Hi 
Hi 
I-'· 
(l 
I-'· 
DJ 
I-' 

Reach B, Transect 2, 2004 "l 
tz:J 
:,;:I Pt# North East Elevation Note ·Station n 
I 9505 5060.20 5167.43 99.21 X2 LEBF 5\8 0.0 G"l 

(1) 
9506 5058.43 5169.55 97.89 X2TOPO 2.8 ::, 

(1) 
l"1 9507 5056.02 5172.39 97.13 X2TOPO 6.5 DJ 
rt 9508 5052.32 5176.19 97.20 X2TOPO 11.8 (1) 
0. 

9509 5049.91 5179.68 97.09 X2TOPO 16.0 'ti 
t:, 9510 5047.64 5183.17 96.19 X2TOPO 20.1 "l 

9511 5041.65 5190.82 96.24 X2TOPO 29.9 0 
Hi 

9512 5034.23 5199.23 96.21 X2TOPO 41.1 f\) 
0 9513 5032.34 5201.76 97.03 X2 TOPO 44.2 0 
u, 9514 5029.08 5205.93 96.87 X2TOPO 49.5 0 
u, 

9515 5026.74 5208.89 96.73 X2 LTB 53.3 I-' 
\0 
I 9516 5025.56 5210.46 95.97 X2TOPO 55.2 0 

0 9517 5024.95 5211.58 95.35 X2 LCH WSF 56.5 Cl) 
CD 9518 5023.83 5213.79 94.57 X2TOPO 58.9 :,;:I 

9519 5022.47 5215.07 93.94 X2TOPO 60.8 (1) 
(l 
(1) 9520 5021.82 5216.05 93.75 X2 TOPO 61.9 I-'· 
< 9521 5020.75 5216.97 93.65 X2TOPO 63.3 (1) 
0. 9522 5019.58 5218.19 93.54 X2 TOPO 65.0 

9523 5018.68 5219.36 93.05 X2TOPO 66.5 
O' 
'< 
"l 9524 5017.84 5220.65 92.64 X2TOPO 68.0 tz:J 
:,;:I 9525 5016.63 5221.72 92.39 X2TWG 69.6 n 

9526 5015.66 5222.69 92.40 X2TOPO 71.0 0 
00 
tz:J 9527 5014.72 5223.86 93.25 X2TOPO 72.5 n 

9528 5013.87 5224.63 93.42 X2TOPO 73.6 0 
u, 

9529 5013.14 5225.77 93.48 X2TOPO 75.0 --.... 
I-' 
0 9530 5012.09 5227.08 93.26 X2TOPO 76.6 --.... 
f\) 9531 5011.04 5228.09 93.29 X2 RTO 78.1 0 
0 9532 5010.41 5228.77 95.34 X2 RCH W-SF 79.0 u, 

9533 5009.22 5230.43 97.52 X2TOPO 81.0 I-'· 
::, 

9534 5008.47 5232.04 98.99 X2TOPO 82.8 t:, 
0 9535 5007.79 5232.60 99.83 X2TOPO 83.6 (l .,,. 

9536 5007.12 5233.29 101.37 X2 TOPO 84.6 (1) 
rt 
=lie 9537 5005.58 5234.92 102.45 X2 TOPO 86.8 .. 

9538 5004.01 5236.77 102.80 X2TOPO 89.2 'ti 
I 

9539 5002.65 5237.67 103.50 X2 REBF 5\8 90.8 I-' 
0 
CD 
u, L:\Projects\0191 R\2005\Final Morh Report\ReachB stream designer wsf bkf .xis u, 
I 

0 
0 
0 
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.S 

.;i 
Table 8. Cross:section data for Rec1ch B, Transect 3 (Statioo 4+€>4). _ 

_ Nail in base_ of _2', diar11. white' pine .911 li?ft .P~tnk _( elevation=1 OCl -ft} : •- • 
Height of lr:isJr:urn~nJ .. _. 

,94.86 
Channel \Nidth (ft) _ __ _ _ . _ _ _ 22.9 
Date 8/9/00 

Distance _. Elevatior'1 ,.-

Cross I From Minus- · ware'f''.: •of· .. Sectional 
!Left .. -- Siglit ,,., Depth Sybstr<!te . : V~lodty. ____ Area ___ 

Station {ft) '· {ft}. (ft) ; .. :• (ft) .. - -- (fps). , (sqAt}'-i, · ... 
left Bank Rerod Marker ' 0 --- : :; 0 ··tQQ.64 

-- 3.4 1.12 --•• .$f).q2 ··-

7.4 ,'. 1;63 ·.:e9.01 ; ; 

11.4 2.72 . --97:92 P•,. .. - ·-· -
15.4 ·j- i'3;13 97-.51 : .: , 

:- -
. ---·-- 19.4 324 - 97.4 

23.4 3'.-02 · 97.62 _:. 

27.4 3:18 97._46 
31.4 . 3}44 ; ;97_2 
35.4 4.07 96:57 
39.4 4;92 95:72 ; . 
43,4_ 4'.98 ;Z 95:66 .. 

'-45;9 5;75 0 94.89 .. 0.4375 
_, 47.4 1 93.86 0 1.75 
, 49.4 1.7 93.16 0 3.4 

;· 
; :·51.4 2 92.86 ; .: '~·=, 0 4 .. 

'. ,_, 53.4 1.5 93.36 0 3 
! __ ,_; .. : ;:,s5.4 1.4 93.46 ~. 0:05 2.8 

. ' : -57.4 1.6 93.26 \, ,;co.s2 ; 3.2 
-- 59.4 1.6 ' 93.26 .. 0.43 3.2 :·" 

61.4 1.4 93.46 ; -- 0 2.8 .. -. 

63.4' 1.2 93.66 0.1 2A 
.'.65.4 0.9 93.96 0.12 1.8 
67.4 0.8 94.06 0.05 1.36 
68.8 5.83 0 94.81 .. 0.34 --
70.4 -.1.83 98.81 
71.4 1.16 99.48 .-, 

72.4 ·o.58 100.06 ... 
73.4 0 100.64 -~·. 

78.4 101.5 

Total cross-sectional area (sq.ft.) 30.4875 

• 
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Figure 12. Cross- section profile of Reach,B, Transect 3 (Station 4+64) on August 9, 2000.-
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C: ::, • • • 0 
Hi 
Hi 
I-'· 
(l 
I-'· 
DJ 
I-' 

"l 
Reach B, Transect 3, 2004 tz:J 

:,;:I n Pt# North East Elevation ·Note Station I 
G"l 9561 5158.50 5300.52 101.37 X3 LEBF 5\8 0.0 (1) 
::, 

9562 5158.08 5300.87 100.44 X3TOPO 0.5 (1) 
l"1 

9563 5154.66 5304.81 99.37 X3TOPO 5.7 
9564 5151.49 5309.69 98.04 X3TOPO 11.5 

DJ 
rt 
(1) 
0. 

9565 5148.18 5314.65 97.77 X3TOPO 17.5 'ti 
t:, 

9566 5145.31 5319.27 97.85 X3TOPO 22.9 "l 

9567 5142.59 5323.99 97.71 X3TOPO 28.3 0 
Hi 

9568 5139.58 5328.29 97.43 X3 LTB 33.6 f\) 

9569 5137.65 5330.90 96.50 X3TOPO 36.8 0 
0 

9570 5135.90 5333.48 96.33 X3TOPO 39.9 
u, 
0 
u, 9571 5134.66 5335.60 95.47 X3TOPO 42.4 I-' 
\0 9572 5133.91 5336.90 95.27 X3 LCHWSF 43.9 I 
0 

9573 5133.09 5338.43 94.22 X3TOPO 45.6 0 
Cl) 

9574 5131.38 5339.98 93.65 X3TOPO 47.9 CD 

9575 5130.74 5341.33 93.53 X3TOPO 49.3 :,;:I 
(1) 

9576 5129.92 5343.31 93.37 X3TOPO 51.5 (l 
(1) 

9577 5129.01 5344.51 93.32 X3TOPO 52.9 
9578 5128.04 5346.24 93.65 X3TOPO 54.9 

I-'· 
< (1) 
0. 

9579 5127.37 5347.44 93.71 X3TOPO 56.3 O' 
'< 9580 5126.63 5348.65 93.48 X3TOPO 57.7 "l 

9581 5125.89 5350.26 93.14 X3TOPO 59.5 tz:J 
:,;:I 

9582 5125.36 5351.28 92.81 X3TOPO 60.6 n 
9583 5124.71 5352.43 92.75 X3TWG 61.9 0 

00 
9584 5123.67 5353.47 93.42 X3TOPO 63.4 tz:J n 
9585 5123.00 5354.46 93.79 X3TOPO 64.6 0 

u, 
9586 5122.07 5356.14 93.90 X3TOPO 66.5 --.... 

I-' 
9587 5121.32 5357.18 94.45 X3TOPO 67.8 0 --.... 
9588 5120.64 5358.33 94.91 X3TOPO 69.1 f\) 

0 
9589 5120.35 5358.50 95.30 X3 RCH W-SF 69.4 0 

u, 
9590 5119.62 5359.47 98.57 X3TOPO 70.6 I-'· 

9591 5119.02 5361.29 100.11 X3TOPO 72.5 ::, 
t:, 9592 5118.01 5362.84 100.88 X3TOPO 74.3 0 
(l 

9593 5117.25 5364.16 101.20 X3 RTB 75.8 .,,. 
(1) 

9594 5116.80 5365.66 101.18 X3TOPO 77.3 rt 
=lie 

9595 5116.52 5366.69 101.61 X3 REBF 5\8 78.4 .. 
'ti 
I 

I-' 
0 
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MDEQ R06-08-B 
9400 5000 5000 97.05 SPIKE 
9401 4945.0905 5135.9077 101.6536 SPIKE • 9402 5063.9325 4955.3954 94.4078 HORTWG 
9403 5063.3526 4955.5434 94.3488 TWG 
9404 5054.1699 4959.6577 94.1769 TWG 
9405 5048.8208 4963.1775 94.1985 BEG BREACH 
9406 5064.4606 4961.2576 95.4481 LCH WSF 
9407 5062.599 4949.2721 95.3996 RCH W-SF 
9408 5050.3989 4969.9247 95.3974 LCH 
9409 5044.6108 4958.618 95.356 RCH W-SF 
9410 5056.3473 4976.632 95.3589 LCH 
9411 5060.2402 4983.8884 95.2715 LCH 
9412 5060.9578 4983.7706 96.0994 LCH 
9413 5044.2323 4986.6712 95.323 LCH 
9414 5035.8654 4982.5191 95.3651 LCH 
9415 5044.2047 4979.1763 92.2752 BACK EDDY T-wG 
9416 5052.1771 4979.967 92.3638 BACK EDDY T-wG 
9417 5036.5386 4977.8821 94.1471 BACK EDDY T-wG 
9418 5047.3327 4971.6118 94.8687 TOPO 
9419 5039.8774 4974.4998 94.6591 TOPO 
9420 5042.8995 4959.9045 95.293 RCH W-SF 
9421 5033.7093 4965.5795 95.2922 RCH W-SF 
9422 5045.4642 4965.6517 94.2886 TWG 
9423 5028.1101 4974.2401 94.7133 TWG 
9424 5025.6737 4977.7442 94.1044 TWG 
9425 5029.3326 4981.9858 95.3355 LCH 
9426 5027.0987 4983.3177 96.6525 TOPO • 9427 5023.4746 4969.9112 95.4239 RCH 
9428 5006.5463 4972.5533 94.9962 RCH 
9429 5009.4372 4980.8422 95.335 LCH WSF 
9430 5010.0803 4977.9257 94.1027 TWG 
9431 5020.1972 4976.1599 94.2405 TWG 
9432 5001.2713 4974.1039 93.3597 TWG 
9433 4997.7155 4972.1204 91.8636 TWG 
9434 4991.4559 4975.4524 91.7761 BACK EDDY TW-G 
9435 4986.0755 4978.447 91.7957 BACK EDDY TW-G 
9436 4983.2832 4982.9795 93.1794 BACK EDDY TW-G 
9437 4999.2011 4961.916 95.21 RCH 
9438 4995.5037 4956.3352 95.0932 RCH 
9439 4979.2426 4975.3287 95.0644 RCH 
9440 4997.5061 4980.1994 93.3824 TWG 
9441 4987.3937 4988.0847 93.1368 TWG 
9442 5000.1748 4986.7449 95.1039 LCH 
9443 4987.1877 5005.4161 95.2315 LCH 
9444 4976.9588 4996.4474 92.1893 TWG 
9445 4969.8935 4992.8975 95.2336 RCH W-SF 
9446 4961.4976 5006.966 95.0369 RCH 
9447 4969.0747 5013.1854 92.466 TWG 
9448 4986.5143 5021.0874 95.2676 LCH 
9449 4981.174 5040.6056 95.3707 LCH WSF 
9450 4963.2939 5034.8801 91.8831 TWG • 9451 4957.5482 5029.8848 95.3111 RCH W-SF 
9452 4961.3778 5045.4108 92.1431 TWG 
9453 4959.1265 5059.0588 93.0306 TWG 
9454 4952.5181 5055.8793 95.3385 RCH W-SF 
9455 4975.0633 5062.8342 95.3484 LCHWSF 
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9456 4969.3004 5080.887 95.3115 LCH WSF 
9457 4958.6277 5077.0505 93.7529 TWG • 9458 4948.5817 5075.0937 95.3507 RCH W-SF 
9459 4949.0427 5105.9209 95.3686 RCH W-SF 
9460 4957.1343 5104.0873 93.4477 TWG 
9461 4968.7866 5101.1726 95.3149 LCH WSF 
9462 4960.3982 5122.0409 92.3287 TWG 
9463 4953.2388 5119.5747 95.3473 RCH W-SF 
9464 5018.6524 5044.8905 100 BM1B 
9465 5022.1663 5101.8878 98.5447 X1TOPO 
9466 5010.1126 5105.1657 98.735 X1 LEBF 5\8 
9467 5008.0463 5105.2655 98.0027 X1TOPO 
9468 5002.2954 5105.8999 97.2756 X1TOPO 
9469 4986.8037 5108.6916 97.1907 X1TOPO 
9470 4976.8167 5110.622 96.6281 X1TOPO 
9471 4972.2663 5111.3245 96.3403 X1 TOPO ltb 
9472 4971.182 5111.3527 95.341 X1 LCH WSF 
9473 4966.7668 5111.9993 94.1601 X1TOPO 
9474 4964.3792 5112.4456 93.9342 X1TOPO 
9475 4962.8154 5112.9461 93.6005 X1TOPO 
9476 4961.8918 5113.3464 93.285 X1TOPO 
9477 4960.7877 5113.44 92.995 X1TOPO 
9478 4959.5993 5113.6248 92.7854 X1 TWG 
9479 4957.8225 5113.7879 93.0379 X1TOPO 
9480 4955.2443 5114.2844 93.3151 X1TOPO 
9481 4953.3085 5114.6285 93.5441 X1TOPO 
9482 4950.825 5115.2886 94.267 X1TOPO • 9483 4949.6111 5115.1762 94.8008 X1TOPO 
9484 4948.9283 5115.0317 95.3761 X1 RCH W-SF 
9485 4948.0169 5116.0861 97.7292 X1TOPO 
9486 4945.1484 5116.7045 99.8926 X1TOPO 
9487 4942.9398 5117.7452 101.1769 X1 RTB 
9488 4939.3311 5118.6261 101.8695 X1 REBF 5\8 
9489 4936.9549 5119.2535 102.4495 X1 REBF 5\8 
9490 4936.5884 5119.262 101.8975 X1TOPO 
9491 4925.5089 5122.2867 101.9915 X1TOPO 
9492 4959.1448 5119.1317 92.1261 TWG 
9493 4964.3341 5132.2655 93.3887 TWG 
9494 4979.4582 5128.4879 95.3295 LCH WSF 
9495 4958.1499 5143.3192 95.3087 RCH W-SF 
9496 4974.1458 5163.8943 92.6684 TWG 
9497 4981.6888 5177.2661 93.6805 TWG 
9498 4994.3082 5173.6427 95.3106 LCH WSF 
9499 4970.5847 5180.2192 95.3008 RCH W-SF 
9500 5009.3116 5198.6667 95.3342 LCH WSF 
9501 4998.0406 5206.1288 92.9154 TWG 
9502 4988.4367 5209.9259 95.3336 RCH W-SF 
9503 5009.2202 5217.9465 92.7843 TWG 
9504 5120.876 5251.487 102.0777 SPIKE 
9505 5060.197 5167.4257 99.2118 X2 LEBF 5\8 
9506 5058.4324 5169.5494 97.892 X2 TOPO • 9507 5056.0192 5172.3939 97.1276 X2 TOPO 
9508 5052.3215 5176.1906 97.2016 X2TOPO 
9509 5049.9145 5179.6811 97.0946 X2 TOPO 
9510 5047.6429 5183.1748 96.1949 X2 TOPO 
9511 5041.6482 5190.8209 96.2423 X2TOPO 
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9512 5034.2251 5199.2279 96.2096 X2 TOPO 
9513 5032.3394 5201.7619 97.0289 X2 TOPO • 9514 5029.0779 5205.9314 96.8658 X2 TOPO 
9515 5026.7393 5208.8859 96.7296 X2 LTB 
9516 5025.5562 5210.4572 95.9749 X2TOPO 
9517 5024.9479 5211.5779 95.3473 X2 LCH WSF 
9518 5023.8301 5213.787 94.5664 X2TOPO 
9519 5022.4656 5215.0725 93.942 X2TOPO 
9520 5021.8166 5216.0452 93.7532 X2 TOPO 
9521 5020.7541 5216.9737 93.6541 X2TOPO 
9522 5019.5844 5218.1911 93.535 X2TOPO 
9523 5018.6752 5219.3613 93.0489 X2 TOPO 
9524 5017.8414 5220.6525 92.6353 X2 TOPO 
9525 5016.6308 5221.7193 92.3942 X2TWG 
9526 5015.6639 5222.6944 92.4046 X2 TOPO 
9527 5014.7233 5223.8594 93.2504 X2 TOPO 
9528 5013.8706 5224.6284 93.4228 X2 TOPO 
9529 5013.1374 5225.7726 93.4834 X2 TOPO 
9530 5012.0927 5227.0836 93.2628 X2 TOPO 
9531 5011.0445 5228.0871 93.2929 X2RTO 
9532 5010.4084 5228.7733 95.3409 X2 RCH W-SF 
9533 5009.2203 5230.4298 97.5226 X2 TOPO 
9534 5008.4734 5232.0386 98.9939 X2TOPO 
9535 5007.7876 5232.6014 99.8338 X2TOPO 
9536 5007.1152 5233.2904 101.3689 X2 TOPO 
9537 5005.5764 5234.9166 102.4483 X2 TOPO 
9538 5004.0092 5236.7671 102.795 X2TOPO • 9539 5002.6492 5237.6747 103.5026 X2 REBF 5\8 
9540 5022.9589 5225.8248 92.4299 TWG 
9541 5035.2224 5233.1975 92.0384 TWG 
9542 5028.1673 5236.4969 95.3714 RCH W-SF 
9543 5043.0233 5221.454 95.3284 LCH WSF 
9544 5069.4723 5236.9534 95.3426 LCH WSF 
9545 5064.2998 5244.7933 92.9543 TWG 
9546 5057.7128 5259.0104 95.2883 RCH W-SF 
9547 5079.1236 5266.3658 95.273 RCH W-SF 
9548 5080.9543 5257.1298 93.8987 TWG 
9549 5088.9234 5250.2535 95.3495 LCH WSF 
9550 5107.2868 5261.7226 95.2886 LCH WSF 
9551 5099.7207 5269.3418 94.2532 TWG 
9552 5092.4571 5275.4439 95.3507 RCH W-SF 
9553 5097.1794 5289.0116 95.2024 RCH W-SF 
9554 5104.965 5290.8715 94.1533 TWG 
9555 5113.0966 5290.6603 95.1422 LCH WSF 
9556 5103.783 5302.4715 93.6112 TWG 
9557 5108.0577 5318.5345 93.7003 TWG 
9558 5117.7279 5316.6517 95.2469 LCH WSF 
9559 5104.7642 5331.823 95.1113 RCH W-SF 
9560 5103.8175 5343.4295 95.2423 RCH W-SF 
9561 5158.5049 5300.5161 101.3659 X3 LEBF 5\8 
9562 5158.0817 5300.8691 100.4389 X3TOPO • 9563 5154.6618 5304.8123 99.3713 X3 TOPO 
9564 5151.4906 5309.6894 98.0371 X3TOPO 
9565 5148.1757 5314.6477 97.7668 X3 TOPO 
9566 5145.3139 5319.2711 97.8534 X3 TOPO 
9567 5142.5856 5323.9854 97.7075 X3 TOPO 
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9568 5139.5785 5328.2919 97.4263 X3 LTB 
9569 5137.6501 5330.9008 96.4956 X3 TOPO • 9570 5135.9029 5333.4784 96.331 X3TOPO 
9571 5134.6562 5335.5965 95.4737 X3TOPO 
9572 5133.9111 5336.9019 95.2737 X3 LCH WSF 
9573 5133.0915 5338.4327 94.2244 X3TOPO 
9574 5131.3756 5339.9775 93.6452 X3TOPO 
9575 5130.7439 5341.3289 93.5314 X3TOPO 
9576 5129.9152 5343.3087 93.3655 X3 TOPO 
9577 5129.0129 5344.5077 93.3243 X3TOPO 
9578 5128.0358 5346.2428 93.6541 X3TOPO 
9579 5127.3742 5347.4366 93.7064 X3 TOPO 
9580 5126.6301 5348.6498 93.4816 X3TOPO 
9581 5125.8939 5350.2565 93.1394 X3 TOPO 
9582 5125.3645 5351.2823 92.807 X3 TOPO 
9583 5124.7082 5352.4275 92.7536 X3TWG 
9584 5123.6682 5353.4702 93.4191 X3TOPO 
9585 5122.995 5354.4596 93.7934 X3 TOPO 
9586 5122.0669 5356.1446 93.9022 X3TOPO 
9587 5121.3167 5357.1776 94.4466 X3TOPO 
9588 5120.6393 5358.332 94.909 X3 TOPO 
9589 5120.3494 5358.4956 95.2991 X3 RCH W-SF 
9590 5119.6206 5359.4654 98.5737 X3TOPO 
9591 5119.0196 5361.2898 100.1102 X3 TOPO 
9592 5118.0103 5362.8428 100.8812 X3 TOPO 
9593 5117.2546 5364.1642 101.2017 X3 RTB • 9594 5116.7971 5365.6579 101.1756 X3TOPO 
9595 5116.5175 5366.6898 101.614 X3 REBF 5\8 
9596 5055.4161 5289.7591 99.5358 BM28 
9597 4945.0684 5135.8932 101.6551 BS 

• 
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Figure 1. Monitoring locations in the Dead River bypassed channel, August 2000. 
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Figure 3. location of Reaches B and Con the Dead River bypassed channel. 

C: ::, 
0 
Hi 
Hi 
I-'· 
() 
I-'· 
Q) 
I-' 

:,;:I n 
I 

G"l 
(1) 
::, 
(1) 
t'j 
Q) 
rt 
(1) 
0. 
'ti 
t:, 
"l 
0 
Hi 

"' 0 
0 
u, 
0 
u, 
I-' 
\0 
I 

0 
0 
0) 
Cl) 

:,;:I 
(1) 
() 
(1) 
I-'· 
< 

tr 

:,;:I n 
0 
Ul 
tz:J n 
0 
u, 
'-
1-' 
0 
'-"' 0 
0 
u, 

I-'· 
::, 
t:, 
0 
() .,,. 
(1) 
rt 
* 
'ti 
I 

I-' 
0 
Cl) 
u, 
u, 
I 

0 
0 

01 



• 
LOCATION 

NE 1/4, SE 1/4, SECTION 13, T 48N, R26W 

• 
TRANSECT2 
STATION 2+86 
46' 33.31T N LAT. 
87' 29.568 'W LONG. 

BIRCH LEANING OVER RIVER 

Figure 8· Map of reach B on th o d · e ea River bypassed channel, August 2000. 
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MDEQ Photo Log - Reach B 

The following is the photo log that was created for each MDEQ reach (A, Band C). 
Each photo point (labeled either as PP or Photo point) had a number of different pictures 
taken and were subsequently described in the filed book. In the cases where panoramas 
were attempted to be taken, each picture number is sequential, and in most cases only the 
beginning shot and ending shot of the panoramic are identified with a detailed 
description. Field notes of the photos have been scanned in and are included in the 
electronic files. Upon return back to the office and the pictures downloaded, each photo 
was renamed to the same photo number taken in the field with a brief descriptor and 
photo point added. 

Reaches B and C, have slightly different labeling. The photo point is mentioned after the 
picture number as opposed to before the picture number. 

Reach 06-07, MDEQ Reach B. Pictures 80 and 102 were mistake movies. Pictures were 
taken on 7-28-04. 
Picture# Description 
81 Photo #81 photo point #1 downstream shot from beginning of Reach 1 
82 Photo #82 photo point #1 downstream shot from beginning of reach 2 
83 Photo #83 photo point #1 upstream shot from beginning ofreach 
84 Photo #84 photo point #2downstream shot of second eddy 
85 Photo #85 photo point #2 downstream shot of 2nd back eddy 2 
86 Photo #86 photo point #2 upstream 
87 Photo #87 photo point 2 right bank 
88 Photo #88 photo point 2 left bank 
89 Photo #89 photo point #3 downstream 
90 Photo #90 photo point #3 upstream 
91 Photo #91 photo point #3 rililit bank 
92 Photo #92 photo point #3 left bank 
93 Photo #93 photo point #4 downstream 
94 Photo #94 photo point #4 upstream 
95 Photo #95 photo point #4 left bank 
96 Photo #96 photo point #4 riltllt bank 
97 photo #97 photo point #5 upstream 1 
98 photo #98 photo point #5 upstream 2 
99 photo #99 photo point #5 downstream 
100 photo #100 photo point #5 left bank 
101 Photo #101 photo point #5 right bank 
103 Photo #103 photo point #6 upstream 
104 Photo # 104 photo point #6 downstream 
105 Photo #105 photo point #6 left bank 
106 photo #106 photo point #6 right bank 

P-10855-000"""' 
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Photo #82 photo point # 1 downstream shot from beginning 
of reach 2 

, ·,. 

Photo #84 photo point #2downstream shot of second eddy 

Photo #87 photo point 2 right bank 

Photo #83 photo point #1 upstream shot from beginning of 
reach 

Photo #86 photo point #2 upstream 

Photo #88 photo point 2 left bank 
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Photo #89 photo point #3 downstream Photo #90 photo point #3 upstream 

• 
Photo #91 photo point #3 right bank Photo #92 photo point #3 left bank 



Unofficial FERC-Generated PDF of 20050519-0068 Received by FERC OSEC 05/10/2005 in Docket#: P-10855-000--

• 
< r, 

Photo #95 photo point #4 left bank Photo #96 photo point #4 right bank 

• 
photo #97 photo point #5 upstream 1 photo #99 photo point #5 downstream 

• Photo #101 photo point #5 right bank 
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Photo #104 photo point #6 downstream Photo #105 photo point #6 left bank 

•· 
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Initials 

WORK PLAN SECTION 1.2.3 
DEAD RIVER SUB-REACH SURVEY AND GEOMORPHIC ANALYSIS 

Work Item 

Collect the following data at a minimum for each sub-reach. 

Reach R06-06, D EQ-C 

/ Survey longitudinal profile in the same location (beginning point to ending 
point) of the 2000 MDEQ survey. 

/ Survey the same cross sections surveyed by MDEQ in 2000 including no less 
than thirty (30) points, fifteen (15) of which must be within the wetted 
perimeter. 

/ Velocity at each cross section, measured at 0.6 of the depth measured from 
the surface. 

Sketch site per Harrelson et al., 1994 

Photograph site, including two (2) photos with tape/line stretched across 
stream. ( 

/oTAL .S,Ano..J 5u.~vi: 1 - No Trt-il£') 
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WORK PLAN SECTION 1.2.3 
DEAD RIVER SUB-REACH SURVEY AND GEOMORPHIC ANALYSIS 

Initials Work Item 

e._ Provide the following items for each sub-reach in electronic and hard copy format. 

Reach 06-06, DEQ-C 

Plot of longitudinal profile 

r/ Plot of cross-sections 

r/ Site sketch 

r/ Photographs and photo log 
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Table: Summary Data for the Dead River Bypassed Channel, August 2000 vs 2004 

Reach Name 2004A 2000A 2004A 2000A 2000 B 2004B 2000 B 2004B 2000 B 2000C Reach Len th ft 484 606 484 464 543 464 543 464 543 392 Water Surface Slope 
ft/mile 15.2 17.96 15.2 4.32 1.58 4.32 1.58 4.32 1.58 2.96 Average Thalweg Depth 

ft 3 0.78 1.33 0.78 1.33 1.81 2.15 1.81 2.15 1.81 2.15 1.42 
Transect Name 2 2 2 2 3 3 

1+17 3+62 1+60 2+86 4+64 Transect Location 1 0+00 1+17 1+85 3+62 4+66 1+60 2+32 2+86 3+58 4+64 5+43 0+00 
Transect Width ft 3 43 32.7 26.3 37.3 17.4 22.6 20 22.5 22.9 25.7 11.5 Transect Cross 

48.4 75.1 8.13 16.5 21.9 34.9 47.8 41.1 30.5 41.4 9.4 

1.12 2.3 0.31 0.4 1.26 1.5 2.4 1.8 1.33 1.6 0.81 

0.13 0.51 Calculated Velocity by 
flow/area f 0.06 1.5 0.36 0.5 0.14 1.2 0.06 1.3 0.1 1.3 0.49 Stream flow cfs 2.0 1.5 3 3.8 3 3 6.2 4.6 

1. Transect location in ( ) is the station from the 2004 survey starting at station 0+00. 
2. Average Measured Velocities were provided by MDEQ in 2000. 
3. Cross sectional area, transect width, average depth in transect are based on average water surface depth. 4. Assumed horizontal coordinates were used for the resurvey of reaches A, B, and C. No horizontal datum was used for the 2000 survey of these three reaches. Vertical data for all three reaches of the 2004 resurvey were tied to benchmarks established during the 2000 survey. These vertical benchmarks were also assumed and were not tied to each other. 

L:\Projects\0191 R\2005\Final Morh Report\DEOA_B_C_Summary 2000 vs 2004.xls 
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2004C 2000c 2004C 2000C 

472 392 472 392 

5.28 2.96 5.28 2.96 

2.3 1.42 2.3 1.42 
1 2 2 3 

0+00 1+57 
0+34 1+57 1+90 3+50 
16.0 25.8 25.4 21.5 

36.8 17.9 51.8 18.9 

2.3 0.69 2.0 0.88 

0.28 0.26 

1.2 0.26 1.2 0.24 
6.7 4.6 8.5 4.6 
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7/29/04 

:,;:I n 
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G"l 
(1) 
::, 
(1) 
l"1 
DJ Transect 1 Station 0+00 rt 
(1) 
0. 

Pygmy Meter y-0060 'ti 
t:, 
"l 
0 
Hi distance observations at 0.6 de :>th approximate f\) 
0 from initial depth rev time velocity flow 0 
u, (ft) (ft) # (sec) (ft/sec) (ft"3/sec) Comments 0 
u, 4.2 0 Bank I-' 
\0 5 0.3 0.05 0.01 I 
0 
0 6 1.4 7 37 0.22 0.31 Cl) 
CD 7 2 10 35 0.32 0.63 
:,;:I 8 2.5 15 44 0.37 0.93 (1) 
(l 9 2.7 10 39 0.29 0.78 (1) 
I-'· 10 2.8 20 22 0.92 2.56 < (1) 11 3 30 34 0.89 2.67 0. 

12 3 30 37 0.82 2.46 O' 
'< 13 3 15 45 0.36 1.09 "l 
tz:J 14 3 5 48 0.14 0.43 :,;:I n 15 3.1 10 47 0.25 -0.77 eddy 
0 16 3 10 21 0.50 -1.50 eddy 00 
tz:J 17 2.9 15 37 0.43 -1.57 eddy n 

18.5 1.5 15 36 0.44 -1.33 eddy 0 
u, 21 0 bank '-
I-' 
0 Total Approximate Flow 6.72 '-f\) 
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u, 
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(I) 7/29/04 ::, 
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t1 
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(I) 
0. 
'Cl 
tJ 
"l 
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Hi 

distance observations at 0.6 de :>th approximate 
from initial depth rev time velocity flow 

t\) 
0 
0 
lJ1 
0 (ft) (ft) # (sec) (ft/sec) (cfs) Comments lJ1 
I-' 3 0 0 bank IO 
I 5 0.7 0 0 

0 7 0.9 7 50 0.18 0.32 0) 
Cl) 9 1.3 12 42 0.32 0.82 :,;, 11 2.2 10 35 0.32 1.40 
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"l 
0 

distance observations at 0.6 de :>th aooroximate Hi 
f\) 

from initial depth rev time velocity flow 0 
0 (ft} (ft) # (sec) (ft/sec) (cfs) u, 
0 

3 0 bank u, 
I-' 

6 2.3 10 46 0.25 1.74 \0 
I 

9 2.2 7 45 0.19 1.27 0 
0 

12 2.4 10 41 0.28 2.00 
Cl) 
CD 

15 3 7 41 0.21 1.55 :,;:I 
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• Table 9. Longitudinal profile of Reach C of the Dead River bypassed channel. 
Benchmark 1 (elevation=100 ft): nail in base of 6" diam. spruce on left bank 

1 Resfr.fual I Average - Elevations Thalewg Pool Residual Residual Height of -Minu-s Siqhts .. , Water Surface Thalweg Depth Surface Pool Depth Pool Depth tnstrurnen tWatefSur 'Thalwe -· -=-. _,_: g Location (ft) (ft} (ft) (ft} (ft) (ft) .. (ft) (ft)' ·, ... (ft) , .. 
0 91.13 89.71 1.42 -: 10r.o-1 9.88 11.3 --

15 91.15 89;83 1.32 101.01 9.86 11.1'8 38 91.11 90.45 0.66 101.01 9.9 10.56 49 91.14 • 3g:,35· 1.78 90.42 1.06 101.01 9.87 11.65 64 91.1 88~99 2.11 90.42- 1.43 101.01 9.91 12.02 79 91.1 89.62 1.48 90.42 0'.8 ·-· .. 101.01 9.91 11:39 94 91.1 sa-:57 2.53 90:42 1.85 101;01 9.91 12.44 -109 91.08 89:06 2,02 90A-2 1.36 · 101.01 9,93 11.95 _135 91.06 ·90.42 0.64 90.42 ,0 -'{3 ·- 101.01 9.95 . 10.59 -- ·-
101.61 

.. 150 91.07 89.41 1,66 90;41 1 9.94 11:6 177 91.05 1:!9.82 1.23. 90A1 · 0.5-9 · C 9.6.56. 5.51 6.74 191 91.03 88.77 - 2.26 90A1 1.64 96.56 5.53 7.79 211 91.01 90.28 0.73 90.41 0.13 96.56 5_55 6.28 231 91 89.72 · 1.28 90.41 0.69 -· 96;56 5.56 6.84 251 91 90'41 0:59 90.41 0 0.81 96.56 5.56 6.15 281 90.97 89]5 1.22 89.97 0.22 96.56 5.59 6.81 316 90.97 89}?9_ .. 1.68 89J)7 · 0.68 96.56 5.59 7.27 336 90.94 ·- 895 1.44 89.97 0.47 --- - . ' 96.56 5.62 7.06 360 90.94 89.53 1.41 89.97. 0.44 96.56 5.62 7.03 392 90.91 89.97 - 0.94 89.97 - 0 0.4525 96.56 5-65 6.59 

20 
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Figure 14. Longitudinal profile o.f Reach Con August 8, 2000. 
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MDEQ Reach C Profile 2004 
Descriotor = TWG Descriotor - WSF • Station Elevation Station Elevation 

0.0 89.63 28.0 90.96 
14.9 89.91 29.7 90.88 
20.0 89.57 30.3 90.90 
22.8 89.55 36.8 90.89 
26.1 89.17 51.1 90.84 
30.5 87.78 90.4 90.92 
34.8 87.80 113.1 90.85 
36.6 87.79 124.5 90.83 
43.5 87.71 132.7 90.82 
47.5 87.72 190.1 90.79 
52.7 88.21 203.7 90.88 
56.6 88.56 228.5 90.56 
61.1 88.92 245.5 90.59 
65.1 89.33 277.0 90.50 
71.5 89.22 325.6 90.52 
77.3 89.45 364.3 90.54 
83.6 89.61 404.1 90.52 
87.9 89.01 472.1 90.53 
93.6 88.70 
97.8 87.86 
105.7 87.21 
109.7 88.21 
115.3 87.73 
123.7 88.02 
127.7 88.38 
132.8 88.15 
140.6 87.85 • 146.3 88.04 
149.5 87.60 
158.6 88.07 
169.8 89.19 
176.9 89.03 
181.6 88.41 
189.7 88.37 
197.8 88.99 
208.0 90.05 
214.3 89.47 
224.4 89.35 
237.0 89.46 
246.0 87.85 
257.5 87.56 
269.1 87.75 
280.9 88.20 
298.3 87.95 
310.3 87.99 
318.7 87.97 
331.3 88.47 
342.5 88.70 
356.3 88.17 
366.4 87.67 
371.5 87.62 
389.3 87.38 
405.0 86.36 
420.6 85.72 
432.5 86.25 • 439.4 87.12 
447.0 88.32 
462.7 88.13 
472.3 88.90 
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• Table 10. Cross-section data for Reach C, Transect 1 (Station (0+00) . .. . ~-- . ;• . : . 

Station: 
Benchmark; 

Dea? River byP~ss_ed channel, Reach C (Station O+OO) 
Nail rn base.of.6. dram. spruce on left bank(elevation-100 ft) Heig/:lt.ot lqstr:urnent 

WaterSurfcice Elevation: · 
. 1Q2,06, . · 

Cnannel Width (Ft) · 
Date' 

. '91 
. • 11.5 .. 
.. . BIB/00 

'Distance 
From 

·· Left 
Station .· (ft} 

.. LeftBank Rerod Marker... . .• 0 
6.7 

:-·" 
:, .. __ .. 

• Rioht Bank Rerod Marker 

13.7 
. •,, __ l. ·--17.2 

·, .. · •: 21;7: 
.24.7 

:. ·1·· 2~.2 
_-.;·.,· ,-.; 29.2 

32.2 
32.7 
33.2 
33.7 
34.2 
34.7 

· 35.2 
35.7 
36.2 
36.7 
37.2 
37.7 
38.2 
38.7 
39.2 
39.7 
40.2 
40.7 
41.2 
41.7 
42.2 
42.7 
43.2 
43.7 
44.2 
46.2 
48.2 
51.2 
53.2 
56.2 
58.2 
60.2 
622 
64.2 
66.2 
70.2 
73.2 
76.2 
TT.7 

Minus 
Sight 
(ft) 

6.36 
10.2 ' 
10'.2 . 

rn.02. 
10.62 
10.6 
9.9l 
9.81 

10.01 
11.06 

11.04 
10.43 
10.53 
10.45 
10.45 
10.51 
9.83 
9.57 
8.61 
7.05 
6.31 
5.68 
4.68 
3.33 
2.34 

Water 
Depth 

(ft) 

0.1 
0.6 
0.7 
0.8 
0.7 
0.7 
0.7 
0.8 
0.9 

1 
1.1 
1.3 
1.3 
1.2 
1.1 
0.9 
0.7 
0.8 

1 
0.9 
0.7 
0.6 

Elevation 
of 

Substrate 
(ft). 

9.5.7 
91.86 
"91:86 

<9~A4 
, 91A4 
. ;91.46 
.. · ;,92;15 

92.25 
92;05 

91 
90.9 
99.4 
90.3 

:.90.2 
'>90.3 

9().3 
90.3 
90.2 
90.1 

90 
89.9 
89.7 
89.7 
89.8 
89.9 
90.1 
90.3 
90.2 

90 
90.1 
90.3 
90.4 

91.02 
91.63 
91.53 
91.61 
91.61 
91.55 
92.23 
92.49 
93.45 
95.01 
95.75 
96.38 
97.38 
98.73 
99.72 

Total cross·sectional area (sq. ~) 

Velocity 
'(fosl 

0.05 
0.23 
0.44 
0.39 

.· 0.35 
0.46 

·0.43 
0.24 
0.62 
0.70 
0.79 
0:74 
0.63 
0.53 
0.72 
0.78 
0.81 
0.60 
0.17 
0.14 
0.19 

Cross , 
Sectional 

Area 
(sq. ft}~ 

·-0.01 
0.05 

· "0'.3 
,•·'tU35 
, :, ~:CT:4. 
C,Q.35 

0.35 
0.35_ 
0.4 

0.45 
0.5 

0.55 
0.65 
0.65 
0;5 

0.55 
0.45 
0.35 
0.4 
0.5 

0.45 
0.35 
0.3 

0.07 

9.38 
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Figure 15. Cross- section profile of Reach C, Transect 1 (Station 0+00) on August 8, 2000. 
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C: ::, 
0 
Hi • • Hi • I-'· 
(l 
I-'· 
DJ 
I-' 

"l 
tz:J 
:,;:I Reach C, Transect 1, 2004 
n 
I 

Pt# I North I East I Elevation N01& S1atlon 
G"l 9619 5048.64 5000.93 95.96 X1 LEBF 0.0 
(1) 
::, 

9620 5048.47 5000.55 95.51 X1TOPO 0.3 
(1) 

9621 504723 5000.02 94.76 X1TOPO 1.7 
l"1 
DJ 

9622 5046.08 4999.48 93.90 X1TOPO 2.9 
rt 

9623 5045.34 4998.94 92.98 X1TOPO 3.9 
(1) 
0. 

9624 5044.09 4998.42 92.29 X1TOPO 5.2 
9625 5042.74 4997.51 92.07 X1TOPO 6.8 

'ti 
t:, 

9626 5040.24 4996.15 92.02 X1TOPO 9.7 
"l 

9627 5038.45 4994.68 91.98 X1TOPO 11.9 

0 
9628 5037.37 4994.12 92.23 X1TOPO 13.2 

Hi 
9629 5035.20 4993.03 92.33 X1TOPO 15.6 

f\) 
9630 5033.57 4992.72 92.17 X1TOPO 17.2 

0 
9631 5031.21 4991.39 92.17 X1TOPO 19.9 

0 9632 5029.04 4989.81 91.84 X1TOPO 22.5 u, 
0 

9633 5027.65 4989.12 91.87 X1TOPO 24.1 
u, 9634 5026.04 4988.12 92.13 X1TOPO 26.0 
I-' 
\0 

9635 5024.18 4987.38 92.47 X1TOPO 28.0 
I 

9636 5022.90 4986.78 92.42 X1 TOPO ltb 29.4 
0 
0 

9637 5022.35 4986.47 92.30 X1TOPO 30.0 
Cl) 

9638 5021.69 4986.24 91.09 X1TOPO 30.7 
CD 9639 5020.92 4985.69 90.89 X1 WSF LCH L TO 31.6 
:,;:I 

9640 5020.28 4985.24 90.55 X1TOPO 32.4 
(1) 9641 5019.29 4985.01 89.21 X1TOPO 33.4 (l 
(1) 

9642 5018.28 4984.44 88.40 X1TOPO 34.6 
I-'· 9643 5017.06 4984.18 88.11 X1TOPO 35.7 < (1) 

9644 5016.38 4983.10 87.97 X1TOPO 36.9 
0. 9645 5015.40 4982.81 87.88 X1TOPO 37.9 

O' 
9646 5014.63 4982.30 87.79 X1TWG 38.8 

'< 9647 5012.64 4980.97 87.80 X1TOPO 41.2 

"l 
9648 5011.37 4980.35 87.82 X1TOPO 42.6 

tz:J 9649 5010.39 4979.82 87.97 . X1 TOPO 43.7 
:,;:I --~~ \'t~i 1C,PO n 

9650. 5009.88 4979.51 88.08 44.3 
9651 5009.53 4979.34 89.31 X1-TOPO 44.7 

0 
00 

9652 5008.47 4978.66 89.28 X1TOPO 45.9 
tz:J 

9653 5007.57 4978.31 89.83 X1TOPO 46.9 
n 9654 5007.11 4978.02 90.33 X1TOPO 47.4 
0 

9655 5006.98 4977.96 90.31 X1RCH 47.6 
u, 9656 5007.11 4977.60 90.87 X1 W-SF 47.6 

' I-' 9657 5006.67 4977.86 91.26 X1 RTB 47.9 
0 9658 5005.52 4977.23 91.39 X1TOPO 49.2 

' f\) 
9659 5004.67 4976.79 91.39 X1TOPO 50.2 

0 
9660 5003.53 4976.07 91.55 X1TOPO 51.5 

0 
u, 

9661 5001.39 4975.22 91.78 X1TOPO 53.8 
9662 5000.00 4973.90 91.51 X1TOPO 55.6 

I-'· 9663 4998.08 4973.49 91.90 X1TOPO 57.5 ::, 9664 4996.74 4973.16 92.19 X1TOPO 58.9 
t:, 
0 

9665 4995.19 4972.23 92.75 X1TOPO 60.7 
(l 

9666 4994.50 4971.70 93.33 X1TOPO 61.5 .,,. 9667 4994.41 4971.75 93.31 X1TOPO 61.6 
(1) 
rt 

9668 4992.77 4970.67 94.24 X1TOPO 63.5 
=lie 9669 4991.45 4969.86 95.40 X1TOPO 65.1 

9670 4989.79 4968.80 96.09 X1TOPO 67.1 
'ti 9671 4988.00 4967.82 96.29 X1TOPO 69.1 
I 

I-' 
9672 4985.47 4966.42 97.09 X1TOPO 72.0 

0 9673 4983.92 4965.26 97.87 X1TOPO 73.9 
CD 
u, 

9674 4982.50 4964.61 98.88 X1TOPO 75.5 
u, 9675 4982.13 4964.46 99.47 X1TOPO 75.9 
I 

0 
9676 4980.93 4963.81 99.94 X1 REBF 77.2 
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• 

• 

Table 11. Cross-section data for Reach C, Transect 2 (Station (1+57). 

Station: 
Benchmark: 
Height of Instrument 
Water Swface Elevation: 
Channel Width (Ft): 
Date: 

Station 
Left Bank Rerod Marker ; 

Dead River bYPassed channel, Reach C {Station 1 +57) 
Nail in base of6~ spn:ice on left bank (elevation=tO0 ft) 

91.06 
25.8 

8/8/00 

Distance 
From. 
Left 
(ft) 

0 

Minus Water 
Elevation 

of . 
Sight Depth Substrate Velocity 

fft) , (fl}. · <tt) (fos) 
3.82 96.57 

3 4.85 95.54 
4 5,0:1 :::: , - 95.38 

Cross ... 
Sectional. 

Area 
(so.fl.) 

i----~------t-----'7C.:_~5f----:::6~~Tl.=c::it. -:-----+-...:;9;;3:::.6~2:.i-' :.;_:. ----'--l--_:_' _J 9 7;54 92.85 · . 
·12 1,15. ···sz54 .,.· _; 

· "15 -- 8.57· 91.82 -
t--------+---=-17~.5~--7&;2:,38:-·-· --+"-· :.;_· 9~2::::.0~9+·:..._:_·;:.:· ·:.,__;,...:.f-__ :_J·· 1.9 . . -8.3'7 . -· . 92.02 

21 8.23 · 92.16 
24 8;09 92.3 . 

29 8:09 92.3 
· 32 8.34 :. · 92,07 

35 829 92.1 
36 _8.23 92.16 
37 8.82 . 91.57 

38.2 9.'33 0 91.06 0 0.045 
39 0.2 90.86 0.00 ·o.1s 
40 0:3 90.76 . 0.00 0.3 
41 0.7 90.36 0.16 0.7 
42 0.8 9026 0.38 Q.8 
43 1 90.06 0.49 1 
44 1 90.06 0.42 ; 1 
45 0.53 .1 
46 1.2 89:86 0.49 1:2 
47 · · 1A-· 89.66 0.42 1.4. 
48---·· 1.5 89.56. 0.40 1.5 

..49 0.41 1.4 
50 1.1 89.96 0.43 1.1 

0.8 90.26 0.30 0.8 
.52 0:1 90.36 0.15 0.7 
53 · 0.7 90.36 0.05 0.7. 
54 0.7 90.36 0.05 
55 0.7 90.36 0.00 0.7 
56 0,6 90.46 0.00 0.9 
58 0.3 90.76 0.00 0.6 
60. 0.3 90.76 0.00 0.9 
64 0 91.06 o:oo 0225 
67 8.87 91.52 
69 8.19 922 
71 7.7 92.69 
73 7.07 93.32 
75 6.61 93.78, 
77 942 
79 5.54 94.85 
81 4.66 95.73 

Riaht Bank Rerod Marker 82 962 

Total cross-sectional area (sq. ~) 17.85 
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Figure 16. Cross- section profile of Reach C, Transect 2 (Station 1 +57) on August 8, 2000. 
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C: ::, 
0 
Hi • • Hi - I-'· 
(l 
I-'· 
DJ 
I-' 

"l 
tz:J 
:,;:I Reach C, Transect 2, 2004 n 
I 

Pl# No®· I East ! Elevation I N<>te Station 
G"l 9747 5010.50 5096.63 96.89 X2LEBF 0.0 
(1) 
::, 9748 5010.23 5096.51 96.48 X2TOPO 0.3 
(1) 9749 5006.86 5095.58 95.47 X2TOPO 3.8 l"1 
DJ 9750 5005.75 5095.36 94.98 X2TOPO 4.9 
rt 9751 5003.99 5094.60 93.94 X2TOPO 6.8 (1) 
0. 9752 5002.61 5094.19 93.24 X2TOPO 8.3 

'ti 
9753 5000.50 5093.33 92.75 X2TOPO 10.5 

t:, 9754 4996.53 5092.30 92.15 X2TOPO 14.6 
"l 9755 4991.33 5090.25 92.18 X2TOPO 20.2 
0 9756 4987.60 5089.52 92.28 X2TOPO 24.0 
Hi 9757 4983.68 5087.48 92.11 X2TOPO 28.3 
f\) 9758 4981.62 5086.86 92.42 X2 TOPO 30.4 
0 
0 

9759 4979.05 5086.93 91.80 X2TOPO 32.9 
u, 9760 4978.49 5086.37 91.30 X2TOPO 33.6 
0 
u, 9761 4977.78 5085.92 90.79 X2LCHWSF 34.4 
I-' 9762 4977.68 5085.73 90.11 X2TOPO 34.5 
\0 
I 

9763 4976.24 5085.37 89.79 X2TOPO 36.0 
0 9764 4973.71 5084.15 89.53 X2TOPO 38.8 0 
Cl) 

9765 4971.96 5083.87 88.92 X2TOPO 40.5 
CD 9766 4971.78 5083.51 89.10 X2TOPO 40.8 
:,;:I 9767 4971.41 5083.57 88.68 X2TOPO 41.2 
(1) 9768 4970.59 5083.53 88.37 X2TWG 42.0 (l 
(1) 9769 4969.88 5083.38 88.33 X2TOPO 42.7 
I-'· 9770 4967.76 5082.33 88.34 X2TOPO 45.0 < (1) 9771 4965.72 5081.64 88.44 X2TOPO 47.2 
0. 9772 4962.35 5081.26 88.15 X2TOPO 50.5 
O' 9773 4960.01 5080.86 88.10 X2TOPO 52.9 
'< 9774 4957.81 5079.89 88.26 X2TOPO 55.2 
"l 9775 4955.48 5079.93 88.70 X2TOPO 57.5 
tz:J 9776 4954.26 5079.64 89.41 X2TOPO 58.7 :,;:I n 9777 4953.33 5079.33 90.52 X2TOPO 59.7 

0 
9778 4953.26 5079.24 90.82 X2RCHW-SF 59.8 

00 9779 4952.88 5078.65 90.92 X2TOPO 60.3 
tz:J 9780 4949.94 5078.31 91.20 X2TOPO 63.3 n 9781 4948.42 5078.03 91.33 X2TOPO 64.8 
0 
u, 

9782 4946.94 5078.44 91.46 X2TOPO 66.1 
'-9783 4946.22 5077.80 91.80 X2TOPO 67.0 
I-' 
0 

9784 4945.81 5077.55 91.97 X2TOPO 67.4 
'-9785 4945.17 5077.36 92.22 X2TOPO 68.1 
f\) 
0 

9786 4943.86 5077.23 92.46 X2TOPO 69.4 
0 9787 4942.92 5076.66 92.70 X2TOPO 70.5 u, 9788 4941.78 5076.51 93.09 X2TOPO 71.6 
I-'· 9789 4939.64 5076.22 93.72 X2 TOPO 73.7 ::, 9790 4937.83 5076.01 94.09 X2TOPO 75.5 
t:, 9791 4936.48 5075.61 94.45 X2TOPO 77.0 0 
(l 

9792 4934.81 5075.23 95.06 X2TOPO 78.7 .,,. 9793 4933.30 5074.94 95.81 X2TOPO 80.2 (1) 
rt 

9795 4932.33 5075.16 96.30 X2TOPO 81.1 
=lie 9794 4932.26 5075.15 96.30 X2TOPO 81.1 

9796 4932.06 5074.95 96.75 X2 REBF 81.4 
'ti 
I 

I-' 
0 
CD 
u, 
u, 
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Table 12. Cross-section data for Reach C, Transect 3 (Station 3+50). 

Station: 
Benchmark: Nail in base of 6" diam. spruce on left bank (elevation ·· 100 ft) _. --
Height of Instrument: 
WaterSurface Elevation: 
Channel Width·(ft) 
Date 

Station 
Left Bank Rerod Marker 

97.11 
90.94 
21:5 

818100 

Distan¢e · 
From. 
Left: 
(ft) ; 

a 
1.5 
2.5 ... 
4.5 
5.5 
7.5 
9.5 

12.S 
15.5 
17.5 
19.5 
21.5 . 
23.5 
24.5 
25:5 

27 
28.5 

30. 
31.5 

33 

37.5 
39 

40.5. 
42 

43.5 
45 

46.5 -
48 

48.5 
50.5 

54,5 
56.5 
57.5 

595 
61:5 

" ..... _ Elevation 
. · : Water: ·-· of.}, .' Minus 

-Sight 
.. (ft) 

. . ; Depth: - ..SubsWte .Velocity 
-- · : '.'/)(ft)·· : -- - --(ft)<):: - - {fps) 

4.-64 :: :.,'. .. 92.4't 
5:·19 •· ' " ··- 91:.:92 
5 ·33· ' . -, . - 91 78 . 
5:85 ; .. •, _ 91:~s.: 

5.4t· -- 9:-L7 
5:n :' ;92 
5.01 -_,_ 92.,1 . 
5.06 92,Q"5 _ 
5.41 91.7 
6.13· 9&98 

6.16 
5.4 . 

5.41 
5.5 

4.31 · 
'3.2 -
1.75 

1.3 
0.35 

0,4 • 90~54 -·· 
oA · · ·so:54 
0:.5 90.44 
o~s .. .90A4 
0,'5 90.44 
0,$ · 90-~ 
0:8. · 90:14 
1:6 - 89.34' 

2 .-' _ 8fl'.94_ 
2.2; 8&74 
1:7 .. · 89:24 

1 - 89;94 
0.1.. 90:84 
0.1 .· 90;84 

90.95 
91:71 
9:L7. 

91:61 
92.8 

93;91 _ 
95.36 :. 

· 96;76 

0,05 -
0;44 
0~62 
0~'56 

- 0:56 
·0;52 

-·o:36 
d.31 
_0.05 
0/15 

. 0-.QS 
0.05 
0.05 
0.00 

Total cross-sectional area (sq. ft.} 

· · Cross 
• Sectional 

Area·. 
· (so, ft) 

0.3 
0.6 
0-~6 

0:75 
0.75 
0.75 
0;9 

· 12 
2.4 

3 
3.3 

2.55 
1.5 

0:15 

0.05 

18.9 
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Figure 17. Cross- section profile of Reach C, Trans.eel 3 (Station 3+50) on August 8, 2000. 
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C: ::, 
0 
Hi • • • Hi 
I-'· 
(l 
I-'· 
DJ 
I-' 

"l Reach C, Transect 3, 2004 tz:J 
:,;:I n Pt# North East Elevation -Note Station I 
G"l 9841 5051.95 5227.60 96.78 X3 LEBF 0.0 

9842 5051.82 5227.81 96.08 X3TOPO 0.2 
(1) 
::, 
(1) 
l'1 
DJ 9843 5051.18 5228.11 95.29 X3TOPO 0.9 rt 
(1) 9844 5050.52 5229.34 93.94 X3TOPO 2.3 0. 

9845 5048.93 5231.11 92.70 X3TOPO 4.6 'ti 
t:, 
"l 9846 5047.25 5233.18 91.90 X3 TOPO 7.3 
0 9847 5046.62 5234.06 91.77 X3 TOPO 8.4 Hi 
f\) 9848 5045.05 5236.28 91.48 X3TOPO 11.1 
0 
0 9849 5043.61 5237.87 91.70 X3TOPO 13.2 u, 
0 9850 5042.27 5239.09 92.16 X3TOPO 15.0 u, 
I-' 9851 5040.22 5241 .45 92.00 X3TOPO 18.1 \0 
I 

0 9852 5038.02 5243.89 92.44 X3TOPO 21.4 0 
Cl) 9853 5036.09 5246.27 92.01 X3LTB 24.5 CD 

9854 5034.97 5246.68 90.52 X3WSF 25.5 
9855 5035.06 5246.79 90.81 X3LCH 25.6 

:,;:I 
(1) 
(l 
(1) 
I-'· 9856 5034.77 5247.08 89.03 X3TOPO 26.0 < (1) 9857 5034.29 5247.55 88.01 X3TOPO 26.6 0. 

9858 5032.46 5248.94 87.94 X3TOPO 28.9 O' 
'< 9859 5030.84 5250.83 88.07 X3TOPO 31.4 "l 
tz:J 9860 5028.99 5253.24 87.83 X3TOPO 34.4 :,;:I n 9861 5027.60 5254.41 87.52 X3TOPO 36.2 
0 9862 5026.54 5255.93 87.01 X3TOPO 38.0 00 
tz:J n 9863 5025.48 5258.50 86.36 X3TWG 40.7 
0 9864 5023.88 5259.68 86.59 X3TOPO 42.6 u, 
--.... 9865 5022.28 5261 .40 87.65 X3TOPO 45.0 I-' 
0 --.... 9866 5021.40 5263.05 88.06 X3TOPO 46.8 f\) 
0 9867 5019.79 5263.78 88.76 X3TOPO 48.4 0 
u, 9868 5018.98 5265.00 90.06 X3TOPO 49.9 

9869 5018.67 5265.52 90.52 X3 RCH W-SF 50.4 
I-'· 
::, 
t:, 9870 5018.20 5265.66 90.83 X3TOPO 50.9 0 
(l 9871 5017.22 5266.91 91.76 X3 RTB 52.4 .,,. 
(1) 9872 5015.66 5267.98 92.02 X3TOPO 54.3 rt 
=lie .. 9873 5014.60 5269.57 92.94 X3 TOPO 56.2 
'ti 9874 5012.69 5271.51 95.40 X3TOPO 58.9 I 
I-' 9876 5011.35 5272.49 97.31 X3 REBF 60.5 0 
CD 
u, 9875 5011.19 5272.42 96.43 X3TOPO 60.6 u, 
I 
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MDEQ R06-07-C 
9600 5000 5000 92.02 SPIKE 
9601 4955.8576 5121.2874 91.6568 SPIKE • 9602 5022.1596 4958.7699 91.0319 MCB1 WS-F 
9603 5021.1227 4961.3755 90.9688 MCB1 WS-F 
9604 5022.7717 4962.6996 90.9764 MCB1 WS-F 
9605 5024.9519 4963.056 90.9948 MCB1 WS-F 
9606 5018.6912 4957.6226 89.6278 TWG 
9607 5012.8172 4956.559 90.9734 RCH W-SF 
9608 5027.4395 4972.6802 90.957 LCH WSF 
9609 5027.1238 4969.8933 89.9139 TWG 
9610 5022.0905 4969.184 89.5727 TWG 
9611 5019.4887 4970.2688 89.5522 TWG 
9612 5017.8532 4973.1771 89.1674 TWG 
9613 5016.4401 4977.2622 87.7789 TWG 
9614 5013.7972 4980.6899 87.8001 TWG 
9615 5024.1581 4975.0473 90.8971 LCH LTOWSF 
9616 5023.231 4980.0663 90.8779 LCH LTOWSF 
9617 5025.395 4980.7249 92.1684 LTB 
9618 5025.9564 4977.3266 91.8208 LTB 
9619 5048.6396 5000.933 95.9633 X1 LEBF 
9620 5048.4715 5000.5452 95.5052 X1TOPO 
9621 5047.2322 5000.0224 94.7626 X1TOPO 
9622 5046.0827 4999.4841 93.8982 X1TOPO 
9623 5045.34 4998.9359 92.9786 X1TOPO 
9624 5044.085 4998.4211 92.2947 X1TOPO 
9625 5042.7402 4997.5123 92.0715 X1TOPO 
9626 5040.2352 4996.1543 92.0236 X1TOPO • 9627 5038.4499 4994.681 91.9771 X1TOPO 
9628 5037.3666 4994.119 92.2255 X1TOPO 
9629 5035.2028 4993.0307 92.3332 X1TOPO 
9630 5033.5671 4992.7173 92.1664 X1TOPO 
9631 5031.214 4991.3925 92.1749 X1TOPO 
9632 5029.0424 4989.8139 91.8395 X1TOPO 
9633 5027.6547 4989.1231 91.8681 X1TOPO 
9634 5026.0354 4988.1246 92.1313 X1TOPO 
9635 5024.1805 4987.3753 92.4705 X1TOPO 
9636 5022.9047 4986.7799 92.4241 X1 TOPO ltb 
9637 5022.3527 4986.4656 92.3014 X1TOPO 
9638 5021.6914 4986.2417 91.0945 X1TOPO 
9639 5020.9211 4985.6902 90.8941 X1 WSF LCH L TO 
9640 5020.2833 4985.2393 90.5492 X1TOPO 
9641 5019.2878 4985.0135 89.21 X1TOPO 
9642 5018.2774 4984.4366 88.3957 X1TOPO 
9643 5017.0573 4984.1847 88.1125 X1TOPO 
9644 5016.3831 4983.0987 87.9676 X1TOPO 
9645 5015.4033 4982.8062 87.8846 X1TOPO 
9646 5014.631 4982.3021 87.7854 X1 TWG 
9647 5012.643 4980.968 87.803 X1TOPO 
9648 5011.3705 4980.3517 87.8245 X1TOPO 
9649 5010.3877 4979.8224 87.9695 X1TOPO 
9650 5009.8765 4979.5143 88.0824 X1TOPO • 9651 5009.5286 4979.3415 89.3119 X1TOPO 
9652 5008.4718 4978.6569 89.2801 X1TOPO 
9653 5007.5745 4978.3068 89.8267 X1TOPO 
9654 5007.1054 4978.0207 90.3276 X1TOPO 
9655 5006.9785 4977.9587 90.3122 X1 RCH 
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9656 5007.1056 4977.5998 90.8744 X1 W-SF 
9657 5006.6685 4977.8599 91.2616 X1 RTB 
9658 5005.5213 4977.2254 91.3937 X1TOPO • 9659 5004.6747 4976.7851 91.3915 X1TOPO 
9660 5003.5274 4976.0718 91.5537 X1TOPO 
9661 5001.3871 4975.216 91.7761 X1TOPO 
9662 5000.0019 4973.9001 91.5089 X1TOPO 
9663 4998.0811 4973.4915 91.9008 X1TOPO 
9664 4996.7369 4973.1637 92.1924 X1TOPO 
9665 4995.1922 4972.2258 92.7491 X1TOPO 
9666 4994.5049 4971.7025 93.3335 X1TOPO 
9667 4994.4137 4971.7533 93.3055 X1TOPO 
9668 4992.7738 4970.6669 94.2437 X1TOPO 
9669 4991.4479 4969.8606 95.399 X1TOPO 
9670 4989.7882 4968.8029 96.0855 X1TOPO 
9671 4988.0033 4967.8213 96.2913 X1TOPO 
9672 4985.472 4966.4174 97.0869 X1TOPO 
9673 4983.92 4965.2602 97.8686 X1TOPO 
9674 4982.5049 4964.6135 98.875 X1TOPO 
9675 4982.1286 4964.4573 99.4715 X1TOPO 
9676 4980.927 4963.8083 99.9419 X1 REBF 
9677 5013.7902 4971.372 90.9029 RCH W-SF 
9678 5011.0564 4973.4706 90.8981 RCH W-SF 
9679 5001.9264 4984.0808 90.3249 RCH 
9680 5000.9184 4987.1794 90.8097 RCH 
9681 4999.1346 4992.4721 90.9078 RCH W-SF 
9682 5006.1323 4999.9564 90.6898 RCH 
9683 5006.2998 5001.1523 90.7928 RCH W-SF • 9684 5002.7345 5006.9653 90.7285 RCH W-SF 
9685 5001.4548 5013.19 90.6687 RCH 
9686 5018.9306 4994.8537 90.8364 LCH WSF 
9687 5018.974 4998.9148 90.753 LCH 
9688 5019.2039 5004.7046 90.6565 LCH 
9689 5016.6869 5016.3963 90.3981 LCH 
9690 5010.6963 4987.9235 87.7132 TWG 
9691 5009.8843 4991.9326 87.7158 TWG 
9692 5010.223 4997.043 88.21 TWG 
9693 5010.5082 5000.9578 88.563 TWG 
9694 5009.1146 5005.2719 88.9184 TWG 
9695 5006.531 5008.2363 89.3265 TWG 
9696 5005.3267 5014.5798 89.2248 TWG 
9697 5006.5731 5020.1801 89.4537 TWG 
9698 5009.303 5025.9482 89.6129 TWG 
9699 5013.2168 5027.5478 89.0096 TWG 
9700 5003.3865 5024.9244 90.7024 RCH 
9701 5003.4469 5028.6178 89.9741 RCH 
9702 5007.1079 5029.9608 89.9957 RCH 
9703 5009.428 5030.7263 89.6448 RCH 
9704 5010.1794 5030.9351 90.8914 W-SF 
9705 5002.6309 5020.4021 91.6199 RTB 
9706 5017.7766 5024.5833 91.7985 LTB 
9707 5017.4932 5024.9625 90.92 LCH WSF 
9708 5017.9946 5030.7671 88.701 TWG • 9709 5019.9672 5034.4679 87.859 TWG 
9710 5022.6629 5031.9567 90.7301 LCH 
9711 5023.1237 5041.7453 87.205 TWG 
9712 5023.5368 5045.7125 88.2054 TWG 
9713 5027.3427 5049.7242 87.7254 TWG 
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9714 5030.8717 5047.7524 90.8524 LCH WSF 
9715 5015.6178 5043.7786 90.7497 RCH W-SF 
9716 5016.3849 5051.6215 90.8127 RCH • 9717 5025.0727 5057.8527 88.0169 TWG 
9718 5021.6541 5059.9888 88.3757 TWG 
9719 5028.8798 5061.0252 89.3535 LCH 
9720 5028.4152 5060.2224 90.8281 WSF 
9721 5051.6534 5083.9951 100 BM1 
9722 5016.7363 5061.2273 88.148 TWG 
9723 5013.4954 5054.6076 90.8306 RCH W-SF 
9724 5017.4933 5068.2454 90.8163 LCH WSF 
9725 5017.2841 5069.0361 92.467 LTB 
9726 5012.8416 5052.8109 92.6085 RTB 
9727 5008.9249 5061.2466 87.8462 TWG 
9728 5003.4137 5062.5262 88.0361 TWG 
9729 5000.1686 5062.7969 87.6033 TWG 
9730 4992.1572 5067.0006 88.0688 TWG 
9731 4988.7492 5062.5273 90.8351 RCH 
9732 4993.5116 5073.6709 90.3366 LCH 
9733 4981.4654 5070.4207 89.1907 TWG 
9734 4974.8127 5072.9253 89.0251 TWG 
9735 4970.834 5075.3656 88.4106 TWG 
9736 4978.6215 5064.844 90.8451 RCH 
9737 4972.1544 5068.5614 90.7998 RCH W-SF 
9738 4970.3885 5068.2393 90.773 RCH 
9739 4970.6443 5065.6205 90.7776 RCH 
9740 4973.9188 5052.8468 90.8362 RCH W-SF 
9741 4974.603 5038.5304 90.8221 RCH W-SF • 9742 4966.7182 5036.0422 90.0952 RCH 
9743 4957.891 5046.8099 90.795 RCH W-SF 
9744 4952.4717 5063.7775 90.8563 RCH W-SF 
9745 4968.0109 5048.7748 89.5306 BACK EDDY TW-G 
9746 4961.9703 5062.6924 88.7272 BACK EDDY TW-G 
9747 5010.5024 5096.6294 96.891 X2 LEBF 
9748 5010.2342 5096.5121 96.4849 X2TOPO 
9749 5006.856 5095.5766 95.4658 X2 TOPO 
9750 5005.749 5095.3565 94.9847 X2TOPO 
9751 5003.9892 5094.5982 93.936 X2TOPO 
9752 5002.6053 5094.1927 93.2352 X2TOPO 
9753 5000.5022 5093.3272 92.7546 X2TOPO 
9754 4996.5271 5092.3005 92.1505 X2TOPO 
9755 4991.3293 5090.252 92.1823 X2TOPO 
9756 4987.6033 5089.5175 92.2757 X2TOPO 
9757 4983.6759 5087.4761 92.1126 X2TOPO 
9758 4981.6207 5086.8583 92.4155 X2 TOPO 
9759 4979.0525 5086.9259 91.797 X2TOPO 
9760 4978.4889 5086.3683 91.3013 X2TOPO 
9761 4977.7775 5085.9194 90.7915 X2 LCH WSF 
9762 4977.6812 5085.7296 90.1097 X2TOPO 
9763 4976.2433 5085.3653 89.7924 X2TOPO 
9764 4973.714 5084.147 89.5312 X2TOPO 
9765 4971.963 5083.8657 88.9169 X2 TOPO 
9766 4971.7805 5083.5127 89.0976 X2TOPO • 9767 4971.4122 5083.5715 88.6821 X2TOPO 
9768 4970.5945 5083.525 88.3716 X2TWG 
9769 4969.8759 5083.3849 88.3267 X2TOPO 
9770 4967.755 5082.3297 88.3396 X2TOPO 
9771 4965.7237 5081.6423 88.4414 X2TOPO 
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9772 4962.3517 5081.2597 88.145 X2 TOPO 
9773 4960.0109 5080.8581 88.0983 X2 TOPO 
9774 4957.8077 5079.8933 88.2629 X2TOPO • 9775 4955.4789 5079.9322 88.7032 X2TOPO 
9776 4954.2608 5079.6374 89.4081 X2TOPO 
9777 4953.3251 5079.3264 90.5223 X2 TOPO 
9778 4953.2606 5079.2438 90.8175 X2 RCH W-SF 
9779 4952.8773 5078.6513 90.92 X2TOPO 
9780 4949.9363 5078.3084 91.1961 X2 TOPO 
9781 4948.4168 5078.0285 91.3273 X2 TOPO 
9782 4946.9442 5078.4409 91.4612 X2TOPO 
9783 4946.2191 5077.7977 91.8048 X2 TOPO 
9784 4945.8145 5077.5478 91.9724 X2 TOPO 
9785 4945.1735 5077.3641 92.2168 X2TOPO 
9786 4943.8572 5077.2256 92.46 X2TOPO 
9787 4942.9155 5076.662 92.7003 X2 TOPO 
9788 4941.7821 5076.5063 93.0949 X2 TOPO 
9789 4939.6417 5076.2219 93.7239 X2TOPO 
9790 4937.8337 5076.008 94.0922 X2TOPO 
9791 4936.4751 5075.6145 94.4504 X2TOPO 
9792 4934.8092 5075.2294 95.0577 X2TOPO 
9793 4933.2964 5074.9412 95.8136 X2 TOPO 
9794 4932.2568 5075.1459 96.2993 X2 TOPO 
9795 4932.3314 5075.1583 96.2951 X2 TOPO 
9796 4932.0643 5074.9526 96.7465 X2 REBF 
9797 4952.7417 5099.1614 90.7813 RCH 
9798 4954.0203 5104.3971 90.8038 RCH 
9799 4950.4888 5106.0583 90.7745 RCH W-SF • 9800 4946.7844 5111.7537 90.5782 RCH 
9801 4942.1742 5114.0568 90.5917 RCH 
9802 4943.9104 5121.3736 90.5798 RCH W-SF 
9803 4949.8777 5132.2989 90.5838 RCH W-SF 
9804 4954.6521 5141.8189 90.6135 RCH W-SF 
9805 4959.4814 5134.7571 90.6311 MCB2 
9806 4955.0298 5127.8723 90.5858 MCB2 
9807 4963.2255 5123.2319 90.518 MCB2 
9808 4956.8503 5108.5995 90.8291 MCB2 
9809 4948.4475 5112.3408 90.5985 MCB2 
9810 4970.9754 5114.2961 89.3452 TWG 
9811 4965.2977 5105.9434 89.4671 TWG 
9812 4968.3352 5100.433 90.0513 TWG 
9813 4966.469 5090.4242 88.9897 TWG 
9814 4974.1452 5096.6306 90.8821 LCH WSF 
9815 4981.3696 5113.07 90.5592 LCH WSF 
9816 4976.6213 5125.5941 89.4636 TWG 
9817 4982.6041 5131.5872 90.5874 LCH WSF 
9818 4983.7245 5133.5097 92.669 LTB 
9819 4968.6966 5129.9209 87.8487 TWG 
9820 4967.685 5141.3154 87.56 TWG 
9821 4976.1029 5149.3888 87.7481 TWG 
9822 4973.3496 5160.8883 88.1962 TWG 
9823 4981.4849 5160.7417 90.498 LCH WSF 
9824 4960.3682 5160.2774 90.5745 RCH • 9825 4973.195 5172.8078 89.1097 TOPO 
9826 4948.0893 5134.8115 95.6009 BM2 
9827 5010.1181 5212.9769 92.3896 SPIKE 
9828 4963.2641 5174.9921 87.9456 TWG 
9829 4963.7871 5187.0301 87.9901 TWG 
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9830 4968.3896 5193.9849 87.9694 TWG 
9831 4963.2787 5195.0108 90.4613 RCH W-SF 
9832 4985.0982 5189.4454 90.5227 LCH WSF • 9833 4976.9947 5203.2878 88.4684 TWG 
9834 4983.2061 5212.5388 88.6966 TWG 
9835 4992.4961 5222.7795 88.1674 TWG 
9836 4998.9032 5230.5251 87.6665 TWG 
9837 5006.2257 5221.8555 90.5367 LCH WSF 
9838 4988.0812 5236.1357 90.5631 RCH W-SF 
9839 5002.1099 5234.5194 87.6171 TWG 
9840 5014.9783 5246.8481 87.38 TWG 
9841 5051.9487 5227.6019 96.7819 X3 LEBF 
9842 5051.8177 5227.813 96.0798 X3 TOPO 
9843 5051.1756 5228.1141 95.2944 X3 TOPO 
9844 5050.5175 5229.3432 93.9437 X3TOPO 
9845 5048.9273 5231.1111 92.703 X3TOPO 
9846 5047.2484 5233.177 91.8966 X3 TOPO 
9847 5046.6246 5234.0561 91.7696 X3 TOPO 
9848 5045.0463 5236.2756 91.4753 X3 TOPO 
9849 5043.6083 5237.874 91.6962 X3TOPO 
9850 5042.2728 5239.0908 92.1556 X3TOPO 
9851 5040.2201 5241.4513 92.0044 X3TOPO 
9852 5038.0194 5243.8858 92.4418 X3 TOPO 
9853 5036.0886 5246.2652 92.0074 X3 LTB 
9854 5034.974 5246.6818 90.5181 X3WSF 
9855 5035.0564 5246.7936 90.8138 X3 LCH 
9856 5034.7675 5247.0845 89.0256 X3 TOPO 
9857 5034.2883 5247.5517 88.0093 X3TOPO • 9858 5032.4615 5248.9357 87.941 X3 TOPO 
9859 5030.8445 5250.8289 88.0746 X3 TOPO 
9860 5028.9866 5253.2397 87.8305 X3 TOPO 
9861 5027.5982 5254.4132 87.5238 X3TOPO 
9862 5026.5446 5255.9288 87.0061 X3TOPO 
9863 5025.4815 5258.4971 86.3635 X3TWG 
9864 5023.8769 5259.6762 86.5889 X3 TOPO 
9865 5022.2844 5261.4001 87.6528 X3TOPO 
9866 5021.3989 5263.053 88.0578 X3TOPO 
9867 5019.7879 5263.7779 88.7638 X3 TOPO 
9868 5018.9782 5265.0037 90.0636 X3TOPO 
9869 5018.6702 5265.5161 90.5185 X3 RCH W-SF 
9870 5018.2027 5265.6569 90.8337 X3 TOPO 
9871 5017.2244 5266.9084 91.7581 X3RTB 
9872 5015.6613 5267.9813 92.0204 X3TOPO 
9873 5014.596 5269.5659 92.9393 X3TOPO 
9874 5012.6931 5271.505 95.4035 X3 TOPO 
9875 5011.1925 5272.4161 96.4297 X3TOPO 
9876 5011.354 5272.4916 97.3138 X3 REBF 
9877 5038.0214 5267.8382 85.7185 TWG 
9878 5046.6079 5275.9985 86.2506 TWG 
9879 5052.1558 5280.0855 87.1179 TWG 
9880 5059.2417 5282.849 88.3239 TWG 
9881 5072.4913 5291.3448 88.1261 TWG 
9882 5072.7306 5302.4283 90.4638 RCH W-SF • 9883 5079.2942 5298.1606 88.8983 TWG 
9884 5087.8203 5289.2733 90.5261 LCH WSF 
9885 5018.9878 5190.2637 96.2939 BM3 
9886 4955.7919 5121.3062 91.6478 BS 
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Figure '1. Monitoring locations in the Dead River bypassed channel, August 2000. 
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Figure 3. Location of Reaches B and 'con the Dead River bypassed channel. 
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Figure 13. Map of Reach Con the Dead River bypassed channel, August 2000. 

• 
LOCATION SW1/4, SW 1/4, SECTJON 18, T48N, R 25W 

I 

60 

TRANSECT 3 
STATION 3+50 

PP. 

l-' 
(} 
l-' 
(ll 
I-

t,:: 
ts: ,: 
(1 
I 

Gl 
(\) 
::, 
(\) 
11 w 
rt 
(\) 
0. 

ttj 

0 
Hi 

N 
0 
0 r.n 
0 r.n 
I-' 
\0 
I 

0 
0 
0\ 
CD 

0 
(\) 
l-'· < 
(\) 
0. 

0 w 
ti:! 
(J 

0 r.n -... 
I-' 
0 -... 
N 
0 
0 r.n 
l-'· ::, 
0 
0 
0 
;:,;' 
(\) 
rt 
# 

'1' 
I 

I-' 
0 
CD r.n r.n 
I 

0 
0 
0 

I 



--------------------------------------------§ • 
R.M. 

130' MEASURED IN 
STRAIGHT LINE TO' 
BRIDGE 
FROM STATION 0+00 

R.M. 

2' DIAMETER 
HEMLOCK 

0 

r 

R.M. :::: REROD MARKER 
AP:=PHOTO POttyt 

• 

l 

0 

.. , .. J ~-

SCALE (FEET) 
J 

30 

Figure 13. Map of Reach C on the Dead River bypassed channel, August 2000. 
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MDEQ Photo Log- Reach C 

The following is the photo log that was created for each MDEQ reach (A, B and C). 
Each photo point (labeled either as PP or Photo point) had a number of different pictures 
taken and were subsequently described in the filed book. In the cases where panoramas 
were attempted to be taken, each picture number is sequential, and in most cases only the 
beginning shot and ending shot of the panoramic are identified with a detailed 
description. Field notes of the photos have been scanned in and are included in the 
electronic files. Upon return back to the office and the pictures downloaded, each photo 
was renamed to the same photo number taken in the field with a brief descriptor and 
photo point added. 

Reaches B and C, have slightly different labeling. The photo point is mentioned after the 
picture number as opposed to before the picture number. 

Reach 06-06, MDEQ Reach C. Pictures were taken 7-29-04. 
Photo# Description 
107 Photo #107 photo point #1 downstream from beginning of longpro ~ 15' 

upstream of transect #1 
108 Photo #108 photo point #1 upstream 
109 Photo #109 photo point #1 left bank 
110 Photo #110 photo point #1 right bank 
111 Photo #111 photo point #2 upstream 
112 Photo # 112 photo point #2 downstream 
113 Photo # 113 photo point #3 upstream 
114 Photo #114 photo point #3 downstream 
115 Photo #115 photo point #3 right bank 1 
116 Photo # 116 photo point #3 right bank 2 
117 Photo # 11 7 photo point #4 upstream 
118 photo #118 photo point #4 downstream 
119 Photo #119 photo point #4 left bank 
120 Photo #120 photo point #4 ritlt bank 
121 Photo # 121 photo point #5 upstream 
122 Photo #122 photo point #5 downstream 
123 Photo #123 photo point #5 left bank 
124 Photo #124 photo point #5 right bank 
125 Photo #125 photo point #6 upstream 
126 Photo #126 photo point #6 downstream 
127 Photo #127 photo point #6 left bank 
128 Photo #128 photo point #6 ritlt bank 
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• 

-
Photo #107 photo point #1 downstream from beginning of 

longpro 15' upstream of transect #1 

• 
Photo #109 photo point #1 left bank 

• Photo #111 photo point #2 upstream 

,. . 

·--' .•. ·r.: ' 

Photo #108 photo point #1 upstream 

Photo #110 photo point #1 right bank 

Photo #112 photo point #2 downstream 
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Photo # 113 photo point #3 upstream Photo # 114 photo point #3 downstream 

• 
Photo # 116 photo point #3 right bank 2 

• Photo # 117 photo point #4 upstream photo #118 photo point #4 downstream 
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Photo #120 photo point #4 right bank 

}, ·:;<:~'-\ .... 
r:,-. .. f , 

, . . 

• 
---· Photo # 121 photo point #5 upstream Photo #122 photo point #5 downstream 

• Photo # 123 photo point #5 left bank Photo #124 photo point #5 right bank 
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P oto #126 photo point #6 downstream 

• 
Photo #128 photo point #6 right bank 

• 
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SECTION1.0 

INTRODUCTION 

J • t 

The Dead River is located in Marquette County, in Michigan's Upper Peninsula. The river is 34 
miles long with a contributing watershed of 164 mi2. Five dams (Silver Lake, Hoist, McClure, 
Forestville, and Tourist Park) are located on the Dead River as it flows to Lake Superior. 

The Dead River basin lies in a region characterized by ancient Precambrian bedrock, and 
exposed pillow lava is common within the watershed (Dorr and Eschman 1970). Basin 
topography varies from gentle to very steep grades. Riparian vegetation is variable, ranging 
from tag alders to mature forests, while upland areas typically have mature hemlock, oak, and 
maple forests. 

Since about 1919, flow in the Dead River has been bypassed around a 6 •. 1..,miJe reach 
downstream of the McClure Dam (Figure 1 ). This reach currently receives only dam leakage 
and tributary flow, estimated to total about 7 cubic feet per second (cfs}atthe low end of the• -
reach under summer low flow conditions, based on measurements made in June 1998 by ttie 
Michigan Department of Environmental Quality (MDEQ) staff. On February 24, 1999, as part of 
the Federal Energy Regulatory Commission (FERC) relicensin§ process, a Section 401 Water 
Quality Certification was issued by the MDEQ to the Upper Peninsula Power Company 
(UPPCO), which is owned by the Wisconsin Public Service Corporation, for its Dead River 
Hyaroerecmc Project. The:!'Certification requires-a minimum flow release of 20 cfs-to the 
bypassed river channel within two construction seasons following license issuance by FERC. 
The Certification further states that: 

"Beginning 12 years after license issuance, the MDEQ may re-evaluate the 20 cfs 
minimum flow release for the bypassed channel and reopen this Certification to make 
appropriate modifications of this Section on the basis of convincing scientific evidence." 

To obtain baseline data for this bypassed reach prior to the change in flow regimes, staff from 
the MDEQ, Michigan Department of Natural Resources (MDNR}, and UPPCO conducted 
channel morphology and fish community surveys in three selected reaches of the Dead River on 
August 7-9, 2000 (Figure 1 ). Additionally, temperature data were collected from five sites on the 
Dead River and one site on Reany Creek, a tributary to the Dead River, from July to September 
of 2000 using Onset® temperature dataloggers. 

1 



Unofficial FERC-Generated PDF of 20050519-0068 Received by FERC OSEC 05/10/2005 in Docket#: P-10855-000 

SECTION 2.0 

SUMMARY 

• The channel morphology and fish community were evaluated quantitatively at three reaches 

in the Dead River bypassed channel. 
• Temperature data were collected at five stations in the Dead River bypassed channel and 

one station in Reany Greek~ -
• Brook trout was the most abundant fish sp~cies in all three reac~es. The vast majority of 

these brook trout were small; only 2. 7% of thb~e caught were of legal size (7 inches in 

length or greater). Approximately 63% of all brook trout captured were young-of-the-year 

(YOY). 
• The Dead River bypassed channel has a much smaller standing crop (kg/ha) of brook trout 

when compared to other northern Michigan rivers. 
• Habitat was not suitable for large brook trciut because of the low volume of water in the 

bypassed channel. Stream flows of only 1.5-4.6 cfs were found in the three selected study 

reaches, while average depth, width, and velocity were only 1.1 feet, 24 feet, and 0.21 feet 

per second (fps),. r~,spectively. 

• Temperatures increased an average of 5.2 °C (from 12.2 °C to 17.4 °C) from the upstream 

end to the downstream end of the bypassed channel during the 2000 monitoring period. 

• All temperature monhoring stations were suitable for trout and met the coidwater 

temperature standard (Rule 323.1082 of the Michigan Water Quality Standards). 

• Flow augmentation is expected to substantially improve the fish community by increasipg 
the habitat suitable for larger trout. ·, 

2 
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3.1 Study Area 

SECTION 3.0 

METHODS 

Three reaches were selected in the Dead River bypassed channel for detailed channel 
morphology and fish community assessments, oased on their accessibility, wadabiHty, and 
representativeness of habitat types within the bypassed channel.•· Thes.e r~aches· were iocated 
downstre.am of the L.ake Superior and Ishpeming (LS&I) railrd?d fressel (Rei:ich A), up~tream of 
Lewis Peters' property (Reach B), and downstream of Lewis Peters' pmperty (Reach C). Reach 
lengths were 484 feet, 464 feet, and 392 feet, respectively (Table 1 ). Figures 1-3 show the 
location of the reaches as Well as routes for accessing the sites:·.·· · ··· · · 

3.2 Chahliel Morphology 
'. . . ' 

Channel morphology measurement methods were adapted from procedures described by 
Bovee and Milhous (1978). A unique local elevation benchmark was established for each 
reach, and was arbitrarily assigned an elevation of 100 feet. The longitudinal elevation profiles 
of the thalWeg and the water surface relative to the benchmark were theri• determined for the 
reach. The thalweg is the deepest part of the channel at any cross secti6n: · Observations were 
made in increments of about 10-30 feet, depending on the var.iability ofthe bottonrelevation, 
and at the tcips of-riffles andthe:deepest parts of pools. lncreinerits·wete longer (up·to 30-feet) 
when the thalweg elevation was uniform, and shorter when the th'alweg elevation Was variable. 
Elevation benchmarks consisted of a nail driven into the base ofa large, easily identified tree. 
All distances were determined with a fiberglass tape, and elevations were determined with a 
laser level. 

Transects within each reach were marked by 4-feet lengths of 5/8-inch rebar driven into the 
ground on either side of the stream and were used to define 2 or 3 transects in each reach. 
Transect locations that were visually representative of the overall reach were selected. The 
cross channel profile of the ground surface was recorded for each transect using a laser level 
and fiberglass tape. In the wetted channel of some transects, the ground surfaces were 
determined by subtracting the water depth from the water surface elevation. 

Water velocity was measured at 0.6 depth at each observation point in the wetted channel with 
a pygmy current meter. If velocity was too low to move the cup wheel, then it was recorded as 
either O fps or < 0.1 fps based on a visual observation. Any value of <0.1 fps was assumed to 
be 0.05 fps in all subsequent calculations. 

Flow was measured in Reaches B and C using Great Lakes and Environmental Assessment 
Section (GLEAS) Procedure #77 for stream gauging (GLEAS 1995). A suitable cross-section 
for an accurate flow measurement could not be found in Reach A due to shallow depths and low 
velocity, so flow was estimated by GLEAS staff using best professional judgment. The location 
of the flow measurements in Reaches B and C did not coincide with the locations of the cross 
channel transects for several reasons. Flow must be measured at a transect where: 1) velocity 
lines are parallel, 2) velocity is high enough to measure, 3) velocity is nearly uniform across the 
transect, and 4) flow obstructions such as wood and aquatic macrophytes are absent. 

A map of each reach was drawn during the longitudinal leveling (Figures 4, 8, and 13). 
Features recorded include the beginning and end of the reach, photo points, transect locations, 
elevation benchmark locations, general topography of the bank, and other easily recognizable 

3 
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features that would assist in locating the reach and the transects in the future. Latitude and 

longitude coordinates were determined with a Garmin® 11 Plus global positioning system (GPS). 

3.3 Fish Community 

Abundance and density of fish populations were estimated from samples collected on August 7-

9, 2000. Fish populations within each reach were estimated using standard three pass-

depletion fish sampling methods employed by the MDNR, Fisheries Division (Zippin 1956 and 

Zippin 1958). This method assumes constant effort, a closed population, and an equal 

probability of capture for each individual fish (Everhart and Youngs 1981, Lockwood and 

Schneider 2000). Total population (N) for the fish community was estimated by the following 

equation (Van Den Avyle 1993): 
N=C/(1-p5

), 

where "C" is the total catch, "s" is the number of passes, and "p" is the probability of escape. 

The "p" values, calculated per Van Den Avyle (1993), were 0.67 4, 0.51, and 0.426 for Reaches 

A, B; and C, respectively. Population estimates for individual species were calculated by 

multiplying the total population estimate calculated above_ by that species' proportion of the total 

catch.· Three passes were made in each reach using Model ABP-3.(University of Wisconsin) 

backpack shocking units for the depletion sampling, with block nets placed at the upstream and 

downstream ends of the reach. Density (number per hectare) was calculated by dividing the 

population estimate by the area sampled. Area was determined by multiplying average width by 

transect length. Individual lengths and weights were recorded for brook trout, while numbers 

and batch weights were recorded for other species. · 

3.4 Temperature 

Onset® temperature loggers were programmed in Lansing by GLEAS staff to record every hour. 

In 1999, loggers were deployed at one station in the Dead River and one station in Reany 

Creek. In 2000, temperature monitoring was expanded to five stations in the Dead River and 

one station in Reany Creek (Figure 1 ). Temperature was recorded in Reany Creek {Station 6) 

to serve as a control for year-to-year weather variability since no change in flow regime is 

expected there. Loggers were secured in the stream by wiring them to a piece of rebar driven 

into the stream bottom in the deepest part of the channel. Data were downloaded to a 

spreadsheet by GLEAS staff. 

Since daily average temperature was of interest in this study, only full days of data are reported. 

Temperature was recorded for 30 full days from July 20 through August 18, 1999, at two 

·stations. Temperature was recorded for 62 full days from July 11 through September 9, 2000, 

·at all 6 stations (Table 17) with the exception of Station 5 (upstream of McClure discharge), 

where the recorder did not function from July 11 through August 6. Due to microhabitat 

problems with the initial recorder placement at Lewis Peters' property (Station 3), temperature 

data from a nearby MDNR temperature recorder are reported instead. 

Two temperature data sets were evaluated for their usefulness as variables to explain day-to-

day temperature variations in the Dead River. These two data sets included the daily average 

temperature in Reany Creek and the daily average air temperature at the Marquette County 

airport. The daily average temperature of Reany Creek produced better correlations than air 

temperature and will be used in future analysis as an independent variable to explain day-to-day 

temperature differences in the Dead River. 
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SECTION 4.0 

RESULTS AND DISCUSSION. 

4.1 Conditions Prior to Flow Augmentation 

The results of channel morphology measurements are summarized in Table 1, with raw data in 
Tables 2-12. Reach maps, plots of longitudinal profiles and.plots oftransect profiles are 
presented in Figures 4-17. Results of the fish community assessment are summarized in 
Tables 13-16. Length frequency charts and graphs of fish density and standing crop estimates 
are presented in Figures 18-22. Temperature data are presented in Tables 17-19 and · 
Figures 23-29. 

Brook trout was the most dominant fish species in the Dead River bypassed channel in terms of 
numbers and biomass, While-all reaches were dominated by brook trotJt, almqst all of the-brook 
trout were small in size. The YOYage class comprised??%, 39%;-and 73%. ofthetotal brook 
trout catch in Reaches A; B; -and C, respectively (Figures 20-22). Very few yearling and older 
brook trout were found-in the selected study. reaches. Only 23 (2.7%) of th~ 865 brook trout_ 
captured were of legal size (> T). · 

Habitat, particularly the low water level, is responsible for the low numbers _of large fish found in 
the three study reaches. The remote location and difficult access to the bypassed channel 
discourage angling pressure. 

4.1.1 Reach A 

Reach A was the uppermost reach. in this study, and was located just downstream of the LS&I 
railroad trestle. The reach was 484 feet long, and shallow with a rocky sub_strate. The upper 
250 feet of this reach was characterized by an average depth of 1 fo9t, barely. perceptible 
velocity (<0.1 foot/sec), and channel widths of approximately 40-45feet. The lower 236 feet of 
this reach had a relatively high gradient and velocity, with widths of 25-40 feet and a d~pth of 
only about 0.3 feet. Large fractured bedrock in the riffles resulted in turbulent flows in the 
stream channel. Depths were too shallow to submerge the current meter and therefore velocity 
observations could not be made. The GLEAS staff estimated flow to be 1.5 cfs based on best 
professional judgment. There were two residual pools in this reach (Figure 5) with maximum 
depths of approximately 1. 7 feet and 0.3 feet. Residual pools are those that remain if all flow to 
the stream was ceased and the channeldrained down to the pools. Aquatic macrophytes were 
absent, but pool areas had abundant algal growth. The stream banks in Reach A were 
predominantly covered by mature maple-hemlock forest, although there was very little woody 
debris in the channel. This reach was affected by the low volume of water it receives, a lack of 
woody debris, and the rocky channel. 

Reach A had excellent shallow-water nursery habitat for young salmonids, but lacked sufficient 
deep water habitat to support older trout. Fish species found in Reach A were,, in decreasing 
order of abundance, brook trout (Sa/velinus fontinalis), mottled sculpin (Cottus bairdl), 
blacknose dace (Rhinichthys atratulus), brown trout (Sa/mo trutta), and bluntnose minnow 
(Pimephales notatus). Brook trout (5214 per hectare) and mottled sculpin (3772 per hectare) 
were by far the most abundant taxa encountered (Table 14 ). Seventy-seven percent of the 
brook trout captured in this reach were YOY (Figure 20). Only 6 of the 517 brook trout (1.2%) 
captured were of legal size (7 inches or longer). 
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Of the study reaches, Reach A had the highest densities (#/ha) of brook trout, mottled sculpin, 
and total fish (Figure 18), as well as the greatest biomass (g/ha), or standing crop, of mottled 
sculpin and total fish (Table 13, Figure 19). 

Station 1 was the temperature monitoring point closest to Reach A, and was located just 
upstream of that reach. The average temperature at Station 1 during the 2000 monitoring 
period was 12.2 °C, with temperatures ranging from 9.4 to 14. 7 °C . 

4.1.2 Reach B 

Reach B was 464 feet long with sand substrate and was generally narrower than Reach A. The 
stream was approximately 20 feet wide, with average cross-sectional depths of 1-2.5 feet. 
Velocities at individual points in the three transects ranged from Oto 0.5 feef per second (fps), 
but almost all locations were unmeasurable {<0.1 fps). This reach had areas of dense aquatic 
macrophytes and a few small log jams (Figure 8). The riparian zone was composed of tag alder 
(A/nus sp.), with hard maples and hemlock above the floodplain. lnstream habitat included ·· 
pools and riffles (Figure 9). 

Reach B had more deep pool habitat than Reach A, but the velocity was much slower. The ten 
fish species found in Reach B, in decreasing order of abundance, were brook trout, bluntnose 
minnow, mottled sculpin, brook stickleback (Cu/aea inconstans), blacknose dace, creek chub 
(Semoti/us atromaculatus), white sucker (Catostomus commersont), brown trout, northern 
redbelly dace (Phoxinus eos), and fathead minnow (Pimephales prome/as). Several beaver 
dams are located in the bypassed channel between Reaches A and 8. These beaver dams are 
having a warming effect on the stream and are partly responsible for the fact that fish species 
diversity was highest at Reach B. The warmer water temperatures may explain the presence of 
several warmwater species (i.e., brook stickleback, creek chub, and fathead minnow) at this 
site. 

Brook trout (1582/ha) was the most abundant fish species in Reach B, followed by bluntnose 
minnow (598/ha) and mottled sculpin (372/ha) (Table 15). The presence of more pool habitat at 
Reach B seemed to improve the length~frequency distribution of the brook trout population 
(Figure 21 ). Only 39% of the brook trout found here were YOY, compared to 77% and 73% in 
Reaches A and C, respectively. Of the 119 brook trout captured in this reach, 9 were of legal 
size (7.6%). Despite the better length distribution of brook trout, Reach B ranked third in 
bfomass due to lower overall'fish density (Table 13, Figure 19). 

Station 2 was the temperature monitoring point closest to Reach B, and was located just • 
up-stream of that reach. The average temperature at Station 2 during the 2000 monitoring 
period was 14.6 °C, with temperatures ranging from 11.9 to 17 .0 °C. 

4.1.3 Reach C 

Reach C was 392 feet long with sand and organic substrate and was more narrow and shallow 
than Reach 8. Stream widths were 10-25 feet and average cross-sectional depths were 0.5-1.0 
feet. Average cross-sectional velocities measured in this reach (0.22-0.51 fps) were greater 
than the other two reaches. The reach contained some woody debris and macrophytes similar 
to Reach B. lnstream habitats included pools and riffles (Figure 14 ). 

Of the three reaches studied, Reach C had the best habitat conditions for larger trout, including 
more riffles and pools and a higher velocity. Only three species of fish were captured in this 
reach (brook trout, mottled sculpin, and brook stickleback). Although species diversity was 
lowest in this reach, Reach C did have the largest standing crop (42.8 kg/ha) of brook trout 

6 
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(Figure 19). Brook trout (3898/ha) was the most abundant fish species in this reach,-followed by 
mottled sculpin (732 per hectare) (Table 16). Seventy-three percent of the brook trout captured 
were YOY (Figure 22). Eight (3.5%) of the 229 brook trout capt~red were of legal size. Only 1 
brook stickleback was found in this reach. 

The Station 3 temperature monitoring point was located within Reach C. The average 
temperature at Station 3 during the 2000 monitoring period was 14.5 °C, with temperatures 
ranging from 11.6 to 17.2 °C. 

4.1.4 Temperature 

The data show a general pattern of increasing temperature in the Dead River bypassed channel 
from Station 1 (railroad trestle) to Station 4 (powerline crossing), during the 2000 monitoring 
period (Tables 18-19, Figure 24). Average temperature increased by 2.4 °C from Station 1 to 
Station 2, but remained stable between Stations 2 and 3 due to the cooling influence of an 
unnamed tributary upstream of Station 3. Average temperature at Station 4 was 2.9 °C warmer 
than at Station 3, and 5.2 °C warmer than at Station 1. During the July 20-22, 1999 monitoring 
period, the water at Station 1 (Railroad Trestle) was much warmer than normal because water 
from the surface of the McClure impoundment was spilling over the top of the dam, which is an 
unusual occurrence. All stations in the Dead River bypassed channel and Reany Creek met the 
coldwater temperature standard (Rule 323;1082 of the Michigan Water Quality Standards). 

Two temperature data sets were evaluated for their usefulness as variables to explain day-to-
day temperatl,.lre variations in the Dead River. Of these two data sets, temperatures in Reany 
Creek.provided better c9rrelations with temperatures in the Dead River bypassed channel. 
Regressions of temperatures in the Dead River bypassed channel on temperatures in Reany 
Creek produced R2 values of 0.64-0.84 (Figures 25-29). Regressions of the Dead River · 
bypassed channel temperatures on air temperature data from the Marquette County Airport 
were not as strong, producing R2 values of 0.3 - 0.6. 

4.2 Comparis_on of the Trout Population in the Dead River Bypassed Channel with 
other Northern Michigan Trout Streams 

Compared to other northern Michigan brook trout streams, the D~ad River bypassed channel 
clearly has a reduced capability to produce large fish. The Carp River, which is adjacent to the 
Dead River, has a brook trout density that is 71 % less than that in the Dead River bypassed 
channel (1022/ha compared to 3565/ha), but the Carp River has a much higher standing crop of 
brook trout. The standing crop of brook trout in the Carp River is three times greater than that in 
the Dead River bypassed channel (119.9 kg/ha versus 38.2 kg/ha), despite having fewer fish 
(MDNR Fisheries Division 2000). Benjamin Creek, a tributary to the Chippewa River in Osceola 
County, has fewer brook trout (2213/ha) than the Dead River, but the brook trout standing crop 
(101.9 kg/ha) is much greater. The West Branch of the Maple River in Emmet County has only 
1966 brook trout per hectare, but has a standing crop of 51. 7 kg/ha of brook trout. A similar 
relationship between brook trout density and standing crop also exists between the Dead River 
bypassed channel and Silver Creek - Alcona County, Wallace Creek - Alcona County, Hinton 
Creek - Manistee County, and lrontone Springs - Otsego County (MDNR Fisheries Division 
2000). These streams all have lower densities but higher standing crops of brook trout than the 
Dead River bypassed channel. The standing crop of brook trout in the Dead River bypassed 
channel is low because the population is dominated by small fish. 

7 
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• 
4.3 Expected Changes Following Flow Augmentation 

4.3.1 Channel Morphology 

Afte( the release of 20 cfs from the McClure Dam, the following changes are expected to occur 

in Reach A: 1) moderate i.ncrease in the average velocity, 2) substantial increase in the average_ 

th_alweg depth, 3) substantial increase in the average depth at the transects, and 4) slight 

increase in the average width at the transects . The steep barks and rough channel bottom 

favor greater changes in depth than width for a given flow increase. Residual pool der>th is not 

expected to change because the substrate in this reach is bedrock, which prevents downcutting 

by the increased flow. Additional woody debris in this reach would be desirable to create 

overhead cover and velocity breaks for fish. · · 

After the release of 20 cfs from the McClure Dam, the following changes are expected tQ occur 

in ;Reach B: 1) substantial increase in velocity,2) slight increase in thplweg depth, 3) slight 

in~rease in average depth at the transects, and 4) slight incre_as,e in width at the transects. 

These predictions are based upon the lack of gradient and the ponded nature ofthis reach. 

A~suming no increase in the cross-sectional arna, velocities are expected to increase to 0:1 fps 

from-0.1 fps with the proposed flow augmentation. The channel dimepsions may change 
slightly from the increased base flow by scouring out some silty deposits. However, since the 

basic channel shape is normally controlled by the magnitude and frequency of flood flows 

(Rosgen 1996), future channel shape may depend primarily on the flushing flow· release plan 

required by the Section 401 Water Quality Certification. A flushing flow release plan must be 

developed by the UPPCO within one year after FERC license issuance. 

Reach C has a narrower channel with a more developed floodplain than the other reaches 

(Figures 15-17). The higher base flows provided by flow augmentation may carve out a wider 

and/or deeper channel in this reach. However, UPPCO's flushing flow release plan may be the 

dominant factor that determines channel shape in this reach. In the event that flow 
augmentation and the flushing flow release do not carve out a new channel, the following 

changes are expected to occur in Reach C following flow augmentation: 1) moderate increase in 

velocity, 2) moderate increase in thalweg depth, 3) moderate increase in depth at the transects, 

and 4) moderate increase in width at the transects. 

4.3.2 Fish Community 

The Dead River bypassed channel currently supports a good population of young-of-the-year 

brook trout. The virtual absence of larger fish in the study reaches was due to a lack of habitat 

diversity and adequate pool habitat for adult brook trout. In Reach A, for instance, extremely 

shallow riffle areas dominate, making feeding and foraging difficult from an energetics 
standpoint. The lack of energetically efficient foraging habitat can be the limiting factor for 

salmonid production (MDNR 1999). Both juvenile and adult salmonids require riffle-pool.:.run 

habitat for proper feeding, growth and survival. The planned flow augmentation is expected to 

improve habitat conditions by making the water generally deeper and faster throughout the 

bypassed channel, which will also maintain cold water temperatures. lnstream flow incremental 

methodology (IFIM) studies done by the MDNR for the bypassed reach predict that a flow 
augmentation of 20 cfs will markedly improve foraging habitat for adult brook trout (MDNR 

1999). The flow augmentation should also improve brook trout age and length-frequency 
distributions within the bypassed channel. These predictions are based on the assumption that 

the deep water draw at the McClure Dam will provide adequate amounts of cold water to the 
bypassed channel during summer low flow conditions. 

8 
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4.3.3 Temperature 

In general, water temperatures in the Dead River bypassed channel are expected to be cooler following flow augmentation due to shortened time-of-travel. This expectation is based on·flie 
assumption that the deep water draw at McClure Dam will provide adequate cold \vater to the bypassed reach. Temperature regimes could be further improved through management of the 

_ beaver population, · 

Section 4.4 Recommendations 

1) This study should be repeated 10 years following FERG license issuance. Channel 
morphology and fish conimunity changes should be assessed by comparing the pre- and 
post-flow augm_entatiori data; Changes in daily average stream lemperature should be 
assessed, by comparing temperatures measured in the bypassed 'cfia'nnel with temperatures in Reany Creek before ahd after flow augmentation. · .. • · .-

2) The placement of appropriate habitat improvement structures ih the bypassed channel, such as large woody debds and log jams to provide more pools and velocity breaks, ·would result in an improved fishery:· · · : · · 
3) Management of the beaver population and dams would decrease time-of.:.passage and 

improve thermal regimes i_n the bypassed channeL 

9 
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Table 1. Summary of channel morphology, flow, and velocity measurements for the Dead River bypassed channel, Agust 2000. 

Water Transect Average 
Reach Surface Average Transect Cross Sectional Depth In 

Reach Length Slope Thalweg Depth Transect Transect Width Area Transect 
Name (ft) (ft/mile) (ft) Name Location (ft) (sq. ft.) (ft) 

484 15.2 0.78 - - - - -
A 1 1+17 43 48.4 1.12 

2 3+62 26.3 8.13 0.31 

464 4.32 1.81 - - - - -
B 1 1+60 17.4 21.9 1.26 

2 2+86 20 47.8 2.4 
3 4+64 22.9 30.5 1.33 

392 2.96 1.42 - - - - -
C 1 0+00 11.5 9.4 0.81 

2 1+57 25.8 17.9 0.69 
3 3+50 21.5 18.9 0.88 
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Table 2. Longitudinal profile of Reach A of the Dead River bypassed channel. 

Benchmark 1 (elevation = 100 ft): nail in 2 ft diameter maple on left bank at Station 0+96 

Residual Average ' Calculated 
Elevations Pool Residual Residual Height of Minus Siahts Calculated Water 

Water Surf Thalweg Surface Pool Depth Pool Depth Instrument Water Surf Thalweg Water Surface Depth 
Location (ft) (ft) (ft) (ft) (ft) '.(ft) (ft) (ft) (ft) • ' (ft) 

0 94.01 93.87 100.55 6.54 6.68 94.01 0.14 
30 93.26 93.54 0.28 100.55 7.29 94 0.74 
60 92.87 93.54 0.67 100.55 7.68 93.98 1.11 
90 93.09 93.54 0.45 100.55 7.46 93.97 0.88 

120 92.07 93.54 1.47 100.55 8.48 93.95 1.88 
150 93.94 92.74 93.54 0.8 100.55 6.61 7.81 ... 9.3.94 1.2 
177 92.27 93.54 1.27 100.55 8.28 93.94 1.67 
205 91.84 93.54 1.7 100.55 8.71 93:94 2.1 
235 93.94 92.86 93.54 0.68 100.55 6.61 7.69 93.94 1.08 
260 93.54 93.54 0 0.915 100.55 7.01 93.87 0.33 
290 93.8 93.17 93.52 0.35 100.55 6.75 7.38 93.8 0.63 
320 93.31 93.52 0.21 100.55 7.24 93.78 0.47 
350 93.76 93.52 93.52 0 0.28 100.55 6.79 7.03 93.76 0.24 
380 93.3 100.55 7.25 93.51 0.21 
410 93.26 93.06 99.86 6.6 6.8 93.26 0.2 
440 92.99 99.86 6.87 93 0.01 
484 92.62 92.33 99.86 7.24 7.53 92.62 0.29 
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- Table 3. Cross-section data for Reach A, Transect 1 (Station 1+17). 

Station: Dead River bypassed channel, Reach A (Station 1 +17) 

Benchmark: Nailin 2 ft. diam. maple on left bank at Station 0+96 (elevation-:-100 ft) 

Height of Instrument: 
Water Surface Elevation: 93.85 
Channel Width (ft): 43 
Date:' 8/9/00 

Distance Elevation Cross 
From Minus Water of Sectional 
Left Sight Depth Substrate Area 

Station (ft) (ft) (ft) (ft) (sq. ft.) 

Left Bank Rerod Marker 0 0.35 ,, 99.52 
3.4 1.55 98.32 
7.4 2.5 97.37 

12.4 3.2 96.67 
16.4 3.91 95.96 
20.4 4.54 95.33 
24.4 - 4.85 95.02 
28.4 5.44 94A3 
31.4· 6.02 0 93.85 0.1 
33.4 0.23 93.62 0.46 
35.4 0.6 93.25. 1.2 

I 37.4 0.88 92.97 1.76 - 39A 0.93 92.92 1.86 
41.4 1.05 92.8 2.1 
43.4 1.2 92.65 2.4 
45.4 1.66 92.19 3.32 
47.4 1.79 92.06 3.58 
49.4 1.82 92.03 3.64 
51.4 1.73 92.12 .3.46 
53.4 1.68 92.17 3.36 
55.4 1.44 92.41 2.88 
57.4 1.33 92.52 2.66 
59.4 1.2 92.65 2.4 
61.4 1.09 92.76 2.18 
63.4 0.97 92.88 1.94 
65.4 0.99 92.86 1.98 
67.4 1.16 92.69 2.32 
69.4 1.04 92.81 2.08 
71.4 0.83 93.02 1.245 
72.4 4.17 0.73 95.7 1.095 
74.4 a 99 .. 87 0.35 
80.4 (,---4! ,wzz _I\ 

Right Bank Rerod Marker 92.9 '---- - - 105 -) \ ---- ( 

Total cross-sectional area (sq. ft.) 48.37 
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Table 4. Cross-section data for Reach A, Transact 2 (Station 3+62). 

Station: 
Benchmark: 

Dead River bypas~ed channel.Reach A (Station,3+62) 
Nail in 2 ft diam. maple on left bank at Station 0+96 (Elevation=1 oo ft) 

Height of Instrument 99.86 · 
WaterSurface Elevation: 93.61 
Channel Width (ft) 26.3 
Date 8/9/00 

Distance Elevation . Cross-
From Minus Water of sectional 
Left Sight Depth Substrate Area 

Station (ft) .· (ft) (ft) (ft)" . (SQ. ft.) 
Left Bank Rerod Marker 0 100,5 

1.5 0 99.86 
2.5 0.56 99:3 
4.5 1.38 98.48 
7:5 2.59 97.27 

12.5 · 2.99 96.87 
17.5 4:4 95;46 
21.5 4.81 95:.0S 
24.5 5.6 94:26 
27.2 .6.25 0 93.6--1 0.12 
29.5 0.23 93.38 0.4945 
31.5 0.32 93.29 0;64 
33.5 0.34 93::27 0.68 
35.5 0.4 9321 0:8 
37.5 0.48 93_1-3 0.96 
39.5 0.3 93.31 · 0.6 
41.5 0.18 93.43 · 0.36 
43.5 0.25 93.36 0.5 
45.5 0.28 93.33 0.56 
47.5 0.44 93.17 0.88 

. .. 49.5 0.39 93.22 0.78 
51.5 0.3 93.31 0.6 
53.5 6.18 0 93.61 0.15 
57:5 6.05 93.81 
62.5 5.95 93.91 
67.5 5.34 94.52 
72.5 4.2 95.66 
77.5 3.11 96.75 
82;5 2.53 97.33 
87.5 1.38 98.48 
90.5 0 99.86 

Right Bank Rerod Monument 98.5 r 194.; 

Total cross-section area (sq. ft.) 8.12 
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Table 5. Longitudinal profile of Reach B of the Dead River bypassed channel. 

Benchmark 1 (elevation=100 ft): nail in base of 2 ft diam. white pine on left bank 

1 Residual Average 
Elevations Pool Residual Residual Height of Minus Siqhts Thalweg 

Water Sur1 Thalweg Surface Pool Depth Pool Depth Instrument WaterSur1 Thalweg Depth 

Location (ft) (ft) (ft) (ft) (ft) (ft) (ft) (ft) (ft) 

0 95.24 94.52 101.89 6.65 7.37 0.72 
.. 

21 95.23 93.59 94.41 0.82 101.89 6.66 8.3 1.64 
31 95.21 92.62 94.41 1.79 101.89 6.68 9.27 2.59 
51 95.2 93.55 94.41 0.86 101.89 6.69 8.34 1.65 
72 95.21 94.16 94.41 0.25 101.89 6.68 7.73 1.05 
92 95.2 91.64 94.41 2.77 101'.89 6.69 10.25 3.56 

113 95.2 93.74 94.41 0.67 101.89 6.69 8.15 1.46 
135 95.2 93.97 94.41 0.44 . 101.89 6.69 7.92 1.23 

· 159 95.17 92.72 94.41 1.69 101.89 6.72 9.17 2.45 
182 95.16 93.84 94.41 0.57 101.89 6.73 8.05 1.32 
202 95.17 94.02 94.41 0.39 _101.89. 6.72 7.87 1.15 
224 95.17 94.01 94.41 0.4 101.89 6.72 7.88 1.16 
247 95.13 92.47 94.41 1.94 101.41 6.28 8.94 2.66 
267 95.1 92.65 94.41 1.76 101.41 6.31 8.76 2.45 
288 95.11 91.31 94.41 3.1 101.41 6.3 10.1 3.8 
313 95.11 92 94.41 2.41 101.41 6.3 9.41 3.11 
333 95.11 92.76 94.41 1.6~ 101.41 6.3 8.65 2.35 
365 95.11 94.41 94.41 0 1.34 101.41 6.3 7 0.7 
388 95.08 94.41 101.41 6.33 7 0.67 
413 94.91 92.96 94.23 1.27 101.41 6.5 8.45 1.95 
435 94.89 94.23 94.23 0 1.27 101.41 6.52 7.18 0.66 
464 94.86 93.34 101.41 6.55 8.07 1.52 

16 
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Table 6. Cross-section data for Reach B, Transect 1 (Station 1 +60). 
I 

Station: Dead River bypassed channel, Reach B (Station 1 +60) 
Benchmark: 
Height of Instrument 

Nail in base of 2 ft diam. white pine on left bank (elevation=100 ft) 
100.73 -

WaterSurface Elevation: 95.17 
Channel Width (ft) 17.4 
Date 8/9/00 

Distance Elevation Cross 
From Minus Water of Sectional 
Left Sight Depth Substrate Velocity Area 

Station (ft) (ft) (ft) -- (ft) (fps) (so. ft.) 
. --. Left Bank Rerod Marker 0 2.45 98.2~ 

2 2.81 97.92 
4 3.24 97.49 
9 3.5 97.23 

14 3.72 97.01 
19 3.81 96.92 
24 4.26 96.47 
29 4.79 95.94 
34 4.79 95.94 
39 5.31 95.42 

40.6 0 95.17 -0 0.18 
42 0.6 94.57 0.05 0.72 
43 0.8 94.37 0,05 0.8 
44 1 94.17 0.05 1 
45 1.2 93.97 0.05 1.2 
46 1.2 93.97 0.27 1.2 
47 1.5 93.67 0.46 1.5 
48 1.8 93.37 0.23 1.8 
49 2 93.17 0.05 2 
50 2.1 93.07 0.05 2.1 
51 2.1 93.07 0.05 2.1 
52 2.1 93.07 0.05 2.1 
53 1.7 93.47 0.26 1.7 
54 1.3 93.87 0.16 1.3 
55 1 94.17 0.05 1 
56 0.7 94.47 0.05 0.7 
57 0.4 94.77 0.05 0.4 
58 0 95.17 0 0.1 
59 5.5 95.23 
60 3.66 97.07 
61 2.9 97.83 
62 2.12 98.61 
63 1.79 98.94 
64 1.63 99.1 
65 1.34 99.39 
66 0.72 100.01 
68 0.05 100.68 

Right Bank Rerod Marker 75 0.05 100.68 

Total cross-sectional area (sq. ft.) 21.9 
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. Table 7. Cross-section data for Reach B, Transect 2 (Station 2+86). - Station: Dead River bypassed channel, Reach B (Station 2+86) 
Benchmark: Nail h1 base of2' diam. white pine on left bank (elevation=100 ft) 
Height of Instrument: 100.71 
Water Surface Elevation: 95.05 
Channel Width (ft) 20 
Date 8/9/00 

Distance Elevation Cross 
From Minus Water of Sectional 
Left Sight Depth Substrate Area.· 

Station (ft) (ft) (ft) (ft) (sq .. ft.) . 
Left Bank Rerod Marker 0 2.04 98.67 

5 3.16 97.55 
10 3.62 97.09 
15 3.31 97.4 
20 4.33 96.38 
25 4.72 95.99 
30 . 4.31 96.4 
35 4.52 96.19 
40 5.3 95.41 
45 5.21 95.5 
50 4.75 95.96 
55 4.58 96.13 
56 5.16 95.55 

57.5 2.1 92.95 3.15 
59 3 92.05 4.5 

60.5 3.5 91.55 5.25 
62 3.9 91.15 5.85 

63.5 3.4 91.65 5.1 
65 3.3 91.75 4.95 

66.5 3.1 91.95 . 4.65 
68 2.8 92.25 4.2 

69.5 2.4 92.65 3.6 
71 1.8 93.25 2.7 

72.5 1.5 93.55 ,2.25 
74 0.9 94.15 1.35 

75.5 0.2 94.85 · 0.23 
76.3 5.66 0 95.05 0.05 

78 2.82 97.89 
79 2.21 98.5 
80 1.48 99.23 

82.5 0 100.71 
Right Bank Rerod Marker 91 101.5 

Total cross-sectional area (sq. ft.} 47.83 

18 



Unofficial FERC-Generated PDF of 20050519-0068 Received by FERC OSEC 05/10/2005 in Docket#: P-10855-000 

Table 8. Cross-section data for Reach B, Transect 3 (Station 4+64). 

Station: Dead River bypassed channel, Reach B (Station 4+64) 
Benc:hmark:. Nail Ln base of 2' diam. white pine on left bank (elevation=100 ft) 
Height of lnstru,ment 100.64 
Water Surface Elevatio11:. 94.86 
Channel Width {ft} 22.9 
Date 8/9/00 

Distance Elevation Cross 
From Minus Water of Sectional 
Left Sight Depth S~bstr~te Velocity Area 

Station (ft) (ft) (ft} {ft) (fps) (sq. ft;} : 
Left Bank Rerod Marker 0 0 100.64 

3.4 '1.12 99.52 
7.4 1.63 -99.01 

11.4 2.72 97.92 
15.4 ·3.13 97.51 

-· 19.4 3.24 97.4 
23.4 3.02 97.62 
27.4 3.18 97.46 
31.4 3.44 97.2 
35.4 4.07 96~57 
39.4 4.92 95.72 
43.4 4.98 95.66 
45.9 5.75 0 94.89 0.4375 
47.4 1 93.86 0 1.75 
49.4 1.7 93.16 0 3.4 
51.4 2 92.86 0 4 
53.4 1.5 93.36 0 3 

I ·,55.4 1.4 93.46 0.05 2.8 
57.4 1.6 93.26 0.52 3.2 
59.4 1.6 93.26 0.43 3.2 
61.4 1.4 93.46 0 2.8 
63.4 1.2 93.66 0.1 2.4 
65.4 0.9 93.96 0.12 1.8 
67.4 0.8 94.06 0.05 1.36 
68.8 5.83 0 94.81 0.34 
70.4 1.83 98.81 
71.4 1.16 99.48 
72.4 0.58 100.06 
73.4 b 100.64 
78.4 101.5 

Total cross-sectional area (sq.ft.) 30.4875 



Unofficial FERC-Generated PDF of 20050519-0068 Received by FERC OSEC 05/10/2005 in Docket#: P-10855-000-

Table 9. Longitudinal profile of Reach C of the Dead River bypassed channel. 

Benchmark 1 (elevation=100 ft): nail in base of 6" diam. spruce on left bank 

Residual Average 
Elevations Thalewg Pool Residual Residual Height of Minus Siohts 

Water Surface Thalweg Depth Surface Pool Depth Pool Depth Instrument WaterSur1 Tflalweg .. 
Location (ft) (ft) (ft) (ft) (ft) (ft) (ft) (ft) (ft) 

0 91.13 89.71 1.42 101.01 9.88 11.3 
15 91.15 89.83 1.32 101.01 9.86 11.18 
38 91.11 90.45 0.66 101.01 9.9 10.56 
49 91.14 89.36 1.78 90.42 1.06 101.01 9.87 11.65 
64 91.1 88.99 2.11 90.42 1.43 101.01 9.91 12.02 
79 91.1 89.62 1.48 90.42 0;8 101.01 9.91 11.39 
94 91.1 88.57 2.53 90.42 1.85 101.01 9.91 12.44 

109 91.08 89.06 2.02 90.42 1.36 101.01 9.93 11.95 
_135 91.06 90.42 0.64 90.42 0 ·L3 101.01 9.95 10.59 
150 91.07 89.41 1.66 90.41 1 101.01 9.94 11:6 
177 91.05 89.82 1.23 90.41 0.59 96.56 5.51 6.74 
191 91.03 88.77 2.26 90.41 1.64 96.56 5.53 7.79 
211 91.01 90.28 0.73 90.41 0.13 96.56 5.55 6.28 
231 91 89.72 1.28 90.41 0.69 96.56 5.56 6.84 
251 91 90.4.1 0.59 90.41 0 0.81 96.56 5.56 6.15 
281 90.97 89.75 1.22 89.97 0.22 96.56 5.59 6.81 
316 90.97 89.29 1.68 89.97 0.68 96.56 5.59 7.27 
336 90.94 .. 89.5 1.44 89.97 0.47 96.56 5.62 7.06 
360 90.94 89.53 1.41 89.97 0.44 96.56 5.62 7.03 
392 90.91 89.97 0.94 89.97 0 0.4525 96.56 5.65 6.59 

20 
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Table 10. Cross-section data for Reach C, Transect 1 (Station (0+00) . 

Station: 
Benchmark: 

. Dead River byPassed channel, Reach C (Station 0+00} 
Nail in base of6" diam. spruce on left bank (elevation 100 ft) 

Height of Instrument: 102.06 
WaterSurface Elevation: 91 
Channel Width (Ft) 11.5 
Date 8/8/00 

'Distance Elevation Cross 
From Minus Water of Sectional 
Left Sight Depth Substrate Velocity Area 

Station (ft) (ft) (ft) @_ · Cfos) _{sg. ft). 
. Left Bank Rerod Marker - 0 6.36 95.7 

6.7 10.2 91.86 
13.7 10.2 91:86 
17.2 10.62 91.44 - . 
21;7 10.62 91A4 
24.7 10.6 91.46 
2~.2 9.91 92.15 
29.2 9.81 92.25 
32.2 10.01 92.05 
32.7 11.06 91 0.01 
33.2 0.1 90.9 0.05 
33.7 0.6 90.4 0.05 · 0;3 
34.2 0.7 90.3 0.23 ·0.35 
34.7 0.8 90.2 0.44 . :0.4 
35.2 0.7 90.3 0.39 .. 0.35 
35.7 0.7 90.3 . 0.35 0.35 
36.2 0.7 90.3 0.46 0.35 
36.7 0.8 90.2 0.43 0.4 
37.2 0.9 90.1 0.24 0.45 
37.7 1 90 0.62 0.5 
38.2 1.1 89.9 0.70 0.55 
38.7 1.3 89.7 0.79 0.65 
39.2 1.3 89.7 0;74 0.65 
39.7 1.2 89.8 0.63 0.6 
40.2 1.1 89.9 0.53 0.55 
40.7 0.9 90,1 0.72 0.45 
41.2 0.7 90.3 0.78 0.35 
41.7 0.8 90.2 0.81 0.4 
42.2 1 90 0.60 0.5 
42.7 0.9 90.1 0.17 0.45 
43.2 0.7 90.3 0.14 0.35 
43.7 0.6 90.4 0.19 0.3 
44.2 11.04 91.02 0.07 
46.2 10.43 91.63 
48.2 10.53 91.53 
51.2 10.45 91.61 
53.2 10.45 91.61 
56.2 10.51 91.55 
58.2 9.83 92.23 
60.2 9.57 92.49 
62.2 8.61 93.45 
64.2 7.05 95.01 
66.2 6.31 95.75 
70.2 5.68 96.38 
73.2 4.68 97.38 
76.2 3.33 98.73 

Rig_ht Bank Rerod Marker 77.7 2.34 99.72 

Total cross-sectional area (sq. ft.) 9.38 
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Table 11. Cross-section data for Reach C, Transect 2 (Station (1+57). 

Station: Dead River bypassed channel, Reach C (Station 1+57) 

Benchmark: Nail in base of 6" spruce on left bank (elevation 100 ft) 

Height of Instrument: 100.39 
Water Surface Elevation: 91.06 
Channel Width (Ft): 25.8 
Date: 8/8/00 

Distance Elevation Cross 
From Minus Water of Sectional 
Left Sight Depth Substrate Velocity Area 

Station {ft} (ft) ~Jft~ (ft) Jfp_s} (sq.ft.) 

Left Bank Rerod Marker 0 3.82 96.57 
2 4.55 95.84 
3 4.85 95.54 
4 5.01 95.38 
6 5.89 94.5 

7.5 6.77 93.62 
9 7.54 92.85 

12 7.75 92.64 
15 8.57 91.82 

17.5 &3 92.09 
19 8.37 92.02 
21 8.23 92.16 
24 8.09 92.3 
27 8.32 92.07 
29 8:09 92.3 
32 8.32 92.07 
35 8.29 92.1 
36. 8.23 92.16 
37 8.82 . 91.57 

38.2 9.33 0 91.06 0 0.045 
39 0.2 90.86 0.00 0.18 
40 0.3 90.76 0.00 0.3 
41 0.7 90.36 0.16 0.7 
42 0.8 90.26 0.38 0.8 
43 1 90.06 0.49 1 
44 1 90.06 0.42 1 
45 1 90.06 0.53 1 
46 1.2 89.86 0.49 1.2 
47 1.4 89.66 0.42 1.4 
48 1.5 89.56 0.40 1.5 
49 1.4 89.66 0.41 1.4 
50 1.1 89.96 0.43 1.1 

·51 0.8 90.26 0.30 0.8 
52 0.7 90.36 0.15 0.7 
53 0.7 90.36 0.05 0.7 
54 0.7 90.36 0.05 0.7 
55 0.7 90.36 0.00 0.7 
56 0.6 90.46 0.00 0.9 
58 0.3 90.76 0.00 0.6 
60 0.3 90.76 0.00 0.9 
64 0 91.06 0.00 0.225 
67 8.87 91.52 
69 8.19 92.2 
71 7.7 92.69 
73 7.07 93.32 
75 6.61 93.78 
77 6.19 94.2 
79 5.54 94.85 
81 4.66 95.73 

Right Bank Rerod Marker 82 4.19 96.2 

Total cross-sectional area (sq. ft.) 17.85 

?? 
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Table 12. Cross-section data for Reach C, Transect 3 (Station 3+50). 

Station: Dead River bypassed channel, Reach C (Station 3+50) 
Benchmark: Nail in base of 6" diam. spruce on left bank (elevatiori=100 ft) 
Height of Instrument: 97.11 
WaterSurface Elevation: 90.94 
Channel Width (ft) 21.5 
Date 8/8/00 

Distance -- _Elevation Cross 
From . .Minus 

.. 
-- Water of Sectional 

Left Sight Depth Substrate Velocity Area 
Station (ft) (ft) (ft) (ft)- . - (fps) (sq. ft.) 

Left Bank Rerod Marker 0 1.06 96:05-
1.5 2.2 2, .. 94.89 
2.5 3.2 '•• ... - 93.9.'.1. 
4.5 4.22 92.89 
5.5 4.64 · 92.47 
7.5 5.19 91;92 
9.5 5.33 91.78 

12.5 5.85 91.26 
15.5 5.7 91.41 
17.5 5.75 91;36 
19.5 5.41 91~7 
21.5 5.11 92 
23.5 5.01 92.1 
24.5 5.06 92.QS 
25.5 5.41 91.7 

27 6.13 90,98 0.3 
28.5 0.4 90.54 0.05 0.6 

30 0.4 90:54 0.44 0.6 
31.5 0.5 90.44 0.62 0.75 

33 0.5 90.44 o:56 0.75 
34.5 0.5 90.44 0.56 0.75 

36 0.6 90.34 0.52 0.9 
37.5 0.8 90;14 0.36 1.2 

39 1.6 89.34 0.31 2.4 
40.5 2 88.94 0.05 3 

42 2.2 88.74 0.15 3.3 
43.5 1.7 89.24 0.05 2.55 

45 1 89.94 0.05 1.5 
46.5 0.1 90.84 0.05 0.15 

48 0.1 90.84 0.00 · 0.1 
48.5 6.16 90.95 0.05 
50.5 5.4 91:71 
52.5 5.41 91.7 
54.5 5.5 91.61 
56.5 4.31 92.8 
57.5 3.2 93.91 
58.5 1.75 95.36 
59.5 1.3 95.81 
61.5 0.35 96.76 

Total cross-sectional area (sq. ft.) 18.9 



Unofficial FERC-Generated PDF of 20050519-0068 Received by FERC OSEC 05/10/2005 in Docket#: P-10855-000-

- Table 13. Summary of fish community density (#/ha) and standing crop (kg/ha). 
Densities are rounded to the nearest whole number, standing ·crop to the nearest tenth of a kg. 

Reach A Reach B Reach C Mean 

Density of·brook trout (#/ha) 5214 1582 3898 3565 

Density of all fish species (#/ha) 9027 3217 4647 5630 

Standing crop of brook trout 
(kg/ha) 39.7 32.2 42.8 38.2 

Standing,crop of all fish species 
(kg/ha) 57.8 39.6 47.0 48.1 

24 
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Table 14. Fish community density (#/t,a) and ~tanding crop (g/ha) based on totai catch for Reach A ..... 
Values are rounded to the nearest whole number. 

Species Popn. Est. Biomass (g} Densi!_y (#/ha} Standing crop (g/ha} 

Brook trout 745 5674 5214 39708 
Mottled sculpin 539 2545 3772 17808 
Blacknose dace 3 18 20 126 
Brown trout 1 17 10 117 
Bluntnose minnow 1 6 10 44 
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Table 15. Fish community density (#/ha) and standing crop (g/ha) based on total catch for Reach B. Values are rounded to the nearestwhole number; 

Standing crop 
Species Total Catch Poon Est Biomass (q) Densitv (#/ha) .(gLbfil 
brook trout ,. 119 ·-· ' ·,137 2795 1582 " ,' · 32224 
mottled sculpin ... 28 .-·.·.32 192 372 2212 
brook stickleback 24 28 ,~2 319 254 
white sucker 1 1 15 13 171 ·· ''.~; .,-

brown trout 1 1 50 13 578 
blacknose dace 11 13 89 146 1032 
northern redbelly dac 1 1 3 13 40 
creek chub 11 13 115 146 1329 
bluntnose minnow 45 52 150 598 1726 
fathead minnow 1 1 2 13 21 
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' ·~ - . . 

Table 16. Fish community density (#/ha) and standing crop (g/ha) based on total catch for Reach c. 
Values are rounded to the nearest whole number. 

Species 
brook trout 
mottlect sculpin 
brook sticklebad 

· Total Catch 
229 
43 
1 

Popn. Est. 
248 
47 
1 

. Biomass (q} 
·2725 
· 165 

2 

. ·'fiensity (#/ha) ; 
.. 3898'. 

732 fr. 

Standing Crop 
fultlfil 
42806 
4168 

34 
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Table 17. Temperature Monitoring Locations on the Dead River and Reany Creek 

Station Description - Section Twn. Range 
# 

1 Dead River at LS&I Railroad Trestle NW 1/4 SW¼ Sec. 13, T48N R 26W 
2 Dead River downstream of Midway NE 1/4 SE¼ Sec. 13, T48N R 26W 

Creek 
3 Dead River at Lewis Peters' Property SW 1/4 SW¼ Sec. 18, T48N R 25W 
4 Dead River at Powerline Crossinq NE 1/4 NW 1/. Sec. 18, T48N R 25W 
5 Dead River 1500 feet Upstream of NW 1/4 SE¼ Sec. 7, T48N R 25W 

McClure turbine dischan:1e 
6 Reany Creek 100 feet downstream of SW 1/4 NE¼ Sec. 7, T48N R 25W 

McClure powerhouse access road 

Latitude I Longitude 

46.5550 N 87.5068 W 
46.5562 N 87.4938 W 

46.5524 N 87.4861 W 
46.5633 N 87.4816 W 
46.5705 N 87.4774 W 

46.5738 N 87.4762 W 
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Table 18. Summary of temperature data from the Dead River bypassed channel and Reany Creek for the 1999 and 2000 monitoring periods. 

1999 

2000 

2000 

2000 

Temperatures are reported in °C. 

July 20 - August 18 Average 
Range 

July 11 - Sept. 10 Averaqe 
Range 

Period 1 (Julv 11 - August 6) Averaqe 
RanQe 

Period 2 (August 8 - Sept. 10) Average 
Range 

Railroad 
Trestle 

Station 1 
15.1 

11.8 - 21.6** 

12.2 
9.4 - 14.7 

12.7 
10 - 14.7 

11.9 
9.4-13.9 

• complete data unavailable for this time period 

Below 
Midway Ck. 

Station 2 
no data 
no data 

14.6 
11.9 - 17.0 

15.1 
12.1 -17.0 

14.1 
11.9 - 16.2 

•• maximum value was during surface spillage from McClure Dam 

Peters 
Property 
Station 3 
no data 
no data 

14.5 
11.6-17.2 

15.2 
,11.9-17.2 

14.0 
11.6 - 16.3 

Powerline Upstream of 
Crossing McClure 
Station 4 Station 5 
no data no data 
no data no data 

17.4 • 
13.5 - 20.9 • 

18.3 no data 
14.2 - 20.9 no data 

16.6 16.6 
13.5 - 19.4 13.1 -19.4 

Reany 
Creek 

Station 6 
14.8 

12.3 - 17.8 

13.5 
10-15.7 

13.8 
10.9-15.6 

13.2 
10-15.7 

C: ::, 
0 
Hi 
Hi 
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"l 
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I 
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,,., Table 19. Daily average temperature values for the Dead River bypassed channel and Reany Creek for the 1999 and 2000 monitoring periods. Temperatures are in °C. - Station 1 Station 2 Station 3 Station 4 Station 5 Sation 6 
(Railroad (Below (Peters' (Powerline (Upstream (Reany 

Date Trestle) Midway Ck.) Proeerty) Crossing) McClure) Creek) 
7/20/99 .21.4 14.5 
7/21/99 21.6 15.7 
7/22/99 19.7 16.7 
7/23/99 18.3 16.9 
7/24/99 17.4 17.2 
7/25/99 16.6 16.9 
7/26/99 17.0 17.2 
7/27/99 15.3 15.6 7/28/99 16.0 16.1 7/29/99 16.7 16.8 7/30/99 17.4 -·-----------~------ ~-------

17.6 7/31/99 16.6 _._ ___ .--,. --- -~--.•----·-·- 17.8 8/1/99 14.7 15.4 8/2/99. 14.3 14.2 
8/3/99 14.4 14.5 8/4/99 13.6 14.0 8/5/99 12.5 12.9 8/6/99 13.1 13.5 8(7/99 13.5 13.3 
8/8/99 12.8 13.1 
8/9/99 12.0 12.0 - 8/10/99 13.1 13.3 8/11/99 13.4 13.5 8/12/99 13.7 14.0 8/13/99 12.7 14.0 8/14/99 12.4 - 13.0 8/15/99 13.1 13.3 8/16/99 15.4 15.3 8/17/99 13.6 14.5 

8/18/99 11.8 12.3 11-Jul-OO 13.2 15.4 15.3 19.7 13.1 12-Ju!-OO 12.8 14.8 15.0 18.6 13.2 13-Ju!-OO 14.0 16.6 16.2 19.3 15.2 14-Ju!-OO 14.7 17.0 17.2 20.7 15.6 15-Ju!-OO 14.4 16.9 16.9 20.9 15.2 16-Ju!-OO 14.2 16.6 16.6 20.8 14.6 17-Ju!-OO 13.7 17.0 16.7 20.4 14.6 18-Jul-OO 11.4 15.2 14.3 17.8 11.8 19-Jul-OO 10.9 14.5 13.5 16.3 10.9 20-Jul-OO 12.1 14.5 14.4 16.8 12.1 21-Jul-OO 11.0 13.0 13.3 16.2 11.7 22-Jul-OO 10.0 12.3 11.9 14.4 11.0 23-Jul-00 10.5 12.1 12.2 14.2 11.1 24-Jul-OO 12.4 13.6 14.3 16.9 13.5 25-Jul-OO 13.4 14.4 15.4 18.9 14.9 26-Jul-OO 13.8 15.1 15.9 19.5 15.4 - 27-Jul-OO 13.2 15.3 15.6 19.1 15.2 28-Ju!-OO 12.4 15.6 1.C:: 17.7 14.8 . ...,_..., 
29-Jul-00 12.8 15.8 15.7 18.1 14.7 
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,=·. 

Table 19 -cont. Daily average temperature values for the Dead River bypassed channel and Reany Creek for the 1999 and 2000 monitoring periods. Temperatures are in °C. 

Station 1 Station 2 Station 3 Station 4 Station 5 Sation 6 
·. (Railroad (Below (Peters' (Po:,verHne (Upstream (Reany 

Date· Trestle) Midwat Ck.) Propertyr Crossing) McClure) Creek) 
30-Jul-00 13.3 16.0 16.1 19.2 14.6 
31-Jul-00 13.5 15.8 16.2 19.8 14.6 
1-Aug-00 13.4 16.0 16.3 19.9 15.1 
2-Aug-00 12.8 15.9 15.5 18.4 14.6 
3-Aug-00 11.5 14.6 14.2 17.2 · 12.3 
4-Aug-00 12.0 14.7 14.6 17.3 12.7 
5-Aug-00 12.4 14.9 15.2 18.0. · 13.8 
6-Aug-00 13.2 15.1 15.6 18.6 14.9 
7-Aug-00 13.0 15.6 15.4 18.3. 14.9 
8-Aug-00 11.8 14.0 14.0 17.0 17.3 13.5 
9-Aug~00 11.9 14.5 14.0 16.5. 17.1 13.9 

10-Aug-00 12.5 14.9 14.5 17.0 17.1 13.9 
11-Aug-00 12.9 14.8 15.0 18.0 17.6 14.0 
12-Aug-00 12.7 14.8 15.0 18.2 18.0 14.3 
13-Aug-00 13.5 15.8 15.6 18.6: 18.7 15.3 
14-Aug-00 12.8 15.0 15.2 18.5 18.2 13.9 
15-Aug-00 13.9 16.2 16.3 19.4 19.4 15.7 
16-Aug-00 12.7 15.6 15.3 18.9 18.3 13.7 
17-Aug-00 11.3 14.2 13.8 17.2 17.1 12.2 
18-Aug-00 11.4 14.5 13.7 16.1 16.6 12.8 
19-Aug-00 10.8 13.9 13.1 15.7 . 15.3 11.2 
20-Aug-00 10.4 13.1 12.8 15.3 14.8 10.7 
21-Aug-00 11.1 13.3 13.0 15.1 15.2 11.6 
22-Aug-00 12.5 14.2 14.5 . 16.8 16.6 13.8 
23-Aug-00 12.1 14.3 14.5 17.5 17.0 13.3 
24-Aug-00 11.8 14.2 14.3 17.4 17.0 12.9 
25-Aug-00 12.7 14.9 14.9 17.8 17.9 14.1 
26-Aug-00 12.8 15.2 15.2 18.2 18.4 14.8 
27-Aug-00 11.7 14.0 13.9 17.1 17.3 13.3 
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5-Sep-00 9.4 11.9 11.6 13.6 13.1 10.0 
6-Sep-00 10.0 11.9 11.8 13.5 13.5 10.9 
7-Sep-00 11.3 12.4 12.6 14.0 14.3 12.6 
8-Sep-00 10.8 12.3 12.6 14.6 14.2 12.1 
9-Sep-00 11.1 12.5 12.5 14.6 14.6 12.1 

10-Sep-00 12.9 13.9 14.5 16.3 16.4 14.8 
11-Sep-00 16.8 
12-Sep-00 16.1 
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Figure 4. Map of Reach A on the Dead River bypassed channel, August 2000. 
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Figure 20. Length-frequency chart for brook trout in Reach A of the Dead River bypassed channel, August 2000. 
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Figure 25. Daily average temperature in the Dead River bypassed channel(Station 1) versus daily average temperature in Reany Creek (Station 6). 
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Figure 26. Daily average temperature of the Dead River bypassed channel (Station 2) versus daily average temperature of Reany Creek (Station 6). 
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Figure 27. Daily average temperature of the Dead River bypassed channel (Station 3) versus d~ily average temperature of Reany Creek (Station 6). 
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Figure 28. Daily average temperature of the Dead River bypassed channel (Station 4) versus daily average temperature of Reany Creek (Station 6). 
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Figure 29. Daily average temperature of the Dead River bypassed channel (Station 5) vs. the daily average temperature of Reany Creek (Station 6). 

22.0 " " ~· ~· 

C: ::, 
0 
Hi 
Hi 
I-'· 
0 
I-'· 
Ill 
1--' 

"l 
t'l 
:,;, 
0 
I 

Ci) 
(I) 
::, 
(I) 
t1 
Ill 
rt 
(I) 
0. 
'Cl 
tJ 
"l 
0 
Hi 
t\) 
0 
0 
lJ1 
0 
lJ1 
1--' 
IO 
I 

0 
0 
0) 
Cl) 

:,;, 
(I) 
0 
(I) 
I-'· 
<: 
(I) 
0. 

"l 
t'l 
:,;, 
0 

0 
Ul 
t'l 
0 

0 
lJ1 ........ 
1--' 
0 
........ 
t\) 
0 
0 
lJ1 

I-'· 
::, 

tJ 
0 
0 ;,,-
(I) 
rt 
* 
'Cl 
I 

1--' 
0 
Cl) 
lJ1 
lJ1 
I 

0 
0 

01 


